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Abstract: (1) Background: Hand hygiene practice by using alcohol-based hand sanitizers was 
generalized in all sectors of activity, due the COVID-19 pandemic. The aim of this study was to 
organize and analyze the scientific data regarding occupational exposure to hand sanitizers, with a 
particular focus on their use and health effects on workplace settings. (2) Methods: A rapid 
literature review was carried out searching on the main scientific database, namely: Web of 
Science Core Collection, Medline, Scielo and Current Content Connect. (3) Results: All studies 
analyzed included samples from healthcare professionals and eczema as well as irritant contact 
dermatitis were the most reported skin lesions. (4) Conclusions: The adequate implementation of 
hygiene and disinfection programs in workplaces is essential to guarantee the workers safety and 
health. Further research is needed on the effectiveness of contingency plans in different sectors of 
activity, particularly, in industry. 
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1. Introduction 

COVID-19 is an infectious disease caused by a genetically modified virus from the coronavirus 
family, SARS-CoV-2. The disease, in 2020, was considered a pandemic and recognized as a threat to 
human health. Most people infected with the virus had mild to moderate respiratory illness and 
usually recover without needing hospital treatment [1]. 

According to the World Health Organization [1], the most common symptoms are cough, fever, 
tiredness and loss of taste or smell. and chest pain, and death may even occur. The virus that causes 
the disease could be transmitted through two different routes. The most significant is through direct 
contact in which the virus is transmitted from person to person, through the respiratory route, when 
they are in close contact (less than two meters). In those cases, the disease may be caused by the 
spread of respiratory droplets produced when an infected person coughs, sneezes or talks, which 
can be inhaled into the lungs. The second route of transmission is through indirect contact, in which 
the hands come into contact with a surface or object contaminated with the virus and then contact 
the mouth, nose or eyes [2]. On an individual basis, the main measures used to combat the 
COVID-19 pandemic consisted of simple gestures to prevent the transmission of the virus, namely 
regular and careful washing and/or disinfection of hands, respect for respiratory etiquette, 
vaccination against the virus [3], keeping a safe distance even if people do not appear to be sick, use 
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a properly adjusted mask when physical distance is not possible or when there is no adequate 
ventilation in the environment, preference for open and well-ventilated places, to the detriment of 
closed spaces and crowds of people and isolation and immediate testing in case of suspected illness 
[1]. 

Also at work, COVID-19 has presented an unprecedented global health challenge, demanding 
rapid and extensive implementation of infection control measures. Among these measures, the 
frequent and stringent use of disinfectant products has become a hallmark of the pandemic 
response, serving as a critical tool in preventing the virus’s spread. This context, lead to a massive 
increase in the production and use of disinfectant products containing active ingredients such as 
ethanol, isopropanol, hydrogen peroxide, quaternary ammonium compounds, and sodium 
hypochlorite. These products are used for surface disinfection, hand sanitization, and personal 
protective equipment decontamination. Essential workers, particularly healthcare professionals, 
cleaners, and first responders, have been at the forefront of using these products extensively. 
Prolonged and repeated skin contact with these disinfectants can lead to various adverse health 
effects [4]. 

While these disinfectants play a vital role in reducing the risk of viral transmission in various 
settings, including healthcare facilities, public spaces, and workplaces, their frequent and prolonged 
use has raised concerns about the potential adverse health effects on those tasked with their 
application. Specifically, the impact of occupational skin exposure to disinfectant products has 
emerged as an area of growing concern. 

The main objective of this study was systematize the scientific evidence about occupational 
dermatological exposure to hand sanitizers, considering the increased use of these products in the 
workplace contexts. Through this review, we intend to analyze the effects of using hand sanitizers 
depending on the use frequency and associated symptoms, during COVID-19 pandemic, in order to 
identify gaps on the literature about the management and implementation of the contingency plans 
in the workplaces. 

2. COVID-19 in the Workplace 

The pandemic negatively impacted the world of work economically and socially, with workers 
absenteeism increase due to being sick, taking care of sick family members, staying with their 
children due to closed daycare centers and schools or even because they were afraid to work for fear 
of possible exposure [3]. Indeed, in the context of work, COVID-19 triggered profound and rapid 
changes at work, imposed demanding and complex challenges in terms of the health and safety of 
workers and highlighted the relevance of Occupational Safety and Health (OSH) activities. In order 
to control the COVID-19 crisis, preventing or avoiding new outbreaks and, consequently, additional 
economic disturbances, companies implemented effective occupational prevention and control 
measures, in accordance with the legal requirements established by the competent authorities. 
Occupational risk assessments included the biological risk, to protect vulnerable workers against 
COVID-19 [5]. 

Companies have implemented measures at all levels, which correspond, almost entirely, to the 
measures referred to individually, namely the cleaning and disinfection of hands and surfaces. 
Regarding the hands, the indications stated that to eliminate SARS-CoV-2 from the surface of the 
skin, preventing it from spreading in the workplace, namely through the handling and contact, 
workers should wash their hands with soap and water (for at least 20 seconds), or use an 
alcohol-based antiseptic solution with 70% alcohol and perform antiseptic hand rubbing. 

Hand washing must be thorough and regular, namely before starting work, before eating, 
frequently during the work shift, especially after contact with co-workers or customers, after going 
to the bathroom, after contact with secretions, excretions and body fluids, after contact with 
potentially contaminated objects (gloves, clothing, masks, used tissues, waste) and immediately after 
removing gloves and other protective equipment [1]. Whenever hand washing is not possible, 
workers should resort to the use of alcohol-based antiseptic solution and perform hand rubbing, 
covering all surfaces of the hands, rubbing them until they are dry. 
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3. Alcohol-Based Disinfectants and Types of Skin Lesions Associated with Their Use 

Several national and international organizations have issued guidelines for the use of 
disinfectants in the workplace, to minimize the risk of contagion. In this sense, the WHO 
recommended that companies should ensure the placement of hand disinfectant product dispensers 
in prominent and strategic locations around the workplace and accessible to all employees, along 
with communication materials to promote hand hygiene [6]. 

There are several types and forms of disinfectants, such as gel, foam, cream, spray, wipes, 
among others. However, for regular hand disinfection, gel formulations are the most popular and 
their chemical composition can be quite diverse [7]. 

Alcohol-based antiseptic solutions are generally made up of a mixture of ethanol and 60%-70% 
isopropyl alcohol (or a single alcohol) with dermo protective substances and excipients [8]. Hand 
sanitizers containing 60-95% alcohol, are more effective compared to lower or even higher 
concentration hand sanitizers as the proteins are not easily denatured in the absence of water. 
Furthermore, pure alcohol or higher concentrations would evaporate too quickly to exert any 
disinfectant effect. WHO recommended formulations containing 80% v/v ethanol or 75% v/v 
isopropyl alcohol. The most commonly used concentrations vary between 60 and 80% [9]. They have 
bactericidal, fungicidal and virucidal properties of fast action, reducing the transient flora of the 
hands and the risk of infections. The mechanism of action is through protein denaturation, i.e., it 
damages lipid structures of microbial cell membranes. Its disinfectant and cleaning actions, 
complements the mechanical removal of microorganisms [8]. 

While hand washing and disinfection recommendations can be effective against the spread of 
infectious diseases, these behaviors can alter the integrity of the skin resulting in skin barrier 
dysfunction and causing significant injury.The diseases most commonly associated with the use of 
alcohol-based disinfectants are irritant contact dermatitis and allergic dermatitis [9]. Dermatitis is a 
broad term that encompasses many different symptoms such as itching, flaking and dry skin, 
redness, swelling, blistering, and more. Eczema is synonymous with dermatitis, however, it is 
generally used to designate atopic dermatitis. Irritant contact dermatitis occurs when the skin comes 
into contact with a toxic substance or chemical causing skin damage. Dermatitis can become chronic 
if persist for a long period of time in which the hands are the most susceptible place because they 
come into contact several times with foreign substances. 

4. Materials and Methods 

The methodology chosen for carrying out this study was a rapid review of the literature in 
which similar materials from different authors are gathered for further analysis. “A rapid review is a 
form of knowledge synthesis that accelerates the process of conducting a traditional systematic 
review through streamlining or omitting various methods to produce evidence for stakeholders in a 
resource-efficient manner [10].” This methodology enables an evaluation of existing literature using 
systematic review methods, whilst allowing for a reduction in the breadth and depth of a full 
systematic review [11]. The WHO guidelines for rapid reviews states that the literature search can be 
limited to two or more databases with additional limits on date, language and study design.[12] 
Although potentially relevant research studies might not be identified using this approach, there is 
evidence to show that conclusions determined from rapid reviews are similar to conclusions reached 
in more comprehensive reviews [13]. In this case, it allowed synthesizing a set of information with 
scientific evidence to define the next studies to be carried out and to identify existing gaps in this 
research topic. The objective was to carry out a survey of studies already carried out in the context of 
occupational dermatological exposure, caused by the increased use of alcohol-based disinfectant 
products, in the context of the COVID-19 pandemic. This review was based on the protocol 
developed by Domingos et al. [14]. 
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4.1. Search Strategy 

The collection of articles was carried out in the Web of Science database, which searches 
simultaneously in four different databases, namely, Web of Science Core Collection, Medline, Scielo 
and Current Content Connect. Medical Subject Headings (MeSH) was used to search for keywords 
and, simultaneously, the Boolean terms “AND” and “OR” were used to enable a search strategy 
through the combination of several keywords. The terms and combinations used to carry out the 
search were: 

((((((TI=(SARS-COV-2)) OR TI=(COVID-19)) AND TI=(Skin Exposure)) OR TI=(Skin Exposure 
Assessment)) AND TI=(Alcohol disinfectants)) OR TI=(Hand Sanitizers)) OR TI=(Surface 
Disinfectants) and Covid 19 or Hand Sanitizers or Humans or Disinfectants or Ethanol or Sars Cov 2 
or Hand Disinfection or Hand Hygiene or Alcohols or Dermatitis Allergic Contact or Dermatitis 
Occupational or Skin Absorption or Skin (MeSH Headings) 

The year of publication (2019-2022) and the language (English) and the available article abstract 
were defined as limiting factors. Additionally, the bibliographic references of the articles returned by 
the survey were analyzed, to allow the inclusion of more articles relevant to the study. 

4.2. Selection Process and Eligibility Criteria 

The results returned by the search were organized in a table and duplicates were subsequently 
removed. For the selection of studies, initially, only the titles and abstracts of the articles obtained 
through the search strategy were analyzed. Those who were considered eligible, according to the 
inclusion and exclusion criteria, were selected for further full analysis. The eligibility criteria were 
applied by two researchers. 

Eligible studies were descriptive or analytical studies reporting occupational dermal exposure 
to alcohol-based formulations used to control SARS-CoV-2 transmission, in activity. Only articles 
written in English or Portuguese were included. The exclusion criteria initially proposed were 
studies outside the occupational scope, studies not related to COVID-19, studies not related to 
alcohol-based disinfectant products and literature reviews. 

4.3. Data Extraction 

After selecting the included studies, relevant data for the purpose of the study were collected. 
Data were collected on the year of publication and authors; the study design; the sample (number of 
individuals, gender distribution, age averages), study location (sector of activity), applied 
methodology (questionnaire, clinical observation, complementary diagnostic exam), information 
about the disinfectant(s) and associated skin injury. 

5. Results 

After applying the research data, a total of 298 articles resulted in which, after removing 
duplicates, 108 articles remained. These 108 articles went on to the screening phase, to which another 
12 researched by alternative route were added, making a sample of 120 articles. After analyzing the 
title and content of the abstract, 111 articles were excluded with justification. Most were studies 
related to alcohol-based disinfectants, but related to another type of exposure, such as ocular 
exposure or ingestion (without skin contact). In addition, several studies addressed accidental 
exposure to this type of disinfectant by children, therefore not fitting in the context of occupational 
exposure. The remaining were studying the effectiveness of certain disinfectant formulations for the 
Sars-CoV-2 virus. A total of 9 studies met the established inclusion criteria. The results of the 
research carried out are described in Figure 1. 
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Figure 1. Article screening process. 

Table 1 presents the relevant characteristics of each study included in the review. This table is 
organized by study, in which the country and place where it was carried out are described for each 
one. It also shows the number of participants in the study, the applied methodology, information 
regarding the composition of the disinfectant used and its frequency of use per work shift. Finally, 
the identified skin lesion and the percentage of reported symptom prevalence. 

Table 1. Summary of relevant findings of the included studies. 

Country Study setting Sample (n) Instruments 
Disinfectant 

Composition 

Frequency 

of Use (per 

shift) 

Identified  

Lesion 

Prevalence 

of  

Symptoms 

(%) 

China 
Tertiary 

COVID-19 Care 
Hospital 

542 
Online 

questionnaire 
Alcohol-based 

More than 
10 times 

Dry and 
peeling skin 

74.5 

Iran 
3 Birjand 

University 
Hospitals 

159 
Self-administere
d questionnaire 

Alcohol-based No data 
Hand 

dermatitis 
51.6 

Thailand 
Khon Kaen 
University 
School of 

344 Questionnaire Alcohol-based 
10 to 20 
times 

Hand 
eczema 

66.1 
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Medicine 

Germany 

Dermatology 
Department of 

Munich 
University 
Hospital 

66 Self-diagnosis Alcohol-based 
10 to 20 
times 

Erythema, 
scaling, 

burns, and 
fissures 

20.87 

United 
Kingdom 

Various services 
in 2 Hospitals 

231 

In-consultation 
questionnaire 

and patch 
testing 

Alcohol-based No data 

Irritant 
contact 

dermatitis 
and atopic 
dermatitis 

54.5 

United 
Kingdom 

and Ireland 

11 Health care 
Centers 

337 
Clinical 

observation 
Alcohol-based 

Average 24 
times 

Irritant 
contact 

dermatitis 
and atopic 

eczema 

59 

Germany 

COVID-19 
Surgical Center 
and Intensive 
Care Unit of a 

university 
hospital 

114 Questionnaire Alcohol-based 
20 to 30 
times 

Hand 
eczema 

(erythema, 
itching, dry 

skin) 

90.4 

Turkey 
COVID-19 Care 

Units 
107 

Clinical 
questionnaire 

and 
dermatological 

examination 
(Hand Eczema 
Severity Index 

Scoring System) 

Alcohol-based 
More than 
20 times 

Hand 
eczema, 
irritant 
contact 

dermatitis 

50.5 

Turkey Health Unit 564 
Online 

questionnaire 
Alcohol-based 

15 to 20 
times 

Hand 
eczema (dry 

skin, 
itching, 

erythema) 

79.3 

By analyzing Table 1, all studies focus on the exposure of health professionals [15–23]. 
However, most focus on the analysis of exposure in various hospital services [15,17,20–23], while 
only three studies were specifically developed in health units associated with the fight against 
COVID-19 [16,18,19]. 

Regarding the methodology used in each study, in six studies data were collected by 
questionnaires [15,18–20,22], two studies, in addition to the questionnaire, carried out 
dermatological examinations [16,17], one study had clinical observation by a dermatologist, but 
without specific examinations [21], and finally, a study was carried out by self-diagnosis and 
subsequent referral for consultation [23]. 

With regard to disinfectants, all studies refer to the use of alcohol-based disinfectants without 
specifying the constituents [15–23]. The frequency of use of disinfectants was reported by most 
studies, three refer that disinfection per work shift was performed more than 10 times or from 10 to 
20 [19,22,23], one study claims 15 to 20 times [15], three studies report between 20 and 30 
disinfections [16,18,21] and the remaining two studies did not present data regarding this indicator 
[17,20]. 

Finally, the identified injuries were described differently between the authors. In some studies, 
any symptoms that may be related to eczema or dermatitis of the hands were valued, without a 
diagnosis of the disease, such as itching, dry skin, erythema, scaling, among others [15,18,19,23] 
while the rest identified dermatological diseases in the samples. The most reported disease was 
irritant contact dermatitis together with atopic dermatitis, present in three studies [16,17,21], two 
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studies refer to a higher prevalence of hand eczema [16,22] and a study refers to hand dermatitis 
[20]. The prevalence of symptoms was calculated and presented for all analyzed studies. One study 
presents a prevalence of 20.87% [23] while the others obtained prevalence values greater than 50%. 
Four studies between 50 and 60% [16,17,19,21], one study between 60 and 70% [22], two studies 
between 70 and 80% [16,19] and finally, one study obtained results greater than 90% [21]. 

6. Discussion 

This review intended to understand the dermatological effects on the hands of workers, due to 
the use of alcohol-based disinfectants with the aim of mitigating the transmission of COVID-19, as a 
public health measure, also adopted in the work context. 

The selected studies were developed in a hospital context, so it is natural that the working 
population under study is, in its entirety, composed of health professionals, namely doctors, nurses 
and assistants. According to previous studies before the pandemic, which had this population as a 
sample, as well as the studies analyzed in this review, revealed that dermatitis of the hands is a 
common disease in health professionals, as they are subject to several risk factors, such as the case of 
frequent hand hygiene and the use of personal protective equipment (PPE) such as disposable 
gloves [19,24,25]. 

With this review, it was found that there was an increase in hand washing and disinfection with 
alcohol-based disinfectants compared to the pre-COVID-19 era [15,18], in which all studies report 
more of 10 disinfections per work shift, which can reach 30 times in the case of the study by Guertler 
et al. [18]. Similarly, there was a worsening in the prevalence of dermatological damage compared to 
the time when there was no pandemic. There are studies that report an approximate prevalence of 
21% [25,26], while the studies related to COVID-19 that were analyzed, with the exception of one, all 
mention a prevalence greater than 50% [15–22] demonstrates a significant increase, a result that 
would be expected due to the also significant increase in hand washing and disinfection. 

On the other hand, there was a comparison between health professionals with different jobs. 
Some of these professionals perform their duties in care units for patients with COVID-19 and, 
according to the measures to prevent the disease implemented, these professionals have, from the 
outset, a greater use of basic disinfectants 

However, according to the study by Guertler et al. [18] the frequency of skin lesions in workers 
in contact with COVID-19 patients compared to workers in a different wing of the hospital, did not 
reveal any discrepancy between the two groups, concluding that injuries affect all health 
professionals in general. This result was not expected, but demonstrates that the hygiene regulations 
proposed by the competent authorities were implemented in all hospital units, regardless of whether 
professionals were in contact with COVID-19 patients or not. 

Additionally, some risk factors were also studied which, together with the higher frequency of 
hand disinfection, increased the prevalence of skin lesions. 

In this way, the study by Motamed-Rezaei et al. [20] reveals that there is a greater propensity to 
develop dermatitis of the hands in female individuals and mentions as possible explanations for this 
result, the fact that women are more exposed to water, detergents and irritants. In turn, the study by 
Çelik [15] mentions the same explanation, denoting greater exposure to these agents, both in the 
workplace and at home, a factor that was not included in the studies. Similarly, the study by O’Neill 
et al. [21]. points to the fact that most women were nurses and assistants, and therefore their 
functions are more related to contact with the patient, requiring hygiene of the most frequent hands. 

On the other hand, the same study by Motamed-Rezaei et al. [20] found that there was a higher 
prevalence of skin damage in individuals over 40 years old, but was unable to establish a correlation 
between the presence of skin damage on the hands with the age of workers. The authors explained 
the result with the fact that older individuals have more years of experience and therefore more time 
of exposure to harmful agents. 

Another risk factor studied was the use of PPE at the same time as hand washing and 
disinfection, namely the use of gloves. Several studies were in agreement in stating that the use of 
gloves for long periods is harmful to the skin, increasing the prevalence of lesions such as allergic 
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dermatitis and eczema [19,20]. In fact, there are previous studies that confirm these results and that 
ensure that some chemical products that make up synthetic rubber gloves, used in hospital services, 
are among the most common causes of allergic contact dermatitis. [27,28]. In contrast, the study by 
Cavanagh and Wambier [29] mentions that the use of gloves can prevent damage to the skin, 
however, prolonged exposure of this PPE should be avoided. 

Several authors also studied the existence of previous eczema or dermatitis as a possible risk 
factor for the increase in skin lesions. They realized that the existence of a clinical history of eczema 
or another skin disease prior to the pandemic, increased the prevalence of this type of injury, with an 
increase in the frequency of washing and disinfection of hands [15,21,23]. In line with this fact, there 
are several studies carried out before the existence of the SARS-CoV-2 virus, in the context of 
occupational dermatoses [24–26]. 

The study by Techasatian et al. [23], examined injuries related to the method of washing and 
disinfecting hands performed by workers, describing four different types. It concluded that 
disinfection using alcohol-based disinfectant was the one that increased the risk of eczema compared 
to other methods. It states that these disinfectants should be discontinued and should give way to 
other handwashing methods if they are available. There are other studies that present this 
conclusion [16,19,20]. However, there are studies that support this conclusion, namely that of Çelik 
[15] and O’Neill et al. [21]. These authors claimed that although alcohol can dissolve the lipid layer 
hand protector, there are previous studies showing that alcohol-based disinfectants are better 
tolerated than detergents and water. They also mention that detergents, soap and water break the 
skin barrier, especially if rinsing and drying are inadequate. The study by Çelik [15] states that hand 
washing is equally harmful to alcohol-based disinfectants, but that in cases where the hands are not 
dirty, alcohol-based disinfectants should be used because they have high microbial activity and low 
risk of skin damage. Cavanagh and Wambier [29] states that disinfectants with ethanol as the main 
constituent should be prioritized. 

No study was found on the effect of different possible constituents of disinfectants, as they were 
only described as alcohol-based disinfectants, with no mention of the different constituents. 

In this review, it was observed that the main lesions found in the analyzed studies were irritant 
contact dermatitis and hand eczema, which was in line with the results of other previous studies 
[24–26]. 

Ferguson et al. [21] stated that occupational dermatoses are an epidemic within the pandemic 
and that a robust risk assessment and the implementation of preventive measures and strategies 
within health services are extremely necessary. These occupational diseases are responsible for a 
considerable number of days lost from work, so it is crucial to identify and mitigate the risk factors 
that lead to this type of injury. In addition, these damages have a significant impact on the lack of 
adherence to the hygiene measures implemented in the services in which they work [26]. In these 
cases, dermatologists play a crucial role in the prevention and immediate treatment of skin problems 
in healthcare professionals. 

7. Conclusions 

With this literature review, it was not possible to achieve the objective in its entirety, since it 
was only possible to obtain data referring to health professionals, while the objective was to obtain 
results in different work contexts. In addition, it was only possible to include studies involving hand 
disinfectants, when it was also intended to verify the effects of surface disinfectants on the workers’ 
skin. Despite that, it was possible to conclude that the increase in hand disinfection through 
alcohol-based disinfectants also increased the prevalence of skin lesions in this activity sector. It was 
possible to perceive that irritant contact dermatitis along with eczema of the hands were the diseases 
most detected and that there are several additional risk factors that can increase the prevalence of 
these diseases, such as the use of gloves, being female, the frequency of hand washing, among 
others. 

The articles found and used for this review were, for the most part, a limitation because they are 
descriptive studies, where only questionnaires were used and where there was a self-diagnosis of 
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the lesions, which may have increased the prevalence in certain cases, despite the study samples be 
composed of health professionals. 

Only one study used dermatological examinations, namely the patch test, which makes the 
results more objective. Another study reported that these tests were not used due to the restrictions 
imposed by the presence of COVID-19, which may have happened to several studies, making it a 
significant disadvantage. 

8. Final Remarks 

Lessons from this pandemic highlight the importance of understanding the implications of 
occupational skin exposure to disinfectant products. Several key factors make this an urgent area of 
investigation: 1) Increased Frequency of Exposure: The frequency of disinfectant use in workplaces 
and public spaces has surged dramatically during the pandemic. As a result, individuals were at a 
higher risk of skin exposure, which may have long-term health consequences; 2) Diverse Range of 
Disinfectant Products: The variety of disinfectant products available on the market, each with 
different active ingredients and formulations, raises questions about which chemicals are more 
likely to cause skin irritation, sensitization, or other adverse effects; 3) Occupational Health 
Implications: Healthcare workers and other essential personnel have been disproportionately 
affected by the pandemic. Understanding the risks associated with occupational skin exposure to 
disinfectants is crucial to ensure the well-being of those who are most exposed to these products; 4) 
Potential for Public Health Impact: Beyond occupational settings, there is a concern about the 
broader public’s exposure to disinfectants, especially with the continued use of these products even 
as the pandemic wanes. Ensuring that the public is aware of potential risks and proper safety 
measures is vital; 5) Opportunities for Mitigation: By identifying the risks and understanding the 
mechanisms of skin exposure-related health effects, the scientific community can develop guidelines 
and interventions to mitigate potential harm, making it possible to balance the necessity of 
disinfectant use with health and safety concerns, in all occupational contexts. 

This work is a contribution to set the stage for further research and exploration of the impact of 
occupational skin exposure to disinfectant products in the context of the COVID-19 pandemic, 
emphasizing the urgent need for scientific inquiry and public and occupational health interventions 
in this critical area to be more prepared for future epidemics. 
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