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Biosurfactants can play a significant role in the prevention, control and treatment of diseases caused by a range of
pathogenic agents through various therapeutic, pharmaceutical, environmental and hygiene approaches.
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| 1. Biosurfactants

Biosurfactants are amphiphilic compounds synthesized by bacteria, fungi, or plants, capable of lowering the surface
tension of liquids. Their hydrophilic moieties can be made of acid, cationic peptide, anion, sugar (monosaccharide,
disaccharide, or polysaccharide) and hydrophobic moieties made of hydrocarbon or fatty acid chains. They are
environmentally friendly and have been shown to have many industrial applications sometimes performing better than
synthetic surfactants WEIBIAIL Their physico-chemical properties include; high stability in a wide range of environmental
conditions such as extreme pH, temperature and also salt concentration €4, high biodegradability with a high rate of

mineralization by soil microcosms &, low toxicity, surface tension reduction, foaming capacity and antimicrobial activity
against pathogens [QI1OIL1][12]

Well known classifications of biosurfactants are based on their charges and molecular structures. Biosurfactants obtained
from microbes are generally anionic or neutral, while a few are cationic Bl. Long-chain fatty acids generally characterize
the hydrophobic moiety, while organic acid, alcohol, amino acid or carbohydrate functional groups characterize the
hydrophilic moiety 3. They are also broadly grouped based on their chemical structures as high molecular weight and low
molecular weight molecules. Low molecular weight molecules are the glycolipids, phospholipids and lipopeptides, while
the high molecular weight groups are the polymeric and particulate biosurfactants 12! (Figure 1). In addition to their
environmental friendliness and wide industrial applications, biosurfactants are more sustainable because they can be
produced from cheap feedstock and industrial and urban waste, and can be recycled 2413 However, there are still
challenges such as the pathogenicity of the main biosurfactant producer strains Pseudomonas and Bacillus and the
relatively higher cost of large-scale production that make biosurfactants less commercially competitive than petroleum-
derived synthetic surfactants 281, Nevertheless, there is a growing scientific research interest in the improvement of the
commercial competitiveness of biosurfactants. Bacterial strains are being engineered, new feedstocks are tested, and
fermentation designs investigated to develop innovative ways to improve production efficiency. Amidst these challenges, it
is expected that biosurfactants will occupy a significant market share, which is projected to be about USD 5.52 billion by
2022, growing at a CAGR (compound annual growth rate) of 5.6% [,



o

B0 g O—CH—CH L —0—CH—CHCOOH

N, P = P13 wH e
on an b —
Monorhamnolipids
TN e,
TR
[T <\ >
| g =m0 |
1
/I.I s, o—t

i = (¥ 20a

CooH

Acidic Sophorolipid

M T = W = W =L O
g
Lo 3

Trehalose dimycolates

Lactonic Sophorolipid

an
CH 0 =0 = W = (W b —C
WM

on, au

|
JE_ e Al

Trehalose monomycolates

€l

CH,
gy H=g—0R M,
) 4 ¥
. o, —¢—on CHon

—0—Clly oH

o " ", L,
z_r Ty Sty

S =0 ¥ o
[ ( ifm . . e € CH,
CHy oy o - T R o —a
- d o, L et sy

Mannosylerythritol lipids o b+ o
r Ll HO NH

c=0 =0

), CH,

Emulsan

Surfactin

Figure 1. Representative biosurfactants produced by microorganisms utilizing water-soluble and /or water-insoluble
substrates [,

| 2. Pathogens and Other Agents with Outbreak or Pandemic Potential

RNA viruses are the class with the highest risks of an outbreak especially those that are airborne such as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), because the mere act of breathing spreads the virus. Other
organisms could potentially evolve or be engineered through drug resistance or human manipulation. With these factors in
mind, the development of pipelines for both broad-spectrum and specific therapeutics could be important to add resilience
against outbreak-causing pathogens. The first line of treatment for these emerging diseases can be broad-spectrum
antimicrobials, while specific treatment options could benefit from modifications that diversify the mechanism of action of
such therapeutic molecules. This can also be integrated with other environmental approaches that disrupt transmission
from the common source of spread in the population X8, According to a report by the Intergovernmental Platform on
Biodiversity and Ecosystem Services, there are over 1.7 million viruses unknown to man, with 540-850 thousand that can
potentially infect humans. The cost of risk mitigation for these pandemics could be 100 times less than the cost of
pandemic management. If the status quo on the fight of infectious diseases is not changed, we may see more outbreaks
in the future with more damaging effects 1. Some currently known diseases with high pandemic or outbreak importance
include; Crimean—Congo hemorrhagic fever, chikungunya, cholera, Ebola virus disease, influenza (seasonal, zoonotic,
pandemic), Hendra virus infection, Lassa fever, meningitis, Marburg virus disease, MERS-CoV, Nipah virus infection,
monkeypox, novel coronavirus (2019-nCoV), SARS, smallpox, Tularaemia, plague, Rift Valley fever, Yellow fever and Zika
virus disease 29, Important bacterial-resistant strains include Escherichia coli, Staphylococcus aureus, Klebsiella
pneumoniae and Mycobacterium tuberculosis, among others 18],

3. Approaches That Can Use Biosurfactants in Outbreak Prevention and
Management

There are various areas where biosurfactants can be used as alternative sustainable solutions or as innovative
components applicable in outbreak prevention and management. These include uses in therapeutics (vaccine
development, immune system enhancers and drug delivery and developments), environmental applications as agricultural
and pest biopesticides, and various industrial sectors as surface cleaning agents, disinfectants, detergents, and the

packaging industries. All these applications are summarized below in Figure 2, and further discussed in the following
subsections.
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Figure 2. A summary of potential approaches for applications of biosurfactants in future outbreak prevention and control.
3.1 Therapeutics

Treatment availability is the most important element for the elimination of an outbreak, because the pathogen can be
eliminated, thereby interrupting the transmission cycle and impeding the spread. However, the development of an
effective drug against a disease takes years due to the required clinical trials and approval processes. Using already-
approved low toxicity molecules or repurposing existing drugs to target a new pathogen can contribute to the development
of effective therapy in a shorter time. Biosurfactants are one of the most promising biomolecules in the pharmaceutical
industry because of their structural versatility, stability, micelle forming ability, biological compatibility and low toxicity that
are useful in the design of therapeutics. They can be safely used for oral, nasal, or dermal applications 2. Another
important characteristic of biosurfactants is their ability to interact with surfaces such as the membranes of organisms or
with their surrounding environment, which can be useful in intracellular targeting.

Lipopeptides, glycolipids, and Mannosylerythritol lipids produced from Candida species are the most common microbial
surfactants that have been investigated for pharmaceutical applications. They are relevant in pharmaceuticals for the
delivery of drugs and genes to target cells, the design of molecules to interact with components of the immune system,
and as antimicrobial agents. Biocompatibility, low toxicity, and environmental friendliness are advantages that make them
better options over synthetic surfactants [L8l221123124] - Bjosurfactants have various innovative applications in the
development of effective therapeutics which can come in handy at times of urgent need, such as during outbreaks or
pandemics.

3.1.1 Delivery Systems

Delivery systems are structures to improve the effectiveness of drugs, but challenges such as poor delivery due to dilution
by biological fluids and drug precipitation are amongst the main reasons for various failures in drug delivery system
designs. Challenges faced when surfactants are used as delivery systems include the stability, packaging and
formulations providing proper solubility in lipids, low drug loading capacity and risks of gastrointestinal irritations due to
high amounts used 23],

Biosurfactants can form self-aggregating structures called micelles (Eigure 3), which can act as good emulsifiers and have
antimicrobial properties useful in the design of drug delivery systems. Biosurfactant-based microemulsion drug delivery
systems can be used to make existing therapeutics more effective by either increasing the loading capacity, bioavailability,
or provide more control in the release. They can encapsulate and solubilize hydrophobic and hydrophilic drugs in
emulsions 281, Microemulsion drug delivery systems are bio-compatible, thermodynamically stable, and usually highly
surface active. Glycolipids and lipopeptides have been commonly used for this purpose and are a potential replacement
for contemporary synthetic options 2. These versatile microemulsion systems are emerging as novel drug delivery
systems that can enable the modification of drug formulations for topical, oral, nasal, ocular, intravenous, or other routes
of drug administration[221[26],
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Figure 3. (A) Biosurfactant molecule, (B) Reverse micelle structure, (C) Micelle structure.

Glycolipid sugar chains can also be used to target specific cells because they can be recognizable by carbohydrate-
binding proteins on cell surfaces28l. Through precise modifications, this can be applied in targeting specific cells with
intracellular pathogens such as viruses, thereby reducing spread to other less-affected cells. Glycolipid micelles can form
structures such as liposomes, gels, niosomes, cubosomes and hexosomes[28l which can serve as a vehicle for the
delivery of a drug to a target site while maintaining its integrity and that of the molecule carried in the body fluid
environment. In the case of COVID-19, an aerosol formulation containing biosurfactant drug delivery system has been
suggested to be a likely mode to deliver drugs, because the virulence is mainly observed in the lungs. In addition to
delivery, another advantage is their antiviral activity which can inhibit viruses at the locus of infectiond. In
nanobiotechnology, applications of rhamnolipids as microemulsion stabilizers of different nanoparticles in drug delivery
systems have also been reported. These include nickel oxide nanoparticlesBYE and silver nanoparticlesB2E34IE5] |t js
clear that biosurfactant-based drug delivery systems have the potential for better efficiency in drug delivery systems;
research has increased around the exploration of the effects on virulent microorganism species that have outbreak
potential.

3.1.2. Vaccines and Immunity

Coronavirus diseases such as severe acute respiratory syndrome (2002—-2003) and Middle East respiratory syndrome
(2011) were completely new agents of zoonotic origin. With COVID-19 infections, a normally functioning immune system
clears the virus completely without the person developing symptoms. The innate and adaptive immunity play a primary
role in this process because the immune system is still unfamiliar with the pathogen and is unable to work properly in
some cases. Priming or inducing immune cells (T cells, B cells, macrophages, neutrophils, etc.) is crucial for an effective
adaptive response. When T cells are primed, they clear viral infected cells through a cellular immune response as well as
mediating the differentiation of B cells into plasma cells and memory cells which, respectively, produce viral-specific
antibodies and store a memory of the response in case the infection returnsi2€l. Therefore, for new infections, adaptive
immunity plays an important role through T cell activation. One way to safely activate T cells is by using vaccines. Peptide
antigen vaccines are effective because they can be obtained at high purity compared to whole organisms or protein
vaccines. However, they are limited by low immunogenicity.

Bacterial lipopeptides can be potent nontoxic, nonpyrogenic immunological adjuvants when coupled with antigens. They
activate the immune system by signaling through toll-like receptor 2 (TLR2). Activity can vary considerably with different
structures of lipopeptides providing great flexibility in the design of vaccine systemsl2Z. Deres and colleagues used
lipopeptides as adjuvants with viral peptides to prime viral-specific cytotoxic T cells which are a component of the cellular
immune response against viral infections. For activation to occur, T cells must recognize peptides from the virus coupled
with the MHC (major histocompatibility complex) class | molecules displayed by cells infected by the virus. Tripalmitoyl-S-
glycerylcysteinyl-seryl-serine lipopeptide has been covalently attached to a synthetic viral peptide which produced the
same cytotoxic T cells mediated immune response observed with a live and infectious virus[28l. These formulations can
prove to be effective in cases where there is no initial immunity to a pathogen, or as a resort to boost immunity in
combination with other therapy.



The development of effective formulations with adjuvants that can safely boost immunity and enhance activity is a major
challenge in vaccine development23. Some previous studies have investigated the role of surfactants in defense using
bioactive peptides for the inactivation of enveloped viruses. The viral cycle of the influenza virus, for example, was
reportedly inhibited by Cyclosporin A biopeptide produced by a fungus known as Tolypocladium inflatum through impeding
viral assembly, or the budding (exiting step), after protein synthesis4d. It was hypothesized that targeting these latter
stages in the viral life cycle can overcome the problem of resistance for antiviral drugs, and hence limit disease spread.

3.1.3. Inflammation

COVID-19 infections are characterized by pulmonary and systemic inflammatory responses which cause cytokine storms.
This results in hypersensitivity and the death of other healthy cells, leading to the manifestation of severe acute
respiratory distress syndrome and disseminated intravascular coagulation, which are the main causes of mortality during
infection. These storms may be because of an increase in the levels of inflammatory molecules such as IL-2, TNF-a and
IL-6. Meanwhile, a low inflammatory response may promote a moderate T cell responsel4l. The anti-inflammatory and
antiviral role of biosurfactants has been demonstrated through cytokines (TNF-a, IL-6, IL-8, IL-12, I-18 and IL-1) and toll-
like receptors-2 (TLR-2). After an inflammatory response, these factors can cause the secretion of proteins with cationic
charge and other reactive oxygen species, including lysozyme, which can be used for therapeutic purposes. The reactive
oxygen species produced have anti-inflammatory and antiviral properties which can be used as therapeutic agents
against viral diseases. These can be used in the management of the cytokine storm, which is a cause of damages in the
lungs as found in many COVID-19 patients. Although this hypothesis has not yet been tested or confirmed, it has been
advanced as a possible mechanism which could be applied for the development of therapeutics against viral infections
including COVID-19[42],

3.1.4. Enzymes and Biocatalysts

There is a growing use of colloids in chemistry and biotechnology, particularly enzyme-containing reversed micellar
systems. Biosurfactants are molecules with both hydrophobic and hydrophilic moieties, which, when introduced in
nonpolar organic solvents, can self-aggregate when their concentration is greater than the critical micelle concentration.
This aggregated structure contains an inner polar core made from polar structures and an outer nonpolar part consisting
of hydrocarbon tails. The inner core provides a structure in which nano-sized particles can be contained and
thermodynamically stabilized. Additionally, these structures are transparent enough to be seen under microscopes. It was
also discovered that this inner environment mimics the internal environment of cells, which could be an explanation for the
increase in enzyme activity. DNA cleavage enzymes have been tested both in vivo and in vitro, showing disruption in
essential genes required for replication in Hepatitis B, HIV, HPV, HSV, HTLV viral infections3l. The increasing use of
CRISPR Cas technology in therapy shows that gene therapy will increasingly be used in many diseases. Enzyme delivery
systems can be useful options in the treatment or delivery of enzyme components to the required target site. This
approach could provide an opportunity to diversify the portfolio and pipelines for the treatment options considered for
COVID-19 or other serious infections. There are numerous other applications in medicine, especially for protein extraction
and bioactive molecule separation and purification, as well as enzyme drug delivery4l,

3.1.5. Probiotics

Probiotics are living bacteria that have health benefits to the human gut microbiota, either by improving or restoring it.
Besides improving the gut microbiota, they can contribute to improving the immune system. Probiotic lactic acid bacteria
have been reported to produce various biosurfactants with important applications in biotherapeutics due to their important
antimicrobial and anti-adhesive activity. They can significantly improve the defense of the gastrointestinal microbiota in
outbreaks that cause gastrointestinal diseases. The main producers of probiotics
include Lactobacillus and Bifidobacterium. Other lactic acid bacteria
include Enterococcus, Leuconostoc, Pediococcus, Sporolactobacillus, Streptococcus, Lactococcus, and non-lactic acid
bacteria include Propionibacterium, Bacillus cereus, Saccharomyces, Bifidobacterium lactis, and Escherichia
coli strain nissle/%4,

Probiotic bacteria producing biosurfactants have shown anti-microbial activity against Gram-negative and Gram-positive
bacteria, including yeast and other possible human pathogens2. These include Lactobacillus paracasei2d, glycolipid
from Lactococcus lactis with activity against multidrug-resistant (MDR) pathogens X, Lactobacillus helveticus2g],
lipopeptide from Bacillus cereus NK1¥42 [. paracasei ssp paracasei A20BY, [actobacillus casei MRTL3EY and
Lactobacillus acidophilust®2l23],



There is some evidence that probiotics may be able to decrease the risk and duration of viral respiratory infections. This
may, therefore, be helpful for the management of COVID-19 infections. Although the actual mechanism of action is
undefined, clear benefits were demonstrated in some initial trials. It was hypothesized that this may be through direct
interaction with the virus or stimulation of the immune system. Research to investigate specific viral effects, especially on
RNA viruses and other respiratory viruses, is recommended because this could provide a safe method to fight related
infections in emergencies®4l,

3.1.6. Drug Development

Chemical modifications of biomolecules, especially lipids, have numerous applications in chemistry and pharmacokinetics.
The hydrogen atom deuterium is a stable hydrogen isotope, having both a proton and a neutron within its nucleus.
Deuterium oxide (D,0O) is well known in medicinal chemistry, and it is being used in the modification of various
biomolecules for pharmaceutical purposes®. Deuterated biosurfactants are produced by bacteria strain AD7
of Pseudomonas aeruginosa with varying levels of D,O and carbon substrates. These molecules are safer and can be
used to monitor drug metabolism within biological systems. These are used as substrates, therefore the level of
deuteration of the biosurfactant can be manipulated. The flexibility of a biosurfactant used as an adjuvant can enable
modifications on antibiotics and other drugs, which can result in the improved performance of an existing antibiotic, or
even restrict the development of antimicrobial resistance with the possibility of using a small dose of the drug®8l. Besides
pharmacokinetics, the antimicrobial properties of biosurfactants can be exploited in drug development. Rhodococcus
fascians BD8 isolated from artic soil was found to produce a trehalose lipid biosurfactant with antimicrobial activity against
the drug-resistant bacteria Vibrio harveyi and Proteus vulgaris. Partial inhibition at 11-34% was observed on other Gram-
positive and Gram-negative bacteria, as well as 30% inhibition of Candida albicans at 0.5 mg/mL concentrationZ,

In combination with existing drugs, synergistic effects between biosurfactants and antibiotics have also been reported.
Methicillin-resistant Staphylococcus aureus was inhibited by using a joint sophorolipid and tetracycline treatment in vitro.
Bacteria inhibition was observed at concentrations below the minimum inhibitory concentration. Understanding the
underlying mechanisms of synergy between biosurfactants and antibiotics could prove useful in the development of
effective treatments against drug-resistant pathogens8l. Another way to develop effective treatments is the use of
precision antimicrobials. Their applications in personalized medicine as a way of reducing the effects of drugs in the body
are rapidly expanding. This novel approach to treating infectious diseases can use biosurfactants22,

Bacaucin is a peptide biosurfactant isolated from Bacillus subtilis strain CAU21, which was reported to have broad-
spectrum antimicrobial properties against Gram-positive bacteria but with haemolytic and cytotoxic effects. When the lipid
portion is removed and the ring of the heptapeptide opened, bacaucin-1 is produced, which has more hydrophilic portions
exposed, resulting in an overall decrease in the hydrophobicity of the molecule. Bacaucin-1 was selectively active against
antibiotic-resistant S. aureus strains through cell membrane disruption, and demonstrated no bacterial resistance and
cytotoxicity to mammalian cells in vitro and in vivo®. Structural modification of biosurfactants could lead to the
development of highly precise drugs which can be used against pathogens sharing many similarities with human cells.

Biosurfactants from Bacillus subtilis have also shown in vitro antiviral properties against the enveloped virus species such
as herpes, retroviruses, and other non-enveloped viruses. These groups share structural similarity with pathogens such
as HIV, MERS, SARS, and Hepatitis. Bacillus subtilis surfactin inactivated the viruses at concentrations of 25 um-80 pum.
The mechanism of action was through the destruction of viral lipid membranes and capsid€l. The formation of ion
channels in the viral capsids and lipid envelopes leading to the loss of proteins involved in the process of membrane
attachment, fusion and penetration has been reported4. Other results have described the effects of surface-active
lipopeptide mixtures and surfactin analogues against Newcastle disease virus and Porcine epidemic diarrhea virus,
emphasizing the idea of potential use as new antiviral drugs(€2€3l64l The wide antiviral properties show their possible
applications in various pharmaceutical formulations against enveloped viruses such as SARS-CoV-2.

3.2. Applications in Diagnostics

3.2.1. Nanomaterials and Nanotechnology

Biosensors (typically simple, sensitive, robust, and cost-effective) combined with nanomaterials, also known as
nanobiosensors, can serve as a bridge between advanced diagnostics/detection and routine testing. It is essential that the
production processes for nanoparticles become cleaner, less toxic, and more environmentally safe so that the negative
impact on the environment from waste can be minimized. Microorganisms are capable of synthesizing inorganic
molecules that can be deposited either intracellularly or excreted extracellularly. Sophorolipid-capped cobalt nanoparticles
can be used to generate biocompatible particle surfaces by the attachment of bioactive molecules such as glycosidases
or lectins for diagnostic and medicinal applications. An important issue of biocompatibility properties is the accessibility of



the sophorose group at the surface of the nanoparticles®2. Silver nanoparticles synthesized with purified rhamnolipids
from P. aeruginosa BS-161R strain demonstrated broad-spectrum antimicrobial activity against Gram-negative and Gram-
positive bacteria, and against Candida albicans4.

Nanotechnology is a relatively new field which is growing very rapidly, and nanoparticles are being used in sophisticated
devices and in treatment. As the need for nanoparticles grows, it will be necessary to make production environmentally
friendly and sustainable. This can be achieved using the biosurfactant-mediated production of nanoparticles. Diagnostics
using nanotechnology are the basis for highly sensitive and specific diagnostic devices that require very small sample
amounts. During outbreaks, the availability of highly accurate and specific diagnostics is important in the proper
identification of the causative agent, and subsequently building a response.

3.2.2. Contrasting Agents

Microbubbles synthesized with biosurfactants can offer an option for the synthesis or the development of non-invasive,
low-cost, and highly specific diagnostics. They can be applied in diagnoses using molecular imaging. For the diagnosis of
specific diseases, the bubble surface can be chemically modified or conjugated to a disease-specific ligand. When
retained in the targeted tissue and detected with ultrasound by using it as a contrast, it can be a means for specific and
sensitive diagnosis in early disease detection and progression[88I&7],

3.3. Environmental Approaches
3.3.1. Environmental Control and Management against Potential Outbreaks

Wastewater remains a significant transmission route of pathogens that have an outbreak or pandemic potential. This
poses a significant challenge, especially for health authorities when it comes to testing and understanding the
transmission dynamics of pathogens. In the case of the current COVID-19 pandemic, the role of wastewater treatment in
the transmission of the virus remains unknown(€8l, Detecting pathogen DNA or RNA in wastewater samples can provide
an early warning system in the transmission of the pathogen in the community. Therefore, early warning systems in
wastewater treatment facilities using optimized protocols for sampling, sample storage and recommended concentrations
of genetic material can be an important tool for the early detection, response, and management of an outbreak€.
Biosurfactants have been shown to have broad-spectrum antimicrobial activity, therefore their applications in the
treatment of wastewater can serve as an early and safe method for managing sewage in sewage treatment facilitiesZ9.

Wastewater pollution can be a cause of thalassogenic infectious diseases when poorly treated wastewater is disposed
into the sea. The WHO estimates that, globally, 120 million cases of gastrointestinal diseases and about 5 x 107 cases of
severe respiratory diseases are caused by swimming in wastewater polluted waters!ZY. Bacillus amyloliquefaciens ST34
and Pseudomonas aeruginosa ST5 are biosurfactant-producing bacteria that have been isolated from wastewaters,
producing surfactin and rhamnolipids with antimicrobial activity and a broad spectrum of other pathogens including drug-
resistant Staphylococcus aureus, Escherichia coli strains and Candida albicans/ZZl. This indicates that they could have an
important role in the initial biological treatment stages of wastewater. Poorly treated sewage from hospitals and quarantine
facilities can be a potential source of the spread of pathogens. Wastewater treatment was shown to be enhanced when a
lipopeptide was applied to a lignocellulosic biocomposite. This resulted in a boost of the adsorption characteristics of the
biocomposite through an increase in its stability, roughness, sharpness, and roundness!Z9. By trapping compounds such
as heavy metals and xenobiotics, and reducing the BOD in water treatment process, this contributes to a decrease in
microbial pathogen populations. Various combinations of biosurfactant-producing bacteria have been isolated from
wastewater. A combination of biosurfactant-producing bacteria with very broad spectrum activity could be considered as
additional treatment options in wastewater facilities.

3.3.2. Vector Control

Infectious disease transmission can be from person-to-person or through a biological intermediate organism called a
vector. Vectors to most important infectious diseases are insects which are commonly found in our environment. Important
viral diseases such as dengue, chikungunya and Zika have all been causes of serious outbreaks in many regions
worldwide. Their vector, Aedes sp. mosquito, is in contact with over half of the world’s populationlZ3. Protozoans are
thought to have an unlimited pandemic potential; they are the only species which vector infectious diseases that have
caused the extinction of a mammalian species. This was observed with Trypanosoma lewisi, a vector-borne disease that
made the Christmas Island rat (Rattus macleari) in Australia extinct around the early 20th centuryl? . Furthermore, the
malaria-causing protozoan Plasmodium was also thought to have killed 50% of all humans that existed on earthlZ3,
Trypansomiasis and other vector-borne pathogens can be confined to a geographical region because of the limitation of
movement of the vector pathogen and the inability to survive in various earth climatic regionsiZ3. Nevertheless, their
impact on human health cannot be overlooked.



Biosurfactant-containing biopesticides are biodegradable, show lower resistance in insect populations, have higher
selectivity and biological safety compared to non-target species, in addition to being highly effective at lower
concentrations/2. Biosurfactant lipopeptides have been used as bioactive components in biopesticide formulations
containing Bacillus thuringiensis. These formulations are lethal to the pupal and larval stages of insect vectors, with
mosquitocidal activity against Aedes aegypti, the vector of dengue feverlZ8l, Anopheles stephensi, the primary mosquito
vector of malaria in India”d, and Culex quiniquefasciatus, a vector for arboviruses and avian malarial’8. zno
nanoparticles synthesized with B. licheniformis EPS showed toxicity against the larvae of malaria and Zika virus
vectors Anopheles stephensi and Aedes aegypti, with high biocompatibility and non-toxicity demonstrated on hemolysis
potential testsZ2. Insect control through outdoor and indoor spraying is an important control approach in disease control
programs in regions affected by vector-borne diseases. Conventional pesticides such as DDT have issues of
environmental toxicity and developing insect resistance. Biosurfactants could be the solution to more effective and
environmentally friendly biopesticides use.

3.4. Hygiene and Personal Protective Equipment

Outbreak prevention and management requires the application of integrated approaches in combination with therapeutics.
For vector-borne diseases, environmental control is certainly important. In the case of infectious diseases that can be
transmitted from person-to-person directly or indirectly through fomites, hygiene and personal protection is also an
important factor to consider. The environmental and biological safety of the products to be used is not to be overlooked.
Protective equipment such as masks are widely recommended to limit the spread of COVID-19, although gradually
constitute an environmental problem especially with single usage masks that are discarded everywhere. Although
conventional facemasks offer protection against pathogens in aerosols by acting as a barrier, they are not lethal to the
pathogens. This implies there is still a risk of infection which is the reason for their one-time usage. Masks from
biodegradable silk or biodegradable polymers conjugated with cotton can facilitate degradability and user-friendliness.
Biosurfactants are biodegradable and less biologically toxic; masks with additional silk layers and impregnated with
biosurfactant material can offer both effective filtering and lethality to pathogens!.

Biosurfactants on the surface of materials can confer many benefits. The antimicrobial and antiadhesive and antibiofilm
properties of biosurfactants have been reported®d. Trehalose lipids specifically were investigated using modified
polystyrene and silicone surfaces and shown to inhibition colonization on polystyrene and silicone surfaces=ZE4,
Biosurfactants produced by Lactobacillus rhamnosus and Lactobacillus jensenii also showed antimicrobial, antiadhesive
and antibiofilm activity against MDR bacteriaAcinetobacter baumannii and E. coli on surfaces, at 25-100 mg/mL, inhibition
of biofilm formation at 25-50 mg/mL, and dispersed already-formed biofilms of S. aureus and A. baumannii at 50-100
mg/mL (82,

Antimicrobial activity has also been observed with polyvinyl alcohol, as well as a polyvinyl alcohol-biosurfactant mixture in
plastic and glasswarel8l. This can enable the development of re-usable consumables and disinfectants for hospital
equipment. Biosurfactants with higher molecular mass are generally considered to be better emulsifiers, forming long-
lasting stable emulsions which are highly desirable properties in cleaning4. For detergency and cleaning, the amphiphilic
nature of biosurfactants allows them to bind simultaneously to hydrophobic moieties of microbes with the fatty acid chains
and water with their hydrophilic moieties. This results in emulsification that removes dirt from the surface followed by
solubilization into small droplets2,

Nosocomial infections could cause hospital-bound outbreaks within the hospital environment. Hospital areas are often
characterized by rapid recontamination of disinfected areas, multi-drug resistance development potential, and limited time
for the action of cleaning agents. Additionally, the use of synthetic surfactants does not prevent reinfection, can lead to
increased pollution, and may provoke chemical sensitivity reactions in patients. Surfactant-based cleaning agents used in
hospital environment showed promising results as alternatives to chemical-based surfactants, reducing >80% of S.
aureus, Pseudomonas sp., Candida sp. and coliforms with bio-stabilization of the microbial load over timel82l. Additionally,
biosurfactants isolated from psychrophiles can be used effectively at cold temperatures. Viral particles and pathogens
often become inactive in cold conditions but reactivate when conditions become favorable. Most additives are also
inactive at cold temperatures, which may make such environments a potential reservoir for pathogens. A more
environmentally friendly and bactericidal effect can be obtained using biosurfactants in washing or storage requiring cold
temperaturestgl.

Furthermore, biosurfactants are structurally versatile and can be combined with enzymes in detergent formulations as well
as to possibly make the formulation fully renewable88l, Common household cleaning products and detergents contain
typically 15-40% surfactants, which can often cause skin irritations as compared to biosurfactants which cause little or no
irritation22, Initial commercialization of biosurfactant-based products for household and personal care are already seen



with sophorolipids produced by EvonikBZ. Skin tenderness, biodegradability, good cleaning, and environmental
friendliness are amongst the properties reported for these products®Z. Chemical companies are partnering to produce a
new brand of renewable and biodegradable biobased household cleaning products, based on rhamnolipids currently used
in Chilel®8. The applications of biosurfactants in cleaning are many and fully unexplored. As next-generation green
molecules, they can play a role in limiting the spread of both known and unknown pathogens during outbreaks through
effective hygiene.

3.5. Food Outbreak Control

There are suggestions of the possible transmission of COVID-19 through frozen foods. Viable SARS-CoV-2 pathogens
have been found in frozen food storage areas, food, and its packagingd. Despite evidence that cold temperatures can
prolong the shelf life of most pathogens; this has not received much attention in the case of COVID-19. As a matter of
fact, there is no conclusive information available regarding the duration of COVID-19 persistence in different environments
and surfaces!®94 However, more specific studies have shown that SARS-CoV-2 can survive at 4 to =80 °C on
refrigerated foods such as meat, fish, poultry, or pork for 14-21 days. News reports from the Chinese CDC also
mentioned findings of traces of COVID-19 on frozen cod packagingd. There could be an even wider threat through retail
cold stores, where people travel to purchase daily groceries and then disperse to different regions through transportation.
Although the pathogenicity and infectivity of the virus at those conditions have not yet been ascertained, it remains a
possible route for spread and propagation of the virus(22l,

Other known serious  food-borne  outbreak  causative pathogens include  Norovirus,Clostridium
perfringens, Salmonella, Staphylococcus aureus and Campylobacter’3]. Biosurfactants could provide another opportunity
for the interruption of infectious disease spread through food, mainly due to their previously mentioned relevant
applications in packaging and their potential use in cold environments and as additives to the food industry!24l. In addition,
as a subsidiary use to food industry applications and due to biosurfactants’ abilities to act as effective detergents with the
added benefit of antimicrobial activity, their use as surface cleaning products could be highly advantageous.

| 4. Conclusions and Future Perspectives

Pandemic preparedness and management are integrated approaches involving a wide range of measures that can be
applied simultaneously to build resilience against the causative agent. Recognizing the characteristics and potential for
certain microorganisms that can cause a pandemic and developing pipelines for drugs, vaccines, and other
pharmaceuticals against these potential agents for both broad-spectrum and specific pathogens will be of significant
benefit to the development of resilience against these agents in the future. Our environment is also a major transmission
vehicle for various pathogens and agents capable of disease outbreaks. We need to understand the role it plays in these
events, and develop warning and response systems while maintaining a healthy environment. Exponential disease spread
through direct and indirect contact with people can be limited using sustainable biosurfactants in hygiene and cleaning
product formulations. There are many opportunities for biosurfactants to be applied as direct agents on virulent microbes
as well as in other relevant interventions. Future technologies such as nanobiotechnology and various drone applications
are also seen to be compatible with biosurfactants. For the disinfection or biopesticide spraying of large surface areas,
drones could be used to deploy biosurfactant-based products, or identify nanoparticles for laboratory diagnostics. This
could be highly useful in outbreak emergencies. Although biosurfactants are increasingly showing innovative applications
in various areas, being environmentally friendly and often more effective than synthetic surfactants, production is still
relatively uncompetitive. More research directed towards reducing the cost of production, development of applications in
unexplored areas, and to explore the effects of specific biosurfactants on specific pathogens to provide more conclusive
evidence for further applications.
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