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ABSTRACT

his study aimed to assess the efficacy of various disinfectants on clinical bacterial isolates with a focus on

Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia and Pseudomonas aeruginosa. The clinical

isolates were subjected to testing with four disinfectants: Phenols, Formaldehyde, Sodium hypochlorite, and
Ethyl alcohol, utilizing the disk-diffusion method. Pathogenic bacteria pose a significant threat, capable of inducing a
range of symptoms that can vary from mild to severe and potentially life-threatening, affecting both individuals and
other organisms. The widespread use of disinfectants to mitigate microbial growth on inanimate objects highlights the
importance of understanding their effectiveness. Formaldehyde emerged as the most effective disinfectant, exhibiting a
92% susceptibility pattern, while Phenol demonstrated an 8% susceptibility. In contrast, sodium hypochlorite and ethyl
alcohol presented no area of inhibition against any of the clinical bacterial isolates. Specific susceptibility patterns were
observed, with Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus, proving susceptible to
Formaldehyde at rates of 41%, 32%, and 27%, respectively. Conversely, Klebsiella pneumonia demonstrated resistance
to Formaldehyde. These findings highlight the variable efficiency of the tested disinfectants. Given the superior efficacy
of Formaldehyde against the bacterial isolates, routine testing of disinfectants is recommended to ensure their

effectiveness against pathogenic microorganisms.

Keywords: Aseptic techniques, Bacteria, Disinfectants, Effectiveness, Susceptibility

LICENSE: This article by African Journal of Health, Safety and Environment (AJHSE) is licensed and published under the Creative Commons
Attribution License 4.0 International License, which permits unrestricted use, distribution, and reproduction in any medium, provided this article
is duly cited.

COPYRIGHT: The Author(s) completely retain the copyright of this published article.

OPEN ACCESS: The Author(s) approves that this article remains permanently online in the open access (OA) model

QA: This Article is published in line with “COPE (Committee on Publication Ethics) and PIE (Publication Integrity and Ethics)”.


about:blank

INTRODUCTION

In recent years, controlling and preventing microbial growth on inanimate surfaces has become increasingly crucial,
particularly in healthcare and laboratory environments (Pérez de la Lastra et al., 2022; Lee and Park, 2023). The
effectiveness of disinfectants plays a vital role in mitigating the spread of pathogenic bacteria that significantly impact
human health and the ecosystem (Olatunji et al., 2023). An inclusive understanding of the comparative efficacy of
various disinfectants is essential for conversant decision-making in disinfection practices. Pathogenic bacteria such as
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae have been recognized
as causative agents of a wide array of infections, ranging from mild to severe and potentially life-threatening
(Ahmadpour et al., 2022; Parija, 2023). The capacity of these bacteria to induce harmful symptoms in humans and other
affected organisms highlights the critical necessity for effective disinfection measures (Karmakar et al., 2022; Mehta et
al., 2022).

To systematically evaluate the efficacy of disinfectants, the disk-diffusion method, a well-established technique
in microbiological studies provides a practical and standardized approach (Sheet et al., 2022; Shehbaz et al., 2023). This
method consents researchers to quantify the zones of inhibition produced by disinfectants, thereby offering valuable
insights into their effectiveness against specific clinical bacterial isolates (Okposhi et al., 2022; Alsaedy and Almilly,
2023). By engaging this technique, the current investigation aims to assess the effectiveness of different disinfectants
on clinical bacterial isolates, contributing to the existing knowledge base by rigorously examining and comparing the
performance of four disinfectants: phenol, formaldehyde, sodium hypochlorite, and ethyl alcohol.

This research discourses a critical gap in understanding the variable efficacy of disinfectants and underscores
the importance of routine testing to ensure the ongoing effectiveness of disinfection protocols. The discoveries from this
study are expected to inform best practices in disinfection strategies, particularly in environments where controlling
bacterial contamination is paramount for public health and safety. Given the dynamic nature of microbial resistance and
the evolution of disinfectant formulations, it is imperative to evaluate the efficacy of varied disinfectants against clinical
bacterial isolates continually. Subsequently, the primary aim of this study was to identify suitable disinfectants and
systematically appraise their effectiveness against clinically relevant bacterial isolates, thereby enhancing the framework
for infection control in healthcare settings (De Oliveira et al., 2020; Nicholas et al., 2023; Waller et al., 2023).

MATERIALS AND METHODS

Study Design

This investigation aims to assess the efficacy of commonly used disinfectants. The disk-diffusion technique was
employed to evaluate the effectiveness of phenols, formaldehyde, sodium hypochlorite, and ethyl alcohol against clinical
bacterial isolates, including Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus, and Klebsiella

pneumoniae.

Study Area

This research was carried out in Microbiology Laboratory of the Augustine University Ilara-Epe, Lagos State.
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Disinfectants employed in the study

The disinfectants employed in this study are detailed in Table 1. Their efficiency was assessed in accordance with the
manufacturers' guidelines for preparation.

Table 1: Disinfectants Utilized in the Study

S/No. Name Contents Source
1. Phenol Carbonic acid
2. Formaldehyde 37% formaldehyde 40% by volume, 6-13% Microbiology unit of  Augustine
methanol and water University, llara-Epe, Lagos State
3. Ethyl Alcohol 80% v/v of Alcohol
4.  Sodium Sodium hypochlorite 3.5% wiv

hypochlorite

Bacterial Isolates and Disinfectant Sources
Bacterial strains were selected, including Gram-positive organisms like Staphylococcus aureus and Gram-negative
organisms such as Escherichia coli, Salmonella Typhi, and Klebsiella pneumoniae. Clinical isolates and disinfectants

were attained from the Department of Microbiology at Augustine University, Lagos State.

Preparation of Disinfectants Disc

Whatman filter paper was perforated aseptically into 0.5cm diameter discs via a usual bureau paper puncturing
apparatus, sterilized and placed in sterile bottles. Each disinfectant (1 ml) was introduced into four separate bottles
containing filter paper discs. while the fifth bottle with sterile discs served as a control, receiving 1 ml of distilled water.
All discs in the bottles were soaked for 24 hours, a subsequent method drawn by Fitzpatrick et al. (2022), with minor

modifications.

Test for the effectiveness of the disinfectants on clinical bacterial isolates

Disinfectant testing employed the disk diffusion assay, smearing various disinfectants to segregate sterile filter paper
discs (Yusof et al., 2023). Muller-Hinton agar was prepared following the manufacturer's guidelines.

Cultivated agar plates, subculture from nutrient broth isolates, were aseptically alienated into five segments in duplicate,
each labeled with the name of a disinfectant and a distilled water disc (control). Gelded syringes were used to place each
disinfectant disc onto the labeled sections. The agar rivetted the disinfectant paper disc for 2-3 minutes before incubating
at 37°C for 24 hours. Post-incubation and mean inhibition zone in millimeters (mm) were measured for each disinfectant,

considering both vertical and horizontal dimensions with a ruler.

Preparation of Stock Disinfectant Solutions for Filter Paper Impregnation

In this study, the process of preparing stock disinfectant solutions for impregnating filter paper is outlined. Table 2
revealed the specific concentrations for each disinfectant. Desired disc concentration was attained by diluting phenol it
with water in a 70:30 ratio. Likewise, ethyl alcohol achieved its concentration via a 75:25 water-to-alcohol ratio.

Conspicuously, formaldehyde and sodium hypochlorite were utilized with no dilution.
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Table 2: Preparation of Stock Disinfectant Solutions for Filter Paper Disc Impregnation

S/No.  Disinfectants Disinfectant concentration (mL) Disc Concentration (%)
1. Phenol 3.0 30

2. Formaldehyde 10.0 100

3. Ethyl Alcohol 75 75

4 Sodium hypochlorite 10.0 100

Statistical Analysis

ANOVA was utilized to examine the factors accompanying with the efficacy of various disinfectants. The data were
analyzed using IBM SPSS Statistics for Windows, version 21.0. Also, the statistical analysis data, which involved
susceptibility and resistance, were processed with Microsoft Excel 2016 to obtain descriptive values of the samples after

treatment.
RESULTS AND DISCUSSION

Evaluation of Disinfectant Efficacy and Bacterial Resistance Mechanisms in Clinical Isolates

The study discovered significant differences in the effectiveness of various disinfectants on clinical bacterial isolates,
with formaldehyde demonstrating the highest efficacy at a 92% susceptibility rate. This surpassed phenol, which was
only effective against Pseudomonas aeruginosa (8%), while sodium hypochlorite and ethyl alcohol showed no efficacy
against any isolates. This aligns with previous studies by Choroszy-Krol et al. (2023) and Kaoud et al. (2022), who
found that formaldehyde was highly effective against pathogens like Salmonella senftenberg strains and Salmonella
typhi. Additionally, Bakht et al. (2022) observed that sodium hypochlorite (5%) and ethanol (70%) displayed fluctuating
levels of effectiveness, with ethanol being the least effective against Pseudomonas aeruginosa. Additionally, Nichols et
al. (2023) tinted the phenomenon of cross-resistance, where bacteria exposed to sublethal concentrations of disinfectants
can develop resistance to other agents, including antibiotics.

Further analysis of susceptibility patterns from Table 3 and Table 4 reinforced Formaldehyde’s superiority, particularly
against Staphylococcus aureus and Escherichia coli, where it produced inhibition zones of 43 mm and 28 mm,
respectively. These results underscore Formaldehyde’s broad-spectrum activity. In contrast, Klebsiella pneumoniae
displayed complete resistance to all tested disinfectants, including Formaldehyde, which is consistent with its known
multidrug resistance and biofilm formation capabilities. Pseudomonas aeruginosa also exhibited partial resistance,
which could be attributed to its efflux pump systems and protective outer membrane, as reported by Butucel et al. (2022).
The resistance mechanisms observed in these bacteria focus the limitations of conventional disinfectants in overcoming
such defenses. Studies by De Oliveira et al. (2020) and Waller et al. (2023) further accentuated that resistance genes,
such as gacC and gacA, play a role in bacteria like methicillin-resistant staphylococcus aureus (MRSA), leading to
diminished disinfectant efficacy.

The structural resilience of certain pathogens, such as bacterial spores and mycobacteria, plays a key role in their
resistance to disinfectants. Spores have vigorous protective layers, and mycobacteria possess lipid-rich cell walls that
act as impermeable barriers to biocides. Gram-negative bacteria, including Escherichia coli and Klebsiella pneumoniae,
also demonstrate resistance due to their outer membranes, which prevent the uptake of disinfectants. These observations
are supported by studies like those of Mendoza et al. (2022) and Yan and Tu (2023), emphasizing the need for alternative

strategies to effectively combat these pathogens.
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The differential efficacy of disinfectants observed in this study highlights the complex relationship between disinfectant
chemistry and bacterial defense mechanisms. Formaldehyde’s broad-spectrum action against Staphylococcus aureus
and Escherichia coli demonstrates its potential as an effective hospital disinfectant, while the resistance exhibited by
Klebsiella pneumoniae and partial resistance in Pseudomonas aeruginosa indicate ongoing challenges in controlling
nosocomial infections. These results, supported by relevant literature such as Nicholas et al. (2023), De Oliveira et al.
(2020), and Waller et al. (2023), underscore the necessity of incessant evaluation and development of disinfectants to
overwhelmed bacterial resistance and improve infection control measures.

Table 3: Average Susceptibility Patterns of Impregnated Disinfectant Discs Against Clinical Bacterial Isolates

Ethyl Sodium
S/No.  Clinical Bacterial Isolates Phenol Formaldehyde Alcohol Hypochlorite Water
(mm) (mm) (mm)
(mm) (mm)
1 Staphylococcus aureus 0 441 0 0 0
2 Escherichia coli 0 28.9 0 0 0
3 Klebsiella pneumoniae 0 0 0 0 0
4 Pseudomonas aeruginosa 9.6 34.3 0 0 0
Table 4: Sensitivity Patterns of Clinical Bacterial Isolates to Disinfectant-Impregnated Discs
S/No. Samples Staphylococcus Escherichia Ethyl Sodium
(mm)/Bacterial aureus coli Alcohol Hypochlorite
Isolates
1 A 0.00+0.00? 0.00+0.00? 0.00£0.00*°  9.60+0.84°
2 B 44.0500+1.48¢ 28.90+1.27° 0.00+0.008  0.00+0.00°
3 C 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
4 D 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

Key: A = Phenol, B = Formaldehyde, C = Ethyl Alcohol, D = Sodium Hypochlorite
The values represent means + standard deviations from two determinations. VValues lacking the same superscript within the same column are
deemed significantly different (p < 0.05).

Comparative Analysis of Disinfectant Efficacy and Bacterial Susceptibility in Clinical Isolates

The outcomes described in Figure 1 feature the higher effectiveness of formaldehyde among the tested disinfectants,
with a 92 % susceptibility rate against clinical bacterial isolates. This surpasses the performance of phenol, which was
only effective against Pseudomonas aeruginosa with an 8% susceptibility rate, while sodium hypochlorite and ethyl
alcohol showed no effectiveness. This aligns with the findings of Choroszy-Krol et al. (2023), who demonstrated that
formaldehyde is highly effective against various pathogens. Likewise, Kaoud et al. (2022) observed that formaldehyde
and phenol, when applied at high concentrations, significantly reduced bacterial populations such as Salmonella typhi.
This evidence supports the remarkable antimicrobial power of formaldehyde, which is widely recognized for its aptitude
to disrupt cell wall integrity and denature microbial proteins.

The ineffectiveness of sodium hypochlorite and ethyl alcohol detected in this study is consistent with findings by Bakht
et al. (2022), who conveyed limited efficacy of these disinfectants against Pseudomonas aeruginosa. ethyl alcohol was
found to be the slightest effective, likely due to the bacterium's ability to resist alcohol-induced cell membrane damage
through its biofilm formation and efflux pump mechanisms. Nichols et al. (2023) further emphasized that bacteria
uncovered to sublethal concentrations of disinfectants can advance resistance not only to those agents but also to

antibiotics, signifying a potential for cross-resistance. This phenomenon may explain why the clinical isolates in this
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study, including Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae, exhibited resistance to several
disinfectants.

Clinical Bacterial Isolates

H Phenol ® Formaldehyde

Figure 1: Percentage Effectiveness of Disinfectants Against Clinical Bacterial Isolates

In Figure 2, the susceptibility patterns of clinical isolates tested with formaldehyde buttress its efficacy, with
Staphylococcus aureus showing the maximum susceptibility at 41%, followed by Pseudomonas aeruginosa at 32%, and
Escherichia coli at 27%. These findings are unswerving with formaldehyde’s broad-spectrum antimicrobial activity, as
it can penetrate bacterial cells and induce irreversible impairment by reacting with nucleic acids and proteins. However,
Klebsiella pneumoniae displayed resistance to formaldehyde, which might be due to its well-documented ability to
produce protective biofilms and harbor resistance genes. Studies by Klein et al. (2022) confirm that biofilm-forming
bacteria often show reduced susceptibility to disinfectants due to the physical barrier that shields them from
antimicrobial penetration.

The resistance observed in Staphylococcus aureus, particularly methicillin-resistant Staphylococcus aureus (MRSA),
may be attributed to the presence of plasmids carrying resistance genes such as gacC and gacA, as noted by De Oliveira
et al. (2020) and Waller et al. (2023). These genes encode efflux pumps that expel disinfectants from the bacterial cell,
reducing their effectiveness. The presence of these genetic mechanisms in clinical isolates underscores the challenge of
controlling resistant pathogens with traditional disinfectants, emphasizing the need for ongoing research and

development of more potent biocides.

Formaldehyde assessment

B Staphylococcus aureus
W Escherichia coli

Pseudomonas aeruginosa

Figure 2: Susceptibility Profiles of Clinical Isolates Used in Formaldehyde Assessment
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CONCLUSION

This study highpoints the varying efficacy of disinfectants on clinical bacterial isolates, with formaldehyde showing the
peak effectiveness. It was particularly potent against Staphylococcus aureus and Escherichia coli, while phenol was
only effective against Pseudomonas aeruginosa. In divergence, sodium hypochlorite and ethyl alcohol exhibited rebuff
activity against any of the isolates, which is consistent with previous studies that sub bacterial resistance with the
chemical composition of disinfectants. formaldehyde's higher performance may be due to its broad-spectrum
antimicrobial activity, which disrupts bacterial cell walls and denatures proteins, making it a reliable option for hospital
disinfection. Resistance in some bacteria, notably Klebsiella pneumoniae and partially in Pseudomonas aeruginosa, can
be explained by intrinsic defense mechanisms like biofilm formation, efflux pumps, and impervious outer membranes,
especially in Gram-negative bacteria. These structures hinder disinfectant penetration and uptake, leading to compact
susceptibility. This phenomenon is well-supported in the literature, where biofilm-forming bacteria and those with
protective outer membranes often show higher resistance to commonly used biocides.

Besides, the concern of cross-resistance, where bacteria exposed to sublethal levels of disinfectants may also develop
resistance to antibiotics, was noted, particularly in Staphylococcus aureus. Methicillin-resistant Staphylococcus aureus
(MRSA) carries plasmids that encode efflux pumps, which expel disinfectants from the cell, reducing their efficacy.
These findings underscore the need for ongoing research into more potent disinfectants and strategies to stunned

bacterial resistance, particularly in hospital environments where nosocomial infections are a foremost concern.
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