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ABSTRACT
Objective: To evaluate the bactericidal activity of an antiseptic gel for hygiene and disinfection of the hands by rubbing.

Methods: The dilution-neutralization method was used according to Colombian Technical Standard NTC, 2009, 12, 16 in Instituto Colombiano de
Normas Técnicas y Certificacién (ICONTEC), 5 strains, over 6 different types and with 6 replicas per time were exposed to the antiseptic gel, using
Letheen Broth as a neutralizer substance.

Results: A 99% of reduction was obtained with Staphylococcus aureus 6538, Enterococos hirae 10541, Pseudomonas aeruginosa 15442 and
Klebsiella sp, within the first 30 s of exposure to the gel and within the first 60 s of exposure using the Escherichia coli 19538. All strains used coming
from American Type Culture Collection (ATCC).

Conclusion: It was confirmed that the product is effective. In presence of a neutralizer substance, the microorganisms were not inhibit, so the

growing reduction occurs due to the action of the product.
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INTRODUCTION

Most of the infections present in hospitals and medical facilities are
linked with poor hygiene practices at the moment of patience
assistance, this is known to be a public health issue. The right
sanitization of the health care personnel’s hands is considered an
issue of vital importance to prevent and control infections [1].

It becomes necessary to use effective products to counter the
propagation of infectious microorganisms and diminish the risk of
contracting diseases, some of the products that are used in the
medical facilities are antiseptic rubs, these leave-on products are
highly recommended after a plain soap and water hand wash,
because most of the time the soap does not have the antibacterial
biocidal properties to destroy or to inhibit the development of the
targeted microorganisms that can be present on living tissue [2, 3].

The main objective of this work was to evaluate, experimentally, the
bactericidal activity of an antiseptic gel based on 70% ethanol (clean
hands ® Vicar Pharmaceutics) for hygiene and disinfection of the hands
by rubbing. Experiments with five different strains of microorganisms
and different times of exposures to the gel were made to determine the
effectiveness of the antiseptic according to the Colombian Technical
Standard NTC, 2009, 12, 16 ICONTEC. The technique used during the
process was the dilution-neutralization technique [4, 5].

MATERIALS AND METHODS

The test was performed using Icontec International, 2008, NTC, 2009-
12-16 ICONTEC, Disinfectants, and chemical antiseptics. Quantitative
suspension test for the evaluation of the bactericidal activity of
products for the treatment by rubbing and hygienic and surgical
washing of the hands. Test method and requirement (Phase 2, stage 1).

The principle of the test is based on the minimum bactericidal
concentration (mbc) tested capable of reduce in five logarithmic
units (5 log10) a suspension of bacteria in 5 min of contact with the
disinfectant at 20 °C. Is establishes whether a chemical disinfectant
that forms a homogeneous preparation physically stable when

diluted and in water has a bactericide activity, for these, there is a
specific neutralizer [6].

This method starts with preparation of the bacterial suspension for
test and validation, from a bacterial suspension where values are
giving in a number of colonies forming units (cfu), of 1.5x108cfu. ml!
and 5.0x108cfu. ml! should be adjusted whit a diluent (ICONTEC,
2007). The count is carried out by the preparation of serial dilutions,
from these the 10-6 and 107 dilutions using plate sowing technique.

For the test with the neutralizer, the disinfectant was reacted with a
bacterial suspension under normal conditions, the reaction was
stopped with the neutralizing substance [7]

Neutralizers action was tested to verify non-toxicity or interference
of the neutralizer, by mixing the disinfectant for 10 min at 20 °C,
then mixed and added a bacterial suspension, where after 5 min, the
sample is mixed, and the count is carried out by plating in duplicate
where the counting of the samples is carried out and determine the
number of colony forming units (cfu), and this is compared with the
initial inoculum. There should not be a 50% reduction in the number
of bacteria compared to the initial inoculum.

The product used for the evaluation was an antiseptic gel based on
70% ethanol (clean hands®), produced by Vicar Pharmaceutics. An
80% concentration of the commercial product was used for the test.

The test strains were provided by microorganism collections of the
Pontificia Universidad Javeriana: Pseudomonas aeruginosa 15442,
Staphylococcus aureus 6538, Enterococcus hirae 1054, Escherichia
coli 10538 and Klebsiella sp. The exposure times were in min: 0, 0.25
min (15 s), 0.5 min (30 s), 1 min (60 s), 2 min (120 s) and 4 min (240
s) with six replicas per time of exposure. The time 0 corresponding
to the initial count.

RESULTS

The preparation of every suspension of microorganisms started with
suspensions that were closed to the McFarland Standard No. 1, with
0.199 absorbance. Then, after the preparation of a number of
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suspensions with different cell densities, the chosen suspension for
Staphylococcus aureus 6538 was of 0.186 absorbances and an
obtained count of 4,0 x 108 cfu. ml! that meets the requirement of
the norm; this value was considered for the S. aureus during the
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different tests. With Pseudomonas aeruginosa 15442 the chosen
suspension was of 0.184 absorbances and an obtained count of 2.7
x108 cfu. ml'. A similar process was followed for every strain, the
chosen suspension for each strain is summarized in table 1 [8].

Table 1: Concentrations of validation and test suspensions

Test suspension (N) cfu. ml!

Validation suspension (Nv)cfu. ml1

Microorganism

Staphylococcus aureus 4.0x108
Pseudomonas aeruginosa 2.7x108
Enterococcus hirae 2.1x108
Klebsiella sp. 3.1x108
Escherichia coli 4.6x108

6.9x102
6.1x102
4.8x102
7.1x102
1.1x103

Once the absorbance values for each microorganism were set according to table 1, the validation suspension was set with a cell density between 4.5

x102 cfu. ml! and 3 x103cfu. ml-L.

To do that, it was necessary to make some dilutions and tests to
obtain a concentration that was inside the theoretical limits. An
additional dilution was prepared to confirm that the determined
cell density was inside the limits, the same process was repeated
for every test strain, to obtain the different validation suspensions,
the validation suspension for each strain is also summarized in
table 1.

B-Parameter control of the non-toxicity of the neutralizer

Considering that the neutralizer was used to stop the bactericidal
action after the contact between the antiseptic and the
microorganism, this parameter determines the absence of toxicity of
the neutralizer against any of the microorganisms used in the
dilution-neutralization technique. The chosen neutralizer was the

Letheen broth because of its effectiveness in the neutralization of
most of the antiseptics, due to the presence of soy lecithin, which in
addition to providing nutrients to the culture medium, acts as an
emulsifying agent; In the same way, the combination of lecithin with
Tween, allows to neutralize the ethyl alcohol that is the active
principle of the evaluated product [3-9].

According to the results in table 2, growth of the microorganisms in
the presence of the neutralizer with a concentration equivalent to
the one in the validation suspension was evidenced. These results
indicate that the Letheen broth, did not affect the development of the
microorganisms, likewise did not affect the evaluation of the
bactericidal test and therefore the results obtained in the evaluation
of the antiseptic are reliable, confirming that the neutralizer was not
a cause of inhibition of microorganisms.

Table 2: B-Parameter control of the toxicity of the neutralizer (cfu. ml-1)

Microorganism B Control (cfu. ml?) B Control count (cfu. ml-1)
Staphylococcus aureus 7.5x102
Pseudomonas aeruginosa 63.87 6.3x102
Enterococcus hirae 52.82 5.2x102
Klebsiella sp. 73.26 7.3x102
Escherichia coli 119.79 1.2x103

C-Parameter control of the dilution-neutralization method (cfu.
ml1)

To verify the effectiveness of the neutralizer after five min of contact
with the gel, the microorganism was inoculated after neutralizing
the product, to observe that the alcohol in neutralized gel does not
cause an inhibitory effect on it. Table 3 shows that the
microorganisms showed a wide development, which suggests that
the neutralizer was effective, indicating that the product acts on the
microorganism only until it is neutralized, guaranteeing that the

counts reported in the evaluation of the antiseptic in the different
contact times are reliable.

Although the neutralizer was effective on the product, there was a
gradual decrease in the concentration at each time. This shows that
although it stops its bactericidal effect it reaches to slightly inhibit the
microorganisms; however, it was considered that this does not affect the
bactericidal test since the test suspension has an initial inoculum of very
high concentration and if there was any decrease at the time of
performing the bactericidal test, it would not be appreciable.

Table 3: C-parameter control of the dilution-neutralization method (cfu. ml?)

Microorganism Contact time (min)

0 0.25 0.5 1 2 4
Staphylococcus aureus 80.61 79.60 77.95 77.14 71.42 68.40
Pseudomonas aeruginosa 70.20 69.38 68.77 65.30 62.24 55.91
Enterococcus hirae 56.12 55.10 53.67 53.87 48.36 45.47
Klebsiella sp. 82.65 82.04 81.43 80.40 77.75 74.85
Escherichia coli 121.02 120.20 118.77 120.20 117.28 114.04

Bactericidal activity determination of the product

In this test, the analyzed antiseptic was exposed during six different
times of contact with each of the test microorganisms, neutralizing
the bactericidal reaction with Letheen broth at times 0, 0.25, 0.5, 1, 2

and 4 min. A wide reduction was observed at 0.5 min of contact with
the gel in all cases, except for Escherichia coli, where the reduction
at the minute of contact was evidenced as shown in table 4 and
mortality percentage of each micro-organisms in the presence of gel
in evaluation, was shown in table 5.
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Table 4: Bactericidal activity determination of the product (cfu. ml-1)
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Microorganism Contact time (min)
0 0.25 0.5 1 2 4
Staphylococcus aureus >3x102 >3x102 180.6 64.5 7.3 <1.5x 102
Pseudomonas aeruginosa >3x102 >3x102 232.04 102.24 10.81 <1.5x 102
Enterococcus hirae >3x 102 >3x 102 173.8 77.14 10.2 <1.5x 102
Klebsiella sp. >3x10?2 >3x10?2 194.7 143.26 16.12 <1.5x 102
Escherichia coli >3x102 >3x102 >3x102 131.02 40.43 <1.5x10?
Table 5: Mortality percentage of test microorganisms in the presence of the gel in evaluation
Microorganism Contact time (min)
0 0.25 0.5 1 2 4

Staphylococcus aureus 0% 0% 99.90% 99.90% 99.90% 99.90%
Pseudomonas aeruginosa 0% 0% 99.90% 99.90% 99.90% 99.90%
Enterococcus hirae 0% 0% 99.90% 99.90% 99.90% 99.90%
Klebsiella sp 0% 0% 99.90% 99.90% 99.90% 99.90%
Escherichia coli 0% 0% 0% 99.90% 99.90% 99.90%

Evaluates the effectiveness of the product, confirms that the product
exerts a bactericidal action on microorganisms tested. In this case,
the product evaluated was a gel based on ethyl alcohol for cleaning
and disinfection of hands, given the importance of the use of these
products, especially in the medical-surgical field where is important
to take care of nosocomial infections transmission [9, 11].

The study to reduce the hands’ microbial load becomes important
after the publication of the CDC on the hygiene of the hands, for this
reason it becomes indispensable the evaluation of the bactericidal
activity of each product used for this purpose, under rigorous test
conditions, as in this case ethanol-based gel, against high
concentrations of most common microorganisms in nosocomial
infections [10, 11].

A reduction of 105 counts was expected at least at 1 min of exposure
times, as suggested by the standard. This test exceeded the expected,
achieving the reduction for the first four microorganisms in a time of
30 s, thus giving good results since for many products used in hand
rubs an exposure time of 30 s is recommended [12].

DISCUSSION

Recent results obtained by [2, 10], show that with some antiseptics
for hand hygiene the same efficacy can be achieved in a shorter time
of use, such as 15 s; they evaluated the bactericidal activity of a gel
based on ethanol, demonstrating the reduction in 15 s with some of
the most common nosocomial pathogens such as Sthapylococcus
aqureus and Pseudomonas aeruginosa, using TSA agar plates
(Trypticase soy) as was done in the present work. It was possible to
overcome what was expected, demonstrating that the antiseptic
evaluated was effective against the microorganisms evaluated, thus
fulfilling the parameters of the standard [13].

On the other hand, Gram-positive microorganisms present a greater
sensibility to the product compared to the Gram-negative
microorganisms such as Escherichia coli, with which a count greater
than 300 cfu. ml! was obtained at 30 s, therefore the specification of
the standard was considered and the result was reported as>3 x102.

Some authors, [14-16] assure that the strains that present greater
resistance in vitro to antimicrobial products are Escherichia coli and
Klebsiella sp. However, considering the initial concentration of the
inoculum of work for E. coli, a reduction of 99.9% was demonstrated
for Escherichia coli from one minute of contact, results that are
shown in table 5.

Although Klebsiella sp and Pseudomonas aeruginosa had a high
reduction, the counts were also higher than those of Enterococcus
hirae and Staphylococcus aureus at 30 s and at one minute of contact.
This was not an issue at the moment of finding the percentage of
mortality, considering that the difference in the count was not
considerable. In a similar way, the reduction was high with respect
to the initial inoculum of each one, resulting in a 99.9% elimination

of the microorganisms in 30 s of exposure to the gel evaluated,
unlike Escherichia coli, which achieved this reduction at one minute
of contact.

After 4 min of exposition to gel, the results for every microorganism
were very similar, although a growth was present, the number of
colonies in every one of the 6 replicas was smaller than 15, that is
why, according to the standard, the result was reported as smaller
than 150 (table 4). A reduction of 0% was considered for every
count smaller than>3 x102

The evaluation of the bactericidal activity of the gel, showed that this
can generate a logarithmic reduction greater than 5, and that it is
effective at the minute of contact with all the microorganisms tested,
therefore, it can be said that this product is effective as a bactericidal
preparation for disinfection and hygiene of hands. This suggests that
the gel efficiency can be performed under practical conditions on the
hands. In this way, it can be an important mechanism for disinfection
in the medical facilities in order to prevent the transmission of
infectious diseases.

CONCLUSION

The in vitro bactericidal activity of the 70% alcohol-based antiseptic
gel (clean hands ®), developed to use by friction in hygiene and
disinfection of hands, was evaluated, demonstrating the antiseptic
effect under the conditions of the study.

It can be stated that the product shows a reduction of 10° in the
count of viable microorganisms, in a period of 1 min.+/-5 s at 20 °C
and under the conditions defined by this test when the test
organisms are Staphylococcus aureus, Pseudomonas aeruginosa,
Enterococcus hirae, Escherichia coli, and Klebsiellsa sp. This product
can be used as bactericidal in the hands’ sanitization process, but it
is suggested to make an evaluation process to test its efficiency in
conditions that simulate the practical conditions of the hand. It was
verified that the used neutralizer did not interfere in the obtained
results during the bactericidal test, since it did not cause any
considerable inhibitions in the control (B-Parameter). The
effectiveness of the dilution-neutralization (C-parameter) method
was also verified, assuring that the test results are reliable and that
the method is applicable in the evaluation in this type of antiseptics.
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