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ABSTRACT 

The ever-rising numbers of multidrug resistant, MDR bacteria in healthcare facilities globally has correspondingly 
led to a rapid escalation in the use of disinfectants, antiseptics or biocides which reached unprecedented levels during 
the COVID-19 pandemic. This has also elicited grave apprehension about the development of resistance to 
disinfectants. This study was conducted to evaluate the effectiveness of some regularly used disinfectants in the 
study population. Five brands of disinfectants were obtained and diluted in sterile 300 ppm calcium carbonate-
nutrient broth to their respective minimum inhibitory concentrations, MICs to which were exposed broth cultures 
of MDR organisms for 2 min before sampling onto nutrient agar plates in replicates. Further samples were taken 
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from the mixture at 4, 6, 8, … 30 min intervals. One set of plates were incubated at 37oC and the other at RT for 48 
h and 96 h respectively and examined for growth. Sodium hypochlorite, phenol and glutaraldehyde - all proved to 
be effective with the fastest time kill kinetics at 2.5 min. The longest time kill kinetics were demonstrated by 
cetrimide and cresol against Pseudomonas aeruginosa at 16 min and 13 min respectively, thus affirming Pseudomonas 
aeruginosa as the most resistant organism. This study infers of a reassurance in the continued effectiveness of the 
disinfectants under review in the phase of the ever-soaring tide of MDR organisms in healthcare settings. 
Keywords: Disinfectants, usage, effectiveness, MDR-organisms. 

 
INTRODUCTION 

The emergence of methicillin resistant Staphylococcus aureus, MRSA, culminated in the incremental use of 
disinfectants in hospitals and public places since the 1960s [1-7]. An astronomical   escalation in the application of 
disinfectants, antiseptic or biocides worldwide followed the SARS-CoV-2 (or COVID-19) pandemic [8-10] and the 
resultant existence of an intense atmosphere of health insecurity [11].  Disinfectants are regarded as having a critical 
role in the control and blotting the chain of spread of infectious agents in the hospital and community. [12]. An 
ever-rising frequency of multidrug resistant, MDR pathogenic bacterial species that are resistant to most of the 
available antibiotics has aroused tremendous interest and concern worldwide on the ability of the healthcare systems 
of communities to cope with the onslaught of an eventual MDR organism-induced pandemic with no readily 
available treatment option as was the case during SARS-COVID-19 pandemic [13-16]. Multidrug resistant bacterial 
species are usually organisms that have become resistant to a wide spectrum of antibiotics [17]. Resistant bacterial 
phenotypes are known to be demonstrable in all important groups of bacteria that initiate human disease [18] which 
also heightens the risks of contamination to the environment [19]. Disinfectants, antiseptics or biocides have 
extensively been employed in hospital care, homes and in aerial decontamination of public places that possess the 
potential for transmission of infectious agents [20-21]. The specific dangers of contaminated environment lie on 
the potential for transference of infectious materials from one patient to another in a hospital environment or within 
a community and the attendant consequences of hospital acquired infections, HAIs [22]. Current observations 
indicate that HAIs cases have rising steeply in hospitals worldwide [23-24], and they are key reasons for longer 
hospitalization periods, higher health care costs and increased disease burden and elevated death tolls [25]. Recent 
literatures suggest that MDR organisms have developed resistance genes to disinfectants [26] or the increasing 
use of disinfectants may also confer cross-resistance to antibiotics). The activity of many disinfectants on bacteria is 
targeted at the proteins in the cell-wall that leads to the disruption of the cell’s permeability [27] whereas, antibiotics 
resistance focuses on target site alteration, development of alternative enzymes, drug destroying enzymes and use 
outflow pumps within a bacterium to export harmful substances out of the cell [18]. This study was planned to 
investigate whether decontamination can be safely achieved in an environment defiled by multidrug resistant 
bacteria using commonly available disinfectants in the study population. 

MATERIALS AND METHODS 
Twenty MDR isolates each of Escherichia coli, Klebsiella species, Proteus species, Pseudomonas aeruginosa, Citrobacter 
species, Alcaligenes faecalis, Staphylococcus aureus and Enterococcus faecalis were collected from a tertiary healthcare 
facility in Benin City, Nigeria, and five different types of commonly used disinfectant brands namely: Cetavlon 
(cetrimide), Hypo (sodium hypochlorite), Dettol (phenol), Wavicide (glutaraldehyde) and Izal (cresol) were procured 
and diluted to their respective minimum inhibitory concentrations, MICs following the manufactures instructions 
in sterile 300 ppm calcium carbonate (CaCO3) nutrient broth to simulate a moderately dirty environment. Each 
diluted disinfectant was dispensed in 3.0 mL volumes in sterile universal bottles, to a 3.0 mL diluted disinfectant 
was added 1.0 mL of an 18 h broth culture of MDR isolate, mixed and a timer was set. At the lapse of 2.0 minutes 
0.1 mL of the mixture was removed and dispensed onto a dried nutrient agar plate in replicate and spread with a 
sterile loop. This procedure was repeated at 4, 6, 8, 10 …30 minutes. The 18 h broth culture of each MDR isolate 
was diluted 1:100 in sterile 300 ppm CaCo3 nutrient broth and 0.1 mL was also inoculated in replicates onto another 
set of dried nutrient agar plates as positive control. One set of plates were incubated at 37oC for 72 h and the other 
set at room RT for 96 h. The tests plates were examined for growth in comparison with the positive control test 
plates.  

RESULTS 
The data from Table 1 illustrates the mean kinetic kill times of various disinfectants. Sodium hypochlorite, 
glutaraldehyde, and phenol emerged as the fastest in terms of kill rates, taking an average of 2.5 minutes to eliminate 
all MDR isolates, encompassing Pseudomonas aeruginosa, Staphylococcus aureus, and Enterococcus faecalis. 
Following closely, cresol exhibited a notable activity, achieving a maximum kill time of 13.0 minutes against 
Pseudomonas aeruginosa and Alcaligenes faecalis. Cetrimide demonstrated variable kill times, ranging between 12.5 
to 16.0 minutes, showcasing the longest kill time specifically for Pseudomonas aeruginosa  
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                                                    Table 1: Mean time kill kinetic of disinfectants (minutes) 
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Escherichia coli 2.4 12.5 2.5 2.5 11.5 
Klebsiella species  2.5 12.5 2.5 2.5 11.5 
Proteus species  2.5 12.5 2.5 2.5 11.5 

Pseudonons aeruginosa 2.5 16 2.5 2.5 13.0 
Citrobacter species  2.5 12.5 2.5 2.5 10.0 
Alcaligenes faecalis 2.5 12.5 2.5 2.5 10.0 
Staphylococcus aureus  2.5 12.5 2.5 2.5 11.5 
Enterococcus faecalis  2.5 125 2.5 2.5 11.5 

      
 

DISCUSSION 
The different disinfectants evaluated proved effective in eliminating MDR organisms. The fastest time kill kinetic 
were demonstrated with sodium hypochlorite (domestic bleach), brands of phenol (Izal) and glutaraldehyde 
(Wavicide), each with a mean time kill kinetic of 2.5 minutes. A disinfectant is required to accomplish the elimination 
of pathogens especially those that initiate disease within 10 minutes which has been achieved with this disinfectant 
[28]. Studies have indicated that sodium hypochlorite is one of the most rapid acting disinfectants [29]. The highest 
time kill kinetic of 16.0 minutes was observed with cetrimide against Pseudomonas aeruginosa. This disinfectant is 
recognized to permit the growth of Pseudomonas aeruginosa in-use dilutions [30-31] and as a precautionary measure, 
its application should therefore, be discouraged in areas where contamination with Pseudomonas aeruginosa is 
anticipated. This is partly due to the notoriety of this microorganisms to be resistant to many chemical agents and 
antibiotics and a major organism associated with hospital acquired infections (HAIs). This organism has as a 
consequence been designated as an organism of prime relevance by the World Health Organization [32-33]. The 
findings from this investigation are further indication that there is no direct proof of disinfectants resistance as seen 
in antibiotics as other studies have inferred [28]. The non-selectivity of the mechanism of action of disinfectants 
against bacteria appear to play a significant role in toxicity of disinfectants by interference with bacterial cell 
membrane proteins thereby disrupting permeability of bacteria cell-walls [34], whereas antibiotics are selectively 
toxic to specific biochemistries in the microorganism. It is clearer therefore, to visualize that bacteria acquisition of 
resistance to antibiotics should be tremendously easier to navigate and faster to accomplish in comparison to 
disinfectants [18]. Failure of disinfectants have been largely traceable to incorrect dilutions which are common-
place and inadequate or misapplication that have been highlighted [35].  

      CONCLUSION 
The disinfectants evaluated in this study remained effective in eliminating MDR organisms, and there was no direct 
evidence to suggest that the ever-growing incidence of MDR organisms will also translate to corresponding 
resistance to disinfectants. It is reemphasized however, that disinfectants should be used following the 
manufacturers’ guidelines.  
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