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Abstract
Introduction: The European Pharmacopoeia (Ph. Eur.) pro-
vides principles for microbiological testing of tissue prepa-
rations. According to the Ph. Eur., tests should be performed 
at different temperatures for detection of aerobic bacteria 
and fungi (20–25  ° C) vs. anaerobic bacteria (30–35  ° C). Semi-
automated systems using blood culture bottles are already 
widely used and they are adequate for growth detection. 
Resin-containing bottles and the addition of penicillinase 
permit testing of culture media containing antibiotics. Ma-
terials and Methods: At 3 temperatures (21, 30, and 35  ° C) 
cornea culture media with and without dextran (CM II and 
CM I) and thermal disinfected femoral head medium (FH) 
were spiked with the 6 reference strains recommended by 
the Ph. Eur. (additionally: Enterococcus faecalis, Staphylococ-
cus epidermidis, and Cutibacterium acnes). Microbial growth 
was monitored with the BACTECTM FX unit or visually at 
21  ° C. Results: Growth for all strains was detected with each 
medium at all 3 temperatures, except for C. acnes at 21  ° C 
(all media) and 30  ° C with FH. C. acnes had the highest times 
to detection, requiring test durations of 14 days. Microbial 
growth was faster at 30 and 35  ° C compared to 21  ° C. Con-
clusion: The requirements according to the Ph. Eur. for  
a successful method suitability test could be fulfilled for  
the semiautomated blood culture bottle system with the 
BACTECTM FX unit for the media and microorganisms used. 

In the presented validation study 35  ° C was shown to be the 
incubation temperature with the fastest growth, of the ma-
jority of the test strains used, and complete detection with-
in 14 days. © 2020 S. Karger AG, Basel

Introduction

Human tissue preparations are often used for replace-
ment of tissue defects and need to fulfill high quality stan-
dards to be released for transplantation [1]. Microbiolog-
ical contamination of the transplanted tissue is a potential 
risk factor for serious complications for the recipient [2] 
and may, as a worst case scenario, end in the recipient’s 
death [3, 4]. Since many tissue preparations contain vital 
cells they cannot be subjected to terminal sterilization 
treatment by physical or chemical methods without im-
pairing the unique properties.

To minimize the risk of microbiological dangers, many 
regulations are in place for the procurement of tissue 
from living and postmortem donors. Rules for donor ac-
ceptance are specified, blood testing for infectious dis-
eases is obligatory, and tissue harvesting and processing 
methods should be done aseptically. Some tissues are ex-
posed to antibiotics in a decontamination process in the 
tissue bank, which poses the threat of microorganisms 
surviving this process but not being detected by postde-
contamination microbiological testing.

In recent decades, microbiological testing of tissue 
preparations has become obligatory. The use of blood 
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culture bottles has been established and advanced as a 
standard procedure not only in the clinical routine but 
also during tissue processing [5–8]. In Germany, phar-
maceutical laws mandate quality controls for all tissue 
preparations, and in Europe specifically microbiological 
testing should be done according to the European Phar-
macopoeia (Ph. Eur.) and the guidance of the European 
Directorate for the Quality of Medicines (EDQM). The 
test methods used must be validated and adequate for the 
precise procedures used on the tissue. They are described 
in Ph. Eur. chapter 2.6.27. In order to test for relevant an-
aerobic and aerobic bacteria as well as fungi, the use of 
different incubation temperatures for maximum of sen-
sitivity is recommended [9, 10]. Modern semiautomated 
systems work in temperature ranges above 30  ° C; there-
fore a second system is needed to conduct testing at a 
lower temperature. This study investigated validation of 
microbiological testing of tissue preparations according 
to the Ph. Eur. at different incubation temperatures.

Materials and Methods

Test Media
The following solutions were tested:
Cornea organ culture medium (CM I) (P04-09701; PAN-Bio-

tech, Aidenbach, Germany): modified Eagle medium (MEM) with 
Earle salts, 2% fetal bovine serum, penicillin G (62.5 µg/mL), strep-
tomycin (100 µg/mL), and amphotericin B (2.5 µg/mL)

Cornea organ culture medium with dextran (CM II) (P04-
09702; PAN-Biotech): MEM) with Earle salts, 2% fetal bovine se-
rum, penicillin G (62.5 µg /mL), streptomycin (100 µg/mL), am-
photericin B (2.5 µg/mL), and 6% dextran 500 (as it is used for 
detumescence of organ-cultured corneas) 

Femoral head medium (FH): Ringer solution (2610813; Frese-
nius Kabi GmbH, Bad Homburg, Germany) containing 6.5 g NaCl, 
0.42 g KCl, 0.25 g CaCl2 2H2O, and 1 mol NAHCO3 dissolved in  

1 L of distilled water. The Ringer solution was used for thermal 
disinfection of femoral heads with the Marburg Bone Bank System 
Lobator SD-2 (Telos GmbH, Marburg, Germany) after standard 
processing in our tissue bank as described before [11], tested for 
sterility, and preserved at –20  ° C until usage for testing.

Culture Bottles
BD BACTECTM plastic blood culture bottles for clinical as well 

as industrial use and the automated test system BACTECTM FX 
were used (Becton Dickinson and Company, Sparks, NV, USA). 
For cornea organ culture medium with and without dextran we 
used BACTECTM Plus Aerobic/F and Anaerobic/F bottles which 
contain nonionic adsorbing and cationic exchange resins that in-
activate antibiotics [12] with the addition of 1 ml of BBLTM penicil-
linase concentrate (211899; Becton Dickinson). One milliliter of 
enzyme is sufficient for inactivation of 1 × 107 IU penicillin G. Our 
own investigations [unpubl. data] showed insufficient reduction 
of penicillin by the resins alone. For FH the BD BACTECTM Stan-
dard Aerobic/F and Anaerobic/F bottles were inoculated.

Test Strains
The following microbial strains were used as recommended for 

validation by the Ph. Eur.: Staphylococcus aureus, Pseudomonas 
aeruginosa, Bacillus subtilis, Candida albicans, Aspergillus brasil-
iensis, and Clostridium sporogenes. Cutibacterium acnes (formerly 
Propionibacterium acnes), S. epidermidis and Enterococcus faecalis 
(Table 1) were chosen additionally because of their relevance for 
the tissue processed in our multitissue bank. All strains were ob-
tained from Becton Dickinson. 

Inoculum Preparation
Lyophilized pellets were rehydrated on Columbia agar plates 

with sheep blood plus (CBA, PB5039A; Oxoid, Wesel, Germany) 
and Sabouraud dextrose agar plates (254039; Becton Dickinson) 
and grown under optimal growth conditions according to the man-
ufacturer’s instructions (Table 1). The cultures were visually con-
trolled for pure growth and the typical morphology of the colonies 
and resuspended in isotonic saline solution. Concentrations were 
adjusted to a turbidity of 1.0 according to the McFarland turbidity 
standard using a DEN-1 McFarland densitometer (Biosan, Riga, 
Latvia), which equates to a CFU of 3 × 106/mL for C. albicans and 

Table 1. Test strains, growth conditions for initial cultivation of the lyophilisates, and CFU of the diluted straines 
used for inoculation of the blood culture bottles

Strain ATCC No. Growth conditions CFU/100 µL

Aerobic bacteria
S. aureus1 ATCC 25923 CBA, overnight 45
P. aeruginosa1 ATCC 9027 CBA, overnight 41
B. subtilis1 ATCC 6633 CBA, overnight 32
S. epidermidis ATCC 12228 CBA, overnight 21
E. faecalis ATCC 51299 CBA, overnight 47

Anaerobic bacteria 
C. sporogenes1 ATCC 19404 CBA, 3 days 26
C. acnes ATCC 6919 CBA, 5 days 54

Fungi
C. albicans1 ATCC 10231 SDA, overnight 34
A. brasiliensis1 ATCC 16404 SDA, 9 days 10

1 Recommended for validation by the Ph. Eur. CFU, colony-forming units.
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3 × 107/mL for the other strains, except A. brasiliensis. Dilutions 
were prepared with saline solution to 300 CFU/mL. One hundred 
microliters of this concentration were added to the blood culture 
bottles to obtain a spiking of 10–100 microorganisms. For A. brasil-
iensis, which cannot be prepared according to McFarland, an area 
of 2 cm2 of fungal growth presenting a fruiting body and mycelium 
was taken from the agar plate, resuspended in 10 mL of saline solu-
tion, and diluted by a factor of 10–4. The CFU was verified by plat-
ing 100 µL of each strain on agar plates (Table 1). The used test 
media were monitored for sterility at the end of each preparation. 

Preparation of Test Bottles
At first 6.5–9.5 mL of the test medium were injected into the 

blood culture bottles, depending on the manufacturer’s recom-
mendations for the optimal volume in the different bottle types 
(Table 2). For BACTECTM Plus Aerobic/F and Anaerobic/F bottles 
1 mL of the ready-to-use penicillinase was added additionally and 
the bottles were incubated for 1 h at room temperature (RT). For 
negative controls only the respective test medium with the addi-
tion of penicillinase was transferred into the bottles; for positive 
controls instead of test media saline solution (0.9% NaCl Ecotain-
er at 1,000 mL; B. Braun Melsungen AG, Melsungen, Germany), 
and for “Plus bottles” also penicillinase, was added. All bottles ex-
cept for the negative controls were spiked with 100 µL of the di-
luted test strain. All preparations were done in duplicate and under 
aseptic conditions in a grade A laminar airflow cabinet (Hera Safe 
HS 15; Kendro Laboratory Products GmbH, Hanau, Germany) 
under controlled conditions at 21.0 ± 1.5  ° C with no other activity 
conducted at the same time. Due to ongoing delivery problems 
with penicillinase, one duplicate of the strains S. aureus, A. brasil-
iensis, and C. sporogenes was incubated with penicillinase; the oth-
er bottle was incubated without penicillinase. As expected, this had 
an immense impact on the results for S. aureus and no effect at all 

for A. brasiliensis and C. sporogenes. However, to follow the study 
protocol and good scientific practice, none of the results of the du-
plicates (of these strains) was included in the data for this paper.

Following the inoculation, 2 groups of test bottles were placed 
into the BACTECTM FX unit at 30.0 ± 1.5  ° C and 35 ± 1.5  ° C and a 
third group was left at RT (21.0 ± 1.5  ° C) with constant agitation 
for incubation. The BACTECTM FX unit uses a CO2/fluorescin 
method for constant automated reading. The bottles were left in 
the BACTECTM FX unit until detection of microbiological growth 
was recorded automatically or for a maximum of 16 days. The time 
point of microbiological growth was recorded automatically and 
later evaluated and calculated in minutes after insertion into the 
BACTECTM FX unit. The bottles incubated at RT were macroscop-
ically controlled twice per working day, and once a day on the 
weekend, for a maximum of 16 days. When microbiological 
growth was visually detected, the timespan was recorded and later 
evaluated in hours after first start of agitation.

Through subculturing on CBA or Sabouraud dextrose agar 
plates the pure culture and typical morphology of the colonies 
were proven for all positive blood culture bottles and the identity 
of the microorganism was verified by an independent laboratory 
(Labor Berlin, Berlin, Germany). All negative test bottles were ex-
amined in the same way to prove the absence of microorganisms 
(plating of 100 µL per bottle and incubation of the agar plates for 
2–5 days before evaluation, depending on the test strain).

Results

All of the results are shown in Figure 1–3, indicating 
the time to detection (TTD) of microbial growth in hours, 
either identified by the automated BACTECTM FX unit 

Table 2. Preparation of test bottles.

Test bottle BD BACTECTM bottle Medium Volume, 
mL

Enzyme1, 
mL

Test strain, 
µL

CM I/II aerobic Plus Aerobic/F CM I/CM II 8.5±0.5 1 100
CM I/II anaerobic Plus Anaerobic/F CM I/CM II 8.5±0.5 1 100
FH aerobic Standard Aerobic/F FH 9.5±0.5 – 100
FH anaerobic Standard Anaerobic/F FH 6.5±0.5 – 100

Negative controls
(–) control aerobic CM I/II Plus Aerobic/F CM I/CM II/

saline solution
8.5±0.5 1 –

(–) control anaerobic CM I/II Plus Anaerobic/F CM I/CM II/
saline solution

8.5±0.5 1 –

(–) control aerobic FH Standard Aerobic/F FH/saline solution 9.5±0.5 – –
(–) control anaerobic FH Standard Anaerobic/F FH/saline solution 6.5±0.5 – –

Positive controls
(+) control aerobic CM I/II Plus Aerobic/F saline solution 8.5±0.5 1 100
(+) control anaerobic CM I/II Plus Anaerobic/F saline solution 8.5±0.5 1 100
(+) control aerobic FH Standard Aerobic/F saline solution 9.5±0.5 – 100
(+) control anaerobic FH Standard Anaerobic/F saline solution 6.5±0.5 – 100

The test bottles are named after their injected medium or as controls for the corresponding medium. Culture media I and II contain 
antibiotics and are injected in aerobic and anaerobic BD BACTECTM Plus bottles and penicillinase is added. The femoral head medium 
is injected in aerobic and anaerobic standard bottles without resins. The manufacturer’s recommendations for the addition of test me- 
dia are: 8–10 mL for Plus Aerobic/F, Plus Anaerobic/F, and Standard Aerobic/F bottles and 5–7 mL for Standard Anaerobic/F bottles. 
(–) negative; (+) positive. 1 Penicillinase 1 mL inactivates 1 × 107 IU penicillin G.
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(30 and 35  ° C) or individually by a person for RT. In each 
graph results are shown for all strains and a single test 
medium, with bars indicating the TTD at RT (grey), 30  ° C 
(blue), and 35   ° C (red), followed by the corresponding 
positive controls in the same order. 

All positive controls showed confirmed pure culture 
growth with saline solution instead of the test media at 30 
and 35  ° C with the BACTECTM FX unit. At RT for all me-
dia the positive controls for C. acnes showed no growth 
within 16 days. Overall, the TTD for the positive controls 
was similar to all test media for every microorganism 
(shown in Fig. 1–3). All negative controls remained ster-
ile for 16 days and showed no growth on agar plates there-
after (data not shown). 

In the presence of CM I, all test strains were detected 
at all temperatures, with the exception of C. acnes at RT. 
The TTD was shortest at 35  ° C, delayed at 30  ° C and even 
later at RT for 7 out of the 9 strains. C. albicans was de-
tected at comparable time points at 35 and 30  ° C and only 
a little later at RT. C. acnes was detected first at 30  ° C and 
later at 35  ° C. For the positive controls the chronology for 
the detection of microbial growth was similar and also the 
TTD was comparable (shown in Fig. 1). 

For incubation with CM II the results are almost iden-
tical to the results with CM I. The same 7 test strains grew 
fastest at 35  ° C and more slowly at 30  ° C, and detection 

was delayed at RT. C. acnes and C. albicans had their 
shortest TTD at 30  ° C and grew more slowly at 35  ° C. C. 
albicans was detected at similar time points at 35  ° C and 
RT. No growth was detected for C. acnes at RT. The cor-
responding positive controls showed similar time pat-
terns (shown in Fig. 2). 

For the FH all test strains except for C. acnes were de-
tected first at 35  ° C, later at 30  ° C, and last at RT. The 
positive controls showed comparable TDD. C. acnes was 
only detectable if incubated at 35  ° C. There was no growth 
at 30  ° C with FH, although C. acnes was detectable in the 
positive control at 30  ° C (shown in Fig. 3).

With all 3 media S. epidermidis showed a more than 5 
times higher TTD at RT compared to 30 and 35  ° C. The 
averages (±SD) of all registered TTD for all 3 test media 
combined are 106 h (±69.77) for RT, 45.17 h (±49.39) for 
30  ° C, and 50.02 h (±72.56) for 35  ° C. When no growth was 
detected the test strain was not included in the calculation.

Discussion/Conclusion

In our study we compared different temperatures for 
microbiological testing and 3 different media, which un-
dergo testing on a frequent basis in our multitissue bank. 
CM I and CM II are used for cultivation of postmortem 

Fig. 1. TTD of the test strains with organ cornea culture medium without dextran (CM I) in hours. Results at RT 
and 30 and 35  ° C with the corresponding positive control, i.e., (+) Co, afterwards are shown for each strain. TTD 
is given as an average of the duplicates ± SD. * No growth detected after 16 days (384 h).
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Fig. 3. TTD of the test strains with FH in hours. Results at RT and 30 and 35  ° C with the corresponding positive 
control, i.e., (+) Co, afterwards are shown for each strain. TTD is given as an average of the duplicates (± SD). 
* No growth detected after 16 days (384 h).

Fig. 2. TTD of the test strains with organ cornea culture medium with dextran (CM II) in hours. Results at RT 
and 30 and 35  ° C with the corresponding positive control, i.e., (+) Co, afterwards are shown for each strain. TTD 
is given as an average of the duplicates ± SD. * No growth detected after 16 days (384 h).
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donated corneas. Studies have shown that donor corneas 
are significantly contaminated with microorganisms due 
to multiple reasons even after disinfection of the whole 
globe [13]. Therefore, antibiotic treatment is a helpful 
method to reduce the risk for the recipient [14]. But with 
antibiotic treatment the risk must be considered that 
some microorganisms may survive decontamination but 
are not detected by postdecontamination microbiological 
testing, thus creating a false-negative result. This creates 
further challenges of complete antibiotic inactivation 
while the microbiological testing is done.

Femoral head solution is created in a terminal steril-
ization process on tissue harvested from living donors. 
Thus, the initial contamination rate is very low [15]. The 
donated femoral head is put into Ringer solution and dur-
ing an interval of 94 min a heat decontamination process 
takes place. After this process many substances which are 
physiologically inside the femoral head will be dissolved 
in Ringer solution. When the femoral head solution is 
microbiologically tested it already has a strong turbidity, 
which hampers the performance of multiple microbio-
logical test systems [10]. 

Blood culture bottles are an established microbiologi-
cal test system with the advantage of automated growth 
detection and the option to use culture bottles containing 
resins for inactivation of antibiotics [16]. Therefore, a 
wide range of fluids can be tested. Sterility controls of cor-
nea organ culture media have been evaluated and vali-
dated in the past, and studies recommend the addition of 
penicillinase for sufficient inactivation of antibiotics [8]. 

In our study for each test medium all microorganisms 
were detected at a single temperature, which underlines 
the suitability and safety of the test system for microbio-
logical control. In cornea organ culture medium without 
dextran (CM I), growth of all strains could be detected 
within 10 days at 30  ° C and within 13 days at 35  ° C, with 
C. acnes being the main reason for the difference. The 
other 8 strains were detected within 3 days at both tem-
peratures. The positive controls showed almost exactly 
the same results as the bottles spiked with CM I. Obvi-
ously, the culture medium has no negative influence on 
the growth of microorganisms and deactivation of the an-
tibiotics was successful. 

Cornea organ culture medium with dextran (CM II) 
has the same properties as CM I with the addition of 6% 
dextran. The detection of all microorganisms was suc-
cessful within 8 days at 30  ° C and within 13 days at 35  ° C, 
again with C. acnes being the reason for the difference. All 
other strains were detected within 3 days, except for a 
single blood culture bottle spiked with C. albicans at 35  ° C 
with a TTD of 78.5 h. All of the results for CM II are very 
similar to those for CM I. Dextran does not seem to have 
an influence on bacterial growth or interact with antibiot-
ics or penicillinase in a relevant dimension.

In the case of FH, we expected that the initial turbidity 
might have an influence on the outcome. To detect mi-
crobial growth at the earliest possible point of time, the 
clarity of the medium is an essential factor. Some micro-
organisms can be macroscopically detected while others 
increase the turbidity of the medium. But with an already 
high turbidity the detection of microbial growth is essen-
tially more complicated in any case. Microbial growth 
could be detected for all strains at 35  ° C within 9 days. At 
RT and 30  ° C no growth of C. acnes was detected within 
16 days. The TTD for each strain and each temperature 
was similar to the values for the positive controls execut-
ed with saline solution. The BACTECTM FX unit was not 
compromised by the initial turbidity, as it has no influ-
ence on the CO2/fluorescein method.

The results for all3 test solutions are similar. C. acnes 
is known to grow slowly and was for each medium the 
strain that was most difficult to detect. In general, the se-
lected strains showed a longer TTD at RT and faster as 
well as more thorough, regarding C. acnes, detection at 
the warmer temperatures 30 and 35  ° C.

In 2015 Thomasen et al. [8] evaluated a new protocol 
for sterility controls of corneal culture medium and dem-
onstrated detection times for P. aeruginosa, B. subtilis, S. 
aureus, C. sporogenes, C. acnes, and C. albicans in CM I 
using the BacT/Alert system. Thomasen et al. [8] used 
22  ° C for aerobic microorganisms and 32  ° C for anaero-
bic, mesophilic microorganisms. Noticeable are the TTD 
for aerobic organisms. They are mostly similar to the 
TTD at RT in our study, which were all surpassed with 
shorter TTD at 30 and 35  ° C. The growth detection for 
fungi by Thomasen et al. [8] is again comparable to our 
results at RT. For C. albicans TTD at 30 and 35  ° C are in 
the same range; for A. brasiliensis the TTD at the warm 
temperatures were only half as long.

In 2012 Schroeter at al. [7] validated the BACTECTM 
FX unit for tissue preparations testing the 6 strains rec-
ommended by the Ph. Eur. The inoculated blood culture 
bottles were incubated for 12 h at 20 ± 4  ° C and afterwards 
transferred into the BACTECTM FX unit at 35 ± 1 ° C. The 
results are earlier TTD for FH (Ringer), CM I, and CM II. 
The initial incubation of 12 h was not added to the pre-
sented TTD in the results of this study. Considering this 
information, the TTD for all media are comparable to the 
results we present. Noticeable in that study was that, 
while working with resin-containing blood culture bot-
tles but without penicillinase, S. aureus showed no growth 
in the presence CM I and CM II. This underlines the need 
for additional penicillinase when working with cornea 
medium containing antibiotics.

There certainly are many microorganisms that have 
their optimal growth, and thus optimal detection, at low-
er temperatures, but the selected strains included all 
strains recommended by the Ph. Eur. They already show 
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a broad bandwidth of microbial diversity with aerobic 
and anaerobic bacteria as well as fungi, and they are most 
relevant regarding a possible contamination of human 
tissue. Furthermore, bacteria were included in this study 
because of their relevance for eye infections and postop-
erative infections and their overall relevance for contam-
ination in hospitals. Other bacteria that might be present 
on the tissue of interest and are not being detected while 
performing microbiological testing are probably not of 
high clinical relevance after transplantation of the tissue 
[17, 18]. Otherwise past and current studies would have 
identified these microorganisms, as occurred, e.g., with 
the herpes virus for corneal tissue transplants [19–21]; 
posttransplantation infections would be of a much higher 
relevance. 

Also tissue donors are screened for infections of the 
tissue that might be donated, and a possible infection is 
always a contraindication for tissue donation. The micro-
bial spectrum that is most commonly seen in eye infec-
tions, conjunctivitis, or osteomyelitis differs from the mi-
crobial spectrum of this study. It might be interesting to 
test other strains for the optimal growth temperatures for 
clinical purposes, especially as infections of the eye arise 
at lower temperatures than body temperature. 

Testing at a single temperature might have more ad-
vantages. The tests carried out at 30 and 35  ° C were per-
formed by the semiautomated BACTECTM FX unit. The 
automated detection with constant surveillance of the 
blood culture bottles guarantees objectivity on the deci-
sion for positive growth at the earliest possible time and 
the “human factor” becomes minimized as a possible 
threat for the tissue’s safety. In Germany, the majority of 
the more than 20 tissue banks working with thermal dis-
infected femoral heads and more than 20 tissue banks cul-
turing corneas belong to hospitals. To provide the pa-
tient’s diagnostic routine in these hospitals, the proper 
laboratories are already equipped with automated sys-
tems working at temperatures between 30 and 37  ° C so 
that the tissue banks can profit by these systems.

In the presented validation study 35  ° C was shown to 
be the temperature with the fastest growth of the major-
ity of microorganisms within 14 days. From our data, we 

conclude that the requirements for a successful method 
suitability test are fulfilled for the semiautomated blood 
culture bottle system with the BACTECTM FX unit for the 
media and test strains used. It must be kept in mind that 
the method for microbiological testing in a tissue bank 
should be best suited not only for the detection of Ph. Eur. 
test strains but also for the detection of other relevant mi-
crobial contaminants. Therefore, one incubation condi-
tion may not be best suited for microbiological control 
testing of different tissues, as the spectra of contaminants 
may vary. In general, test conditions should be as broad 
as possible to suite the worst-case scenarios, which may 
change over time and must be constantly reassessed. For 
instance, fungal contaminants of the cornea, which are 
important in endophtalmitis or keratitis, frequently dis-
play growth at 25  ° C but grow slowly or cease to grow at 
elevated temperatures. More studies are needed to further 
optimize the microbiological testing of tissue prepara-
tions regarding improved patient safety.
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