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Abstract 
Microbial infections are still among the major public health concerns since several yeasts and fungi, and other pathogenic microorganisms, are 

responsible for continuous growth of infections and drug resistance against bacteria. During COVID-19 pandemic outbreak antimicrobial resistance 
rate is fostering the need to develop new strategies against drug-resistant superbugs. Thus, a novel technological approach on improving existing 
drugs is gaining special interest. Based on nano-medicine performance, successful experiments, and considerable market prospects, nanotechnology 
will undoubtedly lead a breakthrough in biomedical field also for infectious diseases, as there are several nanotechnological approaches that exhibit 
important roles in restoring antibiotic activity against resistant bacteria. Hence, the scientific community should also pay attention to developing 
affordable methodologies so that nanotechnology can reach patients. 
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Introduction 
The current COVID-19 pandemic has placed disproportionate 

demands on the healthcare infrastructure and economy worldwide, 
which will negatively impact on the availability of materials as well 
as the technical capacity for diagnosis, patient care, and treatment 
of both COVID-19 and non-COVID-19 patients [1-3]. Ubiquitous in 
nature, antimicrobial resistance (AMR) has existed long before the 
golden age of antimicrobials [4-8]. Antimicrobial peptides (AMPs) 
are small peptide-based molecules of 5–100 amino acids in length, 
with potent and broad-spectrum antimicrobial properties [9,10]. 
They are part of the innate immune system, which can represent 
a minimal risk of resistance development. These characteristics 
contribute to the description of these molecules as promising 
new molecules in the development of new antimicrobial drugs. 
However, efforts in developing new medicines have not resulted  

 
in any decrease of drug resistance yet. Nanomedicine provides 
easy access to innovative carriers, which ultimately enable the 
design and development of targeted delivery systems of the most 
efficient drugs with increased efficacy and reduced toxicity [11-13]. 
Furthermore, the increase in AMR has been recognized as a real 
threat to human and animal health in recent years. It is a problem 
that has been given the highest priority, uniting nations in the 
fight against its causes and effects. While antimicrobial agents are 
beneficial to combat infection, this widespread use contributes to 
the increase and emergence of novel resistant microbes in virtually 
all environmental niches. Additionally, the human microbiome is 
also an important reservoir of AMR with initial exposure occurring 
in early life. Once seeded with AMR, commensal organisms may 
be key contributors to the dissemination of resistance due to the 
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interconnectedness of microbial communities. While clinical 
settings have traditionally been the main focus of the emergence 
of AMR, non-clinical environments are becoming increasingly 
recognized as an important factor in the dissemination of 
antimicrobial resistance genes (ARGs) [14,15]. We are now 
aware that anthropogenic, commensal, and environmental 
microorganisms all contribute to the reservoir of ARGs collectively 
forming the antibiotic resistome [16,17]. The selection pressure 
driven by the use and misuse of antimicrobials in prescribed 
human medicine and in disease prevention, control, treatment, and 
improved growth rates in food-producing animals has significantly 
contributed to this phenomenon. This has been compounded by 
the transmission of resistant microbes from person to person and 
from environmental sources, all influencing the spread of AMR. 
The microorganisms that inhabit the human body, the human 
microbiome, and its susceptibility to the spread of AMR, is of 
particular importance to human health. This increased vulnerability 
is not only a deadly threat for humans but also constitutes a mobile 
resistome capable of extending AMR among human populations 
worldwide. As new resistance mechanisms emerge and spread 
globally, this will continue to be exacerbated. Classical antibiotic 
therapy lead to antibiotic resistance and this can prevent by using 
nano-antibiotics [18-20]. Nano-antibiotics defined as all nano 
sized materials which have additional antimicrobial activity and 
can augment the overall efficacy and safety in consumption. We 
have been observed that using nano encapsulation system can 
improve efficacy of antibiotics. On the other hand, nano-carriers 
indicated functional role which can improve drug absorption by 
enhancing solubility, preventing from drug degradation, controlling 
intracellular penetration. Therefore, manufacture and development 
of nano-antibiotics, in addition of prevention of emerging resistant 
bacteria and reduction the side effects of drugs, can facilitate their 
storage for long time which can be more economic, although, this 
science needs investment for developing and becoming commercial 
technology. 

Methods and Result

The source of this study was PubMed and Key words used were 
Antimicrobial resistant (AMR), Multi-drug resistant (MDR) “Genus 
name”, Superbugs, Nano-antibiotics, COVID-19. 

Detection methods of antimicrobial resistance (AMR)

Our ability to combat the threat of emerging resistance relies 
on accurate AMR detection methods and the development of 
therapeutics that function despite the presence of antimicrobial 
resistance. 

High throughput DNA sequencing and bioinformatics have 
dramatically changed the way AMR is investigated by identifying 
the genes or mutations that convey resistance [21]. Culture based 
approaches are used to investigate AMR in the clinical setting 
using antibiotic sensitivity assays. While this is an effective way to 

determine if an organism can resist a particular antimicrobial agent, 
it is dependent on the ability of an organism to be grown in culture, 
not currently possible for many microbes. The ability to sequence 
DNA from environmental and clinical samples (meta-genomics and 
whole genome sequencing) to determine gene content presents 
the opportunity to identify ARGs as well as understand the 
mechanism of how organisms acquire ARGs [22]. It also presents 
tools to determine the extent of spread of ARGs amongst diverse 
populations without the need to first grow the organism in pure 
culture. 

Antibiotics resistance: dissemination routes of AMR 

 There is no doubt that the COVID-19 pandemic is a clear and 
present danger in the fight against AMR. As such, it is of the utmost 
importance that urgent measures are implemented to counteract 
the risks brought on by the current situation. The commitment 
of multiple sectors will be crucial, and prominent roles will be 
played by health institutions, both human and veterinary, and 
producers of vaccines and antibiotics as well as by governments 
and international agencies. However, the actions undertaken by 
individuals will also be paramount in controlling the pandemic 
and minimizing its impact on our day to day lives. The following 
months will be decisive in establishing actionable scenarios 
and preparing clear guidelines that will guarantee that our fight 
against AMR will continue. Antibiotics, once considered the 
lifeline for treating bacterial infections, are under threat due to the 
emergence of threatening antimicrobial resistance (AMR). These 
drug-resistant microbes (or superbugs as shown in Figure 1) are 
non-responsive to most of the commonly used antibiotics leaving 
us with few treatment options and escalating mortality-rates and 
treatment costs [23-28]. The number of published articles related 
to superbugs has been remarkably increased for two decades (see 
Figure1) and the relevant specific strains in the recent trend are 
presented from 2015 to 2020 specially in Figure 2. The problem 
is further aggravated by the drying-pipeline of new and potent 
antibiotics effective particularly against the drug-resistant 
strains. Multi drug efflux pumps (EPs) are established as principal 
determinants of AMR, extruding multiple antibiotics out of the 
cell, mostly in non-specific manner and have therefore emerged 
as potent drug-targets for combating AMR (see scheme in Figure 
3). Collectively, the complex EP assemblies are critical for bacterial 
pathogenesis, virulence, biofilm formation, and adaptive responses 
ultimately conferring and defining bacterial AMR [29,30]. EPs are 
critical for bacterial AMR as they exclude most of the unwanted 
entities until the cell gets required time for acquiring resistance. 
Although bacterial AMR has several origins and many adaptive 
mechanisms are employed by drug-resistant strains against the 
antibiotics, the intrinsic EPs hold the key (Figure 1-3). 

Fighting AMR in the Healthcare Environment 

Microbiome-based sanitation approaches and monitoring tools 
as targeted hygiene to tackle AMR
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Figure 1: Number of research articles reported from 2000 to 2020 focusing on Superbugs and their representative strains.

Figure 2: The recent number of research articles reported specially from 2015 to 2020 focusing on MDR bacterial strains.

Figure 3: Examples of synthetic and natural efflux pump inhibitors (EPIs) and Various strategies for inhibition of drug efflux from bacterial 
cells for combating antimicrobial resistance. 
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It was also proposed the hypothesis of further expanding on the 
importance of exposure to essential microbes in the development 
of the human immune system. However, with regard to hygiene in 
the 21st century where humans are still experiencing infectious 
diseases outbreaks such as SARS [31], MERS [32] and COVID-19 
[1,2, 33], newer hypotheses should be proposed rather a more 
risk assessment approach termed “targeted hygiene (TH)” [34]. 
Targeted hygiene approach aims to strike a balance between 
exposure to essential microbes and protection against pathogenic 
ones and has been used effectively during the previous SARS and 
Ebolas [35-37] outbreaks approach to further provide insights into 
AMR implications to human, animal and environment health. On 
the other hand, healthcare-associated infections (HAIs) affect up to 
15% of all hospitalized patients, representing a global concern [38-
40]. Major causes include the persistent microbial contamination 
of hospital environment, and the growing AMR of HAI-associated 
microbes [41]. The hospital environment represents in fact a 
reservoir of potential pathogens, continuously spread by healthcare 
personnel, visiting persons and hospitalized patients. It showed 
in Figure 4 that bioburden analyses confirmed TH ability to 
remodulate the environmental contamination in all settings, as 
well as to decrease AMR in the contaminant microbial population. 
In particular, in all treated healthcare structures, a persistent 
surface contamination was detected, mostly represented by Gram-
positive bacteria belonging to the Staphylococcus genus, whereas 
other genera were less represented as shown in Figure 4. Other 
resistances were however well represented, although to a variable 
extent, likely depending on the selective pressure exerted by the 
specific antimicrobial use of each healthcare structure (Figure 4). 

The human microbiome as a reservoir for antimicrobial 
resistance genes 

Adopting one health approach at global scale can help in the 
prevention and control of COVID-19. One important reservoir of 
AMR is the human microbiome, a complex ecosystem consisting of 
trillions of microbes closely interacting and exposed to resistance 
determinants [42]. It is estimated that the human microbiome 
harbors about 3.3 million non-redundant genes, which represents a 
gene set 150 times larger than that of the human host. This extensive 
genetic diversity, along with the 10– 100 trillion microbial cells 
making up this micro-ecosystem, extend the host genetic, metabolic 
and immune capabilities primarily through regulating energy 
metabolism and helping to shape innate and adaptive immunity 
[43]. The confined locations of this high cell and genetic density also 
provide ideal conditions for genetic exchange between transient 
and residential microbes, and among residential microbes. For 
instance, the human distal gut harbors about 1014 microbial cells 
representing around 400 different bacterial phylotypes [44]. While 
the GI microbiome harbors commensal organisms, it also contains 
undesirable genetic traits linked to microbial virulence and AMR 
[45]. Figure 5 (top) shows the distribution of nucleotide identities 
for 93 resistance genes identified from DNA extracted directly 

from saliva and fecal samples and 114 resistance genes identified 
from cultured aerobic gut isolates to the most similar resistance 
gene harbored by a pathogenic isolate in NCBI GenBank. Overlap 
of resistance genes identified from the human microbiomes of 
two healthy unrelated individuals. resistance genes from two 
individuals are compared to each other and defined as being shared 
if they have greater than 90% sequence identity at the nucleotide 
level [46]. These resistance genes identified using meta-genomic 
functional selections are shared between two individuals to a much 
lesser extent than resistance genes identified from cultured gut 
isolates (see Figure 5 bottom). Notably, all resistance genes that 
are shared between the two individuals also have high sequence 
identity (>90% at the nucleotide level) to previously characterized 
genes in NCBI GenBank (Figure 5). 

Interfering with the stability of the mobilome for antibiotic 
resistance

In this context, the collective genetic arsenal responsible for 
conferring antibiotic resistance (AR) through inactivation and/or 
removal of antibiotics is commonly referred to as the resistome. 
The occurrence of AR genes may increase the ecological fitness 
of a bacterium and thus its ability to colonize and persist in a 
specific environment. Putative AR genes encoding transporters 
can be excluded from this analysis due to the inaccuracy of their 
bioinformatic prediction. Thus, spread of AMR is largely due to 
genetic exchange mediated by the mobilome since resistance 
genes are present in plasmids, phages, integrative and mobilizable 
elements (IMEs), and conjugative elements (ICEs) [47,48]. Thus, 
understanding the mobilome and how it moves among bacteria is 
essential to deal with AMR. However, in addition to being acquired, 
mobile genetic elements (MGEs) can also be lost, and this may 
constitute a yet unexplored way to cope with AMR by interfering 
with the mechanisms that ensure the conservation of the mobilome 
(see Figure 6). It was predicted resistome of the Bifidobacterium 
genus and abundance of different predicted antibiotic resistance 
gene classes identified among the 625 analyzed Bifidobacterium 
genomes. In addition to it, these illustrations in Figure 5 display 
unique mobile genetic hotspots identified in B. longum subsp. 
longum E18 and B. parmae LMG 30,295 strains. In particular, 
inducing plasmid loss could be a strategy worth exploration. We 
can conceive this approach as follows: instead of interfering with 
plasmid conjugation that lasts from minutes to a few hours, or 
with the outcome of mutations that may occur within minutes, 
it could be worthwhile to interfere with plasmid-chromosome 
crosstalk that lasts a lifetime, as long as the plasmid is not lost [49]. 
Then, the identification and employment of new molecules able 
to interfere with plasmid stability, alone or in combination with 
conjugation inhibitors (COINs), could lead to a substantial impulse 
in the battle against the spread of AMR [50] (described in Figure 
7). Table 1 summarized the possibility of new molecules entity as 
antimicrobial peptide against AMR using computer aid structure 
database construction [51-63] (Figure 6,7) (Table 1,2). 
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Figure 4: Probiotic Cleaning Hygiene System (PCHS) effect on microbial contamination and its antimicrobial-resistance (AMR) 
characteristics on hospital surfaces.

Figure 5: Profiling on distribution (top) and overlap (bottom) of nucleotide identities for resistance genes to control of NCBI GenBank.

Figure 6: Resistorm of abundance of different predicted antibiotic resistance gene classes and mobile genetic hotspots. 
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Figure 7: Process overview on user interface of PhytAMP database for new molecules.

Figure 8: BAGEL2 database of high-throughput screening of multiple (unfinished) genomes. 
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Figure 9: Genome modification using peptide nucleic acid (Right) and examples of triplex structures used for PNA-mediated gene editing 
(Left). 

Table 1: Characteristics and description of currently available AMPs databases.  

Database Description Reference

Collection of antimicrobial peptides (CAMP)

Holds experimentally

validated and predicted AMP

sequences

Faiza Hanif Waghu et al. [51]

AMPer 

Database and automated

discovery tool for gene-coded

AMPs

Fjell CD et al. [52]

Antimicrobial Peptide

Database (APD)

Contains mostly AMPs from

natural sources (~98% of the

entries)

Wang G et al. [53]

Yet Another Database of

Antimicrobial Peptides

(YADAMP)

Mostly focused on bacterial

AMPs
Piotto SP et al. [54]

ACTIBASE Data
Database dedicated to

antimicrobial plant peptides
Hammami R et al. [57]

PhytAMP*
Database dedicated to

antimicrobial plant peptides
Hammami R et al. [57]

RAPD

Database containing

recombinantly-produced

AMPs

Cui C et al. [58]

HIPdb
Experimentally validated HIV

inhibitory peptides
Qureshi A et al. [59]

Bagel2 Bacteriocin mining tool de Jong A et al. [60]

Peptaibol 
Database for peptaibols

(unusual peptides)
Tyagi C et al. [61]

PenBase
Database devoted to

penaeidins
Bailey TS et al [62]
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Defensins Knowledge Base CyBase
Information and database

dedicated to defensins
Gueguen Y et al [63]

* This chosen database is illustrated in context 

Table 2: Expansion of searchable peptide functions in the antimicrobial peptide database.

Function ADP ADP 2 ADP 3 Count

Antibacterial √     2169

Antiviral √     172

Antifungal √     961

Anti-HIV   √   105

Anti-Gram+   √   426

Anti-Gram-   √   202

Toxin neutralizing 
(e.g. LPS/ 

endotoxin)
  √   61

Antimalarial     √ 80

Antiparasitic     √ 16

Insecticidal     √ 27

Anti-protist     √ 4

Antibiofilm     √ 16

Protease inhibitor     √ 12

Miscellaneous Strategies 

A Novel targeting virulence trait 

Additional approaches which may be complementary to the 
use of antibiotics envisage interfering with virulence traits rather 
than with biosynthetic or growth pathways. In this approach, the 
aim is not to kill the pathogenic bacteria, but rather to diminish 
their virulence, thus avoiding selection of resistances and allowing 
the combination of these strategies with the use of antibiotics. 
Alternatively, targeting genes involved in bacterial motility (e.g., 
flagella, fimbriae) or hindering the assembly of the proteins 
participating in these organelles could lead to a substantial 
reduction in the dissemination of the infection (see Figure 8 
including graphical representation). The input genome data can be 
a single or multi-entry GenBank file, in case of non-annotated data 
or, if re-annotation is desired, an ORF calling can be performed via 
the BAGEL2 [60] web site which is graphical output for putative 
bacteriocin and was identified through the new MA-2PEPA motif 
[64]. Amino acids in the leader sequence of the putative bacteriocin 
are indicated in green. Amino acids potentially involved in 
lanthionine ring formation are marked in red (cysteine) and blue 
(serine and threonine). The annotation of putative bacteriocins and 
their genomic context genes followed by calculation of score for 
each candidate and generation of detailed reports (Figure 8). 

Antisense RNAs (asRNAs)

Alternatives to the above strategies are under intense research, 
especially the employment of asRNAs to shut down translation. 

In this field, the more efficient approaches so far include the use 
of modified asRNAs coupled to oligodeoxynucleotides to silence 
essential genes at mRNA: DNA levels. However, these DNA: RNA 
hybrid molecules are easily degraded by intracellular nucleases 
(see Figure 9). To avoid this inconvenience, variants of these 
molecules have been sought, especially molecules that are formed 
by peptide-nucleic acids (PNAs) [65-67]. The PNAs are analogues 
of nucleic acids in which the ribose/deoxyribose-phosphate 
backbone has been replaced by a flexible peptide polymer to which 
the bases are attached. Many multi-drug resistant bacteria have 
been increased and designing novel components is necessary for 
confrontation these bacteria. For PNA targeting gene, peptide-
PNAs (PPNA) activity has been affected by sequence-based specific 
target and dose-dependent-based manner. Applications of these 
components are wide while, and one of the important applications 
of these components is inhibition of gene expression and knock 
downing the target gene follow as inhibition of bacterial growth. 
Some novel opportunities for advancement and the design ultra-
narrow-spectrum antimicrobial drugs against multi-drug can be 
accessible by utilizing PNA against necessary genes of pathogens. 
This study highlights the novel nanoparticle-based delivery 
strategies employed for delivery of regular as well as chemically 
modified PNAs [68] (Figure 9). 

Nano-Antibiotics: Nano carriers for COVID-19 
Control 

Bacteria show resistance to antibiotics drugs through a 
variety of mechanisms. Moreover, the development of even new 
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mechanisms of resistance has resulted in the simultaneous 
development of resistance to several antibiotic classes creating 
very dangerous multidrug-resistant (MDR) bacterial strains. 
However, when bacteria are drug-resistant it does not mean that 
they stop responding to an antibiotic, but that occurs only at higher 
concentrations. Of greater concern are cases of acquired resistance, 
where initially susceptible populations of bacteria become resistant 
to an antibacterial agent, in particular antibiotics, and proliferate 
and spread under the selective pressure of use of that drug. One 
approach to address this challenge is to design analogues of drugs 
that of use of that drug. One approach to address this challenge is 
to design analogues of drugs are already in clinical use and that 
have activity against resistant organisms. However, bacteria are 
constantly succeeding to develop a resistant mechanism to new 
antibiotic drugs as well as to their analogues. Nanotechnology 
offers opportunities to re-explore the biological properties of 
already known antimicrobial compounds such as antibiotics by 
manipulating their size to modify their effect [69,70]. antimicrobial 
compounds such as antibiotics by manipulating their size to modify 
their effect. The combination of AMPs with nanomaterials is not 
new. 

Drug Delivery System for Nano-Antibiotics 

Nanomaterials, which either show antimicrobial activity by 
themselves or elevate the effectiveness and safety of antibiotics 
administration, are called “nano-antibiotics” [71,72] and their 

capability of controlling infections in vitro and in vivo has been 
explored and demonstrated. Unlike many antimicrobial agents 
currently being used in the clinic, antimicrobial NPs may not pose 
direct and acute adverse effects, although potential toxicity upon 
long-term exposure is questionable. Most importantly, antimicrobial 
NPs tackle multiple biological pathways found in broad species of 
microbes importantly, many concurrent mutations would have to 
occur to develop resistance against NPs’ activities. Preparation of 
antimicrobial NPs could be cost-effective, compared to antibiotics 
synthesis, antimicrobial activities. compared to furthermore they 
are stable enough for long-term storage with a prolonged shelf-life. 
The possible nano-nano-carriers are illustrated in Figure 10. In 
addition, some NPs can withstand harsh conditions, such as high-
temperature conventional antibiotics are inactivated. Antibiotics 
delivery using nanomaterials offer multiple sterilization, under 
which conventional antibiotics are inactivated. Consequently, 
technological approach on improving existing drugs is gaining 
special interest. Nanomedicine provides easy access to innovative 
carriers, which ultimately enable the design and development of 
targeted delivery systems of the most efficient drugs with increased 
efficacy and reduced toxicity. Nanotechnology will undoubtedly 
lead a breakthrough in biomedical field also for infectious diseases, 
as there are several nanotechnological approaches that exhibit 
important roles in restoring antibiotic activity against resistant 
bacteria [73] (Figure 10). 

Figure 10: Representative schematic nanoparticles for Antimicrobial peptide delivery system.

Figure 11: Schematically illustrated on nanomaterials for prevention and therapy of COVID-19.
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Nanotechnology-enveloped approaches against the 
COVID-19 Pandemic 

Nanotechnology offers a number of solutions to fight viruses, 
both outside and inside the host, and several nanotechnologies- 
based platforms [74-76] have already been successful in preclinical 
studies to counter several human viral pathogens such as HIV 
[77], human papilloma virus [78], herpes simplex [79,80], and 
respiratory viruses [80]. Nanotechnology-based approaches 
should be leveraged to help the fight against COVID-19 as well as 
any future pandemics, in a number of ways. Nanomaterials for 
prevention and therapy of COVID-19. Integrating nanomaterials 
into personal protective equipment (PPE) can prevent the entrance 
of SARS-CoV-2 in the respiratory system. Nanomaterials could also 
be used to deliver drugs to the pulmonary system via inhalators. 
Cellular binding of viral particles at the alveoli can be inhibited 
using targeted nanoparticles (NPs) against angiotensin-converting 
enzyme 2 (ACE2) receptors or viral S protein. Various mechanisms 
can be used to inactivate viral particles systemically such as using 
neutralizing NPs or photocatalytic nanomaterials. Nanomaterial-
based vaccines or immunomodulation can be used to prevent 
SARS-CoV-2 infection or even to boost the immune response 
during infection. PDT, photodynamic therapy (see Figure 11). This 
crisis has also highlighted the importance of rapid prototyping/
manufacturing for addressing unforeseen needs, such as in case of 
a pandemic, where large-scale production of equipment including 
ventilators and personal protective equip- ment (PPE) is urgently 
needed and nanotechnology may aid (e.g., in providing readily 
synthesizable materials for equipment manufacturing as well as 
for the improvement of their efficiency and durability). In the next 
sections, we expand and elaborate on the specific contributions 
that nanotechnology can offer to counter COVID-19 and similar 
pandemics (Figure 11). 

Discussion 

Antimicrobial resistance is a complex problem with many 
diverse contributing factors. It is major cause of health concerns 
adding cost to oneself and to the community, directly or indirectly. 
When acquired by pathogens however, AMR becomes a serious 
public health threat worldwide. Antimicrobial resistance (AMR) 
is a global health concern of increasing magnitude, specially in 
COVID-19 pandemic era. Prevention is still the best tool to reduce 
the infection spread and thereby AMR. Along with rational use 
of existing antimicrobial drugs, development of new effective 
compounds and new diagnostic technology is the need. Joint 
efforts from patients, prescribers and individuals to international 
regulators and policy makers are needed to fight against the 
globally spreading antimicrobial resistance. 

Conclusion 

Consequently, antimicrobial agents have been used for decades 
to treat infectious disease, which has successfully reduced illness 
and death from infectious microbial species. It has become well 

recognized that microorganisms including bacteria, fungi, parasites, 
and viruses are capable of developing resistance that make these 
agents less effective. While resistance mechanisms are emerging in 
all groups of microbes, an important root cause contributing to this 
increase is the global over- and misuse of antibiotics. As such, this 
research focuses on the mechanisms that define the development, 
transfer, and subsequent detection of bacterial resistance in the 
human microbiome with an emphasis on the impact of AMR in 
human health. The emergence of AMR is superseding our ability to 
combat infection and the development of novel antibiotic therapies 
such as nano antibiotics and peptide-nucleic acids is essential to 
address this growing threat. 
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