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Background: Since the 19th century, asepsis has revolutionized public health, and hand hygiene
remains a cornerstone of infection control, particularly in healthcare settings with high exposure to
resistant microorganisms. This study aimed to evaluate the antimicrobial efficacy of four commercial
alcohol-gel brands (A, B, C, and D) against standard ATCC strains of Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Enterococcus faecalis, which are prevalent in clinical
environments.

Keywords: Methods: The disk-diffusion method was employed on Miieller-Hinton agar, using sterile disks
Antiseptics impregnated with each gel sample. Following a 24-hour incubation at 35°C, the resulting halo zones
Hand hygiene preparations were measured.

Hand hygiene Results: Significant variability was observed among the brands. Brand C exhibited the highest

antimicrobial activity, particularly against P. aeruginosa (11.10 mm), with an overall mean inhibitory
activity of 9.8 mm. Brand B demonstrated broad efficacy (mean 9.2 mm), while Brand A showed
moderate activity with higher variability (mean 7.9 mm). Brand D demonstrated minimal to no
inhibitory activity in the disk-diffusion assay compared to the other tested products (mean 4.3 mm).
These differences were statistically significant across all tested bacteria.

Conclusions: These findings indicate that alcohol concentration is not the sole determinant
of antimicrobial performance. Formulation factors—such as humectants, polymers, and viscos-
ity—substantially impact efficacy. The composition of an alcohol-based hand sanitizer directly governs
its antimicrobial power. The study reinforces the importance of selecting validated products, adhering
to hygiene protocols, and conducting microbiological surveillance to prevent healthcare-associated
infections.

Standard bacterial strains
Healthcare-related infections

remove and generally harmless, and a transient microbiota, which
is easily eliminated with proper hygiene [4]. The use of soap and
water reduces the microbial load and stops transmission, while
alcohol-based antiseptics are often used in the healthcare sector due
to their bactericidal and bacteriostatic properties [5, 6].

1. Introduction

Asepsis, the absence of infectious agents in environments through
preventive actions that inhibit the entry and spread of pathogens,
began to change the reality of healthcare in the 19th century: in
1846, Ignatius Philip Semmelweis reduced mortality from puer-
peral sepsis through hand washing; in 1865, Joseph Lister intro-
duced phenol as an antiseptic to reduce post-operative infections;

Sanitizers, especially 70% alcohol gel, which were already being
studied for infection control, became extremely popular during the

and during the Crimean War (1854-1855), Florence Nightingale
promoted hygiene reforms and nurse training to reduce hospital
infections [1-3]. Today, hand hygiene remains a fundamental mea-
sure to prevent the transmission of diseases, especially in health-
care environments with high exposure to resistant microorganisms.
Human skin harbors both a resident microbiota, which is difficult to
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coronavirus pandemic (SARS-CoV-2), where the demand for hand
sanitizers grew dramatically, by more than 60% in the first year
and more than 120% in the second year [7, 8]. Even so, studies
carried out in hospitals during the pandemic have shown that
pedal-operated hand sanitizer dispensers, combined with behav-
ioral nudges, in hand hygiene practices had low visitor adherence,
especially after critical contacts, such as exposure to respiratory
fluids as well as many health professionals having insufficient
knowledge about asepsis before invasive procedures [9, 10].

Aqueous solutions of ethanol and n-propanol, at concentrations
comparable to those found in commercial disinfectants (60-90%
alcohol) [11], destabilize viral membranes, such as SARS-CoV-
2, and can cause structural disintegration and inactivation of the
respiratory syncytial virus in suspension tests, reaching reductions
of more than 3logl0 in 30 seconds of contact, regardless of the


https://doi.org/DOI:10.71079/ASIDE.HS.121925210
https://asidejournals.com/index.php/Health-Sciences/index
https://doi.org/10.71079/ASIDE.HS.121925210
https://orcid.org/0009-0008-2525-6586
https://orcid.org/0009-0008-5230-7625
https://orcid.org/0000-0001-9649-556X
sachasilva@hcpa.edu.br
https://www.asidehealthcare.org/
https://www.asidehealthcare.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://asidejournals.com
https://doi.org/10.71079/ASIDE.HS.121925210

DOI:10.71079/ASIDE.HS.121925210

ASIDE Health Sciences 2

format, whether gel or foam [12]. These results reinforce the use
of alcohol-based sanitizers as a preventative measure for virus
transmission, especially in the absence of soap and water.

Staphylococcus aureus (ATCC 25923) is a coagulase-positive,
hemolytic bacterium from the Micrococcaceae family, which pro-
duces various cytolytic toxins (a, f, y, 6, and leukocidin), entero-
toxins (A to E) associated with foodborne infections, as well as
enzymes related to its virulence. It is an opportunistic pathogen in
community and hospital environments, often resistant to penicillin
and, in some strains, to methicillin (oxacillin), as is the case
with methicillin-resistant Staphylococcus aureus (MRSA), whose
mortality rate in Brazil can vary between 40% and 80%, especially
in intensive care units (ICUs) [13]. Enterococcus faecalis (ATCC
29212), from the Streptococcaceae family, is found in the human
intestine and female genital tract, and is responsible for urinary tract
infections, intra-abdominal abscesses, endocarditis, and meningi-
tis. It represents between 85% and 90% of Enterococcus species.
Although generally less resistant, strains with resistance to van-
comycin have been detected in Brazil since 1996 due to alterations
in the cell wall precursors that prevent the antibiotic from binding
[13].

Escherichia coli (ATCC 25922), belonging to the Enterobacteri-
aceae family, is a common fermenting bacterium in the human
intestine and is generally non-pathogenic. However, it is often
associated with septicemia, meningitis, and enteritis, which gives
it clinical relevance (Rey, 2003). Since 2011, there has been an
increase in cases of E. coli infection in Europe. Between 2007
and 2016, it was responsible, along with Salmonella spp. and S.
aureus, for around 90.5% of cases of food-borne illness, with new
records as recently as 2024 [14-16]. Pseudomonas aeruginosa
(ATCC 27853), of the Pseudomonadaceae family, is often found
in immunocompromised or hospitalized patients, due to its low
nutritional requirements and ability to colonize hospital environ-
ments. Although it is not the most common microorganism in these
places, its clinical importance lies in its high resistance to various
antimicrobials [17, 18].

Considering the findings and the importance of access to sanitized
products for the general public, this study sought to test the efficacy
of antiseptics purchased in the regular trade and used by health
professionals in hospitals and laboratories, as well as by ordinary
people, against strains of S. aureus (ATCC 25923), E. coli (ATCC
25922), P. aeruginosa (ATCC 27853), and E. faecalis (ATCC
29212), which are considered common in hospital and laboratory
environments.

2. Methods

2.1. Antiseptics

The antiseptics were purchased from a pharmacy and are referred
to as brands A, B, C, and D. Their chemical compositions are
described below as presented on the label.

o Brand A: ethyl alcohol 70%, water, bidistilled glycerin,

acrylic polymer - TR1, propylene glycol USP, triethanolamine;

« Brand B: water, alcohol 70%, C10-C30 alkyl propenoate,

methylparaben, propylene glycol, disodium EDTA, aminomethyl

propanol, perfume, amylcinnamic, linalool.

» Brand C: ethyl alcohol 70%, carbopol, neutralizing base,
glycerin, purified water.

o Brand D: alcohol 70%, water, carbomer, aminomethyl propanol,

propylene glycol.

2.2. Antimicrobial activity

In the experiments, 48 plates containing NEWPROV 140x15mm
Miieller-Hinton Agar, described for testing antimicrobial suscepti-
bility by the disk-diffusion method, were used to seed the bacteria.
The different alcohol brands were placed on the plates using
sterile 6.30mm antibiotic-free disks from Cefar Diagndstica Ltda.
Laboratdrio de Pesquisa e Desenvolvimento de Produtos para Di-
agndsticos.

Standard strains identified for quality control, as those from the
American Type Culture Collection (ATCC), were used in this
study. The reference strains were obtained from a reliable source.
The bacterial strains used in this work were: Staphylococcus au-
reus, Escherichia coli, Pseudomonas aeruginosa, and Enterococ-
cus faecalis. The inoculum was prepared using the Direct Colony
Suspension Method in a 0.9% saline solution from pre-selected
isolated colonies on a 24-hour agar plate. The suspension was
adjusted so that its turbidity was on the McFarland scale of 0.5 (1
x 108 CFU/mL) and checked on a densitometer.

The bacterial suspension was seeded according to the Kirby &
Bauer methodology described in the Clinical and Laboratory Stan-
dards Institute (CLSI 2013, as described in the Antibiogram Man-
ual prepared by Laborclin’s Technical Sector team in 2013 [19, 20]:

1. Soak a sterile cotton swab in the bacterial suspension,
pressing it against the walls of the tube to remove excess
suspension;

2. Sow gently in all directions on the plate (four directions),
rotating the plate approximately 90° and repeating the pro-
cedure to ensure even distribution of the inoculum.

3. Swab the edge of the agar plate and put the lid on to prevent
moisture from being absorbed before applying the alcohol-
gel-impregnated disks.

The sterile disks were placed on a sterilized watch glass, where
Iml of each brand of alcohol-gel was pipetted above the disk
and allowed to absorb [21]. After the disks absorbed the alcohol-
gel by capillary action, ensuring complete wetting without over-
saturation, they were carefully positioned in the appropriately la-
belled sections of the inoculated agar plates. The lids were promptly
replaced to reduce the risk of contamination and prevent evapora-
tion. The same procedure was carried out for the four brands for
each of the bacteria evaluated.

Each Miieller-Hinton agar plate measured 140 X 15 mm (2100
mm?) and was used to test a single bacterial strain. On each plate,
four sterile disks of 6.30 mm diameter containing the alcohol-gel
samples (one per brand) were placed at the vertices of a square,
approximately 2.0 cm from the plate edge, with a minimum spacing
of 24 mm between disks. A sterile disk with water was positioned
at the center as a negative control. Each disk was surrounded by
roughly 389 mm? of agar free of antibacterial agents, allowing uni-
form diffusion and minimizing edge effects. Since it is conducted
in a laboratory environment, we use routine hospital antibiograms
as a positive control to confirm the effectiveness of ATCC strains.

After the procedure, the plates were identified with the name of
the bacteria and letters representing the brands of each antiseptic,
then they were incubated at 35°C for 24 hours. After the incubation
period, the halos were read as a measure of antibacterial activity
using a 15.0 cm graduated ruler. Measurements were performed
independently and separately by two authors [SKS and LBD],
and any discrepancies were discussed and resolved to ensure con-
sistency with a third author [LSB]. Positive readings were those
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Figure 1: Temporal analysis of response by time (24h and 48h).

Boxplots by time with mean + 95% CI and paired lines.

in which a halo of inhibited bacterial growth could be observed
around the disks submerged in the antiseptic.

In this study, sterile water applied to a disk at the assay center was
used as the negative control, ensuring that any observed halo of in-
hibition zones could be attributed solely to the antiseptic gels rather
than to procedural artifacts. As a positive control, routine hospital
antibiograms were used to verify the expected susceptibility profile
of ATCC strains. They served as a biological quality control to
confirm the reliability of the experimental system, although they
did not represent a conventional antiseptic reference. Nonetheless,
for the scope of the present comparative analysis, the sterile water
disk was considered adequate to establish the antimicrobial activity
of the tested products. The experiment sought to demonstrate the
initial effect/immediate activity of alcohol-gel, being performed in
triplicate at the critical time (24h). And for exploratory purposes, it
was observed after 48 hours to see if the effect of the described
activity of alcohol-gel remained. Results are expressed as mean
values =+ standard errors, reflecting the average antimicrobial activ-
ity observed across the replicates for each treatment and bacterial
strain.

2.3. Statistical analysis

Statistical analyses were performed in R. For repeated measure-
ments on the same disks/plates, linear mixed-effects models will
be used with time as a fixed effect and plate/disk as a random
effect. For independent measurements, ANOVA or non-parametric
tests (Kruskal-Wallis/Mann-Whitney) will be applied. Results are
expressed as mean + standard error (SE) or 95% CI (when n>1),
with p-values adjusted for multiple comparisons (Bonferroni or
Holm) for three independent experiments. Statistical significance
was set at p<0.05.

3. Results

After incubation for 24 hours, the diameters of halos were measured
and then interpreted in relation to the positive and negative controls.
The experiments were repeated three times, and each seeded plate

Average of 24-hour readings
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Figure 2: Antimicrobial efficacy of antiseptic brands based on average
inhibition halo diameters after 24 hours of exposure.

Average inhibition halos (mm) after 24 hours for each antiseptic gel brand, considering
the combined mean values against the four bacterial strains (Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Enterococcus faecalis). Results are
expressed as mean =+ standard error of the mean. Data were analyzed using one-way
ANOVA (F = 5.308; p = 0.0147), followed by Tukey’s multiple comparisons test.
Statistically significant differences were found between brands B and D (p = 0.0340),
and between brands C and D (p = 0.0255). Asterisks indicate statistically significant
differences (p < 0.05).

was arranged with four disks representing the four alcohol-gel sam-
ples. Therefore, the values obtained from the halos were divided
by the total number of disks in the agar, excluding the sterile
disk, which served as a control. In this study, three independent
experiments were conducted to verify whether the results obtained
in experiment 1 would be consistent and thus reduce variability.
The results are detailed in (Supplementary Table 1).

The effective sample size was 46 observations for 24 h and 41
observations for 48 h. Atypical growth of resistant colonies was
observed in the area of the discs, which were marked as R* and
excluded from the analysis to avoid bias. Sixteen paired disks (same
plate ID) were identified between the two times, allowing points to
be connected in the graphs and the random effect to be included in
the mixed model (Figure 1).

After 24 hours, the average halos (mm) were calculated for each
antiseptic gel brand, considering the combined mean values against
Staphylococcus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, and Enterococcus faecalis. The overall descriptive statis-
tics showed very close means between times: 24h = 0.466 (95%
CI 0.276-0.657) and 48h = 0.448 (95% CI 0.253-0.644). The
normality test indicated a significant deviation from normality
in the overall 24h set (W = 0.866, p < 0.001). However, only
Brand A showed strong non-normality in the analysis by brand,
while the others did not reject normality within the current sample
limits. When brands were compared, one-way ANOVA indicated
significant differences (F = 5.308; p = 0.0147), with Tukey’s test
revealing lower efficacy of Brand D compared with Brands B
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Figure 3: Mean inhibition by time for each brand within each bacterium.

An average inhibition was plotted over time for each brand in both periods. Each facet
represents a bacterium; the lines/dots show brands A, B, C, and D of alcohol gel at 24
to 48 hours. Brand A in red, Brand B in green, Brand C in blue and Brand D in purple.
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Figure 4: Mean inhibition zones by brand and incubation time against
tested bacteria.

Bar plot of mean inhibition by brand and time with SD error bars, faceted by
bacterium: Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus. Results are shown by brand (A-D) and incubation time (24
h in red, 48 h in blue).

(p = 0.034) and C (p = 0.026) (Figure 2). In contrast, species-
specific analyses showed no significant differences among brands
after adjustment: E. faecalis (p = 0.127), E. coli (p = 0.240), S.
aureus (p = 0.098), and P. aeruginosa (p = 0.122) (Supplementary
Table 1).

For Enterococcus faecalis, the Kruskal-Wallis test was applied,
yielding a p-value of 0.127, an effect size (¢2) of 0.269, and
Levene’s test indicated homogeneity of variances (p = 0.630). For
Escherichia coli, one-way ANOVA was used, resulting in a p-value
of 0.240, an effect size (%) of 0.392, and a non-significant Levene’s
test (p = 0.477). For Staphylococcus aureus, the Kruskal-Wallis

test showed a p-value of 0.098, with an effect size (£2) of 0.300, and
Levene’s p-value of 0.734. Finally, for Pseudomonas aeruginosa,
the Kruskal-Wallis test produced a p-value of 0.122, an effect size
(€%) 0f 0.279, and Levene’s test was also non-significant (p = 0.652)
(Supplementary Table 1).

Head of the pairwise post-hoc (Supplementary Table 2) results
indicated that, for Enterococcus faecalis (Kruskal-Wallis, Dunn’s
test with BH adjustment), none of the pairwise comparisons
reached significance after correction, with the closest contrast
being C-D (p.adj = 0.152). For Escherichia coli (ANOVA, Tukey
HSD), all pairwise comparisons were non-significant, with ad-
justed p-values ranging from 0.229 to 0.986. In Staphylococcus
aureus (Kruskal-Wallis, Dunn’s test with BH adjustment), the
contrasts A—B (p.adj = 0.129) and B-D (p.adj = 0.145) approached
significance but did not remain significant after adjustment. Finally,
for Pseudomonas aeruginosa (Kruskal-Wallis, Dunn’s test with
BH adjustment), the contrast C-D yielded the lowest adjusted p-
value (p.adj = 0.125), though still above the conventional signifi-
cance threshold.

The REML-adjusted mixed linear model, considering time as a
fixed effect and plate ID as a random effect, indicated no significant
effect of time (Intercept = 0.466 + 0.092, p < 0.001; 48h effect =
-0.018 + 0.084, p = 0.832). The marginal estimates were 24h =
0.466 + 0.092 and 48h = 0.448 + 0.095, with a Holm-adjusted
difference of 0.018 (p = 0.833). An ANOVA of independent
measures also confirmed no significant difference (F(1,85) = 0.009,
p = 0.923).

The analysis of deltas (halos 48h — halos 24h) by bacterium and
brand showed small variations and no consistent trend: Enterococ-
cus faecalis ranged from -0.007 to 0.147; Escherichia coli showed
reductions from -0.487 to -0.120; Pseudomonas aeruginosa ranged
from -0.200 to 0.440; and Staphylococcus aureus from -0.193
to 0.027. These results suggest variability between brands and
individual replicates, but do not indicate a systematic effect of
time (Figure 3). The ranking of effectiveness by bacteria remained
relatively consistent: Brand C was most effective against E. faecalis
and P. aeruginosa; Brand B was most effective against E. coli and
S. aureus; while Brand D consistently demonstrated minimal to no
inhibitory activity in the disk-diffusion assay compared to the other
tested brands (Figure 4).

4. Discussion

The ASTM E1174 (American Society for Testing and Materials)
standard is an American method for evaluating antiseptic hand
wash formulations for healthcare professionals. At the same time,
EN 1500 (EuroNorm) establishes criteria for rub-in hygienic dis-
infectants, using the reduction of transient microbial flora under
controlled experimental conditions as a reference. Both use gram-
negative bacteria as marker organisms, yet they still do not align
with the practical everyday use of alcoholic hand preparations [22].
Despite the high concentrations, conducting this experiment with
clinically relevant pathogenic strains enabled a direct comparison
of the effectiveness of alcohol gel with that of antimicrobials
used clinically. Thus, the methodological choice sought not only
to approximate the results of situations encountered in health-
care settings, where the easy spread of microorganisms among
patients and healthcare professionals represents a constant risk of
cross-contamination, but also to provide an objective comparative
parameter between the activity of routinely used antiseptics and
the response to pathogens of clinical interest. The evaluation of
antimicrobial activity using alcohol gel has already been described
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for its simplicity and cost-effectiveness. However, there have been
reports of variations in halo reading due to how the drop spreads
across the culture medium.

The antiseptic’s action is naturally limited as its concentration
decreases with distance from the disc, making chemical neutral-
ization unnecessary. Furthermore, since the active ingredient is a
volatile alcohol, its concentration significantly decreases during
the 24-hour incubation period due to evaporation, further limiting
the potential for artificially enlarged halos. The main objective
of our study was to compare the intrinsic antimicrobial activity
of the product formulations under identical conditions. Since all
products were subjected to the same physical principles of diffusion
and evaporation, the relative comparison of the resulting inhibition
zones remains valid and straightforward for measuring their in vitro
efficacy.

The detailed experimental design further supports the robustness
of the methodology. Halos were measured after 24 hours, and the
experiments were repeated three times with five disk replicates per
gel, ensuring sufficient sampling and minimizing random variabil-
ity. Atypical growth of resistant colonies occasionally observed
above the discs (marked as R*) was carefully excluded from the
statistical analyses to avoid bias, resulting in an effective sample
size of 46 observations at 24 h and 41 at 48 h. Although infrequent,
these occurrences highlight the potential emergence of resistant
subpopulations under certain conditions and should be explored in
future studies. Importantly, the use of paired disks allowed the in-
corporation of random effects into mixed models, further strength-
ening statistical validity. Despite minor differences across bacteria
and brands, the consistent halos of activity against these bacteria
between 24 and 48 hours, along with stable brand performance
rankings, indicate that excluding R* data did not compromise the
study’s conclusions. Overall, these results reinforce confidence in
the findings while ensuring transparency in experimental handling,
variability, and data interpretation.

Considering the concentration of bacteria would be higher than
that found on the surface of the hand, since the inoculum used
was in the range of 1 X 108 CFU/mL, which is associated with
a site of infection (sepsis) in the patient [20], the alcohol gel brands
proved to be effective against the bacterial strains. For the analysis
and discussion of the results, since there is no reference standard
in the literature, alcohol gel is not considered an antibiotic but
a prophylactic. Halos were only described if they demonstrated
minimal activity against the bacteria.

Analyzing the results, possible aspects could be linked to the action
of alcohol gel in inhibiting bacterial growth, such as: the presence
of ethanol, commonly used in hand sanitizers for its effectiveness
in inactivating viruses and bacteria, and propanol, another variant
of alcohol that is also effective against pathogens [23]. Alcohol in
gel form doesn’t spread in the culture medium. Still, it can inhibit
bacterial growth because its consistency increases the contact time
with the contaminated surface by slowing down evaporation [24].
Cosmetic additives or emollients in alcohol improve skin tolerance
and adherence to use by professionals, without interfering with the
product’s action [23].

Brand C was the most effective antiseptic, showing the largest
halo, especially against Pseudomonas aeruginosa, likely due to an
optimized alcohol concentration and synergistic ingredients. Brand
A showed consistent, though lower, antimicrobial activity, with
borderline statistical significance suggesting possible variability in
formulation. Brand B achieved high effectiveness against E. coli
and S. aureus, indicating that small differences in composition can

influence efficacy. In contrast, Brand D showed poor performance,
failing to inhibit key pathogens, which raises concerns about its use
and highlights the importance of strict quality control and efficacy
testing.

The presence of ethanol and/or propanol is a key factor in the
action of antiseptic gels, as both alcohols are capable of denatur-
ing proteins and disrupting microbial membranes, particularly at
concentrations above 60% [23, 25]. The gel form prolongs contact
time with the skin or surface, potentially increasing antimicrobial
activity [24]. Moreover, the inclusion of cosmetic agents or emol-
lients can promote user adherence without compromising efficacy,
a crucial factor for routine use by healthcare professionals.

Although all brands claim to contain 70% ethyl alcohol, significant
variability in antibacterial efficacy was observed, suggesting that
other components of the formulation strongly influence the results.
Additives such as glycerin—present in Brands A, B, and C—act
as humectants and improve skin tolerability, but several pieces of
evidence indicate that they may reduce alcohol diffusion or form
physical barriers, decreasing halos in vitro. For example, Suchomel
et al. (2017) demonstrated that glycerin in alcohol-based formu-
lations decreases bactericidal activity, particularly with regard to
prolonged effects, compared with formulations without glycerin or
with alternative humectants. Similar results were also reported by
Menegueti et al. (2019) [26, 27].

Other critical factors include the type and concentration of poly-
mers (carbopol, carbomer, TR1 acrylic polymer), which determine
the gel’s viscosity and affect the evaporation rate and the diffusion
of alcohol through the medium. More viscous formulations can
keep alcohol on the surface longer, but they can also hinder its
effective release, thereby inhibiting bacterial growth on agar plates
[28]. In addition, neutralizers or pH-adjusting agents, such as tri-
ethanolamine and aminomethyl propanol, can alter the gel’s acidity,
influencing alcohol stability and bacterial susceptibility. However,
some studies indicate that within moderate ranges, pH does not
have a predominant effect [29].

In this sense, the presence of humectants, polymer formulation,
viscosity, and pH are variables that modify practical effectiveness.
For clinical or personal hygiene applications, it is recommended
to evaluate not only the alcohol content but also the complete
formulation, including additives, to ensure consistent antimicrobial
performance [30].

In recent years, the rise in hospital infections from multidrug-
resistant microorganisms, along with the pandemic, has under-
scored the vulnerability of healthcare workers, who are more
susceptible to pathogen contamination through direct contact with
infected patients or contaminated surfaces. In epidemiology, it is
considered that “the hands of healthcare workers are the main
source of outbreaks of healthcare-related infections” and are a
critical factor in transmission between infected and healthy patients
[31].

Currently, alcoholic formulations are widely used for hand san-
itizing because they promote microbial reduction, are easy to
apply, and cause less irritation than water, which can remove the
skin’s hydrolipidic barrier [32-34]. Alcohols denature and coag-
ulate proteins when in concentrations of more than 60% and are
more effective at reducing hand microbes than ordinary soaps or
antiseptics, even in the presence of small amounts of proteinaceous
material [25, 35]. However, hand washing with soap and water
remains essential in cases of extreme contamination or visible dirt
[36]. In addition, excessive use of alcohol-based sanitizers can
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cause skin cracks [37], increasing the risk of infections and toxicity,
and potentially selecting resistant strains, such as Staphylococcus
epidermidis, which can form biofilms [38]. It is therefore essential
to select products that guarantee efficacy, safety, and compatibility
with users’ skin.

The agar-based halo assay provides a controlled, standardized mea-
sure of minimal or no inhibitory activity in the disk-diffusion assay
compared to the other tested products. Yet, it does not replicate
the dynamics of skin colonization, contact time, or the variable
microbial load encountered in clinical practice. The use of high in-
oculum concentrations—above those typically found on healthcare
workers’ hands—further complicates extrapolation to daily-use
scenarios. Future studies should include clinical isolates, employ
complementary methodologies, such as in vivo or simulated hand-
contamination models, and explicitly address how experimental
conditions may limit the generalizability of the findings. This
would strengthen the discussion and provide clearer guidance on
the applicability of results to infection prevention and control in
healthcare environments.

The methodology used in this study was robust and appropriate
for evaluating the efficacy of antiseptic gels. To ensure the ac-
curacy and reliability of results, experiments were conducted in
triplicate, and cross-contamination was avoided by using different
strains on different days. Statistical analyses, including ANOVA,
Kruskal-Wallis, and mixed-effects models, allowed rigorous com-
parison among brands and assessment of incubation time effects.

Nevertheless, the use of standard laboratory strains may not fully
reflect the resistance patterns of clinical isolates, limiting direct
extrapolation to real-world hospital settings. Despite this, the ex-
perimental design and statistical rigor provide a solid foundation
for interpreting the relative antimicrobial performance of the gels,
while highlighting the need for further studies with clinical strains
to confirm applicability in healthcare environments.

Limitations

A primary limitation of this investigation is the use of the disk-
diffusion method. We acknowledge that this is not a standard pro-
tocol for determining the clinical efficacy of hand rubs, for which
methodologies like EN 1500 or ASTM E1174 are the established
gold standards. Consequently, our results cannot be directly extrap-
olated to clinical performance, as we lack established breakpoints
from standards organizations (e.g., CLSI) to classify an antiseptic
as "susceptible" or "resistant" based on inhibition zone diameters.
However, the objective of this study was not to validate clinical
efficacy, but rather to conduct an exploratory in vitro screening to
compare the antimicrobial activity of four commercially available
alcohol-gel formulations under controlled laboratory conditions.
The disk-diffusion method was chosen as a simple, accessible, and
cost-effective screening tool to provide an objective comparative
parameter between the activity of these products against pathogens
of clinical interest. It is used for preliminary evaluations of antisep-
tics; although not a clinical standard, it has been documented in the
literature for similar screening purposes.

A second, and perhaps more significant, finding emerged from the
atypical results observed during the study. The data points marked
as "R*" in Table 1, which denote "atypical growth of resistant
colonies observed within the inhibition zone," were almost exclu-
sively associated with Brand D. This consistent pattern strongly
suggests that the observation was not due to a random breach in our
sterile technique or procedural contamination. Instead, we interpret
this as a critical finding related to the intrinsic characteristics of

Brand D. We hypothesize that the product either contained low-
level microbial contamination from the manufacturing process or
had an inadequate preservative system, which was insufficient to
inhibit the growth of certain alcohol-tolerant microorganisms in
the formula. Therefore, what could be initially dismissed as a
methodological flaw is, in fact, a significant finding regarding the
quality control of commercial antiseptic products. The possibility
that a commercially sold alcohol gel may harbor viable, alcohol-
resistant organisms is a serious concern with direct public health
implications, underscoring the importance of rigorous quality as-
surance in producing these essential healthcare products.

5. Conclusions

The results of this study demonstrate that the antimicrobial efficacy
of alcohol-based hand sanitizers is strongly influenced by their
overall formulation, not just alcohol concentration. Brand C exhib-
ited the most consistent and robust activity against the bacterial
strains of this study, particularly against Pseudomonas aeruginosa,
suggesting an optimized combination of alcohol and synergistic ex-
cipients. Brand B showed selective efficacy against certain strains,
while Brand A displayed moderate activity with greater variability.
Brand D failed to inhibit key pathogens, highlighting the need for
careful quality control and formulation assessment.

These findings underscore the critical role of hand hygiene in
healthcare settings. While alcohol content is essential, factors such
as humectants, polymer composition, viscosity, and pH signifi-
cantly modulate practical antimicrobial performance. The study
confirms the bacteriostatic potential of selected alcohol gels against
Staphylococcus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, and Enterococcus faecalis. However, it also emphasizes the
need for further investigations, including additional pathogens,
vehicle-only controls, and clinical or simulated hand models, to
fully evaluate product efficacy under real-world conditions.
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