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EFFICACY OF SOME ANTISEPTICS AND DISINFECTANTS ON CLINICAL ISOLATES FROM HEALTHCARE FACILITIES IN PORT HARCOURT, NIGERIA

ABSTRACT
[bookmark: _Hlk219902307]Aim: The continued increase of multi-drug and antibiotic-resistant microorganisms has led to an increased effort to enhance cleaning and disinfection procedures in healthcare facilities. This study aimed to evaluate antimicrobial efficacy of antiseptics and disinfectants on clinical isolates from healthcare facilities in Port Harcourt. 
Methodology: Five brands of antiseptics and disinfectants: Dettol, Savlon, Hypo, Betadine, and Izal commonly used in healthcare facilities in Port Harcourt were tested against thirty-two (32) confirmed isolates of Staphylococcus aureus, Escherichia coli, Klebsiella spp. and Candida albicans using agar disc diffusion and contact kill time methods. Statistical analysis was performed using GraphPad Prism Software Version 9.0 (San Diego, California, USA). 
Results: All isolates exhibited reduced sensitivity (0 ± 0.00) to antiseptics and disinfectants at 1 litre, 5 litres and 10 litres dilutions respectively. Dettol [Staphylococcus aureus (10 ± 0.00), Candida albicans (9 ± 0.00), Escherichia coli (8 ± 1.00) and Klebsiella species (8 ± 2.00)] and Savlon [Staphylococcus aureus (11 ± 3.00), Klebsiella species (10 ± 1.00), Candida albicans (9 ± 0.00) and Escherichia coli (6 ± 0.00)] showed inhibitory effect against all isolates, hypochlorite demonstrated moderate inhibitory effect while betadine and izal had the least inhibitory effect. Contact kill time (minutes) of antiseptics and disinfectants on isolates using manufacturers’ dilution ranged from 10-20 minutes. 
Conclusion: In conclusion, this research confirms the different antiseptics and disinfectants were not effective at the commonly used dilutions but showed improved antimicrobial efficacy when applied above manufacturers’ recommended dilutions (1:10) which implies higher concentrations than manufacturers’ recommendations improved efficacy. However, the practical application of these higher concentrations must be carefully weighed against the risk of safety and toxicity to individuals and environment. In addition, a prolonged contact time of antiseptics and disinfectants on microorganisms is essential for effective microbial control.
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INTRODUCTION
Healthcare associated or hospital-acquired infections (HAIs) are a leading cause of morbidity and mortality globally. These infections manifest in several forms ranging from surgical site infection (SSI), lower respiratory tract infection (LRTI), urinary tract infection (UTI) and bloodstream infection (BSI) (CDC, 2018; Lemiech-Mirowska et al., 2021; Kollef et al., 2021). HAIs are among the most frequently occurring adverse event in healthcare and has negative impact on patient safety contributing to significant mortality, morbidity and financial burden on patients, families, and healthcare systems (Serra-Burriel et al., 2020). The burden of HAIs worldwide and especially in developing countries is unknown owing to inadequate infection prevention and control programs and lack of surveillance systems (Melariri et al., 2024).
Disinfection of environmental surfaces and equipment in healthcare systems reduces microbial contamination, and in turn leads to reduction in the occurrence of healthcare associated infections (Rutala & Weber, 2019; Han et al., 2021). The occurrence of healthcare associated infections and its reduction is an interconnected process that depends on key elements such as: knowledge of healthcare associated infections, knowledge of healthcare procedures and their observance, cleaning and disinfection procedures as well as adequate healthcare hygiene which consequently leads to the interruption of pathogen transmission, and adequate adherence to the rules of asepsis (WHO, 2019). Addressing these issues is essential to enhancing the effectiveness of infection prevention and control measures, optimizing disinfection protocols, and safeguarding public health across various settings (Lacotte et al., 2020).
Antiseptics and disinfectants have been widely used to control microbial infections and contamination in homes, industries and healthcare environments. Several types of antiseptics and disinfectants such as alcohols, phenols, aldehydes, peroxides and cresols, have been frequently used for the prevention and control of nosocomial infections in healthcare facilities (Christenson et al., 2021; Maillard & Pascoe, 2024). Antimicrobial efficacy of these disinfectants could  be  affected  by the concentration of organic components, formulation properties, synergy of components, temperature,  rate  of  dilution, mode  of  application, solubility in water and pH (West et al., 2018; Damiano et al., 2023; Parija, 2023). The limited knowledge about efficacy of these disinfectants against some clinical isolates due to their mode of application and inconsistent dilution necessitates the need to carry out this study.

MATERIALS AND METHODS
Study Area
This study was carried out in Port Harcourt, Rivers State, Nigeria. Port Harcourt is the capital of Rivers state, Nigeria. It is located at latitude 4.750N and longitude 7.000E and lies along Bonny River on the Niger Delta and covers an area of 369 km². As of 2023, Port Harcourt has an estimated population of 3,637,000 inhabitants, up from 1,382,592 of 2006 census. Port Harcourt metropolis is characterized by a mix of commercial and residential buildings, religious and educational institutions and healthcare facilities ranging from tertiary, secondary to primary (Akukwe & Ogbodo, 2015). Primary and tertiary healthcare facilities in the study area are government-owned while secondary healthcare facilities are owned by private individual(s).
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Figure 1: Map of the Location Under Study (Akukwe & Ogbodo, 2015)


Sampling of Antiseptics and Disinfectants
[bookmark: _Hlk152633658]Five popular brands of antiseptics and disinfectants - Dettol, Savlon, Hypo, Betadine, and Izal - commonly used in healthcare facilities in Port Harcourt were selected for the study and bought from accredited vendors in Port Harcourt (Market Square and Hypercity supermarkets, Mile 3). The products were selected based on a random survey with healthcare workers and cleaners after explanation of the study and obtaining consent. Each of the products was stored as recommended by the respective manufacturers for analysis. Samples close to their expiration dates were excluded from study.

 
Test Organisms
Thirty-two microbial isolates were obtained from different laboratories in Port Harcourt viz. Nuella hospital laboratory, Old G.R.A, mile 1; Rehoboth specialist hospital laboratory, Afam street, mile 1; Gold sparkle diagnostic laboratory, Aggrey road, mile 1 and Beacon diagnostics, Olu Obasanjo road, mile 3. These 32 isolates included species of Staphylococcus, Escherichia, Klebsiella  and Candida  respectively. Permission was obtained from respective healthcare facilities and laboratories prior to collection of isolates. All experiments were conducted in strict compliance with institutional and standard biosafety level 2 (BSL-2) safety guidelines, including the use of appropriate personal protective equipment, aseptic techniques, and approved containment facilities.

Confirmation and Standardization of Test Organisms 
Bacterial isolates were gram stained to classify them as gram negative or gram positive on the basis of their cell wall properties whereas germ tube test was performed to identify yeast isolates. This was followed by biochemical identification of isolates through catalase, citrate and indole tests using standard methods described by Davis and Pezzlo (2023). About 3-5 colonies of pure culture from each test organism were pick using a wire loop and standardized by suspending isolated colonies in sterile saline and adjusting the turbidity to match a 0.5 McFarland standard using a spectrophotometer at 625nm, which ensures a consistent cell density of approximately 1.5 x 10⁸ CFU/mL. Standardized inoculums were used within 30 minutes of preparation to prevent the organisms from multiplying and changing the density of medium.
Agar Disc Diffusion Method 
The procedure carried out by Okore et al. (2014) and Frances et al. (2023) was followed. Four sterile test tubes were placed in a test tube rack. Dilutions were carried out based on manufacturer’s dilution, above manufacturer’s dilution and two common users’ dilution. Labelled sterile paper discs were each impregnated with 100µL of the diluted disinfectants and allowed to dry. Meanwhile, standardized inoculum of test organisms were suspended in sterile test tubes containing 500µL of tryptic soy broth. These suspensions were then aseptically transferred to properly labelled Mueller-Hinton agar plates. The sterile paper discs impregnated with the diluted disinfectants were aseptically transferred onto the surface of the inoculated Mueller-Hinton agar plates using flamed sterilized forcep. Each Mueller-Hinton agar plate consisted of four disc having different concentration of antiseptic or disinfectant under study. Gentamycin disc served as a positive control for bacteria and Fluconazole for Candida albicans.
Contact Kill Time
Contact kill time was tested using a suspension method described by Jalal et al. (2023). For each standardized test organism suspended in 500µL of sterile normal saline, 50µL of inoculum was dispensed into a sterile test tube. Subsequently, 100µL of the manufacturer-diluted disinfectant was added to the sterile test tube and mixed thoroughly. The mixture was allowed to stand for contact times of 1, 5, 10, and 20 minutes, respectively. At the end of 1, 5, 10, and 20 minutes, respectively, 100 µL of a neutralizer solution (composed of equal volumes of 1% Tween 80 and 1% sodium thiosulphate) was added to respective test tubes labelled 1, 5, 10, and 20 minutes, following the method of Olorode et al. (2012) and Sheraba et al. (2012). After neutralization, the contents of each tube were aseptically spread onto culture media: MacConkey agar for bacteria and Sabouraud dextrose agar for Candida albicans. A negative control was prepared using duplicate tubes for each organism, containing the suspension and neutralizer solution but no disinfectant. All bacterial plates were incubated at 37°C for 24 hours, while C. albicans plates were incubated at 28°C for 72 hours, after which the contact kill times were recorded.
Statistical Analysis 
Statistical analysis was performed using GraphPad Prism Software Version 9.0 (San Diego, California, USA). Results were presented in tables and expressed as mean and standard deviation. One way ANOVA was used to compare differences between antiseptics and disinfectants.

[bookmark: _Toc501912019][bookmark: _Toc502241345][bookmark: _Toc504982687]RESULTS

Table 1 shows zone of inhibitions (mm) of Antiseptics and Disinfectants against clinical isolates.  Dettol and Savlon showed the highest inhibitory zones against S. aureus at concentrations above manufacturers’ recommended dilutions (1:10), while all isolates were resistant to Dettol and Savlon at higher dilutions (1:70, 1:350 and 1:700). Notably, Savlon was ineffective against E. coli at its manufacturer-recommended concentration. Betadine exhibited no inhibitory effect against any isolate at any tested dilution, including its recommended use concentration. Sodium hypochlorite was only effective above its recommended dilution, showing no activity against S. aureus, C. albicans, or Klebsiella spp. at the standard concentration. Izal demonstrated very limited efficacy, with activity only against E. coli, S. aureus, and Klebsiella spp. at concentrations above the recommended level, and no effect against C. albicans. Across all tests, statistical analysis (p > 0.05) indicated no significant difference in the overall efficacy between the different antiseptics and disinfectants.

[bookmark: _Hlk219970509]Table 1: Zone of Inhibitions (mm) of Antiseptics and Disinfectants on Clinical Isolates
	Isolates
	Disinfectants
	Above MD
1:10
	MD
1:20
	
1:70
	
1:350
	
1:700
	
Control
	
F-value
	
P value

	S. aureus
	Dettol
	10 ± 0.00
	8 ± 2.00
	R
	R
	R
	
	
	

	(N=10)
	Savlon
	11 ± 3.00
	9 ± 2.00
	R
	R
	R
	
	
	

	
	Betadine
	R
	R
	R
	R
	R
	15 ± 0.00
	3.171
	0.1187

	
	Hypochlorite
	9 ± 0.00
	R
	R
	R
	R
	
	
	

	
	Izal
	5 ± 0.00
	R
	R
	R
	R
	
	
	

	E. coli
	Dettol
	8 ± 1.00
	7 ± 2.00
	R
	R
	R
	
	
	

	(N=10)
	Savlon
	6 ± 0.00
	R
	R
	R
	R
	
	
	

	
	Betadine
	R
	R
	R
	R
	R
	13 ± 0.00
	2.374
	0.1843

	
	Hypochlorite
	8 ± 0.00
	7 ± 0.00
	R
	R
	R
	
	
	

	
	Izal
	7 ± 1.00
	R
	R
	R
	R
	
	
	

	Klebsiella sp
	Dettol
	8 ± 2.00
	6 ± 0.00
	R
	R
	R
	
	
	

	(N=4)
	Savlon
	10 ± 1.00
	6 ± 1.00
	R
	R
	R
	
	
	

	
	Betadine
	R
	R
	R
	R
	R
	12 ± 0.00
	1.963
	0.2386

	
	Hypochlorite
	8 ± 3.00
	R
	R
	R
	R
	
	
	

	
	Izal
	5 ± 0.00
	R
	R
	R
	R
	
	
	

	C. albicans
	Dettol
	9 ± 0.00
	6 ± 1.00
	R
	R
	R
	
	
	

	(N=8)
	Savlon
	9 ± 0.00
	5 ± 0.00
	R
	R
	R
	
	
	

	
	Betadine
	R
	R
	R
	R
	R
	25 ± 0.00
	2.514
	0.1697

	
	Hypochlorite
	9 ± 1.00
	R
	R
	R
	R
	
	
	

	
	Izal
	R
	R
	R
	R
	R
	
	
	


KEY: MD – Manufacturers’ Dilution, R – Resistant, N – Number of isolates, Bacteria Control: Gentamycin 30µg; C. albicans Control: Fluconazole 50 mg






Table 2 presents the contact kill time required for each antiseptic and disinfectant at the manufacturers' recommended dilution to eliminate clinical isolates. Staphylococcus aureus was susceptible only to Savlon at 20 minutes, showing resistance to the other four agents. Escherichia coli was susceptible to sodium hypochlorite at 15 minutes and to Savlon, Izal, and Betadine at 20 minutes, but remained resistant to Dettol. Klebsiella species was susceptible to Dettol and Savlon at 10 minutes, to sodium hypochlorite and Izal at 15 minutes, and to Betadine at 20 minutes. Candida albicans was susceptible to Dettol and Savlon at 20 minutes but resistant to Betadine, sodium hypochlorite, and Izal. Overall, a 20-minute contact time proved effective for all antiseptics and disinfectants. 

[bookmark: _Hlk219970165]Table 2: Contact Kill Time (Minutes) of Antiseptics and Disinfectants on Clinical Isolates Using Manufacturers’ Dilution
	Isolates
	Antiseptics and Disinfectants
	Contact Time
Mean ± SD
	Effective Contact Time

	Staphylococcus aureus
N=10
	Dettol
Savlon
Betadine
Hypochlorite
Izal
	R
20 ± 0.00
R
R
R
	>20 minutes
>20 minutes
>20 minutes
>20 minutes
>20 minutes

	Escherichia coli
N=10
	Dettol
Savlon
Betadine
Hypochlorite
Izal
	R
20 ± 0.00
20 ± 0.00
15 ± 5.00
20 ± 0.00
	>20 minutes
>20 minutes
>20 minutes
>15 minutes
>20 minutes

	Klebsiella species
N=4
	Dettol
Savlon
Betadine
Hypochlorite
Izal
	10 ± 5.00
10 ± 5.00
20 ± 0.00
15 ± 5.00
15 ± 5.00
	>10 minutes
>10 minutes
>20 minutes
>15 minutes
>15  minutes

	Candida albicans
N=8
	Dettol
Savlon
Betadine
Hypochlorite
Izal
	20 ± 0.00
20 ± 0.00
R
R
R
	>20 minutes
>20 minutes
>20 minutes
>20 minutes
>20 minutes



KEY:  R – Resistant; N – Number of isolates 


[bookmark: _Toc501912021][bookmark: _Toc502241347][bookmark: _Toc504982689]Discussion
Results from this study revealed that Betadine lacked an inhibitory effect on the isolates (0 ± 0.00), even above the manufacturer’s recommended dilution (1:10), in agreement with the findings of Obi et al. (2016). In contrast, Dettol, Savlon, Sodium hypochlorite, and Izal inhibited isolates at concentrations higher than the manufacturer’s recommended dilution. Similar findings have been reported in previous studies. Okore et al. (2014) reported that Dettol showed the highest inhibition with Izal the least against Escherichia coli and Staphylococcus aureus. Obi and Onyekaozuru (2015), also in agreement with the findings of this study, reported that Dettol was more effective, while Izal lacked inhibitory effect against E. coli and C. albicans. These observations could be due to the evolution of microorganisms and their possession of specialized structures as mechanisms of resistance (Rutala et al., 2019; Breijyeh et al., 2020).
Adequate disinfection is dependent on certain factors, one of which is the contact time of disinfectants against pathogens. Antiseptics and disinfectants in this study generally inhibited isolates after 10-20 minutes of contact time. This corroborates the finding of Olorode and Okpokwasli (2012) who reported, at 10% concentration and contact time of 10 minutes, savlon was the most potent disinfectant against Candida albicans followed by purit, then dettol, while sodium hypochlorite was the least potent disinfectant against Candida albicans. Rutala and Weber (2020) found that contact times (ranging from 1 to 10 minutes) were crucial for effective microbial reduction, especially against spores and biofilms. However, a prolonged contact time of 20 minutes was observed in this present study which indicates 20 minutes was generally an effective contact kill time for most isolates. Elnaggar et al. (2021) reported that increased contact time significantly enhanced the antimicrobial effectiveness of chlorhexidine and alcohol-based solutions, particularly against resistant strains which supports this study. 
Sattar et al. (2021) in contrast with this study recommended 5 minutes contact time and explained that contact time directly influences the reduction of pathogens like Norovirus and methicillin-resistant Staphylococcus aureus (MRSA). The contact time result from this study is at variance to the study by Jalal et al. (2023) where phenolic-based disinfectants showed an efficacy of 100% against all tested strains at the end of the first minute of contact time. Whereas, Quaternary ammonium compound (QAC)-based disinfectants showed 100% efficiency between 4-19 minutes, while sodium-hypochlorite-based required 7-14 minutes respectively, against all the tested strains. Another study by Montagna et al. (2019) also at variance with this present study reported Sodium hypochlorite and phenol compounds were inactive against all bacterial strains. 
[bookmark: _Toc501912022][bookmark: _Toc502241348][bookmark: _Toc504982690]Conclusion
The results of this research confirm that the different antiseptics and disinfectants studied were not effective at their commonly used dilutions but showed desirable antimicrobial efficacy when applied at concentrations above the manufacturers’ recommended ones. This highlights the need to evaluate the potency of every disinfectant prior to use in order to minimize and control healthcare-associated infections. This study also demonstrates that prolonged contact times for antiseptics and disinfectants are essential for effective microbial control, with significant implications for infection prevention and control strategies. It is therefore recommended that healthcare facilities perform disinfection protocols using the optimum concentration of antiseptics and disinfectants, and clear guidelines should be established regarding the recommended contact times for various infectious agents, especially in healthcare settings.
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