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Presence of Microorganisms and Use of Antimicrobial Agents in Car Seat Fabrics:
A Brief Review
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The present paper discusses the presence of microorganisms in textile materials, especially in car seats, and the
use of antimicrobial agents. We observed that the main agent between the user and the car's microbial system are
the seats, due to the direct contact with the users. In addition, the environment in which the car is inserted, the
type of car, and the seat fabric-type influence directly the reproduction of the microbial system. Microorganisms
found in different parts of cars, especially in seats, could be potential threats to human health. Thus, to combat
these microorganisms, it is necessary to study antimicrobial agents aimed at eliminating or inhibiting their
reproduction and, consequently, promoting hygiene, ensuring the health and well-being of car users.
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Introduction

In a globalized world, the need to constantly
move has contributed to individuals spending
more time inside the cars. The seat covering
is the part of the car that the user has the most
contact with, and this can have consequences on
human microbial environment. The microbial
systems present inside a car vary according to
the circumstances in which it is inserted, type of
car, the internal composition, and principally with
the structural organization of the fabric, which is
pointed out as good substrates for the development
of microorganisms [1,2].

The most used fabrics for the manufacture of
automotive seats are leather, synthetic leather,
looms, and knitwear. The structural organization
of the fabric is related to the absorption of water,
oxygen, and nutrients, which makes the fabrics of
natural fibers and vegetables more susceptible to
the proliferation of microorganisms [1,3].
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Moreover, there is a growing expectation
around fabrics with antibacterial properties. These
fabrics have the insertion of antimicrobial agents in
the fabric structure, allowing the ability to prevent
or inhibit the spread of microorganisms, being
considered, respectively, as biocide or biostatic.
The incorporation of the antimicrobial agents
into fabrics varies according to its performance,
type of fiber in the textile material, and the
most susceptible microorganism to the fabric.
The main antimicrobials that have been used in
textile materials are the quaternary ammonium
compounds, pyrithione of zinc, nitrogen
compounds, silver nanoparticles, and copper
nanoparticles. [4] However, there are still few
papers that demonstrate the use and effectiveness
of the use of antimicrobial agents in fabrics used
in automotive seats.

Therefore, to provide greater safety to the
health of car users, this paper aimed to carry out
a brief literature review on aspects related to
the presence of microorganisms inside vehicles,
with an emphasis on automotive seats, as well as
the use of antimicrobial agents to minimize the
microbiological load on the seats.

Theliteratureresearch waslimited toamaximum
period of 7 years and carried out in databases on
sites such as Scielo and Science Direct. For the
study, it was considered automotive fabrics,
microorganisms present inside cars, and their
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respective impacts on human health. In addition,
the application and action of antimicrobial agents
in textile materials were considered. Thus, the
keywords ‘“fabric”, microorganism” and “car”
were used to identify papers related to the topic.

Literature Search Results

We observed that the most frequent fungi found
inthe internal air of a vehicle are Cladosporium sp.,
Penicillium sp., Aspergillus sp. and Alternariaem
sp. [1]. Staphylococcus sp. and Propionibacterium
acnes sp. have a considerable population in
common areas of the car, showing up in large
numbers on steering wheels, gear knob and area
near the cupholder (Table 1).

These microorganisms are capable of colonizing
inanimate objects commonly touched. Thus, the
car inside becomes a favorable environment as a
reservoir of these microorganisms [1,3]. Species of
the genus Staphylococcus sp. are more pathogenic.
These microorganisms can promote a variety
of diseases, from skin infections to respiratory
diseases [5,6]. In addition to this genus, there are
Pseudomonas sp. bacteria, capable of causing lung
diseases, in the bloodstream, in the heart valves, as
well as ear diseases [7].

As for fungi, despite having about 250,000
species, only 200 of them are recognized as
pathogenic. In general, the genera Cladosporium
sp., Penicillium sp., Aspergillus sp. e Alternariaem
sp. could be encountered on the vehicle inside

Table 1. The estimated relative amount of bacterial genera (%) in car locations®.

Car1l Car 2 Car3 Car4 Car 5
Genus
A B C B C B C A B <C a B C

Staphylococcus sp. 771 741 102 191 332 14 637 125 105 105 197 292 282
Propionibacterium g 20 175 35 744 05 604 275 226 853 006 213 174 008
acnes sp.

T —— 123 017 655 341 0 922 002 755 375 0 15 296 235
Streptococcus sp. 102 0.07 417 73 0 125 549 58 0 006 993 132 515
e 5. 015 116 0 143 0 3 011 023 131 003 179 567 193
Mycobacterium sp. 022 001 039 0 0 009 012 0 380 005 0 0 013
Acinetobactersp. 064 132 057 1 0 261 0 166 021 001 906 148 322
Pseudomonas sp. 0 1.02 003 32 008 218 068 179 002 0 005 0 5.6

Source: Adapted from Stephenson and colleagues (2014) [3].

* A - Steering wheel. B - gearshift button. C - Area next to the cupholder.

and are considered opportunistic-infectious, as
they only play the role of mild allergy sufferers.
However, when in large quantities and with the
individual's immune system weakened can cause
serious respiratory problems [8,9].

Due to the possibility of these microorganisms
being found inside cars, it is of great importance
to assess their presence in automotive seat fabric,
which is the part of the vehicle in greater contact
with users of this means of transport.

A car seat has different parts, such as a metal
frame, plastic parts, and a textile covering. The
textile coating is the part that the user has contact
with for a longer time and it can be made up of

different textile materials in its composition, such
as fabrics, carpets, leather, and vinyl material.
Among these materials, the fabric is the material
that has the greatest superficial use in automotive
seats and, in the automotive industry, synthetic
fibers are mostly used. Synthetic fibers have a
technological advantage over natural fibers as
they are more resistant to the proliferation of
microorganisms due to their hydrophobic nature.
However, they have the disadvantage of retaining
more moisture from perspiration, which can
promote the development of microbial cultures on
the surface of the automotive seat covering. Thus,
car seat fabric can present unpleasant odors and
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a possibility of contamination of human skin in
contact with these microorganisms [10].

So, the emergence of diseases from unwanted
microorganisms on surfaces made it necessary the
study the antimicrobial agents for the promotion
of personal and collective hygiene. The forms
of action of these agents can be through the
establishment of new intermolecular interactions
or, even, through the oxidation of the organic
matter present in these organisms [4,11]. Among
these products, there are ethyl alcohol, isopropyl
alcohol, and quaternary ammonium salts that act in
the denaturation of proteins of the microorganisms;
phenols that act on the disruption of the outer
membrane, inactivation of enzymatic systems,
among others; chlorine derivatives and peroxides
that are capable of oxidizing the microorganism's
organic matter [11]. In addition, there are silver
nanoparticles (Ag-NPs) and copper nanoparticles
(Cu-NPs) [12,13].

Some studies indicate that the antimicrobial
activity of silver nanoparticles is related to the
release of Ag” ions in the medium. Accordingly,
an increase in its effect is observed when used in
smaller volumes (particles with smaller sizes, in
this case, nanoparticles), due to the increase in the

contact surface. When used in low concentrations,
silver does not have significant effects on the
human body, but Ag-NPs have an antibacterial
effect for Gram-positive and Gram-negative
bacteria. A priori, the interactions between the
negative charges present on the surface of the
bacteria and the silver cations are fundamental for
the bonds between these structures to occur; these
ions promote the deactivation of cellular enzymes
and, consequently, cell lysis (Figure 1) [12].

Copper nanoparticles work similarly to Ag-
NPs. It also presents a relationship between
the velocity and the contact surface of the
nanoparticles in which smaller sizes are favored.
Copper nanoparticles can change NOX (oxidation
number) in a continuous process, which can lead
to penetration into the cell membrane, causing
dysfunction in this region, as well as in the
cytoplasm (Figure 2) [13].

However, for the impregnation of these agents
in textile materials, it is necessary to know how
they work in the fabric. [4] This application is often
done by the method of immersing the fabric in a
solution containing the antimicrobial agent. The
padding method (foulardage) is one of the most
used in the textile industry where the immersion

Figure 1. Mechanism and toxicity of the silver nanoparticles in microorganisms.
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Figure 2. Mechanism and toxicity of the copper nanoparticles (Cu-NPs) in microorganisms.
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technique is used, however, a greater pressure of
the agent is added to the fabric [15]. In chemical
terms, antimicrobial agents can be inserted into the
fabric by incorporation into the polymer matrix
as well as by application to the fiber surface [4].
Table 2 shows different forms of interaction, for
impregnation, between antimicrobial agents and
fabric structure.

It is noteworthy that there is still little
information in the literature about the nature of
the microorganisms present in the car seat, as
well as the use of antimicrobial agents to reduce
the population of microbes in automotive fabrics.

Therefore, it is important to study the
genera of the microorganisms present and the
impregnation efficiency of antimicrobial agents

Table 2. Processes and connections between antimicrobial agents and a textile structure.

Most common processes

Link between antimicrobial agent and textile structure

a) Addition of active compounds to the polymer matrix
b) Microencapsulation of the active ingredient and
addition to the polymer matrix

Adsorbed on substrate

¢) Impregnation of active agents and fixation with resins
d) Coating application
¢) Layer-by-layer application

Adsorbed to the surface

o)

f) Chemical modification of fiber by introduction of
reactive groups and reaction with active agents

g) Chemical fiber modification by graft copolymerization
h) Active ingredient microencapsulation and fixation to
the fiber

Chemically bonded

Source: Adapted from Scacchetti (2017) [4].
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in fabrics, especially those used in automotive
seat coverings. The reduction of the microbial
load in the fabrics used in car seats can enable
a reduction in the spread of diseases caused by
different types of microorganisms, including
bacteria, fungi, or viruses. It is noteworthy that
more and more frequent car users are seeking
greater health safety during the period they
are traveling, especially in this period of the
pandemic that the world is facing. Thus, this
work showed different technologies that can be
used in fabrics used in automotive seats to enable
the use of antimicrobial agents, which have an
action against different types of microorganisms
that may be present inside vehicles.

Conclusion

It is possible to consider that automotive
seats are significant sources for the spread of
microorganisms, which can negatively influence
the health of carusers. Technological and scientific
advances related to the study of antimicrobial
agents have significantly contributed to the
promotion of a less aggressive environment to
human health.

Due to the limited research available on
microorganisms in each type of fabric used in
automotive seats, as well as evidence on the
mechanism of action of some antimicrobial
agents, this work shows the need for more
detailed studies on the use and effectiveness of
agents antimicrobials in fabrics used in car seat
coverings.
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