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The emergence and spread of multidrug-resistant microorganisms are threats to public health due to its
related increasing rates of morbidity and mortality in the world. Routine disinfection practices do not
eliminate many of these resistant species and may contribute to the development in their resistance.
Therefore, the current study evaluates the effectiveness of some popular detergents labelled as
antibacterial and available at local market. Fifteen different brands of detergents were tested against
thirteen American-type culture collection (ATCC) strains; five species related to Gram-positive bacteria,
eight species to Gram-negative bacteria and three clinical isolates, (Escherichia coli, Klebsiella
pneumonia and Methicillin resistant Staphylococcus aureus (MRSA) by measuring their efficacy by agar
well diffusion technique and contact time assay. Dilution levels of detergents exhibited different zones
of inhibition against the tested bacterial strains. The initial dilutions of detergents (DAC, SUNOVA,
CLOROX, Drummer, GENTO, Dettol with pine, Dettol, Clorox Original, EMLAG and 3 M) showed
inhibition zones ranging from 10 mm to >40 mm on Gram positive bacteria. Dettol, Clorox Original,
EMLAG and 3 M showed inhibition zones ranging from 11 to 20 mm on limited numbers of Gram-
negative bacteria at the first dilutions of detergents. The results showed that, Dettol, Clorox and 3 M
were the strongest detergents compared to the other detergents included in this study. A contact-time
assay showed a positive relationship between exposure time and efficacy of detergent against the
tested bacterial strains.
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INTRODUCTION

Detergents are chemicals contain a lipophilic and a of inanimate objects, including potentially pathogenic
hydrophilic component that have the potential to prevent organisms, and played an important role in controlling the
the growth of or destroy microorganisms on the surface spread of infectious diseases (Rutala and Weber, 2013).
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Disinfectant is chemical or physical agent that destroys
pathogenic microorganisms but might not kill microbial
spores and the disinfection process was defined by the
British Institute as reducing the levels of harmful
organisms to harmless while not kiling all
microorganisms (Thomas et al, 2005). Multidrug-
resistant bacteria are the major cause of nosocomial
infections (NI), these infections are a public health issue
throughout the world (Wellington et al., 2013; Savard et
al., 2013). These organisms can be transmitted from the
hospital environment and health care workers to patients
(Siegel et al., 2007 Alfa et al., 2015; Otter et al., 2013).

Some studies confirmed that patients who stay in
hospitals transmit these bacteria to the facilities, which
leads to the possibility of the transmission of these
microbes to other patients later admitted to these rooms
(Donskey, 2013; Eckstein et al., 2007; Ontario Agency for
Health Protection and Promotion, 2012). Proper
disinfection techniques by broad spectrum biocidal
compounds can prevent nosocomial infections (Kundrapu
et al., 2012). Some studies have concluded that daily
disinfection of medical equipment that used by patients
and their accommodation places by effective
disinfectants limits the levels of contamination by these
organisms (Boyce, 2007; Theraud et al., 2004; John,
2016).

Scientific methods of sterilization and disinfection are
necessary for controlling the prevalence and spread of
hospital-acquired infections (Zoutman et al., 2011).
Therefore, failures to follow these methods may lead to
many hospital-acquired infections contributing to
increased morbidity and mortality in hospitals (Strassle,
et al.,, 2012). The selection of effective disinfectants for
health-care facilities is a critical factor, and so must be
based on scientific analysis to ensure the efficacy of the
disinfectants against microbes that cause the emergence
and spread of hospital-acquired infections (Tacconelli et
al., 2014; Kampf et al., 2014).

The disinfection process can be affected by several
factors such as temperature, acidity, concentration of the
disinfectant and contact time during the disinfection
process (Ferreira et al., 2015). Pathogenic organisms
vary in their degrees of response to different detergents,
as they constantly acquire resistance to different
formulas. The efficacy of disinfectants against targeted
pathogens that are selected for the disinfection process
must be studied and analyzed (Santos-Junior et al.,
2018). It is necessary to evaluate the effectiveness of
detergents against pathogens before use and not rely on
the information provided by the manufacturing companies
to ensure the optimal efficacy (Kawamura-Sato et al.,
2008; Boyce and Pitted, 2002).

Many health care workers are not properly informed on
how to choose appropriate disinfectants and use phenolic
disinfectants, which have a generally low effectiveness in
the disinfection process. This leads to an uncontrolled
increase in infections among patients in hospitals (BSG,
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2003; Alfa et al.,, 2010; Manitoba, 2007; Shang et al.,
2015). The aim of the current study is to evaluate the
effectiveness of a number of some common brands of
detergents sold in Makkah, Saudi Arabia used in hospital
disinfection against pathogenic bacteria which cause
infection among patients, as well as determine the required
time to eliminate these pathogens by disinfectants.

MATERIALS AND METHODS
Disinfectants

Fifteen different brands of detergents available in Makkah labeled
as "99.9 bacterial reduction" or "antibacterial” were included in this
study. The following detergents were chosen: DAC, SUNOVA,
UDO, CLOROX, DRUMMER, GENTO, DETTOL with pine, SAFE,
FLASH, DETTOL, BAHAR, FLAG, CLOROX Original, EMLAG and
3M. Thirteen detergents were diluted to different five concentrations
in sterile water (10, 20, 40, 80 and 100%), the first dilution was the
manufacturer-recommended and two of them were used without
dilution in accordance with the instructions of use as shown in Table
1.

Tested bacterial strains

Thirteen ATCC strains were obtained from the Microbiology
Department at the Medical College of Umm Al Qura University,
Makkah, Saudi Arabia. Five of the species were related to Gram-
positive bacteria: Enterococcus faecalis ATCC 29212, Vancomycin
resistant  Enterococcus faecalis (VRE) ATCC 51299,
Staphylococcus aureus ATCC 25923, Methicillin resistant
Staphylococcus aureus (MRSA) ATCC 43300, and Staphylococcus
epidermidis ATCC 12228. Eight species were related to Gram-
negative bacteria: Salmonella typhimurium ATCC700720, K.
pneumonia (ESBL) ATCC 14028, K. pneumonia (CRE) ATCC
700603, Acinetobacter baumannii ATCC 1605, Shigella sonnei
ATCC 25931, Pseudomonas aeruginosa ATCC 15442, Proteus
mirabilis ATCC 29906 and Escherichia coli ATCC 35218. Three
clinical isolates, (E. coli, K. pneumonia and S. aureus MRSA) were
obtained from a diagnostic microbiology laboratory at a tertiary care
hospital in Makkah, Saudi Arabia.

Culture media

Muller-Hinton agar medium was used to determine the susceptibility
of tested bacterial strains to the selected detergents by the agar
well diffusion method. Muller-Hinton broth media was used for the
kill-time assay.

Preparation of standard inoculums

Organisms were cultured on a Muller-Hinton agar media at 37°C for
24 h. A single colony was obtained from a strain tested using a
sterile loop and inoculated in 3 ml of Muller-Hinton broth to obtain a

homogenous suspension. Turbidity was standardized to 0.5
McFarland using calibrated VITEK 2 DENSICHEK.

Well diffusion method

A diffusion assay on Mueller-Hinton agar plates was performed as
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Table 1. Active ingredients and different concentrations for the tested detergents.

Tested Active ingredient (s) Dilution levels (ml)

product D1 D2 D3 D4 D5
DAC Alkyl benzyl dimenthyl ammonium chloride <5% 0.6 /10 1.2/10 2.4/10 4.8/10 Absolute
SUNOVA Alkyl benzyl dimenthyl ammonium chloride <5% 0.1/10 0.2/10 0.4/10 0.8/10  Absolute
u.DO Not available 1.2/10 2.4 /10 4.8/10 9.6/10 Absolute
CLOROX 6.0% sodium hypochlorite 1/10 2/10 4/10 8/10 Absolute
Drummer Cloroxylenol 0.485% w/w 0.5/10 1/10 2/10 4/10 Absolute
GENTO Quaternary ammonium compound 1.2/10 2.4/10 4.8/10 9.6/10  Absolute
Dettol with pine  Chloroxylenol 4.8% w/w 0.6 /10 1.2/10 2.4/10 4.8/10  Absolute
SAFE Chloroxylenol 0.3/10 0.6/10 1.2/10 2.4/10 Absolute
Flash Hydrogen chloride Absolute

Dettol Chloroxylenol 4.85% w/w 1/10 2/10 4/10 8/10 Absolute
BAHAR <5% Cationic Surfactant 0.4 /10 0.8 /10 1.6/10 3.2/10  Absolute
FLAG Triton 2-5 % Absolute

Clorox original ~ 6.0% sodium hypochlorite 1/10 2/10 4/10 8 /10 Absolute
EMLAG Not available 1/10 2/10 4710 8/10 Absolute
3 M. Not available 1/10 2/10 4/10 8/10 Absolute

D1= First Dilution (manufacturer-recommendation); D2= Second Dilution; D3= Third Dilution; D4= Forth Dilution; D5= Five Dilution.

described by the Clinical and Laboratory Standards Institute (CLSI)
(Hindler and Keiser, 1994; Jorgensen, 1993). The bacterial strain
was suspended in a Mueller-Hinton broth and adjusted to 0.5
McFarland turbidity. A sterile swab was dipped into the bacterial
suspension and swabbed on the Muller and Hinton agar plates.
Plates were allowed to dry for 10 minutes before being punched
with a 6 mm diameter sterile sharp glass rod. After that, wells were
filled with 100 pl from different detergents and one well was filled
with 100 pl of dimethyl sulfoxide (DMSO) as a negative control.
Vancomycin 30 pg disc and Amikacin 30 pg disc diffusion solutions
were used as positive controls for Gram-positive bacteria and
Gram-negative bacteria respectively, then the plates were
incubated at 37°C for 24 h and examined for inhibition zones.
These steps were repeated with the second, third, fourth and fifth
dilutions for each detergent. Inhibition zones around the wells
indicated effectiveness of detergents against the tested bacterial
strains. Absences of inhibition zones indicated ineffectiveness of
detergents against tested strains. Results are shown in Table 2.

Time kill assay

A contact time assay was performed as described by Clinical and
Laboratory Standards Institute (CLSI M26-A, 1998) depending on
the turbidity of the bacterial growth in broth culture media (CLSI,
1998). Tested bacterial strains were suspended in Mueller Hinton
broth and adjusted at 0.5 McFarland. 500 pl had been removed and
added to 9.5 ml of the first dilution of the detergent solution at room
temperature. At the end of the first minute from addition, 10 ul of the
suspension was removed and added to 5 ml Mueller-Hinton broth
tube. This was repeated after two, three, four, and five minutes from
zero time. A Mueller-Hinton broth tube without the addition of
detergent was used as a negative control. This step was repeated
with the second, third, fourth and fifth dilutions of detergents. The
inoculated tubes were labeled and incubated at 37°C for 24 h. After
the incubation period, the tubes were classified as turbid (indicating
growth) or clear (indicating no growth), corresponding to resistance
or sensitivity to detergents as shown in Table 3.

RESULTS

Fifteen different brands of household detergents were
used, two of them without dilutions and the others with
five concentrations each, for determining their efficacies
against 16 bacterial strains (13 ATCC species and three
clinical isolates) using two methods: Well diffusion assay
and contact time assay. Results of the well diffusion
method with the five concentrations were recorded
according with a color-coding system with green
indicating the first dilution, brown indicating the second
dilution, blue indicating the third dilution, yellow indicating
the fourth dilution, and pink indicating the undiluted
detergents as shown in Table 2. Diluted and undiluted
concentrations of detergents showed different zones of
inhibition on the tested bacterial strains are shown in
Table 2. Initial dilutions of detergents DAC, SUNOVA,
CLOROX, Drummer, GENTO, Dettol with pine, Dettol,
Clorox Original, EMLAG and 3M showed inhibition zones
ranging from 10 mm (Drummer) to >40 mm (Clorox
original) on Gram-positive bacteria, while other
detergents (SAFE, FLASH, BAHAR, FLAG and UDO)
showed varying inhibition areas on Gram-positive
bacteria at the highest concentrations. Initial dilutions of
detergents Dettol, Clorox Original, EMLAG and 3M
showed inhibition zones ranging from 11 mm (EMLAG) to
22 mm (Dettol) on limited numbers of Gram-negative
bacteria, while detergents SUNOVA, UDO, Drummer,
SAFE, Flash, BAHAR and FLAG exhibited varying
efficacy on Gram- negative bacteria at the highest
concentrations. K. pneumonia (ESBL) and Shigella
sonnei strains were resistant to any concentrations of
Drummer and BAHAR detergents. Acinetobacter
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Table 2. Results of investigation of the efficacy of detergents against bacterial strains (13 ATCC species and three clinical isolates) by agar well diffusion assay.

Diameter of inhibition zone (mm) of five dilutions of tested detergents

Tested strains

Clorox

DAC SUNOVA UDO CLOROX Drummer GENTO Det:;i’r']:"th SAFE Flash Dettol BAHAR FLAG .= EMLAG 3M
Enterococcus faecalis ATCC (mm) 162 162 18 182 102 182 162 15 18 14 14 200 15a 208 223
Enterococcus faecalis (VRE) ATCC (mm) 182 152 12 202 123 15a 202 18 22 18 20 200 152 162 22a
Staphylococcus aureus ATCC (mm) 212 162 14 207 207 202 202 142 24 20 24 250 162 202 222
Staphylococcus aureus (MRSA) ATCC (mm) 222 162 14 212 202 22a 20a 11a 26 20 10 200 18a 20a 222
Staphylococcus epidermidis ATCC (mm) 202 182 16¢ 222 162 222 252 122 30 25 24 300 >402 152 142
Salmonella typhimurium ATCC (mm) 122 16° 14c¢ 14 16 16 12 220 22 20 15 200 162 142 152
Klebsiella pneumonia (ESBL) ATCC (mm) 16 21 16¢ 14 R 12 14 200 27 12 R 180 182 152 172
Klebsiella pneumonia (CRE) ATCC (mm) 12 200 14c¢ 12 14 12 16 200 28 12 R 180 202 152 14a
Acinetobacter baumannii (CRE) ATCC (mm) 16 200 17 16 R 14 12 220 25 22 16 180 152 152 132
Shigella sonnei ATCC (mm) 18 15° 16 13 R 14 18 10 20 14 R 140 182 112 11a
pseudomonas aeruginosa ATCC (mm) 12 22°b 24 16 R® 16 13¢ 200 20 R R 240 18a 12a Ra
Proteus mirabilis ATCC (mm) 18 120 R 14 RP 16° 14¢ 200 RP 122 16 140 R R 11a
E. coli ATCC (mm) 12 13¢ 15¢ 14 R 14 13 200 25 122 12 180 162 202 152
Klebsiella pneumonia (C.l. MDR) (mm) 18 20 16° 1 RP 18 16 22 26 202 22 180 162 122 132
E. coil C.I. MDR) (mm) 122 18° 15¢ 14 R 16 14 14 14 152 20 16° 152 R 162
MRSA (C.ILMDR) (mm) 212 320 12 24 12 20 22 15 25 222 15 240 202 202 222
Efficacy of D1 (%)2 64 38 13 69 38 81 69 31 0 94 19 0 94 88 94
Efficacy of D2 (%)e 64 38 19 69 38 81 69 44 0 94 31 0 94 88 94
Efficacy of D3(%)¢ 70 38 31 75 44 88 81 44 0 94 37 0 94 88 94
Efficacy of D4(%)° 82 50 75 88 44 88 94 44 0 94 50 0 94 88 94
Efficacy of D5 (%)° 100 100 94 100 50 100 100 100 100 100 75 100 94 88 94
First dilution resistance (%)f 36 62 87 31 62 19 31 69 100 6 81 100 6 12 6

R= Resistant, (C..MDR) = Clinical isolate multidrug resistant, mm= millimeter (measuring unit of diameter of inhibition zone).?, Indicates the first dilution (pink colour); °, indicates the second dilution
(brown colour); 4 indicates the third dilution (blue colur); ¢, indicates the fourth dilution (yellow colour); ® indicates undiluted detergents (blue colour). ! First dilution resistance (%) (red).

baumannii, E. coli and K. pneumonia (clinical
isolate) strains did not respond to any
concentrations of Drummer. Dettol, 3 M and
Clorox Original were the most effective on the
majority of tested bacterial strains, except P.
aeruginosa, which did not respond to Dettol nor 3
M at any concentrations.

Table 3 depicts the results of kill-time assays of

detergents on bacterial strains. It was observed
that detergents DAC, CLOROX, GENTO, Dettol
with pine, Dettol and 3 M were most effective on
Gram-positive bacteria during the first minute of
the first dilution. SUNOVA, Drummer, Clorox
original and EMLAG showed efficacy on Gram-
positive bacteria from the first minute until the fifth
minute of the first dilution. Gram-positive bacteria

did not response to the detergent Flash from the
first minute up to the fifth minute of exposure.
FLAG only to fifth dilutions was effective at the
first. Most of Gram-negative bacteria exhibited
limited responses to some of the tested
detergents at the first minute of exposure to the
first dilutions. Dettol with pin, Clorox and 3 M
detergents were observed to be highly effective
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Table 3. Results of contact time assay of five dilutions of detergents against 13 ATCC strains and 3 strains clinical bacterial isolates (MDR) within five minutes.

Contact time (1-5 min) of five dilutions

Tested strains

DAC SUNOVA UDO CLOROX Drummer GENTO Dettol with pine SAFE Flash Dettol BAHAR FLAG Clorox Original EMLAG 3M
Enterococcus faecalis ATCC 12 12 >h9 1a >5 12 1a >59 >5d 1a >59 1d 1a 1e 1a
Enterococcus faecalis (VRE) ATCC 1a >5a >5f 1a >5 12 1a >59 >5d 12 19 1d >52 1e 1a
Staphylococcus aureus ATCC 1a 1a 5 1a 5 12 1a 1 5d 12 1c 1d 1a 1e 1a
Staphylococcus aureus (MRSA) ATCC 12 18 >5f 18 >5 18 18 1 >54d 18 2 1d 4a 2¢ 1a
Staphylococcus epidermidis ATCC 1a 1a >5¢ 1a 5 12 1a 1 1d 52 19 1d 1a 1e 1a
Salmonella typhimurium ATCC 1a >5¢ >he 1c 3d 1a 1a 1d 1d 12 1¢ 1d 1a 1e 1a
Klebsiella pneumonia (ESBL) ATCC 1f 1d >5¢ 12 >5d 4a 11 >5d 1d 3a >5d 14 >52 1e 12
Klebsiella pneumonia (CRE) ATCC 1a 1d 5¢ 1a >5f 1a 1f 1d 1d >52 >54d 14 1a 1e 1a
Acinetobacter baumannii (CRE) ATCC ~ 1¢ 1d >5 1f 3d >5 2d 1d 1d 12 1¢ 1d 1a 1e 1a
Shigella sonnei ATCC 1d 4d >5 1 >5d >5f 14 1a 1d >52 >54d 14 1a 1e 1a
Pseudomonas aeruginosa ATCC 1d 1d >5 1 >5d >5d 1¢c 1d 1d 5 >5d 1d 1a 1e >5d
Proteus mirabilis ATCC 1d 1d >5 1¢ 1d 5d 2¢c 2d >54d 1a >54d 1 >5d >5d 12
E. coli ATCC 12 1 >5¢ 1a >5d 1a 1a 1d 1d 1a 1d 1dd 1a 1a 1a
Klebsiella pneumonia (C.l. MDR) 1¢ 12 >5¢ >5a 1d 12 12 1d 1d 12 1d 14 4a 12 1a
E. coil (C.I. MDR) 1a 1d >5¢ 1a >5d 1a 1a 1d 1d 1a 1d 1d 4a >5d 1a
MRSA(C.I.MDR) 12 14 >5a 12 >52 12 12 12 >54d 12 1f 14 12 12 12

1- 5 min = required contact time of the detergents against tested organisms with the five-dilutions; ®(Green color) = First Dilution; 9(Brown color) = Second Dilution; ‘(Blue color) = Third Dilution; °(Yellow

color) = Fourth Dilution; *(Pink color) = Five Dilution.

against the majority of the tested bacterial strains
at the first minute of contact with the first dilution
except P. aeruginosa and P. mirabilis which
exhibited resistance at all dilution levels from the
first minute until the fifth minute of exposure time.

DISCUSSION

Standard hygiene measures are necessary to

prevent the transmission of many antibiotic-
resistant bacteria among hospital patients. The
cleaning and disinfection of target surfaces is
essential for limiting risks associated with these
organisms (Reitzel et al., 2009; Savard et al.,
2013; Buescher et al., 2016; Magiorakos et al.,

2013; Willey et al., 2008). The procurement of
detergents without a scientific basis as well as a
prevalence of incorrect methods of disinfection in
health-care facilities may contribute to the
development of microbial resistance. Phenolic
products, which are highly toxic, are commonly
used at health-care facilities in many countries
due to their low cost. Ideal detergents should have
a broad spectrum of effects on microorganisms
and minimal toxicity (Pierson, 2009; Kaliyadan et
al., 2014). None of the recommended dilutions of
the tested detergents were found to be effective
against the majority of the tested bacterial strains,
except Dettol and 3 M, which expressed efficacy
patterns when applied to the majority of tested
bacteria at the manufacturer-recommended

dilutions with the exception of P. aeruginosa,
which showed resistance to all dilutions. and
Clorox Original and EMLAG, which expressed
efficacy against all tested bacteria except P.
mirabilis which exhibited high resistances to all
dilutions. Only certain detergents of popular
brands were observed to inhibit the growth of
Gram-positive species and limited Gram-negative
bacteria in this study. The highest efficacy of the
used detergents against the tested bacterial
strains at the first dilution was 94%, with only
three detergents (Dettol, Clorox and 3 M) out of
the fifteen detergents tested observed to be
effective when applied to sixteen bacterial
species, while there was no efficacy for both
FLAG and Flash on all tested bacterial strains



at the first dilution. Gram-positive bacteria were less
resistant to successive dilutions of tested detergents.
Some of the Gram-negative bacterial strains exhibited
high resistances to the tested successive dilutions, with
some of them exhibiting resistance to all dilutions, as
depicted in Table 3. Gram-positive bacteria exhibited the
highest response to the first dilution of Dettol, Clorox,
DAC, Gentoo and 3 M at the first minute of contact time
assay, with the lowest response recorded with exposure
to Drummer. Gram-negative strains exhibited the greatest
response to Dettol, Clorox and 3 M and the lowest
response to Gentoo at the first minute of the first dilution.
These results indicated that Dettol, Clorox Original and 3
M are the most effective antimicrobial agents among the
detergents included against tested strains in this study,
which supports the results of previous studies (Jain et al.,
2016; Olasehinde et al., 2008; Sickbert-Bennett et al.,
2005; Bockmiuhl et al.,, 2019; McDonnell and Russell,
1999). This study has highlighted two important factors
for increasing detergent efficiency against pathogenic
bacteria that should be considered appropriate
concentration and exposure time. The results of this
study indicated that an exposure time of microorganisms
to disinfectants of at least five minutes could increase
their effectiveness.

The usage of higher concentrations of disinfectants
associated with increased toxicity is not recommended.
Results also indicated that manufacturer instructions for
the usage of detergents should not be relied upon.
Rather, rigorous testing should be carried out to
determine their effectiveness on pathogens before usage
to avoid the spread and resistance of microorganisms.
Therefore, it is highly recommended to evaluate new
detergents before procuring them for hospitals and also
to periodically verify their effectiveness (Peter and Scott;
2019; Rutala and Weber, 2014; Ngu et al., 2015). It is
also recommended to select detergents that are most
effective for eliminating the microorganisms that cause
nosocomial infections, apply them at the appropriate
concentrations and recommended contact times to
ensure their efficacy and use them periodically to ensure
that the spread and resistance of these microorganisms
are reduced. Further research is needed to study the
appropriateness, safety and efficacy of detergents
against the nosocomial infections.

Conclusion

The efficacy of detergents against pathogenic
microorganisms is an important factor for controlling the
spread of microbial infections and disease transmission.
Most of the recommended dilutions of detergents
included in this study were effective against all bacterial
strains tested. Only certain brands of detergents were
able to suppress the growth of gram-positive bacteria and
certain gram-negative species tested in this study. It was
observed that Dettol, Clorox and 3M were the strongest
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detergents compared to the other detergents included in
this study. A contact-time assay showed a positive
relationship between exposure time and efficacy of
detergent against the tested bacterial strains. It is
recommended to evaluate new detergents before
applying them in hospitals and to verify their use
periodically to ensure their effectiveness for reducing
rates of nosocomial infection. Accordingly, we
recommend using detergents which have high efficacies
against most bacterial strains and avoiding the usage of
detergents that have poor efficacies in order to prevent
increasing bacterial resistance in health care units.
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