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Abstract 
Hand hygiene, hand sanitizing, is essential in reducing the transmission of infectious disease.The outbreaks of 
any infectious diseases increased public awareness of the practice of hand sanitizing and resulted in the 
introduction of new products to the markets. This study assesses the antibacterial activity of selectedhand 
sanitizer products against some of the clinical isolates using diffusion susceptibility tests methods. The mean 
diameters of zones of inhibition (in mm) observed in Group 1, Group 2, Group 3, Group 4 and Group 5 were 
(21.4 ± 6), (08.0 ± 0.5), (11.9 ± 1.5), (11.4± 0.5) and (20.6 ± 1),  respectively. Maximum inhibition was found 
with Group 1 against all the tested organisms. Data were statistically analyzed using analysis of variance and 
also were statistically significant at P < 0.001.Results showed higher inhibitory activity of the products to 
Staphylococcus aureusthan Escherichia coli and Pseudomonas AeruginosaAll tested sanitizers showed higher 
zones of inhibition, indicating their overall effectiveness. 
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1- Introduction 
Hospital and community- acquired infections areconsidered a serious public health problemworldwide (Hassan 
et al., 2012). Personal as well as hand hygiene is important to prevent many communicable diseases. As 
transmitting modes of microbes, hands are considered to be the primaryroute for the causative microbes and 
infections to the individuals (Modal et al., 2004). 

The Centers forDisease Control and Prevention, the World HealthOrganization, promotehand hygiene as 
the most important measurein the prevention of hospital and community- acquired infections (World Health 
Organization, 2009; Pittet D, et al., 2009; Madan K, et al., 2012). Applying both washing hands with soap and 
hand antiseptics are the most important hygiene methods which significantly increase the chance ofmaintaining 
the hands clean and aseptic.Staphylococcus aureus, Staphylococcus epidermidis, and Enterococcusfaecalis 
conserved as resident floras and commonly colonized the different place of body such as superficial layers ofskin 
that consists of S. aureus, Escherichia coli, and Pseudomonas aeruginosa (Widmer AF, 2003). 

It was explained well that handwashing removes body’s own fatty acids from theskin, which may cause 
cracked skin that formedan entry portal for pathogens, using of hand washing, hand sanitizerswere introduced to 
prevent those pathogenic micro-organisms as well as toprotect  and improve skin condition (Winnefeld M, et al., 
2000; Bloomfield SF, 2007). Furthermore, toreduce infections in the community, alcohol-basedhand sanitizers 
are recommended as a component of hand hygiene (Jain VM, et al., 2016). Hand hygiene generally refers to 
different methods of eliminating or killing microorganisms which may be present on hands, by either hand 
washing or sanitizing (Pittetet al., 2006; Zapkaet al., 2017). Though the concept of hand sanitization has been in 
place right from the start of the hand hygiene campaign by Semmelweis (WHO 2009; Pires et al., 2017), many 
hand sanitizers are available in the marketwith different effectivenessagainst pathogenic microbes some of 
themin the market as antimicrobialhand sanitizers are not effective in reducing bacterialcounts on hands. In fact, 
despite a label them ofreducing “germs and pathogenic bacteria” by 99.9%, some studies have observed an 
apparent increase inthe concentration of bacteria in handprints impressedon agar plates after cleansing (Reynolds 
SA, et al., 2006). Hence, there still needto verify these claims and to overcome this issue, the present study was 
carried out to assess theantimicrobial effectiveness of four different handsanitizers against sometested 
organisms.Most of the early reports focusedon the role of hand washing as an infection control measure (Garner 
and Favero 1986). This changed by 2000s, when the Centers for Disease Control and Prevention (CDC) issued a 
guideline recommending that alcohol-based hand rub (ABHR) be routinely used for decontaminating hands 
which are often composed of alcohol, ethanol, isopropanol or propanol (Pittet 2001; Pickering et al., 2010).It has 
been recommended that concentration range of 60% to 95% (Reynolds et al., 2006). The use of alcohol-based 
hand sanitizers has been reported as one of the commonly recommended means of hand hygiene for outbreaks of 
the disease (Wolfe et al., 2017), particularly for hands that are not visibly soiled. These hand sanitizers have been 
shown to be effective in various situations such as the reduction of gastrointestinal infection, reducing infection 
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(Meadows and Le Saux 2004; Reynolds et al., 2006) and has been reported to give better results than hand 
washing (Pickering et al., 2010). Scientific studies have shown that after hand washing, as many as 80% of 
individuals retain some pathogenic bacteria on their hands (Tambekar DH, et al, 2007). The outbreak of diseases 
led to an increased awareness of the role of hand sanitizers in infection control (Olalekan and Adeola 2014; 
Nwabuezeet al., 2016).Most of these products have made numerous claims, notably their ability to eliminate 
99.9% of microorganisms (Odebisi-Omokanye 2015). Therefore, pathogenic organisms were selected to 
assessment the antimicrobial efficacy of different hand sanitizers.  

 
2- Material and Methods  
The present study is an in vitro study conducted at the Department of Clinical Laboratory Science- Mohammad 
Almanaa College. Ethical clearance for the study was obtained from the scientific research unit. 
 
2.1- Different brands of hand sanitizers were selected out of many available in the market based on their 
popularity usage. 

 Group 1: Propan-2-ol, Propan-1-ol, Mecetronium ethyl sulfate, Glycerol, Tetradecane-1-ol, fragrances, 
Patent blue V, Purified water 

 Group 2: Hrivera, Coriander, Lime, Ushira, Neem 
 Group 3: Denatured Alcohol- 69.4% w/w, Water PEG/PPG-17/6 copolymer, Propylene glycol, 

Acrylate/C10-30 alkyl acrylate, cross polymer, Tetrahydroxpropyl ethylenediamine, Perfume. 
 Group 4: 95% v/v IP 55% w/w, Isopropyl alcohol 10% IP w/w, Tocopheryl acetate IP 0.0 
 Group 5 Ideal: 70%isopropyl alcohol, 0.5%cholorohexidine, emollients 
 Group 6 Sterilized Distilled Water -SDW as negative control. 

 
2.2- Tested microorganisms 
Mueller‑Hinton, nutrient broth agar and nutrient agar were used for agar diffusion for bacterial isolate 
preservation. The clinical isolates of Staphylococcus aureus,, Escherichia coli and Psuedomonasaeruginosa 
were obtained from the culture plates of the respective microorganisms preserved on the nutrient agar slants and 
were stored at 4°C in the laboratory of Microbiology in Clinical Laboratory Science Department. 
 
2.3- Susceptibility test 
Disk agar diffusion technique was used for the evaluationof antimicrobial efficacy of hand sanitizers using 
previously described methods (Otokunefor and Dappa 2017; Magaldi et al., 2004; CLSI, 2012). The agar well 
diffusion testwas carried out as a preliminary screen to assess the antimicrobial activities of the various products. 
This involved the use of an inoculum corresponding to 0.5 McFarland. 
 
2.4- Minimum Inhibitory Concentration (MIC): MIC testing was carried out to determine the minimum 
concentration of test substances which could cause an inhibition of the growth of the test isolates. Following 24 
hours incubation at 37˚C, the MIC was determined as the lowest concentration of test substance which caused an 
inhibition of the growth of the test organisms. The test inoculums was swab inoculated to a Mueller Hinton agar 
plate and allowed to stand at room temperature for 15 minutes. Following this, 4 wells were created on the plates 
using a 6 mm cork borer and 0.2 ml of differing concentrations (100%, 50% and 25%) with three replicates of 
the test substance added to individual wells. After 24hoursincubation at 37˚C, the zones of inhibition were then 
measured (Otokunefor and Dappa 2017). 
 
2.5- Minimum Bactericidal Concentration (MBC): Todetermine the MBC of each test substrate, against each 
test isolate, the three lowest concentrations which resulted in an inhibition of the test organism were subcultured 
into nutrient agar plates, incubated at 37˚C for 24 hours and observed for growth. The MBC was taken as the 
least concentration which did not result in the growth of the organism (Otokunefor and Dappa 2017). 
 
2.6- Statistical analysis 
Data were statistically analyzed with analysis ofvariance followed by post hoc test for group‑wisecomparisons. 
All statistical procedures were performedusing Statistical Package for Social Sciences (SPSS) version 21.0 
software (IBM, Armonk, NY, USA). zone of inhibition (in mm) wasanalyzed using the mean of all the readings 
obtained,and the difference in the values of different handsanitizers was statistically significant at P < 0.001. 
 
3- Results and Discussion 
All tested organisms were affected by Hand sanitizers. the zone of inhibition against the particular test 
organismwas performed to assess the antimicrobial effectiveness was assessed by measuring. Maximum 
inhibition (in mm) was seen in Group 1 i.e., 21.4 ± 1.414 and minimum in Group 2 i.e., 8 ± 0.95. The difference 
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in the values of the different sanitizers was statistically significant [P < 0.001, Table 1. 
Group 1 showed the highest antimicrobial effectiveness followed by Group 2, 3, 4and Group 5, against all 

the different test organisms used in the study. Group 1 & 5 could inhibit all of the tested bacteria, whereas other 
group of sanitizers showed a limited action (Table 1). 

It was found statistically high significant difference was observed against all the bacterial isolates when 
Group 1 was compared with any other group. However, there was no statistically significant difference when 
Group 2, Group3, and Group 4 were compared with each other against all test organisms. The mean difference is 
statistically significant at the 0.05 level. The highest inhibition zoon was register for group 1 against S. aureus 
(24.9mm) while the lowest was for group 2 against E. coli (6.6mm) (Table 1, 2) 

All hand wash products exhibited inhibitory activity against the test isolates (Table 2), with zones of 
inhibition ranging from 14.2 mm to 24.2 mm at concentrations of 100%, while it was ranging from (6.0 to 16.2) 
mm at concentrations of 50%. A general reduction in inhibitory activity was associated with a reduction in 
product concentration, and inhibition was still observed at concentrations as low as 25%, in some cases (Table 2). 
The widest variation was observed with group 1 and 5 which showed a high % inhibition in growth of against all 
tested microbes as 8-24.2 mm inhibition of S. aureus growth. Group 2 was the least effective. This product 
showed low activity at all against al microbes comparing to others. An MIC of 25% (Table 2), Group 1 and 5 
appeared to be the more effective hand wash as it showed an MIC less than 50% in 75% of cases as opposed to 
the other products which showed an MIC of >50% only in 50% of cases (Table 3).while MBC was varied among 
microbes and groups and ranged from 25 -100% asshowed in table 3. 

 
4- Discussion  
The Human body and especially normal human skin always harbor bacteria (102 and 106 CFU/cm2). As main 
source of transfer infections, hand considered to play main role in transfer of bacteria from the hands to food, so 
that people plays an important role in the spread of many communicable diseases. (Kimura AC, et al., 2004).  
Microbe transferring from hands and causing infections, depends on many factors such as; density of micro-
organisms on the hands, the type and duration of contact, the type of micro-organism, resident flora, and their 
colonization resistance (Mondal S, and Kolhapure SA. 2004 
Table 1: Zone of inhibition as antimicrobial efficacy of different hand sanitizers. Labeling on the side of 
respective zone of inhibition as groups. 
Test Organism                     Zone of inhibition (in mm) 

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 
S. aureus 24.9 9.2 12.8 12.2 21.5 6.0 
E. coli 20.2 6.6 13.6 13.6 19.2 6.2 
P. aeruginosa 19.8 8.2 9.2 8.5 21..2 6.5 
Range 21.4 8 11.9 11.4 20.6 6.0 
The difference in the values of different hand sanitizers was statistically significant at P < 0.001. 

To overcome the negative impact of microbial contamination, hand sanitizers are recommended as a 
hygiene technique to keep hands clean. (Boyce JM, and Pittet D, 2002) 

Most commonly and available hand sanitizers in the market were selected for the study. Among the four 
hand sanitizers used in this study, group 1, 3, 4 and, 5 were alcoholbased and group 2 was herbal, i.e., non-
alcohol-based hand sanitizer. Many studies have been conducted to assess the antimicrobial effectiveness of 
hand sanitizers alone, but very few literatures are available to assess the difference between various disinfectants 
and hand sanitizers. Disinfectants are chemical agents with an immediate and sustained activity which destroys 
micro-organisms to such a level mandated for hygienic and surgical indications. On the other, handsanitizers are 
agents with an activity to reduce micro-organismsnumbers meet the public health requirements. Alcohol is the 
better form as disinfectant (propanol) to reduce bacteria as compared to ethanol sanitizers in 15–30 s. 

One of the previous research studied the impact of hand hygiene in disease prevention, they found that hand 
sanitizing has more recently been the proscribed method of hygiene, possibly due to the higher compliance rates 
associated with it and its particular usefulness in areas lacking adequate water supply (Nwabuezeet al., 2016). 
Over the years, S. aureus and E. coli have been documented as the two most common pathogens isolated in the 
clinical microbiology laboratory. These organisms are notorious for their ability to cause a wide variety of 
diseases, exhibit a wide repertoire of virulence factors and a high level of antibiotic resistance. Additionally, 
along with K.pneumoniae and P. aeruginosa, these organisms canbe spread via the hands. This study found 
variable efficacy of the hand sanitizers assessed. While similar levels of inhibition were noted against S. aureus 
and K.pneumonia. Based on the results, the variable level of activity of hand sanitizers were reported, by Sharif 
and Ansari, and found that the efficacy of many types hand sanitizing, that only one product was effective 
against 6.5% of the isolates tested (Sharif and Ansari 2015). 
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Table 2: Inhibitory effect of hand sanitizers detected by Agar well diffusion technique. 
Antibacterial Agent                          Zone of Inhibition (mm) 

S. aureus Escherichia coli  Pseudomonas aeruginosa 
Group 1    
100% 24.2 20.1 18.2 
50% 24.0 19.2 12.5 
25% 15.2 16.2 7.8 
NC 7.0 5.5 5.0 
Group 2    
100% 14.5 14.2 16 
50% 9.2 9 7 
25% 5.2 7 7 
NC 6.0 7 7 
Group 3    
100% 18 19.2 20.2 
50% 16 6.5 6 
25% 8.2 6 6 
NC 8 6 6 
Group 4    
100% 15.2 16 20 
50% 10.0 6 6 
25% 8 6 6 
NC 8 6 6 
Group 5    
100% 20.2 18 18.2 
50% 14.9 17.5 17 
25% 10 7.0 7 
NC 8 7.0 7 
The difference in the values of different hand sanitizers was statistically significant at P < 0.001. 

Furthermore, other study by Ochwotoet al, (2017) found that 25% of tested products were effective against 
only 33% of the test isolates. While study reported a possible link of efficacy to composition and noted that the 
ethanol-based products resulted in a higher efficacy than the isopropyl based products.For most alcohol-based 
hand sanitizers, the alcohol components are the major active ingredients. These act by disrupting tissue 
membranes, denaturing proteins and dissolving lipids (Oke et al., 2013). It therefore follows that products with 
higher alcohol concentrations (up to 90%) would be more effective than products with lower alcohol 
concentrations (below 60%). Similar to a previous report (Odebisi-Omokanyeetal., 2015), our study noteda lower 
level ofsusceptibility to all the tested products in 2 of the 3 Gram negative organisms tested. Both S. aureus and 
K. pneumoniae however, showed similar levels ofsusceptibility. The results of this study were totally agreed 
with both (Oke et al., 2013; Odebisi-Omokanye et al., 2015). And unlike both studies which reported a total lack 
of bacteriocidal activity possibly due to improper storage, all hand sanitizing products in this study exhibited 
bactericidal activity this point at the general effectiveness of the products assayed in this study. 
Table 3: MIC of hand sanitizers against tested isolates 

 
Sanitizer 

Group 
Tested microbes 

S. aureus 
 

Escherichia coli 
 

Pseudomonas Aeruginosa 
 

MIC 
 

MBC 
 

MIC 
 

MBC MIC 
 

MBC 

Group 1 
 

25% 
 

50% 
 

25% 
 

50% 50% 
 

100% 

Group 2 
 

50% 
 

100% 
 

50% 
 

100% 50% 
 

100% 

Group 3 
 

25% 
 

50% 
 

50% 
 

100% 50% 
 

100% 

Group 4 
 

25% 
 

100% 
 

50% 
 

100% 50% 
 

100% 
 

Group 5 
 

25% 
 

50% 
 

25% 
 

50% 25% 
 

50% 
The difference in the values of different hand sanitizers was statistically significant at P < 0.001. 
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5- Conclusion: While the results of this study show thatthe products assayed have higher efficacy and higher 
inhibitory activity to S. aureus than E. coli andP.Aeruginosa. All the sanitizers showed good activities, with 
inhibition of bacteria noted at concentrations as low as 25% and MBC was varied among microbes and groups 
and ranged from 25 -100% . More stringent checks of products introduced into the market may therefore be 
necessary to ensure that they meet set international standards both in the composition of inhibitory substance and 
texture to ensure uniformity in activity against pathogens. 
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