
Contamination Costs

Recent trends in the biopharmaceutical industry involve using
large volumes of cell cultures with high expression levels to
accommodate an increasing demand for biopharmaceutical drugs.
These trends have contributed to an increase in the value of
bioreactor batches, as well as an increase in the cost of a possible
contamination event. In addition, the pressure to reduce process
costs demands an improvement in biopharmaceutical process
developments, which include minimising the risk of mycoplasma
contamination inherent in processing large volumes of cell culture
media, and improving process economics while minimising
operational complexity. Risk of mycoplasma contamination must
also be considered when using filter-sterilised culture media for
validation of aseptic filling. This article highlights the various
factors governing the filter selection for culture media filtration,
where high mycoplasma retention and improved process
economics are desired.

In the last few decades, several instances of mycoplasma
contamination in cell culture have been reported in
biopharmaceutical processing (1-3). If the presence of mycoplasma
is detected within a fermentor, the entire fermentor batch has to be
discarded, as most treatment options are expensive and often
mycoplasma strain-specific. Similarly, the presence of mycoplasma
contamination in aseptic fill validation culture media can have costly
consequences. Mycoplasma is the common name of the prokaryotic
(bacteria) class of microorganisms Mollicutes. They are deformable,
due to the lack of a cell wall, and are small in dimension (0.05-
0.4µm), enabling them to penetrate 0.2µm and even some 0.1µm
rated ‘sterilising-grade’ membranes (see Figure 1).

MYCOPLASMA CONTAMINATION

Mycoplasma may be introduced to cell culture media through both
animal-derived nutrient components, such as serum and serum
albumin (4), and animal-free components, such as soy peptones 
(5), as well as from operator contamination. Once in culture media,
mycoplasma can reach high concentrations
without causing cytopathic effects or detectable
changes in visual appearance (such as colour),
turbidity or pH of the solution, but may alter
culture properties that could affect cell
metabolism and growth (6). 

The limits for some rapid mycoplasma detection
methods range from 101 to 105cfu/mL (7-11).
Therefore, even when detection by culture is one
cfu/sample, failure to detect mycoplasma in 
a bioreactor or culture media feed might not
indicate complete absence of mycoplasma. Also,
the success of a detection method relies heavily
on the sampling rate. For example, failure to
detect a contamination in one sample per

10,000L batch is not representative, and does not guarantee the
absence of mycoplasma; thus a higher sampling rate (which in 
turn leads to higher expense) must be implemented. Even when
detected, the inactivation of mycoplasma is laborious, costly, and at
times ineffective. Several elimination methods have been suggested,
which include the use of antibiotics, but these methods do not
ensure certainty of complete mycoplasma elimination (11-13).

Several approaches have been taken to reduce the risk of
mycoplasma contamination, such as screening raw sources for
presence of mycoplasma (or using pre-sterilised raw materials
where possible), and then preventing their introduction into
bioreactors through the use of heat or sterile barriers. For example,
moist heat can be effectively used for sterilising some cell culture
media, although the stability of the media components at elevated
temperatures must be ensured, as heat-labile components of media
for mammalian cell culture (such as glucose and protein growth
factors) are susceptible to damage. For heat-sensitive media and
other cell culture media, sterilisation through direct-flow filtration
with 0.2µm or 0.1µm sterilising-grade membrane filters is widely
practiced (13). In a typical process, media is pumped or pushed
under pneumatic pressure from the media mixing tank through a
sterilising grade filter or a filter train directly into the bioreactor.
Prior to use, the filters are sterilised either by steam-in-place (SIP)
operation or autoclaving, or are supplied pre-sterilised using
gamma irradiation. In some applications, high temperature short
time (HTST) – a pasteurisation process that applies an elevated
temperature for a short period of time – is used in-line with the
sterilising filter(s) to reduce the risk of viral contamination (14).

FILTERS WITH HIGH RETENTION EFFICIENCY

In the biopharmaceutical industry, the most widely practiced
approach to reduce the contamination risk for processing a large
batch of cell culture media is to use 0.1µm rated filters with a high
level of mycoplasma retention (validated for retention of
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Figure 1: SEM photomicrograph showing the mycoplasma Acholeplasma laidlawii (white
spheres). Cells are rendered monodisperse prior to filter challenges using sonication.
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Acholeplasma laidlawii (ATCC 23206)). A higher retention
efficiency (expressed as log reduction value, LRV) provides
assurance of lower risk of contamination (see Figure 2). As an
example, a 0.1µm filter with 10 LRV (penetration risk of 1/1010)
provides 1,000 times higher sterility assurance for mycoplasma than
a filter with 7 LRV (penetration risk of 1/107). To illustrate this
further, Figure 2b shows the risk of mycoplasma contamination 
for three 0.1µm rated filters subjected to different mycoplasma
challenge levels (representing different levels of mycoplasma
contamination in culture media prior to filtration). Clearly, filters
with lower mycoplasma retention ratings (<=LRV 7) do not provide
the same level of risk mitigation as higher retention filters. 

Along with high mycoplasma LRV, overall process economics and
ease of use are two other important factors that govern the selection
of a filter for cell culture media filtration. Depending on the nature
and composition of media components, cell culture media may 
vary in their filter-fouling properties, and membrane filters can
vary in their fouling resistance or filter throughput, which is
defined as fluid volume processed per unit membrane area (L/m2,
for example). 0.1µm rated mycoplasma-retentive membrane filters
can demonstrate media throughputs ranging from several hundred
to several thousand L/m2. Typically, culture media with high
concentrations of glucose, unfiltered peptones, unfiltered serum,
and antifoam are high-fouling in nature (15). Bench scale
filterability studies allow for initial screening of 0.1µm rated filters
for cell culture media filtration, whereas a scale-up study is

required to determine the appropriate filter sizing for processing a
batch at manufacturing scale (16,17). It is important to note that
two filters providing equal throughputs per unit area (L/m2) at
bench scale using discs, may exhibit significantly different filter
performance in a 10” pleated cartridge format depending on the
cartridge membrane pleating characteristics. As an example,
implementation of the laid over pleat design and narrow core allows
for incorporation up to twice the membrane area per 10” cartridge
element compared to a similar size cartridge with a traditional 
‘fan’ or ‘star’ pleating geometry (see Figure 3). The effective filter
surface area (EFA) is maximised through the use of select high
lateral flow pleat support and drainage layers. This effect is
illustrated in Figures 4a and 4b, where filter A and filter F have
similar membrane throughput in units of L/m2 at bench scale using
disc. But fewer cartridge elements are required to process a batch 
of media with filter A because of the larger membrane area in a 
10” filter element resulting from differences in pleating geometry.

PROCESSING COST ANALYSIS

Analysis of process economics for the design and selection of a
filter train for media filtration should ideally incorporate the costs
of filters, hardware, buffers, water for injection (WFI), labour and
filter disposal costs. To illustrate such an analysis, we compared 
the processing costs of filtering a 10,000L batch of two media;
Tryptic Soy Broth (TSB), and Dulbecco’s Modified Eagle Medium
(DMEM) solution supplemented with proteose peptone (PP3) in

two hours filtration time for three different
0.1µm filters (16) (see Figure 2). Filter A had
an A laidlawii mycoplasma LRV of >10 and
a narrow-core laid over membrane pleating
design (see Figure 3a). Filters F and G had A
laidlawii LRVs of six and seven respectively,
and both of them incorporated a traditional
‘fan pleat’ membrane pleating geometry in 
a cartridge format (see Figure 3b). For
calculation purposes, the filterability data
(throughput values) were taken from bench
scale testing with flat discs (16). The analysis
considered various operational steps involved
in a sterile filtration process, which include
filter installation, pre-flushing of filters, SIP,
pre/post use integrity testing to ensure
integrity of filter pre/post filtration, media
filtration, clean-in-place (CIP), and finally
filter disposal. The cost of media filtration
per batch was then calculated, accounting for
the various costs to process a 10,000L batch
of media solution in two hours. 

First, the filters’ throughput values (see Figure
4a and Figure 5a, page 72) and membrane
areas per 10” cartridge element were used 
to determine the total number of cartridges
required to process a 10,000L batch (Figure
4b and Figure 5b) in two hours. Next,
appropriate filter housing was selected and 
the costs of filters, filter housing and flushing
volumes were taken from an internal database.
The costs of the labour, WFI and filter
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Figure 2: A summary of (a) 10” cartridge flow permeabilities and manufacturers’ claimed
mycoplasma LRV’s for various 0.1µm rated filters and (b) mycoplasma contamination risk 
for processing 1,000L batch through 1m2 filter area at different contaminant loading. 
A contamination risk of unity corresponds to a contaminated batch of media, even after
filtering it through a 0.1µm rated filter. 

Figure 3: Different membrane pleating structures: (a) narrow-core laid over pleat design and (b)
traditional fan pleat design with standard diameter core. The greater membrane packing density in
narrow-core laid over pleat cartridge design enables more membrane area per 10” filter element. 
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disposal cost were representative of those reported for the medium to
large scale biopharmaceutical industry (18,19). The costs of WFI and
filter disposal were proportional to the number of filter cartridges
and the estimated labour cost for a person dedicated to the process
for the duration of the filtration operation. The cost of filter housings
(considered as capital investment) was distributed uniformly over a
five-year period. The analysis does not include the costs common to
all the membranes, irrespective of their performance, such as the 
cost of pumps and surrounding hardware. The relative mycoplasma
contamination risk and the cost for filtering a 10,000L batch of
media in two hours for three 0.1µm filters is shown in Figures 4c 
and 4d for TSB and in Figures 5c and 5d for DMEM supplemented
with PP3. Figures 4c and 5c indicate that at a mycoplasma challenge
level of 10cfu/ml (detection limit for rapid mycoplasma detection
methods), neither filter F nor filter G provide sufficient protection
against mycoplasma contamination risk.

ANALYSIS RESULTS

The data suggest that the cost of filters (which accounts for
membrane throughput, membrane area in a cartridge element, 
as well as the cost of a cartridge element) constitutes most of the
process cost. For similar throughput values, a cartridge utilising 
the laid over pleat technology, with a larger membrane area per
cartridge element, will in turn require fewer cartridge elements to
process similar batch volume (see Figures 4b and 5b). Along with
the obvious advantages of reduced space requirement for filter
inventory, a smaller floor area for filter housing footprint and a
much easier operation process, the use of fewer cartridges helps to
reduce the processing costs further by reducing capital cost (smaller
filter housing), reducing costs associated with smaller quantities of
WFI for SIP and CIP operations, and reducing filter disposal costs. 

In summary, to meet with the current trends in biopharmaceutical
industries when qualifying filters for cell culture media sterilisation,
it is essential to consider important factors such as mycoplasma
contamination risk, overall process economics, and operational
complexity in a filtration process. A filter with higher mycoplasma
retention efficiency (LRV), complemented with an advanced
cartridge pleating design that provides more membrane surface 
area per cartridge element, is important. Specifically, the reduced
number of filter cartridges reduces filter inventory cost, the size 
of filter housing, and the filter disposal cost, and thus significantly
reduces operational complexity. Moreover, such factors become of
even greater importance over the life span of a biopharmaceutical
drug product. It is important to highlight that, in some cases, 
a 0.2µm pre-filter is used in line with 0.1µm filter for media
filtration. Selection of 0.1µm filters that incorporate high-capacity
0.2µm membrane prefilter layers and are targeted for high filter
capacity applications could, in some cases, eliminate the need for 
a separate 0.2µm pre-filter cartridge assembly and thus bring
additional economy for the culture media filtration system. 

CONCLUSION

For cell culture media filtration, the end-user must consider: 

� Mycoplasma contamination risks
� Process economics, which accounts for the total cost for

processing a batch of culture media

� The operational simplicity, primarily resulting from reduced
number of filter cartridge elements required to process a batch
of cell culture media

A filter validated to provide higher mycoplasma LRV will
provide a higher safety assurance and minimise the risk of
contamination. Filters with higher area and throughput per 10”
element mean a reduced number of cartridges elements, reduced
cost of raw materials (CIP/SIP/initial flushing volumes and so
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Figure 4: (a) Throughput for 0.1µm filters; (b) number of cartridge
elements required to process 10,000L batch of TSB; (c) probability of
contaminated media filtrate at challenge level of 10cfu/mL, and (d)
various costs for processing 10,000L solution of TSB in two hours.

Figure 5: (a) Throughput for 0.1µm filters, (b) number of cartridge
elements required to process 10,000L batch of DMEM supplemented
with PP3, (c) probability of contaminated media filtrate at challenge
level of 10cfu/mL, and (d) various costs for processing 10,000L
solution of DMEM supplemented with PP3 in two hours.
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on), smaller filter housings and minimise post-use filter disposal
cost. Moreover, fewer cartridges require a reduced inventory,
which means a smaller floor area because of the smaller filter
housing footprint, so it is more operationally efficient from an
end-user prospective. All these factors should be carefully
considered in filter selection along with cell growth studies that
are process specific. 

References

1. Fogh J, Holmgren NB and Ludovici PP, A review of cell
culture contaminations, In Vitro 7(1): p26, 1971

2. Held P, Dangers of Mycoplasma in cell-based assays, 
Lab Manager Magazine, May 2007

3. Hay RJ, Macy ML and Chen TR, Mycoplasma infection 
of cultures cells, Nature 229: pp487-488, 1989

4. Barile MF and Kern J, Isolation of Mycoplasma arginini
from commercial bovine sera and its implication in
contaminated cell cultures, Proc Soc Exp Biol Med 138:
pp432-437, 1971

5. Potts BJ (ed), Proceedings from PDA Workshop on
Mycoplasma Contamination by Plant Peptones, 2007

6. McGarrity GJ and Kothani H, Cell Culture Mycoplasmas, 
in Razin S and Barile MF (eds), The Mycoplasmas 4:
pp353-389, 1985

7. Schneider EL and Stanbridge EJ, Comparison of methods
for the detection of mycoplasmal contamination of cell
cultures: A review, In Vitro 11(1): p20, 1975

8. Lincoln CK and Lundin DJ, Mycoplasma detection and
control, US FCC Newsletter 20: pp1-3

9. Uphoff CC and Drexler HG, Detection of mycoplasma
contaminations, in Helgason CD and Millier CL (eds),
Basic cell culture protocols: methods in molecular 
biology 290, 3rd ed: pp13-23, 2005

10. Uphoff CC and Drexler HG, Detection of mycoplasma in
leukemia-lymphoma cell lines using polymerase chain
reaction, Leukemia 16: pp289-293, 2002

11. Fiorentini D, Mycoplasma: Effective Detection and
Treatment using PCR for the detection of mycoplasma 
in cell cultures and methods for treating contaminated
cultures, Biological Industries, 2006

12. Fleckenstein E and Drexler HG, Elimination of
Mycoplasma contamination in cell cultures, Biochemica 
1: pp48-51, 1996

13. Jornitz MW and Meltzer TH, Media and Buffer Filtration
Implications, in Jornitz MW and Meltzer TH (eds),
Filtration and Purification in the Biopharmaceutical
Industry, 2nd ed, 2008

14. Sofer G, Virus inactivation in the 1990s-and into the 21st
century, Part 4: culture media, biotechnology products
and vaccines, Biopharmaceutical International: pp50-57,
January 2003

15. Subramanian G, Bioseparation and Bioprocessing: 
A handbook, 2007

16. Evaluating the performance of 0.1µm rated filters for
mammalian cell culture media filtration, Biopharm
International: p2, April 2009

17. Evaluating the scalability of 0.1µm rated membrane 
filters, Biopharm International: p36, June 2009

18. Farid SS, Process Economics of industrial monoclonal
antibody manufacture, Journal of Chromatography B 
848: pp8-18, 2007

19. Zhou JX and Tressel T, Basic concepts in Q membrane
chromatography for large scale antibody production,
Biotechnology Progress 22(2): pp341-349 2006

74 www.samedanltd.com

Anil Kumar is Principal R&D Engineer 
for Pall Life Sciences, where he focuses 
on filtration and integration of single use
system technologies for biopharmaceutical
applications. He holds a PhD in Chemical
Engineering from the City College of City

University of New York. Email: anil_kumar@pall.com

Stefan Egli has been working with Pall
Corporation for over 14 years in several
positions. He is currently their Global Product
Manager for sterilising grade filters. He is an
active member of the PDA and co-author of
the new edition of the PDA Report #26.

Stefan holds a Bachelor of Chemistry degree from University of
Applied Sciences in Winterthur, Switzerland and an EMBA and
Engineering degree from the University of Technology in
Zürich, Switzerland. Email: stefan_egli@pall.com

Jerry Martin is Senior Vice President, Global
Scientific Affairs for Pall Life Sciences, where
he has over 30 years’ experience in
biopharmaceutical process filtration, technical
support and business development. He is a
frequent author on bioprocess and aseptic

processing topics, including co-authorship of several PDA
Technical Reports, BPSA Guides and ASTM, ISO and ASME-
BPE Standards, and is also Chairman of the Board of the
BioProcess Systems Alliance (BPSA) trade association for
single-use manufacturing. He holds an MSc in Microbiology
from the University of Toronto. Email: jerold_martin@pall.com

Charles Golightly is Director of Marketing for
Pall Life Sciences, managing a sterile filtration
product portfolio for the Western Hemisphere
markets. He has over 20 years’ experience in
sales, marketing, new product and business
development in the bioprocessing and life

sciences markets; with prior experience from Diagnostic Hybrids,
Invitrogen and Life Technologies. He holds a PhD from Texas
A&M University. Email: charles_golightly@pall.com

Ralf Kuriyel is Senior Director of 
Applications R&D and Program Manager for
Virus Clearance Products at Pall Life Sciences.
He has worked in the field of bioprocessing 
for the last 18 years. He holds an MSc in
chemical engineering from Rensselaer’s

Polytechnic Institute. Email: ralf_kuriyel@pall.com

About the authors

EBR*Summer 2009  25/6/09  11:10  Page 74


