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What You Need to Know

Bioburden

Bioburden

Bioburden



Why is the Bioburden so 
Important?

“For effective validation and control of a 
sterilisation process, we must be aware of the 
microbiological challenge that is presented in 
the process, in terms of number, characteristics 
and properties of microorganisms”

ISO 11737-1 Sterilisation of medical devices

-Microbiological methods-

Part 1:

Determination of a population of microorganisms on 
products



Sterilisation Process 
Validation

• Two Approaches:

Overkill Approach: Demonstrate a log 12 kill 
of a resistant organism and it is assumed that 
the SAL is at least 10-6 . Not all products can 
withstand this approach.

Bioburden Approach: Demonstrate that the 
process achieves SAL of 10-6 using the 
bioburden of the item to be sterilised

eg VDmax
25 Substantiation



What is Involved?

• Sampling and Product Selection

• Bioburden Testing

• Bioburden Validation

• Sterility Testing

• Sterility Validation

• An example from ISO 11137-2 using the 
procedure for Method VDmax

25 for single 
production batch

• Where it can go wrong



Selection of Product

• Procedures for selection and handling of product shall 
ensure selected product is representative of routine 
production, including packaging

• If products are grouped, the rationale shall be documented. 
The rationale shall include criteria to ensure that bioburden
determined for a product selected from the group is 
representative of the whole group

• Consideration shall be given to the timing of the bioburden
testing relative to the timing of taking samples, because 
bioburden determination can be subject to change with 
the passage of time

• A facsimile may be used provided it representative

• Products can be pooled if bioburden levels are required to 
be very low eg low dose gamma irradiation, however doing 
this may lead to underestimating bioburden or missing 
spikes on individual products – thought must given to the 
distribution of bioburden on the product.



Sample Item Portion (SIP)
• May be used only if bioburden is evenly 

distributed. It must be random and 
proportionally represent all materials

• Alternatively may be selected on a worst case 
scenarioBasis SIP Product

Surface area Implants (non absorbable)

Mass Powders
Gowns
Implants (absorbable)

Length Tubing

Volume Fluid in water cup



Stages of Bioburden Testing

• Selection of appropriate method

• Removal of microorganisms

• Culturing of microorganisms

• Enumeration of microorganisms

• Characterisation of bioburden

• Validation of method for determining bioburden

• Routine determination of bioburden an 
interpretation of data

• Maintenance of the method of determination of 
bioburden

• Changes to method

• Revalidation of the method



Selection of Method



Enumeration 
Techniques

• Most commonly used is Membrane Filtration (MF)

• Post removal, the elution now containing 
microorganisms is filtered (under vacuum) through a 
sterile 0.45µm pore sized membrane filter, the filter is 
then transferred onto agar for incubation

• The main advantage is that large volumes can be 
filtered, therefore reducing the need to use an SIP

• Other techniques such as pour plates, spread plates, 
swabbing, contact plates, agar overlays and MPN’s 
can be used if MF is not suitable



Selection of Culture 
ConditionsTypes of 

microorganisms
Solid media Liquid media Incubation Conditions

Facultative,
Non fastidious, 
aerobic bacteria

Tryptone soya agar
Nutrient agar
Blood glucose base
Glucose tryptone
agar

Tryptone soya 
broth
Nutrient broth

30oC to 35oC 
For 3-7 days

Yeats and molds Sabouraud
dextrose agar
Malt extract agar
Rose bengal agar
Tryptone soya 
broth
Potatoe dextrose 
broth

Sabouraud
dextrose broth
Malt extract broth
Tryptone soya 
broth

20oC to 25oC
For 5-7 days

Anaerobic bacteria Reinforced 
clostridial agar
Pre-reduced blood 
agar

Robertson’s 
cooked meat broth
Fluid thioglycollate
broth

30oC to 35oC 
For 3-7 days



• Helps us understand where the bioburden is 
coming from and how great the microbial 
challenge is to our sterilisation process

• Phenotypic approach
• Microscopy

• Gram or Spore Staining

• Growth on enrichment, selective, differential or 
characteristic media

• Biochemical test (Rapid Test Methods)
• Matrix Assisted Laser Desorption Ionization Time of Flight 

(MALDI-TOF)

• Genotypic approach
• RiboPrinter™

• MicroSEQ®

Characterisation of Bioburden



Accuracy



Validation of Bioburden
Method

• Two approaches:

1) Use the natural bioburden and apply a 
repetitive or exhaustive extraction. Repeat 
extraction process until little or no 
additional bioburden is removed in each 
extraction portion.

2) Use spore inoculation method if natural 
bioburden is low (<100cfu/device).

• These studies lead to a correction factor that 
is then applied to correct the data obtained 
from the routine method.



Example using inoculated 
product

• Product screening showed bioburden
<100cfu/device

• Product is inoculated with 100 cfu of Bacillus 
atrophaeus

• Product is extracted and 80 cfu are recovered 
from extraction procedure

• The correction factor for recovery efficiency 
was therefore:

100/80 = 1.25*

* Tested in triplicate – average values used



Test of Sterility
not to be confused with a Sterility Test

• Specifically used in sterilisation process 
validation of medical devices

• Uses only one media – non selective, nutrient rich 
eg TSB. Incubated for 14 days at 28-30OC.

• Products cannot be pooled, 10 individual products 
must be tested. At least 9 out of 10 products 
should show no growth. If there are more than 2 
growths then further investigation is required.  

• Tests for contamination of a product with aerobic 
and aero tolerant mesophilic bacteria and fungi 
that can grow in TSB.

• Test is generally validated by stasis testing at the 
end of the incubation period.



Control of Test of Sterility

• Cleanroom facility:

- Testing in Grade A LAF in a Grade B 
background

- staged entry into room (personnel and 
materials)

• Disinfection of incoming samples, qualified 
facility and equipment, prefer single use and 
sterile items

• Appropriate garments

• Operator training and qualification

• Negative controls must simulate testing 
manipulations



Worked Example: VD max
25

Substantiation
Term Valu

e

Comment

Stage 1

SAL 10-6 This method substantiates 25kGyas a sterilization dose to 

achieve an SAL of 10-6

SIP 0.5 The product was too large to be tested in its entirety, so a half 

portion was tested

Number of 

product items

40 10 from each of 3 batches for bioburden determination plus 10 

for the verification dose experiment

Stage 2

Overall SIP 

average 

bioburden

59 SIP bioburdens of 50, 62 & 65 were observed for the 3 batches 

testedfor an overall SIP average bioburden of 59

Overall 

average 

bioburden

118 The average bioburden for the entire product of each of the

batches is calculated :

50/0.5 = 100

62/0.5 = 124

65/0.5 = 130

av = 118*

*None of the individual bioburdens was twice the overall average 

biobiburden of 118, therefore the overall bioburden is used to calculate 

the verification dose.



VD max
25 Substantiation 

Example cont’d
Term Value Comment

Stage 3

Verification

dose

8.1 kGy Use Table 9 to obtain the verification dose. A bioburden of 118 is 

not listed in the table, so the next higher bioburden value of 120 

is used. The VDmax
25 dose for an SIP of 0.5 is calculated using 

the following equation:

SIP VDmax
25 = 

(SIP = 1 VDmax
25 ) + (SIP dose reduction factor x log SIP [Equation 

(10)]

SIP VDmax
25 = 9.0 kGy + (2.91kGy x log 0.5) = 8.1 kGy

Stage 4

Results of

Tests of 

Sterility 

0

positiv

es

Highest dose to any items was 8.7 kGy and the arithmatic mean 

was 7.9 kGy. The doses delivered to the product items were 

within the specified range.

Sterilization 

dose

25 kGy The test of sterility results were acceptable as the allowed limit 

is 1 +ve test.                                    

Stage 5

Celebrate



What could possibly go 
wrong?

• Underestimating bioburden count

• Increased bioburden

• Increased bioburden resistance –
characterisation should not be thought of as a 
once off

• Contamination during testing
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