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ABSTRACT

Objectives: This study aimed to validate the use of peracetic acid as sporicide agent to decontaminate the working
surface of a laminar flow biological safety cabinet (BSC), as an alternative to glutaraldehyde, including the selection of
the disinfecting agent, the method of application, and the contact time.

Materials and methods: The test organism was the spore-forming bacterium Bacillus atrophaeus ATCC 9372, which is
a surrogate for an important infectious agent. Spore cultures were prepared from B. atrophaeus and used them to test
the sporicidal efficacy of peracetic acid on a BSC stainless steel surface. The performance of the sterilant was assessed
by determining minimal inhibitory concentration (MIC) and by microbial challenge in conditions that mimicked surface
contamination. It was used 2.0% glutaraldehyde solution as the control.

Results: The range of MICs was 0.6-1.1% for the control and 0.003-0.006% for the 0.2% peracetic acid solution. The 0.2%
peracetic acid was an effective sterilant against B. atrophaeus spores (6-7 log spores, under defined conditions of use)
after 40 min contact time, which was double that recommended on the product label.

Conclusion: It was conclude that while the results of official methods can help to evaluate how products will perform,
they are not usually reproducible in real-life user conditions and environments. Validation tests must be carried out to
ensure the efficacy and safety of surface decontamination procedures. J Microbiol Infect Dis 2012; 2(3): 93-99
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Perasetik Asit’in sporosit olarak Biyolojik Giivenlik Kabinlerinde ¢alisma yiizeylerinin
sterilizasyonunda validasyonu

OZET

Amag: Bu calisma, dezenfektan ajanin secilmesi, uygulama metodu ve temas slresi dahil, perasetik asidin bir laminer
akim biyolojik guivenlik kabinin (BGK) calisma ylizeyi dekontaminasyonunda, gluteraldehite alternatif olarak, sporosit
ajan olarak kullanilmasinin validasyonu icin yapildi.

Gereg ve yontem: Test organizmasi dnemli bir enfeksiyon ajani olan Bacillus atrophaeus ATCC 9372 sporlari idi. B.
atrophaeus sporlaridan kilttr hazirlandi ve bunlar bir BGK'nin paslanmaz celik ylzeyinde perasetik asitin sporosidal
etkinligini test etmekte kullanildi. Sterilleyicinin performansi, minimal inhibisyon konsantrasyonu (MIK) ve olusturulan
ylzey kontaminasyonu sartlarindaki mikrobiyal engellemesinin belirlenmesi ile degerlendirildi. Kontrol olarak % 2,0'lik
gluteraldehit ¢ozeltisi kullanildi.

Bulgular: MiK degerleri kontrol icin % 0,6-% 1,1 arasinda ve % 0,2 perasetik asit cdzeltisi icin % 0,003 ile % 0,006 arasin-
da degismekteydi. Yuzde 0,2 perasetik asit ¢cozeltisi B. atrophaeus sporlarina karsi, Grtin etiketinde tavsiye edilenin yarisi
kadar bir zamanda, 40 dakikalik temasla etkili bir sterilleyici idi (tanimlanan kullanma sartlarinda 6-7 log spor).

Sonug: Genel kabul géren metotlar Griinlerin etkinligini arastirmada yardimci olsalar bile genellikle gercek hayattaki kul-
lanicilarin sartlarinda ve ortaminda tekrarlanamazlar. Validasyon testleri yiizey dekontaminasyon prosediirlerinin etkinlik
ve guvenilirligini teyit etmede yerine getirilmelidirler.

Anahtar kelimler: Perasetik asit, sporosidal aktivite, sterilite, Bacillus atrophaeus sporlari, gluteraldehit
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INTRODUCTION

Biological Safety Cabinets (BSCs) are the prima-
ry means of containment developed for working
safely with infectious microorganisms." In order
to achieve good laboratory practices (GLP), good
manufacturing practices (GMP), and other regu-
latory requirements, a validated cleaning and
sanitization program for laminar flow BSCs is es-
sential.z*

Liquid disinfectants are routinely used to
decontaminate the working surfaces and other
easily accessible internal parts of BSCs.! How-
ever, the selected disinfectant must be validated
as being effective for this use. In particular, the
sporicidal activity of a disinfectant must be vali-
dated when BSC use involves spore-forming or-
ganisms such as Bacillus sp. and Clostridium sp.,
as spores are highly resistant to disinfectants. An
appropriate biological indicator for testing spori-
cidal efficacy is Bacillus atrophaeus, which forms
bacterial endospores. Bacterial spores are highly
resistant to physical and chemical agents®® and
only a few antibacterial agents are active spori-
cides.”

Activated glutaraldehyde solution is a power-
ful sporicidal agent. It is frequently used in the
health care sector to disinfect equipment that
cannot be heat sterilized. Booth and McDonald
showed that solutions of 1 and 2% glutaralde-
hyde destroyed Bacillus anthracis spores more
rapidly than did 4% formaldehyde.® However, glu-
taraldehyde has toxic effects on humans. Chronic
inhalation affects the nose and respiratory tract,
and lesions become severe with prolonged dura-
tion of exposure.® Therefore, the UK Health and
Safety Commission has recommended substan-
tial reductions in the use of glutaraldehyde, and
the use of peracetic acid instead.

Peracetic acid is mixture of acetic acid
(CH,COOH) and hydrogen peroxide (H,O,) in an
aqueous solution. It is an oxidative agent com-
monly used as a disinfectant and sanitizer for con-
tact surfaces, processing plants, and processing
equipment.”"* It has a broad spectrum of activ-
ity, inactivating gram-positive and gram-negative
bacteria, fungi, and yeasts. Peracetic acid acts
rapidly, effectively removes organic matter, and
leaves no residues. The main advantage of its
use is the low toxicity of its decomposition prod-
ucts (acetic acid, water, oxygen, and hydrogen
peroxide). It remains effective in the presence

of organic matter and at low temperatures, but
its use has been limited because of its corrosive
properties.'

The efficacy of disinfectants is usually de-
termined using microorganism suspensions.
However, this does not reproduce the bacterial
conditions on surfaces where the agents are re-
quired to inactivate the microbes.'” In the stan-
dard test methods, biocontamination is carried
out by depositing known concentrations of bac-
teria on glass or steel carrier surfaces.'®'” Neither
of these methods reproduces the conditions of
a BSC. In this context, it is important to validate
the sporicidal ability of a disinfectant in the user
environment and conditions that most closely re-
semble the real surface contamination.'®®

This study aimed validates the use of per-
acetic acid as a sporicidal agent to effectively
clean the surfaces of BSCs, as an alternative to
glutaraldehyde.

MATERIALS AND METHODS

Bacterial strain

B. atrophaeus ATCC 9372, Batch-1403349, was
obtained from Instituto Nacional de Controle de
Qualidade em Saude (INCQS/MS, Brazil).

Spore preparation

For inoculum production, spores (10® CFU) were
inoculated into 30.0 mL tryptone soy broth (TSB)
and then incubated for 18 h at 36°C, until the
log-phase of growth. The sporulation culture was
grown in agar as described by Sella et al. 2° The
spore suspensions were subjected to heat treat-
ment of 80°C for 10 min, which is lethal to veg-
etative cells but not to spores, and were stored at
4°C. Viable spore counts were evaluated by the
drop counting method. Serial decimal dilutions in
distilled sterile water were submitted to heat treat-
ment of 80°C- 85°C for 10 min and 50 pL of each
dilution was placed on the surface of a tryptone
soy agar (TSA) plate, in duplicate. Plates were
incubated overnight. Three different batches of
spore suspensions were produced.

The resistance condition of the spores was
evaluated by a dry-heat resistance test.?" For this
experiment, 300 strip vials of biological indicators
(BI) with 108 CFU.unit™" were produced using each
batch of spore suspension. The composition of
the recovery medium was 30.0 g L' TSB, 0.18 g
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L™ CaCl, 6H,0, 1.0 g L™" soluble starch, and 0.02
g L' bromothymol blue. The D value is defined
as the time taken, under specified conditions, to
reduce the spore population by 90% or 1 log. The
D value was assessed by fraction negative anal-
ysis-the limited Spearman-Kaber method.?! Dry-
heat exposure conditions were 160°C at 25, 30,
35, 40, 45, and 50 min in a tabletop circulating air
oven. The germination and growth of the spores
were observed at 24-48 h of incubation by visual
identification of a color change (green to yellow)
and turbidity of the substrate medium.

Liquid sterilants

The chemical products evaluated were as fol-
lows: 2.0% glutaraldehyde solution activated
with 0.3% sodium bicarbonate (Glutalabor™-
Glicolabor, Ribeirdo Preto, Brazil), and 0.2% per-
acetic acid consisting of 0.2% peracetic acid, 7%
hydrogen peroxide, acetic acid, stabilizer, and

JEEL

l/l l, 14 18

1ml
Desinfectant

ﬂ Ulmllml

Pure

aos as

water (Sterilife™-Lifemed, Sao Paulo, Brazil). In
this study, the products tested were evaluated
based on the product label claims.

Minimum inhibitory concentration

The minimal inhibitory concentration (MIC) was
determined by using the two-fold broth dilution
method. Starting from a pure chemical agent so-
lution, serial dilutions were prepared in TSB and
then inoculated with 100 uL test spore suspen-
sion before incubation at 36°C. Two tubes were
used for the positive (TSB + 100 pL of inoculum)
and negative (TSB + 1.0 mL disinfectant) controls
(Fig. 1). The MIC was identified as the lowest
concentration of the chemical agent that inhibited
growth of the tested microorganism after 48 h
of optimal incubation conditions. The MIC is ex-
pressed as a percentage. Each batch of spores
produced was tested in triplicate (nine tests in to-
tal).

Disinfectant

Il

Figure 1. Method of deter-
mining minimal inhibitory
concentration (MIC)

11 12

1716 132 1/64 1/128 17256 C+ C-

il

-
Inoculum 0,1 ml

Surface challenge test

A spore suspension (6-7 log spores) was diluted
to give concentrations of 10¢ to 107 CFU 50 pL"*
and this volume of each dilution was spread in a
circle (6.5 cm diameter) on a clean, sterile, delim-
ited BSC stainless steel working surface and then
allowed to dry for 15 min.

Log reduction determination

Once the inoculum had dried on the surface, the
surface was wiped with towelettes pre-saturated
with the test sterilant and then allowed to stand
for the labeled contact time (20 min). Surface
bacterial samples were taken with TSA contact

plates (Rodac™, BD, Sao Paulo, Brazil) (Fig. 2).
The contact plates were incubated at 36°C for 48
h and then growth on the plate was evaluated.

Contact time determination

The surface with the dried inoculum was wiped
with pre-saturated product wipes and allowed to
stand for various contact times: 10, 20, 40, 60,
and 120 min. Surface bacterial samples were
taken with TSB culture-swabs. The media were
incubated at 36°C for 48 h to 7 d. The turbidity of
the suspension indicated a positive culture-swab
result.
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Figure 2. Sequence for determining log reduction: Inoculation of spores (A), spreading of spores (B) and sampling after
various periods of exposure to sterilant using Rodac plates (C)

General conditions

At least three different batches of spore suspen-
sions were evaluated. The assays were carried
out in triplicate. Microbiological assays were
conducted under aseptic conditions in a GMP-
certified laboratory ISO 5 clean room?2. Control
experiments were conducted in the same condi-
tions without the sterilant and with the addition of
the same volume of sterile water. After the tests
the BSC surface was cleaned at the follow order:
disinfected with 0.2% peracetic acid for 60 min-
utes, rinsed twice with sterile water, brushing with
neutral soap and rinsed twice with sterile water
again. The results shown are average values. All
experiments were carried out at room tempera-
ture (22+2°C). The validation was carried out fol-
lowing modified European regulatory agencies
procedures (EN 137042% and USP guidelines?).

Growth (%)

RESULTS

Spore preparation and resistance

Three batches of B. atrophaeus spores with con-
centrations ranging from 8.0 x 10" to 3.5 x 108
CFU mL" were produced. These spores’ suspen-
sions allowed dilutions of 6-7 log for the challeng-
es. The dry-heat resistance value was D, .. = 5.2
+ 0.2 min for biological indicators (10® UFC/unit)
produced from the three batches of spores.

Minimum inhibitory concentration

For the glutaraldehyde solution, the MIC ranged
from 0.6 to 1.1%. The 0.2% peracetic acid solu-
tion showed an MIC range of 0.003-0.006% (Fig.
3).

B Glutaraldehyde 2.0%
OPeracetic acid 0.2%

100 -
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80 -
70 -
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50 -
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Figure 3. MIC results for glutaraldehyde (2.0%) and peracetic acid (0.2%) against B. atrophaeus spores
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Surface challenge test

In the first surface test, the log reduction in spore
count was tested with the recommended con-
tact time of the disinfectant (20 min), the results
(Table 1) demonstrated that contact plates were
able to recover 100% of the inoculum when only
sterile water was used, and that the disinfectant

reduced the spore count by only 4 log at the test-
ed concentration. The 0.2% peracetic acid con-
tact time determination indicated that 40 min is
the minimum exposure time; that is, the time after
which there was no microbial growth in any of the
tests (Table 2).

Table 1. Surface test results showing log reduction of Bacillus atrophaeus spores after 20 min contact time with 0.2%

peracetic acid solution.

Challenge (CFU spores) 107 10¢ 10° 104 10% 102 10!
Test (CFU) >300 176 No growth  No growth No growth No growth No growth
Control (CFU) >300 >300 >300 >300 >300 143 36

Table 2. Effects of peracetic acid contact time on growth of Bacillus atrophaeus spores.

Spore Contact time (min) per challenge

concentration 10 20 40 60 120
1.840.1 10" CFU Growth Growth No growth ~ No growth ~ No growth
1.5+0.2 10" CFU Growth No growth No growth ~ No growth No growth
4.0+0.5 10° CFU Growth No growth ~ No growth ~ No growth ~ No growth

DISCUSSION

Chemical sterilants are used to destroy or elimi-
nate all forms of microbial life including fungi, vi-
ruses, and all forms of bacteria and their spores.
Spores are considered to be the most difficult
form of microorganism to destroy.?® B. atrophae-
us spores were chose as the test microorganism
in this study, because they are highly resistant to
chemical disinfectants, they are widely distribut-
ed in the environment, they substitute for B. an-
thracis in development and validation of biosafety
methods, and they are produced safely.?¢28 QOie
et al.?® tested five bacterial species, and demon-
strated that B. atrophaeus spores were the most
resistant to disinfection by chemical agents, fol-
lowed by B. anthracis and Clostridium tetani.

Sporulation conditions may affect spore re-
sistance.’® The dry-heat resistance result was
higher than the typical D value (~ 3.0 min) for
commercially supplied bioindicator systems, in-
dicating its suitability to be used as challenge.?'

The MIC method does not allow analog com-
parisons among the activities of different chemi-
cal agents. The glutaraldehyde solution was used
only as a control test in the MIC determination.

The glutaraldehyde solution” MIC (0.6 to 1.1%)
were greater than that reported by Mazzolla et
al. (0.3-0.4% for B. subtilis spores) and Serry et
al.® (0.35% for B. atrophaeus ATCC 9372), for
10° spores used as the challenge in both studies.
However, this result showed that the labeled con-
centration of glutaraldehyde showed sporicidal
efficacy against the spores of the tested strain.

The 0.2% peracetic acid solution’ MIC (0.003-
0.006%) are approximately 50-fold lower than
that of the commercial solution (0.2%), indicating
that this solution is highly effective at inhibiting
bacterial growth. Penna et al.** reported an MIC
range of 0.9-1.9% to reduce populations of more
than 10° B. subtilis and gram-negative bacteria
for a 3.0% peracetic acid solution. No studies
have reported on the efficacy of a 0.2% peracetic
acid solution, as used in these experiments.

At present, there are two main methods for
validating a disinfection process: the first is to ap-
ply the disinfectant to a dried contaminated sur-
face and then test the surface, and the second
is to demonstrate efficacy with a kill versus time
procedure.'”?3?* The first one demonstrates the
efficacy of the disinfectant to decontaminate the
working surfaces of equipment. The kill time pro-
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cedure is a valuable tool for determining the time
required achieving an acceptable log reduction or
total kill, if that is desirable. Sporicidal activity is
defined as the ability of a product to achieve at
least a 6-log reduction in the number of bacterial
spores. In the conditions used in the present ex-
periments, the product did not meet the require-
ments of a sterilant; for a sterilization claim, there
can be no surviving spores. Surfaces can provide
favorable conditions for growth and adherence of
microorganisms, and irregularities on the surface
may protect them from contact with the chemical,
so more time may be required for the chemical
to kill the entire microbial population. Although
two of the three samples showed no growth af-
ter 20 min exposure time to peracetic acid, the
40 min exposure time ensured sterilization of the
surface. This difference in the kill time among
the experiments may be because of the natural
heterogeneity of the spores, non-uniformity of
spore distribution, or non-uniformity of the tested
surfaces. However, all of these factors must be
considered as normal factors, because they exist
in the normal working conditions of BSCs. This
confirms the importance of real-life simulations
for microbial challenge tests.

The tested product stipulated on its label that
20 min exposure time is sufficient for sterilant ac-
tivity, at the recommended concentration. This
sterilant action in 20 min was not confirmed in the
present experiments, demonstrating that there
are differences between official regulatory meth-
ods used for product registration and evaluations
in real-life conditions. In addition, Kitis concluded
that the mode of inoculation was just as influen-
tial a parameter as the characteristics of the solid
substrate for determinations of spore decontami-
nation efficiency.™

Concluding, it was demonstrated that 0.2%
peracetic acid, under defined conditions of use,
served as a surface sterilant against B. atropha-
eus 6-7 log spores after 40 min contact time, dou-
ble the contact time recommended on its label.
Companies must register disinfectants and ster-
ilants to support the directions for use given on
the label. While such directions provide valuable
information, they are not necessarily optimal for
use of the chemical in a manufacturing environ-
ment, as demonstrated in this study. The proce-
dures to validate disinfection processes are cost-
effective and simple, and therefore, can be car-
ried out by most microbiological control laborato-

ries. These tests better reflect in-use conditions,
and should be used to determine the optimum
contact times and dilutions of the chemical, and
to test surface properties. Such tests may provide
new parameters for monitoring and improving de-
contamination processes, ensuring efficacy and
safety. Maintenance and regular microbiological
monitoring of BSCs is very important to ensure
safe and accurate operations in manufacturing
and health care settings.
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