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ABSTRACT 

 

Background 

Hand washing is one of the key steps to disease prevention and health promotion. Hand 

sanitizers address the barriers to hand hygiene compliance because they require a fraction of the 

time for effective hand washing and they are more effective in killing many microorganisms. 

This study was carried out to evaluate the effects of different brands of alcohol-based hand 

sanitizers against some selected microorganisms.  

Materials and Methods 

Four commonly used alcohol-based hand sanitizers within Owerri municipal were used for the 

study. They were analyzed using standard microbiological procedures. The agar well diffusion 

method was used to evaluate the efficacy of the hand sanitizers against Escherichia coli, 

Staphylococcus aureus, Klebsiella pneumoniae, Candida albicans and Aspergillus flavus.  

Results 

The susceptibility patterns of the test organisms to the hand sanitizers shows that only Hand 

Sanitizer A was sensitive to the test organisms; E. coli (26.0 mm), S. aureus (25.5 mm), K. 

pneumoniae (19.0 mm), C. albicans (10.2 mm) and A. flavus (17.0 mm). The test organisms 

were resistant to Hand Sanitizers B, C and D. The minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC) of Hand Sanitizer A to the test organisms were 

determined at the highest concentration (100 mg/ml).  

Conclusion 

The findings of the study revealed that only Hand Sanitizer A inhibited the growth of all the test 

organisms in vitro. It was both bactericidal and fungicidal at the highest concentration (100 

mg/ml). There is need to verify the claims of the manufacturers of hand sanitizers sold in 

consumer outlets so as to protect consumers from buying substandard products. 
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INTRODUCTION 

Hand washing is one of the most important 

steps to avoid spreading germs. Germs are 

microorganisms such as bacteria, fungi and 

viruses that may lead to harmful diseases. 

They can live on the skin, respiratory, 

intestinal and genitourinary tracts. They can 

enter the body through openings such as the 

nose, mouth and also through breaks in the 

skin. Today, hygiene is associated with 

disease prevention and health promotion, 

and the importance of hygiene is universally 

recognized and evidence based. Physical 

contact between people and between people 

and objects is a key vehicle for the 

transmission of pathogens. Therefore, 

effective hand hygiene is a key intervention 

in disease prevention (Aiello et al., 2018). It 

is an integral procedure in the health care 

environment with healthcare workers 

receiving regular training about hand 

hygiene procedures (Hilburn et al., 2018). In 

the community outside of the healthcare 

environment, studies have reported 

association between improvements in hand 

hygiene and reduction in rates of infectious 

disease. It is estimated that simple hand 

washing could save one million lives a year 

(Curtis and Cairncross, 2018). Many public 

health campaigns worldwide have addressed 

“hand hygiene” with varying success 

(Erasmus et al., 2015). 

Hand sanitizers are alcohol-containing 

preparations designed for application to the 

hands for reducing the number of viable 

microorganisms on the hands (CDC, 2017). 

They are also used as supplements or 

alternatives to hand washing with soap and 

water (Hammond et al., 2015). Various 

preparations of hand sanitizers are available 

including the gel, foam and liquid solutions. 

Active ingredients of hand sanitizers include 

isopropanol, ethanol, n-propanol or 

providone-iodine while the inactive 

ingredients usually include a thickening 

agent (such as polyacrylic acid for gels), 

humectants (such as glycerin for liquid rubs) 

or propylene glycol and essential oils of 

plants. 

Hand sanitizers address the barriers to hand 

hygiene compliance because they require a 

fraction of the time for effective hand 

washing (Mody et al., 2018). They are less 

damaging to the skin than soap and water 

and they are more effective in killing many 

microorganisms (Larson et al., 2016). While 

alcohol-based hand sanitizers have been 

demonstrated to be effective against a wide 

range of Gram-positive and Gram-negative 

bacteria, multi-resistant pathogens, fungi 

and many viruses (Kampf et al., 2019), they 

have also been reported to have very poor 

activity against bacterial spores, protozoan 

oocysts and certain non-enveloped 

(nonlipophilic) viruses (CDC, 2017). 

Despite several reports stating their efficacy, 

consumers have been warned against false 

claims of efficacy by some manufacturers 

(FDA, 2016). This study aimed at evaluating 

the effects of different brands of alcohol-

based hand sanitizers against some selected 

microorganisms. 

 

MATERIALS AND METHODS  

Sample Collection 

Four (4) commonly used alcohol-based hand 

sanitizers commercially sold within Owerri 

municipal were used in this study. They 

were labeled Hand Sanitizer A, B, C and D. 
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Test Microorganisms 

The test microorganisms: Escherichia coli, 

Staphylococcus aureus, 

Klebsiella pneumoniae, Candida albicans 

and Aspergillus flavus were isolated from 

clinical samples of wound, skin and ear 

swabs of patients attending Federal Medical 

Center (F.M.C), Owerri, Imo State. The 

isolates were identified by standard 

methods. The pure cultures of the isolates 

were preserved on nutrient agar and 

Sabouraud dextrose agar slants. 

 

Antimicrobial Susceptibility Test 

The susceptibility of the test organisms to 

the hand sanitizers was evaluated using agar 

well diffusion method as described by Sharif 

and Ansari (2015) and Ochwoto et al. 

(20170. Sterile Mueller Hinton agar and 

Sabouraud dextrose agar plates were 

inoculated with standardized test organisms. 

A sterile cotton swab was dipped into a tube 

containing the inoculum and was rotated 

properly to allow maximum contact. Excess 

inoculum was removed by pressing and 

rotating the swab firmly against the inside of 

the tube above the liquid level. The swab 

was spread over the surface of the medium 

and the inoculum left to dry for 5 minutes. 

With the aid of a sterile 6mm cork borer, 

four equally spaced holes was bored in the 

agar plate with a fifth hole in the centre of 

the plate as control. The agar plugs were 

discarded using a sterile needle. One 

hundred microlitres (100µL) of the hand 

sanitizer was then introduced into each of 

the four wells. 25 mcg of ciprofloxacin 

dissolved in 100µL 70% ethanol was 

pipetted into the fifth hole. This was done 

for all the test organisms and hand 

sanitizers. The plates were incubated at 37oC 

for 24 hours (bacteria) and 25oC for 48 

hours (fungi) in an upright position. They 

were examined for zones of inhibition which 

indicate the degree of susceptibility or 

resistance of the test organisms to the hand 

sanitizers. The test was carried out in 

duplicates and the average of 2 readings was 

taken as the zone of inhibition (mm) in each 

case. 

 

Determination of Minimum Inhibitory 

Concentration (MIC) 

The hand sanitizer which showed activity 

against the test organisms in the agar 

diffusion test was subjected to further test to 

determine its MIC values using the broth 

dilution method. MIC is the lowest 

concentration of a specific antimicrobial 

needed to prevent the growth of a given 

organism in vitro (Nester et al., 2019). 

Various concentrations of the hand sanitizer 

were prepared in increasing order (20 

mg/ml, 40 mg/ml, 60 mg/ml, 80 mg/ml and 

100 mg/ml. One milliliter of the sanitizer 

was introduced into tubes containing equal 

volume (1ml) of standardized test 

organisms. Each of the concentrations of the 

sanitizer was used in each case. Two tubes, 

one containing only nutrient broth and 

bacteria without sanitizer and the other 

containing Sabouraud dextrose broth and 

fungi without sanitizer served as control. 

The tubes were incubated at 37oC for 24 

hours (bacteria) and 25oC for 48 hours 

(fungi) and examined for visible growth or 

turbidity. The concentration of the sanitizer 

at which no visible growth was observed 

when compared with the controls was 

regarded as the MIC. 
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Determination of Minimum Bactericidal 

Concentration (MBC) 

To determine the MBC of the hand sanitizer 

against the test organisms, the lowest 

concentration which resulted in an inhibition 

of the test organisms was subcultured unto 

nutrient agar and Sabouraud dextrose agar 

plates. The plates were incubated at 37oC for 

24 hours (bacteria) and 25oC for 48 hours 

(fungi) and observed for growth. The MBC 

was taken as the least concentration which 

did result in growth of the organism 

(Chesbrough, 2006). 

 

RESULTS 

Susceptibility Patterns of Test Organisms to Hand Sanitizers 

The susceptibility pattern of the test organisms to the hand sanitizers shows that only Hand 

Sanitizer A was sensitive to the test organisms; E. coli (26.0 mm), S. aureus (25.5 mm), K. 

pneumoniae (19.0 mm), C. albicans (10.2 mm) and A. flavus (17.0 mm). The test organisms 

were resistant to Hand Sanitizer B, C and D (table 1).   

Table 1. Susceptibility Patterns of Test Organisms to Hand Sanitizers 

 

Test organisms    Zones of inhibition (mm) 

       Hand Sanitizer A Hand Sanitizer B    Hand Sanitizer C    Hand Sanitizer D 

E. coli       26.0   +          +      +  

S. aureus       25.5   +          +      +  

K. pneumoniae    19.0   +          +      +  

C. albicans     10.2   +          +      +  

A. flavus     17.0   +          +      + 

   

Key: + indicates growth 

 

Determination of MIC and MBC of Hand Sanitizer on Test Organisms 

Table 2 shows the result of MIC and MBC of Hand Sanitizer A on the test organisms only. From 

the result, MIC and MBC of Hand Sanitizer A to the test organisms were determined at the 

highest concentration (100 mg/ml). There were no MIC and MBC on Hand Sanitizer B, C and D 

because they showed no activity against the test organisms in the agar well diffusion test. 
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Table 2. MIC and MBC (mg/ml) of Hand Sanitizer A on the test organisms 

 

      Concentrations (mg/ml) 

Test organisms    100         80   60  40     20           MIC           MBC 

         

E. coli          -          +    +  +      +         100        100 

S. aureus        -          +    +  +      +          100            100 

K. pneumoniae            -          +    +  +      +              100            100 

C. albicans         -          +    +  +      +              100            100  

A. flavus        -          +    +  +      +              100            100 

Keys: + indicates growth 

           - indicates no growth 

 

DISCUSSION  

This study was carried out to evaluate the 

effects of different brands of alcohol-based 

hand sanitizers against some selected 

microorganisms. The findings of the study 

showed that Hand Sanitizer A was the only 

product that showed inhibitory activity 

against all the test organisms with the 

highest activity against E. coli (26.0 mm) 

and the lowest activity against Candida sp. 

(10.2 mm). Hand Sanitizer B, C and D 

showed no activity against all the test 

organisms. 

Hand Sanitizer A showed both bactericidal 

and fungicidal activity at the highest 

concentration (100 mg/ml) against all the 

test organisms. This is attributable to the 

presence of alcohols as the main active 

ingredients in the product. Alcohols are 

known to exert disinfectant activity in 

bacteria by causing protein denaturation, 

disruption of tissue membranes and 

dissolution of several lipids (Kar, 2008). 

Hand Sanitizer A which had the highest 

activity against the organisms in this study 

contained 62% ethanol as the main active 

ingredient while Hand Sanitizer B contained 

alcohol denat as the active ingredient. 

Isopropyl alcohol was the main active 

ingredient in Hand Sanitizer C and D (in 

addition to ethyl alcohol). 

Although isopropanol has been reported as 

being superior to ethanol as an antiseptic, 

the non activity of Hand Sanitizer B, C and 

D observed in this study is probably due to 

the negative interactive effects of the 

additional ingredients such fragrance, 

emollients, humectants and thickening 

agents added to them and which are not 

present in Hand Sanitizer A. These could 

probably limit the cidal effect of the alcohol 

from reaching the microbial cells. The 

efficacy of alcohol-based hand sanitizers is 

affected by several factors such as the type, 

concentration and volume of alcohol used, 

https://mdrdji.org/
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the contact time (CDC, 2002), the test 

method (in vitro and in vivo), target 

organism and matrix (Liu et al., 2010). 

Generally, the lack of antimicrobial activity 

observed among the other products could be 

due to poor or prolonged storage of the 

products which could lead to increased 

temperature causing evaporation of the 

active ingredient. 

Hand Sanitizer A showed considerable 

antimicrobial activity against C. albicans 

and A. flavus. It is noteworthy here that 

fungal species such as C. albicans and A. 

flavus have accounted for a high frequency 

of opportunistic fungal infections implicated 

in hospital-acquired infections. 

  

CONCLUSION  

The findings of the study revealed that only 

one of the four products (Hand Sanitizer A) 

inhibited growth of all the test organisms. It 

showed both bactericidal and fungicidal 

activity. There is need to verify the claims of 

the manufacturers of hand sanitizers sold in 

consumer outlets so as to protect consumers 

from buying substandard products. 

Regulatory authorities and manufacturers 

should enforce stringent quality control 

measures during production and routine 

inspections to ensure the efficacy of these 

products. Finally, consumers should be 

alerted on the existence of substandard 

sanitizers on the shelves of some retail 

outlets. 
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