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Biological Monitoring 



Learning Objectives 

The attandee will be able to 
 Differantiate the biological indicators 
 Describe the use and interpretation of BI 
 Critique the reliability of the short incubation time 

of rapid readout indicators  
 Describe and debate the Sterility Assurance Level 

concept 
 Recognise the impact of excessive condensation 

on sterilization efficacy 
 Analyse the factors effecting sterilization efficacy 

 
 



Routine control of sterilization: Why?  

To detect PROBLEMS of a process IN A 
RELIABLE WAY and IN TIME by 
controlling one or more variables of a 
sterilization process  



Problems 
 A sterilizer malfunction that could account for 

failure to achieve the endpoint 
 A change in the product and/or sterile barrier 

system 
 A change in loading density  
 A change in container/configuration 
 Delayed or inappropriate sterilizer calibration 

and/or routine maintenance  
 Wrong sterilizer process  
 Inappropriate handling of chemical indicator  
 Changes in the utilities supplied to the sterilizer that 

could materially affect cycle execution (pressure, flow 
rate, non-condensable gases in the steam supply, etc.) 
 



ISO 17665-Routine control 



Routine monitoring and control 



ISO 17665 



Biological qualification of a sterilization 
process  

 A sterility assurance level (SAL) of at least 10−6 should 
be demonstrated. 

 When sterilizing heat-stable materials an overkill 
approach is normally utilized 

 Acceptable results for three consecutive cycles of 
either half cycle or full cycle approach are required for 
each type of load 

 The biological indicators used in testing should 
contain heat resistant spores, such as Geobacillus 
stearothermophilus spores and should comply with 
applicable standards 

ISO 17665 



 Biological challenge  

ISO 17665 



When to use BI 

 In the first cycle of sterilizer 
after installation 

 After every big repair of 
sterilizer 

 Routinely once in a week 
 In each cycle including implant 



Biological monitoring of LTS methods 

 According to ISO 11135 chemical indicators can not be 
used as the sole means of establishing sterilization 
process using ETO 

 The only way to prove efficiency of gas concentration 
and exposure time on biological death is biological 
monitoring 

 Every cycle of LTS methods must be monitored with BI 
and load must be released according to the BI result 

 Parametric release with physical and chemical 
parameters is limited 



New biological indicators 

 3M Attest Rapid Readout BI 
1295 & Autoreader 490H 

 Routine monitoring of vaporized 
hydrogen peroxide sterilization 
processes in STERRAD® NX and 
100NX systems  

New FDA approval 



If a BI is positive 

 Check the indicator with negative and 
positive controls 

 Check the cycle parameters 
 Check the load 
 Check the packaging material (esp. For ETO 

and H2O2) 
 Check the sterilizer 
 Inform IC team for the items if they are 

used on the patients 



First generation indicators 

 Spore suspensions inoculated on paper 
strips (log5-6) 

 These strips are placed within a sterile 
liquid medium under aseptic conditions 
following the sterilization cycle 

 Microbial growth = any turbidity in the 
medium 

 Negative result requires an incubation 
period of 24-168 hours  



Second generation indicators 

 Contain the medium required for the 
growth of the spores together with the 
paper strips containing spores (log5-6)  

 No risk of contamination during the 
inoculation of the medium 

 Growth is seen within 24-48 hours by 
way of the visible change of color of the 
medium due to the change of pH as a 
result of growth  



Third generation indicators 

 Rapid readout indicators  
 Log 5-6 
 Capable of giving the results within a short 

period of incubation like 3-10 hours??? 
 Give CSSDs the opportunity of seeing the 

results before the sterilized items are used 
on patients ??? 



Rapid readout indicators that are widely used 

 Attest 1292 Rapid Readout Biologic Indicator 
 (3M, USA)  
 based on showing the alfa-glucosidase enzyme 

produced by the active spore with fluorescent 
radiation  

 within 3 hours 
 

 Bright-Check Rapid Readout Indicators 
 (Etigam, The Netherlands)  
 capable of showing the change of color related to 

pH change  
 within 10 hours 



Super Rapid Readout Indicators 



Question 1: 

Is there a relationship between 
 the number of surviving spores on a 

biological indicator  
and                                          

the overall grow-out time or 
detection time of indicator? 



When sterilization fails 

 Due to the adverse effects of sterilization on 
the spore structure, germination time can 
be delayed  

 Surviving but damaged spores can cause 
prolonged grow-out times 

 Rapid readout biological indicators should 
also be able to detect these cases to ensure 
the efficacy of sterilization process 

Hurst A and Gould GW. The Bacterial Spore 2. 1983  



Aim of the study 

To evaluate the reliability of the short 
incubation time of  these rapid readout 
indicators  

by using a simulative model including 
different numbers of spores 



Inoculation scheme 

Sheep 
blood agar 



Incubation 
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Conclusions from the study  
 The less inoculum is in the indicator the longer 

detection time is achieved for rapid readout 
indicators  

 Minimal incubation time to report negative result for 
both rapid readout indicators cannot be shorter than 
9 hours 

 

  spore germination time (2 h)  

+  
min incubation time (7 h)  



ISO 14161   ISO 17665 
 BIs are used to test 

the effectiveness of a 
given sterilization 
process and the 
equipment used, by 
evaluating microbial 
lethality according to 
the concept of 
sterility assurance 
level 

 
 BIs do not prove if 

the load is sterile! 
 

 A BI is a microbiological 
challenge of known resistance 
that is used to confirm 
sterilization process lethality at 
locations on or in product 
where it is placed.  

 The physical parameters 
measured during the 
sterilization process must be 
used to verify that the defined 
sterilization process has been 
carried out  



SAL concept 



Elimination of microorganisms  

 A time-dependent process 
 Influenced by  
 the intensity of treatment  
 the initial microbial contamination level 

 Effect of some risks in CSSD 
 non condensable gases 
 improper cleaning  
 excessive condensate  
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Do we increase our 
mistakes with it ??? 

Question 2: 



 The heavier our sterilization packs are, the 
more condensate we are generating at 
heating up 

 If this condensate is trapped into 
sterilization pack it does not gain 
temperature as fast as surfaces that are not 
in the condensate 

 

Excessive condensate  



Difference in F value  

Condensate (green) 

Without condensate 

(red) 

Up to: 

-60% 
…at short cycles 

Effect of excessive condensate on 
sterilization efficacy 



Materials and methods 
 Preparation of Geobacillus 

stearothermophilus (ATCC 
7953) spores from 105 to 109 

 Inoculation of nuts 
 Steam sterilization 
 Device for generation of 

condensate 
 Culture and incubation  
 Microbiological results 
 Electron microscopic 
    evaluation 

 
 



 

Spore production 
(Writz-Conklin staining) 

Photo by Dr. Duygu Perçin 



Bolted nuts 

Photo by Peter Kozin 



Bolted nuts 

Spore inoculation 

bolt 

washer 

nut 



Steam sterilization aparatus and cycle  
Steam sterilizer 
Getinge Ge336c 
 
Validated cycle 
-Temperature 135,5oC 
-3 transatmospheric pulses 

for air removal 
-Different holding times 
-Short vacuum drying time 
 



Device for production 
of condensate during 
sterilization cycle 

Photo by Peter Kozin 



 

Photo by Peter Kozin 



Transfer into broth 
and incubation 



Turbidity in broths in 72 hours Photo by Duygu Perçin 



 

Gram staining of turbid broth 

Photo by Duygu Perçin 



STEP 1: Results of bolted nuts inoculated 
with 109 spores 

Sterilization 
time 

Sample size Cycle (134oC) Growth 

3 min 6 correct + 

6 condensate + 

4 min 6 correct + 

6 condensate + 

5 min 6 correct + 

6 condensate + 



STEP 2: Results from bolted nuts with 
less load and metal plates (2cm2) 

Sterilization time Cycle (1340C) Sample size / type / load Growth 
3 min Correct 6 / Screws / 106 No 

Condensate 6 / Screws / 106 No 
3 min Correct 2 / Screws / 107 No 

Condensate 4 / Screws / 107 No 
4 min Condensate 4 / Screws / 107 No 
3 min Correct 6 / Plates / 106 No 

Condensate 6 / Plates / 106 No 



STEP 3: Effect of condensation and sterilization 
time on bolted nuts carrying 109 spores 

Sterilization time Cycle (134oC) Growth 

7 min Correct No 

Condensate Growth + 

10 min Correct No 

Condensate Growth + 

18 min Correct No 

Condensate Growth + 
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EVEN IF WE 
PROLONG THE 

CYCLE WE ALSO 
INCREASE OUR 

MISTAKES 
TOGETHER WITH 

IT 

STERILIZATION EFFICACY AT 134oC; WHAT IS GOING ON? 



STEP 4: Effect of inoculum (sterilization in 
134oC for 3 min) 

Inoculum Cycle Result 

24 h 48 h 72 h 
105-106-107 Correct No No No 

Condensate No No No 

108 Correct No No No 
Condensate No No Yes 

109 Correct No Yes Yes 

Condensate Yes Yes Yes 



G.stearothermophilus 
before sterilization 

Photo by Duygu Perçin 



109 
condensate 

Photo by Duygu Perçin 



109 without 

condensate 

Photo by Duygu Perçin 



108 
condensate 

Photo by Duygu Perçin 



No growth 

108 without 

condensate 

Photo by Duygu Perçin 



 

G.stearothermophilus 
before sterilization 



 

109 
condensate 



 

109 without  

condensate 



 

108 
condensate 



Log Reduction 
 

3 

Theoretical curve shows fast 
reduction with app. one 
decade (90%) every 6 
seconds 

As far as we could have confirmed, 
slope of reduction curve of biological 
indicators and items with simple to 
sterilize shape, is not affected by 
excessive condensate phenomena. It 
seems that slope is identical to 
theoretical curve. 

If instruments with 
difficult structure 
are immersed in 
condensate, it 
seems that we are 
unable to sterilize 
them if bioburden 
is higher than 108  
CFU 

108 
109 

106 

1030 

6 9 18 

Reduction at 134 oC 



Conclusions from the study  
 Inoculum has a big effect on sterilization 

efficacy 
 impresses the importance of cleaning 

 Condensation lowers the sterilization 
efficacy 
 impresses the importance of proper loading of 

packs and sterilizer 
 Instrument shape has a big impact on 

sterilization efficacy 
 impresses the importance of challenging 

structure of instruments and packaging 
 





STERRAD NX (ASP, USA) 
28 min standard cycle  
1 – 2 – 3 – 4 injections 
 



Results 



In conclusion 

 108 spore concentration is a breakpoint for both steam and 
H2O2 gas plasma sterilization methods 

 

 Theoretical mathematical models are not applicable on high 
inoculum of microorganisms equal to or more than 108 

 

 Biological load difference is huge! 
 106 = 1.000.000 
 107 = 10.000.000 
 108 = 100.000.000 
 109 = 1.000.000.000 

 

 SAL concept is questionable… 
 

 Impact of BI (~106 spores) to approve SAL concept is even 
more questionable! 
 



 
 
 
 

If you have positive BI it means you might 
be in trouble! 

 
If you have negative BI it doesn’t mean that 

you might be at ease! 
 

It will be of value in sterility assurance only  
- if it is used and interpreted correctly,  

- if the  user takes appropriate action in response to the results 
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