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ABSTRACT

Increased globalization and trade lead to the evolution of several viral pathogens which acclimatize to
new hosts and augment their habitat alteration are some factors responsible for their emergence.
Hantaviruses are upcoming viruses that are transmitted by small Rodents especially Rats. Once
communicated to humans, they can result in two important clinical syndromes, hemorrhagic fever with
renal syndrome, and Hantavirus cardiopulmonary syndrome. Humans are inadvertent hosts generally got
infected through aerosols produced from infected rodents contamination by urine, feces, and saliva. The
infections spread from humans to humans are rare as the evolution of the virus imperatively relies on the
rodent host. Hantaviruses are the members of the family Bunyaviridae/hantaviridae and commonly
regarded as orthohantavirus (or hantavirus) which is a single-stranded, enveloped, negative-sense RNA
virus belonging to the order Bunyavirales. Research on Hantavirus is carried out globally but at a slower
rate. In the present scenario, the growth of the coronavirus has instigated to study on the Hantavirus and
eradicate the growth of viruses with the latest vaccines. Our current review focuses on the
pathophysiology and molecular mechanism of Hantavirus growth and measures recommended for the
safety of human society.
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attention as novel pathogenic in several parts of
INTRODUCTION Asia, America, and Europe. Hantaviruses
commonly infect small mammals and humans
infected through contaminated aerosols or
might be through contact with the droppings of
small rodents. [4] Once being transmitted from
the small rodents, the virus is responsible for
major clinical syndromes such as Haemorrhagic
fever with renal syndrome (HFRS), especially

occurring in Asia as well as Europe and also

Viral infections are considered as one of the
principal threats to human life and health
worldwide [1-3]. Worldwide outbursting of
zoonotic pathogens continuous as a vital public
threat arising from a various health problem. In
the present scenario of Coronavirus threat to
human society and social distancing,
wakefulness for all viruses appreciated. In this
regard, Hantaviruses was earlier causing chaos
and at present also has developed a lot of

causes hantavirus cardiopulmonary syndrome
(HCPS/HPS) among the Americas. [5] Generally,
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after the investigations it has been recognized as
Hantavirus and its first major outbreak was
isolated by Ho Wang Lee nearthe Hantan
River area in South Korea in 1976.[6]

The Hantavirus has three important genome
segments such as S, M, and L RNA, respectively.
The virion possessing the genome segments is
encapsulated with nucleocapsid named (N)
protein which is a glycoprotein precursor
(GPC) to form ribonucleoprotein (RNP), along
with RNA dependent RNA-polymerase (RdRp)
protected within a lipid envelope with titivated
spikes made of glycoproteins Gn and Gc. [7] The
S RNA encodes the nucleocapsid (N) protein.
The M RNA is cleaved to yield the envelope
glycoproteins G1 and G2. Simultaneously the L
RNA functions as the viral
transcriptase/replicase enzyme. Therefore, the
N protein provides a sufficient pool for mRNA
transcription and translation and helps to
initiate the process of replication. [8]
Nevertheless, trimers of the N protein are
critically obligatory for effectual translation in
eukaryotic cells. [9]

Moreover, the glycoprotein expressions of the
pathogenic hantaviruses hinder INF-f3 and TBK-
1 induction by their virulence determinants
existing on the G1 cytoplasmic tail. [10]
Moreover, the N proteins can also affect the
dimerization of protein kinase R (PKR) as well
as the N protein inhibits PKR phosphorylation,
which is crucial for its enzymatic activity. The
PKR action is to inhibit virus replication and
maintain antiviral state. The PKR's role is to
trigger IFN via NF-kB and IRF1 up-regulation.

[11] Therefore, in our current review, we will
have acknowledged the N protein’s role in the
regulation of antiviral state and emphasized the
transmittance life cycle, briefly portrayed about
vaccines currently available as well as depicted
about the use of conventional therapy for
prevention of viral disease.

Hantavirus Genome organization and its
structure

The orthohantaviruses are enveloped viruses
with a size of 80-120nm. Furthermore, the
genome organization contains three negative-
sense single-stranded RNA segments designated
as S, M, and L protein which are encoded by
the nucleocapsid (N) protein. The M RNA is
multiprotein which in turn is directed for the
process of translational and later hewed to
produce the glycoproteins G1 and G2 which is
embedded in the lipid envelope. The L RNA
contains the enzymes' viral
transcriptase/replicase for replication purposes.
The Hantavirus belongs to the order
Bunyavirales and each of the three segments
possesses consensus 3'-
terminal nucleotide sequence  (AUCAUCAUC)
which is complementary to the 5'-terminal
sequence and is dissimilar from other four
genera within the family. [12] Although each
sequences  segments L protein is
approximately 6530-6550 nucleotides bps in
length, the M protein is 3613-3707 bps in length
and the S protein is nearly 1696-2083 bps in
length.
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Figure 1: Hantavirus Genome Organization with an outer decorated Lipid envelope and genome
protected within with Nucleocapsid regarded as N proteins.
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Life cycle of Hantavirus transmittance

The important members of the genus
Bunyaviridae  include  arboviruses and
Hantaviruses which are maintained in particular
rodent hosts (roboviruses). The distribution of
Hantavirus specifically occurs in those regions
where the reservoir rodent host exists. [13]

=>

Transmitted by aerosol to

human beings

Rat feces and urine
possessing Hanta
virus

Furthermore the natural reservoir of
Hantaviruses is murid rodents belonging to the
order Rodentia and family Muridae which has
been cleaved into subfamilies Murinae,
Arvicolinae, and Sigmodontinae. Yet it has not
been revealed that viruses exist in non-rodent
hosts for transmission of Hantaviruses.

Clinical Syndrome
Acute Respiratory distress
Dry cough

Head ache
Nausea&Vomiting

Early stage, chill with fever and
late stage: cardiopulmonary syndrome

Figure 2: Schematic diagram depicting the Life cycle transmittance of Hantavirus

Glycoprotein Trafficking

To enter the host cell, the virus has to cross the
cellular membrane barrier. During the process
of entry, the Hantavirus glycoproteins play a
key role by interacting with the cell surface
receptors and trickily escape from the
endocytic pathway through the fusion of viral
and cellular membranes. [14] A schematic
diagram that summarized the glycoprotein
interaction and trafficking process as shown in
(Figure-3). These viruses can bind to certain

specific receptors on the cellular surface, such
as B3 integrins, decay-accelerating factor
(DAF)/CD55 as well as the receptor for the
globular head domain of complement Clq
(gC1qR)/p32. [15] Once the virus binds on the
cellular membrane, the multiple receptors
clustered on the membrane and thereby
enhancing the acidity as well as activating the
signaling process by introducing invagination
to form an endocytic vesicle. [16]
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Figure 3: Hantavirus regulation mechanism with RNA binding and Ribonucleoproteinassembly during
the trafficking process in the Golgi complex.

Additionally, the Hantavirus can infect not only
the macrophage cells but as well as epithelial,
endothelial, follicular dendritic, as well as
lymphocyte cells via the viral glycoprotein
attachment to the host’s cell surface receptors.
[17] Various literature studies reported that
the B-receptors especially interact with the
viral glycoproteins G1 and G2, responsible for
causing pathogenic syndromes such as HFRS
and HPS. The basic mechanism of action in
trafficking displayed the of
endolysosomal cells, where the virus starts
uncoating to release the three important RNPs
into the cytoplasm. Once the Viral RdRp
released, initiation of primary transcription
takes place and later translation of the S, as
well as L mRNA transcripts, occurs basically on
free ribosomes. Amongst, the third protein
named the M-segment transcript which is
present on membrane-bound ribosomes, and
gets matured on the rough endoplasmic
reticulum. Nevertheless, in the case of
Hantaviruses, the N protein is the most copious
viral protein which is produced in abundance
during the early stage of infection. Thus, all
three segments of proteins are covered by a
major N protein which plays a significant role
in the virus regulation cycle, including
translation, trafficking, as well as assembly.
[18]

formation

Although, current evidence from literature-
based studies has emphasized that the N
protein upon interaction with host cells slowly
modulates the host immune response towards
an infection. [19] The maturation of
Bunyavirus/Orthohantavirus glycoproteins
takes place in the Golgi complex. During the
process of maturation, Gn and Gc glycoproteins
are N-glycosylated. Gn glycoprotein plays a
crucial role in supporting Golgi trafficking. The
Gn glycoprotein expression for instance it
occurs solely, results in partial localization of
Golgi. Moreover, when Gc expression occurred
then the localization occurs in the endoplasmic
reticulum. [20]

Role of Glycoprotein-Induced Virulence
Mechanism

Nevertheless, any human body during the entry
of viral particles generates the innate immune
response which is triggered towards the
reduction of viral replication via the (IFNs)
Type I interferons which play a significant role
in affording direct antiviral protection by
activating  natural  killer (NK) cells.
Furthermore, for surveillance inside the host
cellular membrane viruses develop regulatory
mechanisms that prevent elimination by
inhibiting pathway activating type 1 IFN
transcription. [21] It has been demonstrated in
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several studies that expression of the G1
protein cytoplasmic tail of pathogenic
hantaviruses tries to inhibit the induction of
IFN-f by binding to TRAF3 and thereby
preventing  RIG-I/TBK1-  directed IRF3
phosphorylation. It has been distinctively
displayed in the schematic diagram as shown in
(Figure-4) that TRAF3 is an E3 ubiquitin ligase

which responsible for the formation of a TBK1-
TRAF3 complex, crucial for IRF3
phosphorylation. Hence, viruses are smarter
and the N-glycoproteins mimics normal non-
pathogenic protein and subsequently interfere
with antiviral activity in infected cells, thereby
promoting viral replication.

Figure 4: Schematic diagram illustrating the transcriptional activation of Interferon stimulated genes
(ISGs) by JAK/STAT signaling pathway

Classification and geographical distribution
of Old and New Hantavirus

Earlier, the two important outbursts of disease
that happened in the 1950s have eventually led
to the detection of Hantaviruses in the Old and
New Worlds. The first outbursts happened
during the Korean War in the 1950s wherein
greater than 3,000 UN troops had fallen sick
with Korean hemorrhagic fever, regarded
commonly as hemorrhagic fever with renal
syndrome (HFRS).[22] The next outbreak of the
disease in 1993 seems to occur in the US at four
major corners, which was identified with a
clinical syndrome called Hantavirus pulmonary
syndrome (HPS) or Hantavirus
cardiopulmonary syndrome (HCPS). These
outbursts of viruses increased the mortality
rates in humans approximately 12% (HFRS)
and majorly 60% (HPS) in associated diseases.
The disease-causing infectious agent was found
to be the Hantaan virus (HTNV) transmitted
from the striped field mouse (Apodemus

agrarius) which was the major reservoir.[23]
Later, several other HFRS-related viruses
happened in several regions of Asia, Europe,
and the United States.

Investigation reports revealed the presence of
HTNV and HTNV-like viruses in urban cases
leading to HFRS caused by Apodemus agrarius
as well as A. peninsulae and Seoul virus (SEOV)
rodents which were distributed in Far East
Russia, China, Asia, and South Korea in the
early 1980s as shown in (Table-1). Other
critical reports on a different virus such as
Dobrava virus (DOBV), and Dobrava-like
viruses caused by old-world Hantaan virus
belonging to the genera Apodemus which
outbursts in Europe. Nevertheless in Europe,
nephropathia epidemica (NE), which is a milder
form of HFRS portrayed in the 1930s [24], was
found to be caused by another hantavirus,
Puumala virus (PUUV), present in bank vole,
Myodes glareolus earlier recognized as
Clethrionomys glareolus.
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The discovery of these Hantaviruses outbreaks
causing HFRS has led awareness among the
worldwide, especially increasing of this disease
in China approximately to 150,000 each year. In
contrast to these, Sin Nombre virus (SNV), New
world virus belonging to the subfamily
Sigmodontinae was identified within weeks in
regions of the US. [25] Nevertheless, with many
technological advancements in recombinant
technology robust detection of this newly
discovered virus was possible.

Currently, over 29 hantaviruses have been
recognized which cause hemorrhage illness
These ailments are transmitted from their
rodent reservoirs to humans across worldwide

wherever rodent hosts exist (Table 1). In the
Middle East, Africa as well as Asia Hantaviruses
remain existing but yet, undetected reported.
Recent evidence with the detection of shrew-
borne Hantaviruses around the globe. Until a
sound knowledge from seminal discoveries, a
new virus identified as the Thottapalayam virus
(TPMV), a long-unclassified virus isolated from
the Asian house shrew (Suncus murinus). It
was recognized as the only acknowledged
shrewborne Hantavirus.[26] Distinctively these
Hantaviruses have unraveled the attention of
research scientists and public health officials
for treatments and further to promote public
awareness.

Table 1: Geographic distribution of and disease associated with Old World and New World strains of

Hantavirus
G hi Associated
Group& Subfamily Viral Strain Abbreviation -e og-rap- c Rodent host ss.oc1a €
Distribution disease
0ld World China,South .
. or Hantaan Virus HTNV tna,ou . Apodemus agrarius HFRS
Murinae Korea,Russia
D -Bel
obrava-Belgrade | )5 Balkans Apodemus flavicollis | HFRS
virus
Seoul virus SEOV Worldwide Rattus HFRS
Saaremaa virus SAAV Europe Apodemus agrarius HFRS
Amur virus AMRV Far East Russia Apodemus HFRS
peninsulae
Apod
Soochong virus Soov South Korea po_ emus HFRS
peninsulae
E , Asia, and Clethri
Arvicolinae Puumala virus PUUV trope, Asta, an etarionomys HFRS/NE
the Americas glareolus
Khabarovsk virus KHAV Far East Russia Microtus fortis HFRS
Muju virus MUJV South Korea Myodes regulus HFRS
Microti
Prospect Hill virus PHV Maryland fero us_ HFRS
pennsylvanicus
Tula viru TULV Russia/Europe Microtus arvalis HFRS
[sla Vista virus ISLAV North America [Microtus californicus HFRS
Topografov virus TOPV Siberia Lemmus sibericus HFRS
New World
Sigmodontinae Sin Nombre virus SNV North America Pero-myscus HPS
Or maniculatus
Neotominae
P
Monongahela virus MGLV North America eromyscus HPS
leucopus
New York virus NYV North America Peromyscus HPS
leucopus
Black Creek Canal
ac Vz:lels ana BCCV North America Sigmodon hispidus HPS
Bayou virus BAYV North America | Oryzomys palustris HPS
Limestone C
1mes 3:::15 anyoen LSCV North America Peromyscus boylii HPS




K. R. Padma et al.

Entomol. Appl. Sci. Lett., 2020, 7(2):1-10

Playa de Oro virus OROV Mexico Oryzomys couesi HPS
Catacamas virus CATV Honduras Oryzomys couesi HPS
Oli
Choclo virus CHOV Panama Eoryzomys HPS
fulvescens
Z
Calabazo virus CALV Panama ygod?ntomys HPS
brevicauda
Reith
Rio Segundo virus |  RIOSV Cost Rica eithrodontomys HPS
mexicanus
Delgadi
Cano .e gadito CADV Venezuela Sigmodon alstoni HPS
virus
T
Andes virus ANDV Argentina, Chile Oligoryzomys HPS
longicaudatus
Oli
Bermejo virus BMJV Argentina 1goryzon.1ys HPS
chocoensis
Pergamino virus PRGV Argentina Akodon azarae HPS
Oligoryzomys
Lechiguanas virus LECV Argentina BOTYZOMY HPS
flavescens
Maciel virus MCLV Argentina Bolomys obscurus HPS
T
Oran virus ORNV Argentina 0 1g(.)ryzomys HPS
longicaudatus
Zika virus
Holochil i i
Alto Paraguay virus - Paraguayan Chaco oloch u-s disease in
chacoensis pregnant
women
Ape Aime virus AAIV Eastern Paraguay | Akodon montensis Unknown
Oli
[tapua virus - Eastern Paraguay 1g?r¥zomys HPS
nigripes
Oli
Rio Mamore virus | RIOMV Bolivia, Peru 1goryzZOmys HPS
microtis
Araraquara virus - Brazil Bolomys lasiurus HPS
. . . Oligoryzomys
Juquitiba virus JjuQv Brazil L. HPS
nigripes
Jabora’ virus JABV Brazil, Paraguay HPS

Hantavirus Evolution and Analysis

The Hantavirus phylogenetic analyses with
their subsequent rodent hosts revealed that
they have a long-standing co-evolutionary
relationship history with their rodent carriers.
The phylogenetic analysis which significantly
emphasizes the relationship between the Old
World and New world Hanta Virus as shown in
(Figure-5) has emphasized the evolution as
well as ecological factors that can lead to their
emergence and expansion of zoonotic diseases
further spillover into human populations. Due
to humans overexploitation i.e deforestation,

agricultural development, colonization, as well
as urbanization have placed human and
domestic animal populations at greater threat
for various vector-borne diseases. Hence these
environmental and  ecological changes
commonly might reduce rodent diversity but
indirectly enhance more host species
interaction as well as more hantaviral
transmission events within species.
Furthermore, this outcome stimulates a
cascade of higher transmission of the virus
among rodents, leading to a greater threat of
viruses among humans.[27]
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Phylogenetic Tree

This is a Neighbour-joining free without distance corrections.
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Figure 5: Phylogenetic analysis for studying the evolutionary relationship between Old and New world
Hanta Virus using CLUSTAL (Omega).

Treatment of Hantavirus

Hantaviruses once infect the host cells it
robustly triggers an immune response in
humans. Nevertheless, the common
pathological features of both the old world and
New world Hantaviruses results in increased
viral infection. Earlier Ribavirin drug has been
demonstrated for in vitroand in vivo antiviral
activity against members of
the Bunyaviridae and the Arenaviridae. This
drug reduced the rate of mortality proven to be
effective for the treatment of lethal encephalitic
suckling mice infected with HTNV. Although
several studies were performed in China with
HFRS patients revealed the fact that the drug
ribavirin through improved prognosis at the
early stage of the disease. [28] Yet, when
ribavirin is given at the late stage of the disease

the patient became anemic had no apparent
clinical benefit in curation.

At present there, are no approved post-
exposure therapeutic countermeasures against
hantaviral infection, but various treatment
strategies, which especially target the
replication of viral life cycle by increasing the
host immunological factors to manage HFRS or
HCPS. Several Virus-targeting antivirals drugs,
Subunits, antibodies, or even novel small
molecules have been employed against
Hantavirus  infection.  Although  several
antivirals have been proven to be protective in
vitro or in vivo, yet, there exist some problems
for their clinical application. Several host-
targeting medicines have been designed to
improve vascular function or rebuild immune
homeostasis, while their curative effects are
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still under debate. Various literature reports on
plant-mediated products have been used
against HCV but yet no work has been carried
on conventional methods for HFRS/HPS
recovery.

CONCLUDING REMARKS

This study reveals the evolutionary history of
the Hantavirus genus and transmittance due to
small mammals such as rodents acting as
reservoirs of the virus. However, this review
gives a distinct vision on an understanding of
Hantavirus evolution and the phylogenetic
relationship between the Old World and New
world Hantaviruses. Therefore, the emerging
threat to the society caused by the upcoming
Hantaviruses especially from zoonotic needs to
treated and further discovery of novel plant-
mediated products with little or no toxicity is a
much preferable remedy. Further, future
research must also focus on the reduction of
this virus from the transmission of rodent hosts
to humans.
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