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Abstract
Testing products for the presence of microbes is an integral part of the process of producing
parenteral solutions. As the next generation of microbial detection systems is developed,
companies dependent on old techniques are at a disadvantage. The importance of fast feedback in process control cannot be overstated and with the advent of new techniques, feedback
time can be reduced from the traditional five days down to a few hours. Fresenius Kabi currently has to combine a traditional method with a faster method to control their sterilization
process, which results in a slow and labor-intensive process. Therefore we have investigated
research papers describing novel techniques as well as the current commercially available
products to present a new solution optimized for their specific needs. Through careful comparisons, we found the ScanRDI system by bioMérieux to be best suited. With a time to
result of three to four hours and an ability to analyze even Fresenius Kabi’s most complex
solutions without destroying the cells in the sample, it stands unparalleled. By implementing ScanRDI, Fresenius Kabi will increase their efficiency, test result accuracy and reliability
while decreasing production cost and reducing time until preemptive actions can be taken.
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ScanRDI: The Best Option for Fresenius Kabi
Fresenius Kabi’s method for process and product control of their nutrient solution products
is outdated and slow. This leads to unnecessary storage time while waiting for products to be
approved. The slow process also results in a waste of products where contaminants were not
detected in time. Today, new rapid microbiological methods (RMM) have been developed
which would allow these unnecessities to be avoided. Therefore Fresenius Kabi has asked us
to find a new and more efficient system which meets all their criteria, along with a validation
protocol for the system. A thorough search resulted in the final method suggestion: ScanRDI.

RMM: Rapid
Microbiological
Methods. A common
abbreviation for fast
methods used to
enumerate
microorganisms.

What is ScanRDI?
ScanRDI is a simple system that applies solid phase cytometry which detects and quantifies
viable cells. It is based on a simple three-step process which includes filtration, cell labeling
with fluorescent molecules and automated laser scanning (bioMeriéux 2017a).
The filtration is done to capture the microbes in the sample. ScanRDI uses a filter with a
pore size of 0.4 µm (Katarina Bredberg, personal communication) which is possibly large
enough to filter a high-fat emulsion without letting cells slip through.
Cell labeling is performed to make cells visible and is done by adding a solution which makes
all viable cells fluorescent. According to Easter et al. (2003) this is done by passive cell
membrane diffusion of a non-fluorescent substrate derived from fluorescein (Fluorassure).
The substrate is then cleaved by esterase activity in the cell’s cytoplasm (Easter et al. 2003)
and only cells with intact membranes are able to retain the substrates. Therefore only
metabolically active cells are labeled and detected by ScanRDI. (Easter et al. 2003; Katarina Bredberg, personal communication).
The sample is then scanned with a laser which detects all labeled cells in the sample. During
the scanning the collected data is processed to be able to distinguish between microbes and
background signals. The results are then shown as direct cell count or as a scan map where
the position of each detected microbe can be seen (Easter et al. 2003). The estimated time
from sampling to result is three to four hours. Several validation steps have already been
performed by bioMeriéux for the use of the ScanRDI system for purposes as those of this
project (Katarina Bredberg, personal communication).

Why ScanRDI?
ScanRDI was chosen as the final suggestion for numerous reasons. First of all it is a very
rapid method with its three to four hours to result. This was a highly valued attribute since
Fresenius Kabi wants to increase efficiency. Another desirable feature is ease-of-use, which
ScanRDI fulfills; it is easy to maintain a sample run due to the few steps needed. Furthermore
the resemblance to one of Fresenius Kabi’s current methods is another advantage. Another
benefit is that ScanRDI has already gone through a lot of the validation steps needed to be
implemented into Fresenius Kabi’s facilities. This is an improvement since it would save a
lot of time and effort for the company.

bioMérieux
BioMérieux is a global biotechnology company which provides diagnostic solutions and tools
for detection of microbes. They are specialized within in vitro diagnostics and have, with
their 54 years in the business, a lot of experience in microbial detection (bioMérieux 2017e).
Katarina Bredberg, product manager at bioMérieux in Gothenburg, was contacted for more
3

Esterase: An
enzyme which
catalyzes the
hydrolysis of esters
into their alcohol and
acid components.

detailed information about their products.

An Objective Look at ScanRDI
Objective reports evaluating the performance of ScanRDI are scarce, but in a report by Smith
et al. (2010) it was compared to the American, European and Japanese pharmacopoeial
reference sterility tests for eight different bacteria and found to be numerically superior
and statistically non-inferior. It is worth noting that ScanRDI was in this report used as
a qualitative test method, but the results should still be able to serve as an indicator of
the abilities of ScanRDI as a quantitative method. The limit of detection was measured
to be between 0.000070 and 0.001172 cells/mL on average which was about an order of
magnitude lower than the reference sterility test. Note that the limit of detection is the
lower limit of what a method is qualitatively able to detect and usually a lower number
than the limit of quantification, which is the most relevant performance measurement for
the intended application of this project. The site-to-site variability was found to be not
significantly different from zero, which means that ScanRDI was found to be robust. The
tests were performed by Alcon Laboratories Inc. and conducted at three of their sites world
wide (Smith et al. 2010).

Validation of ScanRDI
To be able to prove that the method works consistently as intended, the method has to be
validated. It has to be proven to perform within the required specifications with simple microbial samples as well as with the products the user intends to analyze. There are also legal
restrictions when implementing alternative microbial detection methods in the production of
parenteral drugs as Fresenius Kabi intends to do. Examples of technical documents that can
be followed for proper validation procedures and approval in Europe and the United States
are the European Pharmacopoeia (Ph. Eur.) chapter 5.1.6 and the Parenteral Drug Association (PDA) Technical Report No. 33, respectively (Council of Europe 2017, Parenteral
Drug Association 2013).
Since ScanRDI has been validated for enumeration of bioburden at other sites, a lot of the
work has been done previously by bioMérieux and they offer a few different validation packages together with the purchase of ScanRDI. The packages can include templates for the
validation of proper installation and operation (IQ and OQ) as well as templates for the validation of performance (PQ1 and PQ2). See fact box for abbreviation definitions. BioMérieux
offers to perform the IQ and OQ on site for the user. They can also perform PQ1 with one
microbiological strain to instruct the user’s lab technicians or perform the complete PQ1
with a full panel of the recommended microorganisms (Katarina Bredberg, personal communication).
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Fact box
Installation qualification (IQ): Ensures that all equipment has been provided and
installed in accordance with its specifications.
Operation qualification (OQ): Ensures that the components of the system (e.g.
optics) functions as intended after installation.
Performance qualification I (PQ1): Ensures that the method performs reliably
on site while analyzing simple microbial samples.
Performance qualification II (PQ2): Ensures that the method performs reliably
on site while analyzing product, and that the product does not interfere with the method in
any adverse way.
This report covers some parts of the validation steps recommended by the Ph. Eur. and
PDA. A brief summary of this and an overview of the most important validation steps can
be found in Appendix I.

Project Goals and Effect
The aim of the project was to propose a system that can detect microbes in nutrient solutions
with high fat contents. The proposal was also going to include a validation protocol for the
suggested system.
There were several criteria that had to be fulfilled by the new system:
Fast:

Less than 14 hours to result.

Sensitive:

Detection limit of 1 colony forming unit (CFU) per sample or better.

Simple:

The employees performing the tests at Fresenius Kabi today should be able to
learn to use the system easily by following the protocol, with little education
within the field of microbiology.

Quantifying: The system should correctly enumerate the microorganisms in the sample.
Furthermore, the system has to allow for identification of any microbes in the product. Fresenius Kabi also prefers that the new method does not apply filtration since their current
method has problems with clogging filters due to the high-fat emulsions they analyze.
After implementation of the suggested system Fresenius Kabi should be able to replace their
current methods with the proposed solution. By minimizing the required time for the analysis, the process control will become more responsive and accurate. The simplicity of the
system will allow for the analysis to be conducted in a reliable manner without the need for
highly educated or specialized personnel. It will be more streamlined since only one method
has to be used instead of two.

Delimitations
The project was not expected to present a suggestion for how Fresenius Kabi should implement the system or how the system should be adapted to their facilities. The project
was also purely theoretical and was not to include any sort of practical testing of the new
system. The initial goal was to only present one method, but it was quickly realized that the
5

diversity of advantages and disadvantages presented by the different methods might prove
too difficult to prioritize between. Therefore it was decided to propose a select set of methods
that Fresenius Kabi would be able to choose from with their innate understanding of their
own priorities.
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Current Situation and Methods
Today, Fresenius Kabi uses two separate methods for process and product control (Figure
1). The test for process control takes about 14 hours while the test for product control takes
5 days.
The faster test is the Merck Millipore Milliflex Rapid System. If the microbe levels are
above the approved limit the production is halted and the systems are cleaned. The other
test, which is a validated traditional microbiological method, is more sensitive and is used
to determine if the batch in question has sufficiently low levels of microbes for the sterilization to be effective. This can not be done by the faster method since it is not validated
for this purpose. The faster method simply helps to detect contaminants in the system faster.

Figure 1: Fresenius Kabi’s current system for process and product control. After a sample
is retrieved it is divided and analyzed with both the Milliflex Rapid System, which is used
for process control, and with the traditional microbiological method which determines if
Fresenius Kabi’s products are safe to use.
If the traditional microbiological test detects microbe levels above approved limits, the whole
batch (approx. 6000 units) is thrown away. One possible way of lowering the amount of
wasted products is to replace the Milliflex Rapid System with a faster method. By doing
this, high bioburden levels will be detected faster and fewer subsequent batches will affected
due to the shorter time to possible intervention. The effect will be lower production costs
which in turn yields higher profit. The faster method that is currently used results in cell
lysis, which makes it unfit to use since Fresenius Kabi wishes to identify the microbes found.
The traditional and slower method is also needed since it does not perform cell lysis which
makes it possible to identify the viable microbes in the sample. Another common problem
is that the tested solutions often clog the filter due to their high fat contents which makes
these products hard to filter (Ann-Sofi Wallén, Fresenius Kabi, personal communication).
If a batch passes the faster test it is sent to storage before the result of the slower test is
finished. If a too high microbe level is detected by the slower test but not the faster, the
production systems are cleaned and the batches are destroyed. This means high storage costs
for products that might never be used. By replacing the current two methods with one fast
method validated for product release, a lot of costs would be avoided and the efficiency would
increase (Ann-Sofi Wallén, personal communication).

7

Process control:
Tests that are
performed to detect
contaminations in
the production
system.
Product control:
Tests that are
performed to ensure
that the product is
safe for use and can
be sold.

Current Process Control Method: Milliflex Rapid System
According to Merck Millipore (2012) the Milliflex Rapid is a growth-based method that has
a sensitivity of 1 CFU per 100 ml. The sample is first prepared by filtration through a 0.45
µm filter which is placed on an agar plate for enrichment. The incubated filter is placed
in the Milliflex AutoSpray Station for further preparation (Merck Millipore 2012). At this
stage the sample is sprayed with a lysis solution which also contains the ATP bioluminescent system luciferin/luciferase as well as magnesium ions (Chollet & Ribault 2012). When
the samples are prepared they are transferred to the Milliflex Rapid Detection Tower where
the detection of fluorescence occurs (Merck Millipore 2012). It is important to note that the
method destroys the cells in the sample since a lysis solution is used (Chollet & Ribault 2012).

CFU: Colony
forming units,
representing the
amount of growing
cells in a sample. 1
CFU represents one
existing cell
pre-growth.

Current Product Control Method: Cultivation on Agar Plates
The slower, traditional test is plate-based and involves cultivation on agar plates followed by
five days of incubation. This method is validated for product release to customers and it is
also non-destructive, which allows for subsequent identification. These are the main reasons
it is needed in this process.

Selection of Methods
Many methods could easily be ruled out due to being too slow or having a low sensitivity
which meant that the methods did not fulfill the given criteria. How the methods were
collected is described in Appendix II. Other methods were dismissed due to being only
semiquantitative at closer inspection. For example all methods that require incubation of
microbes in liquid media are not considered to be quantitative (Council of Europe 2017), and
can therefore not be considered for this application. An overview of the stages of selection
can be found in Figure 2.

Figure 2: The different stages of the method selection process, ordered chronologically.
At the next stage growth and viability-based methods were compared which lead to the
point where growth-based methods were ruled out. This is simply because growth-based
methods only find growing bacteria, disregarding any viable bacteria which do not grow in
the cultivation environment. Viability-based methods, in contrast, find all living bacteria,
including the ones that do not grow. According to the Ph. Eur. growth-based methods can
be used for this purpose and are validatable (Council of Europe 2017). However the facts
above created some concerns about whether it is possible to perform accurate bioburden tests
using growth-based methods despite them being approved. This is discussed in the “Ethical
Analysis” part. Another reason growth-based methods were ruled out was that they are often
slower than modern viability-based alternatives. This is because incubation time is needed
for the cells to be able to grow.
A closer comparison was made between the most interesting methods and a next selection resulted in five top candidates: ScanRDI, 7000RMS Bioburden Analyzer, Bio Particle Explorer,
MuScan and a plate count method using arrayed microelectrodes which was considered so
cheap that it was kept in the list despite the fact that it is growth-based (See Appendix III:
Table of Methods). More information about these candidates can be found in Appendix IV.
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Semiquantitative:
Measurements
which only estimate
quantity and are
not precise enough
to serve as a
reliable result.

Plate count using array microelectrodes was rejected first. This method is not commercially
available and would therefore probably take too long time to implement. It is also impractical
since Fresenius Kabi would have to construct the plates themselves or order them custombuilt by another company.
Another interesting option, the 7000RMS Bioburden from Mettler Toledo, was rejected due
to problems with background signals when analyzing vitamin solutions (Per Alesand, personal communication). The 7000RMS is, when compared to ScanRDI and the other methods,
much faster but the background signal problem would produce unreliable results for Fresenius
Kabi’s products containing vitamins (See Appendix III: Table of Methods and Appendix IV:
Method Candidates under "7000RMS Bioburden Analyzer"). During communications with
Per Alesand it also became clear that the machine might not be able to run the high-fat
emulsions that Fresenius Kabi produces. If the 7000RMS Bioburden is going to be used
for the purpose of the project it has to be developed further and revalidated. This method
was thereby considered a less suited option than Bio Particle Explorer, MuScan and ScanRDI.
Regarding rap.ID’s product Bio Particle Explorer, the large size of the filters used (0.8 µm)
(Jamil Orfali, personal communication) was considered a problem which in the end made
it impossible to use (See Appendix IV: Method Candidates under “Bio Particle Explorer”).
However, if rap.ID would be interested in making filters of sizes approved by the Ph. Eur. for
this purpose, their system would be a strong contender. The time it would take to develop
this new filter and to validate the system with it led to the final decision of ruling the method
out compared to ScanRDI, which can be implemented in a nearer future, and MuScan which
does not require further development like the Bio Particle Explorer does.
The fact that MuScan has not been validated previously was the main reason why ScanRDI was chosen over the MuScan; both systems use filtration and are based on the same
technology. ScanRDI would therefore give roughly the same performance with less time
to implementation (See “What is ScanRDI?” and Appendix IV: Method Candidates under
”MuScan”).
However, one downside of ScanRDI is that it uses filtration. This problem was considered
the least impactful one when discussing with Fresenius Kabi and comparing it to the other
methods. The filter pore size is also suitable for the application, since it is approved by the
Ph. Eur.

Conclusions and Consequences
One goal of the project was to decrease the analysis time and thereby increase the efficiency
and profitability of the company. The suggested solution certainly fulfills this, which means
that once it is implemented, employees will need to put less time and effort into the analysis which might mean fewer working hours and thereby reduced personnel expenses. The
increased efficiency would also lead to a decrease in product waste, which means that more
product can be shipped to customers, leading to increased profit and greater availability of
Fresenius Kabi’s products.
Furthermore, the increased profitability might lead to a possible price decrease of the product which would mean that a lot more people would get access to the nutrient solutions,
especially in poor countries where many lack the funds for medical bills.
The implementation of ScanRDI will solve most of the problems Fresenius Kabi is facing
due to their current microbial detection systems. The process control will become more
precise and responsive. It will be easier to perform the analysis and the company will save
money in the long term. Our recommendation will however not solve the problem with
9

clogged filters since ScanRDI uses filtration. As written in “Selection of Methods” this problem was considered the least impactful when compared to the problems of the other methods.
In the future, methods without filtration will probably suit Fresenius Kabi’s needs the best,
but they are not presently well adapted to their products. For example, 7000RMS Bioburden
would be superior to ScanRDI if it would be further developed to handle high-fat emulsions
and to avoid the problems with background signals.

Ethical Analysis
It is important to recognize the ethical responsibilities that come with developing, suggesting
and implementing new systems which can have a great, potentially life-changing, effect on
many people’s lives. This project involves control of products which are used everyday all
over the world by patients in need of vital nutrients. This is why great care must be taken to
ensure maximal safety in every single step, from factory to hospital bed. This responsibility
not only rests on Fresenius Kabi and their associated suppliers and distributors, but also on
us, as we are directly involved in suggesting this major change in their current process and
product control.
Striving only to propose a method that passes the tests given by the Ph. Eur. might prove
detrimental to the end user, since they only require five microbes to be tested. As an example, it is possible to detect only these five microbes and no other with modern antibody-based
methods. This would be a fundamentally flawed method for Fresenius Kabi’s process and
product control as it does not fully ensure the safety of the consumers, but it might still
technically be validatable. If such a flawed method would pass validation, there would be
very little guarantee that the product would be free of contaminants. It would be morally
indefensible for us to suggest such a method. This is the reason why we have taken great
care to avoid such mistakes which could cause a lot of people a great amount of suffering,
especially when considering the great quantities of product that Fresenius Kabi makes each
day. Therefore we have only proposed methods that will detect all viable microbes, rather
than a select panel of microbes, in order to minimize the risk of missing harmful contaminants.
When discussing the risks associated with striving only to choose methods approved by regulatory documents, it became clear that choosing a growth-based might impose such a risk.
Growth-based methods are approved by the Ph. Eur. and PDA (Parenteral Drug Association 2013, Council of Europe 2017), despite only detecting growing bacteria, leaving potential
viable but non-growing microbes undetected. This is a risk since these viable microbes might
grow in other environments such as the human body and could therefore still be harmful.
This lead us to the conclusion that while it is important to at least follow the minimum
requirements set by the authorities, a method is not necessarily “bulletproof” just because it
fulfills the determined criteria. The most important thing is to always have a critical mind,
even when reading documents like the Ph. Eur. Because of the discussions regarding this
subject, growth-based methods were ruled out early on since we think it is morally wrong to
suggest such a method if other viable alternatives exist.
A possible reduction in required work effort and time (as a consequence of increased production efficiency) could lead to cutbacks in personnel, which would have a very negative effect
on any affected employees due to loss of income. This would put the employee in a stressed
situation - especially if they are already economically vulnerable. A solution that might mitigate the negative consequences for this employee is to spread the effect evenly by decreasing
the work time of several employees instead of letting one person lose their job entirely. It
could also be held that such a major company as Fresenius Kabi is economically capable of
compensating affected employees for financial losses. Nevertheless, implementing a system
such as ScanRDI is arguably defensible since human lives are priceless and putting one or a
few employees in a stressful situation is a reasonable price to pay for saving a lot of lives.
10

In this case the benefits of saving lives weigh a lot more than saving costs. Furthermore, as
discussed in “Conclusion and Consequences”, an increased profitability may lead to products
being more available to poorer people, making this case even more morally defensible. In
this situation the problem was considered from a consequence ethical perspective where the
consequences were weighed against each other.
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Appendix I: Validation Guidelines
This document contains a brief description of the validation procedures and documentation required
from the user of a rapid microbial method (RMM) for the detection of microbes in parenteral drugs.
Documentation of the validation must be presented by either the user or the supplier of the method,
but the user must in all cases critically review it. Requirements from both the Parenteral Drug
Association (PDA) Technical Report No. 33 and the Council of Europe European Pharmacopoeia
(Ph. Eur.) 9.2 have been taken into account; when requirements overlap the stricter requirement
is presented.
Some of the validation steps, such as primary validation, are usually already performed by the
supplier while other steps are often outsourced by the user to the supplier due to the extensive
expertise required to perform them. Other steps, such as performance qualification (PQ), are
preferably done in collaboration with the user even if they are outsourced to the supplier.

Validation Steps Usually Carried Out by the User
• Risk assessment and validation plan
• User requirements specification (URS)
• Functional design specification (FDS)
• Requirements traceability matrix (RTM)
• Performance qualification II (PQ2)

Validation Steps Usually Carried Out by the Supplier
• Primary validation
• Design qualification (DQ)
• Standard operating procedures (SOPs) and technology training
• System integration
• Installation qualification (IQ)
• Operation qualification (OQ)
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• Performance qualification I (PQ1)
• Ongoing maintenance and periodic reviews

Parts of Validation Partially Covered by the Project
Report
During the project some validation steps have already been described. The project task as described by Fresenius Kabi is a short description of the user requirements specification (URS). The
risks associated with implementing a method were discussed during the selection of methods. A
more extensive risk assessment can be done in conjunction with the feasibility study. The validation plan is outlined in this document, but needs to be further defined and include responsibilities.
The technique of the proposed method has been described by our report, but the description of
the technique should be done on a more detailed level.

Risk Assessment and Validation Plan
The risk assessment is a high-level description of the risks and benefits associated with the implementation of the RMM. It takes into account factors such as complexity/maturity of the method,
criticality of the data to the user and technical and scientific risks on method performance. It
should also compare the risks and benefits compared to the pharmacopoeial method.
The validation plan is an overall validation strategy detailing the steps needed in order for the
method to be properly validated. This document will govern the process from beginning to end
and will also define the responsibilities of individuals, organizations and departments. The validation plan may exclude parts of the system which will not be required by the user.

User Requirements Specification
The URS is a description by the user of what requirements the RMM must meet to be used satisfactorily. The validation procedure must be based on this document and the URS is an integral
part of the requirements traceability matrix.
Minimal requirements for the URS according to the Ph. Eur.:
• Application of the instrument
• Quantitation limit (sensitivity)
• Specificity
• Number and type of samples
• Time to detection or time to result
• Data management capabilities
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Description of the Technique
The principle of detection which the method is based on and the requirements of the method must
be well documented. This is usually done before or at the time of primary validation and includes
the conditions required for application, the materials and equipment needed and the expected output signal.

Design Qualification
Any associated equipment must be suited to correctly perform the method in accordance with the
URS and this evidence must be documented in the design qualification document. This is usually
done by the supplier but the user must verify that the specifications meet their URS.

Functional Design Specification
The functional design specification (FDS) describes all of the performance functions and requirements for the method and what must be tested in order to ensure that the method meets the
demands specified in the URS. The FDS can include performance characteristics such as method
functionality, configuration, environmental conditions, data management and security. The FDS
can also point to documents where the method is evaluated against pre-established acceptance
criteria.

Requirements Traceability Matrix
This is a living document which provides traceability that all requirements listed in the URS and/or
FDS have been verified and/or tested.

Standard Operating Procedures and Technology Training
Standard operating procedures (SOPs) should be written down in a clear and concise manner so
that personnel can use the equipment correctly. This is usually done by the supplier but the user
must ensure that the SOPs are appropriate for their intended use.

System Integration
System integration often refers to integrating all the IT and computer systems into one single operating system and ensuring that it works appropriately. This step usually requires the supplier to
work directly with the user’s IT organization.

Installation Qualification
The installation qualification dictates that there must be documented evidence that all equipment
has been provided and installed in accordance with its specifications. Such documentation includes
system descriptions, utility requirements, calibration requirements, safety features and operating
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environmental conditions, but also more physical information such as cable connections, computer
configurations and dip switch settings. This step is usually carried out by the supplier but might
have to be complemented by the user.

Operation Qualification
The operation qualification verifies that the installed equipment parts operate within their predetermined limits when used in accordance with their operational procedures. Examples of parameters
that can be tested and documented are cooling rates, performance of optical systems and user
interface functionality. If the system produces electronic records, they must also be properly validated to ensure that they are reliable and accurate. The operation qualification may also include
administrator and user control, user and system lockout and data transfer.

Performance Qualification
PQ1
The performance qualification 1 (PQ1) validates parameters such as accuracy, precision and specificity and ensures that they are at least as good as the pharmacopoeial method. This is done by
testing standard solutions challenged with a panel of microorganisms, one by one. The tests can
be done by the user but are usually outsourced to the supplier.

PQ2
During performance qualification 2 (PQ2) the effects of the product samples on the method performance are investigated to ensure that the method will produce reliable results even with the
product present. Examples of factors that could affect the results include product interference with
the survivability of the microbes, and interference with the measuring method. The method must
also be tested for false positives and false negatives for all products that are to be analyzed with
it.

Ongoing Maintenance and Periodic Reviews
Protocols for periodic maintenance and performance control should be established in order to maintain the system in a validated state. The performance of the system could be affected by changes
made after the validation and should be assessed accordingly.
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Appendix II: The Process of
Choosing Method
This section describes, in broad terms, how the project was structured and executed in order to
ensure that the optimal solution was suggested.

Broad Method Research
This stage consisted of collection and summarization of information, which was done mainly by
researching commercial websites and later on by contacting employees of relevant companies. Initially all focus was on scientific studies and papers.
The fact that published material usually describes discoveries in an early stage made it difficult to
get enough information about such methods. To develop a new method so that it works for the
purpose of the project would take a lot of time. Another requirement from Fresenius Kabi was
to deliver a validation protocol and to suggest an unfinished product would elongate this process.
The focus was thereby shifted to already existing products.

Reducing the List of Alternatives
A collection and summarization of information had to be done to later perform a qualified selection
of methods. Features such as time, throughput, simplicity, time to implementation and dependability were considered. Some methods were ruled out in an early stage when it was noticed that
they did not fulfill the criteria.
The direct contact with the companies’ representatives was done to get a straight answer regarding
the methods’ suitability for the project’s cause. Many pages with product information turned out
to be inconclusive and were missing a lot of vital information which meant that e-mail or phone
contact was necessary to sort things out.
The most promising alternatives after a comparison of the different methods were presented for
Fresenius Kabi to get a chance to receive feedback. The final alternative was then chosen along
with an alternative method. When choosing the final method the decision was based on the comparisons explained under “Selection of Methods”.
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Validation Method
The recommended validation procedure was summarized by consulting technical reports and pharmacopoeias. To include a complete validation protocol within the scope of this project was decided
to be unrealistic due to time limitations. The companies producing the most promising methods
were then contacted to get information on if and how the method has been previously validated
for similar purposes.
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Appendix III: Table of Methods
An overview of all methods reviewed during the broad method research period, along with their
properties relevant to the project criteria. The first five listed are the most promising methods as
chosen during the final stage. Below those are all other methods ordered alphabetically. “Detection
type” refers to whether the system detects growing cells only (“Growth”), all living cells (“Viability”)
or the total amount, living or dead (“Total”). "—" is used to mark information that is either
unknown or not applicable. Sources (listed by order of appearance): 1, 2: bioMérieux 2014, 2017a. 3,
4: Mettler Toledo 2016a, 2016b. 5, 6: rap.ID Particle Systems GmbH 2014, 2017. 7: LumiByte 2014a. 8: Bajwa et
al. 2010. 9: Don Whitley Scientific 2014. 10: Zeff 2010. 11: SY-LAB (no date). 12: Hygiena 2017. 13: Particle
Measuring Systems 2012. 14, 15: BioLumix 2012, 2015. 16: Osono et al. 2014. 17: TSI 2017. 18: Lantz et
al. 2007. 19: Sinduri Biotec (no date). 20: AES Chemunex 2005. 21: AES Chemunex 2006. 22: bioMérieux
2017b. 23: bioMérieux 2017c. 24: Celsis 2011. 25: Hiom et al. 2013. 26: LumiByte 2014b. 27: Bouguelia et al.
2013. 28: Charles River 2014. 29, 30, 31: BD Biosciences 2011a, 2011b, 2011c. 32: MOCON 2013. 33: Yu et al.
2015. 34: Hiom et al. 2013. 35: Rapid Micro Biosystems 2014. 36: Biotecon Diagnostics 2017. 37: bioMérieux
2017d. 38: PALL Life Sciences 2012. 39: Lars Engstrand, personal communication. 40: Singhal et al. 2015. 41:
BD Biosciences 2017. 42: Advanced Analytical Technologies 2007. 43: Gardner et al. 2010. 44: Mansell 2008.
45: Pharmaceutical Manufacturing 2008. 46: Life Technologies 2013. 47: PALL Life Sciences 2014. 48: Nichols
& Donovan J 2008. 49: Don Whitley Scientific 2013. 50: Battelle 2017. 51: Neogen 2017a. 52: Neogen 2017b.
53: Park et al. 2014. 54: Li et al. 2011. 55: Vollmer & Arnold 2008. 56: Yang et al. 2010. 57: Rapid Micro
Biosystems 2017.

Method or
Product

Producer

Technology

Limit of
Detection

Time to
result

Detection
Type

Cell Lysis

ScanRDI1,2

bioMérieux

Fluorescence
through
metabolic
reactions

1 cell

3 hours

Viability

No

7000RMS
Bioburden
Analyzer3,4

Mettler
Toledo

Laserinduced
fluorescence
(LIF)

1 cell

3 hours

Viability

No

BioParticle
Analyzer5,6

rap.ID

Raman
Spectroscopy

1 cell

1.5 hours

Total

No

MuScan7

Innosieve

Solid phase
cytometry

1 cell

1 hour

Viability

No

Arrayed
microelectrodes8

—

Measurement
of electric
properties

1 CFU/ml

6 hours

Growth

No
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Method or
Product

Producer

Technology

Limit of
Detection

Time to
result

Detection
Type

Cell Lysis

BacT/ALERT9 bioMérieux

CO2
colorimetric
detection

—

—

—

—

BACTEC10

BD Life
Sciences

CO2
fluorescence
detection

—

—

Growth

—

BacTrac
430011

SY-LAB

Monitoring of
impedance
change of
liquid sample

—

12 hours

Viability

—

BAX12

Dupont
Qualicon

PCR

—

8 hours

—

—

BioLaz13

PMZ

Intrinsic
fluorescence

1 CFU/ml

—

—

—

BioLumix14,15

Neogen

Metabolism,
dyes and
fluorescence

1 CFU/ml

14 hours

Growth

No

Biomaytector16 Pall

q-PCR

1 CFU/ml

2 hours

Viability

Yes

BioTrak17

TSI

Laserinduced
fluorescence

—

—

Viability

—

Capillary
Electrophoresis with
single cell
detection18

—

Fluorescence
with staining

1 cell

10 minutes

Viability

No

Chemiscan19

—

Filtration
with small
filter and
optical
analysis

—

—

—

—

CHEMUNEX
BactiFlow20

bioMérieux

Flow
cytometry
with
fluorescence
labeling

1 cell

3-24 hours

Viability

—

CHEMUNEX
DCount21,22

bioMérieux

Solid phase
cytometry
with
fluorescence
labeling

1000 CFU/ml

1-5 days

Viability

—

Ceeram
tools23

bioMérieux

PCR

—

—

—

—
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Method or
Product

Producer

Technology

Limit of
Detection

Time to
result

Detection
Type

Cell Lysis

Celsis
Akuscreen24,25

Charles River

ATP bioluminescence with
adenylate
kinase signal
amplification

—

—

—

—

Automated
enumeration
of
microcolonies

—

—

Growth

No

ColonyTracker26 Lumibyte

Culture
Capture
Measure
(CCM)27

—

Surface
Plasmon
Resonance
coupled with
antibody
array

2.8 +/- 19.6
CFU/ml

"A few
hours"

Growth

Yes

Endosafe
PTS28

Charles River

Extrinsic
fluorescence

—

—

—

—

EviSightTM
Compact
TOTAL
VISION37

bioMérieux

Automatized
colony
counting and
plate
incubation

—

—

Growth

—

FACS MicroCount29,30,31

BD Medical
Technology

Flow
cytometry

15 CFU/ml

>13 hours

Viability

No

GeneDisc38

Pall

q-PCR

—

10 hours

—

Yes

Greenlight
System32,33

MOCON

Measures
oxygen
consumption

1 CFU/ml

—

Growth

No

Growth
Direct35,57

Rapid MicroBiosystems

Autofluorescence

1 CFU/ml

24 hours

Growth

No

High
sensitivity
dual-channel
flow
cytometer56

—

Fluorescence

100 CFU/ml

—

Viability

No

High
sensitivity
flow
cytometry33

—

Fluorescence
with light
scattering,
immunofluorecent
staining

1 cell

20 minutes

Total

No

microproof
Hygiene
Screening
System36

Biotecon

PCR

—

—

—

—
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Method or
Product

Producer

Technology

Limit of
Detection

Time to
result

Detection
Type

Cell Lysis

Lars
Engstrand
Group’s
method39

Karolinska
Institute

Fluorescence
with staining
of
DNA/RNA

—

1 hour

Total

No

MALDI-TOF
—
mass
spectrometry40

Mass
spectrometry

1 CFU/ml

1 hour +
incubation

Total

Yes

MAX41

BD
Biosciences

PCR

—

—

—

Yes

Micro PRO42

Advanced
Analytical

Fluorescence
flow
cytometry

10 CFU/ml

40 minutes

—

—

Microbial
detection
array43

—

Antibody
array

1 cell

2 hours

—

Yes

MicroCompass
II10,44,45

Lonza

Real-time
qPCR with
MGB Eclipse
RNA probe
technology

1 CFU/ml

4 hours
(minimum)

Viability

Yes

MicroSeq46

Thermo
Fisher
Scientific

PCR

—

—

—

—

Pallchek47

Pall

ATP bioluminescence with
membrane
filtration

1 CFU/ml

48 hours

—

—

PyroSense
endotoxin48

Lonza

Chromogenic
LAL test,
recombinant
factor
c-based

—

—

—

—

RABIT49

Don Whitley

Two-part
system based
on
metabolism
and CO2

—

—

Growth

No

REBS50

Battelle

Raman
spectroscopy

1 cell

30 minutes

—

—
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Method or
Product

Producer

Technology

Limit of
Detection

Time to
result

Detection
Type

Cell Lysis

Soleris
Pathogen
Detection
System51,52

Neogen

Changes in
pH/CO2
which leads
to color
changes

8 CFU/ml

24 hours

Growth

—

Terahertz
—
metamaterials53

Terahertz
spectroscopy
on specially
designed
metamaterials

1 cell

3 hours

Growth

—

Quartz
—
crystal
microbalance54

Measures
frequency
difference to
find mass and
resonance
shift

80,000
CFU/ml

10 minutes

Viability

No

Biosensor

1 cell

—

Viability

—

Whispering
gallery
modes55

—

27

Appendix IV: Method
Candidates
Presented below are the methods which were deemed promising for the purpose of the
project, but which in the end were deprioritized for various reasons in favor of the final
suggestion.

Plate Count Using Array Microelectrodes
This method presents an interesting take on label-free microbial detection. The method
works by culturing microbes on a plate with integrated electrodes that are used to identify forming colonies due to change in electrochemical properties (Bajwa et al. 2013).
With a detection time of around six hours and cheap equipment this method is competitive in theory; in reality the method is too far from commercial implementation at this
stage to be a viable option (See Appendix III: Table of Methods). Fresenius Kabi would
have to conduct novel research to find the required incubation time, and perform a full
validation process. For further specifications see Appendix III.

7000RMS Bioburden Analyzer
7000RMS Bioburden Analyzer is a product developed and marketed by Thornton, a
daughter company of Mettler Toledo since 2001 (Mettler Toledo 2016b). It is a real-time
microbial detection, quantification and identification system with current applications
within parenterals, cosmetics and the food industry among other areas (Mettler Toledo
2016a). The system is based on laser-induced fluorescence which detects fluorescence
from the cellular metabolites NADH and riboflavin. The 7000RMS Bioburden has an
impressive throughput of 30 ml/min, and the system can detect signals from individual
viable cells (Mettler Toledo 2016b). The system is recommended for on-line use, but it
can be used off-line as well.
While the specifications of the 7000RMS were promising (See Appendix III: Table of
Methods), it was unclear whether the system would work with Fresenius Kabi’s products since its main application is pharmaceutical and process waters (Mettler Toledo
2016b). The fact that it detects riboflavin fluorescence might also pose a problem for
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products containing the molecule, according to the company representative Per Alesand and his coworker. If an analyzed product was to contain riboflavin, the product
might produce too strong background signals for Mettler Toledo’s system to work reliably. Even in the vitamin solutions without riboflavin there might be a too strong
background signal according to Per Alesand. This was also verified by Per Alesand’s colleagues in Denmark and the US (Per Alesand, Mettler Toledo, personal communication).
The product is supposedly used within the cosmetics industry (Mettler Toledo 2016a)
which was initially interpreted as evidence that the product could handle viscous and
fat solutions such as lotions, and therefore should be applicable for the purpose of the
project. This interpretation was wrong since the 7000RMS Bioburden is not used to
control the product itself but the process water from the production. This showed to
be another challenge with the system. The fact that it is only used to control process
water means that it might not be applicable for the project’s specific purpose since the
solutions that it would be used on differ so much from water.

Bio Particle Explorer
Bio Particle Explorer is a product developed by rap.ID Particle Systems GmbH. Their
product has, besides fast enumeration, great opportunities for a fast identification as
well. According to rap.ID the system has the possibility to detect and identify a single
organism. Any particle down to 500 nm in size can be detected and identified and the
particle count, size and shape can be correctly determined through the system’s built-in
automated image analysis (rap.ID Particle Systems GmbH 2014). For further specifications see Appendix III: Table of Methods.
In another datasheet, rap.ID describe the workflow when using the system and it is
divided into three basic steps: sample preparation, automated microscopy and particle analysis. Sample preparation can be done in three ways: filtration through their
custom-made filtr.AID membrane or on simple paper filters, wet dispersion using a wet
cell, or computer-controller dry dispersion (rap.ID Particle Systems GmbH 2017). In the
automated microscopy the samples are illuminated to get a good contrast between the
particles and substrate. The particles are then recognized by applying the most suitable
threshold algorithms or preset parameters. Each particle is measured individually based
on the different morphological parameters (rap.ID Particle Systems GmbH 2017). During our conversation with the company representative Jamil Orfali, on the 5th of April
2017, it became clear that the pores in the filter were too large to collect all the microbes.
The filter was 0.8 µm in size and to collect microbes the approved size of pores can not
be larger than 0.45 µm (Jamil Orfali, personal communication; Council of Europe 2017).
The detected and recognized particles’ images and locations are stored. They are then
measured using Raman and/or laser-induced breakdown spectroscopy (LIBS). The resulting spectra of the particles are then compared to all spectra in an associated database
to get an ID.
The Bio Particle Explorer can be bought with an included database for further identification of microbes or other particles. After getting in touch with rap.ID’s representatives
it became clear that the database for microbes is not very extensive at the moment
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(Jamil Orfali, personal communication). However when this database grows the product
will probably become very competitive with other methods because of the short time it
would take from sampling to identification of contamination.
According to Jamil Orfali the method is not validated for the project’s purpose (Jamil
Orfali, personal communication). The fact that it is not validated means that it takes a
longer time to implementation, because of all the validation that would need to be done.
To go through a whole validation process would be very time-consuming.

MuScan
The MuScan system uses solid phase cytometry like the bioMérieux ScanRDI. By using
filters produced with very high accuracy, the background signal can be lowered compared
to traditionally produced filters. Another advantage is a sample to result time of under
an hour, and it does not take up much space in the lab (See Appendix III: Table of Methods). It is also very easy to handle since the preparation consists of easy pipetting steps
and vacuum filtration (Michel Klerks, Innosieve, personal communication). MuScan is
an analysis device based on the Sieve-ID diagnostic platform which uses staining dyes
(Innosieve, personal communication). To obtain an accurate TVC, it is necessary to use
the Sieve-ID Viable counting kit or Sieve-ID Viable counting kit Plus since they are the
only kits that can find all viable microbes (Innosieve 2017). For further specifications
see Appendix III: Table of Methods. The MuScan has not been previously validated
for the project’s application but this process has been initiated. It may become more
competitive in the future when the system has been validated for the application. The
MuScan was developed by CCM but is now sold under license by Innosieve.
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TVC: Total
viable count.
All live cells in
a sample. This
includes both
cells that do
and do not
grow.

Appendix V: Poster
A poster was made to briefly illustrate the goals and results of this project. It can be
viewed on the next page.
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