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Abstract

This study evaluated the influence of temperature and organic load on the effectiveness of domestic bleach (DB), Surface
Decontamination Foam (SDF), and Virkon in inactivating Geobacillus stearothermophilus spores, which are a surrogate for Bacillus
anthracis spores. The spores were suspended in light or heavy organic preparations and the suspension was applied to stainless
steel carrier disks. The dried spore inoculum was covered with the disinfectants and the disks were then incubated at various
temperatures. At —20°C, the 3 disinfectants caused less than a 2.0 log,, reduction of spores in both organic preparations during
a 24-h test period. At 4°C, the DB caused a 4.4 log,  reduction of spores in light organic preparations within 2 h, which was about
3 log,, higher than what was achieved with SDF or Virkon. In heavy organic preparations, after 24 h at 4°C the SDF had reduced
the spore count by 4.5 log, ., which was about 2 log, , higher than for DB or Virkon. In general, the disinfectants were most effective
at 23°C but a 24-h contact time was required for SDF and Virkon to reduce spore counts in both organic preparations by at least
5.5 log,,- Comparable disinfecting activity with DB only occurred with the light organic load. In summary, at temperatures as
low as 4°C, DB was the most effective disinfectant, inactivating spores within 2 h on surfaces with a light organic load, whereas
SDF produced the greatest reduction of spores within 24 h on surfaces with a heavy organic load.

Résume

Cette étude a permis d’évaluer I'influence de la température et de la charge organique sur efficacité de javellisant domestique (DB), de mousse
de décontamination de surface (SDF) et de Virkon pour inactiver les spores de Geobacillus stearothermophilus, un substitut pour les spores
de Bacillus anthracis. Les spores ont été suspendues dans des préparations organiques légéres ou denses et la suspension étaient appliquées sur
des disques d’acier inoxydable. L'inoculum séché de spores était recouvert avec les désinfectants et les disques étaient ensuite incubés a différentes
températures. A —20 °C les trois désinfectants ont entrainé une réduction de moins de 2 log,, du nombre de spores dans les deux préparations
organiques durant une période d'essai de 24 h. A 4 °C, le DB a causé, en dedans de 2 h, une réduction de 4,4 log,, de la quantité de spores
dans les préparations organiques légeres, a peu pres 3 log,, plus élevé que ce qui a été atteint par la SDF ou le Virkon. Dans les préparations
organiques denses, apres 24 h a 4 °C la SDF avait réduit le dénombrement de spores par 4,5 log,, ce qui était a peu pres 2 log,, plus élevé que
ce qui a été obtenu avec le DB ou le Virkon. En général, les désinfectants étaient les plus efficaces a 23 °C mais un temps de contact de 24 h était
requis pour la SDF et le Virkon pour réduire le nombre de spores dans les deux préparations organiques par au moins 5,5 log,,. Une activité
désinfectante comparable avec le DB n’a été observée qu’avec une charge organique légere. En résumé, a des températures aussi basse que 4 °C,
le DB était le désinfectant le plus efficace inactivant les spores en moins de 2 heures sur des surfaces avec des charges organiques légeres, alors
que la SDF a causé la plus grande réduction de spores en-dedans de 24 h sur des surfaces avec une charge organique élevée.

ing animals are at risk of exposure to the organism. The disease is

(Traduit par Docteur Serge Messier)
Introduction

Anthrax is a highly lethal infectious disease caused by the
endospore-forming bacterium Bacillus anthracis, which is a Gram-
positive soil organism commonly found in nature. Although anthrax
can affect all mammals including humans, it is primarily a disease
of herbivores, such as cattle, sheep, horses, pigs, goats, and camels,
with hyperacute or acute symptoms and usually with a fatal out-
come. Anthrax is not transmitted from sick to healthy animals, but
is generally acquired by the ingestion of spores dispersed into the
environment (1). Flooding, drought, and other natural or man-made
disturbances can bring the spores up to the soil surface where graz-

characterized by outbreaks, usually involving a small number of
animals, but may at times turn into an epidemic with serious con-
sequences. According to reports by the Canadian Food Inspection
Agency, anthrax outbreaks occur sporadically in the Canadian prairie
provinces, often during the summer and sometimes in the colder
months, and can affect hundreds of animals (2).

It is expected that exposure to B. anthracis could be reduced by
proper disposal of infected animal carcasses and wastes and by
cleaning and disinfecting contaminated surfaces. Fumigation with
formaldehyde or hydrogen peroxide has been used for emergency
decontamination of indoor surfaces in buildings at temperatures
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around 20°C (3,4). At similar temperatures, sodium hypochlorite,
hydrogen peroxide, peracetic acid, and chlorine dioxide were found
to be effective for routine surface decontamination in a hospital or
a laboratory setting (5,6). In addition, most of these chemicals are
also recommended for surface decontamination of fomites such as
farm equipment, surgical instruments, and vehicles in an agricultural
setting at temperatures above 10°C (7). However, as temperatures in
Canada and many other countries are frequently below 10°C, more
information is needed on the effectiveness of chemical disinfectants
at colder temperatures.

Since the 2001 anthrax bioterrorist attacks in the United States,
Geobacillus stearothermophilus spores have been used as a surrogate
for B. anthracis spores to assess the effectiveness of disinfectants and
decontamination processes (3,4,8). Since G. stearothermophilus spores
are heat-resistant, they are also used as biological indicators of the
effectiveness of heat sterilization processes (9).

The objective of this study was to evaluate the effectiveness of
3 chemical disinfectants in killing G. stearothermophilus spores at
temperatures of —20°C, 4°C, 10°C, and 23°C. Domestic bleach has
been recommended for inactivation of B. anthracis spores by the
US Environmental Protection Agency and the US Centers for Disease
Control (5). Virkon has been widely used in an effort to kill infectious
agents in various environments (10-12). Surface Decontamination
Foam (SDF) was recently developed for inactivating chemical and
biological agents in a wide range of field environments (13,14).

Materials and methods

Carrier disks

The second tier quantitative carrier test (15) was used for evalu-
ating the sporicidal activity of the 3 disinfectants. Disks (1 cm in
diameter; 0.75 mm thick) of brushed stainless steel (AISI No. 430;
Muzeen & Blythe, Winnipeg, Manitoba) were used as carriers. They
were washed 3 times with distilled water and dried at 60°C for 1 h.
The dried disks were sterilized at 121°C for 25 min before use.

Spore inoculum

A suspension of G. stearothermophilus American Type Culture
Collection (ATCC) strain 7953 spores (Spordex) was obtained from
a commercial source (Steris, Mentor, Ohio, USA). The suspension
was heated at 100°C for 35 min to inactivate vegetative cells and
sonicated for 5 min to break up clumps. The treated suspension
was mixed with an organic preparation and the mixture containing
4.6 X 10° colony-forming units (CFUs) of spores was loaded onto a
carrier disk as inoculum. There were 2 types of organic preparations:
one was used to simulate a light organic challenge (equivalent to
5% to 10% serum (15) on relatively clean surfaces and the other to
simulate a heavy organic challenge (light organic preparation plus
5% garden soil) on relatively dirty surfaces. The light organic prepa-
ration was a peptide and protein mixture (16) that contained 0.35%
weight/volume (w/v) tryptone (Sigma, Oakville, Ontario), 0.25%
w/v bovine serum albumin (Sigma), and 0.04% w/v mucin (Sigma)
in 0.01 M phosphate-buffered saline (PBS, pH 7.2). The heavy organic
preparation was a mixture of the light organic preparation and
5% w/v garden soil (Premium Nature Mix; Modugno-Hortibec,

St. Isidore, Quebec). The garden soil was pre-sterilized at 121°C for
90 min to prevent the introduction of other live microorganisms
into the tests.

Disinfectants

Standard hard water was used to prepare disinfectant solutions
to avoid variations in results that may derive from differences in tap
water quality. The water was prepared in accordance with AOAC
960.09 (17) to a standard hardness of 400 ppm as calcium carbonate.
Solutions of the 3 disinfectants were prepared as follows. Domestic
bleach (Clorox; Oakland, California, USA) containing about 5.25%
sodium hypochlorite (52 500 ppm available chlorine) was diluted
to obtain a chlorine concentration of 5 250 ppm for testing. Surface
Decontamination Foam (SDF) (Allen Vanguard, Ottawa, Ontario)
includes 3 separate reagents: GPA-2100 decontaminant (A); GPB-
2100 buffer (B); and GCE-2000 surfactant (C). The SDF solution was
prepared according to the manufacturer’s instructions: i) 1.8 g B and
4.5 g C were dissolved in 150 mL of water; ii) 7.8 g A was dissolved
in 50 mL of water; and iii) the 2 solutions were mixed immediately
before use. The 2% Virkon solution (Antec, Suffolk, United Kingdom)
was prepared by dissolving 4 tablets in 1.0 L of water. For tests at
—20°C, propylene glycol [1,2-propanediol, Sigma, 40% volume/
volume (v/v) final concentration] was added to the disinfectant
solutions as an antifreeze agent.

Neutralizer

A neutralizer was used to immediately stop the activity of the dis-
infectants at the end of a test period in order to provide an accurate
contact time. The neutralizer solution contained 1.56 g of sodium
thiosulfate (Na,S,0,- 5H,0; Thermo Fisher Scientific, Ottawa,
Ontario), 0.07 g of lecithin (Thermo Fisher Scientific), and 0.1 mL
of Tween 80 (Thermo Fischer Scientific) in 100 mL of PBS and was
sterilized at 121°C for 15 min before use.

Test procedure

Contact time course experiments were carried out to evaluate the
disinfectants. Six time points were included for each experiment:
5 min, 15 min, 30 min, 1 h, 2 h, and 24 h. Duplicate sample disks
and duplicate control disks were prepared for each time point. Ten
microliters of the spore inoculum was applied to the surface of
each disk and the discs were air dried in a biosafety cabinet for 1 h.
Each disk, with the inoculum side up, was then placed in a 30-mL
Nalgene polypropylene straight-side vial (Thermo Fisher Scientific).
Disinfectant solution (50 pL) was added to each test disk to cover the
dried inoculumn and 50 pL of PBS was added to each control disk.
Vials containing the disks were incubated at —20°C, 4°C, 10°C, or
23°C for specific periods up to 24 h to assess the activity of bleach
and SDF and at —20°C, 4°C, and 23°C for periods up to 24 h for
Virkon. At the end of each contact time, 9.95 mL of neutralizer solu-
tion was immediately added to 2 vials with test disks and 2 vials
with control disks to stop the activity of the disinfectants and the
vials and contents were vortexed for 1 min. A 10-fold serial dilution
was made of the suspension in each vial. Each of the serial dilutions
was passed through a 0.2-pm membrane filter (Supor 200 membrane
filter; Pall, Ann Arbor, Michigan, USA) in a magnetic filter holder
(Pall). The filter unit was subsequently rinsed 3 times with 10 mL of
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Figure 1. Effects of disinfectants on reduction of the spores of Geobacillus stearothermophilus at temperatures of
—20°C (O and @), 4°C (A and A), 10°C (¢ and #), and 23°C (CJ and W). The spores in the light (equivalent to 5 ~ 10%
serum, open symbols) and the heavy (equivalent to 5 ~ 10% serum plus 5% garden soil, solid symbols) organic prepa-
rations were treated with domestic bleach (A and B), SDF (C and D), and Virkon (E and F) at contact times of 5 min,
15 min, 30 min, 1 h, 2 h, and 24 h. The data were the mean difference of the spore counts recovered from duplicate
sets of the control and the sample disks in duplicate experiments and the standard deviations were less than 1.2 log,
colony-forming units (CFUs). The recovery of spores from untreated control disks ranged from 5.5 to 5.7 log, .

PBS to maximize spore recovery. The membrane filter was removed
from the unit and placed on the surface of a tryptic soy agar (TSA;
Voigt Global Distribution, Lawrence, Kansas, USA) plate and incu-
bated at 56°C in a relative humidity of approximately 60%. After
incubation for 2 d and 5 d, colonies were counted.

Statistical analysis

Duplicate contact time course experiments were conducted to
evaluate each disinfectant and duplicate sets of test and control
disks were used for each time point. The difference in recovery of

live spores from control and test disks was recorded as spore reduc-
tion (log,,) at each time point to indicate the sporicidal efficiency
of disinfectants for a specific contact time. The data presented
were the means of spore reduction from duplicate sets of control
and test disks in duplicate experiments. Student’s t-test was used
to determine statistical significance (P < 0.05) in difference in
spore reduction among various temperatures with 1 disinfectant
solution or among various disinfectant solutions at 1 tempera-
ture. The comparison was done with either light or heavy organic
preparation.
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The recovery of G. stearothermophilus spores from control disks
ranged from 5.5 to 5.7 log, ; (data not shown) and was not influenced
by time, temperature, or exposure to organic matter. The neutral-
izer solution had no effect on the survival of the spores (data not
shown), but the effectiveness of all disinfectants was influenced by
the treatment variables.

The propylene glycol that was added to the disinfectant solutions
prevented freezing during the 24-h test period at —20°C, but under
these conditions, the disinfectants produced less than a 2.0 log,,
reduction of spores. With the light organic load, after a contact
period of 2 h at 4°C or 10°C, the DB had reduced spore counts by
4.4 and 4.7 log,,,, respectively. These reductions were about 3 log,
higher than those produced by SDF or Virkon (4°C only) and the
differences were significant (P < 0.05). After 24 h at 4°C or 10°C,
both DB and SDF had reduced spore counts by more than 5.0 log,.
Virkon was not tested at 10°C but spore reduction after 24 h at 4°C
was about 2 log,, lower than for the other disinfectants (Figures 1, A,
C, and E).

With the heavy organic load, the disinfectants reduced spore
counts by only less than 2 log,, within 2 h at either 4°C or 10°C.
After 24 h at these temperatures, however, the SDF had reduced
spore counts by at least 4.5 log, . These reductions were significantly
higher (P < 0.05) than those produced by DB or Virkon (Figures 1,
B, D, and F).

With both the light and heavy organic load, the disinfectants
were usually most effective at 23°C but contact for at least 24 h was
required for SDF and Virkon to kill at least 5.5 log,, of spores. The
DB was comparable in its effectiveness with the light organic load,
but not with the heavy load. It was concluded that at temperatures
as low as 4°C, DB was the most effective disinfectant for inactivating
spores within 2 h on surfaces with a light organic load. In compari-
son, SDF produced the greatest reduction of spores within 24 h on
surfaces with a heavy organic load.

The spores of G. stearothermophilus, Bacillus atrophaeus, Bacillus
cereus, and Bacillus subtilis have all been used as surrogates for
spores of B. anthracis in previous studies (3,4,8,18). Geobacillus
stearothermophilus was selected for use in this study because its spores
have high heat resistance that aided in separating them from other
microorganisms. It is also possible that the G. stearothermophilus
spores are more resistant to oxidizing chemicals than are Bacillus
surrogates (3,8). This may account for the fact that the disinfectants
used in this study had to be in contact with the preparations of
spores for up to 24 h in order to inactivate approximately 6 log,, of
G. stearothermophilus.

The laboratory study described here was designed to simulate the
disinfection that would be required to inactivate B. anthracis spores
on the surfaces of farm equipment under field conditions. For this
reason, both light and heavy organic challenges were included for
evaluating the disinfectants. The light organic preparation, which is
equivalent to 5% to 10% serum, has been widely used in evaluating
disinfectants in medical settings and other environments (16). Such

organic loads may be found on pre-cleaned farm equipment and
veterinary tools. The heavy organic preparation, which is equivalent
to 5% to 10% serum plus 5% sterilized garden soil, was intended to
provide more stringent challenges to disinfection, such as may be
encountered on inadequately cleaned tractors, trucks, and other
equipment. As discussed in other studies, organic matter may reduce
the effectiveness of disinfectants by interacting with the active ingre-
dients and by forming a physical barrier that could hinder contact
between disinfectants and microorganisms (19).

In the present study, DB was the most effective disinfectant against
spores in the light organic preparations, in which it killed at least
4 logs of spores within 2 h at 4°C, 10°C, or 23°C. These findings are
in agreement with a report by Best, Springthorpe, and Sattar (20).
However, DB was not effective against spores in the heavy organic
preparation at any of these temperatures. The effectiveness of SDF
in both light and heavy organic preparations may be attributed to
its surfactant ingredients. In agreement with earlier reports (10-12),
the sporicidal effect of Virkon was compromised by organic loads.

Environmental temperature varies widely in many countries and in
this study, the disinfectants applied to solid surfaces at —20°C reduced
G. stearothermophilus spore counts by only approximately 2 log, .. These
results differed substantially from those of other studies (21,22), which
reported that disinfectants killed at least 6 log,, of B. subtilis spores in
suspension tests at temperatures from 0 to ~ —40°C. The disinfectants
used in those studies were solutions made of sodium hypochlorite,
peracetic acid, or 8-propiolactone. Although tests on solid surfaces or
suspensions have been officially accepted by international organiza-
tions for evaluating sporicidal disinfectants (23), a much longer contact
time was required to inactivate anthrax spores by alcoholic peracetic
acid on a solid surface than in a suspension (24). It is therefore evident
that test results could be influenced by many factors, including the
type of spores used as surrogates, the type of disinfectants, tempera-
ture, and the nature of the tests.

For this study, the tests were carried out on solid surfaces in
order to simulate conditions that would exist on farms. It is evi-
dent, however, that cleaning and disinfection could only reduce
the levels of B. anthracis spores in the environment since farm
equipment is often difficult to clean and spores washed from the
equipment could survive in the soil and be picked up by boots and
tires. Nevertheless, this study suggests that DB and SDEF, applied at
temperatures ranging from 4°C to 23°C, could substantially reduce
the load of B. anthracis counts on prewashed farm equipment and
thereby reduce the chances for spread of the disease.
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