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COVID-19 mitigation: nanotechnological
intervention, perspective, and future scope
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COVID-19 infections and severe acute respiratory syndrome (SARS) have caused an unprecedented
health crisis across the globe with numerous deaths, as well as causing a tremendous economic crash
worldwide. To combat this acute pathogenic coronavirus strain, a vital strategy of safe and effective
diagnostic and therapeutic measures is highly important and demanding at present. Instead of
conventional diagnosis tools, nanotechnology offers inspiring options for therapeutic applications that
can ward off the disease from spreading further and remove the threat of this virus causing future
pandemics. Physicochemically tuned nanomaterials can be exploited in upgrading detection schemes
for viral antigens, nano-vaccines, and inhibitors of the cytokine storm, which are vital in the fight against
COVID-19. The one-of-a-kind nanoscale biosynthesis of synthetic nanoparticles can efficiently imitate
and interact with the structurally similar spike proteins present on the viral surface. Given this, we
envision the precise and concurrent amalgamation of nanoscience and nanotechnology, leading to new
avenues that can disrupt the development of viruses and limit the length of the viral lifespan. Current
and developing nanotechnology approaches enable the development of therapeutic and precautionary
pathways to curb this disease and identify crucial methods in the field of nanoscience for developing
upcoming antiviral systems. In this review article, we also present a synopsis of the latest studies on the
efficacy of nanoparticles (NPs) as antiviral or diagnostic devices against most viruses. Engineered NPs
capable of tempering the patient’s immune response can have a pronounced impact in mitigating
inflammatory reactions as well as the design of potent nano-vaccines and drugs against viral pandemics
such as COVID-19. In summary, state-of-the-art approaches based on nanotechnology can be critically
deployed to counter future pandemics including COVID-19 and function at the forefront in tackling
various new dangerous viral threats.

1. Introduction
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The world is under threat from a relentless minuscule enemy,
which was unknown to mankind but is now causing serious
illness and infections. As countries across the globe initiate
unparalleled techniques to dampen the further spread of
COVID-19, a major startling conclusion is that there is still no
clear way out of this viral disease. Community scrutiny, rapid
testing, contact tracing, social distancing, and swift clinical
care are the rudimentary prevention schemes being employed
worldwide. However, we do not understand exactly how long
these measures need to be imposed or what extent of relaxation
will cause the virus to resurge. Numerous contagious diseases
spread by viruses have recently come to light, such as SARS-
CoV, Ebola virus, and dengue virus, resulting in the demand for
advanced antiviral treatments and personal protection equip-
ment (PPE) to combat these contagious agents." A cornerstone
strategy for maintaining a healthy environment includes
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appropriate use of disinfectants (cleaning, disinfecting, and
hand hygiene) and protective respirator face masks to act as a
safeguard for the nose and mouth of the wearer, preventing the
spread of droplets carrying viruses or other infectious patho-
gens. In this context when regular health aid is provided, health
professionals prescribe critical care for patients and ensure that
the infection is prevented, and infection prevention and control
(IPC) measures are carried out and followed in healthcare
facilities to curb healthcare-related infections. To prevent infec-
tion in healthcare facilities, the WHO suggests the application
of contact and droplet precautions by healthcare employees for
the treatment of COVID-19 patients.>* The WHO also endorses
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that airborne measures be taken in these settings, emphasizing
that the right use of PPE Kkits is essential, including face protec-
tion, goggles, masks and face shields, gloves, gowns, head cover-
ings, and rubber boots. Furthermore, exploration in the fields of
nanoscience and nanotechnology can serve to add an extra
protective shield to prevent infection colonization in healthcare
professionals.*” To date, numerous viral diseases have surfaced
in the global community, which have turned out to be a serious
threat to the population. Besides the common cold, diseases
conditions including influenza, herpes virus, viral encephalitis,
herpes keratitis, neonatal disseminated infections, prolonged
distress, and sometimes persistent infections of hepatitis viruses
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(namely hepatitis B virus (HBV) and hepatitis C virus (HCV)) or
human immunodeficiency virus (HIV) can ultimately lead to
severe immunodeficiency diseases, and in some cases even
cancer. Thus, considerable struggles have been encountered in
attempts to effectively deal with these viral diseases.®”
Nanotechnology and nanoscience as a whole involve the
development, progress, and utilization of atomic and molecular
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structures, which have one of their dimensions in the nano-
scale (1-100 nm), involving different constitutions, shapes,
structures, size, and surface properties. Nanotechnology-
based cutting-edge technology has emerged with the potential
to reveal significant alternatives that can constrain the spread
of virions. The synergism of nanoparticles in the fields of
physics, chemistry, biology, materials science, and medicine
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encourages the application of this technology in the field of
materials design. In the medical sector, nanotechnology-driven
biosensing arrays have been extensively adopted for the detec-
tion of viruses. Recently, biochemical research has opened a
new avenue, wherein novel nanomaterials are fabricated with
advanced biocompatibility using virions and virus-like tem-
plates. Currently, widespread outbreaks of viral respiratory
infections have been reported worldwide. The scientific com-
munity is desperately seeking to optimize and design appro-
priate nano-vaccines and therapeutics, involving the latest
nano-based approaches. This versatile nanotechnological para-
digm is encouraged by virologists to continuously develop novel
delivery devices, which will also be at the vanguard in fighting
deadly viruses.

The ongoing pandemic has definitely ravaged the world and
there will be many more in the future. Thus, it is necessary for
the nano biomaterials research fraternity to come up with
appropriate measures to combat COVID-19 and associated
pandemic-causing agents in the near future. Nanotechnology
and nanoscience-inspired materials such as non-woven dispo-
sable materials, antiviral coatings, PPE, multifunctional sur-
faces, air-conditioning filters, antibacterial textiles, and
antiviral fabrics are among the many candidates attracting
attention to provide solutions rapidly.®

Nanotechnology-based interventions should be put into full
effect to counteract COVID-19 and subsequent outbreaks by
various means, as follows: (i) development of contact tracing
tools, (ii) fabrication of novel surfaces and surface coatings
that aid in virus resistance, virus adhesion, and inactivation,
(iif) production of fine mesh face masks and blood filters, (iv)

Dr Dipankar Chattopadhyay is an
eminent Professor currently working
in the Department of Polymer
Science and Technology, University
of Calcutta, India, as well as a
former HOD. He obtained his
BTech in Plastics and Rubber
Technology from the University of
Calcutta, India, and MTech in
Polymer Science and Engineering,
IIT, New Delhi, with a PhD
(Polymer Science Unit) from the
IACS, University of Calcutta, India.
He is an experienced research
professional with expertise in polymer nanocomposites, bio-
materials, conducting polymers, and nanomaterials. He has ~ 24
years of research experience and has completed more than 12 research
projects and collaborative projects with industries. He is an active
reviewer for various journals and supervised 12 scholars and five post-
doctorate students. He has more than 127 publications and 3 patents. He
is an Executive Member in the Society for Polymer Science, India;
Material Research Society of India; Vice President, Indian Rubber
Institute, Calcutta Chapter; and many more. E-mail: https://dipankar.
chattopadhya@gmail. com.

Dipankar Chattopadhyay

© 2023 The Author(s). Published by the Royal Society of Chemistry

View Article Online

Materials Advances

advanced tests for the rapid, sensitive and highly specific
detection of infection and immunity, and (v) innovative
drugs and vaccines encompassing nanomaterials capable of
transferring broad range antiviral cargo or therapies to the
lungs. The current crisis has also given us a stern reminder
regarding the urgent need to critically analyse unforeseen
circumstances stemming from the pandemic. Thus, a roadmap
is mandatory to guide the systematic and rapid production of
PPE and ventilators. Accordingly, nanotechnology may prove to
be useful in aiding the manufacture of equipment by offering
strategies for precursor synthesis together with improvement in
durability and efficacy. In the following sections, our discussion
focuses on the role of nanotechnology in dealing with and
mitigating the ill effects of COVID-19 and similar pandemics
the future.”'®

1.1. History of outbreaks

The last report of an outbreak was the deadly ‘atypical pneu-
monia’, which appeared in November 2002, in the region of
Guangdong Province, China. Subsequently, a similar occur-
rence was reported in March 2003, in Hong Kong. Similar types
of respiratory disorders were successively reported worldwide
including in Taiwan, China, Singapore, Vietnam, the USA, and
Canada. This syndrome with new clinical symptoms has been
equated with ‘severe acute respiratory syndrome (SARS)."* SARS
mainly originated from viruses associated with the Coronavir-
idae family, known as SARS-coronavirus (SARS-CoV)."” How-
ever, sequence data indicates that SARS-CoV is not like
previously known coronaviruses."®> On 22nd September 2012,
the United Kingdom notified the WHO regarding a case study
of a 49 year-old male from Qatar having a travel history to Saudi
Arabia and Qatar and suffering from ‘acute respiratory syn-
drome’ and renal failure."* The WHO termed the provisional
case as ‘“‘severe respiratory disease associated with novel cor-
onavirus” dated September 25, 2012. On 29th September, this
was revised to Severe Acute Respiratory Infections associated
with novel coronavirus infection (SARI associated with nCoV).
According to laboratory-confirmed reports from May 12, 2013,
34 cases were reported due to Middle East respiratory syndrome
coronavirus (MERS-CoV). Also, there were 20 deaths with two
cases from previous records of the Jordanian cluster of this
class of disease confirmed by the Health Ministry of Jordan in
April 2012.

Among the various CoV strains, the most infectious strains
are alpha-coronaviruses and beta-coronaviruses, which affect
mammals, whereas gamma-coronaviruses and delta-
coronaviruses affect birds. Before 2019, only 6 CoVs were
recognized, among which HCoV-229E, HCoV-OC43, HCoV-
NL63, and HKU1 cause mild disease in the upper respiratory
area together with fatal infection in infants, youth, and older
patients. SARS-CoV and MERS-CoV can contaminate the lower
respiratory tract and induce severe respiratory syndrome in
people. Most importantly, the new coronavirus 2019-nCoV
belongs to beta-coronaviruses, which can significantly affect
the lower respiratory tract followed by the development of
pneumonia. According to the WHO report on 31st December
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2019, the Wuhan Municipal Health Commission of China
indicated the existence of a cluster of cases of pneumonia in
Wuhan, Hubei Province. Subsequently, a new coronavirus was
detected. As of the 3rd of January 2020, about 44 patients
having pneumonia of unknown etiology were identified, and
the WHO was notified by the national authorities in China. On
the 5th of January, the WHO announced that China was dealing
with a significant new viral outbreak. At the end of January
2020, 9826 cases were reported globally with 9720 confirmed
cases within China. Consulting existing data available on many
websites about COVID-19 infections worldwide made it evident
that the number of cases was increasing exponentially. As of
June 10th, 2020, there were 7 323 918 confirmed cases including
413 733 deaths and 3 604 500 recovered cases worldwide.">"®

The mode of transmission of a few CoVs is livestock, birds,
bats, mice, whales, and many other wild animals. A report
showed that swine acute diarrhea syndrome coronavirus (SADS-
CoV) led to a major outbreak (in 2016) of a deadly disease in
pigs in Southern China, which caused the death of 24000
piglets."”” This case was the first identified spillover of a
bat coronavirus, which triggered deadly disease in livestock.
2019-nCoV and Beluga Whale CoV/SW1 belong to separate
genera and diverse host spectra. Hence, the pathogenesis of
CoVs needs further research to be identified to understand the
specific action of these viruses.'®"?

1.2. Structure of COVID-19

According to the genomic and phylogenetic morphology of
COVID-19, it is from the Coronaviridae family in the order
Nidovirales, which is classified into alpha-coronavirus, beta-
coronavirus, gamma-coronavirus, and delta-coronavirus.
Among them, the beta-coronavirus genera can affect mammals,
causing SARSr-CoV.”>”' Considering its genomic structure,
COVID-19 is composed of single-stranded RNA (+ssRNA)
(~30 kb) with a 5’-cap structure and 3’poly-A tail. This is
enveloped with a capsid comprising nucleoprotein and matrix
protein, containing one of the longest genomes (26.4-31.7 kb)
of all known RNA viruses. Also, it possesses various small open
reading frames (ORFs), which exist among several genes such
as ORFlab, spike, envelope, membrane, and nucleocapsid.
Polypeptides encoded by chymotrypsin-like protease (3CLpro)
and one or two papain-like proteases are produced from these
ORFs. Additionally, the 4 major structural proteins include
spike (S), membrane (M), envelope (E), and nucleocapsid (N)
proteins and various accessory proteins, such as the HE pro-
tein, 3a/b protein, and 4a/b protein, which are predominantly
accountable for virus replication and genomic integrity.>*>>
Based on the viral entry within the host cell, spike proteins,
specifically, glycoprotein (M), play a pivotal role towards ther-
apeutic targets, triggering the engulfment of the virus onto host
cell membrane by releasing the NH, terminal moiety on the
outer wall of the virus and long carboxylic cytoplasmic terminus
in the virion (Fig. 1).2*

Meanwhile, the S protein is the prime facilitator of neutra-
lizing antibody activities. Recognition and binding with the
host cell and entry between the wall of the virus and the host
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Fig. 1 Schematic structure of SARS-Cov-2 and its possible targets for
diagnosis.

cell surface are governed by two subunits of the S protein, i.e.,
S1, and S2. Interestingly, M plays a significant roles in the
intracellular formation of virus particles through interaction
with S proteins. The spike protein plays a dual role in virus
pathogenicity. The S1 subunit consists of a receptor binding
domain (RBD), an amino-terminal domain (NTD), and a
C-terminal domain. RDB is responsible for binding the receptor
and ACE2, which is present on the lung epithelial cells, for
entry. Both RBD and NTD are the major contributors to the
virus antigenicity, thus and neutralization antibodies are tar-
geted to these regions of the S1 subunit of the spike proteins.
Some neutralization antibodies also target CTD of S1. The S2
subunit forms a trimeric core of the spike protein and is mainly
involved in virus fusion with the cell membrane.>* COVID-19
disease is associated with hyperinflammation and increased
levels of inflammatory cytokines. This is termed the ‘cytokine
storm syndrome (CSS)’ and is the cause of severe disease,
respiratory failure, and death. Studies showed that the S
protein alone can trigger this cytokine storm and different
pathways have been proposed. Increased levels of pro-
inflammatory cytokines including IL-6, IL-2, IL-1f, IL-8, IL-17,
GM-CSF, MCP-1, and TNF-o were reported in COVID-infected
individuals. Increased levels of cytokines lead to the recruit-
ment of immune cells, which is the cause of CSS.*>?° Thus,
vaccines were designed based on the spike proteins and found
to be effective. However, COVID still continues to threaten
individuals of all age groups and from all geographical regions
even after three years since the pandemic began. India experi-
enced and is still experiencing more than around 10000 daily
cases and 50-100 deaths. Although effective vaccines have been
introduced and the majority of individuals completed two
doses of the COVID-19 vaccine, significant virus activity is still
being observed. The main reason for this is the emergence of
mutant viruses that escape our immune system against the
virus. The WHO categorized these COVID-19 variants into three
categories, namely, VUI (variant under investigation), VOI
(variant of interest), and VOC (variant of concern). All these
variants have several mutations within the spike protein (S).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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These mutations cause changes in the binding affinity of the
virus to its receptor angiotensin-converting enzyme 2 (ACE2)
and can also alter the levels of an immune response. VOCs are
the major cause of serious disease including respiratory dis-
tress and deaths among COVID-19-infected individuals. The
alpha variant or B1.1.7 was isolated in the UK; the beta variant
or B.1.351 first was isolated from South Africa; the gamma
variant of P.1 was isolated from Brazil and the delta variant or
B.1.617.2 was isolated from India, where the latter is the most
deadly strain among them. The D614 mutation in S1 is the
signature of this strain. Other common mutations are in the
RBD domain of S1, which result in the stronger binding affinity
of the virus to ACE2 and also cause hyperinflammation, leading
to CSS.?” Recently, the omicron variant B.1.1.529 was identified
as the most rapidly spreading variant; however, the severity of
the disease caused by this variant is much less compared to
other VOCs. In this variant, 30 mutations were reported in the
RBD region of $1.>® These mutations caused increased trans-
missibility and immune evasion, even in vaccinated indivi-
duals. Because of the emergence of these variants, vaccine
producers and policymakers require changes in existing strate-
gies to control the global COVID-19 pandemic. Within these
genera, the exploration and cultivation of various nanoparticles
can inhibit the active spread of virions.?® The utilization of
nanoparticles can inactivate the infectivity and restrict the
adherence property on abiotic surfaces and impact the intra-
cellular environment.

1.3. Mechanism of entry of viruses into host cells

These viruses are sustained via multiplication in host cells. The
process of infection includes attachment, penetration, uncoat-
ing, replication, assembly, and release. There are several spe-
cific receptors identified on the host cell membrane by which
viruses enter cells utilizing the attachment proteins within the
viral capsid or viral envelop-decorated glycoproteins. Based on
the virus specificity, various infectivity schemes were found,
wherein RNA viruses such as CoV put their genome to use to
synthesize viral genomic RNA and mRNA, eventually resulting
in the production of new viruses in the host cells. Bacterio-
phages gain entry into the host cell via nucleic acids, whereas
their capsid remains outside the cell. Few animal and plant
viruses gain entry to host cells via endocytosis. Upon entry in
the host cell, CoVs use their genomics to synthesize viral
genomic RNA and mRNA, and eventually the new virions into
the host cells (Fig. 2).>°"

A pivotal route of viral entry of the influenza virus, respira-
tory syncytial virus, and parainfluenza virus is identified as the
human respiratory mucosa. The virulence nature and patho-
genicity promote infection in the upper respiratory tract, lead-
ing to severe illness in the lower respiratory tract and morbidity
and mortality. Majorly respiratory tract infections evolved
due to SARS-CoV, MERS-CoV, and SARS-CoV-2.>> Due to its
fascinating morphology, the entry mechanism in host cells
involves the interaction between the host-receptor cells and
the angiotensin-converting enzyme 2 (ACE2) protein site, which
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Fig. 2 Possible mechanism of viral activity within the host cell.

is associated with host-cellular membrane fusion followed by
the release of genetic material into the host cytoplasm.

In the case of SARS-CoV-2, the spike S glycoprotein is also
responsible for bonding and entrance into the cell. The unique
morphological features of the S protein trigger the attachment,
fusion, and entry of the virus in the host cells.*** Therefore,
blocking the ACE2 receptor binding site, thereby hindering the
viral endocytosis pathway, is a compelling route toward drug
discovery and therapeutics.

2. Effectiveness of nanomaterials
targeting spike proteins (SP) to prevent
COVID-19 spread

The antiviral mechanistic approach of nanoparticles should
target the viral endocytosis process including attachment,
penetration, replication, and budding of viruses. Various mor-
phological architectures possibly influence the blocking of viral
replication.”® Importantly, nanoparticles restrict the above-
mentioned processes by varying the structural features of the
capsid protein, thereby suppressing its virulent property, which
may be ascribed to physicochemical methods of reducing the
active viral levels (Fig. 3).

To facilitate their passage in the host cell, viruses use spike
proteins triggered by certain enzymes including furin, trypsin,
and cathepsin L9."> Among them, furin has the most accelerat-
ing effect on the spike protein located on the novel coronavirus
cell membrane.

This enzyme reveals unique and fascinating properties given
its ability to exist in human tissues including the lungs, liver,
and small intestine, which facilitate the virus invading the host
cell in a manner distinct from other SARS family viruses and
modes of transmission. A recent investigation pin-pointed the
chain of infection of the influenza family virus, wherein the
haemagglutinin protein lies on the activation site, lucid from
CoV SP, causing alteration in the contagious virus transmission
channel. Also, scientific evidence demonstrates that furin and
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furin-like proteases such as fusogenic envelope glycoprotein of
SARS CoV are the most susceptible sites for targeting treatment
practice (Fig. 4).

The emergence of COVID-19 variants is a concern. Thus, in
this regard, nanotechnology-based approaches are expected to be
beneficial, providing better safeguards to tackle this COVID-19
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Fig. 4 Antiviral mechanism of nanoparticles (NPs). Reproduced with
permission from Gurunathan et al>?> Copyright 2020, Multidisciplinary
Digital Publishing Institute.
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pandemic. Recently, several nanoparticle-based strategies have
been developed to prevent the spread of the mutant viruses. One
approach is a lipid nanoparticle-based mRNA vaccine called
mRNA-LNP, which is based on spike mRNA from new variants.
Another effective approach is nanoparticle-based engineered neu-
tralizing antibodies against variants of S proteins, where synthetic
antibodies with antigen binding regions specific for new COVID-19
variants are designed.*' Given that all the variant stains of COVID-
19 utilize ACE2 as a receptor and do not bind another molecule for
entry, nanoparticle-based ACE2 decoys are expected to be more
effective in preventing the virus spread. In this technology, the
strong interaction of ACE2 receptors of decoy nanoparticles traps
the virus of different variants and stops causing serious disease.
Another nanotechnology-based method is the nonspecific physical
inactivation of virus variants using polymer surfactants and pore-
forming peptides. Nanoparticle-based anti-inflammatory drugs
also show promise against COVID-19 variants of concern.*?

2.1. Implication of biosensors to screen SARS-CoV-2

It is considered that the factors of high transmissibility and the
infectious nature of the COVID-19 virus are attributed to its heavy
viral load in the upper respiratory area together with the inference
that several patients do not show symptoms, thereby spreading the
virus. Crucial nanotechnological interventions to fight pandemics
include the inhibition of pathogen spreading, activation of suitable
diagnostic tools, and proper immunization. For instance, the
nanodiagnostic scheme relies on the specific interaction between
nanoparticles and the target analyte to yield a quantifiable signal
output, thereby catering to the identification of biomarkers or
pathogens in their embryonic stages (Fig. 5).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Nanobiosensors are a value-added substitute to regular
diagnostic devices, which assess single molecules with great
sensitivity, specificity, and precision characteristics for clinical
and environmental analyses. Au-NP-based nano-carriers and a
field-effect transistor (FET) sensor (altered via graphene sheets)
that alters a given antibody for the SARS-CoV-2 spike protein
were activated to identify SARS-CoV-2 in the culture mode. This
sensor exhibited a comparable detection limit (LOD of 1.6 x
101 pfu mL ") to real pathological samples (LOD: 2.42 x 10”
copies per mL).** Gold NP-studded DNA strands on the surface
of electrodes were modified to identify in situ-amplified CTV
(recombinase polymerase amplification (RPA) assay for ampli-
fication of the P20 gene) via electrochemical impedance
spectroscopy (EIS) analysis. Here, the DNA sensor displayed a
very low LOD of 1000 fg uL~*.** Recently, paper/nanomaterial-
customized detection techniques, especially, nanoparticle-
based lateral-flow tools that may be seen by the bare eyes or
administered using an android phone, are the latest known
testing devices to filter COVID-19-related biomarkers.** Specia-
lized research has also portrayed solid-phase isothermal recom-
binase polymerase amplification (RPA) routes for the detection
of the Citrus Tristeza virus (CTV) in plant disease diagnostics.*®
This approach uses nanoparticle-engineered biosensors, which
if modified appropriately for the detection of other viruses can
be adopted, designed, and engineered for the diagnosis of
COVID-19.

3. Nanotechnological approach to
monitor SARS-CoV2

Different testing methods around the globe have aimed at
focusing on parts of the coronavirus genetic profile. Clinical
settings have utilized samples triggered by a patient’s immune
response such as DNA, RNA, antibodies, viral proteins, and

© 2023 The Author(s). Published by the Royal Society of Chemistry

intact viral particles to recognize viruses. A host of established
methodologies such as serological detection methods, western
blot, virus culture, enzyme-linked immunosorbent assay
(ELISA), and polymerase chain reaction (PCR) can be used to
identify the analytes.*” Generic methodologies are largely inef-
fective for fast real-time analysis due to complications related to
the growth of cultured cells for cytopathological assay, pro-
blems associated with the transportation of expensive sophis-
ticated tools at the point of interest, and the requirement of
biocontainment and virus isolation. At the beginning of the
pandemic, it was reported and globally circulated among health
systems that some of the test kits provided results with less
reliability and accuracy. Besides, another impending issue was
the requirement of large amounts of testing reagents. Thus,
this issue created a gap in the whole endeavour. In lieu of well-
known diagnostic assays, viral biosensors can be used given
that they offer scaled-down, fast, sensitive, cost-effective, and
mobile foundations in contrast to standard laboratory meth-
ods. Among the various pathogens, viruses are the most impor-
tant class to cause deadly airborne diseases. Influenza, a very
commonplace and highly infectious virus, gets transmitted
through small droplets as a result of sneezing, coughing, and
talking.*® Another fatally contagious viral infection, the avian
influenza, has various subgroups, including H5N1, H5N2,
H3N2, and H7N9. This virus mostly infects poultry and cattle,
but it is possible for it to be transmitted to people and has
incurred severe 