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Abstract: This study investigates the antimicrobial effectiveness of an Indian Hand Sanitizer against
Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) through determination of its Minimum
Inhibitory Concentration (MIC) against the pathogens. Given the increasing global concern over infectious
diseases caused by bacterial pathogens, the study focuses on the critical aspect of establishing efficient
sanitization practices. This commonly used Hand Sanitizer, recognized for its widespread usage, undergoes
scrutiny in this experiment for its Minimum Inhibitory Concentration (MIC) against S. aureus. Employing a
broth dilution method with nutrient broth and clinical isolates, the study surprisingly reveals a notable
inhibitory effect against E. coli at a concentration of 70%. In comparison, no inhibitory effect is observed for S.
aureus across concentrations ranging from 30% to 80%. These results show that it's important to carefully
choose sanitizers based on how well they work against different germs. It makes us think about trying different
formulas and amounts of active ingredients to make sanitizers even better. While the study shows that
sanitizers can help with some bacteria like E. colj, it also points out that it is ineffective up to a certain limit of
usage against S. aureus. The two reasons for the lack of inhibition are discussed, that is alcohol tolerance and
inefficacy of the hand sanitizer. Thus, this research gives us important information to improve how we make
and use sanitizers to prevent infections in different settings.
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1. INTRODUCTION

Due to ever-growing research on lab cultures, establishing sanitization is critical, which needs
the choice of effective sanitizers and other disinfectant agents. Consequently, the use of sanitizers has
become commonplace in laboratories worldwide. These chemical agents, designed to eliminate or
reduce microorganisms, play a stringent role in maintaining aseptic conditions. (Dhama, K. et al
2021). The emergence and spread of infectious diseases caused by bacterial pathogens have posed
significant challenges to public health worldwide. Among the numerous bacterial pathogens,
Escherichia coli (E. coli), a gram negative bacterium and Staphylococcus aureus (S. aureus), a gram

positive bacterium are of particular concern due to their ability to cause severe illnesses in humans.
These bacteria are commonly associated with foodborne illnesses, nosocomial infections, and
community infections. (Mancuso et al. 2021)

In recent years, the use of sanitizers has become a crucial measure in controlling the transmission
of bacterial pathogens. Sanitizers are widely used in various settings, including healthcare facilities,
food processing industries, and household environment to reduce microbial contamination and

prevent the spread of infections. However, it is essential to assess the effectiveness of sanitizers in
eradicating specific bacterial pathogens to ensure their optimal use. (Muleba et al. 2022)

E. coli and S. aureus, being prevalent bacterial pathogens, have gained significant attention in
research (Mancuso et al. 2021). Numerous studies have investigated the efficacy of different sanitizers
in reducing the viability and infectivity of these bacteria. However, conflicting results and variations
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in methodologies employed across studies necessitate a comprehensive evaluation of the effects of
sanitizers on E. coli and S. aureus.

This research project aims to assess the effectiveness of this commonly used sanitizer in
eliminating E. coli and S. aureus, both individually. By evaluating the antimicrobial activity of
sanitizers, we seek to contribute to the existing knowledge on their efficacy in controlling these
pathogens and pave the way for enhanced public health practices and improved infection control
measures.

Understanding the effectiveness of sanitizers against E. coli and S. aureus is crucial for
establishing evidence-based guidelines and protocols for hygiene practices in various settings.
Furthermore, it can aid in the development of more targeted and efficient sanitization strategies,
ultimately contributing to the prevention and control of bacterial infections.

Sanitizer Formulation :

Sanitizers, in the form of disinfectants, antiseptics, or sterilizers, are meticulously employed to
cleanse surfaces, equipment, and personnel in laboratory settings. By targeting and destroying or
inhibiting the growth of bacteria, sanitizers aid in preventing the transfer of contaminants that could
compromise experimental results. (lowa State University, College of Veterinary Medicine, 2023)

The Hand Sanitizer is a widely recognized brand that offers a range of sanitizing products aimed
at reducing the spread of bacteria and viruses.

Active Ingredients:

The sanitizers typically contain active ingredients such as alcohol (e.g., ethyl alcohol or
isopropyl alcohol) or antimicrobial agents (e.g., benzalkonium chloride) that are known to
have broad-spectrum antimicrobial properties. Alcohol-based sanitizers work by
denaturing proteins, disrupting cell membranes, and ultimately leading to the inactivation
or destruction of microorganisms. (Golin AP et al. 2020)

The following represent the ingredients of the Hand Sanitizer:

Alcohol, Aqua, Propylene Glycol, Isopropyl Alcohol, Niacinamide, Parfum, Aminomethyl
Propanol, Tetrasodium EDTA, Carbomer, Tocopheryl Acetate, Silver Oxide, Bis-PEG-18
Methyl Ether Dimethyl Silane, Linalool.

Concentration and Contact Time:
The efficacy of the Hand sanitizer depends on the concentration of active ingredients. Higher
concentrations of alcohol generally have better antimicrobial effects. (Gold NA, et al. 2023)

Mode of Action:

Alcohol-based sanitizers disrupt the outer lipid layer of bacterial cells, leading to their
inactivation. This disruption compromises the integrity of the microorganisms, rendering them non-
viable. By changing the structure of proteins in microbes, the sanitizer causes the bacteria to lose their
protective layers and become ineffective. (Gold NA, et al. 2023)

Effectiveness Against Bacteria :

The sanitizers are formulated to be effective against a wide range of bacteria, including common
pathogens like E. coli and S. aureus. In order to reduce costs and minimize errors or failures in
preparing sanitizers, it becomes important to standardize and present some chemical conducts, like
their concentration, proven efficacy and the kind of bacteria on which they have their greatest impact.
Validation of the efficacy of sanitizers is important too. This validation can be done by studying the
MIC of chosen sanitizer against selected microorganisms. MIC, ie. Minimum Inhibitory
Concentration is the minimum concentration of the chemical agent which inhibit growth of the
microorganism. The MIC will represent the concentration of the sanitizer that inhibits the growth of
the bacteria. (Mazzola, P.G., et al. 2009)

2. MATERIALS AND METHODOLOGY
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The present study was an in vitro study conducted at the Department of Microbiology, Guru
Nanak Khalsa College of Arts, Science and Commerce, Matunga. The objective was to evaluate the
efficacy of Hand Sanitizer against clinical isolates of the aforementioned test organisms. The test
organisms were acquired from the college laboratory, and suspensions were made using sterile
saline. The density of the organism was adjusted by adding more bacteria using a sterile loop or
sterile saline. The suspensions were mixed well and maintained in sterile tubes for further use in the
experiment.

A recently manufactured sanitizer was purchased from the retail store. It was ensured that the
packaging was proper and that it was not damaged from any side. The culture media used was
Nutrient Broth that was prepared in the laboratory under sterile conditions to ensure no
contamination took place. The clinical isolates of S. aureus and

E. coli were maintained on nutrient agar slants and stored at 4°C in the refrigerator at the
laboratory.

The method used was the broth dilution method, by inoculating the culture in a series of
Nutrient broth containing the test organism to which dilutions of the sanitizers were inserted. First,
dilutions of the sanitizer were prepared under aseptic conditions using distilled water as the diluent.
The tubes were incubated for 48 hours. The highest dilution of the sanitizer at which no turbidity was
observed indicated the MIC. In this way, the efficacy of the sanitizer was determined. The study was
conducted over a period of 5 days. . Standard conditions involved using the alcohol-based hand
sanitizer sample as the stock, diluting it with distilled water, and preparing suspensions of Escherichia
coli and Staphylococcus aureus. Dilutions were made in the range of 30-80% at 10% intervals. The
experiment was conducted using an incubator set at 37°C for the specified duration.
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Prepare a series of test tubes with different
concentrations of the sanitizer

.

Prepare a Nutrient broth medium suitable
for the growth of the test organisms

N

Inoculate each test tube with a standardized
suspension of the target microorganism in
the Nutrient broth.

N

Incubate the test tubes at 37°C for 48
hours to promote microbial growth.

N

After incubation, visually inspect each test
tube or well for the presence or absence of
visible microbial growth in the form of
turbidity.

N

Determine MIC i.e the lowest concentration
of the sanitizer that completely inhibits
visible growth (no turbidity) compared to
the negative control (growth without the
antimicrobial agent).

. 4

Record the MIC values.

Figure 1. Schematic representation of Broth Dilution Method.

3. OBSERVATIONS AND RESULTS

The Alcohol based Hand Sanitizer was found to be effective against E.coli only. MIC of the
sanitizer for E.coli was determined to be 70%.
Growth of S.aureus was not inhibited by the sanitizer of the sanitizer. (upto 80%)

Table 1. Observation Table for Staphylococcus aureus.
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Concentration (%) E.coli (Growth) S.aureus (Growth)
30 +
40 +
50 +
60 +
70 -
80 -

Positive Control +

|+ |+ [+ [+ |+ |+

Negative Control - -
Key : + = Turbidity observed (Growth), - = Turbidity not observed (No Growth).

Figure 2. MIC observation for Staphylococcus aureus and Escherichia coli.

4. DISCUSSION

At present times, infections with E.coli and S.aureus are increasing at an alarming rate. Since
E.coli and S.aureus are part of the normal flora in the intestinal tract and skin respectively, cross
contamination is one of the top reasons for the spread of communicable disease in various settings
like healthcare, industries and household environments (Poolman et al., 2018) Athough the density
of the organism required for it to spread is not yet known, it is necessary to take into consideration
the duration of time of contact, the normal flora of the patient and the colonization resistance.
(Ducarmon, Q. R. et al. 2019)

The findings of this study demonstrate the significant impact of the Alcohol based Hand
Sanitizer on reducing the growth and viability of only E. coli and not S.aureus.

Regarding E. coli, it is well-known for its ability to cause a range of infections, including
gastrointestinal illnesses and urinary tract infections. S.aureus also causes respiratory infections.
(Mueller M, Tainter CR. 2023) This study highlights the potential of sanitizersto mitigate the risk of
E. coli infections by effectively reducing its viability. The use of sanitizers can be particularly crucial
in healthcare settings where E. coli can be transmitted through contaminated surfaces or inadequate
hand hygiene practices. By implementing proper sanitization measures, the transmission of E. coli
can be diminished, thus minimizing the incidence of associated infections.

S. aureus, on the other hand, is a notorious pathogen responsible for various infections, including
abscesses and bloodstream infections (Kwiecinski [M, Horswill AR. 2020). The inability of the hand
sanitizer to inhibit S. aureus growth suggests that alternative measures may be necessary to control
the transmission and infection caused by this pathogen. This is particularly important in healthcare
settings where S. aureus infections, including bloodstream infections, can have severe consequences.
In such cases, a comprehensive approach that includes proper hand hygiene practices, surface
disinfection, and adherence to infection control guidelines becomes crucial. (Haque, M. et al. 2018)
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It is worth noting that the type of sanitizer evaluated in this study was an alcohol-based sanitizer.
Alcohol exerts its antimicrobial activity through various mechanisms, including protein
denaturation, disruption of tissue membranes, and dissolution of lipids. These actions effectively
reduce the viability and growth of bacterial pathogens.

The era of alcohol-tolerant bacteria has begun, leading to a shift from the use of alcohol based
sanitizers to natural products like essential oils, aloe vera gel, etc. The resistance of Staphylococcus
signifies that it's infections possibly cannot be prevented through this hand sanitizer. Thus, hand
washing with soap and water or other methods are recommended as an adjuvant.

While this study highlights the positive impact of sanitizers on E. coli, it is crucial to acknowledge
the limitation regarding S.aureus. Firstly, the study focused on the in vitro efficacy of sanitizers, and
further research is needed to evaluate their effectiveness in real-world settings. Additionally, the
study primarily assessed the impact of sanitizers on viability, and future studies should consider
additional factors such as surface disinfection and prevention of biofilm formation, with regard to
gram positive S.aureus and gram negative Pseudomonas aeruginosa.

Further research is needed to explore the reasons behind the observed lack of efficacy of hand
sanitizer against S. aureus. This may involve evaluating alternative formulations or concentrations of
active ingredients, as well as investigating the potential role of other factors, such as the presence of
organic matter or the development of antimicrobial resistance in S. aureus strains. The long-term
effects of sanitizers and their optimal use in various settings to further enhance infection prevention
and control measures should also be looked into. Future studies can focus on evaluating the
effectiveness of hand sanitizers against multidrug-resistant strains, including methicillin-resistant
Staphylococcus aureus (MRSA). (Golin, A. P. et al. 2020) Strategies such as incorporating synergistic
antimicrobial combinations or developing novel agents may be explored.

5. CONCLUSION

In conclusion, the findings of this study underscore the importance of incorporating only
sanitizers as an integral part of infection control strategies. By effectively reducing the viability of E.
coli, sanitizers have the potential to significantly minimize its transmission and its associated
infections.

It is important to note that the absence of inhibitory effects of the hand sanitizer against

S. aureus in this study does not negate its effectiveness against other microorganisms or
diminish its potential benefits in reducing the transmission of other pathogens. Thus,hand wash with
soap and water or other methods may be used as an adjuvant to usage of sanitizers. Hand sanitizers
are valuable tools in promoting hand hygiene and preventing the spread of infections. However, it is
crucial to select appropriate sanitizers and consider their specific efficacy against the target
pathogens.
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