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Abstract
Background: The microbiological control of cellular prod-
ucts sometimes causes significant procedural issues for qual-
ity control laboratories. According to the European Pharma-
copoeia (EP), the microbiological control of cellular products 
requires a 7- to 14-day incubation period at two differ- 
ent incubation temperatures using aerobic and anaerobic 
growth media. However, the suitability of these test condi-
tions for efficient quality control can be influenced by many 
conditions, such as the expected microbial spectrum of con-
tamination or the texture and composition of the cellular 
product. Because of interference, direct inoculation and 
membrane filtration as reference methods of pharmacopoe-
ia are largely unsuitable for the microbiological control of 
cellular products; therefore, alternative and, above all, auto-
mated methods are the focus of interest. Objective: The aim 
of our study was to evaluate the method suitability and pos-
sible effects of cell matrix, incubation temperature, and oxy-

gen pressure on the detection performance of automated 
culture systems. Methods: The BacT/ALERT® 3DTM Dual T sys-
tem (bioMérieux, Nürtingen, Germany) was used to evaluate 
the factors influencing automated microbiological control 
of cellular products. The tests were performed using micro-
bial strains recommended by the EP for microbiological 
method suitability testing and additional relevant possible 
contaminants of human-derived stem-cell products under 
varying culture and cell matrix conditions. Results: All con-
taminants were detected by the system in the required pe-
riod of 2–5 days. Low incubation temperatures (22  ° C) had 
overall negative effects on the detection kinetics of each 
type of microbial contamination. The adverse effects of the 
accompanying cell matrix on the detection properties of the 
system could be compensated in our study by incubation at 
32  ° C in both the aerobic and the anaerobic culture condi-
tions. Conclusion: Automated culture techniques represent 
a sufficient approach for the microbiological control of cel-
lular products. The negative effects of the cell matrix and 
microbial contamination on the detection performance can 
be compensated by the application of variable culture con-
ditions in the automated culture system.

© 2019 S. Karger AG, Basel
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Introduction

Sterility is defined as freedom from the presence of 
viable microorganisms. According to the International 
Pharmacopoeia Ph. Int. [1], the sterility of each pharma-
ceutical product should be confirmed by analyzing a rep-
resentative sample of the product by defined sterility test-
ing methods. Products are classified as nonsterile when 
microbial growth is detected during the test period, while 
products with no detectable microbial growth are classi-
fied as sterile by definition. Sterility testing is one of the 
most well-established microbiological tests in pharma-
ceutical quality control. Methods for sterility testing were 
first introduced by the British Pharmacopeia in 1932 as 
direct inoculation of the test product to liquid culture me-
dia [2]. As an alternative method, membrane filtration 
was introduced in the late 1960s in other pharmacopoeias 
[3, 4].

The more recent regulatory requirements for micro-
biological quality control of biopharmaceuticals and cel-
lular products as well as for alternative test methods are 
also based on the principles and definitions of sterility 
testing. However, the pharmacopoeia reference methods 
of direct inoculation and membrane filtration are mostly 
unsuitable for sterility testing or microbiological control 
of cellular products. The reasons for this include the in-
herent clouding of the nutrient medium and the lack of 
filterability of the products due to the included cellular 
components. Therefore, alternative test methods are 
needed that are not affected by these aspects.

Attractive test systems are therefore automated culture 
techniques that detect microbial growth from metabolic 
products of microorganisms. Examples are the automat-
ed BacT/ALERT 3D (bioMérieux) and BACTEC (Becton 
Dickinson, Heidelberg, Germany) culture systems, which 
are automated technologies with real-time reading of car-
bon dioxide production by microorganisms that have al-
ready been validated for the control of blood compo-
nents, hematopoietic stem cells and cultured chondro-
cytes [5–11]. In all of these areas of application, the 
automated culture methods showed a good test perfor-
mance at minimum. However, the growth characteristics 
of microorganisms and detection by automated culture 
systems might be affected by changes in incubation con-
ditions and the presence of cellular products.

Several rapid microbiological methods for the detec-
tion of microorganisms used for sterility testing purposes 
have been evaluated in recent years [2, 11–15]. Experts 
agree widely that the use of automated sterility testing 
systems could enable more rapid and more reliable detec-
tion of microbial contamination by using specific indica-
tors and consequent automated analysis for the detection 
of microbial growth [16]. The BacT/ALERT 3D Dual T 
system (bioMérieux, Nürtingen, Germany) is a possible 

candidate for automated growth-based sterility testing. In 
2004, the BacT/ALERT system received approval by the 
U.S. Food and Drug Administration (FDA) (Silver Spring, 
MD, USA) for use in evaluating the sterility of cellular 
products such as cartilage or pancreatic islet cells [11, 16, 
17]. This system uses the colorimetric detection of CO2 
production to continuously monitor the culture media 
for microbial growth. The BacT/ALERT 3D Dual T sys-
tem is a fully automated system capable of incubating, 
shaking, and colorimetrically monitoring cultures in 
which readings are taken every 10 min throughout the 
incubation period of the inoculated liquid culture media 
[16].

The aim of our study was to evaluate the applicability 
of the BacT/ALERT 3D Dual T system for the rapid auto-
mated detection of microbial contaminants in cellular 
products depending on the presence of cellular matrices, 
microorganisms, temperature, and aerobic or anaerobic 
conditions.

For this purpose, we evaluated the systems for micro-
biological control according to the European Pharmaco-
poeia (EP) with regard to microbial growth in the culture 
medium used and matrix validation as proof that micro-
organisms can grow or be detected even in the presence 
of a test sample at different incubation conditions. In ad-
dition, we examined the influence of these factors on the 
detection kinetics and detection limits. These compo-
nents are essential to know all possible factors influencing 
the detection performance of the system to be able to 
completely rule out possible negative influences on the 
test and, in particular, the generation of false negative re-
sults.

Materials and Methods

Instruments
The BacT/ALERT 3D Dual T system (bioMérieux) was used for 

the validation of automated microbiological control of cellular 
products. The system consisted of a BacT/ALERT 3D 240 Low-
Temperature Module for automated incubation at 21–24  ° C and a 
BacT/ALERT 3D 120 Combo Module for incubation at 31–34  ° C. 
The equipment used for the validation of sterility testing methods 
was qualified by the manufacturer according to United States 
Pharmacopoeia (USP) < 1058>, Analytical Instrument Qualifica-
tion [18], which consisted of the following parts: installation, op-
erational, and performance qualifications (IQ, OQ, and PQ).

Growth Media
Growth media were supplied by bioMérieux and consisted of 

aerobic iAST and anaerobic iNST media supplied in disposable 
culture bottles containing 40 mL of media and an internal sensor 
that detects CO2 as an indicator of microbial growth. The aerobic 
media component consists of casein (pancreatic digest) (1.7% 
w/v), papain-digested soybean meal (0.3% w/v), sodium polyan
ethol sulfonate (SPS) (0.035% w/v), pyridoxine HCl (0.001% w/v), 
and other complex amino acid and carbohydrate substrates in pu-
rified water. The bottles contain an atmosphere of CO2 in oxygen 
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under a vacuum. The anaerobic media component consists of ca-
sein (pancreatic digest) (1.36% w/v), papain-digested soybean 
meal (0.24% w/v), SPS (0.035% w/v), menadione (0.00005% w/v), 
hemin (0.0005% w/v), yeast extract (0.38% w/v), pyridoxine hy-
drochloride (0.0008% w/v), pyruvic acid sodium salt (0.08% w/v), 
reducing agents, and other complex amino acids and carbohydrate 
substrates purified in water. The bottles contain an atmosphere of 
CO2 in nitrogen under a vacuum. Growth promotion testing was 
performed for each media batch by separately inoculating a culture 
with 100 µL of medium containing fewer than 100 colony-forming 
units (cfu) into iAST and iNST media (data not shown).

Bacterial Strains and Growth Conditions
The tests were performed using microbial strains recommend-

ed by the EP for microbiological method suitability testing [1] and 
additional relevant possible contaminants of human-derived 
stem-cell products. Different representative aerobic Gram-posi-
tive and Gram-negative bacteria, as well as yeasts and molds, were 
obtained from the Deutsche Sammlung für Mikroorganismen und 
Zellkulturen (DSMZ, Braunschweig, Germany). Strains were cul-
tivated on Columbia blood agar plates (bioMérieux). The follow-
ing strains of microorganisms were used as indicated in the EP 
chapter 2.6.1 on sterility testing [1]: aerobic and anaerobic: Staph-
ylococcus aureus (ATCC 6538), Staphylococcus epidermidis (ATCC 
12228), Candida albicans (ATCC 10231), Pseudomonas aerugino-
sa (ATCC 9027), Escherichia coli (ATCC 8739); strictly aerobic: 
Bacillus subtilis (ATCC 6633), Aspergillus brasiliensis (ATCC 
16404); strictly anaerobic: Clostridium sporogenes (ATCC 19404), 
Bacteroides fragilis (ATCC 25285) and Cutibacterium acnes 
(ATCC 11827). The cultures were incubated for 24 h at 36  ° C for 
aerobic or anaerobic bacteria, 48 h at 22–25  ° C for C. albicans, and 
5 days at 20–25  ° C for A. brasiliensis.

Preparation of Leukocyte Suspensions
For the preparation of leukocyte suspensions comparable to 

human whole blood, buffy coats (German Red Cross Blood Donor 
Service, Mannheim, Germany) from healthy human donors were 
separated using Polymorphprep (Axis-Shield, Oslo, Norway) ac-
cording to the manufacturer’s instructions. After fractionation, the 
cell preparations were washed twice in sterile PBS (Sigma Aldrich, 
Taufkirchen, Germany) and were finally resuspended in RPMI 
1640 medium. Peripheral blood cell (PBC) preparations were ad-
justed to a final concentration of 2 × 106 cells/mL containing ap-
proximately 35% peripheral blood mononuclear cells (PBMC) and 
65% polymorphonuclear neutrophils according to their fractions 
in human whole blood.

Inoculation and Incubation of Media
Inocula with defined cfu numbers of approximately 100, 10, 

and 1 cfu in 100 µL were prepared by serial dilution of microorgan-
isms in tryptic soy broth (Merck Millipore, Darmstadt, Germany) 
containing 20% w/v glycerol (Sigma Aldrich) and were frozen im-
mediately at –80  ° C after preparation. Microbial cfu counts were 
verified by plating an equal volume of 100 µL of each suspension 
on agar plates and counting colonies after 24 h of incubation as 
described above. The inocula, in aliquots of 100 µL, were used im-
mediately after rapid thawing. For BacT/ALERT testing, the flasks 
were inoculated using different matrices and inocula and were 
loaded into the BacT/ALERT 3D DualT system immediately. The 
iNST medium was incubated at 32.5 ± 2  ° C, and the iAST medium 
was incubated at 22.5 ± 2  ° C under continuous shaking with auto-
matic readings taken every 10 min over 7 days or until microbial 
growth was detected in the BacT/ALERT 3D DualT system. Each 
positive culture detected by the system was subcultured on Colum-
bia blood agar plates (bioMérieux) and incubated at 36  ° C under 

aerobic or anaerobic conditions for 24 h to identify microorgan-
isms. The obtained cultures were visually screened for contamina-
tion, and the accordance of the cultured microorganisms to the 
inoculum was verified by species verification using the microflex 
MALDI-TOF system (Bruker Daltonics, Bremen, Germany). Me-
dia without detection of microbial growth during the incubation 
period were subcultured on Columbia blood agar plates to exclude 
microbial growth not detected by the BacT/ALERT 3D DualT sys-
tem.

Analysis of Cellular Matrix Effects on Detection Performance
To analyze the cellular matrix effects on the detection perfor-

mance, growth behavior, and detection of selected microorgan-
isms by the BacT/ALERT 3D DualT system, cultures were ana-
lyzed using matrix preparations containing 106, 105, and 104 PBCs 
and different microbial inocula in iAST and iNST media.

Analysis of Contamination Level Effects
To analyze the effects of different contamination levels for each 

microorganism, test media were inoculated using three differ- 
ent microbial cell counts. Media were inoculated with 1, 10, and 
100 cfu of test organisms in 100 µL of TSB.

Determination of Detection Limits
The most probable number (MPN) method was used to deter-

mine the detection limits of the BacT/ALERT 3D Dual T system 
[19]. Media were inoculated with microbial counts of 100 cfu fol-
lowed by a 5-fold dilution series under different incubation condi-
tions. The limit of detection (LOD) was determined as the inverse 
of the MPN values, and confidence intervals were calculated using 
the MPN method.

Statistical Analysis
For descriptive purposes, arithmetic mean and standard devia-

tion were calculated, as appropriate. Categorical and continuous 
variables were analyzed using either the Student t test or nonpara-
metric tests, as appropriate. Statistical analyses were performed 
using SPSS Statistics version 21.0 (IBM Corp, Armonk, NY, USA).

Results

Growth Promotion Test
The growth-promoting properties of the culture meth-

od and media were analyzed by inoculating at least four 
representative units of media with less than 100 cfu of 
each selected microorganism. All required bacterial test 
organisms were detected in time periods of less than 3 
days, while both fungal test strains were detected in less 
than 5 days with the BacT/ALERT 3D Dual T system us-
ing aerobic and anaerobic media as required by the EP 
and the USP (data not shown).

The Influence of the Inoculum Cell Count on 
Detection Time
The detection times for most of the microorganisms 

were largely independent of the inoculated cell counts. 
Only A. brasiliensis and C. acnes showed a relevant in-
crease in the time to positivity. For Aspergillus, the detec-
tion times were 47.7 ± 1 h for 100 ± 4 cfu versus 102.1 h 
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for 1 ± 0.1 cfu, and for C. acnes the times were 27.6 ±  
0.5 h for 106.8 ± 7 cfu versus 115.7 h for 1.1 ± 0.1 cfu. The 
other tested microorganisms showed only marginal dif-
ferences in time to detection in the tested inoculum rang-
es between 1 and 100 cfu (Fig. 1).

The Influence of Incubation Temperature and 
Presence of Oxygen on the LOD
The test procedure showed a significantly increased 

LOD for S. epidermidis of 22.2 ± 0.1 cfu in test runs under 
aerobic conditions compared to test runs under anaero-
bic conditions at 22.5  ° C (1.3 ± 1.4 cfu), or the test runs at 
32.5  ° C (1.3 ± 1.3 cfu aerobic; 0.98 ± 2.0 cfu anaerobic) 
(Fig. 2B). S. aureus also showed an increased LOD under 
aerobic conditions (2.4 ± 0.9 cfu) versus anaerobic condi-
tions (0.2 ± 1.0 cfu) at 22.5  ° C; however, this did not reach 
the level of significance (Fig. 2A). The LOD for P. aerugi-
nosa (Fig. 2C) and E. coli (Fig. 2D) showed no significant 
differences between aerobic and anaerobic conditions, 
but the limits of detection for E. coli were slightly reduced 
in anaerobic test runs for both tested incubation temper-
atures. The validated test system also did not show sig-
nificant temperature-dependent differences in the LOD 
for B. subtilis under aerobic conditions (Fig. 2E) or for C. 
sporogenes (Fig. 2F) and B. fragilis (Fig. 2H) under an-
aerobic conditions. The LOD for C. acnes (Fig. 2G) was 
drastically elevated at 22.5  ° C (46.4 ± 4.0 cfu) compared 
to incubation at 32.5  ° C (0.73 ± 2.0 cfu). Regarding the 
fungal test isolates, the LOD of C. albicans was signifi-
cantly increased at 22.5   ° C compared to 32.5   ° C under 
anaerobic conditions (3.5 ± 0.5 cfu at 22.5  ° C; 0.9 ± 2.2 cfu 

at 32.5  ° C) (Fig. 2I) and for A. brasiliensis at 22.5  ° C com-
pared to 32.5  ° C under aerobic conditions (4.3 ± 0.4 cfu 
at 22.5  ° C; 1.1 ± 1.5 cfu at 32.5  ° C) (Fig. 2J).

The Influence of Incubation Temperature and Oxygen 
on Detection Time
A low incubation temperature of 22.5  ° C led to a sig-

nificantly prolonged detection time for each tested mi-
croorganism. S. epidermidis was not detected by the test 
system at inoculum counts of up to 100 cfu at an incuba-
tion temperature of 22.5   ° C under aerobic conditions 
(Fig. 3B). C. acnes was not detected by the system in low 
inoculum counts of 10 cfu or fewer under anaerobic con-
ditions at 22.5  ° C (Fig. 3G). A. brasiliensis (Fig. 3J) and C. 
albicans (Fig. 3I) were not detected at inoculum counts of 
1.0 ± 0.04 or 0.8 ± 0.2 cfu and aerobic conditions or an-
aerobic conditions at 22.5  ° C, respectively. The 32.5  ° C 
incubation conditions yielded better detection perfor-
mance of the BacT/ALERT 3D Dual T culture system for 
all tested conditions and microorganisms.

The Influence of PBC Presence on Detection of 
Microbial Contaminants
The presence of between 104 and 106 PBCs in culture 

media affected the performance of the system to detect  
S. aureus (Fig.  4A), S. epidermidis (Fig.  4B), B. fragilis 
(Fig. 4G), C. sporogenes (Fig. 4H), B. subtilis (Fig. 4F), and 
A. brasiliensis (Fig. 4I). However, only the detection of 
very low microbial cell counts of approximately 1 cfu was 
affected by the presence of PBCs (Fig. 4G). The presence 
of 106 PBCs only yielded a detection failure for higher cell 

Fig. 1. Detection time (h) of different microbiological contaminants (Staphylococcus aureus; Pseudomonas aeru-
ginosa; Bacillus subtilis; Aspergillus brasiliensis; Candida albicans; Clostridium sporogenes; Staphylococcus epider-
midis; Escherichia coli; Cutibacterium acnes; Bacteroides fragilis) depending on varying contamination levels from 
approximately 1 to 100 cfu. The results indicate mean time to positivity of three experiments per condition and 
the associated standard deviation.
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Fig. 2. Limit of detection (cfu) of the automated BacT/ALERT 3D 
Dual T culture system depending on different microbiological 
contaminants (Staphylococcus aureus (A), Staphylococcus epider-
midis (B); Pseudomonas aeruginosa (C); Escherichia coli (D); Bacil-
lus subtilis (E); Clostridium sporogenes (F); Cutibacterium acnes 
(G); Bacteroides fragilis (H); Candida albicans (I); Aspergillus 

brasiliensis (J)), incubation temperature (32.5  ° C and 22.5  ° C) and 
aerobic vs. anaerobic incubation conditions. Depicted are the re-
sults of 5-fold dilution series in triplicates. The limit of detection 
was determined as reciprocal of most probable number (MPN) 
values, and confidence intervals were calculated using the MPN 
method.
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Fig. 3. Detection time (h) of varying contamination levels of dif-
ferent microbiological contaminants (Staphylococcus aureus (A), 
Staphylococcus epidermidis (B); Pseudomonas aeruginosa (C); 
Escherichia coli (D); Bacillus subtilis (E); Clostridium sporogenes 
(F); Cutibacterium acnes (G); Bacteroides fragilis (H); Candida al-

bicans (I); Aspergillus brasiliensis (J)) depending on incubation 
temperature (32.5  ° C and 22.5  ° C) and aerobic vs. anaerobic incu-
bation conditions. The results indicate mean time to positivity of 
three experiments per condition and the associated standard de-
viation.
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counts of contaminating B. fragilis (10.9 ± 0.9 cfu) at 
22.5  ° C under anaerobic conditions, while B. fragilis con-
tamination by 10.9 ± 0.9 cfu was detected in the presence 
of 106 PBCs at 32.5   ° C and thus was unaffected by the 
presence of PBCs (Fig.  4G). However, P. aeruginosa 

(Fig. 4C) and E. coli (Fig. 4D) were generally not affected 
by the presence of between 104 and 106 PBCs in culture 
media. During the test runs, there was no accumulation 
of false positive results in the BacT/ALERT 3D Dual T 
culture system due to the presence of PBCs.

Fig.  4. Detection time (h) of different microbiological contami-
nants (Staphylococcus aureus (A), Staphylococcus epidermidis (B); 
Pseudomonas aeruginosa (C); Escherichia coli (D); Bacillus subtilis 
(E); Bacteroides fragilis (F); Clostridium sporogenes (G); Aspergillus 
brasiliensis (H)) depending on the presence of cellular matrices 

represented by peripheral blood mononuclear cells from 104 to 106 
cells per sample under varying incubation temperatures and aero-
bic vs. anaerobic incubation conditions. The results indicate mean 
time to positivity of three experiments per condition and the as-
sociated standard deviation.
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Discussion

Proving the microbiological safety of cellular products 
poses a significant problem for blood banks, stem cell lab-
oratories, and manufacturers of cell therapeutics. This is 
partly because microbiological control of cellular prod-
ucts is frequently associated with considerable sample 
and procedural difficulties. An additional problem is of-
ten the short time period between sampling for quality 
control and actual application of the product as well as 
low sample volumes or low-level contamination below 
the detection limit of the applied test systems. Sterility 
testing, however, by definition, is limited in ensuring the 
absolute sterility of a product with regard to method sen-
sitivity, sample size, and characteristics. Therefore, the 
accurate evaluation and conformity check of all proper-
ties of alternative test systems, also based on existing reg-
ulations, is required. In addition, new methods for the 
quality and microbiological control of cells have to pro-
vide reliable results and a high level of robustness.

Importantly, because of liability issues EP-compliant 
methods need to produce results on a high level of confi-
dence. Of note, this study was not designed to verify EP 
compliance of the evaluated test system but rather aimed 
to analyze the importance of different influence factors 
on the detection performance of an automated culture 
system. 

In a previous study, we showed that there are no infe-
riorities of the BacT/ALERT 3D DualT system compared 
to the conventional direct inoculation method regarding 
the system’s ability to detect microbial contamination in 
the context of sterility testing. Furthermore, the sterility 
test results obtained with this automated technique 
showed less statistical variance than results obtained by 
the direct inoculation method [20].

The testing of biological samples, injectable and blood 
products by the conventional BacT/ALERT 3D system, 
based on the processing of diagnostic blood cultures, has 
previously been analyzed by other groups [2, 9, 13, 15, 17, 
21–24]. However, these studies involved high incubation 
temperatures adapted to primarily human pathogens and 
no process contaminants caused by handling and pro-
cessing of the product. In addition, the scope of validation 
and the suitability of the nutrient media are not readily 
transferable from diagnostic purposes to sterility testing 
or microbiological control of cellular products. In con-
trast, our study focused on the evaluation of an automat-
ed sterility testing system of cellular products using dual 
temperature incubation with anaerobic incubation at 31–
34  ° C and aerobic incubation at 21–24  ° C, for hypotheti-
cally advanced detection performance, especially for en-
vironmental contaminants, which occasionally prefer or 
even require low growth temperatures, because studies 
have suggested that the incubation of inoculated media 

between 35 and 37  ° C limits the spectrum of detectable 
microorganisms [25].

Various studies of automated culture methods for the 
control of cellular products using different incubation 
systems have been published in recent years. The BacT/
ALERT 3D Dual T system, as well as the composition of 
iAST in the iNST medium, are a good approximation of 
the current requirements of the pharmacopoeia and were 
therefore selected as a test system in our study. A com-
parative evaluation of the BACTEC FX (Becton Dickin-
son) systems with the compendial USP < 71> method for 
the detection of Product Sterility Testing Contaminants 
was recently published and highlighted the better perfor-
mance of the BacT/ALERT 3D Dual T system [26].

Conventional culture methods can lead to difficulties 
in growth evaluation due to cloudiness of the nutrient 
medium caused by the product or complete lack of evalu-
ability due to the presence of red blood cells. However, 
automated procedures may also be associated with prob-
lems in the investigation of microbial contamination. 
One example is the influence of metabolically active cells 
contained in the product to be tested on carbon dioxide-
based readout of automated culture processes. Against 
this background, the quality of the evaluation software is 
of crucial importance for distinguishing between micro-
bial growth and metabolism of the cell matrix. Notably, 
in our study, there was no increase in false positive results 
caused by the presence of metabolically active blood cells.

Independent of the aforementioned automated cul-
ture techniques, new rapid methods for the detection of 
microbial contaminants in cellular products are current-
ly available and are used for the quality control of platelet 
concentrates; however, these methods are currently less 
sensitive than growth-based methods [27]. Growth-based 
procedures therefore continue to be the gold standard for 
sterility and microbiological control. In addition, growth-
based techniques offer supplementary possibilities for 
further analysis of the cultivated contaminants by means 
of resistance testing and molecular analysis, which are not 
available for rapid methods but represent an added value.

Looking at the effect of culture conditions on the detec-
tion performance of the system on the tested microorgan-
isms, no advantages of low-temperature incubation at 
22.5  ° C could be detected. In addition, the kinetics of S. 
aureus and S. epidermidis detection improved under an-
aerobic conditions in the evaluated method. In summary, 
a combined aerobic and anaerobic approach to the micro-
biological control of cellular products makes sense. How-
ever, the need for low-temperature incubation found else-
where could not be confirmed in our approach. Here, a 
generally standardized incubation temperature of 32  ° C, 
lowered in comparison to the incubation temperatures of 
blood cultures, could make sense to detect psychrophilic 
process contaminants as well. However, it can be assumed 
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that different incubation temperatures may result in al-
tered detection performance. The presence of cellular 
constituents may interfere with the detection of contami-
nants. In this context, our study also showed advantages 
of higher incubation temperatures at 32.5  ° C and the com-
bination of aerobic and anaerobic cultures. In addition, an 
incubation period analogous to the sterility test over a pe-
riod of 14 days does not seem necessary. A relatively suf-
ficient end result could be expected even after 5 days of 
incubation for the constellations examined in our study.

Conclusion

The automated culture technique using the BacT/
ALERT 3D DualT method represents a sufficient ap-
proach for the microbiological control of cellular prod-
ucts. The automated culture technology offers some ad-
vantages in comparison to microbiological control by 
conventional culture. These advantages include, in par-
ticular, the lower hands-on effort, the lower susceptibility 
to interference, in particular by the human factor, and the 
better standardizability, together with comparable sensi-
tivity and a short time to positivity. Interference from dif-
ferences in microbial contaminants and cellular matrices 
was effectively addressed in our study by a medium incu-
bation temperature of 32.5  ° C and the use of both aerobic 
and anaerobic culture conditions. The availability and se-
lection of variable culture conditions can therefore be 
useful depending on the expected contaminant spectrum 
and the product matrix to be examined. Taken together, 
our results suggest that the use of this flexible automated 

method may be extremely promising for the microbio-
logical control of cellular products. However, the prod-
uct-specific application must be validated and tested as 
part of a comprehensive product-related validation pro-
cess.
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