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Abstract

Background: Noncritical surfaces in hospital environment can serve as reservoirs of pathogenic bacteria. Among these pathogens, biofilms 
forming Pseudomonas species are among the leading cause of nosocomial infections frequently involved in hospital environment. Pseudomonas 
aeruginosa, an opportunistic and biofilm forming pathogen, is the cause of a wide range of hospital acquired infections and can survive for several 
days on inanimate objects and surfaces in clinical settings. These survival properties most likely play a significant role in its infection dissemination 
and antibiotic resistance in the hospital environment where hospital cleaners frequently use disinfectants to clean without recourse to concentration 
or frequency of the cleaning.

Aim of study: To determine the antibacterial activities of commonly used disinfectants-Izal (Phenolic Compound), Savlon (Chlorhexidine 
cetrimide), and bleach (Hypochlorite) involving Time kill kinetics studies in Federal Medical Centre, Umuahia on biofilm forming Pseudomonas 
aeruginosa. 

Study volunteers and methods: Four hundred and fifty positive (450) samples from noncritical surfaces of six selected wards of the hospital 
from 1314 samples. Bacterial analysis was performed by using conventional microbiological techniques, biochemical tests and the Microbact 
24E assay. The time- kill kinetics antibacterial study of antiseptics was done according to standard guide for assessment of antimicrobial activity 
using time-kill kinetics procedure of Antimicrobial Susceptibility Testing Method and Microbial population at the initiation and completion was 
determined by spectrometric and plate count methods at interval of 2h for 24h. 

Result: Pseudomonas aeruginosa resisted the disinfectants after 4 h of initiation time/application. The 2mg/ml concentration of Izal achieved 
total lethality after 12h; Savlon, bacteriostatic effect was 8h (i.e. from 3.0x106+5.774 to 3.02x106+5.773b and 4.2x106+5.774a to 3.21x106+5.773e 
respectively) but 2mg/ml of Savlon showed total lethality (bactericidal effect) after 10h from initiation time (i.e. 4.5x106+5.774a to 2.2x105+5.773d). 
At concentration of 2mg/ml, Bleach showed outright lethality after 4h of initiation time (i.e. from 4.2x106+5.774a to 3.90x105+5.775) after which 
there remained no organism i.e. total eradication throughout the 24h of incubation period. 

Conclusion: 2mg/ml is the best concentration for Pseudomonas aeruginosa lethality to be achieved using Izal, Savlon and Bleach as disinfectants 
in FMC Umuahia. Bleach is the most efficacious disinfectant in use in Federal Medical Center Umuahia having demonstrated maximum lethality 
(maximum bactericidal effect) at a shorter time of 4h than Savlon, 8h and Izal, 12h though there was steady sustenance of bactericidal and 
bacteriostatic activity by Izal for a very long period compared to others.
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Introduction
The potential for a contaminated environmental surfaces to 

contribute to transmission of healthcare- associated pathogens 
depends on a number of factors including the ability of the patho-
gen to remain viable on a variety of dry environmental surfaces, 
frequency with which the contaminated surfaces are regularly 
touched by patients and healthcare workers and whether or not 
such contaminations are sufficiently high to result in transmission 
to patients. Noncritical surfaces are at the center of such contami-
nation and thus serve as important route of transmission of patho-
gens [1]. Transmission from healthcare worker`s hand or gloves 
has been documented in some studies [2]. There could be direct 
transmission from contaminated noncritical surfaces to patients 
[3]. Elimination of the environmental source of contamination re-
duced transmission of several outbreaks [4].

So far there is no direct study to demonstrate that environmen-
tal contaminants are liable for Health Associate Infections (HAIs), 
but there is increasing evidence from a number of studies to sug-
gest that in the hospital environments, microbial transfer between 
surfaces causes health healthcare associated infections in humans 
[5]. Surfaces frequently touched by hands pose a notable risk in 
this regard. Therefore, transfer of microbial contamination from 
hand contact on contaminated surfaces of noncritical equipment or 
other inanimate objects or to patients, represents direct mode of 
transmission [6,7]. Hands may acquire and transfer microorganism 
to other inanimate objects or patients by touching contaminated 
noncritical equipment [7] indicating that hospital environment 
provides a setting, for the development and dissemination of infec-
tions.

According to World Health Organization data, in every 100 hos-
pitalized patients, between 7 and 10 are expected to contract at 
least one healthcare associated infection [8]. Disinfectants used on 
noncritical surfaces in the hospitals are both broad-spectrum and 
multi targeted biocidal compounds [9]. They are also often used as 
environmental disinfectants for medical devices [10]. These include 
alcohols, chlorine, and chlorine compounds, formaldehyde, glutar-
aldehyde, orthophthalaldehyde, hydrogen peroxide, iodophors, 
peracetic acid, phenolic and quaternary ammonium compound, but 
their killing efficacy, especially against biofilms, is questionable [6].

The European Standard of 24th April, 1998 (CE/8/98), defines 
disinfectant products as standard substances or preparations that 
contain one or more active ingredients, presented to the user in 
their final form and whose function is to destroy, stop the growth, 
make harmless, avoid or control by any means, the action of a 
pathogenic organism by a biological or chemical process. The use of 
disinfectants in biofilm control is well accepted and very common. 
Although disinfectants are used for the reduction of number of mi-
croorganisms, their simple use does not necessarily reduce the bio-
film formation rate. It is essential to use the correct concentration 

and amount of the disinfectants, with the correct frequency. The in-
correct application is expensive and leads to unwanted results [11].

Disinfectants are used extensively in hospitals and healthcare 
settings for a variety of topical and hard surface applications. In 
particular, they are essential part of infection control practices and 
aid in the prevention of nosocomial infections in general [12]. Dis-
infectants resistance is an emerging issue that is now attracting 
interest [13]. The selection, use and control of the effectiveness of 
disinfectants have been emphasized, since environmental surfac-
es and noncritical equipment can serve as vehicles for infectious 
agents’ transmission to susceptible hosts associated with the hos-
pital setting [12].  Although different strategies are designed for the 
control of antimicrobial drugs and disinfectants resistance, most 
countries to date have focused on two main strategies involving the 
appropriate and prudent use of antimicrobial drugs and disinfec-
tants in hospitals and good infection control practices in hospitals 
and the community [14].

There could be surface contamination following inadequate 
cleaning and disinfection especially the failure to use the recom-
mended guidelines for cleaning healthcare equipment [15,16]. Sur-
faces in hospital rooms are often poorly cleaned during terminal 
cleaning. Although methods of assessing the adequacy of cleaning 
varied (i.e., visibly clean, ATPase, fluorescent dye, aerobic plate 
counts), less than 50% of room surfaces are clean [17]. Similar 
deficiencies have been reported for cleaning and disinfection of 
portable medical equipment between patients [18]. Given the de-
ficiencies demonstrated in terminal cleaning, it is not surprising 
that many hospital surfaces remain contaminated with important 
nosocomial pathogens.

The most commonly used surface disinfectants in hospitals 
have been phenols and quaternary ammonium compounds. Hy-
pochlorites often have been used to disinfect surfaces in rooms of 
patients previously infected with some hard-to-treat nosocomial 
pathogen [19]. Multiple surface disinfectants are now US Environ-
mental Protection Agency (EPA)-registered just as many of them 
are equally registered by Nigerian NAFDAC  (National Agency for 
Food and Drug Administration and Control ) as effective against 
Pseudomonas aeruginosa, C. difficile etc.; most containing sodium 
hypochlorite but several other germicides have also been regis-
tered namely ethaneperoxoic acid/hydrogen peroxide, silver and 
tetraacetylethylenediamine. Hospitalization in a room in which the 
previous patient had been colonized or infected with MRSA, VRE, 
C. difficile, multidrug-resistant Acinetobacter spp. or multidrug-re-
sistant Pseudomonas aeruginosa has been shown to be a risk factor 
for colonization or infection with the same pathogen for the next 
patient admitted to the room [20].

Chemical and mechanical treatment has synergistic effect as 
both play important roles in bacterial removal and control. Sodium 
hypochlorite, Hydrogen peroxide, Ozone, Sodium hypochlorite, Izal 
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and Peracetic acid are the major disinfectants commonly used in 
Hospital environments [21] like the Federal Medical Centre Umua-
hia. Sodium hypochlorite (NaClO) is more effective at low pH than 
alkaline pH environments [22]. It’s efficacy in eliminating microbial 
biofilm has been proven against microorganisms like Pseudomonas 
aeruginosa, Staphylococcus aureus, Prevotella intermedius, Pepto-
streptococcus miros, Streptococcus intermedius, Fusobacterium nu-
cleatum and Enterococcus faecalis when compared to other disin-
fectants [23]. Hydrogen peroxide(H2O2), is one of the widely used 
disinfectant due to its high oxidizing capacity based on the produc-
tion of free radicals which affects the biofilm matrix and has been 
found to be efficient against most microbial biofilms [24]. Many 
studies have shown its efficiency as a disinfectant of choice against 
biofilms [25]. It is a safe solution which does not cause allergic re-
actions. It can also be used at a high concentration without affecting 
the surface materials adversely [26].

Ozone, on the other hand is a bluish gas formed as a result of 
oxygen atoms exposed to high-voltage electric discharge. The mode 
of action of ozone antiseptics is the disruption or breakdown of cell 
envelope leading to the leakage of cell contents. Cell lysis as a re-
sult of using ozone disinfectant is a faster inactivation mechanism 
than that of other antimicrobial agents where permeation through 
the cell membrane is indispensable in order to effectively inactivate 
the microbe. Due to this mechanism, it is speculated that the use 
of ozone cannot lead to microbial resistance [27]. The disinfection 
and removal by ozone water of Pseudomonas flouresens and Pseu-
domonas aeruginosa biofilms showed that by forming biofilms, the 
resistance of these microorganisms to ozone can increase by 3000 
times respectively [28]. The reason behind the resistance is due to 
the reaction between the ozone and the biofilm matrix introduced 
into the environment by the bacteria. However, less than 1% of such 
cells survive after such interaction or treatment with ozone.

Peracetic acid is a result of the reaction between hydrogen 
peroxide and acetic acid or by the oxidation of acetaldehyde. The 
mixture has a strong odour and low pH (2.8) and is usually pro-
duced in concentration between 5% and 15%. It is an ideal anti-
microbial agent due to its extreme oxidizing capacity. Further-
more, it cannot be deactivated by catalase and peroxidase which 
are enzymes that degrades H2O2. This agent also decomposes into 
safe and extremely environmentally friendly residues (acetic acid 
and Hydrogen peroxide), hence it can be applied without rins-
ing and its efficiency is not affected by protein residues [29,30]. 

Increases in the incidence of multidrug-resistant bacteria like 
Pseudomonas aeruginosa and its transmission in the hospital envi-
ronments has increased the quest to study the effectiveness of an-
tiseptics and disinfectants with the time of actions within 24 hours 
to kill or hinder transmission from hospital tools of staff to others.

Materials and Methods
This study was conducted at 800 beds capacity Federal Medical 

Center, Umuahia in Abia State after obtaining management and eth-
ical approvals. The study used common disinfectants (Izal, Savlon & 
Bleach) on Pseudomonas aeruginosa isolated from hospital equip-
ment and surfaces 2-3 colonies of 20 h growth of the Pseudomonas 
aeruginosa on Muller Hinton agar were suspended in 50ml pre-
warmed (37 °C) Mueller Hinton broth. The suspension was incu-
bated overnight at 37 °C, diluted 1 in 250 in the same pre-warmed 
medium and incubated in water bath with agitation (50 rpm). The 
absorbance of the culture was monitored with a spectrophotome-
ter (6405 Jenway, Barloworld Scientific Ltd. Dunmow, Essex CMB 
3LB), using a wavelength 450nm and 19mm diameter spectropho-
tometer tubes until absorbance of 0.1 was reached.

The time- kill kinetics antibacterial study of antiseptics was 
done according to standard guide for assessment of antimicrobial 
activity using time-kill kinetics procedure of Antimicrobial Suscep-
tibility Testing Method [31]. 

Microbial population at the initiation and completion was de-
termined by spectrometric and plate count methods at interval of 
2h for 24h. To 200ml of Mueller Hinton broth in three conical flasks 
were added 400, 200 and 100ml of antiseptics to obtain 2, 1 and 
0.5 v/v respectively. These solutions in flasks were seeded with 
100µl of inoculum suspensions of test organism i.e. biofilm forming 
Pseudomonas aeruginosa (1.5x108 cfu/ml) and incubated at 37 °C 
for 24h.The optical density of each dilution was recorded on UV/
spectrophotometer at 540nm (Jenway, 6405) at initiation time (0h) 
and every 2h for 10h.

For surviving organism count, an aliquot of each dilution (1ml) 
was transferred and plated on 20 ml Tryptic Soy agar at interval 
of 2 hrs. Plates were incubated at 37 °C for 24h. Number of viable 
organisms was counted as cfu/plates. Average duplicate (2 plates 
from each replicate dilution) counts were multiplied by the dilution 
factor to arrive at cfu/ml.

The result was statistically analyzed using a two-way analyses 
of variance (ANOVA) test with replicate was performed to evalu-
ate any significant difference in mean absorbance values of various 
concentrations of disinfectants during time kill kinetics study. Dif-
ferences were considered statistically significant at P < 0.05. The 
statistical variables were evaluated with SPSS version 21.0 window 
software while the obtained data were separated using Duncan 
new multiple range test.

Result
Time kill kinetics study of three most commonly used disin-

fectants namely Izal (Phenolic Compound), Savlon (Chlorhexidine 
cetrimide), and bleach (Hypochlorite) in Federal Medical Centre, 
Umuahia at concentrations of 0.5 XMBC, 1.0 XMBC and 2.0 XMBC 
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against biofilm forming Pseudomonas aeruginosa isolates was de-
termined and results presented in Table 1, 2 & 3 and Figure 1. Izal 
(Phenol compound) at a concentration of 0.5mg/ml and 1mg/ml 
showed bacteriostatic activity against biofilm forming Pseudo-
monas aeruginosa isolates from initiation time up to 4h (i.e. from 
2.98x106+5.773c to 2.90x106+5.773f and from 4.0x106+3.055a to 
3.76x106+5.774b respectively), after which bacterial growth com-
menced. This indicates that the organism resisted the disinfectants 
just after 4 h of initiation time/application. The 2mg/ml concentra-
tion of Izal (Phenol compound) achieved total lethality after 12h 
(Table 2). For Savlon (chlorhexidine cetrimide), bacteriostatic effect 

was observed at concentrations of 0.5mg/ml and 1mg/ml from ini-
tiation time up to 8h (i.e. from 3.0 x 106+5.774 to 3.02x106+5.773b 
and 4.2x106+5.774a to 3.21x106+5.773 respectively).With concen-
tration of 2mg/ml of Savlon (chlorhexidine cetrimide), total lethal-
ity (bactericidal effect) was achieved after 10h from initiation time 
(i.e. 4.5x106+5.774a to 2.2x105+5.773d) as shown in Table 3. At 
concentration of 2mg/ml, Bleach (Hypochlorite) showed outright 
lethality after 4h of initiation time (i.e. from 4.2x106+5.774a to 
3.90x105+5.775) after which there remained no organism i.e. total 
eradication throughout the 24h of incubation period (Table 4).

Table 1: Disinfectants in Use at FMC Umuahia.

Disinfectants Chemical   Composition

(Brand name) (Active ingredient)

Izal Phenolic Compound.

Savlon Chlorhexidine and Cetrimide.

Bleach Sodium hypochlorite

Eposoxide Hydrogen peroxide

Z-germicide Tar phenol and cresylic cresolate

Methylated Spirit Concentrated ethanol

Dettol Chloroxylenol (4-chloro-3,5-dimethylphenol)

Table 2: Time kill kinetics antibacterial study of Izal against biofilm forming Pseudomonas aeruginosa.

Initiation Time Population of Org. (cFu/ml) Percentage (%) Reduction Log Reduction

0.5mg/ml 1mg/ml 2mg/ml 0.5mg/
ml

1mg/
ml

2mg/
ml

0.5mg/
ml

1mg/
ml

2mg/
ml

Oh 2.98x106±5.773c 4.0x106±3.055a 4.40x106±5.774a - - - - - -

2 2.92x106±773e 3.88x106±5.774ab 2.98x105±5.774b 2.01 2 34.27 0.009 0.013 0.169

4 2.90x106±5.773f 3.76x106±5.774b 3.90x105±5.773c 2.69 6 91.07 0.012 0.027 1.05

6 2.91x106±5.773ef 3.79x106±5.774ab 2.60x105±5.773d 2.35 5.25 94.09 0.01 0.023 1.228

8 2.96x106±5.773d 3.84x106±5.774ab 2.4x105±5.773d 0.67 4 95.23 0.003 0.018 1.321

10 2.97x106±5.773c 3.88x106±5.774ab 2.4x105±5.773d -0.34 3 95.23 -0.001 0.013 1.321

12 2.98x106±5.773b 3.92x106±5.774ab 2.4x105±5.773d -4.7 2 95.23 -0.01 0.009 1.321

24 2.9x106±5.773a 3.97x106±5.774a 0 -12.08 0.75 100 -0.05 0.003 6.643

Key Values are means ± standard error of means of three replicates. Values in each column followed by different superscript within each column are 

significantly different at P=0.05

Table 3: Time kill kinetics antibacterial study of Savlon against biofilm forming Pseudomonas aeruginosa.

Initiation Time Population of Org. (cFu/ml) Percentage (%) Reduction Log Reduction

Hr 0.5mg/ml 1mg/ml 2mg/ml 0.5mg/ml 1mg/
ml

2mg/
ml

0.5mg/
ml

1mg/
ml

2mg/
ml

Ohr 3.0x106±5.774 4.2x106±5.774a 4.5x106±5.774a - - - - - -

2 2.962x106±773bc 3.99x106±5.773b 3.0x105±5.773b 1.33 500 33.33 0.006 0.022 0.0176

4 2.87x106±3.512d 3.42x106±5.77d 3.90x105±5.773c 3.33 18.57 91.22 0.015 0.089 1.157

6 2.92x106±5.773ad 3.00x106±5.774f 2.70x105±5.773d 2.67 28.57 94 0.012 0.146 1.322

8 3.02x106±5.773b 3.21x106±5.773e 2.2x105±5.773d -0.67 23.57 95.11 -0.003 0.117 1.411

10 3.24x106±5.773a 3.46x106±5.773cd 2.2x105±5.773d -8 17.62 95.11 -0.033 0.084 2.311
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12 3.27x106±3.512a 3.51x106±5.773cd 0 -10 16.43 100 -0.041 0.078 6.252

24 3.22x106±5.773a 3.55x106±5.773c 0 -7.33 15.48 100 -0.031 0.073 6.252

Key: Values are means ± standard error of means of three replicates. Values in each column followed by different superscript within each column 

are significantly different at P=0.05.

Table 4: Time kill kinetics antibacterial study of Hypochlorite against biofilm forming Pseudomonas aeruginosa.

Initiation 
Time Population of Org. (cFu/ml) Percentage (%) Reduction Log Reduction

0.5mg/ml 1mg/ml 2mg/ml 0.5mg/ml 1mg/ml 2mg/ml 0.5mg/
ml 1mg/ml 2mg/ml

Oh 2.92x106±5.774e 3.62x106±5.055a 4.2x106±5.774a - - - - - -

2 2.90x106±774f 3.61x106±5.774a 2.0x106±5.773b 68 0.28 52.33 0.003 0.001 0.322

4 2.93x106±5.774e 2.99x106±5.77e 3.90x105±5.775 -0.34 17.4 90.19 -0.001 0.083 1.032

6 2.98x106±5.774d 3.01x106±5.774e 0 -2.05 16.85 100 -0.009 0.08 6.623

8 3.00x106±774c 3.10x106±5.774d 0 -2.74 14.36 100 -0.012 0.067 6.623

10 3.02x106±774b 3.30x106±5.774c 0 -3.42 11.6 100 -0.015 0.054 6.623

12 3.20x106±5.774a 3.21x106±5.774c 0 -9.59 11.33 100 -0.04 0.052 6.623

24 3.21x106±5.774a 3.30x106±5.774b 0 -9.93 8.84 100 -0.041 0.04 6.623

Key Values are means ± standard error of means of three replicates. Values in each column followed by different superscript within each column are 

significantly different at P=0.05.

Figure 1: Performance profile of 2mg/ml of Izal, Savlon and Hypochlorite.

Discussion
Increases in the incidence of multidrug-resistant and biofilm 

forming Pseudomonas aeruginosa infections as nosocomial etiolog-
ical agents have prompted renewed efforts to identify biologically 
and chemically active molecules from both natural and synthetic 
sources that might be useful antibacterial agents for disinfection. 
Several Cordyceps species extracts, including those from C. sinen-

sis [32] have been identified as biologically active agents that can 
eradicate nosocomial pathogens. Some of these agents have been 
reported to have potent antibacterial activity against human patho-
genic bacteria specifically [33]. Time-kill kinetics antibacterial 
study has been used to investigate numerous antimicrobial agents 
and they are also often used as the basis for invitro investigation for 
pharmacodynamic drug interactions [34]. Recently, several studies 
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have reported antibacterial activities of extracts or essential oils of 
T. daenensis while few concentrated on synthetic chemicals [35].

The time kill antibacterial assay of these disinfectants gave 
variable kinetics against susceptible biofilm forming Pseusomonas 
aeruginosa tested as seen in Tables 2-4. These disinfectants demon-
strated both bacteriostatic and bactericidal effects as it shows a 
concentration dependent killing. The bactericidal concentration 
of these disinfectant agents against biofilm forming Pseusomonas 
aeruginosa is not surprising as this organism has been reported to 
be resistant to many antimicrobial agents [36]. However bacterio-
static effect was observed at a lower concentration (0.5mg/ml and 
1.0mg/ml). Overall, this time-kill study corroborates the reported 
efficacies of some preliminary antibacterial study of selected plant 
extract as reported by Oladosu et al. [37] which proves their folk-
loric uses in treatment of different ailments among the traditional 
people.

 In this study, the susceptibility of biofilm forming Pseudomo-
nas aeruginosa to commonly used disinfectants were firstly deter-
mined by the disc diffusion method as described by WHO in 2003 
[38] while minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) was determined using the meth-
ods described by Turnidge et al. [39]. This study also quantified the 
antibacterial effect of these disinfectants through an automated, 
chromogenic endpoint assay, ensuring that the turbidity of the dis-
infectant was excluded from that of the bacterial growth.

The time-kill data obtained in this study based on the effect 
of the three biocides on biofilm forming Pseudomonas aerugino-
sa showed their antibacterial activity to be time - and concentra-
tion-dependent. This finding correlates with that of Okemo et al. 
[40] who found that Ximenia caffra extracts kill S. aureus in both a 
time- and concentration-dependent manner. The time-kill kinetics 
antibacterial study of these antiseptics was done according to stan-
dard guide for assessment of antimicrobial activity using time-kill 
kinetics procedure of Antimicrobial Susceptibility Testing Method 
[31]. Microbial population at the initiation and completion was de-
termined by spectrometric and plate count methods at interval of 
2h. 

Conclusion
All the three biocides were not efficient in eradicating biofilm 

forming Pseudomonas aeruginosa satisfactorily at concentrations 
of 0.5 and 1.0mg/ml. However, at 2mg/ml, lethality was achieved 
by all of them at different time.  Bleach (Hypochlorite) is the most 
efficacious disinfectant in use in Federal Medical Center Umuahia 
having demonstrated maximum lethality (maximum bactericidal 
effect) at a shorter time of 4h than Savlon (chlorhexidine cetrim-
ide), 8h and Izal (Phenol compound), 12h.  Although Izal (Phe-
nol compound) was not the most effective of the three, there was 
steady sustenance of bactericidal and bacteriostatic activity by Izal 

(Phenol compound) for a very long period compared to others as 
seen in Figure 1.
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