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ABSTRACT
This technical note outlines the scientific, 
regulatory, and economic rationale 
justifying the universal adoption of a 
24-month shelf life for self-contained 
biological indicators (SCBIs) based on 
Geobacillus stearothermophilus and 
Bacillus atrophaeus. It establishes that while 
bacterial spores possess an intrinsic viability 
exceeding 5 to 10 years, the primary limiting 
factor is the stability of the integrated 
culture medium. Beyond this timeframe, the 
medium is susceptible to photo-oxidation 
of pH indicators, Maillard reactions in 
nutrients, and pH drift due to glass leaching. 
Additionally, the physical aging of the 
multi-material system—comprising the 
plastic body, adhesives, filtration 
membranes, and glass ampoules—is 
accounted for, ensuring all interfaces remain 
within specifications under real-world 
conditions. Ultimately, extending shelf life to 
36 months requires an additional year of 
real-time stability studies that o�ers no 
proportional commercial return due to 
typical hospital inventory turnover , 
rendering the 24-month claim the optimal 
economic balance and the established 
benchmark for regulatory convergence.

1. Purpose

This technical note explains the scientific, 
regulatory, and economic rationale behind the 
24-month shelf life universally adopted for 
self-contained biological indicators (SCBIs) used 
in sterilization monitoring. It addresses the main 
degradation mechanisms of each system 
component, compares alternative shelf life claims, 
and summarizes the convergent factors that make 
24 months the optimal declaration for this 
product category.

2. Scope

Applicable to all SCBIs based on Geobacillus 
stearothermophilus (steam sterilization, 121°C / 
134°C) and Bacillus atrophaeus (ethylene oxide 
sterilization), incorporating a spore carrier strip 
and a self-contained culture medium ampoule 
within a single polypropylene or polycarbonate 
body. The considerations in this note apply to 
products from Terragene® Bionova®, 3M Attest, 
Mesa Labs SGM, and equivalent formats from 
other manufacturers.

3. Background

The 24-month shelf life observed almost 
universally in SCBIs is neither an arbitrary value 
nor a regulatory standard imposed by norms, but 
rather the convergent result of several technical, 
commercial, and regulatory constraints that 
converge at that time horizon. Understanding 
each individual factor also explains why some 
products reach only 18 months, and why 
extending to 36 months requires 
disproportionately greater experimental e�ort.

4. Technical factors governing 
shelf life
4.1  Primary limiting factor: culture medium 
stability

A properly processed bacterial spore of G. 
stearothermophilus or B. atrophaeus — sporulated 
under optimal conditions, washed, lyophilized or 
adsorbed onto Whatman No. 1 filter paper, and stored 
dry at room temperature — has an intrinsic shelf life 
that easily exceeds 5 to 10 years without significant 
population loss or detectable change in D-value. 
Abundant literature (Russell, Setlow, and 
manufacturers’ own historical internal studies) 
documents viable Bacillus spores after decades of 
storage under appropriate conditions. The spore itself 
is therefore not the bottleneck for SCBI shelf life.

The true limiting factor is the culture medium 
embedded within the self-contained vial, particularly 
in sealed glass ampoule or plastic reservoir formats. 
The critical quality attributes (CQAs) of the medium 
that degrade most rapidly are:

Colorimetric pH indicator (bromocresol purple, 
phenol red, or proprietary combinations): 
undergoes photo-oxidation and slow chemical 
degradation even when protected from light.

Nutrient stability (soy peptone, yeast extract, 
glucose): subject to Maillard reactions, amino acid 
oxidation, and slow caramelization.

Medium pH: drifts due to bu�er hydrolysis and 
ionic migration from the glass (typical alkaline 
leaching from low-quality Type I or Type III glass).

Growth promotion capability: erodes as critical 
nutrients for spore germination (L-alanine, inosine, 
available manganese) degrade or become 
sequestered.

Real-time stability studies consistently show that 
between 24 and 36 months, a progressive 

increase in positive control outgrowth time begins 
to appear, along with less distinct or abnormal 
colorimetric changes and eventually growth 
failures in a non-negligible fraction of replicates. 
Twenty-four months represent the point at which 
the manufacturer can declare shelf life with 
statistical confidence (95% CI per ICH Q1E) and 
without risk of nonconformity under storage 
conditions reasonably deviated from optimum 
(global transportation, tropical climate 
distribution, periods on customer shelves without 
strict environmental control).

4.2  Secondary factor: integrity of the 
multi-material system

SCBIs integrate within a single plastic body a 
spore carrier paper strip and a glass ampoule 
containing culture medium. The system contains 
multiple interfaces that age over time:

Plastic body (polypropylene / polycarbonate): 
undergoes stress relaxation and may subtly 
deform, altering the ampoule crushing geometry.
Label adhesive: undergoes cold flow and may 
compromise labeling integrity.

Hydrophobic filtration membrane cap (allows 
steam or EO ingress during sterilization): may 
accumulate residual moisture or contaminants.

Internal glass ampoule: may develop 
microfractures due to cyclic thermal stress during 
transportation.

Each of these interfaces has its own degradation 
kinetics, and 24 months represents the envelope 
within which all of them remain demonstrably within 
specification under real-world use conditions, not 
only in controlled warehouse storage.

5. Economic-experimental factor: 
marginal cost of shelf life 
extension
Establishing shelf life requires real-time studies 
that necessarily take as long as the declared 
duration. To claim 24 months, 24 months of data 
on three lots are required; to claim 36 months, 36 
months of data are required. Extending from 24 to 
36 months delays product launch by an additional 
12 months — or requires maintaining three 
additional lots in continuous stability studies for 
another year before updating the dossier and 
labeling — with significant opportunity cost and 
without proportional commercial return, given 
that hospital inventory turnover rarely exceeds 12 
to 18 months in clinical practice. Twenty-four 

months represent the optimal cost-benefit 
balance between development e�ort, regulatory 
risk, and real-world utility for the end user.

6. Regulatory factor: convergence 
with established practice
Although neither ISO 11138-1 nor the FDA impose a 
specific shelf life, the historical market 
convergence around 24 months — established by 
3M Attest since the 1980s and followed by 
virtually all manufacturers — created a de facto 
standard that regulatory authorities use as a 
comparative benchmark. A manufacturer 
declaring 12 months would be perceived as 
inferior; one declaring 60 months would face 
significantly greater regulatory scrutiny and 
higher market skepticism, requiring 
disproportionately extensive evidence packages. 
Twenty-four months are simultaneously the 
market expectation and the threshold of 
reasonable evidence for regulatory justification 
without friction.

7. Known exceptions and 
comparative analysis

The following table summarizes BI formats with 
shelf lives diverging from the 24-month standard, 
confirming that the culture medium — not the 
spore — is the determining factor.

8. Summary

The 24-month shelf life of an SCBI is the 
convergent result of four independent factors:
• Technical: Real chemical stability of the culture 
medium — the primary limiting factor. 
Degradation of the colorimetric indicator, nutrient 
components, and growth promotion capability 
systematically constrains the useful life of the 
integrated system.
• Robustness: Integrity envelope of the 
multi-material system. All degradation interfaces 
(plastic body, adhesive, membrane, glass 
ampoule) remain demonstrably within 
specification within the 24-month window under 
real-world use conditions.
• Economic: Optimal cost-benefit balance 
between development time and commercial 
utility. Extending to 36 months requires 12 
additional months of real-time studies with 
negligible commercial return given typical hospital 
inventory cycles.
• Regulatory/commercial: Convergence with 

market practice and regulatory expectations. 
Twenty-four months constitute both the industry 
benchmark and the threshold of reasonable 
evidence for regulatory justification without 
friction.
The spore itself could last much longer, but the 
integrated SCBI system cannot, and that 
distinction is what ultimately defines the number 
printed on the label.
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