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LECTURE-5  

GENERAL TESTS 

2.  BIOLOGICAL INDICATORS Cont….. 

e. Selection for Specific Sterilisation Processes 

 Selection of a biological indicator requires knowledge of the resistance of the biological 

indicator system to the specific sterilization process.  

 It must be established that the biological indicator system provides a challenge to the 

sterilization process that exceeds the challenge of the natural microbial burden in or on the 

product. 

 The effective use of biological indicators for the cycle development, process, and product 

validation, and routine production monitoring of a sterilization process requires a thorough 

knowledge of the product being sterilized, along with its component parts (materials and 

packaging).  

 Only the widely recognized biological indicators specified in the particular biological indicator 

monograph should be used in the development or validation of a sterilization process.  

 Some users may require biological indicators with characteristics that differ from those widely 

available commercially. In such cases, users may grow their own spore cultures for the express 

purpose of preparing in-house biological indicators for their specific use.  

 In such a case, the user is well advised to use organisms already described in the scientific 

literature as indicator organisms, and the user must have the capability of determining D and z 

values for in-house biological indicators.  

 When biological indicators are prepared in-house, users must confirm the population, purity, 

and shelf life of the biological indicator to ensure the validity of any test conducted using the 

in-house biological indicator.  

i.       Moist Heat Sterilization 

 Test Organism:  

 Spores of suitable strains of Bacillus stearothermophilus are commercially used. 

 Other heat-resistant spore-forming microorganisms such as Clostridium sporogenes, Bacillus 

subtilis, and Bacillus coagulans have also been used in the development and validation of 

moist heat sterilization processes. 

 Sterilizing Temperature: 121ºC 
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 D121 Value: Not less than 1.5 minutes 

 Biological Indicators: Any of the following may be used: 

 Biological indicator for steam sterilisation, paper carrier 

 Biological indicator for steam sterilisation, self contained 

 Biological indicator for steam sterilisation, sealed ampoule 

i. Dry Heat Sterilization:  

 Test Organism:  

 Spores of Bacillus atrophaeus (Bacillus subtilis var. niger) have been used in the 

development and validation of moist heat sterilization processes. 

 Sterilizing Temperature: 160ºC 

 D121 Value: Not less than 2.5 minutes 

 Biological Indicators: Biological indicator for dry heat sterilisation, paper carrier 

ii. Ionizing Radiation: 

 Test Organism: Spores of Bacillus pumilus   

 Sterilizing Agent:  

 Gamma radiation from a suitable radioisotope source such as Cobalt-60 or Cesium-137 or of 

electrons energized by a suitable electron accelerator, 

 Sterilizing Dose: About 25 kGy (2.5 Mrads) 

 Labelled Spore Count: Not less than 1.0 x 107 

 D-Value: 0.15 to 0.20 Mrad{1.5 to 2.0 kGy) 

 Radiation dose-setting methods that do not use biological indicators have been widely used to 

establish radiation processes.  

 

iii. Ethylene Oxide Sterilization 

 Test Organism: Spores of Bacillus subtilis (Bacillus subtilis var. niger) are commonly used.  

 Sterilizing Temperature: 30° to 65°C 

 Relative Humidity: 50 to70 per cent 

 D121 Value: Not less than 2.5 minutes at 54° ± 1°; 60 percent ± 10 percent RH 

 Biological Indicators: Any of the following may be used: 

 Biological indicator for Ethylene oxide sterilization, paper carrier 

 Biological indicator for Ethylene oxide sterilisation, self contained 
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iv. Vapor-Phase Hydrogen Peroxide (VPHP) Sterilising Process 

 Test Organism: Spores of Geobacillus stearothermophilus are used mostly. Other 

microorganisms that may be useful as biological indicators are spores of Bacillus atrophaeus 

and Clostridium sporogenes. 

 This process has been shown to be an effective surface sterilant or decontaminant. VPHP is 

capable of achieving sterilization (probability of non sterility of less than one in a million) 

when process conditions so dictate and if the target of sterilization is suitably configured.  

 However, VPHP is also commonly used as a surface decontaminating agent in the treatment of 

sterility testing, biological and chemical containment, manufacturing isolators, and clean 

rooms. 

f. Performance Evaluation of Sterilization Process 

i. Manufacturer's Responsibility 

 It is the initial responsibility of manufacturer of biological indicators to determine and provide 

the performance characteristics of a biological indicator to the user.  

 The manufacturer should provide with each lot of biological indicators a certificate of analysis 

that attests to the validity of biological indicator performance claims cited on the biological 

indicator package label or in the package insert of the label package.  

 The manufacturer should define the sterilization process that the biological indicator will be 

used to evaluate.  

 The characterization of each type of biological indicator, which provides the basis for label 

claims, should be performed initially by the manufacturer of the biological indicator using 

specialized and standardized apparatus under precisely defined conditions. 

 The manufacturer should also provide information concerning the D value, the method by 

which the D value was determined, and microbial count and resistance stability of the 

biological indicator throughout the labeled shelf life of the indicator.  

 Optimum storage conditions should be provided by the manufacturer, including temperature, 

relative humidity, and any other requirements for controlled storage.  

 The data obtained from the various required performance assays should be cited in a package 

insert or on the label of the biological indicator package.  

 The manufacturer should provide directions for use, including the medium and conditions to be 

used for the recovery of microorganisms after exposure to the sterilization process.  

 Disposal instructions should also be provided by the manufacturer of the biological indicator. 
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ii. User's Responsibility 

 When biological indicators are purchased from a commercial source, their suitability for use in 

a specific sterilization process should be established through developmental sterilization 

studies unless existing data are available to support their use in the process.  

 The user should establish in-house acceptance standards for biological indicator lots and 

consider rejection in the event the biological indicator lot does not meet the established in-

house performance standards.  

 A Certificate of Performance should be obtained for each lot of indicators, and the user should 

routinely perform audits of the manufacturer's facilities and procedures.  

 If certificates are not obtained and audits have not been performed, or if the biological 

indicators are to be used outside of the manufacturer's label claims, verification and 

documentation of performance under conditions of use must exist. 

 Upon initial receipt of the biological indicator from a commercial supplier, the user should 

verify the purity and morphology of the purchased biological indicator microorganisms.  

 The manufacturer's comments relative to D value range, storage conditions, expiration dating, 

and stability of the biological indicator should be observed and noted. The user may consider 

conducting a D value assessment before acceptance of the lot.  

 If the biological indicator system is used for the development of new sterilization processes or 

validation of existing processes, the same performance criteria described for commercial 

manufacturers of biological indicators must be followed. 

iii. Spore Crop Preparation 

 Because most biological indicators use microbial spores, accurate records of spore crop 

identification must be maintained by commercial and noncommercial biological indicator 

manufacturers.  

 These records should include records pertaining to the source of the initial culture, 

identification, traceability to the parent spore crop, subculture frequency, media used for 

sporulation, changes in media preparation, any observation of crop contamination, and pre- and 

post-heat shock data.  

 Records of usage of the spore crop and resistance to sterilization (namely, D values and z 

values where applicable) should also be maintained. 

 Parameters to be checked for performance evaluation are: 

 Purity 
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 Resistance Performance Tests 

 Medium suitability in self contained biological indicators 

 Sterility 

 Growth promotion of medium prior to sterilization 

 Ability of medium to support growth after exposure to sterilization conditions 

g. Use of Validation of Sterilization Process 

 Regardless of the mode of sterilisation, the amount of the initial population of the 

microorganisms, its resistance to sterilization and the site of inoculation on or in the product 

can all influence the rate of biological indicator inactivation.  

 The validation phase should identify the most important process parameters for inactivation of 

microorganisms at the sites most difficult to sterilize.  

 Once these critical processing parameters are determined during validation of the product, they 

should be operated at the lowest acceptable conditions stated in the sterilisation process 

specifications.  

 Considerations leading to different intervals for validation of the sterilisation· process· could 

include seasonal- changes; product and material changes as well as equipment changes, etc. 

h. Use for Routine Monitoring of Sterilization Process 

i. Procedure:  

 Biological Indicators are placed in the location determined during the validation process for 

specific product loads. 

 After completion of the sterilization procedure, paper carrier is aseptically removed and is 

added to a sufficient volume of Soyabean-casein digest medium to submerge the biological 

indicator in a suitable tube. 

 If self contained biological indicator is used, then self contained system should be suitably 

crushed to ensure paper carrier to submerge completely in the growth medium. 

 Incubated at 30-35ºC (for biological indicator for dry heat or ethylene oxide sterilization) or 

at 55-60ºC (for biological indicator for steam sterilization). 

 Inoculated medium is observed at 24 and 48 hours and every 1 or 2 days thereafter for a total 

of 7 days of incubation. 

 Growth/no growth should be interpreted according to manufacturer’s instructions.  

 



Pharmacopoeial Standards    Unit III  

 

27 March 2020 Page 6 B. Pharma VIII Sem. 
 

ii. Results: 

 A sterilisation process in which all the validated pre-set parameters have been met should 

show no growth of the biological indicator. 

 A sterilisation process where validated pre-set minimum parameters have not been met could 

show growth of the biological indicator. 

 A sterilisation process where only some of the process parameters have been met might or 

might not show growth of the indicator. 

 Actions to be taken upon growth of a biological indicator subsequent to sterilizing processing 

may vary with institutional and regulatory policies, and may require that the lot of the 

product be rejected as non-sterile. 

 Any biological indicator test results that show growth of the indicator when no growth would 

be expected may be an indication of an invalid process, a defective biological indicator, a 

faulty test system and should lead to an investigation. 

 Cultures showing growth that is not confirmed to be the indicator organism should be further 

investigated to determine the cause of the positive result. Frequent test contaminants may 

indicate a faulty test system or inadequate training of personnel. 

 The process should be considered acceptable only when the desired physical and/or chemical 

parameters have been reviewed and the microbiological results interpreted and both found to 

comply with the desired criteria. 

iii. Disposal: 

 Prior to destruction or discard, sterilize it by steam at 121° for not less than 30 minutes, or by 

not less than an equivalent method recommended by the manufacturer.  

 This includes a paper carrier used in any test procedures or the paper carriers themselves. 
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