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Synopsis

The global beauty industry has been shocked by the COVID-19 pandemic. Cutrently, with increased hygiene
habits, the choice of preservatives can be impacted by consumers opting for safe products. Products without
preservation system could quickly become contaminated with mold, fungi, and bacteria, resulting in spoilage
and increased risk of infection. This review explores the possible impacts of COVID-19 in the preservation of
cosmetics from the perspective of effectiveness and safety. The preservatives included benzalkonium chloride,
benzoic acid, sodium benzoate, benzyl alcohol, chloroxylenol, chlorphenesin, methylparaben, ethylparaben,
propylparaben, butylparaben, phenoxyethanol, sorbic acid, potassium sorbate, as well as the multifunctional/
booster agents ethylhexylglycerin, caprylyl glycol, and natural antimicrobials. First, we highlight the
current scenario of cosmetic preservation, the mode of action, and the maximum concentration allowed for
preservatives; then examines overexposure to preservatives. Unexpectedly, the COVID-19 pandemic paralyzed
the world market, and cosmetic industries had to adapt to a new reality. Due to the widespread use of cosmetic
products, the prevalence of allergies, microbiological resistance, the need for proper prevention of product
contamination, and concerns over the safety of preservatives, further investigations into the modes of action of
traditional or alternative preservatives are needed to create successful safety products.

INTRODUCTION

The global beauty industry (comprising skin care, color cosmetics, hair care, fragrances, and
personal care) has been shocked by the COVID-19 crisis, due to which the beauty market
is expected to decline 20-30% (1,2). In addition, approximately 17% of women stopped
wearing makeup on account of COVID-19, and 30% of the beauty industry market was
closed due to the COVID-19 pandemic (2).

The COVID-19 pandemic has deeply influenced many aspects of life, especially influencing
sanitary restrictions (e.g., bans on leaving the house and the avoidance of direct social
contact). People suddenly had more time which they could potentially devote to their
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appearance, the use of cosmetics, and hygiene. The COVID-19 pandemic’s creation of
additional time has undoubtedly changed hygiene and cosmetic habits (3).

Preservatives are added to cosmetics to maintain their microbiological purity during
manufacturing, packing, and storage; during the entire period of use, they ensure user safety.
Even though preservatives are usually used in small concentrations, they are considered one
of the main factors causing allergies in users (4). The cosmetic preservative market size
exceeded US $975 million in 2019 and is estimated to grow at over 7% compound annual
growth rate (CAGR) between 2020 and 2026. The growing incorporation of preservatives
in cosmetics, owing to the importance given to increased shelf life along with upgrading
product quality and increasing beauty awareness among populations, has resulted in rising
skin care product sales, thereby driving global market growth (5).

The contamination of cosmetic products is a risk for consumer health. According to the Rapid
Alert System of the European Commission, 62 cosmetic products were recalled due to contam-
ination by microorganisms between 2008 and 2014. The recalled products were found in 14
different countries, and their numbers were higher in 2013 and 2014. This data are often under-
reported, making it more difficult to access more realistic data. The most frequently found
microorganism was pathogenic Psendomonas aeruginosa (35.48%), and other microorganisms
found were mesophilic aerobic microorganisms (bacteria, yeast and molds), Burkbolderia cepa-
cia, Klebsiella oxytoca, Serratia marcescens, Enterobacter gergoviae, Enterobacter cloacae, Staphylococcus
aurens, Achromabacter xylosoxidans, Rbizobium radiobacter, Candida albicans, Pantoea agglomerans,
Citrobacter freundii, Pseudomonas putida, Enterococcus faecium, and Klebsiella pneumoniae (6).

Currently, with increased hygiene habits, the choice of preservatives can be impacted by
consumers opting for safe products. The nutrient- and moisture-rich environments afforded
by many cosmetics support the growth of microorganisms. As such, preservatives are added
not only to protect the product from spoilage and inadvertent contamination, but also to
protect the consumer. The emergence of novel pathogens, viral or bacterial, has always
posed serious challenges to public health worldwide (7).

Continuing attacks against most preservatives have kept formulators scrambling to find
something that will not bring forth the dreaded “free-of” or “free-from” label claim, as
demanded by marketing (8). This discussion has continued and is intensified by the COVID-
19 pandemic leading to increased use of antimicrobial ingredients as active substances. Two
paths may arise: (1) the return of traditional preservatives that have proven efficacy; (2) or
new product formats and the search for natural alternatives.

Considering the changes in post-pandemic habits among cosmetic consumers, this review
aims to evaluate the possible impacts of COVID-19 on the preservation of cosmetic products
from the perspective of effectiveness and safety of the antimicrobial preservatives addressed
in this study.

METHODS

SEARCH STRATEGY

The PubMed, Scopus, and Google Scholar databases were searched for articles and search
terms including: “COVID-19,” “SARS-CoV-2,” “antimicrobial agents,” “antimicrobial
preservatives,” “cosmetic preservation,” “benzalkonium chloride,” “benzoic acid,’
“sodium benzoate,” “benzyl alcohol,” “caprylyl glycol,” “chloroxylenol,” “chlorphenesin,”’
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“ethylhexylglycerin,” “methylparaben,” “ethylparaben,” “propylparaben,” “butylparaben,”’
“natural antimicrobial agents,” “phenoxyethanol,” “sorbic acid,” “potassium sorbate,” “mode
of action,” “safety assessment,” “irritant contact dermatitis,” “natural antimicrobial agents,”
“contact dermatitis,” and “antimicrobial resistance.”

INCLUSION AND EXCLUSION CRITERIA

Selection criteria included articles that examined antimicrobial ingredients; antimicrobial
preservatives; the relationship between COVID-19 and personal care products and
cosmetics; market trends that directly impact cosmetic preservatives; the mode of action
of antimicrobial agents; safety assessment of preservatives; irritant contact dermatitis
(ICD) and allergic contact dermatitis (ACD) to preservatives; and antimicrobial resistance
to preservatives. Articles that evaluated only other cosmetic ingredients that were not
included in this study were excluded.

COSMETIC PRESERVATION

The COVID-19 pandemic has enhanced personal hygiene habits with products focused on
sanitization, and this new scenario is also impacting cosmetic products. A study to evaluate
hygienic and cosmetic care habits in Polish women during the COVID-19 pandemic
demonstrated a change in the frequency of handwashing before and during the pandemic.
Noticeable increases in frequency compared to the time before the pandemic were recorded
after using public transport (from 53.6% to 80.7%) and after coming back home (from
80.0% to 100.0%). Other results demonstrated that the frequencies of taking showers and
the use of hand cream increased, the number of people who washed their face only once a
day decreased, while for most people, the frequency of hair washing did not change. The
frequency of using antibacterial products has increased; however, excessive handwashing with
detergents or disinfectants can damage the hydrolipid mantle of the skin surface and may also
be responsible for irritation and even the development of contact dermatitis (CD) (3).

Cosmetic products without preservation system rapidly become contaminated with
molds, fungi, and bacteria, resulting in spoilage and increased infection risk. Particularly
problematic microbes include the Gram-positive S aureus and the Gram-negative Escherichia
coli (9). Even though preservatives are usually used in small concentrations, they are
considered one of the main factors causing allergies in users (4). The number of cosmetic
products available on the market continues to increase together with the rates of adverse
cutaneous reactions. Approximately 6% of the population is sensitized to the ingredients
of cosmetics, especially to preservatives and fragrances (10,11).

The amount of antimicrobial agent to be used in a product depends on the agent’s intended
role; high concentrations are used for active substances in antimicrobial products (topical
antimicrobials), and low concentrations are used for preservative purposes in cosmetic
products (12), such as benzalkonium chloride (BAC) and chloroxylenol (CX). Currently,
with the COVID-19 pandemic, antibacterial and antiviral agents have gained a fundamental
role in personal care and cosmetic products. Until recently, we used a small amount of
antimicrobial agent, while new products have emerged with these ingredients as leading
features of the formulation. Table I describes the preservatives used in this study, as well as
their modes of action and the maximum concentrations allowed.
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Clean beauty is having a moment, with an estimated global growth from US $5.4 billion
in 2020 to US $11.6 billion by 2027, growing at a CAGR of 12.07% (13). The U.S. Food
and Drug Administration (FDA) and other global institutions have failed to define clean
which is sometimes confused with natural, leaving these labels open to interpretation by
nondermatologist retailers, bloggers, and celebrities. Clean beauty products often claim to
be safe, nontoxic, and has transparent labeling of ingredients. However, clean beauty is
not necessarily natural and natural is not necessarily clean. The clean beauty and natural
movements have demonized hundreds of compounds, while products with a clean or
natural claim are not necessarily safer for consumers (14).

Prior to COVID-19, natural consumers avoided ingredients such as preservatives
and artificial ingredients in their beauty products due to perceived health risks. With
more concern surrounding shelf stability and sanitation across consumer-packaged
goods categories, consumers will be more willing to accept these ingredients as long as
brands provide evidence of their efficacy and safety from both health and environmental
perspectives. As consumers become more aware about viruses and germs living on surfaces,
packaging for cosmetic and personal care products may change. Spray and stick formats in
both cosmetics and facial skincare have been increasing in popularity, and with the arrival
of COVID-19, “touchless” beauty products will see increased demand (15).

ANTIMICROBIAL AGENTS

BENZALKONIUM CHLORIDE (BAC)

Since 1935 a quaternary ammonium compound, BAC, has been used as a preservative in
medical preparations, cosmetics, and over the counter products. Benzethonium chloride
and cetyl peridium chloride are part of the same chemical group. They act by adsorbing
to the cytoplasmic membrane, thus causing leakage of the constituents. They are more
active against Gram-positive bacteria. The activity against fungi, mycobacteria, and Gram-
negative bacilli is comparatively weak (16,18).

BAC is the most common primary active ingredient of non-alcohol-based hand sanitizer
(46). The Cosmetic Ingredient Review (CIR) expert panel concluded that BAC may be
safely used as an antimicrobial agent at concentrations up to 0.1%. Nevertheless, the panel
noted that it might enhance the dermal penetration of other chemicals, thereby increasing
the risk of sensitization and/or irritation (47).

BENZOIC ACID (BEC) AND SORBIC ACID (SA) AND ITS SALTS

Decreased use of traditional preservatives (e.g., parabens, isothiazolinones, formaldehyde
releasers, and organic halogens) has boosted interest in alternative means of preservation
with other antimicrobial choices, including organic acids such as BEC, SA and its salts (48).

BEC and its salt, sodium benzoate (SB), are reported to function as fragrance ingredients,
pesticides, pH adjusters, preservatives, and/or viscosity-decreasing agents in cosmetic
products (49). In general, BEC and SB have the broadest spectra of antimicrobial activity
and are useful against many spoilage bacteria, fungi, and yeasts. As preservatives are
used in a wide range of cosmetic product types, they can be applied to the skin, nails,
or hair and may come into contact with the eyes and mucous membranes (12,49,50). The
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Scientific Committee on Consumer Products ensures that BEC and SB are safe for use for
preservative purposes in cosmetic rinse-off and leave-on products at the current maximum
concentrations allowed (49,51).

SA and its salt, potassium sorbate (PS), have broad spectrum of fungistatic activity but
are less active against bacteria. Their antimicrobial activity depends upon the amount of
undissociated acid, which is determined primarily by the dissociation constant (1.73 X 10°
for sorbic acid) and the pH of the system (up to 6.5). While sorbic acid occurs naturally
in some berries, virtually all the world’s supply of sorbic acid (which PS is derived) is
manufactured synthetically (50,52).

PS and SB are listed among compounds that are generally regarded as safe (GRAS) by
the United States FDA (50). PS and SB were classified as safe (Margin of Safety: 619.58
and 743.50, respectively) according to Canavez et al. (7) but should be used with caution
for cosmetic products that may come into contact with the eyes, as they were classified as
highly and moderately irritating to the eye, respectively, in hazard assessments.

CHLOROXYLENOL (CX)

CX is a commonly used preservative agent in cosmetics or as an antimicrobial agent in
personal care products. The mechanism of action of CX is commonly assumed to be similar
to those of other phenol and halophenol antimicrobials, specifically perturbing membranes
and causing cell leakage. CX is bactericidal, good at killing Gram-positive bacteria, but
less active against P aeruginosa (18,24).

With the recent ban of triclosan and triclocarban from some personal care products
(53,54), many replacements antimicrobial compounds have been used. Nonetheless, the
potential health risk and environmental impacts of these replacement compounds are
largely unknown. The commonly used replacement antimicrobials are BAC, benzethonium
chloride, and CX (59).

CHLORPHENESIN (CP)

CP functions as a biocide in cosmetics. Reportedly, CP has bactericidal activity against
Gram-positive and Gram-negative bacteria as well as fungicidal activity against Aspergillus
niger and Penicillium pinophilum (fungi) and is also active against C albicans and Saccharomyces
cerevisiae (yeasts). It is used in hair, foot, and suntan sprays and could possibly be inhaled (56).

CP is considered safe in the present practices of use and concentration (56). The margin
of safety (MoS) value calculated by Canavez et al. (7) in exposure assessment was 123.92,
and a similar MoS value (120.00) was also calculated by the Scientific Committee on
Cosmetology, which does not represent a systemic risk in normal conditions of use (57).

PARABENS

Parabens are esters of p-hydroxybenzoic acid, which are widely used as broad-spectrum
antimicrobial preservatives (particularly against molds and yeast) in cosmetics, beverages,
foods, and pharmaceuticals for more than 70 y. Methylparaben (MP) and propylparaben
(PP) are by far the most used (9). Generally, they are considered synthetic compounds, but

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



PRESERVATION OF PERSONAL CARE AND COSMETIC PRODUCTS 103

in recent years, many natural sources have been found (29,58,59). Despite the misguided
apprehension about and public fear of preservatives being “bad for you” or “not natural,”
parabens have been classified by the United States FDA as GRAS (60).

The decreased use of parabens has led, in part, to an increase in the use of isothiazolinones,
botanicals, and other newer chemistries that may show higher incidence of allergic response
due to their increased use, which is responsible for high medical bills, time away from work
and family, and a diminished quality of life (14).

The American Contact Dermatitis Society named parabens the “2019 nonallergen of
the year” (9). Parabens are some of the least allergenic preservatives available, with rates
of contact sensitization between 0.5% and 1.4% — rates that have been stable since the

1990s (61).

The CIR Expert Panel has reviewed the safety of parabens several times, most recently
in 2019. From the latest results, the panel issued a tentative amended report with the
conclusion that 20 ingredients, including MP, ethylparaben, PP, and butylparaben, are safe
in cosmetics under the present practices of use and concentrations described in their safety
assessments (62).

Will COVID-19 encourage consumers to change their mind about parabens? This question
is still unanswered, but a deeper understanding of hygiene and contamination brought
about by the novel coronavirus disease outbreak may validate their usage (63).

PHENOXYETHANOL (PE) AND BENZYL ALCOHOL (BA)

Phenols and alcohols are substances with effective antimicrobial properties. Their action is
bactericidal, especially with acid-resistant bacilli. At low concentrations, PE and BA may
induce membrane lysis in bacteria. Thus, they can denature the structure of proteins by
binding to amino acid residues (12).

PE has a large spectrum of antimicrobial activity and is effective against various Gram-
negative (e.g., P aeruginosa) and Gram-positive (e.g., S aureus) bacteria and against yeasts (e.g.,
C albicans) (64). According to the Scientific Committee on Consumer Safety, phenoxyethanol
is safe for all consumers—including children of all ages—when used as a preservative in
cosmetic products at a maximum concentration of 1% (65,66). According to Grand Review
Research, phenol derivates accounted for 35.7% of the total cosmetic preservative market
revenue in 2015. In addition, growing demand for PE is expected to spur the highest
market growth in this ingredient category: a 6.4% CAGR from 2016 to 2024 (67).

PE could be the next “free-from” ingredient because some researchers suggest it could be
irritating due to impurities and when tested at 100% concentration, which are not relevant
to the levels used in cosmetic products. Recently, safety reviews confirmed that PE is safe
at the maximum concentration allowed, a rare sensitizer, and can be considered one of
the most well-tolerated preservatives used in cosmetic products (7,64). Nevertheless, with
more concerns surrounding product safety, PE and parabens may be better tolerated by
consumers.

BA is active against Gram-positive bacteria and has some weak activity against Gram-
negative bacteria, yeasts, and molds. It is classified as an allergen and frequently causes
allergic reactions; for example, it has been found to cause allergic reactions in 1.2 to 15%
of patients with eczema from cosmetic products (12). In a hazard assessment carried out by
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Canavez et al. (7), BA was classified as highly eye-irritant and moderate skin-sensitizing.
However, the MoS was 148.70, which does not represent a systemic risk, considering the
concentrations currently used. Special attention should be considered mainly if the product’s
fragrance contains the allergen, which may increase the dose—response relationship.

PRESERVATIVE BOOSTERS

Each ingredient is added to the cosmetic formulation for a well-defined function, but it
can simultaneously contribute to another effect (e.g., antimicrobial activity), thus acting
as a multifunctional ingredient. Chelating agents, surfactants, humectants, and phenolic
compounds are examples of multifunctional ingredients (12).

Preservative boosters are defined as cosmetic ingredients with antimicrobial properties that
can significantly reduce (or even replace) the concentration of synthetic preservatives used
in cosmetic products and minimize the likelihood of allergic reactions or irritation of the
skin. Moreover, preservative boosters can be considered multifunctional ingredients and
show not only antimicrobial activity but also other desirable properties useful in cosmetic
products (e.g., moisturizing, antioxidant, etc.) (4).

Ethylhexylglycerin (EEG) and caprylyl glycol (CG) are recognized for their antimicrobial
activity and as boosters of traditional preservatives (i.e., increasing the microbiological
spectrum). EEG is used for its surfactant, emollient, mild humectant, perfume solubilization,
and antimicrobial properties based on its surfactant-like structure. EEG used at a 0.1% to
0.5% concentration can enhance the antimicrobial activity of synthetic preservatives (e.g.,
1,2-pentanediol, phenoxyethanol or MP). CG has moisturizing properties and humectants
can influence water activity and consequently preserve cosmetic formulations (4,28,68,69).
These ingredients have antimicrobial properties but are not classified as preservatives in
Annex V of Regulation No. 1223/20009.

An evaluation of the antimicrobial efficacy of CG and EEG was carried out by Lawan et
al. (2009). The minimum inhibitory concentration (MIC) of CG for § aureus, P aeruginosa,
E coli, and C albicans within 1 d and A niger within 28 d was 0.5%. EEG under the same
conditions obtained an MIC of 1.5%. A mixture of CG and EEG at a proportion of 1:3
(0.5%:1.5%) was further prepared at concentrations of 0.5%, 1.0%, 1.5%, and 2.0%. The
MIC of the preservative system for S aureus within 3 d, P aeruginosa, E coli, and C albicans
within 1 d, and A niger within 28 d was 1.0%.

The CIR Expert Panel concluded that EEG and CG are safe in the present practices
and concentrations (EEG: 0.000001-8%; CG: 0.00003—5%) described in their safety
assessments (23,27). Nevertheless, the Expert Panel noted the potential for CG to be a
penetration enhancer. Some cosmetic ingredients have been regarded as safe since they do
not penetrate the skin. The impact of the penetration-enhancing activity of CG on the
safety of other ingredients in formulations should be considered (23).

“GREEN PRESERVATIVES”: NATURAL ANTIMICROBIAL AGENTS

In recent years, the use of natural ingredients in the cosmetic industry, focusing on
sustainability and formulations free of synthetic preservatives, has increased. Recent
advances have led to the production of antimicrobial agents obtained via green
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processes. Natural products (e.g., plant extracts, purified isolates, and essential oils)
have been proposed as germ killers in hand sanitizers, soaps, and other cosmetics and
body care products (70). These natural substances are often sold in mixtures with CG
or EEG (4).

Natural compounds comprise the most comprehensively studied group of antimicrobial
agents as alternatives to synthetic preservatives (4). The cosmetic industry adapts to the
needs of consumers seeking to limit the use of preservatives and to develop preservative-
free or self-preserving cosmetics, where preservatives are replaced by raw materials of
plant origin (32). However, most of these substances are not recognized as preservatives by
cosmetic regulation. Nevertheless, their effectiveness is well established.

Several studies have reported the antimicrobial activities of essential oils and plant extracts.
The use of 3% Thymus vulgaris essential oil inhibited the growth of § aureus, P aeruginosa,
and E co/i in formulations O/W and W/O and C albicans only in formulations W/O, but
not against A niger (34). The addition of 1 and 2% (v/v) Calamintha officinalis essential oil to
O/W cream and shampoo inhibited the growth of the tested bacteria and fungi alone and
in mixed culture (71). Lavandula officinalis and Rosmarinus officinalis oils (1.5%) in an O/W
cream displayed marked antimicrobial activities against all common test microorganisms
(including bacteria and fungi) and environmental isolates (35). The antimicrobial efficiency
of 09% Calendula officinalis extract was sufficient to preserve the formulation against
microorganism contamination (30).

The antimicrobial activity of Anacardium occidentale (cashew) leaf extracts at a concentration
of 2.5 g (v/v) was shown to be as effective as 0.1% MP in cream formulations (31). Carvacrol,
thymol, and eugenol are naturally occurring phenolic compounds known to possess
antimicrobial activity against a range of bacteria, along with antioxidant activity. These
antimicrobial agents, incorporated into biodegradable poly(anhydride esters) composed of
an ethylenediaminetetraacetic acid backbone, have the capability to promote preservation
in personal care products (72).

Certain consumers have the misunderstanding that raw materials of natural origin are safer
than synthetic ones. However, these substances are more complex due to the phytochemical
characteristics of their composition and may be unstable in cosmetic formulations,
thus generating precursors of product degradation, increasing the potential for dermal
sensitization, and/or photosensitization if exposed to UV radiation. These plant-based
products also have sensitizing properties and potentially cause ACD. Sensitizing plants
in cosmetics include tea tree oil, arnica, chamomile, yarrow, citrus extracts, common ivy,
aloe, lavender, peppermint, and others. Case reports of CD and positive patch-test reactions
to cucumber, eucalyptus, rosemary, sage, witch hazel, and chamomile have been reported

(33,36-38).

OVEREXPOSURE OF ANTIMICROBIAL PRESERVATIVES

The COVID-19 pandemic has introduced more concerns about the safety of cosmetics and
personal care products from a microbiological point of view, though the indiscriminate
use of these substances is also not desired. There are preservatives that may cause
ACD and ICD (73). Moreover, it is very disturbing that some preservative-resistant
bacterial strains isolated from cosmetic products show a degree of cross-resistance with
antibiotics (74).
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CONTACT DERMATITIS: COMMON FREQUENCY

CD is a common skin condition caused by contact with an exogenous agent that elicits an
inflammatory response. Acute CD presents as a pruritic, erythematous rash with papules,
vesicles, and crusted lesions, while chronic CD is typically associated with secondary skin
changes (i.e., lichenification, fissuring, and scaling). The two main types of CD are ICD and
ACD. ICD accounts for approximately 80% of CD cases, while ACD is less common (10,75).
Since the 1950s, when formaldehyde was found to be the culprit responsible for several
outbreaks of dermatitis from textiles and cosmetics, preservatives have been identified as a
common cause of CD (76).

Some preservatives have long been recognized as important skin sensitizers and are common
causes of both occupational and nonoccupational CD. Their impact is due not only to their
sensitizing potency (most sensitizing preservatives are strong or extreme sensitizers) but
also to their broad source of exposure. The most important preservatives, based on their
frequency of use and the prevalence of sensitization, include isothiazolinones, methyldibromo
glutaronitrile, iodopropynyl butylcarbamate, formaldehyde, and formaldehyde releasers (61).

According to the North American Contact Dermatitis Group, the most common primary
geographic sites for CD are the hands, a scattered/generalized distribution pattern, and the
face (77). ICD hand lesions involve the palms, the dorsal hand, and the distal dorsal digits
but may also involve the interdigital web spaces, where irritants get caught. In contrast,
ACD of the hand usually presents as well-demarcated plaques and vesicles involving the
dorsal hands, fingers, and wrists. Common allergens include preservatives, fragrances,
metals, rubber, and topical antibiotics (78).

The North American Contact Dermatitis Group’s study showed that the most frequent
specific allergens identified on patch testing in patients with suspected ACD were as
follows: of the 10,983 positive allergic reactions, the top 10 most frequent allergens (and
their respective prevalence rates) were nickel sulfate (17.5%), methylisothiazolinone (13.4%),
fragrance mixI(11.3%), formaldehyde 2% (8.4%), the mixture of methylchloroisothiazolinone
and methylisothiazolinone (7.3%), Myroxylon pereirae, Balsam of Peru (7.0%), neomycin
(7.0%), bacitracin (6.9%), formaldehyde 1% (6.4%), and p-phenylenediamine (6.4%).
The performance of the new allergens in order of frequency was as follows: ammonium
persulfate (1.7%), chlorhexidine (0.8%), and hydroquinone (0.3%) (77).

ANTIMICROBIAL RESISTANCE

Some experts have warned of the link between COVID-19 and antimicrobial resistance
(79-81). Several studies have reported outbreaks or an increase in infections with
acquisition of multidrug-resistant bacteria during the COVID-19 pandemic (82—-86).
Increased use of hand sanitizers and other antimicrobial agents and their release in the
environment may influence the levels of antimicrobial resistance during the COVID-19
pandemic (80,81,87,88). Antimicrobial agents used in hand sanitizers are also used as
preservatives in cosmetic products as quaternary ammonium compounds.

Preservatives are used in cosmetics at low concentrations to minimize the risk of toxicity
to consumers. However, this small quantity for some chemicals, represents the major
factor in the appearance of the resistance phenomenon in microorganisms. In addition,
contamination rate, target type, temperature, environmental conditions, and contact
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time are other factors affecting microbial resistance (12). Preservative resistance may be
considered as the inactivation of the preservative agent, the reduction in preservative
efficacy, or a tolerance of microorganisms (89). Generally, bacterial endospores (i.e., Bacillus
and Clostridinm) are the most resistant forms. In contrast, mycobacteria (due to cell wall
composition) are more resistant than Gram-negative bacteria, while Gram-positive bacteria
are most sensitive to preservatives (19).

Microbiological contamination of cosmetic products is a matter of great importance to
the industry and is potentially a major cause of both product and economic losses. The
most common signs of microbial contamination are organoleptic alterations, (e.g., offensive
odors), changes in viscosity, and color alterations (74). Moreover, in some cases, exposure to
pathogenic microorganisms may cause human health problems (e.g., skin irritation, ACD,
and infection, especially in the eyes, mouth, or wounds) (90,91).

The different types of microorganisms vary in their response to antimicrobial agents and
have different cellular structures, compositions, and physiologies. Traditionally, microbial
susceptibility to antimicrobials has been classified based on these differences (92).

The resistance of different types of bacteria (mycobacteria, nonsporulating bacteria, and
bacterial spores) can be either a natural property of an organism (intrinsic) or acquired
by mutation or acquisition of plasmids (self-replicating, extrachromosomal DNA) or
transposons (chromosomal or plasmid integrating, transmissible DNA cassettes). Intrinsic
resistance is demonstrated by Gram-negative bacteria, bacterial spores, mycobacteria, and,
under certain conditions, staphylococci. Acquired, plasmid-mediated resistance is most widely
associated with mercury compounds and other metallic salts. In recent years, acquired
resistance to certain other types of biocides has been observed, notably in staphylococci

(92,93).

In comparison with bacteria, little is known about the ways in which fungi can circumvent
the action of antimicrobial agents (94). There are two general mechanisms of resistance: (1)
intrinsic resistance, a natural property or development of an organism, in which the cell wall
presents a barrier to reduce or exclude the entry of an antimicrobial agent; and (2) acquired
resistance (95). Mold spores, although more resistant than nonsporulating bacteria, are less
resistant than bacterial spores to antiseptics and disinfectants. The cell wall composition in
molds may confer a high level of intrinsic resistance on these organisms (92).

Some examples of mechanisms of microorganism resistance are organic acids (e.g., BEC),
sorbic acid and its salts, which can be related to (1) degradation of the organic acid,
sorbic acid may be degraded to 1,3-pentadiene by some species of Penicillium, and BEC is
metabolized by several species of Pseudomonas and by Acinetobacter calcoaceticus (96); and (2)
adaptation of the microorganisms to the acidic medium (the yeasts only adapt to small-
chain fatty acids) may be achieved by using the H"-ATPase pump, by the accumulation
of the anions to buffer acid pH, or by the synthesis of acid shock proteins (20). In the
case of parabens, microorganisms are resistant due to (1) enzymatic inactivation after
hydrolysis to 4-hydroxybenzoic acid by esterase; (2) super expression of efflux pump genes;
and possibly (3) porin deficiency (97-99). The external membrane and lipopolysaccharides
of Gram-negative bacteria can be responsible for the high intrinsic resistance to quaternary
ammonium compounds (e.g., BAC). Pseudomonas aeruginosa modifies the outer membrane
structure by changing its fatty acid composition and phospholipids, hindering the
penetration of such antimicrobials (19,100).

Microorganisms are very versatile and adaptive and, to survive, they need to be capable
of dealing with toxic substances. There are multiple components in microbial cells that
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may be targets of antimicrobial agents, and there are just as many targets that may be
modified by microorganisms to enable resistance to those ingredients (93). Overexposure
to preservatives can decrease the effectiveness of these ingredients, in addition to possible
contribution to increased antimicrobial resistance. These problems can be reduced by
conscious use of these ingredients by the cosmetic industry, accompanied by correct
consumer use recommendations.

CONCLUSION

Attitudes and perception of cosmetic preservatives has changed significantly changed
in recent years. Traditional safe preservatives (e.g., parabens) have been replaced by
other ingredients of questionable safety. The use of antimicrobial alternatives and the
“preservative-free” claim have become popular in the cosmetics market, due in part to
current consumer beliefs that a product containing preservatives may pose a higher risk
than “unpreserved” or “self-preserved” options.

Unexpectedly, the COVID-19 pandemic paralyzed the global market, and cosmetic
industries had to adapt to a new reality. Due to the widespread use of cosmetic products,
the prevalence of allergies, microbiological resistance, the need for proper prevention of
product contamination, and concerns over the safety of preservatives, further investigations
into the modes of action of traditional or alternative preservatives are needed to create
successful safety products.

REFERENCES

(1) E.Gerstell, S. Marchessou, J. Schmidt, and E. Spagnuolo, How COVID-19 is changing the world of beauty
[Internetl. McKinsey & Company. 2020 {cited 2020 Jun 2}. Available from: https:/www.mckinsey.com/
industries/consumer-packaged-goods/our-insights/how-covid-19-is-changing-the-world-of-beauty

(2) R. Grabenhofer, Cosmetic trends and opportunities post-COVID-19 [Internet]. Cosmetics & Toiletries.
2021 {cited 2021 Mar 22]. Available from: https:/www.cosmeticsandtoiletries.com/marketdata/
consumers/Cosmetic-Trends-and-Opportunities-Post-COVID-19-573961591.html

(3) P. MoScicka, N. Chrést, R. Terlikowski, M. Przylipiak, K. Wotosik, and A. Przylipiak, Hygienic and
cosmetic care habits in polish women during COVID-19 pandemic. J. Cosmet. Dermatol., 19(8), 1840—
1845 (2020).

(4) A. Herman, Antimicrobial ingredients as preservative booster and components of self-preserving
cosmetic products. Curr. Microbiol., 76(6), 744—54 (2019).

(5) K. Ahuja and S. Singh, Cosmetic preservatives market size & share \ statistics - 2026 [Internet}.
2020. [cited 2021 Mar 10}. Available from: https:/www.gminsights.com/industry-analysis/cosmetics-
preservative-market. Global Market Insights, Inc.

(6) E.Nezaand M. Centini, Microbiologically contaminated and over-preserved cosmetic products according
rapex 2008—2014. Cosmetics. 3(1), 3 (2016).

(7) A.D.P.M. Canavez, G. de Oliveira Prado Corréa, V. L. B. Isaac, D. C. Schuck, and M. Lorencini, Integrated
approaches to testing and assessment as a tool for the hazard assessment and risk characterization of
cosmetic preservatives. J. Appl Toxicol., 41(10), 16871699 (2021).

(8) D.C. Steinberg, Frequency of preservative use update through 2014 [Internet}. Cosmetics & Toiletries.
2016 {cited 2020 Jan 29]. Available from: https://www.cosmeticsandtoiletries.com/regulatory/region/
northamerica/Frequency-of-Preservative-Use-Update-Through-2014-367684531.html.

(9) A.F. Fransway, P. J. Fransway, D. V. Belsito, E. M. Warshaw, D. Sasseville, J. F. J. Fowler, J. G. DeKoven,
M. D. Pratt, H. I. Maibach, J. S. Taylor, J. G. Marks, C. G. T. Mathias, V. A. DeLeo, ] M. Zirwas, K. A.
Zug, A. R. Atwater, J. Silverberg, and M. J. Reeder, Parabens. Dermatitis, 30(1), 3—31 (2019).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



PRESERVATION OF PERSONAL CARE AND COSMETIC PRODUCTS 109

(10) S. Nassau and L. Fonacier, Allergic contact dermatitis. Med. Clin. North Am., 104(1), 6176 (2020).

(11) M. A. Pastor-Nieto, F. Alcdntara-Nicolds, V. Melgar-Molero, R. Pérez-Mesonero, A. Vergara-Sinchez, A.
Martin-Fuentes, P. Gonzdlez-Mufioz, and E. de Eusebio-Murillo, Conservantes en productos de higiene
y cosméticos, medicamentos tépicos y productos de limpieza doméstica en Espafia. Actas Dermosifiliogr.
108(8), 758—770 (2017).

(12) N. Halla, I. P. Fernandes, S. A. Heleno, P. Costa, Z. Boucherit-Otmani, K. Boucherit, A. E. Rodrigues,
I. C. FE. R. Ferreira, and M. F. Barreiro, Cosmetics preservation: A review on present strategies. Molecules,
23(7), 1-41, (2018).

(13) L.Lu,Establishingauthorityinthecleanbeautyindustry[Internet}. Glossy. 2021 {cited 2021 Dec7}. Available
from: https://www.glossy.co/beauty/case-study-establishing-authority-in-the-clean-beauty-industry/.

(14) C. B. Rubin and B. Brod, Natural does not mean safe—The dirt on clean beauty products. JAMA
Dermatol., 155(12), 1344-1345 (2019).

(15) C. Hennigan, COVID-19 increases demand for safe BPC products {Internet}. Mintel. 2020 {cited 2020
Jul8}. Availablefrom: https://www.mintel.com/blog/beauty-market-news/covid-19-increases-demand-for-
safe-and-reliable-bpc-products

(16) S. M. Choi, T. H. Roh, D. S. Lim, S. Kacew, H. S. Kim, and B. M. Lee, Risk assessment of benzalkonium
chloride in cosmetic products. J. Toxicol. Environ. Health B Crit. Rev., 21(1), 8-23 (2018).

(17) European Union, Regulation (EC) No 1223/2009 of the European Parliament and of the Council of 30
November 2009 on cosmetic products {Internet]. Nov 30, 2009. Available from: https://eur-lex.europa.
eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R 1223&from=EN

(18) J. L. J. Jing, T. Pei Yi, R. J. C. Bose, J. R. McCarthy, N. Tharmalingam, and T. Madheswaran, Hand
sanitizers: A review on formulation aspects, adverse effects, and regulations. Int. J. Environ. Res. Public

Health, 17(9), 3326 (2020).

(19) E. Ortega Morente, M. A. Fernidndez-Fuentes, M. J. Grande Burgos, H. Abriouel, R. Pérez Pulido, and
A. Gidlvez, Biocide tolerance in bacteria. Int. J. Food Microbiol., 162(1), 13-25 (2013).

(20) M. Stratford and T. Eklund, Organic acids and esters. In: Food Preservatives {Internet}. Russell NJ,
Gould GW, editors. 2003 [cited 2021 Mar 24}. Berlin: Springer US. p. 48—84.

(21) J. J. Lucchini, J. Corre, and A. Cremieux, Antibacterial activity of phenolic compounds and aromatic
alcohols. Res. Microbiol., 141(4), 499—510 (1990).

(22) B. Fang, M. Yu, W. Zhang, and F. Wang, A new alternative to cosmetics preservation and the effect
of the particle size of the emulsion droplets on preservation efficacy. Int. J. Cosmet. Sci., 38(5), 496503
(2016).

(23) W. Johnson, W. F. Bergfeld, D. V. Belsito, R. A. Hill, C. D. Klaassen, D. Liebler, J. G. Marks, Jr., R.

C. Shank, T. J. Slaga, P. W. Snyder, and F. A. Andersen, Safety assessment of 1,2-glycols as used in
cosmetics. Int. J. Toxicol., 31(5), suppl, 147S-168S (2012).

(24) D. Poger and A. E. Mark, Effect of triclosan and chloroxylenol on bacterial membranes. J. Phys. Chem. B,
123(25), 5291-5301 (2019).

(25) D.P. Stites, G. Brecher, L. Schmidt, and F. M. Berger, Suppressive effects of chlorphenesin on lymphocyte
function in mice and humans. Immunopharmacology, 2(1), 39—-49 (1979).

(26) CIR, Final safety assessment on the safety assessment of alkyl glyceryl ethers as used in cosmetics
[Internet}. 2011 {cited 2021 Mar 24}. Available from: https:/www.cir-safety.org/sites/default/files/
ethylh122011finalx.pdf

(27) W. Johnson, W. E. Bergfeld, D. V. Belsito, R. A. Hill, C. D. Klaassen, D. Liebler, J. G. Marks, Jr., R. C.
Shank, T. J. Slaga, P. W. Snyder, and F. A. Andersen, Safety assessment of alkyl glyceryl ethers as used
in cosmetics. Int. J. Toxicol., 32(5_suppl), 5S—218 (2013).

(28) S.Langsrud, K. Steinhauer, S. Liithje, K. Weber, P. Goroncy-Bermes, and A. L. Holck, Ethylhexylglycerin

impairs membrane integrity and enhances the lethal effect of phenoxyethanol. PLOS ONE, 11(10),
€0165228 (2016).

(29) D. Nemes, R. Kovécs, F. Nagy, M. Mez8, N. Poczok, Z. Ujhelyi, A. Petd, Feher, F. Fehér, J. Viradi, M.
Vecsernyés, and 1. Bdcskay, Interaction between different pharmaceutical excipients in liquid dosage
forms—Assessment of cytotoxicity and antimicrobial activity. Molecules, 23(7), 1827 (2018).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



110 JOURNAL OF COSMETIC SCIENCE

(30) J. Bernatoniene, R. Masteikova, J. Davalgiene, R. Peciura, R. Gauryliene, R. Bernatoniene, D. Majiene,
R. Lazauskas, G. Civinskiene, S. Velziene, J. Muselik, and Z. Chalupova. Topical application of Calendula
officinalis (L.): Formulation and evaluation of hydrophilic cream with antioxidant activity. J. Med. Plant
Res., 5(6), 868—877 (2011).

(31) R. Gaffar, N. Sazali, and F. Majidi, Colour reduction and anti-microbial evaluation of pre-treated cashew
leaves extract._J. Chem. Nat. Resour. Eng., 2, 1-9 (2008).

(32) A. Herman, A. P. Herman, B. W. Domagalska, and A. Mtynarczyk, Essential oils and herbal extracts as
antimicrobial agents in cosmetic emulsion. Indian J. Microbiol., 53(2), 232—237 (2013).

(33) D. A. Kiken and D. E. Cohen, Contact dermatitis to botanical extracts. Am. J. Contact Dermatitis, 13(3),
148-152 (2002).

(34) I. Manou, L. Bouillard, M. J. Devleeschouwer, and A. O. Barel, Evaluation of the preservative properties
of thymus vulgaris essential oil in topically applied formulations under a challenge test. J. App! Microbiol.,

84(3), 368376 (1998).

(35) N. Y. O. Muyima, G. Zulu, T. Bhengu, and D. Popplewell, The potential application of some novel
essential oils as natural cosmetic preservatives in an aqueous cream formulation. Flavour Fragr. J., 17(4),
258-266 (2002).

(36) C.M.Schempp, E. Schopf,and J. C. Simon. {Plant-induced toxic and allergic dermatitis (phytodermatitis)l.
Hautarzt., 53(2), 93-97 (2002).

(37) E.L. Simpson, S. V. Law, and F. J. Storrs, Prevalence of botanical extract allergy in patients with contact
dermatitis. Dermatitis, 15(2), 6772 (2004).

(38) K. F. Thomson and S. M. Wilkinson, Allergic contact dermatitis to plant extracts in patients with
cosmetic dermatitis. Br. J. Dermatol. 142(1), 84—88 (2000).

(39) ANSM, Les produits cosmétiques non rincés contenant du phénoxyéthanol ne doivent pas étre utilisés
sur les fesses des enfants de 3 ans ou moins [Internetl. 2019 [cited 2020 Mar 12}. Available from: hetps:/
ansm.sante.fr/S-informer/Points-d-information-Points-d-information/Les-produits-cosmetiques-non-
rinces-contenant-du-phenoxyethanol-ne-doivent-pas-etre-utilises-sur-les-fesses-des-enfants-de-3-ans-
ou-moins-Point-d-Information

(40) ANSM, Evaluation du risque lié a lutilisation du phénoxyéthanol dans les produits cosmétiques
[Internetl. 2012 f[cited 2020 Mar 12]. Available from: https:/ansm.sante.fr/S-informer/Points-d-
information-Points-d-information/Concentration-de-phenoxyethanol-dans-les-produits-cosmetiques-
Point-d-information

(41) P. Gilbert, E. G. Beveridge, and P. B. Crone, Effect of 2-phenoxyethanol upon RNA, DNA and protein
biosynthesis in Escherichia coli NCTC 5933. Microbios., 28(111), 717 (1980).

(42) P. Gilbert, E. G. Beveridge, and P. B. Crone, Effect of phenoxyethanol on the permeability of Escherichia
coli NCTC 5933 to inorganic ions. Microbios.,19(75), 17-26 (1977).

(43) P. Gilbert, E. G. Beveridge, and P. B. Crone, Inhibition of some respiration and dehydrogenase enzyme
systems in Escherichia coli NCTC 5933 by phenoxyethanol. Microbios., 20(79), 29-37 (1977).

(44) H. Alexandre, B. Mathieu, and C. Charpentier, Alteration in membrane fluidity and lipid composition,
and modulation of H(+)-ATPase activity in Saccharomyces cerevisiae caused by decanoic acid. Microbiology

(Reading), 142(3), 469475 (1996).

45) S. C. Ricke, Perspectives on the use of organic acids and short chain fatty acids as antimicrobials. Poz/z.

Sci., 82(4), 632—639 (2003).
(46) A.P. Golin, D. Choi, and A. Ghahary, Hand sanitizers: A review of ingredients, mechanisms of action,
modes of delivery, and efficacy against coronaviruses. Anz. J. Infect. Control,48(9), 1062—-1067 (2020).

(47) CIR. Annual Review of Cosmetic Ingredient Safety Assessments: 2005/2006. Int. J. Toxicol., 27(1), 77—
142 (2008).

(48) Ziosi P, Manfredini S, Vandini A, Vertuani S. Caprylyl Glycol/Phenethyl Alcohol Blend for Alternative
Preservation of Cosmetics. Cosmet. Toiletries, 128(8), 538—549 (2013).

(49) W. Johnson, W. F. Bergfeld, D. V. Belsito, R. A. Hill, C. D. Klaassen, D. C. Liebler, J. G. Marks, Jr., R.
C. Shank, T. J. Slaga, P. W. Snyder, and F. A. Andersen, Safety assessment of benzyl alcohol, benzoic acid
and its salts, and benzyl benzoate. Inz. J. Toxicol., 36(3), suppl, 5S—30S (2017).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



PRESERVATION OF PERSONAL CARE AND COSMETIC PRODUCTS 111

(50) B. S. Lennerz, S. B. Vafai, N. F. Delaney, C. B. Clish, A. A. Deik, K. A. Pierce, D. S. Ludwig, and
V. K. Mootha, Effects of sodium benzoate, a widely used food preservative, on glucose homeostasis and
metabolic profiles in humans. Mol. Genet. Metab., 114(1), 73-79 (2015).

(51) SCCP, Opinion of the scientific committee on cosmetic products and non-food products intended for
consumers concerning benzoic acid and sodium benzoate. SCCNFP/0532/01, final [Internet}. 2002
[cited 2021 Mar 24]. Available from: https://ec.europa.eu/health/ph_risk/committees/sccp/documents/
outl66_en.pdf.

(52) CIR, Final report on the safety assessment of sorbic acid and potassium sorbate._J. Am. Coll. Toxicol., 7(6),
837-880 (1988).

(53) European Commission, Commission implementing decision (EU) 2016/110 of 27 January 2016 not
approving triclosan as an existing active substance for use in biocidal products for product type 1
[Internet}. Jan 28, 2016. Available from: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CE
LEX:32016D0110&from=EN.

(54) FDA, Safety and effectiveness of consumer antiseptic rub products; topical antimicrobial drug products
for over-the-counter human use {Internetl. 2016. Available from: hetps://www.fda.gov/media/129482/
download.

(55) V.S. Sreevidya, K. A. Lenz, K. R. Svoboda, and H. Ma, Benzalkonium chloride, benzethonium chloride,
and chloroxylenol - Three replacement antimicrobials are more toxic than triclosan and triclocarban in
two model organisms. Environ Pollut., 235, 814—824 (2018).

(56) W. Johnson, W. F. Bergfeld, D. V. Belsito, R. A. Hill, C. D. Klaassen, D. C. Liebler, J. G. Marks, Jr.,
R. C. Shank, T. J. Slaga, P. W. Snyder, and F. A. Andersen, Safety assessment of chlorphenesin as used
in cosmetics. Int. J. Toxicol., 33(2), suppl, 5S—15S (2014).

(57) SCC, Reports of the Scientific Committee on Cosmetology (Ninth Series). (European Communities, Luxembourg
2000), p. 975.

(58) C. Jianmei, L. Bo, C. Zheng, S. Huai, L. Guohong, and G. Cibin, Identification of ethylparaben as the
antimicrobial substance produced by Brevibacillus brevis EJAT-0809-GLX. Microbiol. Res., 172, 48-56
(2015).

(59) W. M. Zhang, W. Wang, J. J. Zhang, Z. R. Wang, Y. Wang, W. J. Hao, and W. Y. Huang, Antibacterial
constituents of hainan morinda citrifolia (Noni) leaves. J. Food Sci., 81(5), M1192-M1196 (2016).

(60) FDA, GRAS substances (SCOGS) database [Internetl. FDA. FDA; 2013 {cited 2020 Jul 9]. Available
from: https://www.fda.gov/food/generally-recognized-safe-gras/gras-substances-scogs-database

(61) G. Deza and A. M. Giménez-Arnau, Allergic contact dermatitis in preservatives: current standing and
future options. Curr. Opin. Allergy Clin. Immunol., 17(4), 263-268 (2017).

(62) CIR, Amended Safety Assessment of Parabens as Used in Cosmetics {Internetl. 2019. Available from:
hteps://www.cir-safety.org/sites/default/files/Parabens_0.pdf

(63) A. Lim, Back to science: Will COVID-19 encourage consumers to change their tune about parabens?
[Internet]. 2020. [cited 2020 Jul 23} Available from: https:/www.cosmeticsdesign-asia.com/
Article/2020/05/13/Will-COVID-19-encourage-consumers-to-change-their-tune-about-parabens.

(64) B. Dréno, T. Zuberbier, C. Gelmetti, G. Gontijo, and M. Marinovich, Safety review of phenoxyethanol
when used as a preservative in cosmetics. J. Eur. Acad. Dermatol. Venereol., 33, suppl 7, 15-24 (2019).

(65) DEPA, Survey and health and environmental assessment of preservatives in cosmetic
products {Internet}. 2015 {cited 2019 Nov 12} Available from: https://www2.mst.dk/Udgiv/
publications/2015/05/978-87-93352-19-3.pdf.

(66) SCCS, Opinion on Phenoxyethanol, SCCS/1575/16 [Internet}. 2016. Available from: https://ec.europa.eu/
health/scientific_committees/consumer_safety/docs/sccs_o_195.pdf.

(67) GVR GRR, Cosmetic preservative market worth $458.8 Million by 2024 [Internet}. 2016 {cited 2020 Jul 91.
Available from: https://www.grandviewresearch.com/press-release/global-cosmetic-preservative-market.

(68) K. Lawan, M. Kanlayavattanakul, and N. Lourith, Antimicrobial efficacy of caprylyl glycol and
ethylhexylglycerine in emulsion. J. Health Res., 23(1), 1-3 (2009).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



112 JOURNAL OF COSMETIC SCIENCE

(69) A. Varvaresou, S. Papageorgiou, E. Tsirivas, E. Protopapa, H. Kintziou, V. Kefala, C. Demetzos, Self-
preserving cosmetics. Int. J. Cosmet. Sci., 31(3), 163-175 (2009).

(70) O. Atolani, M. T. Baker, O. S. Adeyemi, I. R. Olanrewaju, A. A. Hamid, O. M. Ameen, S. O. Oguntoye,
and L. A. Usman, COVID-19: Critical discussion on the applications and implications of chemicals in
sanitizers and disinfectants. Exc/i J., 19, 785-799 (2020).

(71) A. Nostro, M. A. Cannatelli, I. Morelli, A. D. Musolino, F. Scuderi, F. Pizzimenti, V. Alonzo, Efficiency
of Calamintha officinalis essential oil as preservative in two topical product types. J. Appl. Microbiol.,

97(2), 395-401 (2004).

(72) A. Carbone-Howell, N. Stebbins, and K. Uhrich, Poly (anhydride-esters) comprised exclusively of
naturally occurring antimicrobials and EDTA: antioxidant and antibacterial activities. Biomacromol., 15,
1889-1895 (2014).

(73) O. B. Hughes, A. D. Maderal, and A. Tosti, Preservative sensitization—safety with and safety without.
Curr. Treat Options Allergy., 3(4), 345-358 (2016).

(74) P. Orts, L. Gomez-Perez, S. Leranoz, and M. Berlanga, Increasing antibiotic resistance in preservative-
tolerant bacterial strains isolated from cosmetic products. Inz. Microbiol., 18(1), 51-59 (2015).

(75) K. Schmidlin, S. Sani, D. I. Bernstein, and L. Fonacier, A hands-on approach to contact dermatitis and
patch testing. J. Allergy Clin. Immunol. Pract., 8(6), 18831893 (2020).

(76) E. Yim, K. L. Baquerizo Nole, and A. Tosti, Contact dermatitis caused by preservatives. Dermatitis.
25(5), 215-231 (2014).

(77) J. G. DeKoven, E. M. Warshaw, K. A. Zug, H. 1. Maibach, D. V. Belsito, D. Sasseville, J. S. Taylor, J. F.
Fowler, Jr., C. G. T. Mathias, J. G. Marks, M. D. Pratt, M. J. Zirwas, and V. A. DeLeo, North American
contact dermatitis group patch test results: 2015-2016. Dermatitis. 29(6), 297-309 (2018).

(78) J. G. DeKoven, E. M. Warshaw, D. V. Belsito, D. Sasseville, H. I. Maibach, J. S. Taylor, D. Sasseville,
J. E. Fowler, C. G. T. Mathias, V. A. DeLeo, M. D. Pratt, J. G. Marks, and A. F. Fransway. North
American contact dermatitis group patch test results 2013—2014. Dermatitis. 28(1), 33—46 (2017).

(79) D. Dona, C. Di Chiara, and M. Sharland, Multi-drug-resistant infections in the COVID-19 era: a
framework for considering the potential impact. J. Hosp. Infect., 106(1), 198—199 (2020).

(80) H. Getahun, I. Smith, K. Trivedi, S. Paulin, and H. H. Balkhy, Tackling antimicrobial resistance in the
COVID-19 pandemic. Bull. World Health Organ., 98(7), 442—442A (2020).

(81) A. K. Murray, The novel coronavirus COVID-19 outbreak: Global implications for antimicrobial
resistance. Front Microbiol., 11, 1020 (2020).

(82) S. Kampmeier, H. Tonnies, C. L. Correa-Martinez, A. Mellmann, and V. Schwierzeck, A nosocomial
cluster of vancomycin resistant enterococci among COVID-19 patients in an intensive care unit.
Antimicrob. Resist Infect. Control, 9(1), 154 (2020).

(83) A. Mahmood, M. Eqan, S. Pervez, H. A. Alghamdi, A. B. Tabinda, A. Yasar, K. Brindadevi, and
A. Pugazhendhi, COVID-19 and frequent use of hand sanitizers; human health and environmental
hazards by exposure pathways. Sci. Total Environ., 742, 140561 (2020).

(84) P. Nori, W. Szymczak, Y. Puius, A. Sharma, K. Cowman, P. Gialanella, M. Corpuz, I. Gendlina, and Y.
Guo, Emerging co-pathogens: New Delhi metallo-beta-lactamase producing enterobacterales infections
in New York City COVID-19 patients. Int. J. Antimicrob. Agents, 56(6), 106179 (2020).

(85) A.D. Porretta, A. Baggiani, G. Arzilli, V. Casigliani, T. Mariotti, F. Mariottini, G. Scardina, D. Sironi,
M. Totaro, S. Barnini, and G. P. Privitera, Increased risk of acquisition of New Delhi metallo-beta-
lactamase-producing carbapenem-resistant enterobacterales (NDM-CRE) among a cohort of COVID-19
patients in a teaching hospital in Tuscany, Italy. Pathogens. 9(8), 1-4 (2020).

(86) B. Tiri, E. Sensi, V. Marsiliani, M. Cantarini, G. Priante, C. Vernelli, L. A. Martella, M. Costantini,
A. Mariottini, P. Andreani, P. Bruzzone, F. Suadoni, M. Francucci, R. Cirocchi, and S. Cappanera,
Antimicrobial stewardship program, COVID-19, and infection control: spread of carbapenem-resistant
klebsiella pneumoniae colonization in ICU COVID-19 patients. What did not work? J. Clin. Med., 9(9),
1-8 (2020).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



(87)

(88)

(89

(90)

2

92)

93)

94)

95

96)
97)

(98)

99

(100)

PRESERVATION OF PERSONAL CARE AND COSMETIC PRODUCTS 113

J. A. Bengoechea and C. G. Bamford, SARS-CoV-2, bacterial co-infections, and AMR: the deadly trio
in COVID-19? EMBO Mol. Med., 12(7), e12560 (2020).

D. L. Monnet and S. Harbarth, Will coronavirus disease (COVID-19) have an impact on antimicrobial
resistance? Euro. Surveill., 25(45), 1-6 (2020).

J. Y. Maillard, Mechanisms of bacterial resistance to microbicides. 2013 {cited 2021 Mar 25}. Available
from: https:/onlinelibrary.wiley.com/doi/abs/10.1002/9781118425831.ch6a. In: Hugo: Russell &
Ayliffe’s [Internet}. Hoboken, NJ, USA: John Wiley & Sons, Ltd. p. 108—120.

C. B. Giacomel, G. Dartora, H. S. Dienfethaeler, and S. E. Haas, Investigation on the use of expired
make-up and microbiological contamination of mascaras. Inz. J. Cosmet. Sci., 35(4), 375-380 (2013).

M. Saeb-Lima, G. V. Solis-Arreola, and A. Fernandez-Flores, Mycobacterial infection after cosmetic
procedure with botulinum toxin a._J. Clin. Diagn. Res., 9(4), WDO01-WDO02 (2015).

G. McDonnell and A. D. Russell, Antiseptics and disinfectants: Activity, action, and resistance. Clin.
Microbiol. Rev., 12(1), 147—-179 (1999).

W. C. Reygaert, An overview of the antimicrobial resistance mechanisms of bacteria. AIMS Microbiol.,
4(3), 482-501 (2018).

P. Moka, P. Goswami, A. Kapil, I. Xess, V. Sreenivas, and A. Saraya, Impact of antibiotic-resistant
bacterial and fungal infections in outcome of acute pancreatitis. Pancreas., 47(4), 489—-494 (2018).

R. R. Hector, Compounds active against cell walls of medically important fungi. Clin. Microbiol. Rev.,
6(1), 1-21 (1993).
W. B. Hugo, The degradation of preservatives by microorganisms. Int. Biodeterior., 27(2), 185-94 (1991).

A. Davin-Regli, R. Chollet, J. Bredin, J. Chevalier, F. Lepine, and J. Pages, Enterobacter gergoviae and
the prevalence of efflux in parabens resistance. J. Antimicrob. Chemother., 57¢4 ), 757760 (20006).

A. Amin, S. Chauhan, M. Dare, and A. Bansal, Degradation of parabens by Pseudomonas beteli and
Burkholderia latens. Exr. J. Pharm. Biopharm., 75(2), 206-212 (2010).

J. S. Chapman, Characterizing bacterial resistance to preservatives and disinfectants. Inz. Biodeterior.
Biodegrad, 41(3—4), 241-245 (1998).

P. S. Boeris, C. E. Domenech, and G. I. Lucchesi, Modification of phospholipid composition in
pseudomonas putida A ATCC 12633 induced by contact with tetradecyltrimethylammonium, J. Appl.
Microbiol., 103(4), 1048—1054 (2007).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



@ S‘ : ‘ Dedicated to the advancement of cosmetic science

INFORMATION FOR JOURNAL OF
COSMETIC SCIENCE AUTHORS
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