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The quality control (QC) microbiology laboratory plays a 
critical role in control of the pharmaceutical manufacturing 
environment and product release. As microbiology QC 
scientists you are a crucial part of this manufacturing 
process and carrying out all tests in a reliable, accurate and 
timely manner, following quality procedures and regulatory 
requirements protects patient health and enables products 
to be released on time.

Safety and compliance are key to all processes, and this 
ebook highlights important considerations for your 
microbiology QC lab, with particular focus on: 

	� The importance of continuous air monitoring for 
cleanrooms according to Annex 1 regulations

	�  Sterility testing for final release of cell therapy products
	�  Sampling from a closed system sterility testing unit  

Developing well-designed environmental monitoring 
programmes requires an understanding of the risks, 
contamination sources, and strategies to reduce those 
risks. Dr Tim Sandle explores why risk assessments 
are requisites for building a compliant environmental 
monitoring regime, to meet the regulations in 
the revised EU GMP Annex 1, while delivering an 
effective programme.

Claudia Scherwing and Jasmin Bunke present the 
results of a study, Continuous Microbial Air Monitoring 
in Clean Room Environments, which aimed to establish 
whether a continuous sampling (and multisampling 
point assay) provides effective monitoring for the entire 
production process. 

Time-to-result is an important attribute of testing for short 
shelf-life cellular therapeutics, and a study from Luebbers 
et al compares the microbial detection capability of a 
highly sensitive and broad range microbial detection 
system with the compendial sterility test.

Arjan Langen and Kim van Boxtel evaluate rapid sterility 
test methods to assess if a rapid, non-compendial sterility 
test can be performed prospectively, while the final study 
in this ebook from Puttana et al evaluates the Sterisart® 
closed system sterility testing device, with a septum, for the 
recurrent sterile extraction of samples.

The biggest challenge for quality control in the biopharma 
industry is in reducing the risk of contamination. This ebook 
is designed to give you the tools you need to address the 
challenges that you face every day in the lab, ensuring 
that patient health is not affected by the release of a 
contaminated product, and that product release is timely.  

Introduction

Important Considerations for 
Every Bio-pharmaceutical 
Microbiology QC Lab
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Abstract

Environmental monitoring is an important part of quality assurance for the production environments of sterile pharma­
ceutical products. Especially for aseptic filling lines where products are filled without a terminal sterilization step it is of utmost  
importance for product safety and thus an essential part of the quality control strategy. Such ISO 5 graded manufacturing  
environments are required to have < 1 colony­forming unit (CFU) per m³ of air.

A typical method for monitoring contamination of air is to actively draw air and filter it through special gelatin filters. 

According to Annex 1 to the EU GMP guide a minimum sample volume of 1 m³ of air should be taken per sample location. 
Considering an 8 hours work shift 1 m3 is a too low sample volume to reliably judge the air quality of the manufacturing environ­
ment. One approach to improve product safety would be the implementation of a continuous air monitoring covering the 
complete production process (at multiple sampling points).

Unlike agar plates, which would dry out during long­term sampling, the Gelatin membrane filters can be used for the whole  
8 h period. Human intervention, such as change of agar plates, could then be avoided, thus lowering the risk of secondary 
contaminations to nearly zero. 
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Introduction

The following study aimed to establish whether a continu­
ous sampling (and multisampling point assay) provides  
effective monitoring for the entire production process (8 h) 
by determining whether trapped organisms can withstand 
long­term drying stress with unaltered recovery. 

This study examined the recovery and viability of micro 
organisms captured on gelatin filters during 8 h of filtration 
with HEPA­filtered air from a laminar flow hood, using the 
MD8 Airscan® system. Stressed and unstressed filters were 
compared with parallel­run reference filters as controls. The 
CFU were counted and the genus of the identified micro­
organism populations determined to examine any changes 
in microbiological flora occurring during continuous long­
term sampling. 

Compared to the unstressed reference filters, neither total 
recovery nor recovered bacterial diversity changed. No sta­
tistically significant differences in CFU/m3 were found be­
tween test filters and reference filters, and no differences in 
the microbiological flora between test filters and reference 
filters. CFU populations were comparable.

8 h continuous air sampling on gelatin filters with the MD8 
Airscan® system did not affect total recovery or change the 
diversity of recovered microorganisms when comparing test 
filters to reference filters.

Monitoring microbiological contamination of air in pro­
duction areas is of major importance because aseptic filling 

is the step in the production process of the pharmaceuti cal 
industry that harbors one of the highest risks for contami­
nation2. Aseptic filling lines are increasingly used in the phar­
maceutical industry because increasing numbers of bio­
technology products cannot be sterilized after production 
without the sterilization process affecting their quality. Fill­
ing lines are defined as ISO 51, and air actively sampled in 
these environments must have less than one colony forming 
units per cubic meter (CFU/m3), with a minimum sample 
volume of one m3 of air taken per sample location, according 
to Annex 1 to the EU GMP guide. Considering an 8 hour 
work shift, one m3 may be too low a sample volume to reli­
ably judge the air quality of the manufacturing environment.

Thus, the development of a continuous production­moni­
toring tool to minimize risks for contamination and increase 
the overall standard of quality control is required. A method 
is needed, which continually surveys all cycles of the pro­
duction process and allows sampling at multiple points. 

To determine if continuous air sampling using gelatin mem­
branes can effectively monitor the entire production pro­
cess over an eight hour shift, the viability of microorganisms 
on gelatin filters during sterile air long­term filtration, i.e. 
whether trapped organisms can withstand long­term drying 
stress and yield unaltered recovery, was examined.

Former tests showed that gelatin filters with an inlet velocity 
of 0.25 m/s had average retention rates of 99.9995 % for 
Bacillus subtilis varniger spores and 99.94 % for T3 coliphages5.
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Figure 1: Comparison of mean CFU on test and reference gelatin filters.
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Materials and Methods

The study examined whether the viability of microorgan­
isms on gelatin filters was maintained during the long­term 
filtration of filtered air. The expression “filtered air” describes 
the ISO 5 HEPA­filtered air of the used Class 2 biological 
safety cabinet.

Test and reference gelatin filters were first exposed to non­ 
sterile air for 30 minutes. The MD8 Airscan® air samplers 
(set at an air flow rate of 2.0 m3/h (0,144 m/s)) had been  
located in a non­controlled laboratory environment (auto­
clave room) approx. 30–40 cm apart from each other. This 
sampling location had been chosen in order to build up 
special environmental conditions. There, a higher relative 
humidity (~ 57 ± 6 % and temperature: ~ 21 ± 1 °C) was ex­
pected (thus increased amount of drying stress sensitive, 
waterborne microorganisms (e.g. gram­, generating a 
“worst case” scenario). Further, a general higher content of 
airborne microorganisms per cubic meter was expected 
than in the “normal” laboratory. Because of that, it was pos­
tulated that the following 8 hours of drying stress would 
show a clearly visible and statistical detectable effect.

Following, the test filters were used to sample filtered air  
for a further 8 hour period.

For the filtration of ISO 5 graded air, the MD8 Airscan®  
sampling heads were placed under a laminar flow hood  
(relative humidity: ~ 43 ± 3 % and temperature: ~ 23 ± 1 °C), 
thus, there was no additional high relative humidity while 
the 8 hour stressing. 

The reference filters were subjected to only 30 minutes  
filtration of non­sterile air without further aeration. They were 
placed on soybean­casein­digest agar medium directly 
after sampling. 

At the end of the 8 h filtration period under the laminar flow 
hood, the test filters also were placed on soybean­casein­ 
digest agar medium plates and incubated at 32 °C for 4 days.

The colonies that developed were counted and recorded 
as CFU/m3 a total of 26 times. Then, the CFU/m3 were 
compared for the test and reference filters. Additionally, 
the genus of each colony was identified to determine if the 
microbiological flora had changed during continuous long­
term sampling.

Results

Figure 1 shows the mean CFU/m3 on test (gold bar, mean = 
69 colonies, sd = 51 colonies) and reference filters (grey bar, 
mean = 64 colonies, sd = 32 colonies). A mean difference  
of 5 CFU/m3 (not statistically significant according to the 
paired T­test) was found, but observed no general trend 
upon comparison of test and reference filters (see Fig. 2).  
In 12 cases, there were more CFU/m3 on test filters than on 
reference filters, but the opposite was examined in 13 cases 
(see Fig. 2). The standard deviation in test and reference  
filters can be attributed to the broad fluctuation of micro­
organisms naturally occurring in the ambient air of non­con­
trolled environments.
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Figure 2: Comparison of CFU on the paired test and reference gelatin filters.
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No statistically significant difference in the growth of micro­
organisms on test versus reference filters could be observed. 
Figures 3 and 4 show a representative soybean­casein­ 
digest agar medium plate with microbiological flora grown 
on the paired test (left) and reference filters (right). This  
visual impression shows that the microbiological population 
found on the test and reference filters is comparable. The 
genus identification data from a macroscopic comparison 
of the microbiological flora shown in Figure 5A and 5B con­
firms the visual impression that the microbiological popula­
tion on the test and reference filters is comparable.

No statistically significant difference in mean CFU/m3 be­
tween test and reference gelatin filters. The gold bar shows 
a mean CFU/m3 of 69 colonies, with a standard deviation 
(sd) of 51 colonies for the test filters (counted 26 separate 
times). The grey bar shows a mean CFU/m3 of 64 colonies, 
with an sd of 51 colonies for the reference filters (counted 
26 separate times). The mean difference of 5 CFU/m3 be­
tween test and reference gelatin filters was not statistically 
significant.

No general trend of CFU/m3 upon comparison of test and 
reference filters. The gold bar shows CFU/m3 for 26 repli­
cates of the test filters, and the grey bar shows CFU/m3 for 
the reference filters.

Figure 3: Comparison of the microbiological flora grown on a test filter 
(left) and its corresponding reference filter (right). The composition of  
the microbiological population found on the test and reference filters  
is comparable. Representative soybean-casein-digest agar medium 
plates showing the microbiological flora grown on a test filter (left) and  
its corresponding reference filter (right).

Figure 4: Comparison of the microbiological flora grown on a test filter 
(left) and its corresponding reference filter (right). The composition of  
the microbiological population found on the test and reference filters  
is comparable. Representative soybean-casein-digest agar medium 
plates showing the microbiological flora grown on a test filter (left) and  
its corresponding reference filter (right).
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Conclusion

This study aimed to examine if gelatin filters manufactured by 
Sartorius Stedim Biotech GmbH are qualified for long­term 
(eight hours [8 h]) air sampling in production environments 
in the pharmaceutical industry. Specifically, if microorgan­
isms collected on gelatin membranes can survive long­term 
filtration with filtered air. The 8­hour filtration period is rep­
resentative of a typical work shift on an aseptic filling line.

The focus of the study aimed to establish whether long­ 
term air filtration decreased the number of CFU/m3 on  
filters. Therefore, a non­sterile air sampling on test filters for 
30 minutes, followed by a filtration of ISO 5 graded air for 8 h. 

The experiment provided no statistically significant differ­
ences between test (stressed) and reference (unstressed) 
filters. The test filters had the same number of CFU/m3 as 
the reference filters (i.e., no microorganisms died during 
long­term filtration). The standard deviations in test and  
reference filters were attributable to the broad fluctuation 
of microorganisms naturally occurring in the ambient air  
of non­controlled environments. Moreover, no difference 
between the bacterial flora grown on the test and reference 
filters in either visual comparison or macroscopic com­
parison could be detected. Even gram­negative bacteria 
were found on stressed test filters. No statistical difference 
between stressed and unstressed gelatin filters.

In conclusion, this study showed that there was no statis­
tical difference between stressed and unstressed gelatin 
filters, thus proving that gelatin membranes manufactured 
by Sartorius Stedim Biotech GmbH are qualified for contin­
uous air monitoring in industrial pharmaceutical production 
environments covering a whole 8 h work shift without the 
need for human intervention. 
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Figure 5: A. Composition of the microbiological population grown on  
the test gelatin filters. Almost all microbes grown on test filters is Cocci. 
This figure shows a breakdown of microbes grown on soybean-casein- 
digest agar medium plates from test filters. B. Composition of the micro-
biological population grown on the reference gelatin filters. Almost all  
microbes grown on reference filters are Cocci. This figure shows a break-
down of microbes grown on soybean-casein-digest agar medium plates 
from reference filters.
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Environmental monitoring

Quality risk management 
leads to more effective 
environmental monitoring
To be effective, microbiological environmental monitoring of cleanrooms needs to be 
risk based. This not only delivers an effective programme, Dr Tim Sandle finds, but also 
meets the regulatory expectation presented in the revised EU GMP Annex 1; hence, risk 
assessments are requisites for building a compliant monitoring regime. 

Author: Dr Tim Sandle
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AN ENVIRONMENTAL MONITORING programme 
needs to consider the detail of operations and the process 
flow within pharmaceutical product manufacturing. 
This is best achieved using quality risk management 
principles and supporting risk assessments for 
contamination control and monitoring (detectability 
of contamination event). Such an approach is 
embedded within the forthcoming changes being made 
to EU GMP Annex 1.1 In addition, a risk-centric approach is 
also deemed essential in order to meet the expectations 
of the biocontamination control standard EN17141: 2020.2 
These guidances place environmental control above 
environmental monitoring, requiring contamination control 
measures to be designed into each part of the production 
process with the aim of reducing microbial, pyrogenic and 
particulate contamination. This requires the application of 
contamination controls such as cleaning, decontamination, 
sterilisation and transfer methods for primary packaging 
materials, consumables and intermediate product, in 
order to reduce the contamination risks as far as possible. 
Where contamination control is less than optimal, 
this will help to direct the location and frequency of 
environmental monitoring.3

As well as directing a series of proactive contamination 
control measures, quality risk management can also assist 
with shaping the primary aspects of the environmental 
monitoring programme. This article considers how and 
where risk assessment principles can be applied.

Fundamentals of risk assessment

Risk assessment can be expressed as a formal process 
– an activity based on a series of key steps. In short, these 
involve the following:4

	� 	Establishing the context and environment that 
could present a risk

	� 	Identifying the hazards and considering the risks 
these hazards present

	� 	Analysing the risks, including an assessment of the 
various contributing factors

	� 	Evaluating and prioritising the risks in terms of further 
actions required

	� 	Identifying the range of options available to tackle 
the risks and deciding how to implement risk 
mitigation strategies.

Risk assessments begin through the identification of 
hazards. Hazards are agents and they include physical, 
chemical and biological factors. In the case of this article, 
we are interested in the microbiological factors. Hazards 
need to be evaluated on their potential severity and the 
likelihood of the hazard occurring. When the likelihood 
is at a frequency that could lead to a control breakdown, 
attempts should be made to lower this. Monitoring can 
be orientated to risks that cannot be mitigated to an 
acceptably low level, although care should be taken with 
environmental monitoring that detection, using methods 
with known metrological limitations, is not used as a 
substitute for poor control.

Application of quality risk management

There are several different risk assessment tools available, 
including those presented in ICH Q9.5 Perhaps the most 
useful method for environmental monitoring is the Hazard 
Analysis Critical Control Point (HACCP).6 This approach 
uses process flow mapping to help pinpoint contamination 
sources and includes steps such as:

1.	 Identification of all potential microbiological 
contamination sources and routes of contamination 
in the environment. This may also include selected 
microorganisms of interest (such as those with the 
potential for causing microbiological contamination 
of the product and/or harm to the intended recipient, 
such as spoilage of product; as well as organisms being 
indicative of a specific control breakdown; eg, the 
presence of fungi).

2.	 Assessing the risk from these sources and routes 
and, where appropriate, introducing or improving 
microbiological contamination control methods 
to reduce the identified risks. This necessitates 
understanding the activities associated with each 
individual manufacturing stage, such as the transfer 
of contact parts and components into critical areas, 
equipment and machine setup, and routine production.

3.	 Establishing a monitoring schedule with approximately 
selected sampling methods, in order to monitor the 
microbiological contamination source or their control 
methods or both. This will involve selecting between air, 
surface and personnel samples using either conventional 
sampling techniques or rapid microbiological methods.
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	 Appropriate monitoring methods can be 
selected by posing and answering the following 
risk‑based questions:

	� What locations are in close proximity to 
processing activity?

	� What sites or equipment are contacted by 
personnel or gloves?

	� What sites represent the most difficult areas 
to clean and disinfect?

	� Where is the greatest amount of activity?
	� What are the material and personnel flows?
	� Where are the entry points where materials transfer 

from lower to higher classification?

4.	 Establishing alert and action levels with measures to be 
taken when required, if these levels are exceeded.

5.	 Verification on a continuing basis, that the 
microbiological contamination control system 
is effective and meeting agreed performance 
parameters by reviewing product contamination rates, 
environmental monitoring results, risk assessment 
methods, control methods and monitoring limits and, 
where appropriate, modifying them accordingly.

6.	 Establishing and maintaining appropriate 
documentation including the education and training of 
all staff involved with the clean controlled environment.

This stepwise analysis assists with the selection of the 
locations for monitoring. Identified areas for directing 
monitoring will include areas where contamination is easy 
to transfer, such as personnel gowning change areas, 
pass‑through hatches, and material transfer airlocks. It is 
also important to include open processing and areas of 
higher personnel activity within the cleanroom.

Monitoring frequencies can also be assessed through 
an examination of risk factors, where the higher the risk 
factors, the greater the potential for contamination; and 
hence consideration must be given to a higher frequency 
of monitoring. Examples of risk factors for this type of 
review include:

	� 	Room activity – differences between process, storage, 
office/administration, washing, sterilising; such as, 
autoclave operation, sterile filtration and sterile filling.  

	� Exposure risk: for how long is the product exposed?
	� Is open processing involved? If so, for how long? 
	� Room temperature – cold, warm or ambient? 
	� Process stage – raw material processing, intermediate 

manufacturing or final formulation?
	� Duration of process activities – short, medium or long 

term relative to all operations
	� Water exposure or wet area increases risks.

This data-led approach enables relative risks to be 
compared. Importantly, once the monitoring frequency 
for each cleanroom has been determined, this should be 
reviewed at regular intervals. This may invoke changes 
to room status (and hence the monitoring frequency) or 
to changes for different sample types within the room, 
ideally captured through change control.

With data review, this should be undertaken by trend 
analysis in order to fully understand the nature of risk 
from a datum exceeding the action level. Invariably, 
a single excursion is of significance and more can 
be gained from trend assessments using graphical 
approaches that look at the counts obtained (in 
many cases, counts will begin to rise before an alert 
or action level is breached – effective action can be 
taken when upward trends are spotted as early as 
possible). The trending concept should be extended 
to microbial type and the frequency of excursions, as 
well as to actual data values. Trending also requires an 
understanding of what is ‘normal’, so that any variation 
can be compared.7

Risk assessments can also assist with the process of 
determining the significance of an excursion. A result at 
the action level may or may not indicate that the risk to the 
product or process is similarly high. It is important to weigh 
up the contamination transfer coefficient (that is, how 
could contamination get from A to B? What is the vector 
that could enable this to happen, eg, by air, via equipment 
transfer, by personnel touching and so on).

Summary

Developing well-designed environmental monitoring 
programmes requires an understanding of the risks, 
contamination sources and strategies to reduce risks. 
This is necessary in order to determine frequencies of 
monitoring; assess suitable monitoring locations; and for 
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understanding the significance of contamination events, 
should they occur. With any established environmental 
monitoring programme, it is important to review this 
programme regularly and to update or adapt the regime 
according to process changes, room design, shift changes, 
cleaning and disinfection levels, and to set and evaluate 
corrective and preventative actions put in place to address 
contamination events.
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Abstract

In this study, we compared the microbial detection capability of the Microsart® ATMP Bacteria and Microsart® ATMP  
Fungi Real-time PCR kits with the compendial sterility test. We spiked samples, using 6 different bacterial (Bacillus subtilis, 
Staphylococcus aureus, Clostridium sporogenes, Pseudomonas aeruginosa, Streptococcus pyogenes, and Pseudomonas 
protegens) and 2 fungal (Candida albicans and Aspergillus brasiliensis) species at concentration levels between 2.5 CFU/
mL and 198 CFU/mL, and compared our results to the growth-based method performed in parallel at an external contract 
lab, according to Ph. Eur. 2.6.1, JP 4.06 and USP <71>2,3,4. Our results show full equivalency of Microsart® ATMP Bacteria and 
Microsart® ATMP Fungi with the compendial method. Moreover, the Microsart® ATMP Fungi detected Candida albicans 
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Abstract

In this study, we compared the microbial detection capability of the Microsart® ATMP Bacteria and Microsart® ATMP  
Fungi Real-time PCR kits with the compendial sterility test. We spiked samples, using 6 different bacterial (Bacillus subtilis, 
Staphylococcus aureus, Clostridium sporogenes, Pseudomonas aeruginosa, Streptococcus pyogenes, and Pseudomonas 
protegens) and 2 fungal (Candida albicans and Aspergillus brasiliensis) species at concentration levels between 2.5 CFU/
mL and 198 CFU/mL, and compared our results to the growth-based method performed in parallel at an external contract 
lab, according to Ph. Eur. 2.6.1, JP 4.06 and USP <71>2,3,4. Our results show full equivalency of Microsart® ATMP Bacteria and 
Microsart® ATMP Fungi with the compendial method. Moreover, the Microsart® ATMP Fungi detected Candida albicans 
with higher sensitivity.
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Introduction

Sterility testing is a critical component of the release testing 
for any cell therapy product since microbial contamination 
of cell therapy products can potentially kill recipients. The 
current compendial sterility test for most bacteria takes 14 
days and 28 days for mycoplasma testing before contami-
nation can be ruled out with certainty1,2,3. However, time-to 
result is an important attribute of testing for short shelf-life 
cellular therapeutics, especially for autologous cell thera-
pies intended to for terminally ill patients.

As a result, growth-independent rapid assays are in increas-
ing demand. To fulfill this demand, we developed and com-
prehensively validated a highly sensitive and broad range 
microbial detection system, consisting of an efficient Mi-
crosart® ATMP Extraction DNA isolation protocol, and fol-
lowed by a real-time PCR assay using the Microsart® ATMP 
Bacteria/Fungi/Mycoplasma kit.

We designed this validation study to evaluate the bacterial 
and fungal detection capability of this system, according to 
the requirements of the European Pharmacopeia chapter 
5.1.61. In silico sequence alignment analysis demonstrated 
that the Microsart® ATMP Bacteria kit can detect > 94% of 
Gram-positive and Gram-negative bacteria. Also, in silico 
analysis for Microsart® ATMP Fungi demonstrated an addi-
tional coverage of > 37% of all fungi species. Due to the 
higher variability in fungal genera, the fungal coverage is 
seemingly low; however, all USP/EP relevant species are 
covered, as well as further typical contaminants. In addition, 
PCR assays even allow the detection of bacterial and fungal 
contaminations that are not covered by growth tests. 

In this study, we show that both PCR assays are comparable 
in detection of microbial contaminants to the compendial 
culture method. For comparison, spiked samples were test-
ed in parallel at an external contract lab, according to Ph. 
Eur. 2.6.1, JP 4.06 and USP <71>2,3,4.

Methods

EZ-CFU™ standards (quantified reference cultures; Micro-
biologics) for eight microbial species (Table 1) were rehy-
drated in 2 mL of rehydration buffer, according to the in-
structions for use5. The bacteria suspensions were diluted in 
DMEM + 5 % FBS and the fungal suspensions in DMEM to 
generate concentrations of 2x LOD95, LOD95 and ½ LOD95. 
Samples were split into aliquots. LOD95 values of the differ-
ent bacterial and fungal species were determined during 
their respective PCR kit validation and are listed in Table 1. 

An aliquot of each concentration was used for sterility test-
ing (direct inoculation) at Labor LS. Each sample was culti-
vated in thioglycolate medium and soya-bean casein medi-
um for 14 days, according to the recommendation of the 
guidelines. In parallel, aliquots were extracted in duplicates 
and analyzed using a CFX96 Real-time PCR instrument ac-
cording to the instructions for use of the Microsart® ATMP 
Extraction kit, the Microsart® ATMP Bacteria, or the Micro-
sart® ATMP Fungi detection kit,6,7,8. The test setup is de-
scribed in Table 2.

Results 

Our results are summarized in Table 3. For the Microsart® 
ATMP Bacteria and Microsart® ATMP Fungi results are 
given in Ct values (cycle threshold values). Ct values < 40 
are positive.

 

Species Strain Atmosphere LOD95

Staphylococcus aureus ATCC 6538 aerobic 25 CFU/ml

Clostridium sporogenes ATCC 19404 anaerobic 50 CFU/ml

Pseudomonas aeruginosa ATCC 9027 aerobic  5 CFU/ml

Streptococcus pyogenes ATCC 19615 aerobic 99 CFU/ml

Pseudomonas protegens ATCC 17386 aerobic 10 CFU/ml

Candida albicans ATCC 10231 aerobic 50 CFU/ml

Aspergillus brasiliensis ATCC 16404 aerobic 50 CFU/ml

Table 1: Bacterial and fungal strains used in this study, respective incubation conditions, and LOD95 
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Comparison with culture method with defined starting material quantity at external contract lab

1 Spiked DMEM + 5 % FBS with B. subtilis, S. aureus, C. sporogenes, P. aeruginosa, S. pyogenes or P. protegens 
at 2x LOD95, LOD95 and ½ LOD95. One aliquot without spike was processed as NC.

A 1 mL aliquot of each sample was used per each 
cultivation media (thioglycolate medium and 
soya-bean casein medium) at the external 
contract lab L+S AG.

DNA was extracted from 1 mL starting material with 
Microsart® ATMP Extraction. Real-time PCR was 
performed according to Microsart® ATMP Bacteria.

2 Spiked DMEM with C. albicans or A. brasiliensis at 2x LOD95, LOD95 and ½ LOD95. One aliquot without spike was 
processed as NC.

A 1 mL aliquot of each sample was used per each 
cultivation media (thioglycolate medium and 
soya-bean casein medium) at the external 
contract lab L+S AG

DNA was extracted from 1 mL starting material with 
Microsart® ATMP Extraction. Real-time PCR was 
performed according to Microsart® ATMP Fungi.

Table 2:  Test setup for comparison between Microsart® ATMP Bacteria and Microsart® ATMP Fungi with compendial sterility test

Species Microsart® ATMP Bacteria Compendial culture method (External Lab)

Results available within 3 hours Results available after 14 days

2 x LOD95 LOD95 ½  x LOD95 2 x LOD95 LOD95 ½  x LOD95

Bacillus subtilis 33.16 34.23 35.47
Positive Positive Positive

33.23 34.32 34.38

Staphylococcus aureus 35.42 35.77 36.56
Positive Positive Positive

34.13 35.67 39.90

Clostridium sporogenes 34.20 34.87 35.45
Positive Positive Positive

34.10 33.43 35.61

Pseudomonas aeruginosa 36.40 36.74 37.22
Positive Positive Negative

36.22 37.96 No Cq

Streptococcus pyogenes 34.89 35.53 36.55
Positive Positive Positive

35.09 35.93 35.88

Pseudomonas protegens 34.14 34.38 36.52
Positive Positive Positive33.28 34.51 35.61

Species Microsart® ATMP Fungi Compendial culture method (External Lab)

2 x LOD95 LOD95 ½  x LOD95 2 x LOD95 LOD95 ½  x LOD95

Candida albicans 32.25 32.27 33.96
Positive Positive Negative

31.94 32.12 32.96

Aspergillus brasiliensis 34.38 37.06 34.94
Positive Positive Positive

32.40 33.17 34.20

Table 3: Results of bacterial and fungal detection using Microsart® ATMP Bacteria and Microsart® ATMP Fungi in comparison to the compendial 
culture method according to Ph. Eur. 2.6.1, JP 4.06 and USP <71>


