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ABSTRACT 
 

Hantaviruses are a diverse group of infectious agents which are zoonotic in nature and transmitted 
to humans through rodent reservoir. Hantaviruses are enveloped RNA viruses that persistently 
infect rodent hosts without ill-effect. The host persistently excretes virus in urine and saliva. Man 
becomes infected from the rodents when one enters the ecological niche of the other. Hantaviruses 
can cause two types of diseases in humans: hemorrhagic fever with renal syndrome (HFRS) and 
Hantavirus cardiopulmonary syndrome (HCPS). The number of reported Hantavirus infections is 
increasing worldwide, and new Hantaviruses are being discovered in many countries, making them 
a global public health concern. Hantavirus infections are thought to be under diagnosed due to the 
fact that they frequently cause asymptomatic and nonspecific mild infections, as well as a lack of 
simple standardized diagnostic laboratory methods. This review summarizes current knowledge on 
Hantaviral infections, including virology, epidemiology, clinical manifestations, laboratory 
diagnostics, treatment, and prevention. 
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1. INTRODUCTION 
 

Hantaviruses are rodent-borne viruses causing 
clinical illness in humans of varying severity. It is 
named for the Hantan River area in South Korea 
where an early outbreak of one of its species 
was observed [1]. There are several different 
Hantaviruses, with a different geographical 
distribution and causing different clinical 
diseases. Each Hantavirus is specific to a 
different rodent host [2]. Transmission of the 
virus to humans occurs through the inhalation of 
infected rodent urine, droppings, or saliva. Two 
main clinical syndromes can be distinguished 
after Hantavirus infection: HFRS mainly caused 
by Seoul, Puumala and Dobrava viruses; 
nephropathia epidemica (NE), a mild form of 
HFRS caused by Puumala virus; and HCPS, 
which may be caused by Andes virus, Sin 
Nombre virus, and several others. This article will 
review the effects of HCPS and HFRS, how 
physicians or other healthcare professionals 
manage these conditions against Hantavirus 
infections. HFRS, which was first described 
clinically at the turn of the twentieth century, 
occurs endemically in the Asian and European 
continents, whereas HCPS, which has been 
recognized as a clinical entity since 1993, is the 
prototype of emerging diseases in the Western 
hemisphere. HFRS case fatality rates range from 
1% to 12% depending on the virus [3]. It is 
estimated that 40% of the cases of HCPS in 
America are fatal, despite the number of cases 
being much lower than that of HFRS. 
Hantaviruses in the Americas are known as “New 
World” Hantaviruses and cause HCPS. Other 
Hantaviruses, known as “Old World” 
Hantaviruses, are found mostly in Europe and 
Asia and cause HFRS [4]. The most important 
Hantavirus in the United States that can cause 
HCPS is the Sin Nombre virus, spread by the 
deer mouse [5]. 
 

Currently it is estimated that 150,000 to 200,000 
cases of Hantavirus disease occur each year, the 
majority being reported in Asia [6]. However, 
human Hantavirus infections are increasingly 
reported in the Americas and Europe. Although 
many of the underlying pathogenic mechanisms 
still remain unclear, recent evidence rather 
argues against a purely immune-mediated 
pathophysiology of human disease. This article 
will review the effects of HCPS and HFRS, and 
how physicians or other healthcare professionals 
manage these conditions against Hantavirus 
infections. 

2. HANTAVIRUSES 
 
The genus Hantaviruses: family Bunyaviridae 
renamed as the order Bunyavirales, family 
Hantaviridae, and genus Orthohantavirus [7]. 
Currently, International Committee on Virus 
Taxonomy (www.ictv.online.org) recognized 
approximately 41 Hantaviruses worldwide. 
Hantavirus infections are emerging diseases 
worldwide. These viruses are single-stranded 
ribonucleic acid (RNA) viruses that are enclosed. 
The genome is divided into three segments 
encoding, the nucleocapsid protein (N), small (S) 
segment, and M (medium) segment. The M 
segment encodes the glycoprotein precursor 
(GPC) which is cleaves into the Gn and Gc 
glycoproteins (N- and C- terminal). The RdRp 
(RNA-dependent RNA polymerase) is encoded 
by the L (large) gene [8]. 
 
Two hantavirus-related disorders include 
haemorrhagic fever with renal syndrome and 
Hantavirus cardiopulmonary syndrome. HFRS is 
characterized by a hemorrhagic rash and renal 
failure as a clinical manifestation. The HFRS 
virus is widespread throughout Asians and 
Europeans, mortality around 5% to 15%. HCPS 
causes cardiac failure more commonly than the 
pulmonary syndrome and fatality rates range 
from 40% to 50% occurring in America [9]. From 
its inception until now, HFRS has been entwined 
with military operations. This should not come as 
a surprise, given that the conditions of war 
typically force military people to come into closer 
proximity to rats than they would under normal 
circumstances. Infections with the Hantavirus are 
considered to have been the cause of some 
"trench nephritis" that occurred during World War 
[10]. 

 
3. HAEMORRHAGIC FEVER WITH 

RENAL SYNDROME  
 
The incubation period is 1-6 weeks in HFRS 
signs. Clinical signs of HFRS may vary from 
asymptomatic to mild, moderate to severe, based 
on the causal agent of the illness [11]. The 
generalized high-fatality respiratory syndrome 
produced by Hantaan orthohantavirus (HTNV), 
Seoul orthohantavirus (SEOV), Dobrava-
Belgrade orthohantavirus (DOBV), and Amur 
virus (AMRV) is more acute, with mortality 
between 5–15 per cent, whereas SEOV causes 
mild sickness. Puumala virus (PUUV) and 
Saaremaa virus (SAAV) both induce a minor 
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variant of the illness with a less than 1% death 
rate [12]. The feverish, hypotensive, oliguric, 
polyureic, and convalescent phases are all 
considered different stages of the illness. The 
development of a high temperature and chills, as 
well as headaches, backaches, stomach pain, 
nausea, and vomiting, are all symptoms of the 
febrile phase. The most common symptoms are 
sedation and visual abnormalities. This febrile 
phase might last up to one week. Atypical 
conjunctival haemorrhages and fine petechiae 
are often seen on the palate near the conclusion 
of the febrile phase. The hypertensive phase can 
last for up to two days [13]. Hypotension and 
shock may be seen in severe cases. About 30% 
of HFRS deaths during this phase are linked to 
fulminant irreversible shock. The oliguric phase 
may last up to one week, during which oliguria, 
proteinuria, and abnormal urinary sediment are 
seen [14]. About 50% of deaths occur in this 
phase. In the polyureic phase, the kidney 
function starts to recover, and the output of urine 
increase. During the convalescence phase, 
which may extend up to 6 months, the patient 
recovers completely; the clinical and laboratory 
markers get normalized [15,16]. NE is generally 
producing milder symptoms than HFRS. On the 
other hand, most patients experience fever, 
headache, back pain, gastrointestinal symptoms, 
and chronic kidney disease, which results in 
oliguria. Symptoms of multi-organ failure are 
common [17]. 
 

4. HANTAVIRUS CARDIO PULMONARY 
SYNDROME  

 

Hantavirus Cardio pulmonary Syndrome is a 
severe, sometimes fatal, respiratory disease in 
humans caused by infection with Hantaviruses 
[18]. It damages cells that compose blood vessel 
capillaries, causing them to leak fluids. This fluid 
leak, if it is profound in the lungs, causes life-
threatening pulmonary syndrome. The virus 
spreads from rodents to humans [19]. Although 
outbreaks seem like there is person-to-person 
transfer, outbreaks are usually noted among 
groups of people exposed to the same infected 
rodent population while those with Hantavirus 
infections do not transfer them to other 
uninfected individuals. The incubation period for 
HCPS can vary from a few days to several 
weeks. Early symptoms include fever, fatigue, 
and muscle aches, particularly large muscle 
aches in the thighs, hips, back and even the 
shoulder [20]. Other manifestations of HCPS can 
include headache, dizziness, chills and gastro-
intestinal problems like nausea, vomiting, 

diarrhea, abdominal pain and a dry cough can 
also occur. After this early phase, patients 
become severely short of breath because their 
lungs fill with fluid. The heart is also affected and 
lungs filled with fluids. This condition is known as 
Acute Respiratory Distress Syndrome (ARDS) 
and often requires mechanical ventilation. It can 
also lead to multi-organ failure, including the 
kidneys, and is associated with high mortality 
[21]. However, if the patient can be successfully 
support through this phase, recovery can be 
quite rapid with no long-term consequences. In 
the United States, deer mice, cotton and rice rats 
(in the Southeast), and the white-footed mouse 
(in the Northeast), are the known rodent carriers 
of Hantaviruses causing HCPS. Most HCPS has 
occurred in the western states where the deer 
mouse is common [22]. 

 
Among the agents of HCPS, the most severe 
forms are associated with Sin Nombre virus and 
the southern (prototypical) form of Andes virus; 
slightly milder forms are caused by the northern 
form of Andes virus (Andes-Nort), Laguna              
Negra virus, and Choclo virus [23]. Other                 
South American genotypes such as Rio                    
Mamore virus, Maripa virus, Juquitiba virus, and 
Castelo de Sonhos virus have emerged 
sporadically or in small outbreaks. In general, 
case-fatality ratios of HCPS range from 30 to 50 
percent for severe forms and 10 to 30 percent for 
milder forms. The illness caused by Choclo virus 
(Panama) is the mildest form of HCPS in that it 
nearly always or always lacks a significant 
component of cardiac insufficiency and is 
associated with a markedly lower case-fatality 
ratio [24]. 

 
5. STRUCTURE AND MORPHOLOGY OF 

HANTAVIRUS 
 
Hantavirus is circular or ovoid. The size ranges 
from 80-180 nanometres, containing three 
segments [25]. The virus is composed of the 
small, medium, and large genomic portions that 
code for nucleocapsid protein (N), the 
glycoprotein precursor (GPC), and the RNA-
dependent RNA polymerase (RdRp), 
respectively. These three segments are 
covalently linked with the N protein to produce 
ribonucleocapsid proteins. On the other hand, 
glycoproteins have a role in viral adhesion to 
host cells, host cell invasion, and pathogenicity. 
At the same time, RdRp and N proteins are 
essential in viral genome duplication and 
transcription [26]. 
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Fig. 1. Hantavirus structure 

 
Around 1800 nucleotides (nt) are in the S 
segment genome, which codes for approximately 
430 amino acids. The M segment has a length of 
around 1140 amino acids and 3700 nucleotides. 
The L segment is about 6500 nucleotide length 
and codes for 2150 amino acids in total [27]. 
Each segment of 3' and 5' termini are mostly 
preserved and complimentary. It is possible to 
make a "panhandle" hairpin arrangement by 
folding the terminal ends of segments in a certain 
way. The N protein binds to Hantavirus RNA and 
encapsulates viral and complementary RNA but 
not messenger RNA. Encapsidation occurs when 
a specific panhandle terminal structure is 
essential for genome synthesis and translation 
[28]. 

 
6. PATHOGENESIS  
 
Hantavirus infections are most common in the 
lungs and kidneys of humans and animals, 
respectively [29]. Animals, more than humans, 
are more likely to stay infected throughout their 
lifetimes and to transfer the virus to other animals 
and people. Increased vascular permeability and 
acute thrombocytopenias are two 
pathophysiologic features of both HCPS and 
HFRS [30]. Despite the replication of Hantavirus 
in the vascular endothelium, no cytopathological 
consequences are detected. Inflammatory cell 
infiltrations and tubular damage are linked to viral 
antigens in kidney tissues, implying that viral 
replication, in concert with the immune response, 
contributes to tissue degradation [31]. During 
acute NE, renal involvement is characterized by 
a significantly decreased glomerular filtration rate 
and a markedly decreased adequate renal 
plasma flow [32]. 
 

The infection occurs when Gn (dark cyan) and 
Gc (light cyan) surface proteins connect with the 
3-integrin receptor, a key receptor molecule on 
the body's endothelial cells [33]. Because 
integrin receptor 3 in immature dendritic cells 
probably has an essential factor in transmitting 
the Hantavirus [34]. In vitro investigations 
showed that Hantavirus replication in infected 
cells causes no cytopathic harm to the cells. 
Infections with HTNV, Sin Nombre 
orthohantavirus (SNV), and DOBV viruses have 
been associated with an essential difference 
between a high Hantavirus viral load and illness 
severity in various investigations [35,36,37]. 
During viral pathogenesis, Hantaviruses induce 
the synthesis of vascular endothelial growth 
factor (VGEF), a vascular permeability factor that 
acts through the VGEF-R2 receptor. This protein 
interacts with the vascular endothelial (VE)-
cadherin and is responsible for maintaining 
endothelial cell barrier functions in the body [38]. 
 

Increased vascular permeability is a result of the 
immunological response. Toll-like receptors 
(TLRs) are thought to have a role in the innate 
immune response by boosting the production of 
pro-inflammatory cytokines and type 1 interferon 
(IFN). In HTNV-infected vascular endothelial 
cells, five TLRs have been identified. Increased 
expression of tumor necrosis factor (TNF), IFN, 
and (IL-6) may occur as a consequence of TLR4 
up regulation in HFRS [39]. 
 

The increased production of inflammatory 
cytokines is a crucial factor in the pathogenesis 
of Hantavirus. TNF-α, IL-6, IFN-a, IL-8, and 
interferon-inducible protein (IP)-10 blood 
concentrations were considerably more 
significant in HFRS patients than in control 
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participants in an in vitro research. TNF-α and IL-
6 are believed to have a role in developing fever 
and septic shock, and increased endothelial cell 
permeability results from interferon-gamma [40]. 
The HLA-DRB1*0301 haplotype and HLA B8 
allele have been linked to a severe form of HFRS 
induced by PUUV infection [41]. 
 

7. HANTAVIRUS TRANSMISSION 
 
It is thought that inhaling aerosolized rat faeces 
can transmit Hantaviruses from one individual to 
another. It is believed that transmission takes 
place when infected and uninfected mice come 
into close contact with one another. Additionally, 
it has been speculated that transmission occurs 
when infected rats fight, gnaw on one another, or 
engage in sexual behavior. Extensive catch and 
discharge ponder was used with Peromyscus 
maniculatus (deer mice) populations that were 
already well-established and SNV-infected to 
show that the disease does not manifest in 
newborns. Infection with the Hantavirus has 

recently been documented in various domestic 
animal species, including pigs, cats, rabbits, and 
dogs [42,43]. 
 
Hantavirus replication occurs in vascular 
endothelial cells and macrophages, primarily in 
the lung and kidneys. According to a study, 
pathogenic Hantaviruses enter host cells by 
interacting with beta-3 integrins and causing 
endocytosis [44]. Viral RdRp starts the essential 
transcription that results in the creation of small, 
medium, and large messenger RNAs. The N 
protein, the most prevalent viral protein for 
Hantaviruses, is generated sooner in the 
infection than any other protein. Within the 
endoplasmic reticulum, glycoprotein precursors 
undergo a proteolytic process that forms Gc and 
Gn. After undergoing a further glycosylation 
process in the endoplasmic reticulum (ER), Gc 
and Gn proteins are transferred to the Golgi 
complex. RNPs are formed when newly 
produced viral RNAs are encased by the N 
protein [45]. 

 
 

 
Fig. 2. Hantavirus replication 

 

8. DIAGNOSIS OF HANTAVIRUS INFECTIONS  
 
Diagnosing HFRS and HCPS needs epidemiological data and clinical and laboratory tests. Identifying 
an illness based on signs and symptoms, incredibly mild to moderate, might be challenging. The use 
of serology, molecular tests, immunochemistry, and cell culture techniques in diagnosing Hantavirus 
infection are all critical components [46]. 
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9. SEROLOGICAL TESTS 
 

Serological test is a commonly used method for 
the diagnosis of viral infection. The ELISA test is 
the most often used method for Hantavirus sero-
diagnosis because it can detect IgM antibodies 
throughout the severe phase of the disease and 
IgG antibodies at the beginning of the sickness. 
Indirect IgM and IgG ELISAs and IgM capture 
ELISAs were employed to identify antibodies in 
the serological testing. The sensitivity of IgM 
capture ELISA has been demonstrated to be 
higher than that of indirect ELISA. HCPS 
seroconversion was reported in paired samples 
collected from a suspected HCPS patient in 
northwestern Colombia [47,48]. When the 
samples were tested for the Sin Nombre virus 
using an ELISA, it was discovered that IgG and 
IgM seroconversion between them-using sera 
collected from patients suffering from acute 
febrile illness in Brazil. Vieira et al., conducted a 
retrospective analysis of the data. Anti-
Hantavirus antibodies were detected in the 
samples using an ELISA test [49]. A total of 13.6 
per cent of the sera tested were positive for IgG 
antibodies among the samples tested. However, 
IgM was negative in all tested samples, 
indicating that Hantaviruses are in circulation in 
specific regions. According to Yoshimatsu et al., 
the use of the N protein of Hantaviruses as a 
diagnostic antigen for screening and serotyping 
has been extensively studied [50]. The authors 
discovered that the N protein was widely 
distributed among the Hantaviruses and that the 
immunodominant amino-terminal region was a 
valuable motif for describing Hantavirus ecology. 
 

The European Network for the Diagnosis of 
"Imported" Viral Diseases (ENIVD) carried out its 
first external quality assurance (EQA) program in 
2002. The program's goal was to assess the 
quality and efficiency of Hantavirus diagnostics to 
improve the diagnostic process [51]. Unlike 
HCPS, the prevalence of HFRS was minimal in 
Europe, with the World Health Organization 
reporting annual incidences ranging from 100 in 
Eastern and Southern Europe to 1000 in Finland. 
In some outbreaks, the case fatality rate for 
HFRS was 12 per cent and HCPS 50 per cent. In 
Europe, most Hantavirus infections were 
triggered by the Hantaviruses Puumala, 
Dobrava-Belgrade, and Saaremaa. As a follow-
up to this, conducted a second EQA study as 
part of their research [52]. By exchanging a panel 
of sera, researchers gathered information on the 
efficacy and specificity of various serological 
tools. It has been reported that the efficiency of 

both commercial and in-house assays is the 
same. When compared to enzyme 
immunoassays, it was discovered that 
immunoblot assays were more efficient. 

 
Recombinant antigens are often used in enzyme 
immunoassays (EIAs). Full-length proteins or 
shortened forms of these antigens can be 
expressed in bacteria, insect cells, or yeast cells. 
Screening and serotyping of Hantavirus in the 
ELISA platform, E. coli, and Baculovirus 
expression methods were used [53]. 
Antigenically, the cross-reactive area has viruses 
belonging to similar categories but not viruses 
belonging to different categories. However, 
conformation-dependent epitopes were 
discovered in the C-terminal portion of the N 
protein. They were eliminating the N-terminal 
immunologically dominant region after 
multimerization is expected to reduce cross-
reactivity while maintaining serotype-specific 
antibody reactivity [54].  

 
In Turkey, a research study looked at the 
indicators that help diagnose Hantavirus 
infection. Investigations were conducted on 100 
individuals from rural Turkey hospitalized with a 
preliminary diagnosis of Hantavirus infection. 
Twenty patients (Group 1) who had Hantavirus 
infection had it confirmed using 
immunofluorescence and immunoblot assays. 
The serum of the remaining 80 patients tested 
negative for Hantaviruses, but additional 
infectious and non-infectious illnesses were 
identified in this group (Group 2). According to 
this analysis, serum CRP showed a 100% 
negative predictive value for the Diagnosis of 
Hantavirus infection, but platelet and creatinine 
had 75% and 70% positive predictive values. In 
conclusion, laboratory indicators utilized in 
clinical practice are crucial for Hantavirus 
infection prediction [55]. 

 
Based on the results of the ICG strip test and 
recombinant antigen-based ELISA, the study 
provided the following approaches for Hantavirus 
infection diagnosis. HTNV, PUUV, SEOV, and 
Andes orthohantavirus (ANDV) would be 
selected as representative viruses. An alternative 
method for the neutralization test is to retest 
positive sera for group A or group C antigens by 
ELISA using trN50 or trN100 antigens to check 
for serotyping. Because the N protein structure is 
consistent across the Hantaviruses that have 
been previously described, a serological inquiry 
focusing on the N-terminal immunodominant 
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region may be a more effective strategy for 
understanding Hantavirus ecology [56]. 
 
In the immunochromatographic (ICG) technique, 
nanoparticle mobility across a membrane is 
detected using a strip. The immunodominant 
regions of the N protein were used to build an 
ICG test for the Diagnosis of human and animal 
antibody samples. Protein A has a strong affinity 
for human IgG antibody molecules and a 
moderate affinity for human IgM antibody 
molecules. As a result, the ICG test that used 
Protein A-labeled colloidal gold could identify 
both Hantavirus IgG and IgM antibodies to a 
lower level [57]. 
 
Using recombinant antigens expressed by E. coli 
at the amino-terminal end of N protein, a pilot 
study was conducted to evaluate a novel rapid 
immune-chromatography (ICG) test for detecting 
IgG antibodies in acute and convalescent 
samples from different Hantaviruses. 
Additionally, the ICG test was assessed for its 
capacity to differentiate between the three major 
Hantavirus groups. Instead of serum specimens, 
the ICG test might be used on diluted whole 
blood. This permits the ICG test to be utilized in 
field monitoring or in surroundings where suitable 
laboratory equipment is inadequate. Three-line 
strips exhibited superior sensitivity when tested 
with convalescents than single-antigen and 
mixed-line strips [58]. 
 
The SEOV is the cause of laboratory rat-
associated HFRS at Asian and European 
institutes and universities. An ICG test was 
developed mainly to identify SEOV IgG 
antibodies in urban and laboratory rats. Because 
the N-terminal 103 amino acid of HTNV 
generated by E. coli is virtually identical to that of 
SEOV, it was used as an antigen in the ICG test. 
The ICG test had virtually similar sensitivity for 
detecting antibodies as the ELISA test and was a 
better sensitivity result than the IFA test. The 
sensitivity and specificity were 100% and 99.8% 
compared to ELISA and ICG. Consequently, the 
ICG test provides an efficient, simple, and safe 
technique for diagnosing SEOV infection in rats, 
particularly during field observations [59]. 
 

10. NEUTRALIZATION TEST  
 

Regarding serotyping viruses, plaque reduction 
neutralization tests (PRNTs) or focal reduction 
neutralization tests (FRNTs) are the gold 
standard. This is accomplished by determining 
serum antibody-neutralizing capability. 

Hantaviruses grow slowly in mammalian cells 
and have a weak cytopathic effect in the widely 
used VeroE6 cell line [60]. As a result, the FRNT 
method, which does not require cell lysis, could 
be a viable option. The FRNT works using a virus 
with a known titer combined with serially diluted 
patient serum samples. The virus-antibody 
complex is washed away, and the cells can 
proliferate, preventing newly generated virions 
from freely diffusing in the cell culture. It is 
calculated by staining infected foci with 
fluorescent or enzymatically labeled antibodies 
and counting the spots [61]. 
 
Cell culture for FRNT must be done in a BSL-3 
facility. However, the test is time-consuming and 
labour-intensive. Different strategies for 
serological typing of Hantaan and Seoul viruses 
were investigated. Micro neutralization test 
(MNT), pseudo particle neutralization test 
(PPNT), and immunofluorescence assay-
supported viral glycoproteins (IFA-GP) were 
created by the author and compared to the 
Plague reduction neutralization test (PRNT). 
Both MNT50 and PPNT50 tests were discovered 
to be inexpensive alternatives to PRNT50 [62]. 
 
Neutralization assays may separate 
Hantaviruses into antigenically diverse species 
by determining the antigenic differences in 
glycoproteins. Although Hantaviruses have been 
classified into three antigenic groups, a group I 
(HTNV, SEOV, and DOBV), group II (PUUV, 
Tula virus, and Prospect Hill virus), and group III 
(SNV and ANDV) based on antigenic cross-
reactivity of the N protein. Three antigens are 
required from each group to screen for all 
Hantavirus infections transmitted by rodents [63]. 
 

11. MOLECULAR DIAGNOSIS  
 
Molecular diagnostic methods are also often 
used to diagnose Hantavirus infections. The 
advantage of polymerase chain reaction is that 
the PCR result may be analyzed to identify the 
viral genotype PCR allows for quick disease 
detection within 24 hours, which is especially 
useful in the acute stage. For diagnosing 
Hantaviruses, reverse transcription nested 
polymerase chain reaction (RT-nPCR) with 
genus and species-specific primers was created. 
The primer sets were designed to complement 
highly homologous portions of Hantavirus 
genomes and the nucleotide sequence of the 
Araraquara virus N gene [64]. The practical test 
for diagnosing HCPS is ELISA's more 
widespread serological approach. In Brazil, the 
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nested RT-PCR for Hantavirus could be 
employed as an early genomic characterization 
of circulating Hantaviruses and a better diagnosis 
of acute Hantavirus infection. Before developing 
IgM antibodies, real-time PCR is a helpful 
method for identifying Hantavirus RNA [65]. The 
one-step RT-PCR was developed for detecting 
DOBV, HTNV, PUUV, and SEOV viruses. The 
RT-PCR sensitivity assays for these viruses were 
98 per cent, 96 per cent, 92 per cent, and 94 per 
cent, respectively, while the specificity was more 
than 98 per cent [66]. 

 
The Hantaan and Seoul virus in the Far East 
were tested by nested reverse transcriptase-PCR 
(nRT-PCR) and restriction fragment length 
polymorphism (RFLP). Primers specific for G1 
segments of Hantaan and Seoul viruses were 
utilized in the test. The use of a combination of 
nRT-PCR and RFLP for Hantavirus 
serodiagnosis was found to be a quick and easy 
procedure [67]. A nested RT-PCR approach was 
used to identify novel viruses responsible for 
HFRS, SFTS, and flaviviruses. The striped field 
mouse (Apodemus agrarius) (n = 39) were 
collected and evaluated using serological and 
molecular methods. Nested RT-PCR revealed a 
significant positive rate of Hantavirus (46 per 
cent), but serological techniques revealed only 
17 per cent [68]. A recent study used polymerase 
chain reaction (PCR) to type Hantaviruses from 
five continents. Five different sets of 
oligonucleotide primers were employed. One set 
of                        primers targeted a conserved 
region of the S segment, while the remaining four 
targeted the M segment. The PCR results were 
100 per cent consistent with serological typing, 
indicating that PCR may be used in conjunction 
with serological methods or as a standalone test 
for Hantavirus typing. Researchers have 
demonstrated that real-time RT-PCR can reliably 
detect HFRS in Sweden [69]. The most common 
diagnostic procedures were serological tests, 
which were equivocal, particularly during the 
viraemic period. The assay can detect 98 per 
cent of verified clinical cases of puumala virus-
induced HFRS. Molecular approaches may 
replace serological testing in the early infection 
phases. They developed real-time RT-PCR and 
pyrosequencing to detect European and                     
Asian Hantaviruses. The former had a detection 
limit of 10 plasmid copies per reaction, whereas 
the latter had a detection limit of ten to one 
hundred plasmid copies per response.                         
The PCR tests can detect, differentiate, and 
quantify Hantaviruses in human and rodent hosts 
[70].  

An RT-LAMP test has been developed to detect 
the New Bunya virus in China promptly. The 
assay was validated using 138 samples from 
patients with clinical suspicion of SFTS and 40 
samples from patients with laboratory-confirmed 
Hantavirus cases. Both sets of samples were 
used to test the assay [71]. The test results 
showed that real-time RT-PCR and classical RT-
PCR agree with one another 97% of the time. 
The sensitivity of the RT-LAMP test is 99 per 
cent, and its specificity is 100 per cent. 
Consequently, the RT-LAMP test has been 
reported to be an effective alternative method for 
diagnosing SFTS brought on by the New Bunya 
virus, particularly in environments where 
resources are limited. Combining molecular and 
immunological techniques is an effective way to 
gain a better knowledge of viral pathogenesis 
and potential treatments [72]. 
 

12. CELL CULTURE  
 
Hantaviruses were cultured using Vero E6 cell 
lines obtained from monkeys of African and are a 
standard continuous mammalian cell line used in 
microbiology laboratories [73]. Characterization, 
prevention, and vaccine strategy rely heavily on 
culture isolation and whole genome sequencing. 
The virologic and genomic characteristics of the 
wild-type (wt) and Vero E6 cell-cultured strains of 
the Puumala virus strain were studied. It was 
discovered that the S and M segments of the 
Hantavirus had different effects on the adaptation 
process and that the S segment's non coding 
sequences have changed. The Hantavirus 
isolated in cell culture was shown to be 
phenotypically and genotypically changed. In the 
laboratory, cell cultivation is arduous, time-
consuming, and fraught with the potential of virus 
contamination. Because Hantaviruses are 
dangerous, culture work must be carried out in a 
BSL 3 laboratory [74]. 
 

13. AVAILABLE TREATMENT AND 
PREVENTION FOR HANTAVIRAL 
INFECTION 

 
Currently, no particular FDA-approved therapy 
for Hantavirus infection is available in America, 
and the primary therapeutic option is supportive 
care [75]. It is suggested that HCPS or HFRS 
patients be admitted to an ICU for careful 
monitoring and treatment. When individuals with 
HFRS have severe renal impairment, fluid 
retention, and pulmonary oedema, dialysis may 
be necessary to alleviate their symptoms. For 
severe thrombocytopenia and bleeding, 
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transfusions may be necessary. Transfusions 
can be done in case of severe thrombocytopenia 
and bleeding. In severe HCPS cases, respiratory 
failure and shock may occur at the onset of the 
cardiopulmonary phase [76]. 

 
Anti-hanta viral activity of ribavirin medication 
was demonstrated in suckling mice that had 
been infected with Hantaan viral type. A research 
test was carried out in China; ribavirin was 
administered to HFRS patients. The research 
results indicate that ribavirin can significantly 
lower the death rate if administered soon after 
the beginning of symptoms in HFRS patients. 
Intravenous ribavirin has been shown to reduce 
oliguria and the degree of renal failure early 
onset of HFRS. In addition, intravenous ribavirin 
was utilized to treat HCPS patients. On the other 
hand, few clinical trials on ribavirin treatment 
demonstrated that the patients received no 
clinical benefit from the drug [77]. 

 
The virus sticks to the receptor on the host cell. 
After getting inside, the virus unwraps itself and 
makes copies of it. N protein binds to the end 
caps of the host mRNA. C-terminus is the part of 
RdRp that binds to the N protein. The capped 
RNA primer is made when the N-terminal 
endonuclease domain of RdRp cuts the host cell 
mRNA at a "G" residue 14 nucleotides after the 
5′ caps. 
 

14. CONCLUSION 
 

Global understanding and awareness of 
Hantavirus infections have improved significantly 
in the last few decades. The number of viruses 
detected continues to increase, and so does the 
extent of Hantavirus infections. Despite its recent 
discovery, Hantavirus is an old disease. 
Environmental changes can affect the 
geographic distribution, frequency and dynamics 
of rodent carriers and thus the epidemiology of 
Hantavirus infection. Hantaviruses are widely 
believed to be found worldwide, but more 
research is needed on specific viral epidemics. 
With the development of faster and more 
sensitive tests and improved clinical awareness, 
human Hantavirus infections are likely to be 
detected in new areas, and new species of 
rodents carrying hitherto unknown viruses have 
been discovered. There is still a long way to go 
before an effective treatment for Hantavirus 
infection is found and the long-term prognosis of 
Hantavirus infection and the pathogenicity of 
specific virus species are unknown true 

protection requires safe and effective multivalent 
vaccines or vaccines tailored to local conditions. 
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