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Legionella spp. are microorganisms that are generally found in the aquatic environment (rivers, streams, lakes, among
others). The importance in public health is in the fact that this bacterium is capable of multiplying and propagating in artificial
aquatic systems (piping systems, storage tanks, fountains, and cooling towers), giving rise to diseases in humans called
legionellosis, transmitted by inhalation of contaminated water droplets or aerosols and whose complications can lead to the
death of the patient. Legionellosis is of worldwide distribution, Legionella pneumophila being the most commonly involved
species in outbreaks and reported cases. The people most at risk are the elderly, people with weakened immune systems, and
people with a history of smoking. Around the world, regulatory agencies and health organizations have issued and established
recommendations with the purpose of controlling and preventing the risk of contracting this disease, which include the
sanitation of water supplies, maintenance through regular cleaning and disinfection of facilities and devices for reducing the
presence of this pathogen. The main objective of this review is to present in a general manner, aspects related to the disease
known as legionellosis, its casual agents, habitat, transmission form, and phenotypic and metabolic characteristics. Likewise, the
methods of control and prevention of these pathogens are presented, including a potential biotechnological alternative that can
contribute to actions in favour of the protection of public health through the use of compounds with surface activity called

biosurfactants.
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Introduction

The species of the genus Legionella are natural inhabitants of aquatic
environments such as: surface waters of lakes, rivers, reservoirs, ponds,
among others, and frequently pollute water systems made by humans
(Forjan et al., 2016; Herwaldt & Marra, 2018; Slow et al., 2018), thus
colonizing water supply systems and, through the distribution network,
contaminating drinking water storage systems or other systems that
require water for different operation (cooling towers, evaporative con-
densers, swimming pools or omamental fountains), and provoking disea-
ses of humans (Edelstein & Luck, 2015; Forjan et al., 2016; Losch et al.,
2016; Clémence et al., 2018; Gea, 2018).

The main objective of this review is to present, in a general manner,
aspects related to the disease known as legionellosis, its casual agents, ha-
bitat, transmission form, phenotypic and metabolic characteristics. Likewi-
se, the methods of control and prevention of spreading of these pathogens
are presented, including a potential biotechnological alternative that can
contribute to actions in favour of the protection of public health through
the use of compounds with surface activity called biosurfactants.

The representatives of the Legionella genus are Gram-negative rod-
shaped, mesophilic, mobile, aerobic, weak or non-saccharolytic bacteria,
resistant to a wide range of physicochemical conditions, and which de-
pend on L-cysteine for their growth (Gea, 2015; Edelstein & Luck, 2015;
Forjan et al., 2016; Losch et al., 2016).

Legionella spp. are intracellular bacterial pathogens of humans,
mainly in monocytes and alveolar macrophages (Diaz et al., 2011; Edel-
stein & Luck, 2015; Forjan et al., 2016; Losch et al., 2016; Slow et al.,
2018; WHO, 2018). Infections caused by these microorganisms are ge-
nerically called legionellosis, encompassing both pneumonic and non-
pneumonic forms of infection by these microorganisms. The non-pneu-

monic form manifests clinically as a self-limiting and flu-like illness
called "Pontiac Fever". The more severe pneumonia form is known as
"Legionnaires' Disease" (Edelstein & Luck, 2015; Forjan et al., 2016;
Losch et al., 2016; Slow et al., 2018; WHO, 2018). Among the 60 spe-
cies of the Legionella genus, almost a half have been implicated in hu-
man disease. The most important from the clinical perspective are: L. lon-
gbeachae, L. micdadei, L. dumoffii, L. sainthelensi and L. pneumophila,
the latter consists of 14 serogroups and is associated with 90% of cases
of Legionnaires' Disease, especially strains of serogroups 1, 4 and 6;
affecting mainly people with deficiency of the immune system, elderlty
and smokers (Edelstein & Luck, 2015; Gea, 2015; Forjan et al., 2016;
Losch et al., 2016; Slow et al., 2018).

Dissemination in the air and inhalation of acrosols or water droplets
is the most frequent route of infection (Garcia & Martinez, 2014; Losch
et al., 2016), which also means it is not typically transmitted directly from
person to person (Gea, 2015). However, contrary to what has been pos-
tulated over the years, the transmission of legionella from person to
person has been reported (Borges et al., 2016; Correia et al., 2016). The
case fatality rate in the most severe form of infection is between 5-10%,
which can reach 80% in immunosuppressed patients without treatment.
The incubation period ranges from 2 to 10 days and up to 16 days.
The most frequent symptoms are fever, cough, muscle pain, headache,
lethargy, malaise, hemoptysis, diarthea and nausea (Forjan et al., 2016;
CDC, 2018; WHO, 2018).

The probability of developing the disease is a function of the con-
centration of the microorganism in the water source, production and
dispersion of aerosols, factors related to the host, such as age or pre-
existing conditions, and the virulence of the strain (WHO, 2018). Treat-
ment of Legionella infection involves drugs such as quinolones and mac-
rolides, and prolonged treatment regimens are recommended for people
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with depressed immune systems (Alexandropoulou et al., 2013; Garcia
& Martinez, 2014). However, the isolation of antibiotic-resistant strains
of Legionella from aquatic environmental systems and of clinical origin
has been reported, which could lead to a possible risk of ineffective
treatment in patients with legionellosis, which indicates the need for a
surveillance system for this resistance phenomenon in strains from
different sources to monitor changes in resistance patterns and generate
appropriate clinical treatments (Alexandropoulou et al., 2013; Bruin et
al.,, 2014).

L. pneumophila, in the environment, is an intracellular facultative
parasite of different free-living protozoa such as: Acanthamoeba, Hat-
mannella, Tetrahymena and Naegleria. 1t also generates biofilms that
are formed in water distribution networks; in both cases, those are consi-
dered survival mechanisms (Edelstein & Luck, 2015; Forjan et al., 2016;
Clémence et al., 2018; Cortés et al., 2018; Gea, 2018; WHO, 2018).

Legionellosis can be acquired in the community or hospitals, and may
occur in the form of outbreaks or in isolated cases (Forjan et al., 2016). It is
estimated that Legionnaire's Disecase is of worldwide distribution, where
the incidence varies considerably depending on the level of surveillance
and notification of cases. Given that many countries lack adequate means
of diagnosis to detect infection, or do not have robust surveillance systems,
the actual incidence rate is unknown (WHO, 2018).

In the United States of America, it is estimated that around 8,000 to
18,000 people each year are hospitalized for Legionnaires’ Disease
(Herwaldt & Marra, 2018). In Europe, Legionnaire’s Disease is notifia-
ble in the member states of the European Union, where in the period
2011 to 2015 the European Center for Disease Prevention and Control
(ECDC), and the European Legionnaires’ Disease Surveillance Network
(ELDSNet) reported 30,532 cases, of which 28,188 (92.3%) were con-
firmed cases and 2,344 (7.7%) were probable cases; France, Germany,
Italy, Spain and the Netherlands reported the greatest number of cases
and the main causative agent L. pneumophila (Beaute, 2017).

In Latin America the incidence of legionellosis is unknown. In Ar-
gentina there are few existing works, possibly due to the presentation in
the form of sporadic cases and not outbreaks; an incidence of approxi-
mately 2% of all pneumonias has been reported (Losch & Merino, 2016).
In Mexico, legionellosis is not a reportable disease (Hampton et al.,
2016, Cortés et al., 2018). Until 2011, in Mexico, only two cases with a
clinical diagnosis of L. pneumophila had been reported, without confir-
mation by laboratory tests and without isolation of the causative agent;
these were from the Mexico states, Guerrero and Quintana Roo (Diaz et al.,
2011). The last reported case of legionellosis in Mexico, with laboratory
confirmation, involved nine travelers who contracted the disease within
two-weeks of staying at the resort of Cozumel, Mexico, between May
2008 and April 2010; it was determined, through different investigati-
ons, that the source of common infection was the drinking water system
of the hotel complex and the main causal agent identified in the water
sample was L. pneumophila serogroup 1 (Hampton et al., 2016; Cortés
et al,, 2018). Manzanares et al. (2014) carried out a study to determine,
for the first time, the presence of L. pneumophila in the water systems of
the Dental School of the Autonomous University of the State of Mexi-
co, reporting that these systems were infected with Legionella, with
counts ranging from 19 to 1000 CFU/mL, being a risk factor for the
health of users; it also indicated that the use of water filters minimizes
the concentration of this microorganism and that the process of chlori-
nation of drinking water is not an adequate method for sanitary control,
as analysis of this type of sample presented the highest concentrations.
The studies carried out associated with the control and surveillance of
health risks in water, equipment and related systems as sources of risk
of legionellosis, seem to be insufficient. This may possibly correspond
to the absence or low level of surveillance, detection and prevention of
this microorganism in microbiological laboratories or be due to the low
incidence of cases (Haro et al., 2012; Cortés et al., 2018). However, it is
necessary to make a modification or update in the information system
for the regular surveillance and analysis of the microbiological quality
of water, water systems and equipment in its different technical regulati-
ons, focused on human use and consumption, among which are Official
Mexican Standards (NOM) as “NOM-127-SSA1-1994”, “NOM-179-
SSA1-1998”, “NOM-230-SSA1-2002”, “NOM-245-SSA1-2010”,

“NOM-201-SSA1-2015”, and “NOM-210-SSA1-2014” of mandatory
compliance, elaborated with the purpose of establishing the characterris-
tics that processes, services or products must have that may constitute a
risk to human health (Haro et al., 2012; Cortés et al., 2018; SE, 2018).
It is also required to place an emphasis on actions that concern the regu-
lation and sanitary inspection of ventilation systems and/or air conditio-
ning in the community and hospital context, generating relevant updates
focused on exercising preventive actions and not on post-reaction to
future outbreaks of legionellosis that affect public health in Mexico
(Haro et al., 2012; Cortés et al., 2018).

Analysis for the detection, control and prevention of legionellosis

The activities of a microbiology laboratory commonly apply various
techniques including phenotypic, molecular and proteomic that allow
the isolation, identification and/or detection of microorganisms associa-
ted with infectious processes detrimental to health (Bou et al., 2011).
In the case of species of Legionella, different methods have been repor-
ted for the detection and identification in samples from aquatic systems,
based on culture by conventional methodologies and phenotypic cha-
racteristics of these bacteria (morphology, development, biochemical
and metabolic properties), which also allow further studies of antimicro-
bial sensitivity, typing and epidemiology (Ausina et al., 2005; Pelaz,
2006; Bou et al., 2011; Borges et al., 2012; Losch & Merino, 2016;
Cortés et al., 2018). L. pneumophila, the main causative agent of legio-
nellosis, presents different phenotypic characteristics for its identification
in culture, as it is a rod-shaped microorganism of 1.5-5.0 um long by
0.5-0.7 um wide, mobile, catalase positive, uses amino acids as the main
source of energy, presents positive gelatin liquefaction, and requires iron
salts and L-cysteine for growth.

It also has an optimum growth temperature between 35-37 °C, but
it can grow at between 20 and 45 °C, it survives between 40 and 60 °C,
dying at 70 °C, it also is resistant to small concentrations of carbon
dioxide (Romero, 2007; Ulloa, 2008; Gea, 2015; Cortés et al., 2018).
To strengthen the reliability of the results of the microbiological analysis
of samples in the laboratory, adequate procedures for collecting samples
according to the agent sought are required. For this, the Centers for
Disease Control and Prevention of the United States of America (CDC)
developed procedures of the isolation and detection of Legionella samples
from environmental origin focused on the regular study and/or investi-
gation of outbreaks or associated cases (Ausina, 2005; U.S.D.H.H.S.,
2005; CDC, 2015). Among the standardized methods for the detection
of Legionella spp. in water samples are those reported by the Internatio-
nal Organization for Standardization (ISO) 11731: 1998 (Detection and
enumeration of Legionella), ISO 11731-2: 2004 (Detection and enume-
ration of Legionella, Direct membrane filtration method for waters with
low bacterial counts), and the method of the Association Frangaise de
Normalisation (AFNOR) NF T 90-431/2003 (Pelaz, 2006; Borges et al.,
2012; Rodriguez et al., 2015; Losch & Merino, 2016; Cortés et al., 2018).
The different methods of microbiological analysis of water share some
similarities, being generally constituted in five phases: a. Concentration
of the sample, since in the water samples the concentration of Legionella
can be low, and in order to recover the bacteria, a membrane filtration or
centrifugation can be performed if they are treated with dirty or turbid
samples; b. Decontamination and reduction of associated microbiota in
the concentrated sample, which is carried out by thermal and acid
treatment; ¢. Inoculation in selective culture media; d. Incubation, and
e. Counting, confirmation and typing of isolated colonies (Fig. 1) (Pelaz,
2006; Borges et al., 2012; Rodriguez et al., 2015; Losch & Merino,
2016; Cortés et al., 2018). In addition to the conventional method of
analysis, there are other alternatives, that can reduce the analysis time,
obtain results and perform actions corresponding to control, prevention
or treatment, such as the enzyme-linked immunoassay in water with
analogous characteristics in the detection of cell wall lipopolysaccharide
antigen of L. pneumophila serogroup 1 in urine, and the molecular
assays like the Polymerase Chain Reaction (PCR), conventional or real
time and both qualitative and quantitative, based on studies of 5S rRNA
genes, 16S rRNA and 23S rRNA, mip (macrophage infectivity poten-
tiator) that encodes the infectivity enhancer gene of Legionella in mac-
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rophages, or the dotA infectivity gene (defective organelle trafficking)
among others (Ausina et al., 2005; Pelaz, 2006; Borges et al., 2012; Lu
et al,, 2016; Cortés et al., 2018). In addition, molecular methods such as
Whole Genome Sequencing (WGS), Amplified Fragment Length Poly-
morphism (AFLP), Pulsed-field Gel Electrophoresis (PFGE), and Mul-
tilocus Sequence Typing (MLST) are used in the typing and characterri-
zation of strains associated with outbreaks (Ausina, 2005; Rojas &
Figueras, 2006; Borges et al., 2016; Khodr et al., 2016; Raphael et al.,
2016; Cortés et al., 2018; Herwaldt & Marra, 2018).

On the other hand, the identification of Legionella spp., isolations in
clinical and environmental samples through proteomic methods using
Matrix-Assisted Laser Desorption / Ionization-Time of Flight / Mass
Spectrometry (MALDI-TOF) has been reported to be quick and economic
(Gaia et al., 2011). In a similar way, an automated in situ independent
culture method has been developed for the quantification of Legionella
in water, harmonizing stages consisting of preconcentration, immuno-
capture and magnetic separation of cells with colorimetric techniques
(Ripolles et al., 2015; Cortés et al., 2018).

Concentration

Sample . . ) . . Reduction
Recollection in > Centrlffll.lgat.lon ((t)uzrl(a)ldooisdmy sampges 6000 g/ 1.0 min) > of contaminating
aseptic conditions or filtration (0.20-0.45 um membrane pore size). microbiota

Deposit membrane in 5 mL of water and shake (concentrate)

v

If a concentration Acid treatment

is estimated

1-10 mL of the concentrate with a buffer

Heat treatment
1 mL of concentrate at 50°C/30 minutes

>10° CFU/L (KCI/HCI) of pH 2.2, and 5 minutes
of contact and shake
v
Isolation
Inoculate 0.5 mL in selective culture medium GVPC and BCYE
— >

7

Incubation
7-15 days at 36 £+ 1 °C in aerobic conditions and humid atmosphere, 2.5% at 5.0% of CO, (optional)

v

Count and confirmation
The colonies of Legionella are smooth, whole border, granular appearance, brown, pink, yellow, yellow-green or gray-white.
Under ultraviolet light, colonies of several species have a fluorescent white or red color,
and L. pneumophila — green mate-yellow. Select 5 to 7 colonies for confirmation.

\

\4

Inoculate in BCYE and incubate 48-72 hat 36 £ 1 °C

Inoculate BCYE agar without cysteine,
nutritive agar or blood agar.
Incubate 48—-72hat36 £ 1 °C

v

Growth

v
No Legionella spp.

Growth (+)

Serology, genomic tests.
Biochemical tests: gelatinase, urease,
catalase, nitrate reduction, hippurate hydrolysis,
oxidase. Gram stain (—) negative.

Fig. 1. Flow chart for the detection of Legionella spp., in water samples (ISO 11731: 1998; Ausina, 2005; Pelaz, 2006;
Borges et al., 2012; Rodriguez et al., 2015; Losch & Merino, 2016) GVPC: BCYE Agar supplemented with glycine,
vancomycin, polymyxin B and cycloheximide. BCYE: Buffered Charcoal Yeast Extract Agar

Yamaguchi et al. (2017) developed a rapid (1.5 h) on-site monitoring
of L. pneumophila in cooling tower water by means of a portable micro-
fluidic system for fluorescent staining on a chip and, for the semiauto-
matic count of the microorganism in the water of the cooling tower,

using a polyclonal antibody labeled with fluorescence. They mention
that the limit of detection of the system was 10* cells/mL, also detecting
lower numbers of cells ranging from 10" to 10° cells/mL after a concen-
tration process by filtration of 0.5 to 3.0 L of the water sample. The con-
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clusion of the study was that this system can be effective in the initial
analysis of freshwater contamination by Legionella. It should be noted
that all these techniques (enzymatic, genomic and proteomic) should not
replace culture or standardized tests and should be complementary only
(Pelaz, 2006; Borges et al., 2012; Cortés et al., 2018).

Prevention and control of legionellosis

For the prevention and control of legionellosis, and its potential dan-
ger to human health, the knowledge of its ecological niche is of relevance,
since Legionella bacteria are microorganisms that inhabit natural aquatic
environments, including those of anthropogenic origin, with the capacity
to survive a wide range of environmental conditions. Multiple facilities
and equipment such as cooling towers, hot water tanks, hydraulic sys-
tems, decorative fountains, drinking water systems, hot springs in reha-
bilitation and recreation centers, whirlpools, decorative fountains, ice
making machines, units of transplants and dental units are a sources of
exposure and risk of infection, associated with the spreading of legionel-
losis (Ausina, 2005; Rojas & Figueras, 2006; Manzanares et al., 2014;
Sandrea, 2016; Losch & Merino, 2016; Lu et al., 2016; CDC, 2018;
WHO, 2018).

Nowadays, there are no vaccines that prevent legionellosis (CDC,
2018; WHO, 2018). The prevention measures are the control and regular
monitoring of water quality; the application of mandatory performance
measures relating to the hygienic-sanitary condition of facilities, which
are aimed at minimizing or avoiding conditions of proliferation and sur-
vival of these bacteria, such as the formation of biofilms, and finally
reducing or avoiding the diffusion of aerosols through actions involved
in the maintenance, cleaning, disinfection and proper functioning of
water facilities and related devices (Ausina, 2005; Gea, 2011, 2018; Gea
& Loza, 2012; CDC, 2018; Cortés et al., 2018; WHO, 2018).

Biotechnology in the control and prevention of legionellosis

For several years up to now, there have been reports about production
by different microorganisms (bacteria, fungi and yeast) of a large group
of compounds with the ability to reduce the surface and interfacial tensi-
on at the air/water and oil/water interfaces, which have been denomina-
ted as biosurfactants (BS) (Banat et al., 2010; Nuvia et al., 2014; Cortés
etal., 2015; Becerra & Horma, 2016).

BS are amphiphilic compounds because in their structure they present
a hydrophilic region formed by aminoacids, peptides (anions or cations),
mono- or polysaccharides, and a hydrophobic region, consisting of satura-
ted and unsaturated fatty acids, which can be secreted extracellularly or be
bound to the cell membrane during microbial growth predominantly in
water-insoluble substrates (Rodrigues & Teixeira, 2010; Banat et al., 2014;
Nuvia et al., 2014; Becerra & Homa, 2016; Cortés & Barrdn, 2017).

The BS have acquired relevance due to different properties attribu-
ted to them which confer advantages to them compared to surfactants of
chemical origin; notably their lower toxicity, their biodegradability, sta-
bility at different pH conditions, salinity and temperature, high selectivity
and specificity, their being produced from organic residues, and also
their biological activities such as anti-adhesive, antibacterial, anti-fungal,
insecticidal, antiviral, immunomodulatory and antitumour properties, so
they have been considered as potential alternatives for use in various
industrial areas such as food, pharmaceutical, mining, oil, environmen-
tal, among others (Gautam & Tyagi, 2006; Banat et al., 2010; Rodrigues
& Teixeira, 2010; Soberon & Maier, 2011; Nuvia et al., 2014; Banat
etal., 2014; Cortés et al., 2015; Becerra & Horna, 2016; Cortés & Barron,
2017; Sharma et al., 2018).

These biological compounds have a great structural diversity pre-
senting various classifications, as for example according to their mole-
cular weight in two classes:

1. Low molecular weight, such as lipopeptides, glycolipids and proteins.

2. High molecular weight or polymers like saccharides, lipopolysac-
charides, proteins or lipoproteins useful for stabilizing oil-in-water emul-
sions (Banat, 2010).

Or they can also be classified based on their chemical composition,
in particular their hydrophilic fraction in glycolipids, lipopeptides or

lipoproteins, fatty acids, phospholipids and neutral lipids, polyparticles,
and surfactant particles (Table 1) (Gautam & Tyagi, 2006; Gharaei,
2010; Cortés et al., 2015).

Table 1

Biosurfactants, use and production by microorganisms

(Desai & Banat, 1997; Singh & Cameotra, 2004; Hewald et al.,
2005; Gautam & Tyagi, 2006; Rodrigues et al., 2006; Das et al.,
2008; Morita et al., 2009; Gharaei, 2010; Saharan et al., 2011; Reis
etal., 2011; Banat & Thavasi, 2018)

Biosurfactant Examples Mgggfjg:ms Pout:::al
L-thamnose linked to
hydroxylated B-fatty . .
. Pseudomonas sp., Bioremediation,
-, acids RL1(RhC10C10), P. aeruginosa,  antimicrobial,
Glycolipids RL2 (RhC10), RL3 Serratia rubidea  biocontrol
(Rh2C10C10) y RLA
(Rh2C10)
Sophorose (dimeric Torulopsis bombi-
sugar) linked by B-glyco- , T
Rhamnolipids sidic bonds to hydroxy- C;IaégoalZ;ZZ’ Antimicrobial
lated fatty acids -perop
. . Mycobacterium spp.,
?ﬁ?ﬁi&iﬁiﬁiﬁe Rodhococcus ~ Dissolution of
Sophorolipids ." erythropolis, Nocar- hydrocarbons,
hydroxylated fatty acids. dia spp., Corvnebac-  antiviral
Mycolic acids ter:tfum Spp.
O-glycosidically bound . .
Trehalolipids cellobiose to 15,16-  Ctlago maydis, U

hydroxy hexadecanoic zeae, fsmdozyma Antimicrobial
acid, Ustilagic acid Jusiformata
Constituted of 4-O-B-D-  Candida antartica,
Cellobiose lipids ~ mannopyranose-eryth-  Pseudozyma sia-  Antimicrobial,
Mannosylerythritol ritol and fatty acids inits  mensis, Ustilago immunological

lipids hydrophobic fraction. maydis, properties
MEL-A,MEL-B,MEL-C  U. scitaminea
. Acinetobacter spp.,
Fatty Ac1<.is., Phosphatidyl- Pseudomonas aeru- Bioremediation
Phospholipids and . . . ; . .
L ethanolamine ginosa, Thiobacillus bioemulsifiers
Neutral lipids o
thiooxidans
‘ _ Grannmd_m, pol}fmyxm, Ba.czllm.subtz.llm, Emulsifiers,
Lipoproteins and surfactin, subtilisin,  B. licheniformis, B. anti adhesive
lipopeptids serrawettins, viscosin,  brevis, B. polymyxa, antimicrobiaf
iturin and lichenysin ~ Serratia marcescens
Membrane vesicles com-  Acinetobacter
Surfactant posed of phospholipid calcoaceticus, Bioremediation
particles and proteins, lipopoly- Pseudomonas
saccharides marginilis
Acinetobacter
Emulsan, liposan, alazan, Calco.aceﬂ.m’
. . A. radioresistens, . .
Polymeric manoproteins and S0 Bioremediation,
. . Candida lipobtica, .
surfactants protein-polysaccharide Co oil recovery
complexes C. tropicalis,
Saccharomyces
cerevisiae

The biosynthesis of these compounds with surface activity in its
qualitative and quantitative aspects is affected by different factors, which
include those of environmental character (temperature, aeration, speed
of agitation, pH and salinity), as well as those inherent in nature of the
carbon and nitrogen source used (Rahman & Gakpe, 2008; Saharan et al.,
2011; Cortés et al., 2015). The biosurfactants in the producer cells, since
they are components of metabolism, have several functions, which are
involved in growth and survival such as: increase in the surface area and
bioavailability of hydrophobic substrates, metal sequestering agents, acti-
vity in the microbial pathogenesis, antimicrobial activity, quorum sensing,
joining and separation of surfaces, as well as the formation of biofilms
(Ron & Rosenberg, 2001; Rodrigues & Teixeira, 2010; Banat et al., 2014).

A biofilm is defined as a group or communities of microorganisms
of either the same or different species that adhere to and colonize a solid
surface or substrate (plastic, metal, glass, soil particles, wood, medical
material for implants, tissues, food, among others) and which includes
extracellular material produced and trapped within a general matrix of
complex nature (Nitschke & Costa, 2007; Kiran et al., 2010; Tilahun et al.,
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2016; Ripolles & Rodriguez, 2018). Legionella spp., are microorga-
nisms able to form biofilms. The formation of biofilms is considered a
protection mechanism for various microorganisms against adverse envi-
ronmental conditions and antimicrobials (Kiran et al., 2010; Gea, 2011;
Banat et al.,, 2014; Tilahun et al., 2016; Ripolles & Rodriguez, 2018;
Sharma et al., 2018). It is known that Legionella concentrations are ge-
nerally higher in areas where biofilms are present, as well as protozoa
that act as hosts that are located within the biofilms of aquatic origin.
As a consequence of the presence of biofilms, there could be a high risk
of transmission of legionellosis, from environmental and artificial aqua-
tic sources, primarily cooling towers, analogous equipment and water
distribution systems where they can survive and proliferate (Gea & Loza,
2012). Moreover from the perspective of the industrial sphere, and in
particular those of food and public health, biofilms are a relevant issue
because their existence represents a potential problem as they can act as
a transmission vehicle and source of persistent microbiological contami-
nation, leading to serious hygiene problems, deterioration of food and
manufacturing equipment, as well as hindering and harming processes
by generating the reduction of pipe flow, heat transfer, membrane obst-
ruction, energy loss, increased corrosion of surfaces, among others, and
leading also to considerable economic losses (Navia et al., 2010; Tila-
hun et al., 2016; Ripolles & Rodriguez, 2018; Sharma et al., 2018).

There are different studies that report the isolation of multiple mic-
roorganisms from different natural environments producing biosurfac-
tants; these chemical compounds can also be considered as potential
candidates in the control and prevention of the formation of biofilms of
different microorganisms including Legionella spp., due to their surface
activity, anti-adhesive and antimicrobial properties (Banat et al., 2010,
Kira et al., 2010; Marchant & Banat, 2012; Banat et al., 2014; Clémen-
ceetal., 2015).

Different studies on the interaction of BS with microorganisms
harmful to health indicate the benefits of using biosurfactants with the
ability to prevent or interrupt biofilms by reducing adhesion, which in
combination with biocidal agents could represent an alternative antimic-
robial strategy in different areas such as the food industry, the environ-
ment (because they are less toxic and biodegradable than surfactants of
synthetic origin) and health, since antimicrobials are generally less effec-
tive against biofilms than planktonic cells; thus, the interruption of the
biofilm by the biosurfactant can facilitate the access of biocidal agents to
the target cells (Nitschke & Costa, 2007).

Among the biosurfactants, those considered low molecular weight
glycolipids type (thamnolipids and sophorolipids) and lipopeptides con-
sisting of a hydrophilic fraction (peptides) linked to fatty acids, such as
surfactins, polymixins, fengycins, fusaricidins, lichenysin and iturin, have
shown the capacity to prevent the formation and dispersion of biofilms
and are considered candidates for use in the eradication of microorga-
nisms including pathogens (Banat et al., 2014; Coronel et al., 2015;
Bernat et al., 2016; Clémence et al., 2018).

The surfactin produced by B. subtilis shows an antimicrobial spect-
rum to the genus Legionella spp., with a minimum inhibitory concentra-
tion of 1 to 4 ug/mL, also having a weak activity towards the amoeba
Acanthamoeba castellanii, which is considered a natural reservoir of
L. pneumophila. The anti-biofilm assays showed that 66 pg/mL of the
surfactin eliminated 90% of a 6-day biofilm. This study, which reveals
the activity of the surfactin against Legionella spp. and biofilms, indica-
tes its potential to be used to control the spread of Legionella (Clémence
etal, 2015).

Clémence et al. (2018) reported the synthesis of lipopeptide-type
biosurfactants and glycolipids (thamnolipids) of strains of Pseudomonas
spp., with antimicrobial activity against Legionella pneumophila, thus
indicating the multifunctionality of these biomolecules and biotechnolo-
gical potential where their use as antimicrobials stands out in biological
control in the water treatment industry. However, the author highlights
the need for more experimental information to evaluate the efficacy of
biosurfactants under real conditions.

BS is a group of compounds of structural diversity and is also con-
sidered a promising alternative which can be applied in multiple indust-
rial fields due to the different physicochemical and biological properties
presented. However, the production and use of BS on a large scale are

still limited due to the high costs of production optimization, as well as
the need for greater knowledge about producer microorganisms, meta-
bolic and genomic processes of their synthesis, and interactions of cells
and the environment (Rahman & Gakpe, 2008; Banat et al., 2010;
Cortés et al., 2015).

Conclusions

Legionella spp., are considered opportunistic pathogens which have
become important in public health due to their high rates of occurrence
and mortality. These bacteria are present in aquatic ecosystems as a na-
tural habitat as well as having the characteristic of surviving diverse physi-
cochemical conditions. Therefore, water becomes a transmitting vehicle
when colonizing human manufacturing systems and equipment that make
use of this natural resource, thus generating a potential risk to health.

The prevention and control of possible cases or outbreaks of legio-
nellosis may require joint actions in the control and regular monitoring
of the microbiological quality of water, as well as the development and
implementation of regular programmes for cleaning and disinfecting
water and ventilation systems and equipment for human use.

Biosurfactants are compounds with surface activity produced by
different microorganisms which have shown multiple properties such as
surface activity, low toxicity, biodegradability, stability at different pH
conditions, temperature and salinity, antimicrobial activity, among others;
this places them as a potential biotechnological alternative, considering
their limitations in cost and production, to act as a coadjutant in control
and prevention measures specifically in hygiene and sanitation actions
of water systems and equipment, preventing their colonization and for-
mation of biofilms, which are considered the source and amplifiers of
various pathogens that put human health at risk including the causal
agents of legionellosis.
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