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Keywords: The coronavirus disease 2019 (COVID-19) outbreak has created endless social, economic, and political fear in the

Antimicrobial . N global human population. Measures employed include frequent washing hands and using alcohol-based hand

élcgzollgaased hand washing sanitizers sanitisers and hand rubs as instant hand hygiene products. Due to the need to mitigate the pandermic, there is an
ovid-

increase in the local production of alcohol-based hand sanitisers, whose quality and efficacy against germs and the
virus are questionable. Therefore, the current study investigated the in-vitro antimicrobial efficacy of on-market
alcohol-based handwashing sanitizers used to mitigate the Covid-19 global outbreak toward combating enveloped
bacteria such as E. Coli, P. aeroginosa, S. aureus, and a fungus C. albicans. The antimicrobial effectiveness of
alcohol-based hand sanitizer was performed by the agar well diffusion method, and the analysis of variance
(ANOVA) model was used for statistical analysis. Results indicate that alcohol hand-based sanitizers were more
effective in inhibiting P. aeroginosa, with a mean zone of inhibition of 12.47 mm, followed by E. coli, a gram-
negative bacterium with a mean zone of inhibition of 12.13 mm than both S. aureus and C. albicans as gram-
positive bacteria, and fungi respectively had the same inhibition average of 11.40 mm. The overall mean
diameter of inhibition was statistically significantly different among the fifteen tested products. Only one brand of
alcohol-based hand sanitizers was the most effective in inhibiting microbes. Less effective sanitizers may impair
Covid 19 mitigation efforts and put the population at risk instead of protecting it. Indicating the need for all
materials used to mitigate Covid 19 pandermic, including alcohol-based hand sanitizers, to be evaluated and
monitored to ensure public health safety.

Mitigation strategies
Public health safety

1. Introduction

The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
pandemic has become a major global public health concern. The neces-
sity of hand cleanliness and respiratory protection in preventing the
transmission of the virus has been a top priority for mitigating the
outbreak [1, 2, 3, 4, 5, 6]. All formulations of hand washing sanitizers are
therefore required by health regulatory organizations to attained and
maintain certain standards [5,7, 8, 9, 10]. Hand sanitization with alcohol
is usually believed to reduce or eliminate bacterial/viral load; however,
the compliance rates vary. Hand rubs rinses, gels, and foams containing
ethanol, isopropanol, or n-propanol are extensively used for disinfection.
Their alcoholic action is effective at a concentration range between 85
and 95%. Isopropyl alcohol inhibited more bacterial and fungal species
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than ethanol over the concentration range of 60%-100% [11, 12]. The
viscosity of glycerine as a component of sanitizers lowers the antibacte-
rial properties of isopropyl alcohol, which was seen on smaller inhibition
zone widths through in vitro studies, implying that could be attributable
to decreased drug transport [13, 14]. The addition of benzalkonium to
isopropyl alcohol sanitizers enhances the efficacy; nevertheless, the
synergic activity was not superior over the benzalkonium alone [14]. The
efficiency of hand sanitizer mostly relies on the concentration of alcohol,
formulation, presence of excipients, applied volume, contact time, and
microbial contamination load are important factors [15]. The WHO
recommends hand washing sanitizer to prevent the spread of infectious
microorganisms through hands [16, 17, 18]. Hand sanitization has
become among the WHO recommended personal protection measures for

Received 19 May 2022; Received in revised form 22 July 2022; Accepted 11 November 2022
2405-8440/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:asharipanda7@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e11689&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e11689
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e11689

S.A. Hamad Vuai et al.

the COVID-19 mediated altered lifestyle [19], with the major focus on
preventing the spread of SARS-COV-2 coronavirus infection.

Alcohol used in hand sanitization does not stay on the hands for a very
long after application, necessitating repeated hand sanitization. The
process denatures and coagulates microbial proteins, resulting in cell
lysis. Because of the rising demand for hand sanitizer to combat the
spread of SARS-CoV-2, some firms have developed formulations that
have not been verified or licensed for usage [20]. In addition,
alcohol-based hand sanitizers are widely used because they can easily be
prepared at affordable prices. To fight this, the Food and Drug Admin-
istration (FDA), the World Health Organization (WHO), and the United
States Pharmacopeia (USP), have developed guidelines for the design and
manufacture of such products [21], which are adopted by entire coun-
tries. Commercial disinfectants or biocides have been researched for ef-
ficacy [11], although there is an insufficient study on disinfectants'
efficacy against biofilm-forming bacteria in clinical settings. The
SARS-CoV-2 virus responsible for causing the Covid 19 pandemic is an
enveloped virus [22, 23]. The use of enveloped microbes as a model
organism is necessary for in vitro to mimic the structure of the virus, and
if the alcohol-based hand washing sanitizers managed to cross the
membrane and inhibit the activity of these microbes, it would also be
possible for the virus, hence justifying its use in the mitigation of Covid
19 global outbreak. Pseudomonas aeruginosa, as a clinical representative
isolate, has been found to cause both community-acquired and nosoco-
mial infections, particularly in patients with a history of intravenous (IV)
drug use-associated infections, burn wounds, acute leukaemia, cystic
fibrosis, organ transplants, and corneal infections. The virus can be
deposited on a solid surface, through which touching the contaminated
objects or contacting body mists from affected people can transmit the
virus. Enveloped viruses like coronavirus and influenza A HIN1 can live
for lengthy periods on inert surfaces [24, 25, 26, 27]. Therefore, the
current study investigates in-vitro the antimicrobial efficacy of on-market
alcohol-based hand washing sanitizers towards combating P. aeroginosa,
S. aureus, E. coli and C. albicans and its application in combating Covid-19
global outbreak.

2. Methodology

The current study is an in vitro study conducted at the Department of
Microbiology, Sokoine University of Agriculture, Morogoro, Tanzania.
This study was Ethically cleared by the University of Dodoma Ethical
Review Committee. Among the 147 registered bands by the Tanzania
Medicines and Medical Devices Authority (TMDA) [28, 29], fifteen
diverse brands of alcohol-based hand sanitizers available at Dodoma
market were randomly collected out of their popularity and maximum
usage, whereby all studied brands used were kept anonymous. However,
it included locally, registered and imported formulations which were
available in the marked during the course of this study. The main
composition of investigated sanitizers is presented in Table 1. The
Mueller-Hinton agar was utilized culture media for the agar diffusion
method, while the nutrient broth and nutrient agar medium were used
for bacterial isolate preservation. Standard microbes of S. aureus

Table 1. Properties of alcohol-based hand sanitizers evaluated.

Ingredients

Main Excipients

Ethyl Alcohol (Ethanol)

Water Glycerine
Hydrogen Peroxide
Aloe Vera
Fragrance
Isopropyl alcohol Aqua

Glycerine
Triethanolamine

Carbomer
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(ATCC-25923), E coli (ATCC-25922), P. aeroginosa (ATC-27853C), and C.
albicans (ATCC-10231) were used. Culture plates of the respective
micro-organisms were preserved on the nutrient agar slants and were
stored at 4 °C. The control used was ciprofloxacin for bacterial and
Nystatin oral suspension as an antifungal drug. These microbial agents
used as control because they are used widely for mitigation of microbial
infection and have proven to have broad spectrum efficacy.

2.1. Microbiological analysis

2.1.1. Culture of the testing organism

A standard S. aureus (ATCC-25923), E coli (ATCC-25922), P. aero-
ginosa (ATC-27853C), and C. albicans (ATCC-10231) preserved and
archived in 15% glycerol, were revived by culturing it in nutrient and
Saborauds dextrose agar [30, 31].

2.2. Phenotypic antimicrobial effectiveness testing from hand sanitizer

The antimicrobial effectiveness of hand sanitizer testing was per-
formed by well diffusion method on Muller Hinton (MH) agar (Oxoid
Ltd) [32, 33, 34]. The S. aureus as gram-positive bacteria, E coli and,
P. aeroginosa as Gram-negative bacteria and C. albicans as fungi were
tested against hand sanitizer collected from different localities in
Dodoma city. In order to ensure accuracy and reliability of results, ex-
periments were done in triplicate, while cross contamination was avoi-
ded by experimenting different strains at different days. The Quinolone
antibiotics Ciprofloxacin (CIP) disk was used as a standard for compari-
son, similarly as reported by [32, 33, 34, 35, 36]. Bacterial suspensions
were adjusted to an opacity equivalent to 0.5 red from McFarland stan-
dard densitometer. Then the inoculum was transferred onto well dried
Mueller Hinton agar plates. The test organisms were uniformly seeded on
the Mueller-Hinton agar surface and exposed to 1mL fresh milk samples.
After that, the plates were incubated at 37 °C for 24 h (overnight), and
the diameter of the zones of inhibition was recorded using a simple ruler,
similarly as was reported by [11, 13, 14, 35, 37, 38].

2.3. Statistical investigation

The outcome variable of the study was the diameter of zones of in-
hibition measured in millimetres using a simpler ruler recorded. The
independent variable was brands of alcohol-based hand sanitizers,
whereas the microorganism was used as a control variable. Analysis of
Variance (ANOVA) modal was used for analysis. The statistical package
SAS (version 9.4) [39] was used to analyze the data, at 5% level of sig-
nificance throughout the study, and an independent variable with a
p-value less than 0.05 was considered significantly associated with the
outcome variable.

3. Results

The application of hand washing sanitizer in a uniformly cultured
microbe tends to affect the growth of microbes that will be highly
affected. Figure 1 shows selected experimental results showing inhibition
zones of sample and standards. Microbes are grown in areas where no
sample (alcohol-based sanitizer) or standards applied.

Results of the antimicrobial activity of tested alcohol-based hand
sanitizers brands collected at Dodoma city market based on availability
are presented in Figure 2. Diameters of the zones of inhibition measured
for each sample are presented in Table 2.

Key: SS1-S15 are samples 1 to 15; P-sample = P. aeroginosa under
samples test; S-cipro = S. aurous under ciprofloxacin as control test; S-
sample = S. aurous under samples test; E. sample = E. coli under samples
test; E-cipro = under ciprofloxacin as control test; C. sample = C. albicans
under sample test; C. nysta = C. albicans under Nystatin oral suspension
as control test;
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Figure 1. Selected experiments showing inhibition zones of tested alcohol-based hand sanitizer.
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Figure 2. Variations in the zone of inhibition produced by tested alcohol-based hand sanitizer.

Table 3 shows that inhibition of Pseudomonas aeroginosa, a gram- Despite the study found the diameter of zones of inhibition for
positive bacteria produced 12.47 mm compared to other microorgan- S. aurous being 39 mm and C. albicans being 36 mm as presented in
isms. Both Staphylococcus aurous and Candida albicans as gram-positive Figure 2 being high, which was produced by sanitizer 9, most of the
bacteria and fungi, respectively, had the same inhibition average of microorganisms produced a 6 mm diameter of zone of inhibition and
11.40 mm, while E. coli as gram-negative bacteria experienced a mean of their average diameters of zones of inhibition fall within the standard set.
12.13 mm diameter of inhibition zones. Furthermore, the total diameters of inhibition zones were distributed as
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Table 2. Mean distribution of diameter of the zones of inhibition measured in millimetres (mm) using a simpler ruler.

Hand Sanitizer N Mean + SE 95% CI Min Max Total
1 4 10.75 + 1.99 [6.75, 14.75] 6 16 43
2 4 12.25 + 0.55 [11.15, 13.35] 11 14 49
3 4 8.75 + 1.49 [5.78,11.72 ] 6 13 35
4 4 12.00 + 0.62 [10.76, 13.24] 11 14 48
5] 4 9.25 + 1.30 [6.64, 11.86] 6 13 37
6 4 9.00 + 1.29 [6.43, 11.57] 6 12 36
7 4 9.25 + 1.65 [5.95, 12.55] 6 13 37
8 4 13.00 £ 2.52 [7.96, 18.04] 6 20 52
9 4 27.75 + 5.54 [16.67, 38.83] 11 39 111
10 4 9.50 + 1.76 [5.97, 13.03] 6 15 38
11 4 8.50 + 1.04 [6.42, 10.58] 6 11 34
12 4 15.50 + 3.39 [8.71, 22.29] 10 27 62
13 4 11.50 £+ 1.09 [9.30, 13.70] 8 14 46
14 4 7.75 + 0.55 [6.65, 8.85] 6 9 31
15 4 13.00 £ 2.34 [8.32, 17.68] 7 20 52

N - Number of microbes used as modal organisms.

Table 3. Mean distribution of diameter of the zones of inhibition measured in millimetres (mm) using a simpler ruler by four (4) types of microorganisms preserved.

Microorganism N Mean + SE 95% CI Min Max Cut-off Total
P. aeroginosa 15 12.47 £ 0.83 [10.81, 14.12] 6 20 24 167
S. aurous 15 11.40 + 2.15 [7.10, 15.70] 6 39 24 158
E.coli 15 12.13 + 1.00 [10.13, 14.14] 7 25 25 170
C. albicans 15 11.40 + 2.21 [6.98, 15.82] 6 36 19 164

167 mm, 158 mm, 170 mm, and 164 mm, corresponding to P. aeroginosa,
S. aurous, E. coli, and C. albicans.

4. Discussions

The result of this study indicates that among all investigated hand
sanitizers, sanitizer 9 was the most effective compared to the other 14
brands. The order of effectiveness was 9 > 13>10-15 > 2>3 > 14>1 >
11>4-6~8 > 5-7 > 12 based on mean diameter against ciprofloxacin
standard for bacteria and nystatin standard for fungus as indicated in
Table 3 and diameter of inhibition in Figure 2. These results indicate that
the quality of sanitizers available at the Dodoma city and other regions
needs quality evaluation and periodic monitoring. Similar findings were
reported in the previous study that evaluated hygienic practices, and
among the practices, the use of alcohol-based hand sanitizers was re-
ported [6]. The current study further indicates that, the tested sanitizers
effectively inhibited P. aeroginosa, a gram-positive bacterium, compared
to other microbes. These sanitizers had similar effectiveness towards
S. aurous and C. albicans and relatively higher towards E. coli. The
diameter of zones of inhibition for S. aurous which was 39 mm and
C. albicans which was 36 mm were produced by sanitizer 9, as presented
in Table 3. The assessment of zone of inhibition (ZOI) of collected sam-
ples in this study is a continuation of a previous study reported by
Ripanda et al 2022 [29]. The study involved assessment of effectiveness
of traditional hygienic practices including use of 15 brands of on-market
alcohol-based hand sanitizers through direct application among 30 vol-
unteers. Among those 15 brands, 33% were registered while the
remained 67% included both local and imported brands. A similar study
by Ahmed and colleagues tested the antimicrobial activity of common
hand sanitizers in hospital and laboratory settings and found that two
samples (25%) of the eight hand washes and sanitizers had antimicrobial
activity against both S. aureus and P. aeruginosa. In addition two samples
(25%) had antimicrobial activity against either S. aureus or P. aeruginosa
[40]. Moreover, four samples (50%) had no inhibitory action against
S. aureus and P. aeruginosa [40].

The overall F statistic was significant (F (17; 42) = 2.96, p = 0.0022)
as presented in Table 3, indicating that the model accounts for a signif-
icant portion of the variation in diameter of zones of inhibition among
the tested sanitizers. Hence, the effects of alcohol-based hand sanitizers
were significant (F = 3.56, p = 0.0007) at the 0.05 level. This indicates
that the quality of sanitizer is important for the observed inhibition of
respective sanitizers and can be used to address the quality; hence when
used for mitigation of Covid pandermic may ensure the safety of public
health. Basically, there is a need to evaluate the quality of the materials
for mitigation of Covod 19 pandermic and that the ingredients added in
the sanitizers influence their effectiveness towards microbes [41]. The
findings further revealed that the effects of hand sanitizers were signif-
icant (F = 3.56, p = 0.0007) at the 0.05 level. It indicates that quality is
key to ensure public safety. Hence mitigation strategies should consider
monitoring the quality of these products.

Apart from the need for assessment and monitoring of the antimi-
crobial efficacy of commonly used alcohol-based hand sanitizers,
ensuring safety for users is urgent. With increasing reports of antimi-
crobial resistance like vancomycin-resistant Staphylococcus aureus
(VRSA) and methicillin-resistant Staphylococcus (S.) aureus (MRSA) that
necessitates mitigation strategies. Similarly, microbes may develop
resistance towards these disinfection and sanitation products, including
alcohol-based hand sanitizers that may impair efforts towards mitigation
of current and future pandermic. It should not be overlooked, and future
research should consider microbe resistance to sanitation and disinfec-
tion products. This study further revealed that the mean value of the
diameter of zones of inhibition was significantly different between san-
itizer 9 and other brands, as given by the results of Tukey's test for
multiple comparisons. Indicating that sanitizer 9 had more effectiveness
as given by a significantly higher zone of inhibition (p = 0.0092).

The inclusion of monitoring of biocidal resistance in the WHO action
plan and the One Health strategy to tackle antimicrobial resistance spe-
cies is required and may call attention for further research. This resis-
tance may be due to improper use of disinfectants, which might lead to
the destruction of normal flora resulting to least body defence against
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disease such as corona [42]. Pathogens such as Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, Enterobacter species, and various fungal species
have shown medication and biocidal resistance [43, 44, 45, 46], posing a
risk of increasing patient mortality and overall deterioration of global
ecosystem health. This should be put into consideration during Covid 19
and future pandemics. There is presently a scarcity of information on the
effects of biocidal use on environmental habitats and ecosystems.
Excessive disinfectant use combined with antimicrobial resistant (AMR)
may result in secondary disasters such as loss of soil fertility, biodiversity
loss, and ecosystem injury requiring intervention.

5. Conclusions and future outlook

Results of this study indicated the presence of low-quality sanitation
products that may impair Covid 19 mitigation strategies. Though this
may not reflect the quality status globally, have important consequences
regarding infection control and the need to mitigate Covid 19 pandemic
globally. It indicates the future need to develop sanitation and disinfec-
tion products and procedures that are efficient against all bacteria. The
inhibition zone for each sanitizer over the selected microbes is an
effective indication of efficacy versus associated risks. Although the
spreading pattern of pathogens may vary based on the quality and
quantity of used sanitizer, but individual body immunity has a role to
play too. These sanitation and disinfection agents are prone to resistance;
therefore, strategies for mitigating drug resistance should include sani-
tation and disinfection products.
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