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superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Bacillus anthracis, the causative agent of anthrax, poses a formidable threat as an infectious
bioagent. A combination of significant environmental stability, ease of production,? and high mortality
through the inhalational route’ makes B. anthracis an ideal bioagent. Aerosolized powders are
expected to be the primary mechanism for disseminating B. anthracis spores, likely delivered as an
aerosol cloud from either a line-source, for example, low-flying aircraft, or point-source, for example,
spray device. The characteristics of the aerosol (particle size and composition) will influence its
behavior, thereby affecting its potency as a threat agent. This test method is designed to perform
surface deposition of aerosolized spores with the primary objective of evaluating the utility of
self-sanitizing antimicrobial materials (SSAMs). However, it could be used for other types of research,
for example, decontamination, reaerosolization, fate and transport, contamination avoidance, collec-
tive protection, and individual protection, as well. We are aware of other consensus standards for
applying spores to surfaces (Test Method E2149, AATCC Test Method 100, Test Method E2180), but
these methods are based on liquid inocula. SSAMs are more active in the presence of moisture,* and
thus standard test methods using water-based inocula may overestimate their effectiveness. Protocols
for the preparation, aerosolization, extraction, viable enumeration, and calculation of spores for testing
and determining the effectiveness of SSAMs are described.

1. Scope 1.4 This test method should be performed only by those

1.1 This test method is designed to uniformly apply fluid- trained in aerobiology, microbiology, or a combination thereof.

ized spores to surfaces as an aerosol under defined conditions. 1.5 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this

1.2 This test method is specific to B. anthracis Delta
standard.

(A)Sterne (BAAS), but could be adapted for work with other

types of Bacillus species. 1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use.

1.3 This test method is suitable for working with any type of
environmental surface.

! This test method is under the jurisdiction of ASTM Committee E35 on
Pesticides, Antimicrobials, and Alternative Control Agents and is the direct
responsibility of Subcommittee E35.15 on Antimicrobial Agents.

Current edition approved Oct. 1, 2012. Published October 2012. DOI: 10.1520/
E2894-12.

2 Woods, J. B., Darling, R. G., Dembek, Z. F., Carr, B. K., Cieslak, T. J., and
Lawler, J. V., et al.,USAMRIID’s Medical Management of Biological Casualties
Handbook, 6th edition, U.S. Army Medical Research Institute of Infectious
Diseases, Fort Detrick, Frederick, MD, 2005.

3 LeClaire, R. D., and Pitt, M. L. M., “Biological Weapons Defense: Effect
Levels,” Biological Weapons Defense: Infectious Diseases and Counterterrorism,
Humana Press Inc., Totowa, NJ, 2005, pp.41-61.

*Prugh, A., and Calomiris, J. J., “Inactivation of Bacillus anthracis Spores
Delivered as Liquid Suspension or Aerosol to Self-Decontaminating Fabric,”
Defense Technical Information Center (DTIC), AFRL-HE-WP-TP-2006-0060,
2006.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

2. Referenced Documents

2.1 ASTM Standards:®

E1054 Test Methods for Evaluation of Inactivators of Anti-
microbial Agents

E2149 Test Method for Determining the Antimicrobial Ac-
tivity of Immobilized Antimicrobial Agents Under Dy-
namic Contact Conditions

5 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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E2180 Test Method for Determining the Activity of Incor-
porated Antimicrobial Agent(s) In Polymeric or Hydro-
phobic Materials

E2756 Terminology Relating to Antimicrobial and Antiviral
Agents

2.2 AATCC Standards:®

AATCC Test Method 100 Antimicrobial Finishes on Textile
Materials: Assessment of

3. Terminology

3.1 Definitions—For definitions of general terms used in this
test method, refer to Terminology E2756.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 aerosol, n—a suspension of solid or liquid particles in
a gaseous medium.

3.2.2 anthrax, n—an infectious disease of warm-blooded
animals caused by the gram-positive, endospore-forming
bacterium, Bacillus anthracis.

3.2.3 biological aerosol, n—a suspension of particles con-
taining biological agents which have been dispersed in a
gaseous medium.

3.2.4 carrier, n—substrate onto which aerosolized spores
are deposited.

3.2.5 count median diameter (CMD), n—the calculated
diameter in a population of particles in a gas or liquid phase
above which there are as many particles with larger diameters
as there are particles below it with smaller diameters.

3.2.6 fluidizing agent, n—an additive used to reduce ag-
glomeration of particles.

3.2.7 line source, n—a source of air, noise, water
contamination, or electromagnetic radiation that emanates
from a linear geometry.

3.2.8 lyophilize, v—to freeze-dry.

3.2.9 point source, n—a source of air, noise, water
contamination, or electromagnetic radiation that emanates
from a single point.

3.2.10 self-sanitizing antimicrobial material (SSAM), n—a
material containing an antimicrobial component that collec-
tively acts as a microbicide.

4. Summary of Test Method

4.1 The test method describes the steps required to deposit
spores onto surfaces and quantitatively assess loading distri-
bution and recovery.

4.2 The test method describes the protocols for evaluating
the antimicrobial activity of SSAMs.

4.2.1 Using an aerosol device capable of meeting the data
quality objectives set forth in this test method, BAAS spores
are aerosolized and allowed to deposit onto surfaces.

4.2.2 Spores are recovered from the test and control carriers,
and viability is assessed by dilution plating (CFU/mL).

© Available from American Association of Textile Chemists and Colorists
(AATCC), PO Box 12215, Research Triangle Park, NC 27709-2215. http://
www.aatcc.org.
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4.2.3 Loading efficiency is determined as colony-forming
units (CFU) per cm? obtained from the viability assay.

4.2.4 Loading variability is determined by calculating the
coefficient of variation (CV) of the mean loading density from
replicate samples.

4.2.5 Antimicrobial efficiency is calculated as the log,,
reduction of viable spores between the test and control groups,
and its significance is determined by a statistical comparison of
the two populations.

5. Significance and Use

5.1 This test method provides defined procedures for creat-
ing fluidized spore aerosols with particular emphasis on
particle size distribution and spore preparation.

5.2 The efficacy of disinfection technologies can be evalu-
ated on finished items, as well as those under development.

5.3 This test method defines procedures for the validation of
the aerosol generator, preparation of the test specimen, appli-
cation of the aerosolized spores, enumeration of viable spores,
assessing data quality, and determining effectiveness of
SSAMs.

5.4 Safety concerns associated with aerosolizing microbial
agents are not addressed as part of this test method. Individual
users should consult their safety authority, and a detailed
biological aerosol safety plan and risk assessment must be
established prior to using this method. Users are strongly urged
to consult Biosafety in Microbiological and Biomedical Labo-
ratories.”

6. Apparatus

6.1 Biological aerosol generator—used to load microorgan-
isms onto a substrate (see Annex Al for detailed information).

6.2 Autoclave—capable of maintaining 121 to 123°C and 15
to 17 psig.

6.3 Shaking Incubator—capable of maintaining 36 £ 1°C
and 300 r/min.

6.4 Incubator—capable of maintaining 36 = 1°C.

6.5 Phase Contrast Microscope—capable of 400x and
1000x magnification.

6.6 Centrifuge—capable of maintaining 3000 x g.

6.7 Water Bath—capable of achieving 65°C.

6.8 Single-tube Vortex Mixer.

6.9 Multi-tube Vortex Mixer.

6.10 Sonicating Water Bath—350 to 60 Hz.

6.11 Analytical Balance—capable of weighing 0.001 g.
6.12 Refrigerator—capable of maintaining 2 to 8°C.
6.13 Stopwatch or Electronic Timer.

6.14 Pipettor—with a precision of 0.1 mL.

7 CDC-NIH, Biosafety in Microbiological and Biomedical Laboratories, 5th
Edition, U.S. Department of Health and Human ﬁrvices, Washirgo'g‘, f)sC

December 2009. OC u m
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7. Reagents and Materials

7.1 Reagents:

7.1.1 Bacillus anthracis—ASterne strain spores, prepared
according to procedures outlined in Annex A2.

7.1.2 Trypticase Soy Agar (TSA).

7.1.3 Trypticase Soy Broth (TSB).

7.1.4 Sporulation Broth—?2.5 % nutrient broth, 200 mM
glutamate, and salts, as defined in Table 1, pH 7 (see Annex
A2.2.2 for preparation instructions).

7.1.5 Extraction Buffer—pH 7, as defined in Table 2.

7.1.6 Hydrophobic Fumed Silica—Aerosil (Trademarked) R
812 S°

7.1.7 Nutrient Agar.

7.1.8 Phosphate-Buffered Saline (PBS).

7.1.9 Glycine.

7.1.10 Polysorbate 20.

7.1.11 Hydrochloric Acid (HCl)—2.5N.

7.1.12 Sodium Hydroxide (NaOH).

7.1.13 Deionized (DI) Water.

7.1.14 Ethanol—laboratory grade.

7.1.15 Sodium Hypochlorite—10 %.

7.1.16 Nitrogen Gas (N,)—dry.

7.2 Materials:

7.2.1 Sterile Inoculating Loops.

7.2.2 Baffled Flasks—1000 mL.

7.2.3 Erlenmeyer Flasks—250 mL.

7.2.4 Glass Microscope Slides.

7.2.5 Petri Dishes.

7.2.6 Test Tube Racks.

7.2.7 Pipettes—1, 5, 10, and 25 mL.

7.2.8 Micropipettes—capable of delivering 0.1 and 1 mL
accurately and consistently.

7.2.9 Sterile Centrifuge Tubes—15 and 50 mL.

7.2.10 Sterile Round-bottom Tubes—15 mL.

7.2.11 Borosilicate Solid Glass Beads—3-mm diameter,
sterile.

7.2.12 Parafilm.

7.2.13 L-shaped Sterile Spreaders.

7.2.14 Test Specimens.

8 The sole source of supply of the apparatus known to the committee at this time
is Evonik Industries, Hanau-Wolfgang, Germany. If you are aware of alternative
suppliers, please provide this information to ASTM International Headquarters.
Your comments will receive careful consideration at a meeting of the responsible
technical committee,' which you may attend.

TABLE 1 Sporulation Broth (pH 7)

Reagent Amount
Nutrient broth 2.5 mL
Glutamate 2943 g
KH,PO, 1.77 g
K;HPO, 4.88¢g
CaCl, - 2H,0 0.159g
MnCl, - 2H,0 0.016 g
ZnCl, 0.068 g
FeCl; - 6H,0 0.0003 g
Sterile, DI water 1000 mL
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TABLE 2 Extraction Buffer (pH 7)

Reagent Defined Amount
Glycine 18.67 g
NaCl 859
KH,PO, 0.18 g
K,HPO, 15¢
Polysorbate 20 0.5 mL
Distilled water 1000 mL

Neutralizing agent, if necessary” -

A Reference Test Method E1054 for determining neutralization efficiency.

8. Sampling, Test Specimens, and Test Units

8.1 Cut test specimens from finished products or those
under development.

Note 1—The size dimensions of the test specimens can vary, but will
need to fit into a 50-mL centrifuge tube for extraction.

8.2 The coupon size used to validate the method was a
2.6-cm diameter circle and is recommended for this method.

8.3 For SSAMs, place the specimens in the aerosol chamber
with the reactive side facing upward.

8.4 For non-reactive materials (if used), the sample side
facing upward needs to be consistent throughout the sample

group.

9. Experimental Design

9.1 Non-reactive Materials—A minimum of three indepen-
dent samples per specimen is required for statistical analysis of
the data.

9.2 SSAMs—Generally, most SSAMs require incubation
under specific environmental conditions (that is, temperature,
relative humidity, time) for their antimicrobial activity to be
effective. Following aerosol deposition, the samples will be
incubated under the specific conditions as specified for a
particular SSAM. This period is referred to as the incubation
period. Aerosol deposition requires a significant period of time
for the spores to settle onto surfaces and is exclusive from the
incubation period. For this purpose, two sample sets will be
included in the test plan—a conditioned (test) group and an
unconditioned (control) group. A traditional control that does
not include the antimicrobial treatment is not needed for this
method. The unconditioned control samples will be incubated
for the same duration of time as the conditioned test samples,
but will be held at room temperature and < 50 % relative
humidity, rather than at the test group’s conditions, as identified
by the user. Immediately following the incubation period, both
the control and test samples will be extracted and enumerated.
The log reduction of viable spores between the two groups will
be the measurement used to determine antimicrobial efficacy.

9.2.1 Neutralizer Effectiveness Test—Determine the appro-
priate conditions for neutralizing the antimicrobial agent on the
SSAM using Test Method E1054.

9.3 Data Analysis—Coefficient of variation (CV) analysis
will determine if the loading distribution is uniform. For
SSAMs, a student’s #-test between the mean densities for the
test and control populations will determine if the log reduction

of spore viability is statistically signiﬁcaocuments
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