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Abstract

Background: The risk of microbial contamination of cellular 
products can be reduced when cultured in the presence of 
antibiotics. This however, may impact the sensitivity of mi-
crobiological tests. Given that the addition of antibiotics to 
cell/tissue products does not guarantee sterility but may just 
reduce the proliferation rate of microorganisms, microbio-
logical testing of medicinal products remains obligatory. 
Thus, an appropriate method to test for microbial contami-
nation of antibiotic-containing products has to be validated. 
Objectives: In the context of microbiological testing of a cel-
lular advance therapy medicinal product, the method was 
validated and approved by German competent authorities 
for four different matrices with three matrices containing an-
tibiotics. The paper shall provide help for establishing test 
methods for other investigational medicinal products which 
contain antibiotics. Methods: Matrices were spiked individu-
ally with Staphylococcus aureus, Bacillus subtilis, Pseudomo-

nas aeruginosa, Streptococcus pyogenes, Escherichia coli, Clos-

tridium sporogenes, Propionibacterium acnes, Candida albi-

cans, and Aspergillus brasiliensis. Samples were pretreated 
with penicillinase for 1 h before inoculation and incubation 
in BacT/ALERT iFA Plus and iFN Plus culture bottles using 3D 
BacT/ALERT automates. Microorganisms within positive 
BacT/ALERT bottles were specified. The procedure was per-
formed in two different laboratories to prove robustness of 
test. Results: All nine tested microorganisms were detected 
within 14 days of incubation in accordance with require-
ments of the European Pharmacopoiea in terms of sensitiv-
ity, specificity and robustness of the test. Penicillin and strep-
tomycin did not have any influence on specifications de-
fined within the investigational medicinal product dossier. 
Conclusions: Culturing cellular products in the presence of 
antibiotics can serve as an effective method to reduce con-
tamination risk but only if the chosen antibiotics neither 
have any influence on specifications of the investigational 
medicinal product nor interfere with microbiological tests. 
Consequently, cells and tissues primarily contaminated with 
microorganisms, like placenta, may be considered as a 
source of cellular therapeutics when cultured for a sufficient 
time with antibiotics and tested with a validated method. 
The choice of microorganisms for the validation of the mi-
crobiological test should always consider all conceivable 
scenarios and should not be reduced to minimal criteria de-
fined in European Pharmacopoiea, wrongfully believing to 
thus save time and effort. © 2019 S. Karger AG, Basel
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Introduction

The risk of microbial contamination of tissue and cel-
lular products can be reduced significantly when cultured 
in the presence of antibiotics and antimycotics. This, 
however, may impact the sensitivity of microbiological 
tests performed for the detection of microorganisms in 
such products. Given that the addition of antibiotics to 
cell/tissue products does not guarantee sterility but may 
just reduce the proliferation rate of microorganisms, a 
validated microbiological testing which excludes such 
possibility of false-negative results remains obligatory.

In Europe, sterility tests are performed either by mem-
brane filtration method or by inoculation method ac-
cording to European Pharmacopoeia chapter 2.6.1. (an 
overview is given in Fig. 1), but due to their nature, some 
cellular products cannot be tested for sterility as required 
in this chapter. For instance, some microbiological con-
taminants are located on the surface of the cells or within 
the cells and thus cannot be detected in the surrounding 
culture or transport media. In these cases, a cell suspen-
sion (not just the culturing media) has to be tested, but 
such a sample is not suitable for membrane filtration 
method which has to be performed with a maximal mem-
brane pore size of 0.45 µm (European Pharmacopoeia 
chapter 2.6.1.). Furthermore, medicinal products consist-
ing of suspensions with higher cell concentrations do not 
allow a reliable assessment of changes in turbidity, as re-
quired for the inoculation method. Sample size may be 
another issue limiting the implementation of European 
Pharmacopoiea 2.6.1., especially with products from in-
dividual donors such as hematopoietic stem cells or the 
limited capacity of the manufacturing methodology lead-
ing to a limited size of available sample.

Since sterility testing of cellular products is not possi-
ble, these products have to be tested according to chapter 
2.6.27 for microbial contamination by a validated method 
(Fig. 1).

Minimal qualitative and quantitative requirements for 
microorganisms which have to be considered in the vali-
dation of the microbiological test method are listed in Eu-
ropean Pharmacopoeia, but depending on the source of 
cells/tissue used for the medicinal product a thorough 
risk analysis of the potential and/or relevant contaminat-
ing microorganisms has to be performed, and the spec-
trum of tested microorganisms has to be adapted.

Currently, mesenchymal stromal cells (MSCs) are ap-
plied as an advanced therapy medicinal product (ATMP) 
in many clinical trials (www.clinicaltrials.gov). MSCs 
may be isolated and expanded from different tissues [1] 
such as bone marrow or adipose tissue [2]. Subcutaneous 
fat is an easily accessible tissue, but it has a higher risk of 
contamination with organisms residing in deeper sites of 
the skin which are not always sufficiently reached by dis-

infectants used for skin decontamination before liposuc-
tion. While a minimal bacterial contamination during li-
posuction procedures may not be relevant for a healthy 
individual who is not immunocompromised, this may in-
fluence the quality of fat tissue ex vivo, where microor-
ganisms may grow much more easily without the im-
mune surveillance which is present in vivo.

The higher contamination rate of adipose tissue ob-
tained by liposuction may require treatment of fat tissue 
with antibiotics before isolating adipocyte-derived MSCs 
(ASCs) as well as culturing such ASCs in media supple-
mented with antibiotics [3]. In the context of a European 
multicenter clinical trial (ADIPOA2, EudraCT 2015-
002125-19), our institution produces autologous ASCs 
within 14 days (±1 day) following lipoaspiration. At the 
beginning of the project, we faced a contamination rate 
of lipoaspirates of about 50% (range: 37–75%) with fat tis-
sue obtained from four different clinical centers. Thus, 
our production site has now implemented antibiotic 
treatment of cells for the first 8 days (±1 day) of culturing.

In-process microbiological testing had to be per-
formed on the starting material (i.e., fat tissue), two in-
terim products, and the final cellular product. Therefore, 
the microbiological test method had to be validated for 
four individual matrices, due to their qualitative and 
quantitative differences. Table 1 demonstrates the char-
acteristics of each matrix. The procedure and the validat-
ed microbiological testing have been approved by Ger-
man competent authorities. The paper shall give insight 
into the validation process and provide help for establish-
ing a similar procedure and testing method for further 
cell- or tissue-based ATMPs.

Materials and Methods

For the validation of the microbiological test method lipoaspi-
rates were obtained from healthy donors undergoing liposuction 
for cosmetic reasons, with written informed consent to donate 
drawn fat tissue for indicated research purpose. ASCs were pro-
duced within 14 days (±1 day) out of about 60–100 g of fat tissue. 
An overview on the production steps of the investigational me-
dicinal product is given in Figure 2.

Flow cytometry of ASCs was performed as previously described 
[4, 5]. In brief, 1 × 106 to 4 × 106 ASCs were washed in DPBS (Lon-
za, Switzerland) and resuspended in 100 µL of DPBS. Cells were 
stained with a combination of either (1) IgG-FITC (20 µL, clone 
X40), IgG-PE (20 µL, clone X40) and IgG-PerCP (20 µL, clone 
X40), (2) CD90-FITC (1 µL, clone 5E10), CD34-PE (20 µL, clone 
8G12), and CD14-PerCP (20 µL, clone MøP9), (3) CD73-FITC (10 
µL, clone AD2), CD31-PE (20 µL, clone WM59), and CD45-PerCP 
(20 µL, clone 2D1), or (4) CD105-FITC (10 µL, clone SN6) and 
CD13-PE (20 µL, clone WM15), respectively. Antibodies were 
purchased from BD Biosciences (Germany), except for CD105 
(Bio-Rad AbD Serotec GmbH, Germany). After 15–20 min stain-
ing at ambient temperature, cells were washed in DPBS and the 
fluorescence intensity of 50,000 cells was acquired using a FACS-
can with CellQuest 3.3 software (BD Biosciences).
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Each of the four matrices listed in Table 1 was spiked with mi-
croorganisms listed in Table 2 and inoculated into BacT/ALERT 
culture bottles containing a resin to bind and neutralize the re-
maining antibiotics [6, 7]. In order to inactivate penicillin, all ma-

trices containing antibiotics (i.e., matrices I–III; see Table 1) were 
preincubated with 100 µg penicillinase (Becton Dickinson, Ger-
many; Ref. No. 215331) per mL matrix for 1 h at room tempera-
ture, before inoculation into BacT/ALERT culture bottles. BacT/

Fig. 1. Overview on tests for microbial contamination based on European Pharmacopoiea chapters 1.6.2 and 
1.6.27.
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ALERT iFA Plus and iFN Plus (bioMérieux, Germany) were used 
for aerobic and anaerobic microorganisms, respectively. To assess 
intraassay variability, each microorganism was tested as duplicate 
within every setting. The matrix by itself served as negative control, 
while isotonic NaCl solution spiked with the microorganism of 
interest was used as positive control. Initially, 30 CFU was inocu-
lated in each matrix, and the CFU was raised stepwise to 60 and 90, 
whenever the detection of the inoculated microorganism was not 
successful after 14 days of incubation. All microorganisms were 
purchased as BioBalls from bioMérieux and reconstituted accord-
ing to the manufacturer’s guidelines.

For each positive finding, the microorganism responsible for the 
positive BacT/ALERT result was verified by microbiological charac-
terization, in order to confirm the specificity of positive results.

In order to validate the microbiological detection method in 
two different laboratories, the whole procedure was performed 
twice: after inoculation with the indicated microorganisms, one 
set of BacT/ALERT culture bottles remained in the Institute for 
Transfusion Medicine and Immunogenetics Ulm (IKT Ulm) and 
were incubated in the quality control laboratories of IKT Ulm, 
while the other set of inoculated bottle were transferred within 3 
h (at ambient temperature) to the quality control laboratories of 
the Institute of Transfusion Medicine and Immunology in 
Mannheim. In both institutes, BacT/ALERT 3D automates [8] 
(bioMérieux) were used for incubation of culture bottles at tem-
peratures optimal for the growth of inoculated microorganisms 
(Table 2). For specification of microorganisms responsible for 
positive BacT/ALERT results the bottles were sent to the institute 

Fig. 2. Overview on the production steps of 
ASCs.
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for microbiology of the University of Ulm or the University of 
Mannheim, respectively.

Statistical analysis was performed using GraphPad Prism 7.01 
Software for Windows. Data were compared using the Mann-
Whitney U test. Differences were considered significant at p < 0.05.

Results

Flow cytometric data on characteristic surface markers 
comparing antibiotic-treated ASCs to ASCs without antibi-
otic treatment confirmed that the addition of penicillin and 
streptomycin to the culturing media at the indicated dose 
and duration did not have any significant influence on the 
cells in terms of cell identity. Regardless of their treatment 
with antibiotics, ASCs of the end product were negative for 
hematopoietic markers CD34, CD14, CD 45, and CD 31 
and positive for CD 73, CD 90, CD 105, and CD13 (Fig. 3).

Likewise, the proliferative behavior of antibiotic-treat-
ed cells did not show any significant changes which would 
influence the target cell number at the time of harvesting 
of the end product. Even though the number of cells with-
in the stromal vascular fraction obtained from digested 
lipoaspirates was smaller when lipoaspirates were pre-
treated with antibiotics, the following data on viability 
and proliferation were comparable to those without anti-
biotic exposure. Specifically, both groups showed similar 
population doubling times, cell density, and harvested 
cell number at the time of first harvest (day 8 [±1]) and at 
the time of harvesting the end product (Table 3).

Table 4 provides detailed information on the results 
from both validation runs for microbiological testing of 
the indicated microorganisms. All tested microorgan-
isms that spiked at 30–90 CFU could be detected within 
4 days of incubation at indicated temperatures, except for 
Propioni acnes, which is known to belong to a slow pro-
liferating microorganism. An incubation period between 
7 and 14 days at 35  ° C was necessary to detect P. acnes.

For matrix IV containing no antibiotics, the sensitivity 
of the test for all spiked microorganisms was at 30 CFU 

(Table 4). With regard to antibiotic-containing matrices 
(i.e., matrices I–III), the method showed a sensitivity of 
30 CFU for six out of the nine tested microorganisms. The 
detection threshold for Bacillus subtilis and Pseudomonas 
aeruginosa was at 60 CFU while Escherichia coli could be 
detected with a sensitivity of 90 CFU.

The robustness of the test method could be confirmed 
by obtaining comparable results from two independent 
validation runs in two different laboratories (Table 4). 
The specificity of positive results was confirmed by veri-
fication of the microorganism responsible for the positive 
BacT/ALERT finding (Table 4).

Discussion/Conclusion

Even though the present work focused on the valida-
tion strategy for microbiological testing of antibiotic-ex-
posed ASCs, the entire cell processing procedure and the 
final aim of the study should be kept in mind, which is the 
production of an ATMP which shall not be influenced by 
modifications in the production process. Taking into ac-
count the possible impact of applied antibiotics on the 

Table 1. Specifications of matrices for which the microbiological test was validated

Matrix Pen/
Strep

Inoculation
volume, mL1

Cell concentration Solution used for cell suspension

I Lipoaspirate + 1 N/A N/A
II Stromal vascular fraction + 5.7 17.88 × 103 cells/mL α-MEM + 5% PL + 1 IU heparin/mL
III ASCs (day 8±1) + 5.7 8.94 × 103 ASCs/mL α-MEM + 5% PL + 1 IU heparin/mL
IV End product (day 14±1) – 5 2 × 106 ASCs/mL 4.5% albumin in NaCl with 0.5% glucose

ASCs, adipocyte-derived mesenchymal stromal cells; α-MEM, alpha modification of minimal essential medium; PL, platelet lysate; 
Pen/Strep, penicillin/streptomycin at final concentration of 100 U/mL and µg/mL, respectively. 1 According to European Pharmacopoiea 
the inoculation volume was at least 1% of the matrix which had to be tested.

Table 2. List of microorganisms used for validation of the micro-
biological test method

Species Incubation temperature, ° C

Aaerobic bacteria 30–32
Staphylococcus aureus
Bacillus subtilis
Pseudomonas aeruginosa
Streptococcus pyogenes
Escherichia coli

Anaerobic bacteria 35–37
Clostridium sporogenes
Propionibacterium acnes

Fungi 30–32
Candida albicans
Aspergillus brasiliensis
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biology of cellular products, specifically on ASCs [9], we 
performed tests confirming the identity of ASCs by mea-
suring their surface markers on the basis of the statement 
of the International Federation for Adipose Therapeutics 
and Science (IFATS) and the International Society for 
Cellular Therapy (ISCT) [10] (Fig. 1) and in accordance 
with requirements defined in the Investigational Medici-
nal Product Dossier (IMPD). Based on the observation of 
high interindividual differences in the proliferation rate 
of ASCs, the proliferative behavior of antibiotic-exposed 
ASCs was assessed by focusing rather on the question of 
whether the cell number sufficient for the aimed thera-
peutic dose is achieved, but not asking whether the pro-
liferation rate of antibiotic-exposed ASCs differs statisti-

cally significantly from that of ASCs not treated with an-
tibiotics. This rationale shall provide an example for 
cases where a mere statistical analysis may not be helpful 
for the evaluation of relevant implications of method-
ological changes.

Comparing the results from matrix IV with those from 
matrices I–III, the presence of antibiotics within matrices 
I–III seems to impact the sensitivity of detection of E. coli, 
B. subtilis, and P. aeruginosa, which had to be spiked with 
higher than 30 CFU. However, the sensitivity was within 
the required range of 10–100 CFU and thus in agreement 
with European Pharmacopoiea.

Based on our results, the treatment of samples with 
penicillinase in combination with the use of culture bot-

Fig. 3. Treatment with penicillin and strep-
tomycin does not influence characteristic 
cell surface markers of ASCs. Flow cytom-
etry analysis of the ASC final product ex-
panded in medium with or without the an-
tibiotics penicillin and streptomycin. Mean 
values for the percentage of cells expressing 
the indicated antigens are shown. Bars in-
dicate standard deviation. n.s., not signifi-
cant (i.e., p > 0.05). Pen/Strep – indicates 
cells grown in the absence of penicillin/
streptomycin. Pen/Strep + indicates cells 
grown in the presence of 100 IU penicillin/
mL and 100 µg streptomycin/mL, until day 
8 (±1).

Table 3. Treatment with penicillin and streptomycin does not influence proliferative properties of ASCs: list of key parameters for ASCs 
expanded in the absence or presence of penicillin and streptomycin

Parameter Expansion in:
α-MEM 5% platelet lysate
without antibiotics

Expansion in:
α-MEM 5% platelet lysate
100 IU/mL penicillin + 100 µg/mL
streptomycin

Specification
according to
IMPD of ADIPOA2

p
value

SVF cells/mL lipoaspirate 5.78 × 105 (3.78 ×105–8.52 ×105) 1.43 × 105 (1.08 × 105–1.85 × 105) not specified 0.03

Viability of cells of the SVF 92.94 (89.15–95.97) 73.91 (71.31–76.49) ≥70% 0.03

CFU-F/106 cells of the SVF 10.09 × 104 (6.56 ×104–29.31 ×104) 9.72 × 104 (9.44 × 104–10.50 × 104) variable 0.69

Harvest density at day 8 (±1) 5.35 × 104 (3.62 ×104–6.13 ×104) 5.31 × 104 (4.09 × 104–6.68 × 104) NA 0.86

Viability at day 8 (±1), % 99.70 (99.30–100.00) 100.00 (100.00–100.00) ≥80 0.43

CFU-F/106 at day 8 (±1) 25.58 × 104 (24.25 × 104–32.92 × 104) 4.43 × 104 (2.36 × 104–27.67 × 104) variable 0.40

Doubling time at day 8 (±1), days 25.69 (21.01–30.03) 26.08 (23.45–26.25) not specified 0.86

Harvested ASC at day 8 per SVF 13.36 (9.04–15.33) 13.27 (10.22–16.71) not specified 0.86

Harvest density of end product 6.10 × 104 (5.48 × 104–6.67 ×104) 4.87 × 104 (3.97 × 104–6.56 × 104) not specified 0.40

Viability, of end product, % 98.91 (95.40–100.00) 91.82 (91.80–98.67) ≥90 0.23

CFU-F/106 of end product 31.77 × 104 (20.92 × 104–63.75 ×104) 50.00 × 104 (36.00 × 104–85.25 × 104) variable 0.63

Doubling time of end product, days 34.36 (29.69–37.96) 31.34 (28.61–33.41) >15.00 0.23

End product cells/ASC at day 8 30.50 (27.42–33.32) 24.17 (19.83–32.74) not specified 0.40

Total harvest 143.10 × 106 (81.80 × 106–169.64 × 106) 170.00 × 106 (103.95 × 106–202.50 × 106) ≥20 × 106 (high dose)
≥12 × 106 (low dose)

0.86

Values indicate median (range). α-MEM, alpha modification of minimal essential medium; IMPD, Investigational Medicinal Product Dossier; ADIPOA2, clinical trial: A phase 2b Study Evaluating the Efficacy 
of a Single Injection Autologous Adipose Derived Mesenchymal Stromal Cells in Patients with Knee Osteoarthritis (EudraCT No. 2015-002125-19); SVF, stromal vascular fraction (i.e., obtained cells following 
digestion of lipoaspirate); CFU-F, colony-forming unit fibroblasts.
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tles providing an antibiotic-adsorbing resin allows reli-
able microbiological testing of penicillin/streptomycin-
containing cellular matrices.

With regard to the here presented data, patients treat-
ed with antibiotics may also be considered for inclusion 
in studies applying autologous cells or tissues. Further-
more, cells and tissues primarily contaminated with mi-
croorganisms, like decidual blood or placenta, may pos-
sibly serve as a source of cellular therapeutics, if the anti-
biotics:

(a) have been applied for a sufficient time,
(b) have been applied at adequate concentrations,
(c) do not impact the biological properties of the me-

dicinal product, and
(d) do not interfere with quality control tests.
Otherwise an adapted method has to be validated, as 

demonstrated here in terms of microbiological testing.
The requirement to test for P. acnes in our protocol 

requires the incubation of samples for 14 days, but de-
pending on the study and its matrix, P. acnes may not 
belong to relevant microorganisms, thus an incubation 
period of 7 days may be sufficient in those cases. This 
again emphasizes the importance of a reasonable compo-
sition of the spectrum of tested microorganisms based on 
a preceding risk analysis.

The use of antibiotics within the culturing media of 
cellular products should be long enough to cover at least 
3 population doublings of the microorganisms of interest 
but as short as possible, in order to limit unnecessary ex-
posure of the recipient of cell products to antibiotics used 
for culturing the ATMP. In the present work the addition 
of antibiotics was limited to the first 8 (±1) days. The sub-
sequent interim cell harvest, the following media ex-

changes (Fig. 2), and the final harvest with resuspension 
of the cells in new media reduced the concentration of the 
remaining antibiotics to clinically negligible values.

When planning a method validation, one should always 
consider that procedural details like preanalytical issues 
(e.g., time frames), inoculation/testing volumes, etc. have 
to be strictly followed once the method is used as a vali-
dated test. Thus, possible practical obstacles at later time 
points – i.e., when the validated procedure has to be fol-
lowed – have to be identified before planning the valida-
tion and have to be considered within the validation plan.

Based on the demonstrated example we emphasize 
that the success of clinical trials critically depends on the 
quality of the investigational medicinal products, not 
only in terms of comparability of data obtained from in-
dividuals subjected to the ATMP, but also in terms of 
 feasibility of the study which may need to be stopped if 
concerns are raised on the safety of the investigational 
product. Thus, the choice of microorganisms for the vali-
dation of the microbiological test should always consider 
all conceivable scenarios and should not be reduced to 
minimal criteria defined in European Pharmacopoiea, 
wrongfully believing to thus save time and effort.
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Table 4. Detailed results from both validation runs for microbiological testing of the indicated microorganisms

Spiked micro-
organism

Specified
microorganism after 
positive
BacT/ALERT
result identical
with spiked microor-
ganism

Matrix I Matrix II Matrix III Matrix IV

Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2

time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1 time
to de-
tect,
days

CFU1

S.aureus yes 1.03 30 0.99 30 1.01 30 1.41 30 0.86 30 1.05 30 0.84 30 0.89 30

B. subtilis yes 0.84 30 0.73 60 3.27 90 2.07 30 0.78 30 0.71 60 0.77 30 0.83 30

B. subtilis yes 0.82 30 0.73 60 3.19 90 1.92 30 0.80 30 0.71 60 0.75 30 0.80 30

P. aeruginosa yes 0.99 30 0.83 60 0.93 30 1.00 60 0.91 30 0.81 60 0.90 30 0.92 30

P. aeruginosa yes 0.94 30 0.85 60 0.96 30 1.01 60 0.92 30 0.82 60 0.89 30 0.88 30

A. brasiliensis yes 2.61 30 2.34 30 2.93 30 2.62 30 2.59 30 2.45 30 1.87 30 1.93 30

A. brasiliensis yes 2.00 30 2.20 30 2.57 30 2.23 30 2.54 30 2.70 30 2.00 30 2.20 30

C. albicans yes 1.86 30 1.32 30 2.13 30 1.62 30 1.96 30 1.35 30 1.13 30 1.18 30

C. albicans yes 1.61 30 1.33 30 2.15 30 1.91 30 1.74 30 1.36 30 1.12 30 1.16 30

S. pyogenes yes 0.74 30 0.81 30 0.80 30 0.75 30 0.73 30 0.78 30 0.74 30 0.78 30

S. pyogenes yes 0.73 30 0.83 30 0.78 30 0.75 30 0.73 30 0.82 30 0.77 30 0.76 30

E. coli yes 0.71 90 0.73 30 0.73 60 0.72 60 0.63 30 0.57 60 0.64 30 0.64 30

E. coli yes 0.74 90 0.74 30 0.81 60 0.70 60 0.62 30 0.54 60 0.66 30 0.64 30

P. acnes yes 12.93 30 9.91 30 10.35 30 8.97 30 10.29 30 8.26 30 7.82 30 6.95 30

P. acnes yes 13.49 30 10.05 30 9.84 30 8.54 30 9.92 30 8.51 30 7.96 30 6.56 30

C. sporogenes yes 0.86 30 1.43 30 0.87 30 0.94 30 1.06 30 1.08 30 0.79 30 1.31 30

C. sporogenes yes 0.85 30 1.20 30 1.05 30 0.97 30 0.91 30 0.99 30 0.83 30 1.26 30

1 Amount of CFU with which the microorganisms were spiked.
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