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1. Abstract 
Porcine Platelet Lysate is produced from the buffy coat of separated porcine blood collected from 
animals for meat production. This product is rich in growth factors released from activated platelets and 
can potentially be used as a universal supplement in cell culture. Currently, the main supplement used in 
the research community is Fetal Bovine Serum(FBS) which is a product with both ethical, quality and 
availability problems. According to the survey done in this study, researchers’ main concern with FBS is 
the product’s batch-to-batch variability. Furthermore, researchers demand that a potential substitute for 
FBS should show low or no batch-to-batch variability. Porcine Platelet Lysate is planned to be produced 
in larger batches making it potentially possible to offer lower batch-to-batch variability.  

This study also found that there is a willingness in the research community to test Porcine Platelet Lysate 
if the price is in the range of 200 – 250 USD/liter. According to the cost estimation done, Porcine Platelet 
Lysate could be produced in the cost range of 137 – 195 USD/liter. In the price benchmark done it was 
showed that with this cost, Porcine Platelet Lysate is competitive against both FBS and serum-free 
/chemically defined media. When it comes to contamination, testing and inactivation of adventitious 
agents, there are available solutions that would yield a quality of Porcine Platelet Lysate that is 
comparable to FBS. 

 

Grisplättlysat produceras från buffy coat som fås genom separation av grisblod tagen från djur ämnade 
för köttproduktion. Denna produkt är rik på tillväxtfaktorer som är utsläppta från aktiverade/lyserade 
blodplättar och kan potentiellt användas som en universell tillsats i cellodling. Idag är Fetalt Kalvserum 
(FBS) den vanligaste tillsatsen som används för cellodling bland forskare och är en produkt med både 
etiska, kvalitetsmässiga samt tillgänglighetsmässiga problem. Enligt enkätundersökningen som gjorts i 
denna studie är batch variabiliteten det främsta problemet med FBS ur forskarnas perspektiv. Vidare är 
kravet från forskarnas sida att ett potentiellt substitut till FBS bör ha låg eller ingen batch variabilitet. 
Gisplättlysat kommer att produceras i stora batcher vilket gör det potentiellt möjligt att erbjuda låg 
batch variabilitet. 

I denna studie fann man också att det finns en vilja bland forskarna att testa grisplättlysatet om priset för 
denna ligger inom spannet av 200 – 250 USD /liter. Enligt den gjorda kostnadsuppskattningen bör 
produktionskostnaden för grisplättlysat ligga inom spannet av 137 – 195 USD/liter. I den gjorda 
prisjämförelsen visas att grisplättlysat är konkurrenskraftigt mot både FBS och serumfria/kemiskt 
definierade medium. När det gäller föroreningar, testning och eliminering av virus och bakterier fann 
man att det finns tillgängliga lösningar som kan användas för att ge en kvalitet på grisplättlysatet som är 
jämförbar med FBS.  
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3. Introduction 
Traditionally, basal cell culture medium like Eagle’s Minimum Essential Medium (MEM) has been 
supplemented with animal serum in order to support the growth and proliferation of animal cells. Basal 
media are commonly chemically defined and contain the basic components for cell survival. (Valk, et al., 
2010) However, since animal cells are accustomed to grow in a complex environment, they require the 
supplementation of hormones, proteins and other trace chemicals in order to grow in in vitro culture. 
Hence, the main functions of animal serum are (Keenan, et al., 2006): 

• To provide hormonal factors for cell growth and proliferation 
• To promote differentiated functions 
• To provide transport proteins 
• To provide minerals, trace elements and lipids 
• To provide attachment and spreading factors 
• To provide stabilizing and detoxifying factors in order to maintain pH and inhibit protease 

activity 
• To provide shear protective effects (albumin and bulk proteins) 
• To provide nutrients and energy (glucose) 
• To provide purines and pyrimidines 
• To provide vitamins (B group, C and E) 

There are many types of serum on the market, but the superior one is Fetal Bovine Serum(FBS) because 
of its low gamma-globulin content and its high content of growth factors. (Rauch, et al., 2011) 
(Gstraunthaler, 2003) 

Animal serum is a very complex mixture of biomolecules present in an intricate balance that currently 
has not been completely elucidated. Since the exact chemical composition of animal serum is not known, 
it is a challenge for researchers to account for all effects in a certain experiment. (Gstraunthaler, 2003) 
Furthermore, animal serum shows batch-to-batch variability, especially FBS making experiment 
replication more challenging. Therefore, since many years there has been a will in the research 
community to phase out animal serum in favor of chemically defined /serum-free media. There are now 
several serum-free options on the market, but FBS continues to be an essential supplement due to its 
flexibility. The serum-free media that are available on the market can usually only be used for the growth 
of a certain kind of cells that are specially adapted to grow in the defined environment. FBS on the other 
hand works for most types of cells. (Gstraunthaler, 2003) 

During the last years there have also been both quality and ethical concerns about the production of FBS. 
The ethical concerns are mainly about the way FBS is harvested and whether the fetus suffers during the 
cardiac puncture that is done without anesthesia. (Jochems, et al., 2002) The quality concerns are more 
about the presence of contaminants in the final product. Even though the harvest is done under aseptic 
conditions it is known that the serum can be contaminated with viruses and/or prions. (Valk, et al., 2010)  

It would be ideal if the research industry could replace FBS with serum-free products, but there are 
significant barriers that must be overcome, both economic and technical. Serum-free products are not 



Market Assessment of Porcine Platelet Lysate  Lars Stålhös 
  KTH, I-06 

4 
 

universal and must be specially developed to certain cell lines at the same time the price for such 
products can be considerable. That is the reason why adult animal serum derivatives, like Porcine 
Platelet Lysate might be an interesting product. Porcine Platelet Lysate show lower batch-to-batch 
variability that potentially might be lower than FBS, do not raise the same ethical dilemmas since it is a 
by-product from meat production and is also cheaper than FBS. Tests performed have shown that the 
growth of CHO, VERO and hybridoma cells in Porcine Platelet Lysate is comparable to the growth in FBS 
supplemented media. (Aldén, et al., 2007) 

3.1 Previous Market Assessment 
In 2002, ProLiff made a survey in order to assess the market’s interest in Porcine Platelet Lysate. 100 
researchers and academic institutions working with mammalian cell cultures in different countries were 
asked about their willingness to try to replace FBS with a porcine platelet lysate and they were also asked 
to rate which quality aspects they perceived as important. The product quality aspects that the 
respondents had to consider were the importance of: 

• Low endotoxin levels 
• Low virus levels 
• Low antibody levels 
• Low total protein levels 
• No mycoplasma content 
• Low hemoglobin levels 

As can be seen in graph 1, the absence of mycoplasma in the product was rated as the most important 
quality aspect. Low virus levels and low endotoxin levels were also rated as important. However, both 
low total protein content and low hemoglobin levels were perceived as less important issues. This shows 
that the current use of FBS poses a challenge to researchers since commercial FBS is known to be 
occasionally contaminated with endotoxin and viruses. (Valk, et al., 2010)  
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In the survey, the respondents were also asked to state their current annual consumption of FBS. The 
median annual consumption volume was about 7 liters. 68,9% of the respondent consumed less than 20 
liters of FBS annually (Graph 2). 

Generally the respondents had a positive view on the introduction of a new alternative to FBS such as 
Porcine Platelet Lysate. 84,4% stated that they were willing to replace FBS with Porcine Platelet Lysate if 
the results were comparable. (Graph 3) Common causes behind this willingness were the possibility to 
save money and get a more accurate product with less batch-to-batch variation.  
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3.2 Aim of the Study 
The aim of this report is to assess the viability of Porcine Platelet Lysate as a competitive alternative to 
FBS and other supplements on the market targeting primarily researchers working in institutions, i. e. not 
in production. The market for vaccine production will also be shorty assessed in order to see if it is viable. 
Contamination problems and pricing are also taken into account in the analysis. The study will also focus 
on the production of FBS and its properties in order to understand the competitive edge of FBS against 
Porcine Platelet Lysate. 
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4. Method & Scope of Study 

4.1 Method 
The study is divided in two parts, one empirical and one theoretical. The theoretical part of the study is a 
literature survey focusing on published scientific papers about cell culture media, FBS and cell growth in 
serum-free media. The retrieved papers have been analyzed and the joint conclusions from these papers 
are presented in the theoretical part of this study. Some manufacturers of FBS and veterinary vaccines 
have also been approached in order to get some commercial input to the study. 

In order to get a picture of the current market for cell culture media and the use of FBS, an empirical 
study was made. A survey containing a set of questions that can be seen in appendix I was sent to 1 939 
researchers. The researchers asked to take part in the study were chosen in the following way: 

• A general search among many scientific journals was made using a set of key words: 
o VERO Cells 
o CHO cells 
o Fetal Bovine Serum 
o Cell Culture 
o Hybridoma 
o Adherent Cell Culture 

• The distribution among journals in the retrieved set of papers using these key words was 
analyzed. Out of this group of journals, the ones that appeared to contain most articles 
containing the chosen key words were chosen. The top three journals were: 

o Cytotechnology 
o Vaccine 
o Biochemical and Biophysical Research Communication (BBRC) 

• The latest articles in these journals were superficially analyzed (reading the abstract) in order to 
assess if the content of the article had anything to do with cell culture methods. If the article was 
found relevant, the e-mail address of the author was recorded in an address database. In the 
first round, all articles from Cytotechnology published since January 2013 until August 2014 were 
analyzed. The recorded e-mail addresses were then used to send the survey to these researchers. 

• After the first round it was found that the average rate of reply was about 5% - 6%. A goal was 
set to collect at least 100 answers which meant that between 1900 – 2000 researchers had to be 
approached. 

• In the second phase all articles published in Vaccine between 2013-12-17 and 2014-10-07 and all 
published articles in Biochemical and Biophysical Research Communication between 2014-04-25 
and 2014-10-03 were analyzed and e-mail addresses from the authors to relevant articles were 
recorded. The survey was then sent to this group of researchers. 

• In the end, 110 replies were gathered out of 1 939 approached researchers. 

The answers to the questions were then analyzed and the results are presented in the empirical part of 
this report. 
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The answers of the survey are assumed to be representative since the willingness to reply is assumed to 
be random and not correlated to the retrieved results. 

4.2 Scope of Study 
There are different potential uses for Porcine Platelet Lysate. This study is focused primarily on the 
research market since the regulations for using new products is expected to be lower than for example 
the market for human vaccine production. However, since veterinary vaccine production might be less 
regulated, this market will also briefly be analyzed. 

The market for Porcine Platelet Lysate is expected to be international which is the reason why 
researchers from all over the World have been approached. 
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5. Results: Theoretical Analysis 
When growing animal cells in vitro, one needs a basal cell medium that provides the cells with the basic 
nutrients, proteins and environment to make survival possible. The simplest classical medium is the 
Ringer solution which contains a number of salts in optimal concentrations. However, in order to keep 
cells alive for a longer period, the medium must be supplemented with nutrients and pH buffering 
substances. Eagle’s Minimum Essential Medium (MEM) is an example of such a basal medium which also 
contains amino acids, glucose and vitamins. (Eagle, 1955) One common basal culture medium that is still 
used is Dulbecco’s Modified Eagle’s Medium (DMEM) which is a developed version of MEM. In general, 
all basal media must be supplemented with insulin, transferrin and selenium to sustain cell growth. (Valk, 
et al., 2010)   

Basal culture media lacks many components that are necessary to keep cells alive for longer periods of 
time in order to observe cell proliferation, migration and differentiation. Traditionally this has been 
overcome with the supplementation of animal serum, like FBS which today serves most purposes. (Valk, 
et al., 2010) A typical concentration of FBS in growth media is 10%.  The main functions of the serum in 
the culture media are to provide: (van der Valk, et al., 2004) (Barnes & Sato, 1979) (Keenan, et al., 2006) 

• hormones necessary for cell growth, proliferation and differentiation 
• binding proteins like albumin and transferrin which carry hormones, vitamins, lipids and metals 
• minerals, trace elements and lipids 
• attachment and spreading factors 
• scavengers 
• Shear protective effects (albumin and bulk proteins) 
• Nutrients and energy 
• Purines and pyrimidines 
• Vitamins (B Group, C and E) 
• stabilizing and detoxifying factors (pH regulation) 
• Cell protection (protease inhibitors, etc) 

Among animal sera, FBS is preferred for its low content of gamma-globulin and rich content of growth 
factors. (Jochems, et al., 2002) (Shah, 1999) (Even, et al., 2006) 

The alternatives for cell cultures that have been theoretically analyzed can be summarized in figure 1: 
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5.1 Fetal Bovine Serum (FBS) 
FBS has been successfully used by the research community as a universal culture media supplement 
since more than 50 years and should be regarded as well established in the market. Despite its long 
history of use, the exact composition of FBS has never been fully examined. The serum is a complex 
mixture of proteins (Bovine Serum Albumin is the most common) and metabolites that are present in an 
intricate equilibrium. (Anderson & Anderson, 2002) According to recent studies, around 1 800 proteins 
(Anderson, et al., 2004) (Gstraunthaler, et al., 2013) and over 4 000 metabolites (Psychogios, et al., 2011) 
have been found present in the serum. Furthermore, it has been found that the most potent mitogenic 
factors found in FBS are derived from activated thrombocytes (platelets). (Rauch, et al., 2011)   

Currently, FBS is produced from blood harvested through cardiac puncture of bovine fetuses in the 
abattoir. The cardiac puncture using a 12-16 gauge needle takes place after that the pregnant cow has 
been slaughtered and the carcass is in the evisceration stage and the uterus is removed in order to get 
access to the fetus. The time between the slaughter of the cow and the cardiac puncture of the fetus is 
between 5 minutes and up to 25-40 minutes. The longer time range is one factor that raises the question 
whether the fetus has time to become aware and therefore suffer during the blood collection procedure. 
(van der Valk, et al., 2004) (Jochems, et al., 2002) (Mellor, 2003)The process is done under aseptic 
conditions, even though there are opinions that this procedure is non-sterile. (van der Valk, et al., 2004) 
(Marcus-Sekura, et al., 2011)The raw FBS is then sold to a serum broker, but sometimes directly to a 
company that is producing the final product. This company is the one that filters the FBS and performs all 
the required tests and assays. In some cases, if the raw serum is from a country that is known to be 
affected by a certain disease, the serum is put into quarantine and is subject to further tests. There are 
several segments among the final products depending on how the FBS has been filtered and depending 
on how extensive the biochemical assays are. Some examples are shown in table 1 and table 2. When it 
comes to filtration, the industry standard is that the FBS is filtered through a series of 100 nm filters and 
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then the serum is irradiated. (HyClone Laboratories Inc, 2014) A producer like Gibco also does 
performance tests of the serum in order to guarantee the quality. Currently they test if the FBS supports 
cloning and growth of murine myeloma cells and derived hybridomas. They also test the ability of FBS to 
grow continuous adherent cell lines using human transformed cells. The relative growth promotion is 
also tested by looking at the FBS’s ability to support the proliferation of fastidious human diploid 
fibroblasts. Some specialty tests that are done for more special sera are to test the FBS’s ability to 
support the growth of Sf9 cells and embryonic stem cells. (Thermo Fisher Scientific (Gibco), 2014) 

In the production process, blood from 2 500 to 3 000 fetuses is pooled to produce a batch of 1 500 liters 
of FBS. Batch sizes usually are between 500 liters to 2 000 liters. (Jochems, 1997) (Marcus-Sekura, et al., 
2011) However, some producers like HyClone produces FBS in batches of 3 000 liters in order to 
minimize variability. According to them, thanks to their large batches and their pooling technique that 
can be summarized as pooling the serum after filtration and before tapping into the bottles instead of 
pooling, filtering and tapping, HyClone can offer among the lowest batch-to-batch variability in the 
market. (HyClone Laboratories Inc, 2014) 

5.1.1 FBS – Pricing, Demand & Challenges 

5.1.1.1 Demand & Availability 
FBS is expensive due to insufficient supply and inability for suppliers to meet demand. Being a by-
product of the meat industry, FBS supply is affected by general demand for meat and dairy products. On 
top of these factors, supply is also affected by external factors such as weather, animal trade, animal 
diseases and Government agricultural policies. That yields a very variable price. (Gstraunthaler, et al., 
2013) (Shailer & Corrin, 1999) 

Another issue is the geographic mismatch; demand is highest in the US and Europe, but supply comes 
from remote countries like Brazil, Argentina, South Africa, Australia, New Zealand and Central America. 
One of the reasons for this mismatch is the way herds are kept in the different countries. In the countries 
that supplies FBS, herds (cows and bulls) are permitted to roam freely together which results in more 
pregnant cows being sent to the abattoir. (Gstraunthaler, et al., 2013) (Jochems, et al., 2002) (Brunner, 
et al., 2010) 

5.1.1.2 Pricing 
The quality of the FBS is also an important factor that determines the price. The first price segmentation 
depends on the way the FBS is inactivated. The standard is to filter the serum through a series of 100 nm 
filters, but higher quality FBS is filtered through filters with pore sizes down to 40 nm which are able to 
eliminate most viral load (viruses down to 60 nm). The second price segmentation is how extensive 
biochemical assays has been done of the FBS batch. More biochemical data provided about the serum 
results in a higher price. The third price segmentation is if the serum is either tested to sustain certain 
cell lines like stem cells or is specially treated to be able to use for certain applications like ultra-low IgG 
FBS for hybridoma cultures. These specialty types of FBS are more expensive due to the testing the 
manufacturer must do but at the same time, these products saves time for the researcher that do not 
have to perform the tests for themselves. (HyClone Laboratories Inc, 2014) The price differences can be 
seen in table 1 and table 2. 
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Current prices for FBS in December 2014 were gathered from two producers, Gibco and Hyclone in order 
to give an example of the price deviations between different types of FBS, see table 1 and table 2. In 
order to avoid the price differentiation caused by the origin of FBS, only American sourced FBS was used 
in the comparison. As can be seen in the tables, the most expensive type of FBS is Dialyzed FBS followed 
by Ultra-Low IgG FBS and Embryonic Stem Cell Screened FBS. Besides that the Dialyzed FBS is screened 
for 45 biochemical parameters, the main reason why this type of FBS is expensive is the diafiltration 
treatment that reduces the concentration of smaller molecules in the FBS. A common cut-off in the 
industry is 10 000 mw. (HyClone Laboratories Inc, 2014) (Thermo Fisher Scientific Inc, 2014) (GE 
Healthcare Life Sciences (HyClone), 2014) Ultra-low IgG FBS is expensive because it is treated to diminish 
the concentration of IgG to very low levels in order to be able to culture cells that produce antibodies. In 
this type of application, the problem of conventional FBS is that the concentration of the produced 
antibodies is equivalent to the concentration of IgG in the media provided by the FBS. Conventional FBS 
contains about 190 µg/ml IgG (Even, et al., 2006) but Ultra-low IgG FBS contains only 20 µg/ml. (HyClone 
Laboratories Inc, 2014) Furthermore, in the case of Hyclone’s Ultra-low IgG FBS, there is a premium for 
the enhanced filtration that is used to inactivate the serum. As said before, the typical pore size when 
filtering FBS is 100 nm but in this case filters with a pore size of 40 nm are used. (HyClone Laboratories 
Inc, 2014) Generally one can say that the current price of standard FBS from the US in December 2014 is 
about 10 000 SEK / liter and the price of specialty FBS from the US like Ultra-low IgG FBS and ES Cell 
Screened FBS is about 15 000 -16 000 SEK / liter (table 1 & 2).  

The estimated world sales volume of FBS is 500 000 liters per year. For that volume, blood from about 
1 000 000 bovine fetuses must be harvested. (Gstraunthaler, et al., 2013) The current average price of 
FBS(all types) is estimated to be 9 365 SEK per liter, where the cheaper FBS costs about 6 347 SEK per 
liter and the more advanced versions of FBS has a price in the range of 13 000 to 20 000 SEK per liter. 
(LuBio Science GmbH, 2014) An example of an expensive type of FBS is the one that is qualified for the 
cultivation of mesenchymal cells. This serum is specially tested for its ability to support the expansion of 
clonal enumeration of mesenchymal cells and has a normal stated level of endotoxins lower than 10 EU. 
(Thermo Fisher Scientific Inc, 2014) The test to get the qualification is part of the explanation of the high 
price.  

The high price of FBS in combination with the unclear regulation has also contributed to product fraud. 
An example of this is that in 1994, 30 000 liters of FBS from New Zealand were sold but it was reported 
that only 15 000 liters of high quality FBS were collected raising the question of the origin and content of 
the rest of the volume. (Gstraunthaler, et al., 2013) (Hodgson, 1995) 
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Table 1. 
FBS from Hyclone 
(HyClone Laboratories Inc, 
2014) 
 

Characterized 
FBS, US 
Origin 

Defined 
FBS, US 
Origin 

Low IgG FBS, 
US Origin 

Dialyzed 
FBS, US 
Origin 

Embryonic 
Stem Cell 
Screened FBS, 
US Origin 

Price per Liter (SEK) 9 636 11 035 15 226 15 265 12 870 
Sterile Filtration Pore Size 
(nm) 

100 40 40 100 40 

Endotoxin (EU/ml) <25 <10 <25 <10 n/a 
Hemoglobin (mg/dl) <25 <10 <25 <10 n/a 
Biochemical Assays 22 45 21 45 45 
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5.1.1.2 Ethical Challenges 
The ethical challenge is linked to the production process of FBS that is collected in abattoirs from 
pregnant cows. After the cow has been slaughtered, the pregnant uterus is removed and the fetus’ heart 
is punctured with a hollow knife under aseptic conditions to let the heart pump out the blood. The major 
question in this process is whether the fetus is aware and suffers during the procedure. (van der Valk, et 
al., 2004) (Mellor & Gregory, 2003) 

 

Table 2. 
FBS from Gibco 
(Thermo Fisher 
Scientific (Gibco), 
2014) 

Certified 
FBS, US 
Origin 

Certified, 
Heat-

Inactivated 
FBS, US 
Origin 

Qualified 
FBS, US 
Origin 

Qualified,  
Heat-

Inactivated 
FBS, US 
Origin 

Dialyzed 
FBS, US 
Origin 

Ultra-
low IgG 

FBS, 
US, 

Origin 

ES Cell 
Qualified 
FBS, US 
Origin 

Price per Liter (SEK) 11 917 13 831 11 443 11 840 16 286 15 089 15 280 

Performance Tests        

Relative Cloning 
Efficiency Assay 

x x x x x x x 

Relative Plating Efficiency 
Assay 

x x x x x x x 

Relative Growth 
Promotion Assay 

x x x x  x x 

Sf9 Cell Growth 
Promotion Assay 

x x      

Embryonic Stem Cell 
Performance Assay 

      x 

Chemical and Physical 
Assays 

       

Biochemical Profile x x      

Electrophoretic Profile x x x x x x x 

Hormone Profile x x      

Osmolality x x x x  x x 

pH x x x x x x x 

Total Protein x x x x x x x 

Bovine IgG (µg/ml)      < 5  

Endotoxin (EU/ml) < 10 < 10 < 50 < 50 < 50 < 50 < 50 

Glucose (mg/dl)     < 5   

Hemoglobin (mg/dl) < 15 < 15 < 25 < 25 < 25 < 25 < 25 

Contamination Tests        

Bacteria & Fungi x x x x x x x 

Bacteriophage x x      

Mycoplasma x x x x x x x 

Virus (9CFR) x x x x x x x 

Bovine Viral Diarrhea 
(BVD) Neutralization 
Assay 

     x  
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5.1.1.3 Batch-to-Batch Variability 
There is a consistency problem since FBS shows significant geographic, seasonal and general batch-to-
batch variation. One of the reasons why this variance is present is that cattle is kept in open 
environments for longer periods of time. In that sense, weather and other climate factors have a huge 
impact on the composition of the serum of the unborn calf. (Gstraunthaler, et al., 2013) (Boone, et al., 
1972) (Zheng, et al., 2006) 

5.1.1.4 Contamination Risks 
The other type of issue is of practical nature. Since FBS is a complex mixture collected from live animals it 
represents a challenge for researchers concerning unknown factors and contaminants. FBS is ill-defined 
and unknown components of the mixture might have uncontrollable effects on experiments. 
Furthermore, FBS might contain adverse factors like endotoxins or be contaminated with fungi, bacteria, 
viruses or prions. According to some estimates, 20% - 50% of all commercial FBS is virus positive. (van 
der Valk, et al., 2004) (Wessman & Levings, 1999) The most common virus present in FBS is Bovine Viral 
Diarrhea Virus (BVDV). The reason for the prevalence of this virus is that it has the capacity to spread 
transplacentally and create an infection in the immunologically immature fetus. (Moennig & Liess, 1995) 
(Makoschey, et al., 2003) The production procedure of pooling blood from 2 500 to 3 000 fetuses to 
produce one batch is also a challenge since the blood from one infected fetus might not be detected 
when testing the entire batch due to dilution. This is a known problem from the human blood industry. 
There, the introduction of mini-batches for testing has increased test sensitivity and hence product 
safety. (Marcus-Sekura, et al., 2011) 

 

5.1.1.5 Downstream Processing Challenges 
Another challenge with FBS is that when it is used in pharmaceutical processes, there must be several 
procedures to eliminate serum proteins from the sample in order to obtain a pure product. As has been 
said before, bovine serum albumin is the most common protein in FBS and in some cases it can be a 
challenge to separate this protein from the interesting protein that has been synthesized by the cultured 
cells. (Coussens, et al., 2011) 
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5.2 Serum-free Alternatives 
Today’s cell growth media can be supplemented with synthetic or semi-synthetic components. The 
strategies to try to go to serum-free media are in some cases successful, but the field is still in need of 
much more development. It is now clear that almost every cell type has specific requirements to grow in 
vitro; therefore a universal artificial cell culture media that can replace FBS may not be feasible to 
develop. Currently, there is a large number of serum-free solutions specially designed for certain cell 
lines. Serum-free media is used routinely for specially adapted cell lines like CHO, hybridoma and 
recombinant myeloma cells. (Froud, 1999) (Valk, et al., 2010). These alternative solutions can be 
classified according to the following groups depending on how well chemically defined they are: 

• Serum-free media 
• Protein-free media 
• Animal derived component-free media 
• Chemically defined media 

Serum-free media do not need supplementation of serum to sustain cell growth but may contain 
discrete proteins or bulk proteins of animal or plant origin that are not defined. Protein-free media is 
somewhat more defined than serum-free media but may contain peptide fractions that are not defined. 
The main difference between animal derived component-free media and chemically defined media is 
that the former may contain molecules from yeast, bacteria or plant extracts. Both these media contains 
otherwise components that have a known composition. They may also contain highly purified hormones 
and growth factors that are either recombinant or of animal/plant origin. (Valk, et al., 2010) 

5.2.1 Serum-free Alternatives – Challenges 
Since a universal serum-free alternative to FBS is probably not possible, researchers must devote a lot of 
time and resources finding the right medium formulation for the cells they wish to grow if they are 
seeking to do it serum-free. This process requires thorough literature surveys, manufacturer search and 
method development. (Brunner, et al., 2010) (Choi, et al., 2013) (Costa, et al., 2011) One example of such 
a complicated adaptation is the one done by Dromard et al. They developed a serum-free method to 
culture human adipose-derived stroma cells using floating spheres in order to stimulate 3D growth. 
(Dromard, et al., 2011) Currently, in order to help researchers in their transition towards serum-free 
media, the Centre for Alternative and Complementary Methods to Animal Testing (ZET) has launched an 
online database containing much information about serum-free alternatives. The database also contains 
product web site links, data sheets, product descriptions, cell culture manuals and published papers. 
(Falkner, et al., 2006) 

Today, there is a considerable threshold for developing and starting to use serum-free/chemically 
defined media if the FBS containing medium works well. There are some published recommendations 
about how to overcome this. Already in the 1970ties, Dr R.G. Ham developed a basal medium that could 
be used to adapt cells to grow in a serum-free environment. His strategy, which is one of the more 
common is to start a new formulation using a 50/50 volume mixture of DMEM and Ham’s nutrient 
mixture F-12. (Barnes & Sato, 1979) This mixture yields a basal medium with high amino acid and 
nutrient content. (Jayme, et al., 1996) (Barnes & Sato, 1979) (Barnes & Sato, 1979) (Frederick, 1990) In 
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order to make cells thrive in the medium it must be supplemented with ITS (insulin, transferrin and 
selenium). Transferrin is the most commonly used chelator of iron and is important since free iron in the 
medium can produce free radicals that can damage the cells. It is also important since the formation of 
ferric hydroxides can make the iron unavailable to the cells. (Keenan, et al., 2006) Both insulin and 
transferrin are available from recombinant sources. For some cells, this mixture is sufficient for survival, 
but most cells need additional supplements. (Barnes & Sato, 1980) (Bjare, 1992) (Valk, et al., 2010). 

5.2.1.1 The Challenge of Supplementation 
In order to succeed to cultivate most cells in a basal medium such a 1:1 mixture of Ham’s F-12 and 
DMEM, the medium should be supplemented with some of the following components(depending on the 
cell type):  

• hormones (Barnes & Sato, 1980) 
• growth factors like PDGF, FGF, EGF and Insulin (Mandl, et al., 2004) (Keenan, et al., 2006) 
• protease inhibitors like trypsin inhibitor (Keenan, et al., 2006)  
• protein hydrolysates. These are commonly added in order to compensate for lower growth and 

production rates. (Burteau, et al., 2003) 
• Shear protective effects like proteins such as albumin and bulk proteins (Keenan, et al., 2006) 
• glutamine (Zielke, et al., 1984) 
• lipids, fatty acids  
• attachment factors like collagen, fibronectin and vitronectin (Kleinman, et al., 1987) (Keenan, et 

al., 2006) 
• transport proteins and detoxifying agents like albumin and transferrin an iron (Keenan, et al., 

2006) 
• Purines and pyrimidines (Keenan, et al., 2006) 
• Vitamins like B-group, biotin, folic acid, niacinamide, pantothenic acid, pyridoxine, riboflavin, 

thiamin, C and E (Keenan, et al., 2006) (Ham & McKeehan, 1979) 
• Trace elements and inorganic compounds like copper, tin, manganese, vanadium, zinc and 

selenium (Keenan, et al., 2006). Addition of these elements is sometimes not needed since 
sufficient amounts are supplied as contaminants. (Ham & McKeehan, 1979) 

• Bulk ions such as sodium, potassium, magnesium, chloride and phosphate 
• Sugars. Common cell culture media contains a six-carbon as a source of metabolic energy and 

reduced carbon for biosynthesis. Glucose is most common but sometimes galactose can be used. 
(Ham & McKeehan, 1979) 

• All amino acids. 13 essential amino acids (arginine, cysteine, glutamine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, tyrosine and valine). One 
unessential amino acid that is commonly added is serine. Proline is also added since it is required 
for the growth of CHO. (Ham & McKeehan, 1979)  

• Choline and Inositol (Ham & McKeehan, 1979) 
• Other organic nutrients like adenine/hypoxanthine and thymidine. Some cells require 

polyunsaturated fatty acids. If CHO cells are going to be grown, Putrescine and other polyamines 
are required. (Ham & McKeehan, 1979) 
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An example of a complete list of supplements that must be added to a basal medium in order to grow 
the cells in serum-free environment is shown in table 3. Besides the supplements that have been 
presented, other important proteins that are commonly added are dexamethasone, hydrocortisone, 
triiodothyronine and other cell-specific hormones that increase intracellular cAMP levels. (Valk, et al., 
2010) 

Serum also provides buffering to the medium. Therefore, when growing cells in a serum-free 
environment, the buffering capacity of the medium must be improved. This can be done by adding 
NaHCO3 and Hepes adjusted to a pH of about 7,4. The NaHCO3 in the solution helps to stabilize the pH 
when the culture medium is equilibrated with 5% CO2 in the incubator. (McKeehan, et al., 1977) (Barnes 
& Sato, 1979) 

In the original work of R.G. Ham, his basal medium consisting of a 1:1 mixture of Ham’s F-12 and DMEM, 
many trace elements where not needed to sustain cell growth. It was not until several years later that 
the need for trace elements was elucidated since cells that previously could be cultured in this medium 
did not grow anymore. It was discovered that the trace elements had been previously supplied as 
contaminants in the chemicals used to make the medium. But as purification procedures of the base 
chemicals improved, trace elements had to be added to the growth medium which is the reason why 
they are listed here. (Ham & McKeehan, 1978) 

An example of a serum-free medium that has been developed for the growth of human cells is MCDB-
104. In order to succeed with this media, the culture dishes must be coated with poly-lysine. (Ham & 
McKeehan, 1978) The composition of this growth medium can be seen in table 4. Here one can see that 
the composition of this medium is quite complex. 
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Table 3. Serum-Free Medium Supplments 
Hormones and growth factors 
 Insulin 
 Glucagon 
 Epidermal growth factor 
 Nerve growth factor 
 Gimmel factor 
 Fibroblast growth factor 
 Follicle stimulating hormone 
 Growth hormone 
 Luteinizing hormone 
 Thyrotropin releasing hormone 
 Luteinizing hormone releasing 

hormone 
 Prostaglandin E1 
 Prostaglandin F2α 
 Triiodothyronine 
 Parathyroid hormone 
 Somatomedin C 
 Hydrocortisone 
 Progesterone 
 Estradiol 
 Testosterone 
Binding Proteins 
 Transferrin 
 Fatty-acid-free Bovine Serum Albumin 
Attachment and spreading factors 
 Cold-insoluble globulin 
 Serum spreading factor 
 Fetuin 
 Collagen gel 
 Polylysine coat 
Low molecular weight nutrient factors 
 H2SeO3 
 CdSO4 
 Putrescine 
 Ascorbic Acid 
 Α-Tocopherol 
 Retinol 
 Linoleic Acid 

Source: (Barnes & Sato, 1979) 
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Table 4. Composition of Medium MCDB 104 
Amino acids   
L-Alanine L-Arginine  L-Asparagine 
L-Aspartic acid L-Cysteine L-Glutamic acid 
L-Glutamine Glycine L-Histidine 
L-Isoleucine L-Leucine L-Lysine 
L-Methionine L-Phenylalanine L-Proline 
L-Serine L-Threonine L-Tryptophan 
L-Tyrosine L-Valine  
Vitamins   
D-Biotin Folinic acid DL-α-Lipoic acid 
Niacinamide D-Pantothenic acid Pyridoxine 
Riboflavin Thiamine Vitamin B12 
Other organic compounds   
Adenine Choline chloride D-Glucose 
i-Inositol Linoleic acid Putrescine 
Sodium pyruvate Thymidine  
Major inorganic salts   
CaCl2•4H2O KCl MgSO4•7H2O 
NaCl Na2HPO4•7H2O  
Trace elements   
CuSO4•5H2O FeSO4•7H2O MnSO4•5H2O 
(NH4)6Mo7O24•4H2O NiCl2•6H2O H2SeO3 

Na2SiO3•9H2O SnCl2•2H2O NH4VO3 
ZnSO4•7H2O   
Buffer and indicators   
HEPES NaOH (pH adjustment) Phenol red 
Source: (McKeehan, et al., 1977)   

5.2.1.2 The Challenge of Growth Factors and Cell Protection 
Growth factors are often added in order to boost cell 
proliferation and activate specific cell functions. Some 
common growth factors that are added to basal media 
are outlined in table 5. (Valk, et al., 2010) 

In order to protect the cells from peptidases that 
sometimes are released from lysosomes during cell 
turnover or to stop the trypsination during detachment 
procedures when growing adherent cells, the culture 
medium must be supplemented with protease inhibitors. (Valk, et al., 2010) The protease inhibitors 
delivered in FBS are α1-antitrypsin and α2-macroglobulin and these proteins terminate the trypsination 
process.  The addition of protease inhibitors is not essential, but if they are omitted, the concentration of 
trypsin must be carefully monitored in the cell culture. (Valk, et al., 2010) (Gstraunthaler, 2003) 

Table 5. Platelet Growth Factors 
Platelet Derived Growth Factor (PDGF) 
Epithelial Growth Factor (EGF) 
Vascular Endothelial Growth Factor (VEGF) 
Basic Fibroblast Growth Factor (bFGF) 
Hepatocyte Growth Factor (HGF) 
Transforming Growth Factor β1 (TGF-β1) 
Insulin-like Growth Factor (IGF) 
Keratinocyte Growth Factor (KGF) 
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Recombinant α1-antitrypsin is currently not commercially available, but recombinant α2-macroglobulin is. 
(R&D Systems, 2014) 

5.2.1.3 The Challenge of Cell Attachment 
Serum is a source of attachment and spreading factors. (Barnes & Sato, 1979) These factors are essential 
in cell culture and must be substituted with some supplement if serum is removed from the medium. 
One strategy that can be used in order to overcome this problem when growing adherently growing cells 
is to coat the culture dishes with poly-lysine. The poly-lysine coating works well because it yields a highly 
positively charged surface on which the cells can attach. (Barnes & Sato, 1980) However, generally, the 
growth of adherently growing cells is more challenging than the growth of cells in suspension. The 
reason is that the cells growing in suspension do not need the addition of attachment factors. This is the 
reason why in the biotechnology industry, these kinds of cells (hybridomas, myelomas, CHO and BHK) 
are widely used. (Keenan, et al., 2006) 

5.2.1.4 Other Challenges 
Another challenge that should not be forgotten is that some commercially available chemically defined 
media have confidential formulations. This means that the researcher is left with limited means to 
control for all the effects in the cultivation like the case when using animal serum. 

5.3 Other Sera 
There has been much research finding replacements for FBS using other types of sera or developing 
serum derivatives. Some alternatives, both from other animals and from humans are presented in this 
part of the analysis. It is important to stress that until this day, no alternative has managed to become a 
serious competitor to FBS or serum-free media. 

5.3.1 Adult Bovine Serum 
An example of another type of serum is adult bovine serum that was recently tested and compared with 
FBS. In the test, adult bovine serum from a female, a male and a castrated male were compared with FBS 
for the growth of primary mouse astrocytes, primary human fibroblasts and L6 cells. In all tests, adult 
bovine serum showed comparable results to FBS. Adult bovine serum is currently used in biomedical 
experiments and has the potential of replacing FBS in the growth of certain cell lines. An example of the 
potential is that it has been reported that adult bovine serum has performed better than FBS for the 
growth of primary myogenic satellite cells and primary human breast cancer cells. (Yu, et al., 2013) The 
main strength of adult bovine serum is that it is a readily available by-product of the meat industry and 
that it solves part of the problem with the disposal of bovine blood that can be a potential 
environmental contaminant. (Jang, et al., 2011) The main challenge of adult bovine serum is the same for 
FBS – contamination of for example prions that can cause Bovine Spongiform Encephalitis. (Lasch, et al., 
2003)  

5.3.2 Human Sera 
Other alternative sera that have showed comparable results to FBS are autologous or allogeneic serum 
of human origin. Some advantages with these types of sera are the minimized risk of immunologic 
reactions and the diminished risk of bacterial, viral or prion infection transmission (in the case of 
autologous serum). (Choi, et al., 2013) (Will, et al., 1996) Another advantage is that these sera do not 
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have the same ethical problems that FBS has. (Choi, et al., 2013) There are some studies where human 
Mesenchymal Stem Cells(hMSC) have been grown in 10% Human Autologous Serum (HAS) yielding 
comparable results with growth in 10% FBS. This means that autologous serum is a viable alternative for 
therapeutic applications. (Stute, et al., 2004) (Shahdadfar, et al., 2005) (Kobayashi, et al., 2005) Other 
studies show that MSC has grown in media supplemented with allogeneic serum (Pooled human AB 
serum) with results comparable to growth in media supplemented with FBS. (Anselme, et al., 2002) 
(Yamaguchi, et al., 2002) 

5.3.3 Platelet Lysates 
Platelets are interesting since in vivo, they play a major role in wound healing and in the formation of 
blood clots and blood vessels. The platelets are cellular fragments that lack a nucleus and that are rich in 
organelles such as dense granules, α-granules (which are rich in growth factors – see table 5) and 
lysosomes. (Kiuru, et al., 1991) (Kawase, et al., 2003) (Rendu & Brohard-Bohn, 2001) (Lin, et al., 2013) In 
normal circumstances, the platelets do not interact with the vessel walls, but in response to endothelial 
activation or vascular injury, platelet adhesion and subsequent thrombus formation occurs. (Kisucka, et 
al., 2006)  

5.3.3.1 Production of Platelet Lysates 
Platelet lysate is produced from activated platelets. There are several methods to activate platelets in 
vitro including coagulation with CaCl2 and freeze-thawing of platelet suspension. Freeze thawing is 
especially effective since it induces platelet disruption by hypo-osmotic shock. Usually, the mechanical 
method (freeze/thawing) is preferred over the chemical method to induce platelet lysis because it is 
more simple and cost effective. (Tekkatte, et al., 2011) In the body, activated platelets deliver growth 
factors and other active molecules through exocytosis of 𝛼-granules. (Spreafico, et al., 2009) The 
released growth factors include PDGF, EGF, VEGF, bFGF, HGF and TGF-β1. (O'Connell, et al., 2008) (Singer 
& Clark, 1999) (Sánchez, et al., 2007) (Knighton, et al., 1986) (Celotti, et al., 2006) (Rauch, et al., 2011) 
These essential growth factors are more economically extracted from platelet lysate than from 
recombinant sources. (Doucet, et al., 2005) In the production of porcine platelet lysate, the chosen 
method to activate the platelets is coagulation with CaCl2. 

5.3.3.2 Human Platelet Lysate 
One allogeneic serum derivative that has been tested is Human Platelet Lysate (HPL). (Doucet, et al., 
2005) (Kasten, et al., 2008) (Schallmoser, et al., 2007) (Müller, et al., 2009) (Zaky, et al., 2008)In a test, 
human platelets were harvested from 30 donors in order to produce lysate for the tests. In these tests, 
bone marrow-derived mesenchymal stromal cells of human origin were grown in DMEM supplemented 
with FBS or HPL in different concentrations. Population doublings and doublings time were not 
significantly different between the groups showing HPL is a viable alternative supplement to FBS. The 
advantages with HPL besides the lower infection risk are the lower batch to batch variability and the 
minimized risk for xenogeneic immune responses. (Gottipamula, et al., 2012) (Tekkatte, et al., 2011) 
(Selvaggi, et al., 1997) An example of the immunologic risks with animal derived products is that there 
have been reports of immune responses among patients who have received transplants of cells cultured 
in FBS. (Riem Vis, et al., 2010) (Horwitz, et al., 2002) (Mannello & Tonti, 2007) In some rare cases there 
have also been cases of prion transmissions. (Kuznetsov, et al., 2000) 
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Allogeneic and autologous platelet lysate are interesting alternatives for cell culturing in the field of 
tissue engineering. An example of an interesting application is the production of viable heart valve 
constructs that can be used to replace dysfunctional valves in patients. (Taylor, 2007) In these special 
cases, autologous platelet serum is seen as superior to FBS since the risk for immunologic reactions is 
minimized. (Riem Vis, et al., 2010) 

5.3.3.3 Porcine Platelet Lysate 
Since the supply of human donor blood is constrained, other blood sources have been evaluated. One 
promising alternative is the use of porcine blood since it is available in large quantities and do not 
contain prions (causing Bovine Spongiform Encephalitis) like bovine blood might do. (Aldén, et al., 2007) 
(Butler, 2005) If this blood is centrifuged in order to yield platelet rich plasma, the activated plasma can 
be used as a viable alternative to FBS. The activation can be done in several ways like using CaCl2, 
thrombin or collagen. (Lacoste, et al., 2003) (Fufa, et al., 2008) Currently, the most effective agonist and 
the optimal concentration of such an agonist for activation are not known. (Lin, et al., 2013) In a test 
performed by Lin, et al, thrombin, CaCl2 and collagen were used separately and in combinations as 
activation agonists. In the test, the amount of TGF-β, IGF, PDGF and KGF were assessed to evaluate 
which activation method yielded most growth factors. Thrombin was shown to be the most efficient 
agonist to activate the platelets to release IGF. CaCl2 had a negative impact on TGF-β liberation but a 
positive effect if it was combined with thrombin. This combination, however, yielded a negative effect on 
IGF liberation. Collagen on the other 
hand enhanced the liberation of PDGF 
if combined with CaCl2. The liberation 
of KGF was affected when all three 
agonists(CaCl2, thrombin and collagen) 
were combined. (Lin, et al., 2013) As 
said before, the chosen method for the 
production of Porcine Platelet Lysate 
by Proliff will be coagulation with CaCl2 
since it is a simple and cost effective 
method to activate the platelets. 

 Cell growth in media supplemented 
with Porcine Platelet Lysate has been 
successful and comparable to growth in media supplemented with FBS. In a test done by Aldén et al, 
African Green Monkey transformed kidney epithelial cells (VERO), CHO and 39.5 hybridoma cells were 
grown in high glucose DMEM supplemented with 5% and 10% Porcine Platelet Lysate. The control was a 
supplementation of 5% FBS instead of Porcine Platelet Lysate. The test showed that VERO, CHO and 39.5 
hybridoma cells had a similar growth in both 10% Porcine Platelet Lysate and 5% FBS. Cell growth was 
however lower after 8 days in media supplemented with 5% Porcine Platelet Lysate. Cell viability after 6 
days for VERO and CHO was over 90% and similar for cells grown in media supplemented with either 5%, 
10% Porcine Platelet Lysate or 5% FBS. Furthermore, the batch-to-batch variability was analyzed in the 

Table 6. Chemical Profile of Porcine Platelet Lysate and FBS 
Substance FBS Porcine Platelet Lysate 
Total Protein (g / l) 36 42 
Chloride (mmol / l) 101 41 
Sodium (mmol / l) 137 127 
Potassium (mmol / l) 11,7 5,1 
Phosphate (mmol / l) 3,2 1,4 
Albumin (g / l) 25 23 
Iron (µmol / l) 37 17 
Calcium (mmol / l) 3,7 >5,0 
Glucose (mmol / l) 6,5 3,9 
IgG (g / l) 0,2 7,7 
Hemoglobin (g / l) 0,3 1,64 

Source: (Aldén, et al., 2007)  
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test and it was showed that the three analyzed batches of Porcine Platelet Lysate had a similar cell 
growth pattern during a period of 7 days. (Aldén, et al., 2007) 

There is a lack of research about porcine blood and its derivatives. The composition of porcine serum has 
not been extensively analyze so it is hard to make a fair comparison with FBS. However, as the test done 
by Aldén et al, Porcine Platelet Lysate works well for the growth of VERO, CHO and hybridomas. (Aldén, 
et al., 2007) This implies that Porcine Platelet Lysate contains the required hormones, growth factors, 
proteins, trace elements and attachment factors. If attachment factors would be missing, the growth of 
VERO (adherently growing cells) would not have been possible. Aldén et al did in their experiment a 
small chemical profile where FBS was compare with Porcine Platelet Lysate. As can be seen in table 6, 
the major difference is that FBS contains much less IgG and Hemoglobin in comparison with Porcine 
Platelet Lysate. 

5.3.4 Pricing & Demand 
Livestock blood is a byproduct from the meat industry that represents an environmental and economic 
challenge for many actors in the market since they must take care of this waste. (Jang, et al., 2011) The 
alternative uses for blood are usually limited and there is a surplus that must be taken care of. That is the 
reason why livestock and porcine blood is a promising and economically viable alternative. Both adult 
bovine and adult porcine blood can be collected at a reasonable cost for the production of either serum 
or platelet lysate. (Yu, et al., 2013) (Aldén, et al., 2007) 

5.3.5 Other Sera – Challenges  

5.3.5.1 Human Sera – Challenges  
Autologous and allogeneic sera might be promising for applications within gene therapy, but are not 
viable for research due to the constrained supply of human donor blood. However, old donor blood 
could be used to produce human serum. In such circumstances the ethical dilemma of supply might be 
solved. (Rauch, et al., 2011) (Bieback, et al., 2009) 

Another challenge with platelet lysates is that the lysate contains high volumes of donor serum which is 
a potential allograft material. It has been investigated if this can be solved by washing the lysate with a 
salt solution without affecting the properties of the lysate. (Rauch, et al., 2011)  

5.3.5.2 Porcine Platelet Lysate – Challenges  
Platelet lysate derived from adult animals, like porcine platelet lysate contains much higher 
concentrations of immunoglobulins (IgG) compared to FBS. According to a test done by Aldén et al 
(Aldén, et al., 2007), porcine platelet lysate contained 7,7 g/L IgG compared to 0,2 g/L for FBS. As 
mentioned before, this higher concentration of IgG is challenging from an immunologic point of view, 
especially if the grown cells are going to be used for antibody production (hybridoma cell culture) or 
tissue engineering. (Selvaggi, et al., 1997) However, in the same test it was showed that the IgGs could 
be removed successfully using chromatography. (Aldén, et al., 2007) The question here is if this can be 
done in an economically viable way. 
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In the production process, hemolysis might occur during the first centrifugations causing the 
contamination of the platelet rich plasma with hemoglobin. The production process and the 
centrifugations must be optimized in order to minimize the concentration of hemoglobin in the lysate 
since hemoglobin has a negative effect on cell growth. (Aldén, et al., 2007) 

Like with all type of animal products, there is a risk of bacterial, virus or prion contamination. (Erickson, 
et al., 1991) (Simonetti, et al., 2007) Typical filters have a pore size of 0,1 – 0,2 µm while viruses have a 
diameter of less than 0,1 µm which means that these filters fail to remove viruses from the samples. 
(Tekkatte, et al., 2011) Currently, nano-filters with a pore size of 15 nm are commonly used to get rid of 
viruses in serum. (Sebastian Teitz, 2015) If filtration using filters with a pore size down to 15 nm in the 
inactivation process of the lysate/serum is done it would effectively remove even the smallest viruses. 
(Menconi, et al., 2009) (Kreil, et al., 2006) (Burnouf & Radosevich, 2003) 

5.4 Decontamination in Purification Process – Challenges & Opportunities 
In the US, porcine and bovine sera are tested for a number of viruses according to regulations from the 
U.S. Department of Agriculture. The regulations specified in “Code of Federal Regulations, Title 9” (9CFR) 
have traditionally been aimed at veterinary products. The intention has been to screen for viruses that 
might harm animal herds and cause epidemics and economic loss to the cattle and swine industries. In 
the 1950-ties, cell-culture derived vaccines for human use were developed and it was decided that the 
serum used in this production would also be regulated by 9CFR. There are some concerns with the 
current tests regulated by 9CFR since they do not include other known infectious agents that might be 
present in FBS and there is a lack of knowledge about which infectious agents have human host range. 
Furthermore, there has not been systematic research about if there are other infectious agents present 
in serum that would be of greater concern for humans and human cells. (Marcus-Sekura, et al., 2011) 
Furthermore, current regulations in the US states that if the serum is from a country where a certain 
disease is prevalent, the serum must be quarantined and tested before it can enter a production process 
in the country. (GE Healthcare Life Sciences (HyClone), 2014) 

Currently, according to 9CFR, FBS is tested for at least 9 viruses (see table). (Marcus-Sekura, et al., 2011) 
(BioReliance Corporation, 2014). Seven of these viruses are tested by immunofluorescence and two are 
tested by hemagglutination or cytopathic effect. (Marcus-Sekura, et al., 2011) Porcine serum is also 
tested according to the 9CFR, but then it is a slightly different set of viruses that the serum is tested for. 
(see table 7) The set of viruses that are tested for porcine serum is also used when testing the raw 
porcine pancreases that are used in the manufacture of porcine trypsin. (GE Healthcare Life Sciences 
(HyClone), 2014) One major issue with the current tests is that blood/pancreases from many animals are 
pooled in larger batches before testing. This fact decreases the sensitivity of the test due to dilution. A 
possible solution to this problem might be, as said before, to introduce smaller batches for testing like it 
has been done in the human blood industry. Another issue related to testing is whether manufacturers 
perform the test before or after filtration and other inactivation procedures. These procedures might not 
eliminate all infectious agents, but might diminish them sufficiently to give negative test results. 
(Marcus-Sekura, et al., 2011) 
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There have been several well publicized contamination events during recent years. Some examples 
involve the infection of fermenters and facilities with Cache Valley Virus(CVV), Calicivirus 2117 and 
Porcine Circovirus type 1 and type 2. (Kerr & Nims, 2010) (Bethencourt, 2009) (Nims, 2006) (Nims, et al., 
2008) (Victoria, et al., 2010) (Pastoret, 2010) Cell cultures are often contaminated when experiments are 
scaled-up and large quantities of FBS are used. Since test sensitivity is unsatisfactory for larger batches, 
low level contaminants are not detected, but cause problems as they amplify over the course of cell 
growth. (Marcus-Sekura, et al., 2011) 

The lack of sensitivity of current testing methods is not the only problem. Many infectious agents like 
viruses and some bacteria are not easily detected through cultivation. In those cases, PCR has been 
shown to be efficient to detect that kind of contaminants in cell cultures and supplies. (Merten, 2002) 
(Pinheiro de Oliveira, et al., 2013) Another method that has been discussed to detect viruses is high 
throughput sequencing. This technique has traditionally been time consuming and expensive but has in 
recent years become more affordable so there is a potential for its use in diagnostics and quality control 
of serum. In the test, the found sequences are matched to a database of known virus sequences. In that 
way many more potential viruses can be found in the sample. (Gagnieur, et al., 2014) This is in line with 
the general aim to widen the testing scope to include more viruses present in FBS with human host 
range. (Marcus-Sekura, et al., 2011) 

Currently, collected serum is commonly inactivated using filtration and gamma irradiation. (Thomas, et 
al., 1981) (Nims, et al., 2011) Porcine trypsinogen for the production of trypsin is commonly diafiltered. 
(Sigma-Aldrich, 2015) The industry standard for filtration is to use filters with a pore size of 100 - 200 nm. 
However, in order to get rid of most viruses, the pore size must be smaller. Some manufacturers like 
HyClone (GE Healthcare Life Sciences (HyClone), 2014) filter their FBS with filters with a pore size as small 
as 40 nm. This ensures that the viral load is very low. (GE Healthcare Life Sciences (HyClone), 2014) 
Filtration of serum is commonly combined with irradiation. A common irradiation dose is 25 – 40 kGy. 
(Marcus-Sekura, et al., 2011) (Nims, et al., 2011) The gamma irradiation inactivates viruses and bacteria 
through two processes, one direct and one indirect. In the direct process, the radiation interacts with the 
nucleic acids in order to form mutations, strand cross-linking and strand breakage. (Nims, et al., 2011) 
The indirect process is the radiation’s interaction with the intra/extracellular environment. The radiation 
contributes to the creation of free radicals that attacks proteins and viral/cellular structures. This 
damages the contaminating microorganisms. (Sommer, et al., 2001) (Nims, et al., 2011) 

Table 7. 9CFR tests – Bovine Serum 9CFR tests – Porcine Serum 
Bovine Viral Diarrhea Virus (BVDV) Transmissable Gastroenteritis Virus 
Bovine Adenovirus type 5 (BAV5) Porcine Adenovirus 
Bovine Parvovirus (BPV) Porcine Parvovirus 
Bluetongue Virus (BTV) Bovine Viral Diarrhea Virus (BVDV) 
Bovine Respiratory Syncytial Virus (BRSV) Rabies Virus 
Rabies Virus Hemagglutinating Encephalitis Virus 
Reovirus Type 3 Circovirus 
Transmissible Gastroenteritis Virus (TGE) Cytopathogenic Agents, e g IBR 
Hemagglutinating Encephalomyelitis Virus Hemadsorbing Agents e g PI3 
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When inactivating serum samples with gamma irradiation, it is desirable to minimize the secondary 
effects of radiation (free- radical formation) and focus on inactivation through primary effects (nucleic 
acid interaction). The reason for this is that the creation of free radicals might not only damage the 
organism’s proteins, but also the functional proteins in the serum. Since it is known that the 
effectiveness of the secondary effects increases with temperature and oxygen concentration, serum is 
irradiated at low temperatures (frozen serum) in order to minimize the secondary effects and minimize 
the damage on functional proteins in the serum. In these circumstances, the radiation dose/inactivation 
relationship is expected to be linear. (Nims, et al., 2011) (Thomas, et al., 1982) 

Due to the risk of contamination and the issues coupled to inactivation of infectious agents, it is 
commonplace to prefer the use serum-free/chemically defined media for the production of therapeutic 
proteins. (Even, et al., 2006) 

Porcine Platelet Lysate will be inactivated using filtration with a pore size of <100 nm which would yield a 
quality of the lysate that is comparable to the quality of FBS from the point of view of exogenous 
contaminants. The 9CFR test for porcine serum would be applied which would mean that the testing 
scope of Porcine Platelet Lysate would be the same as the current industry standard for FBS. 
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5.5 Assessment of the Vaccine Market 
There are several methods that can be used to produce vaccines. One modern common method is to use 
cell cultures of VERO cells for the production of viruses. Other types of cells that have also been 
identified for the production of vaccines are Madin Darby Canine Kidney cells (MDCK), HEK-293 and 
PER.C6. In the case of VERO cells these are commonly cultured adherently in media supplemented with 
FBS. FBS is essential since it provides the crucial attachment factors that the adherently growing cells 
need. Commonly, the cells are cultured in microcarriers. (Genzel, et al., 2010) (Genzel, et al., 2010) This is 
the reason why the vaccine market might be interesting to look at as a potential market for Porcine 
Platelet Lysate. However, especially for the production of human vaccines there is a will to avoid using 
cell culture media supplemented with FBS. The main reason for this is that FBS creates difficulties in 
downstream processing and quality control. The high protein content in FBS and other sera increases the 
complexity of product purification. (Coussens, et al., 2011) Furthermore, FBS might be contaminated 
with prions and viruses and the FBS provides undesired batch-to-batch variations that prove a challenge 
for the production process. (Kozasa, et al., 2011) (Frazzati-Gallina, et al., 2001). An example of the 
challenge is that it has been reported that veterinary vaccines produced with FBS contaminated with 
BVDV has caused the outbreak of BVD in cattle and also caused disease in pigs. Since it is clear that there 
is a high prevalence of BVDV in FBS it is not possible to exclude virus positive FBS batches from the 
production of veterinary vaccines. Therefore, in regions like Europe, there are guidelines about how to 
handle this problem. For example, the serum must be tested for BVDV before the inactivation treatment 
and then after the inactivation treatment in order to ensure that the contamination is below an 
acceptable level. (Makoschey, et al., 2003)  

It is clear that there are more regulations on human vaccines than on veterinary vaccines. That is the 
reason some veterinary vaccine producers were approached. The companies that were identified as 
producers of veterinary vaccines are: 

• Ceva 
• Boeringer Ingelheim 
• Merck Animal Health 
• Merial 
• Hipra 
• Pfizer 
• Zoetis Animal Health 

Merck Animal Health produces medicines and vaccines for horses, swine, poultry and ruminants (bovine). 
(Merck Animal Health, 2014) Their veterinary vaccines are produced using cell cultures supplemented 
with FBS and they consume large amounts of FBS in this production. The price of FBS is experienced as 
high and the cost of FBS represents a considerable part of the total production costs of the vaccines. One 
interesting thing is that they do not experience that batch-to-batch variability is a major problem. 
However, sometimes they need to pre-screen the FBS and select the best batches to be used in 
production. The company is willing to replace FBS with something else, though the ideal is to switch 
away from any animal derived compound. Currently, Merck Animal Health is having several research 
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programs that try to achieve the goal of serum-free vaccine production. (Tarpey, 2014) This implies that 
Porcine Platelet Lysate might not be a viable product on the market for veterinary vaccines. 

6. Results: Survey and Market Assessment 
This part of the study describes the results from two market assessments. The first one was a short 
market assessment done in the beginning of the 2000ds(presented in the introduction) and the second 
one was done in the fall of 2014. As said before, since it is assumed that the sample in the latest survey is 
random and the scope of the study is international, the results are thought to be representative for the 
entire community of researchers in the World. The last part of the empirical study show the results of a 
segment analysis where the answers of two groups are analyzed. The entire population was divided into 
two groups; one that cultures established cell lines in suspension and the second group includes all other 
researchers. It is interesting to do this segment analysis because it is assumed that the researchers 
growing the cells in suspension should be less interested in Porcine Platelet Lysate because there are 
more serum-free alternatives for that kind of cells. (for example CHO cells) 

6.1 Market Assessment Survey Results 
The first market assessment was done in the beginning of the 2000ds. Therefore, a new survey was done 
in order to get more up-to date figures. In the new survey, 1 939 researchers were contacted and out of 
this group 110 replies were achieved. The questions that were asked to the researchers can be found in 
appendix 1. The researchers that were contacted had published an article in either Cytotechnology, 
Vaccine or Biochemical and Biophysical Research Communication during the last months. Among the 110 
respondents, 36% had published an article in Cytotechnology, 46% in Vaccine and 18% in Biochemical 
and Biophysical Research Communication. (Graph 4) 

 

The contacted researchers are from all parts of the World. However, due to differing rates of reply, the 
geographic distribution of the origin of the contacted researchers is different than the distribution of 
origin of the replies. Generally, one can see that due to the differing rates of reply, Europe, the Middle 
East and South America are over-represented in the sample. As can be seen in graph 7, these regions 
have a reply rate over the average of 5,7%. The Middle East has the highest reply rate of 28,2%. 
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Among the researchers, the most common type of cultured cells was established cell lines growing 
adherently like VERO cells (32%), see graph 8. If that is combined with the number of researchers 
growing primary cells adherently one gets that the total share of researchers growing adherent cells is 
50%. (see graph) Established cell lines growing in suspension like CHO and HEK293 were also common 
(24%).  
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It is interesting to note that despite the development of serum-free media, about 75% of researchers still 
use media supplemented with FBS and that a majority (53%) have not tried serum-free alternatives. 
(Graph 9 and 10) 

 

Among the respondents that had tried to grow cells in serum-free media, a majority(60%) experienced 
that their cells of interest grew well in serum-free media(graph 11) and 42% of the respondents even 
experienced good growth during a longer period of time, see graph 12. However, despite this favorable 

Established cell lines 
growing adherently, 

e.g. VERO cells 
32% 

Established cell lines 
growing in 

suspension, e.g. 
CHO, HEK293 

24% 

Primary cells 
growing adherently 

18% 

Primary cells 
growing in 

suspension, i.e. 
blood cells 

16% 

Stem cells 
7% 

Other 
3% 

Type of Cells Cultured by  the Participants 

Graph 8 

3,7% 

4,6% 

4,6% 

5,6% 

6,5% 

75,0% 

Other

Media containing no animal- or
human-derived components

Media supplemented with
other types of sera

Serum-free media

Chemically Defined

Media supplemented with Fetal
Bovine Serum

Type of Media used by the 
Participants when Growing 

Cells in-vitro 

Graph 9 

Yes, have 
tried 

serum 
free 

media 
47% 

No 
53% 

Share of Participants that 
Have Tried Serum-Free 

Alternatives 

Graph 10 



Market Assessment of Porcine Platelet Lysate  Lars Stålhös 
  KTH, I-06 

32 
 

experience of serum-free media, researchers thought that the main problem with current chemically 
defined / Serum-free media is that cells do not grow well. It is for example known that it is challenging to 
grow adherently growing cells like VERO in serum-free media. The high prevalence of researchers 
growing adherent cells may explain why so many thought that the main problem with serum-free media 
is that cells do not grow well. (see graph 8 and 13) Another important concern was that the serum-free / 
chemically defined products had a too high price. 20,9% thought that the main problem with serum-free 
media was too high price and 47,8% experienced that the product was very expensive, see graph 14. 
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According to the researchers, 22,7% thought that the main reason why they tried serum-free products is 
quality, see graph 15. Unfortunately, the definition of “quality” is a bit vague and might have been 
interpreted in several ways by the respondents. Quality might mean general product composition and 
consistency or contamination. By switching to serum-free media, the researcher gets both a more 
defined product for the experiment and lower levels of contaminants, both of which can be summarized 
as better quality. It is interesting to note that ethical considerations were not so important, especially 
since there is a considerable debate about the welfare of bovine fetuses used in the production of FBS. 

 

Looking at the consumption of FBS, one can conclude that researchers still consume about the same 
volume that they did about ten years ago. Compare the consumption figures in graph 2 and graph 16. 
Ten years ago the median consumption was originally about 7 liter per researcher and the current 
median consumption is about 5 liters per year and researcher. Among the researchers using FBS, the 
main concern with the product is batch-to-batch variability followed by high price of the product, see 
graph 17. Again, despite the debate about the ethical problems with the production of FBS, this issue is 
not perceived as a major issue. Only 19,3% of the researchers thought ethical considerations were the 
main problem with FBS compared to 52,3% who thought batch-to-batch variability was the main 
problem. The main reason for this concern is that researchers are forced to do pre-screening assays of 
the FBS-batch that is going to be used and it still does not solve the issue completely. Pre-screening 
assays are time and resource consuming. Hence, it is the most visible problem with the use of FBS. 
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The willingness to try Porcine Platelet Lysate in order to replace FBS was lower in this assessment than in 
the former one. Compare graph 3 with graph 18. Currently, 58,4% of researchers are willing to try 
Porcine Platelet Lysate if the price of the product is in the range of 200 – 250 USD/liter. In order to 
switch to Porcine Platelet Lysate, researchers demand that this product should have lower batch-to-
batch variability compared to FBS. In the question about their willingness to switch to Porcine Platelet 
Lysate, researchers were told that this potential product would have lower batch-to-batch variability. So, 
the displayed interest in the product is only valid if the production of Porcine Platelet Lysate yields a 
product with lower batch-to-batch variability than FBS. In second place comes a demand for lower price 
than FBS and in third place the product should have lower risk of mycoplasma contamination in 
comparison with FBS. When it comes to mycoplasma contamination, the expected quality of Porcine 
Platelet Lysate is expected to be comparable to FBS, but probably not better.  
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6.2 Sub-segment Analysis 
In order to better understand the potential market for Porcine Platelet Lysate, a segment analysis of the 
answers has been done. The segmentation was defined by the type of cells the researchers cultured. It is 
assumed that the most interesting segment for Porcine Platelet Lysate is the one where researchers do 
not grow established cells lines in suspension like CHO cells. The reason for that is that there are more 
serum-free alternatives for these kinds of cells and therefore it is not probable that these researchers 
would want to switch to an animal derived product like Porcine Platelet Lysate. The assumption that 
there are more serum-free products for established cell lines like CHO is confirmed by the price 
benchmark. More serum-free alternatives could be found on the market for these kinds of cells than for 
adherently growing cells like VERO. Furthermore, there has been a push from the biopharmaceutical 
industry to go towards using media free of animal derived components. Since CHO cells have become the 
most widely used cell type for biopharmaceutical processes, there are now many commercially available 
serum-free media. To grow CHO cells and other similar cells in suspension is hence not a major challenge. 
(Rodrigues, et al., 2012) 

The two segments that were compared in this segment analysis are defined as follows – see graph 20: 

• Group 1: Researchers that grow established cell lines in suspension like CHO (the group that 
should not be interested in Porcine Platelet Lysate) 

• Group 2: All other researchers – they grow established cells growing adherently, stem cells, 
primary cells etc. (here, there should be a potential market for Porcine Platelet Lysate.) 

 

As expected, the use of FBS is somewhat more common among researchers in Group 2 (see graph 21) 
since there are more serum-free alternatives for the researchers belonging to Group 1. This can also be 
seen in the share of researchers that stated that they used Serum-free media and chemically defined 
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media. 10,6% of researchers in Group 1 stated that they used serum-free media compared to 1,6% of 
Group 2. One can see the same pattern for the use of chemically defined media where 10,6% of Group 1 
stated that they use it compared to 3,3% of the researchers in Group 2. 

 

There was also an expected difference in the experience of growing cells in chemically defined/serum-
free media. Among the researchers in Group 1, 70% experienced that their cells of interest grew well on 
such media compared to only 44% among the researchers in Group 2. This confirms the common 
knowledge that it is more challenging to grow adherently growing cells in serum-free media since it is 
hard to provide suitable attachment factors. 
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The price perception of chemically defined / serum-free media was somewhat similar between the 
groups. However, there is a difference between the groups in the share of the researchers that thought 
these kinds of media were very expensive. 50% in Group 2 thought chemically defined / serum-free 
media was very expensive compared to 46,2% in Group 1(see graph 24). One can conclude that a 
considerable majority in both groups perceives chemically defined/serum-free media as expensive. This 
is a positive result for the potential of Porcine Platelet Lysate in market defined as the researchers in 
Group 2. 
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When asked for the primary reason why researchers tried chemically defined / serum-free media there 
were some interesting differences in the answers among researchers in Group 1 and Group 2.(see graph 
25) In Group 2, besides “other reasons”, the most common reason was the possibility to get rid of the 
variability in the experiments. Here again it is confirmed that the batch-to-batch variability of FBS and 
other sera is a major concern for researchers. Generally one can say that the primary reason for trying 
chemically defined/serum-free media in Group 2 should be about quality (variability and sterility). The 
reason is that the “other” category might include aspects that can be related to quality. 

The most common reason for trying chemically defined / serum-free media among researchers in Group 
1 was quality reasons (32% of respondents) followed by regulatory and patient concern (24% of 
respondents). The alternative “quality reasons” was perhaps a bit vaguely defined since within this 
concern there might also be concerns for batch-to-batch variability. However, the reason why these 
researchers chose this option is that in “quality concerns” you might also include concerns for 
contamination of viruses, prions and bacteria. 

 

When it comes to the perception of the main problem with chemically defined / serum-free media there 
were some interesting differences between the answers in Group 1 and Group 2. The main perceived 
problem in Group 2 was that cells do not grow well. 42,9% of respondents answered that.(see graph 26) 
Among the researchers in Group 1, the main perceived problem was that the products have protected 
undisclosed formulations (26,2% of respondents). There were also some researchers in Group 1 that 
thought their cells did not grow well (26,2%). The conclusion here is that researchers in the interesting 
segment (Group 2) were not satisfied with growth performance of chemically defined / serum-free 
media and hence there might be an opportunity for Porcine Platelet Lysate to compete. 
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When it comes to researchers’ main concern when using FBS one can conclude that there are only small 
differences between Group 1 and Group 2.(see graph 27) One can however see that concerns about 
batch-to-batch variability are more concentrated among researchers in Group 1 (61% of respondents) 
which is understandable since many researchers in this group have already switched to serum-free 
media. Then, the second concern both among researchers in Group 1 and Group 2 was the high price of 
FBS. 53,7% of researchers in Group 1 thought that this was an important concern and the figure for 
Group 2 was 40,4%. The perception of high price as an issue is interesting since if Porcine Platelet Lysate 
is successfully produced at a lower price it could be an interesting alternative for these researchers. 
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If the answers for the question whether researchers would be willing to try Porcine Platelet Lysate if the 
price was in the range of 200 – 250 USD/liter, is split into the two segments one gets some interesting 
results. A majority in both Group 1 and Group 2 would be willing to try the product. (see graph 28) 
However, the interest for trying this product is stronger among researchers in Group 1 which is quite 
interesting since this group is supposed to be using more serum-free media than Group 2. 65,9% of 
respondents in Group 1 stated that they were willing to try Porcine Platelet Lysate in comparison with 
52,1% in Group 2. One possible explanation to the lower level of interest among researchers in Group 2 
can be that they are less willing to jeopardize well-functioning processes using serum. Since cells growing 
in suspension are more flexible, researchers in this group might be more willing to test new alternatives. 

 

The picture of Group 1 being more open to try a new product is confirmed by the following question 
about what properties the Porcine Platelet Lysate must have in order to persuade the researchers to 
switch. According to this question, 40% of the researchers in Group 2 stated that they would not switch 
from their current media (most commonly FBS) compared to just 26,2% of researchers in Group 1.(see 
graph 29) This comparatively conservative approach among researchers growing adherently growing 
cells, stem cells and primary cells is a bit unexpected. It seems like there might be more market potential 
among researchers growing cells in suspension since they seem to be more open to try new types of 
media. One possible explanation might be that researchers culturing adherently growing cells have 
developed methods and procedures that are well tested and they are hence unwilling to test something 
new when the current methods work sufficiently well. 

When it comes to the quality that the Porcine Platelet Lysate must have in order to persuade researchers 
to try this product, both groups rated lower batch-to-batch variability as the most important. 42,9% of 
researchers in Group 1 thought it and the share in Group 2 was 20%. Virus contamination and ethical 
issues where of less concern. This is the reason why it is important to further analyze if the Porcine 
Platelet Lysate would show lower batch-to-batch variability. 
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7. Results: Production & Cost Analysis 

7.1 Production of Porcine Platelet Lysate 
The production process starts with the collection of porcine blood at the abattoir. The blood is taken out 
from the body using a sterilized hollow knife with which the aorta is punctured. Then the blood is 
transferred to an aseptic tank where the blood is cooled down to 4 ᵒC and citrate is added in order to 
avoid coagulation. At the abattoir, each carcass is inspected by a veterinarian and the blood is not taken 
further in the process until its corresponding carcass is certified as viable food. The shelf life of the 
collected blood is 7 days. (ProLiff AB, 2008) 

The certified blood is then centrifuged in order to separate the red blood cells from the plasma under 
aseptic conditions. Further concentration of the plasma is achieved through ultrafiltration. This process 
yields platelet rich plasma. Water and CaCl2 are added in order to stimulate platelet lysis. The mixture is 
left to rest for a few hours in order to let a coagulum to be formed. This coagulum is then separated from 
the lyse mixture through centrifugation.  The supernatant (the platelet lysate) is sterile filtered and can 
be stored frozen for several years.  According to ProLiff, the platelet lysate is sterile thanks to the 
filtration and has an endotoxin level of less than 10 EU (endotoxin units) which is comparable to the 
levels in commercial FBS. (ProLiff AB, 2008) The production process is summarized in figure 2. 
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7.2 Implications of Good Manufacturing Practice (GMP) 
In order to produce products with a sustainable quality, international guidelines have been created to 
regulate the production process. One such type of standard guidelines are the ones summarized as Good 
Manufacturing Practice (GMP). In the European Union, the first edition of the Guide to Good 
Manufacturing Practice was published in 1989 and got its latest amendment in December 2010. For the 
pharmaceutical production, manufacturing authorization is required in Europe whether the products are 
going to be sold within or outside the Union. Two directives that lay down the principles and guidelines 
of GMP for medicinal products have been adopted by the European Commission. Directive 2003/94/EC 
applies to medicinal products for human use and directive 91/412/EEC for medicinal products for 
veterinary use. The detailed guidelines following the GMP principles are published in a document named 
Guide to GMP in the web page of the European Commission. (Directorate-General, 2014) 

All member states have agreed that the GMP requirements applicable to the manufacture of veterinary 
medicinal products are the same as those applicable to the manufacture of medicinal products for 
human use. This includes the manufacture of raw materials for either the veterinary industry or the 
human medicinal industry. The Guide to GMP is divided in three parts together with some annexes. Part 
1 covers principles for the manufacture of medicinal products (either for veterinary or human use). Part 
2 covers GMP for active substances used as starting materials in the production of medicinal products. 
Part 3 contains GMP related documents, which clarify regulatory expectations. The relevant part of the 
regulation for the production of Porcine Platelet Lysate is Part 2 since that regulates the production of 
active substances used as starting materials. According to the regulation, all manufacturers following 
GMP should only use active substances that have been manufactured according to GMP, so if Porcine 
Platelet Lysate is going to be used in a process such as the production of veterinary vaccines it is 
important that the Lysate is produced according to the guidelines of GMP. The only raw materials that 
are excluded from this GMP requirement are blood and plasma. However, GMP applies to active 
substances that are produced using blood and plasma as raw materials. (Directorate-General, 2014) In 
the case of Porcine Platelet Lysate, this means that GMP applies to all production steps after the 
collection and initial storage of the raw porcine blood at the abattoir. 

Figure 2 
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The GMP guidelines in Part 2 can be summarized in the following parts (Directorate-General, 2014): 

• Quality Management 
o Establish, document and implement effective system for managing quality including 

internal audits and product quality review 
• Personnel 

o Hire adequate number of employees qualified by appropriate education 
o The employees should implement good sanitation habits 

• Buildings and Facilities 
o Should be located, designed and constructed to facilitate cleaning, maintenance and 

operations and minimize potential contamination 
o There should be defined areas or other control systems for sampling, quarantine of 

intermediates, sampling of intermediates, holding of rejected materials, storage of 
released materials, production operations, packaging and labelling and laboratory 
operations 

o Clean water 
• Process Equipment 

o Equipment should be of appropriate design, adequate size and suitable located for its 
use 

o The equipment should only be used within its qualified operating range 
o There should be procedures for equipment cleaning and maintenance 
o There should be procedures for and records of calibration 
o All computerized systems must be GMP validated 

• Documentation and Records 
o There should be procedures for the preparation, review, approval and distribution of 

documents related to the manufacture 
o There should be procedures for the storage of documents related to the production 
o Cleaning, sanitization and sterilization of equipment should be recorded orderly 
o There should be records about the used raw materials, intermediates and the active 

substance 
o There should be batch production records in order to secure traceability 
o There should be records of performed laboratory tests 

• Materials Management 
o There should be written procedures about how to handle materials in the entire 

production process, from receipt to release 
o Materials should be stored in a manner to prevent degradation and contamination 

• Production and In-process controls 
o Weighing an measuring equipment should be of suitable accuracy 
o Deviations in the production process should be recorded 
o There should be procedures to prevent batch-to-batch contamination 
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• Packaging and Identification Labelling 
o There should be written procedures that regulate how materials are tested, released, 

packaged and labelled 
o There should be procedures in labelling in order to avoid mix-ups and redundant 

information 
• Storage and Distribution 

o Facilities should be available for the proper storage of materials and end products 
o All end products must be distributed and transported in a way that do not interfere with 

its quality 
• Laboratory Controls 

o An independent quality unit should have access to adequate laboratory facilities 
o Laboratory tests should be done for each produced batch 

• Validation 
o There should be a written validation protocol that specifies how the validation of a 

certain process should be conducted 
o Systems and processes should be periodically evaluated in order to assure that they are 

still operating in a valid way 
• Rejection and Reuse of Materials 

o Intermediates in the process that fails to fulfill established specifications should be 
identified and quarantined 

o Before deciding if a batch failing to fulfill the specifications is going to be reworked an 
investigation must be done in order to understand the reason for the deviation 

• Complaints and Recalls 
o All quality complaints (written or orally) should be recorded and investigated 
o Records of complaints should be kept in order to analyze trends 

• Contract Manufacturers 
o All contract manufacturers should comply with GMP and should be evaluated if they 

follow the guidelines 
• Agents, Brokers, Traders, Distributors, Repackers and Relabellers 

o All agents, brokers, traders, distributors, repackers and relabellers should maintain 
complete traceability 

The guidelines for GMP are thorough and cover many details of the operations. It might be possible for a 
producer of Porcine Platelet Lysate to comply with all these standards. However, in the beginning, some 
of the requirements might be hard to fulfill (like an independent laboratory unit for quality control and 
internal audit) and therefore, the first market to focus on should be the one that can ignore whether the 
product complies with GMP like the research market. For sure, in a future, if Porcine Platelet Lysate is 
going to be marketed towards the industry (veterinary or human) for laboratory tests, GMP compliance 
would be necessary. 
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7.3 Cost Estimation of Porcine Platelet Lysate 
A cost assessment was done by Proliff in 2008. Back then it was assumed that the direct costs of 
producing Porcine Platelet Lysate would be 100 USD/liter if the total production volume of the company 
was less than 3 000 liter per year. Then it was assumed that there would be some economies of scale 
and that the marginal production cost per liter of Porcine Platelet Lysate would drop to 50 USD/liter if 
the production volume was between 3 000 and 20 000 liters per year. (ProLiff AB, 2008) For the direct 
costs there are some uncertainties that must be assessed more thoroughly. An example is the cost of 
virus removal. The calculation of done in 2008 assumes that the lysate is filtered with 0,1 µm filters. The 
cost of such a filter is in the range of 30 000 SEK (Care, 2015). If a 40 nm filter is going to be used (which 
is necessary to remove most viruses) the cost goes up to 100 000 – 150 000 SEK. (Sebastian Teitz, 2015) 
Since the price for filters with smaller pore size goes up steeply, the use of them might change the 
overall variable cost estimation.  Given these estimations one can do some calculations on two different 
scenarios. In one scenario, the company would produce 3 000 liters of Porcine Platelet Lysate and in the 
second scenario the company would produce 5 000 liters. These two scenarios will yield a probable cost 
range per liter for the production of Porcine Platelet Lysate.  

The scenarios look as follows: 

Table 8. Production Scenarios: Scenario 1 Scenario 2  
Volume (liters) 3000 5000 liters 
Direct Cost of Production 300 400 K.USD 
Personnel cost (2 employees) 156 156 K.USD 
Consultants 35 35 K.USD 
Patents 4 4 K.USD 
Office 8 8 K.USD 
Administration 7 7 K.USD 
Marketing 35 35 K.USD 
Travel 40 40 K.USD 
Sum - Total Costs 585 685 K.USD 
    
Cost per liter Lysate: 195 137 USD/liter 
USD Exchange rate: 6,94 6,94 (Riksbank, 2014) 
 

The costs are estimated by ProLiff. (ProLiff AB, 2008) For example, it is estimated that the company 
would need two employees each earning about 34 000 SEK / month. Including social benefits and with 
the current exchange rate of 6,94 SEK/USD (Riksbank, 2014) it would mean a total annual cost of 156 000 
USD. One of the employees would engage in analysis of the product quality. The other estimated costs 
are to cover consultant fees (to the founders), patent costs and office and basic administration (audit, 
bookkeeping, etc). There is also a travel budget in order to promote the product of about 40 000 USD. If 
all costs are taken into account and are then divided by the production volumes one get a higher cost 
limit of 195 USD/liter Porcine Platelet Lysate and a lower limit of 137 USD/liter Porcine Platelet Lysate.  



Market Assessment of Porcine Platelet Lysate  Lars Stålhös 
  KTH, I-06 

47 
 

7.4 Price Benchmark 
Aldén et al tested porcine platelet lysate for the growth of CHO, VERO and 39.5 Hybridoma. The results 
showed that growth in DMEM supplemented with 10% Porcine Platelet Lysate was comparable to 
DMEM supplemented with 5% FBS. (Aldén, et al., 2007) In order to make a cost benchmark, growth 
media specifically for CHO, VERO and 39.5 Hybridoma has been compared. The comparing unit is the 
cost of 100 ml ready-to-use growth culture medium. DMEM F-12 has been chosen as the basal medium. 

 

One liter of 
DMEM F-12 costs 
306 SEK and one 
liter of normal 
quality FBS costs 
on average 6 347 
SEK (price tables 
in Appedix). 
(LuBio Science GmbH, 2014) 100 ml of DMEM F-12 supplemented with 5% FBS then costs 61 SEK. If CHO 
cells are going to be cultured in a chemically defined medium, the price is on average 92 SEK for 100 ml. 
For the growth of VERO in serum-free medium, the price is 127 SEK per 100 ml. For the growth of 
hybridomas the price is 86 SEK. These price comparisons should be seen more as a qualitative measure 
since the price variation and the variation of product specification is huge.  As can be seen, chemically 
defined media is more expensive than traditional FBS supplemented media. As has been calculated 
before the production cost of Porcine Platelet Lysate will probably be in the range of 137 USD/liter and 
195 USD /liter. Given an exchange rate of 6,94 SEK/USD, this will result in a cost of 37 – 41 SEK/100 ml 
ready-made cell culture medium. If the market price of Porcine Platelet Lysate is decided to be in the 
range of 200 – 250 USD/liter that would give a culture medium price of 41 – 45 SEK/100 ml ready-made 
medium. Generally one can conclude that given the calculated costs and the assumed market price, 
Porcine Platelet Lysate would be cheaper than both FBS supplemented media and chemically defined / 
serum-free media. 

  

Table 9. Price for 100 ml of medium Price (SEK) 
DMEM F-12 + 5% FBS                   61     
Chemically Defined Medium for CHO                   92     
Serum-Free Medium for VERO                 127     
Serum-Free Medium for Hybridoma                   86     
DMEM F-12 + 10% Porcine Platelet Lysate (250 USD/liter)                   45     
DMEM F-12 + 10% Porcine Platelet Lysate (200 USD/liter)                   41     
DMEM F-12 + 10% Porcine Platelet Lysate (High Cost Estimate)                   41     
DMEM F-12 + 10% Porcine Platelet Lysate (Low Cost Estimate)                   37     
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8. Discussion 
This study was done in order to assess if Porcine Platelet Lysate has a potential to compete with FBS and 
other types of media/supplements. In order to find an answer to this question, a theoretical and an 
empirical study were made. In the empirical study it was found that 75% of the researchers still use 
media supplemented with FBS. This implies that the main competing product of Porcine Platelet Lysate is 
FBS. Despite the rapid development of serum-free media and the scientific debate about the virtue of 
switching from FBS to serum-free media one can see that this alternative is still quite marginal, at least in 
the research community. A clue to understand this situation can be found in some articles claiming that 
it is more feasible for large scale industrial processes to switch to serum-free media since they have 
more R&D resources to adapt their processes at the same time they are focused on the production of a 
certain product so they have a limited set of cells to try to adapt to a serum-free environment. 
Researchers on the other hand often lack the resources and the scale to make it worthwhile to switch to 
serum-free media. That explains why a vast majority of researchers still uses FBS. Since Porcine Platelet 
Lysate is a natural product containing the important growth factors that can be found in FBS, this 
supplement is expected to work as a universal culture supplement. This means that the Lysate has a 
potential as an alternative to FBS since it should not be too time consuming to try to switch to this 
product. 

It is interesting to note that the main scientific debate about FBS is focused on the ethical dilemmas of 
the production process of FBS. In some articles, the quality issues of FBS are also discussed. However, 
according to the survey, the main concern of the researchers is the batch-to-batch variability of FBS. This 
means, that if Porcine Platelet Lysate is going to be a substitute for FBS, it must have lower batch-to-
batch variability. Only one test has been published in which limited batch-to-batch variability was shown 
(Aldén, et al., 2007), but in order to be more certain about this feature of Porcine Platelet Lysate, more 
tests must be done. There are some intuitive arguments why porcine platelet lysate might show lower 
batch-to-batch variability. One is that hogs are usually kept indoors in controlled environments for a 
short period of time before they go to slaughter. Their short life in combination with the controlled 
environment they live in should yield less variability in the quality of their meat and blood (no climate 
factors or other natural variations). In contrast to that, cattle are often kept outside and the quality of 
the meat and blood is affected by the climate and the variable environment they are living in. Therefore, 
the raw porcine blood should be less variable than the raw fetal bovine blood. Another assumption 
about variability is that Porcine Platelet Lysate might have lower batch-to-batch variability if it is 
produced in larger batches since the combined blood would contribute to lower variability. In the 
literature study there are indications both for and against this assumption. Currently it is known that FBS 
show batch-to-batch variability despite that this product is produced in batches consisting of blood from 
2 500 – 3 000 fetuses. These batches usually have the size of 1 500 liter. According to the producer 
HyClone, their FBS shows limited batch-to-batch variability because it is produced in batches consisting 
of 3 000 liters, twice as much as usual. (GE Healthcare Life Sciences (HyClone), 2014) Their argument is 
that the larger batches solve the variability problem. If that is true, that might also apply for Porcine 
Platelet Lysate. However, as said before, in order to be sure, this property must be tested thoroughly in 
future tests of the product. 
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When it comes to contamination there are several issues that must be assessed. According to van der 
Valk (Valk, et al., 2010), about 20% - 50% of the FBS on the market is virus positive. The most common 
virus is BVDV. When looking at porcine blood, the most common viruses that can be found are the ones 
tested in 9CFR-tests. Some examples of common viruses in porcine blood are Transmissible 
Gastroenteritis Virus, Porcine Adenovirus, Porcine Parvovirus and Circovirus. However, the empirical 
study shows that researchers are more concerned about mycoplasma contamination than of virus 
contamination. This implies that the virus issue might not be a larger problem. Using proper filtration, 
maybe down to a pore size of 40 nm would yield a sufficiently safe product. Conventional filters have a 
pore size of 100 - 200 nm, but currently there are filters on the market with pore sizes down to 15 nm. 
The dilemma is that the cost for these filters increases steeply depending on pore size. An example is 
that a 200 nm filter costs about 1 500 SEK, a 100 nm around 30 000 SEK and a 40 nm between 100 000 – 
150 000 SEK. (Sebastian Teitz, 2015) (Care, 2015) A 40 nm filter would effectively reduce the viral load of 
the product since most viruses and bacteria are larger than 40 nm. If this treatment, with better sterile 
filters is combined with conventional inactivation of infectious agents such as gamma irradiation, the 
quality of Porcine Platelet Lysate might be comparable to that of FBS and competition might be possible. 
The question is just how much lower the price would be for Porcine Platelet Lysate if 40 nm filters are 
used. One good argument for the viability is that Hyclone uses 40 nm filters in the production of FBS and 
that do not affect their price so much in comparison with their competitors. (GE Healthcare Life Sciences 
(HyClone), 2014) 

In the literature it was discussed that when testing, there are several risks of getting false negative 
results. There are several reasons for this problem. First, as an example, the established industry test in 
the US only tests a limited number of viruses and misses out viruses and bacteria that might have human 
host range. (Marcus-Sekura, et al., 2011) Another problem is that manufacturers test their serum after 
inactivation procedures. The tests are usually negative and that is true, but in some cases the 
inactivation procedure has only reduced the infectious agents sufficiently to give a negative test result 
but has failed to completely eliminate them. These infectious agents(viruses, bacteria, etc) can later 
proliferate, especially if experiments are scaled up. Another problem coupled to testing is that FBS and 
other sera are tested in larger batches. Due to dilution, tests might give false negative results and the 
contamination can cause problems when the serum is used. This leads to the conclusion that a potential 
Porcine Platelet Lysate must be tested in smaller batches using a wider range of tests for viruses and 
bacteria that might have human host range. Furthermore, as it is proposed by de Oliveira et al (Pinheiro 
de Oliveira, et al., 2013), PCR should be tried as a method of testing that can complement traditional 
immunoassays and cultivation. High throughput sequencing can also be used. It its especially effective 
since sequences can be matched to a large database of virus genomes and in that way the testing scope 
increases dramatically. However, one problem with high throughput screening is that if larger samples 
are going to be tested it is easy to get negative results due to dilution. Then the cost of these procedures 
can be considerable. If more stringent standards of tests are applied on the production of Porcine 
Platelet Lysate in combination with gamma-irradiation, this has the potential of becoming an edge for 
the product against FBS. What must be done here in a future assessment is to estimate the costs of PCR 
and high throughput sequencing. As an example, high throughput sequencing has been time consuming 
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and expensive, but thanks to rapid technological development, this procedure is now much more 
efficient and affordable.  

Looking beyond FBS one can see that in the long run, serum-free products are a serious competitor. 
Currently, a number of cell lines have been adapted to grow on serum-free media, but there is still much 
to be developed before these types of products can replace most uses of FBS, especially within the 
culture of primary cells and stem cells. Besides technical problems, serum-free media is perceived as an 
expensive alternative. 48% of the researchers think that serum-free products are very expensive. 
Furthermore, among the researchers that have tried to culture cells in serum-free media, the main 
perceived problem is that the cells of interest do not grow well. Serum-free products are superior to 
both FBS and Porcine Platelet Lysate due to their lack of variability, their known composition and the lack 
of contaminants. But as it is shown by the experience of the researchers that have tried to grow cells in 
serum-free media, the formulations are still not fully developed and are not suitable for all types of cells. 
Here, one can see that Porcine Platelet Lysate should be a better substitute than serum-free media since 
it is more similar to FBS and can be used as a universal supplement. An example of the similarity is that it 
is known that the growth factors in FBS are derived from activated platelets in the serum like the case in 
Porcine Platelet Lysate. (Rauch, et al., 2011) 

From a commercial point of view, Porcine Platelet Lysate might not be able to compete with neither FBS 
nor serum-free media in the market for media for the growth of hybridomas due to the high content of 
IgG. Furthermore, monoclonal antibodies can now be efficiently produced from CHO cells adapted to 
grow in a serum-free environment. The market for vaccines was also shortly assessed. Here one can see 
that the market for human vaccines is not open for Porcine Platelet Lysate due to regulations and a 
general will to switch to serum-free media since there are concerns about xenogeneic effects. It was 
thought that the veterinary market would be more open, but after some contacts with manufacturers it 
was clear that they currently used FBS in the production process but they were primarily interested in 
switching to serum-free media and were currently researching on how to do it. Therefore, the focus 
should be on the research market. There is a chance for Porcine Platelet Lysate in the market for 
established cell lines growing either adherently or in suspension. Among all researchers, 58% were 
willing to try Porcine Platelet Lysate if the price was in the range of 200 – 250 USD/liter. Interestingly, in 
the segment analysis where the answers were split between two groups; one that grew cells in 
suspension and the other that consisted of the rest of the researchers; it was found that researchers 
growing cells in suspensions were more willing to try the Porcine Platelet Lysate that researchers in the 
other group. The share willing to try among researchers growing cells in suspension was 65,9% and in the 
other group the share was 52,1%. This result was a bit surprising since there are more serum-free 
alternatives for the researchers in the first group and because the use of serum-free / chemically defined 
media is more common in this group. However, it is important to remember that the use of FBS is above 
70% in both groups. One explanation for the more conservative attitude among the researchers in the 
second group can be that some of them grow stem cells and primary cells that might be cumbersome to 
adapt to a new type of environment. One can therefore see that there is a potential market for Porcine 
Platelet Lysate among all researchers – both among those that should be interested (group 2) and those 
that currently have the alternative to try serum-free media (group 1).   
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In order to understand the commercial viability of Porcine Platelet Lysate one must get a picture of the 
current market for the main competing product, FBS and also understand the production costs of 
Porcine Platelet Lysate. According to the presented small price benchmark, the market price of Porcine 
Platelet Lysate should be at most 3 300 SEK/liter. At this price level, Porcine Platelet Lysate is on par with 
normal quality FBS. A calculation was done in order to assess the potential cost of Porcine Platelet Lysate. 
According to calculations previously made by Proliff and some adjustments it was found that the 
potential production cost of Porcine Platelet Lysate is in the range of 137 – 195 USD/liter. According to 
the price benchmark were 100 ml of ready-made cell culture medium is compared, this price range of 
Porcine Platelet Lysate translates to 37 – 41 SEK/100 ml. This can be compared to FBS-supplemented 
media that costs 61 SEK/100 ml. Serum-free and chemically defined media are even more expensive. 
One can here see that there is a feasible opportunity for Porcine Platelet Lysate to compete at a lower 
price than the other competing products. One thing that might have some implications for the 
production cost of Porcine Platelet Lysate is if the product is produced according to GMP. If the product 
is going to be sold for testing in the industry, there would for sure be a requirement that the product 
must be produced according to GMP since GMP compliant processes must have input materials that also 
are compliant to GMP. However, in the first stage it is better to focus on the market for researchers since 
they would probably not require the product to be compliant to GMP. The reason why it might be better 
to ignore GMP in the beginning is that some of the requirements would contribute to higher production 
costs. An example of a requirement is the one of having an independent laboratory to make product 
audits. This might be hard if the company producing the product is small. The presented cost range of 
the Porcine Platelet Lysate does not take into account the potential cost effects of GMP. 
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9. Conclusion 
Generally, one can see that there is a potential market for Porcine Platelet Lysate for the growth of most 
cells except hybridomas for the production of antibodies. This market could eventually be accessible if a 
method is developed to wash the lysate in order to get rid of IgG. Currently, IgG can be removed using 
Protein A Chromatography, but the cost could be a problem. Furthermore, the market for human and 
veterinary vaccines is probably not accessible due to regulations and a general will to switch to serum-
free media. The main competitor of Porcine Platelet Lysate is FBS and there is a willingness in the 
research community to try this product, both among researchers growing cells in suspensions and 
adherently, in order to see if it is a viable alternative. However, this study also shows that there are 
things that must be further assessed. First, the batch-to-batch variability must be evaluated more 
thoroughly, especially since it is the researchers’ main quality concern. Secondly, a procedure must be 
developed to test (using immunoassays in combination with PCR or high throughput sequencing) the 
product and effectively eliminate its contaminants.  

It was shown that the Porcine Platelet Lysate could be produced at a cost level that is competitive 
against FBS supplemented media. This calculation does not take into account the extra costs that might 
be incurred by GMP compliant production, but should be fairly representative for the costs in the 
beginning when the product is going to be marketed to the first research customers that do not require 
GMP compliant products. If the Porcine Platelet Lysate is going to be sold for industrial tests, the cost 
effects of GMP production must be further assessed.  
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10. Further Research 
There are alternative applications for a Porcine Platelet Lysate that should be examined further. One is to 
use the lysate in gels for chronic wound healing and tissue repair. Human Platelet Lysate has been 
incorporated into hydrogels for cartilage repair in order to stimulate cell growth and migration after 
surgery. (Driver, et al., 2006) (Moreira Teixeira, et al., 2012) (Sandri, et al., 2012) The use of platelets in 
wound healing applications has been restricted to autologous gels. It is not until recently that allogeneic 
gels based on Human Platelet Lysate have been proposed. (Barsotti, et al., 2013) (Rossi, et al., 2013) The 
future research question here is if it is possible to develop a gel for wound healing based on Porcine 
Platelet Lysate. The main challenge is to treat the lysate in such a way in order to avoid xenogeneic 
immune reactions. 
 
As said before, another interesting thing that must be further assessed is the batch-to-batch variability of 
Porcine Platelet Lysate. Here, research should be focused on testing batches of lysate produced from 
blood collected from different geographical regions and collected during different times of the year. One 
potential benefit with porcine blood is that pigs are kept in fairly controlled environments during a 
relatively short time before they are slaughtered (compared to cattle). This might yield overall lower 
variability. However, this is an interesting research topic and currently there is a lack of scientific 
research done within this field. 
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12. Appendix 

12.1 Appendix I: Survey Questions 
1. Which kind of cell lines do you usually use? 

a. Established cell lines growing in suspension, e.g. CHO, HEK293 
b. Established cell lines growing adherently, e.g. VERO cells 
c. Primary cells growing in suspension, i.e. blood cells 
d. Primary cells growing adherently 
e. Stem cells 
f. other 

2. Which kind of media do you commonly use when growing cells in vitro? 
a. Chemically Defined 
b. Media containing no animal- or human-derived components 
c. Serum-free media 
d. Media supplemented with Fetal Bovine Serum 
e. Media supplemented with other types of sera 
f. Other 

3. ** Have you tested to grow cells in serum free medium? (If yes, additional questions at the 
end) 

a. Yes 
b. No 

4. According to you, what is the major problem with the current media free of serum on the 
market? 

a. Too high price 
b. Cells do not grow well 
c. The products have protected undisclosed formulations 
d. Lack of reproducibility due to undefined components like plant hydrolysate 
e. Other problem 
f. No major problem 

5. Which of the following things are concerns for you when using Fetal Bovine Serum or other 
type of sera? (you can choose several options) 

a. Endotoxins 
b. Prions 
c. Viruses 
d. Mycoplasma 
e. Immunoglobulins 
f. Hemoglobin 
g. Batch-to-batch variability 
h. High price 
i. Lack of supply 
j. Ethical considerations 
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6. If you use Fetal Bovine Serum or other type of sera, about how many liters do you use in your 
laboratory per year? 

a. 0 – 0,99 
b. 1 – 4,99 
c. 5 – 9,99 
d. 10 – 14,99 
e. 15 – 24,99 
f. 25 – 34,99 
g. 35 – 44,99 
h. 45 – 54,99 
i. 55 – 64,99 
j. More than 65 
k. Do not use Fetal Bovine Serum 

7. From which region do you usually buy Fetal Bovine Serum? 
a. Do not buy Fetal Bovine Serum 
b. USA 
c. South America & Mexico 
d. New Zealand 
e. Australia 
f. Africa 
g. Europe 
h. Asia 

8. If there is an alternative to Fetal Bovine Serum, like a lysate made of porcine blood that shows 
less batch-to-batch variability and is less expensive (~200 - 250 USD/liter) than Fetal Bovine 
Serum, would you be willing to try it? 

a. Yes 
b. No 

9. What must this new porcine blood lysate offer as an alternative to persuade you to consider 
switching over to use it? (compared to Fetal Bovine Serum) 

a. Lower batch-to-batch variability 
b. Lower price 
c. Less ethical issues 
d. Less risk of virus contamination 
e. No risk of Bovine Spongiform Encephalopathy  
f. Less risk of mycoplasma 
g. I would not switch 

10. Do you use serum for another purpose than cell culture? 
a. Yes, for analytical method 
b. Yes, for other purposes 
c. No 
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** If yes 

1. Did your cells of interest grow well in the chemically defined/serum free medium? 
a. Yes 
b. No 

2. If you kept the cells growing for a longer period of time, did growth performance go down by 
time comparing with growth in classical medium supplemented with serum? 

a. Yes 
b. No 
c. I do not know 

3. What do you think about the price of serum-free/chemically defined media? 
a. Very expensive 
b. Somewhat expensive 
c. Reasonable price 
d. Affordable, no concern 

4. What serum free/chemically defined medium have you tried? (open question) 
5. Why did you try serum free/chemically defined media? 

a. Ethical reasons 
b. Economical reasons 
c. Quality reasons 
d. More consistency (lack of variability) 
e. Regulatory and patient concern 
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12.2 Appendix II: Price Benchmark Tables 
Basal Medium DMEM Prices 

Table 10. Name of Medium Producer Price per Liter (SEK) 
Advanced DMEM/F-12 Gibco 586,0  
Advanced Dulbecco's Modified Eagle Medium (DMEM) Gibco 426,0  
DMEM, high glucose Gibco 377,0  
DMEM, high glucose, GlutaMAX Supplement Gibco 426,4  
DMEM, high glucose, GlutaMax Supplement, pyruvate Gibco 332,0  
DMEM, high glucose, GlutaMax Supplemented, HEPES Gibco 396,0  
DMEM, high glucose, HEPES Gibco 444,0  
DMEM, high glucose, NEAA, no glutamine Gibco 304,0  
DMEM, high glucose, no glutamine, no calcium Gibco 804,0  
DMEM, high glucose, no glutamine, no lysine, no arginine Gibco 424,0  
DMEM, high glucose, no glutamine, no methionine, no cystine Gibco 486,0  
DMEM, high glucose, no phosphates Gibco 736,0  
DMEM, high glucose, pyruvate Gibco 413,4  
DMEM, high glucose, pyruvate, no glutamine Gibco 302,0  
DMEM, low glucose, pyruvate Gibco 306,0  
DMEM, low glucose, pyruvate, HEPES Gibco 360,0  
DMEM, low glucose, pyruvate, no glutamine, no phenol red Gibco 266,0  
DMEM, no glucose Gibco 304,0  
DMEM, no glucose, no glutamine, no phenol red Gibco 304,0  
DMEM/F-12 Gibco 306,0  
DMEM/F-12, GlutaMax Supplement Gibco 454,0  
DMEM/F-12, HEPES Gibco 426,0  
DMEM/F-12, HEPES, no Phenol red Gibco 452,0  
DMEM/F-12, no glutamine Gibco 400,0  
Average   418,1  
Source: lifetechnologies.com 
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Fetal Bovine Serum Prices 

Table 11. Name of Product Producer Price per Liter (SEK) 
FBS, Mesenchymal Cell Qualified, Australian Origin Gibco 19 920,8  
FBS, Dialyzed, US Origin Gibco 16 798,0  
FBS, Mesenchymal Stem Cell Qualified Gibco 13 542,0  
FBS, Ultra-low IgG, US Origin Gibco 11 336,8  
FBS, Dialyzed, US Origin Gibco 9 160,0  
FBS, Heat Inactivated, US Origin Gibco 8 406,4  
FBS, Australian Origin Gibco 8 080,8  
FBS, Heat Inactivated, US Origin Gibco 6 660,0  
FBS, USDA Approved Regions Gibco 6 660,0  
FBS, South American Hi + Gi Invitrogen 6 216,0  
FBS, EU Approved Regions Gibco 3 700,0  
FBS, Heat Inactivated, South American Gibco 1 896,0  
Average - Total   9 364,7  
Average - Lower Price Range   6 347,4  
Source: lifetechnologies.com, lubio.ch 

Chemically Defined Medium for CHO Prices 

Table 12. Name of Product Producer Price per Liter (SEK) 
1X CD CHO Medium Gibco 1 050  
CD CHO AGT Medium Gibco 790  
CD OPTICHO Medium Gibco 966  
FreeStyle F17 Expression Medium Gibco 1 198  
Power CHO 2 with HEPES & Pluronic Lonza 774  
Power CHO 3 with HEPES & Pluronic Lonza 751  
Average   922  
Source: lifetechnologies.com 

Serum-Free Medium for Vero Prices 

Table 13. Name of Product Producer Price per Liter (SEK) 
EpiSerf Gibco 1 272,8  
Source: lifetechnologies.com 
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Serum-Free Medium for Hybridoma 

Table 14. Name of Product Producer Price per Liter (SEK) 
CTS AIM V Medium Gibco 1 698,0  
Hybridoma-SFM Gibco 900,0  
TurboDoma Cell Culture 

Technologies 
836,6  

CD Hybridoma AGT Medium Gibco 756,0  
ProDoma Hybridoma Medium with Pluronic Lonza 702,0  
PFHM-II Protein-Free Hybridoma Medium Gibco 584,0  
UltraDOMA PF Hybridoma Medium Lonza 550,0  
Average   860,9  
Source: lifetechnologies.com 
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