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Abstract: The latest COVID -19 corona virus disease outbreak is responsible for a highly pathogenic corona virus 

(SARS-CoV-2). Since no vaccines or licensed drugs are currently available, sanitization interventions appear to be 

important to help delay the transmission of COVID -19. For regular hand hygiene, WHO suggested alcohol-based hand 

sanitizers, containing predominantly of hydrogen peroxide, ethanol, and isopropyl alcohol in various combinations. 

When misused, these preparations can become harmful to human health. The key goal of the new analysis is to 

demonstrate the toxicity and serious adverse effects. 
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1. INTRODUCTION 
The new epidemic spreads by corona virus 2 

(SARS-CoV-2) via Wuhan, China [1]. Respiratory 

disturbances, pneumonia, cough, fever, body pains and 

mortality rates, are characterized by the disease 

particularly in elderly people and with those chronic 

health conditions [2]. In the middle of March 2020, the 

global spread of the disease was such that the World 

Health Organization(WHO) publicly labeled epidemic 

of covid-19 as a pandemic outbreak [3]. Strict 

preservative steps, including frequent hand washing 

with hand sanitizer or with water and soap when water 

and soap are not available, are important for controlling 

the spread of virus [4]. Because of their quick 

intervention and widespread microbial existence, the 

World Health Organization (WHO) and Centers for 

Disease Control and Prevention (CDC) have 

recommended the use of hand sanitizers based on 

alcohols to reduce contamination and transmission [5-

7]. Since no vaccines or licensed drugs are currently 

available, sanitation interventions appear to be 

important to help  delay the transmission of COVID -19 

[8, 9]. Alcohol based hand sanitizer have been used to 

deter the spread of viral and bacterial infections as an 

efficient alternative to hand washing, making them one 

of the main protocols to reduce burden on healthcare 

[10, 11]. There is an active ingredient in every hand 

sanitizer, which may be ethanol or iso propanol. The 

use of hand sanitizers dependent on alcohol can 

decrease the chances of infection spreading. Others may 

include compounds of quaternary ammonium (QACs). 

Alcohol broad spectrum disinfectants that destroy 

bacteria and fungi. QACs include benzalkonium 

chloride, benzylakoniumchloride are active surfactants 

and domestic application of broad spectrum 

antimicrobials [12]. In compliance with the profound 

consequences of their rapid response and wide variety 

of microbial process providing protection towards 

bacteria and viruses, the WHO recommended alcohol-

based hand sanitizer, the efficacy with non-enveloped 

viruses is however still datable [13-18]. The key goal of 

ongoing study was to demonstrate the toxicity and 

severe adverse effects. 

 

2. Types of hand sanitizers 

Hand sanitizers are of two types (1) hand 

sanitizers that are not based on alcohol (NABHS) and 

(2) hand sanitizers that are based on alcohol (ABHS).  

A widely used disinfectant is the main active 

component of NABHS is benzalkonium chloride, it is a 

quaternary ammonium. Benzalkonium chloride 

disinfectants is normally less harmful than alcohol 

disinfectants [7]. On the other side, n- propanol, 

ethanol, iso propyl alcohol or mixture  of these, water, 
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humectants and excipients can be a alcohol based hand 

sanitizer [19].  And they are forms of hand sanitizer  

based on falsified alcohol: (1) methanol containing 

sanitizers, an additive that will not be identified as an 

ingredient [10,  2] alcohol containing sanitizers below 

60%. Since it is extremely poisonous and can cause 

serious reactions when exposed to the lungs, mouth, 

skin methanol should not be used in hand sanitizers 

[20]. Hand sanitizers based on alcohol are available in 

various dosage types, such as gels, liquid, foam, since 

each form has of its own characteristics, a research was 

carried out to understand the effect on sensory 

characteristics that can affect the quality of the product 

by the consumer and eventually affect the use of hand 

hygiene  [21-23]. If soap and water were not readily 

available, hand sanitizers can be held easily and useful. 

As not all sanitizers are effective and the WHO has  

therefore advised the use of hand sanitizer alcohol 

based  that can be readily produced for local 

manufacturing [24].WHO recommends two alcohol 

based formulations for local manufacturing facilities or 

in house that are  80% v/v ethanol,1.45 %v/v 

glycerol,0.125%v/v hydrogen peroxide for formulation 

A and 75 % v/v isopropyl alcohol,1.45 %v/v 

glycerol,0.125 %v/v hydrogen peroxide for formulation 

B [25]. Though the main component of hand sanitizers, 

H2O2 and alcohol are generally not externally harmful, 

there has been concern about skin degradation involved 

with improper use of hand sanitizers, which may help 

protect the skin  from other microorganisms and viruses 

[26]. 

 

2.1 Alcohol and soap 

CDC suggests hand washing with soap and 

water, it substantially reduces bacteria and dirt on 

surface of the skin[6]. Contrasted to soap and  alcohol 

based hand sanitizers do not destroy  all kinds of 

bacteria, germs like norovirus and clostridium difficle, 

common diarrhea that causes pathogens [27, 28]. Since 

they are useful most people tend to use hand sanitizers 

and assume that sanitizers might not be efficient as the 

germs that destroy soap, but people cannot use 

sufficient sanitizers to disinfect their hands [29, 30]. 

Around 2.5 – 3m L of liquid is dispersed on the palm 

and applied on the surfaces of both hands for 25 – 30s 

optimize the potency of the hand sanitizers [10]. 

 

3. Mechanism of action  

Mechanism of action for the chemicals is as 

shown in the Table 1 

 

Table-1: classification of chemicals disinfectants commonly used in hand sanitizers and their mechanism of action. 

Chemical groups  Mechanism of action   Examples  

Alcohol  Denaturation of proteins in the plasma 

membrane  
 Ethanol  

 Iso propanol 

Pyrogens Free radical oxidation of essential cell 

components  
 Hydrogen peroxide 

 Peracetic acid 

Quaternary 

ammonium 

compounds  

Lower surface tension  

Inactivates the enzymes 

Degradation of cell- protein  

 Benzalkonium chlorides, including alkyl dimethyl 

benzyl ammonium chloride 

 Didecyl dimethyl ammonium chloride 

Chlorine 

compounds 

Oxidation/ Halogenatation of cellular 

proteins   
 Chloride dioxide  

 Hypochlorites 

 Chloramines-t trihydrate 

 

3.1 Alcohol Mechanism against bacteria 

 Here the example  of the mode of action of 

alcohol against bacteria is compound n- propanol [19], 

the exact  mode of antimicrobial action of alcohol is not 

understood, but may be associated with inhibition and 

damage to the membrane or uncoupling of mRNA and 

protein synthesis by the actions of ribosome and RNA 

polymerase, as well as protein denaturation [19, 31]. At 

concentration between 60% and 90% , the optimum 

bactericidal effectiveness against bacteria is 

achieved[32]. The essential mechanism of protein 

denaturation is water [33]. If several are affected by 

alcohol, there is disruption to the membrane of essential 

metabolism and degradation of membrane integrity[19]. 

Alcohols however, demonstrate bactericidal action 

against vegetative bacteria, but against spores, which 

undergo metabolism and binary fission[34]. 

 

 

 

3.2 Alcohol Mechanism against viruses 

Primarily viral targets for  hand sanitizers 

dependent on alcohol  are  the viral membrane that is 

extracted by host lipids, if exists the protein containing 

and  protecting  the genetic material [19]. The viral life 

cycle  has attachment, biosynthesis, penetration, 

maturation, lysis are important  components and they 

are necessary for transfer to other host, the structure or 

function of each components above the virus would 

usually be made inactive [33]. While it is understood 

about the fundamental mechanism of alcohol agents 

against viruses relative to bacteria, it is known ethanol 

has greater and stronger virucidal effect to propanol. 

High concentrations of ethanol have proven particularly 

effective against virus- enveloped viruses [35]. By 

adding ethanol solutions, the potency against viruses 

which are  high resistant to ethanol  alone can be 

improved [8, 36]. Considering the possible combination 

of ethanol and acidity, it is also recognized most 
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sanitizers tend to be inactive  towards the non-

enveloped viruses [37]. 

 

3.3 Benzalkonium chloride mechanism of action 

The example followed for the NABHS is 

benzalkonium chloride. The main component of 

NABHS is benzalkonium chloride and it is not effective 

towards non enveloped viruses [38, 39]. And a report 

demonstrates its potency against human coxsackie virus 

exception that it is not enveloped [40]. The lipid 

enveloped in both bacteria and viruses seems, given this 

exception, to be a vital structure for the effectiveness of 

benzalkonium chloride. The benzalkonium chloride 

cationic head group is gradually adsorbed in the lipid 

bilayer to phospholipids negatively charged phosphate 

heads, thereby increasing its concentration, contributing 

to decreased membrane fluidity and thus to the 

formation of hydrophilic membrane gaps [41].  The 

alkyl chains ‘tail’ portion of benzalkonium chloride 

further disrupts and  disturbs the lipid bilayer by 

pervading the surface and disturbing the structural and  

functional characteristics [41]. Consequently, the 

activity of the protein is disrupted  and the variation of 

the above effects  results in the absorption of bilayer 

components into benzalkonium chloride or phosphor 

lipid micelles [41]. Benzalkonium chloride inhibits inter 

cellular targets and contradicts the transcriptional 

actions of DNA [42]. 

 

4. Toxicity of hand sanitizers  

 

4.1 Toxicity of Iso propanol  

Iso propyl alcohol poisoning arises mostly 

because of unintentional absorption of compounds and 

also because of rectal and tropical applications. 250ml 

and 160 -240 ml are known to be the fatal dosage of 

isopropyl alcohol [43, 44]. Several reports have 

documented that topical isopropyl alcohol 

administration contributes to unconsciousness [45-47]. 

According to Halloa enterprises, safety data sheet, 

impact the health toxicity occurs at LD 50 ˃2000 mg/kg 

(orally) and toxic effects due to dermal contamination, 

it will occur at LD 50 ˃2000 mg/kg and it expected to 

be LC50 ˃5 mg/l by inhalation. In fatal poisoning, the 

concentration of 1g/l of blood or more was 

reported(48). There have been no major health 

complications with low dosage use, while the ingestion 

of 20-30 ml (50 % iso propanol) indicates mild signs  or 

symptoms [49]. Nearly 0.5 -1 ml/kg of 70 %hand 

sanitizer based on isopropyl  is known to be hazardous 

dosage, although it can vary from person to other 

person based on the degree of human resistance [50]. 

The potential lethal dosage  of iso propanol for adults is 

approximately 240ml(51),if orally consumed isopropyl 

alcohol is completely absorbed within 2 hours, as the 

liver metabolizes iso propanol into acetone and  it is  

excreted by the kidney [52]. It is a Central Nervous 

System  depressant, that is metabolized into acetone 

that can be contribute to chronic CNS depression, 

decrease respiratory drive and hypotension iso propyl 

alcohol often irritates the gastrointestinal mucosa lining  

and contributes to gastritis along with causing 

hypoglycemia of ketosis respiratory failure and serum 

creatinine increase [52-54]. Myocardial depression can 

be caused by a higher dose when it is long term use 

leads to acute renal failure, rhabdomyolysis, 

myoglobinuria [26]. Dermal absorption of the iso 

propanol can cause prolonged and regular skin and 

irritation. Skin rash, redness, dryness and itching results 

from exposure to isopropyl alcohol. 

 

4.2 Toxicity of Hydrogen peroxide  

The toxicity of H2O2 relies on its ingestion 

with  concentration as a typical route of  administration 

[55]. It has been accepted that low hydrogen peroxide 

content (3% solution) intake is not particularly 

detrimental to human health and responsible for mild 

health issues [56]. In some cases, moderate mucosal 

inflammation and portal vein metabolism, bowel 

dilation [57] vomiting have been identified as causing 

gastrointestinal problems [58]. Hydrogen peroxide is 

toxic due to formation of gases and local tissue 

inflammation, as tissue catalase reacts with it and 

decomposes into oxygen and water with 3% exposure to 

hydrogen peroxide. Concentration of hydrogen peroxide 

is correlated with the amount of oxygen released. At 

normal temperature and,1ml of 3% hydrogen peroxide 

is responsible for producing 10 ml of oxygen and gas 

emboli, gastric distension, gas emboli is responsible for 

pressure [26], due to the existence of abundant tissue 

catalase and H2O2 connection to the vascular system 

[56]. Dermal exposure with 3% hydrogen peroxide 

results in mild skin and mucosal membrane irritation. 

 

4.3 Toxicity of Ethanol  

Ethanol is commonly used as a disinfectant. 

Due to this lack of up to date research, its capability to 

cause skin cancer through absorbing skin 

carcinogenicity remains uncertain[59]. Specific toxicity 

related to ingestion or dermal contact with hand 

sanitizer based on ethanol can be appropriate. People 

have different levels of ethanol response and resistance 

leading to difficulties in determining the degree of hand 

rub dose dependent on toxic ethanol. The serum ethanol 

concentration was determined to be  negligible after 

administering 74.1 %  ethanol based disinfectant with a 

concentration  level0.5 mg/l  for 10 minutes in 1.0 to 

1.5 mg/l range, depending mostly on  dermal absorption 

of ethanol [60]. Hand sanitizers comprising  between 

95%(w/w),85%(w/w) and 55%(w/w)  of ethanol were 

provided in a study conducted by 12 participants [61]. 

The highest average absorption was observed with a 

break for minute between 20.95mg/l,11.45mg/l, and 6.9 

mg/l, 4ml for 30s for 2o minutes. The volume of 

ethanol ingested was 1365mg (2.3%), 630 mg (1.1%), 

and 358mg (0.9), respectively. Moreover, blood 

acetaldehyde was detected and 0.57 mg/l was estimated 

to be its median peak. The acute exposure is not 

harmful was reported in this study, but decreased 

efficiency is predicted when blood ethanol levels 
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exceed 200 -300mg/l and above. Based on the 

concentrations of the afore mentioned hand rubs tested 

and demonstrated that the values obtained are much 

lower than those obtained for acute toxicity, however, 

the persistent use of sanitizers in the safety assessment 

must be compensated by chronic toxicity [59-61]. 

Dermal ethanol exposure causes skin and eye irritation 

and allergic condition when repeated use results in skin 

dry skin or cracking with peeling redness or scratching. 

Severe alcohol toxicity  occurs by oral ingestion of any 

house hold alcohol containing substance, like hand 

sanitizers based on alcohol , mouth washing [62]. A 

360ml of hand sanitizer   based on ethanol can trigger 

life threatening conditions in an adult. Lethal ethanol 

dosage of around 400 ml/dl, while 400ml(80 % ethanol 

based solution) could  be fatal in an abnormal 

individual exposure [63, 64]. Ethanol poisoning is 

correlated with respiratory failure, resulting to 

hypothermia respiratory arrest, cardiac arrest 

ketoacidosis, hypotension, hypoglycemia [65]. Acute 

liver damage, myoglobinuria, hypomagnesaemia, 

hypokalemia, hypocalcaemia, hyophosphatemia [66] 

and water dieresis [67] can be  associated with ethanol 

exposure. Concluding the discussion, the repeated and 

extended use of hand sanitizer based on ethanol will 

contribute to health risks. If anyone uses hand rub based 

on ethanol for months and many times a day, dermal 

absorption ca escalate to a toxic level as this is currently 

occurring as a result of the prevention step of COVID-

19.  Carelessness or misuse in the consumption of such 

product, as reflected in different studies, can cause 

severe health problems [65, 67, 68]. 

 

 5. Adverse effects  

Allergic Contact Dermatitis and Irritant 

Contact Dermatitis are the  most frequently reported 

skin reaction to the use of alcohol based hand sanitizers 

[69, 70]. ICD symptoms can vary from mild to 

weakening, if serious with symptoms such as dryness, 

pruritus, erythema and bleeding. Following ACD, 

symptoms may be moderate and localized or extreme 

and common, with the most serious signs and 

symptoms, ACD is characterized by respiratory failure 

or other symptoms of anaphylaxis [71, 72]. products for 

hand hygiene like sanitizers, soaps can damage to  the 

skin by several mechanisms; denaturation of the protein 

of the stratum corneum, modification of lipid bilayer, 

decrease of cohesion in corneocytes and reduction of 

the water binding  potential of the stratum corneum [73, 

74]. Ethanol has the least  irritants to skin among the 

alcohol based hand formulations, related to n-propanol 

and iso propanol property [75]. Hand sanitizers based 

on alcohol have a drying effect on the hands that may 

further cause the skin to peel or crack [76-78]. 

Individuals with alcohol based allergic disorders can 

have a true allergy to alcohol or impurity allergies, 

metabolites of aldehydes or excipients such as parabens, 

benzalkonium chloride, benzyl alcohol [23, 79, 80]. 

 

 

6. CONCLUSION 
Proper hand hygiene prevents several diseases 

from spreading, include COVID -19. The use of hand 

sanitizers and hand washing with soap and water to 

clean hands changed tremendously during COVID- 19. 

Usage of ABHS is increasing more prevalent due to 

their quick action and effectiveness in killing 

microorganisms, particularly when hand washing with 

soap and water is not effective. Increased and repeated 

use of hand sanitizer results in toxicity and fatal, it can 

be contributed by unintentional ingestion, absorption 

though dermal contact and suicidal ingestion.  

Prolonged exposure of antibiotics and genotoxic 

chemicals to microbes tends to cause mutations through 

natural process that make them resistant to survive from 

repeated use of hand sanitizers.  
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