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Abstract. In the last decades a significant number of so far unknown or underestimated pathogens have
emerged as fundamental health hazards of the human population despite intensive research and exceptional
efforts of modern medicine to embank and eradicate infectious diseases. Almost all incidents caused by such
emerging pathogens could be ascribed to agents that are zoonotic or expanded their host range and crossed
species barriers. Many different factors influence the status of a pathogen to remain unnoticed or evolve
into a worldwide threat. The ability of an infectious agent to adapt to changing environmental conditions
and variations in human behavior, population development, nutrition, education, social, and health status
are relevant factors affecting the correlation between pathogen and host. Hantaviruses belong to the
emerging pathogens having gained more and more attention in the last decades. These viruses are members
of the family Bunyaviridae and are grouped into a separate genus known as Hantavirus. The serotypes
Hantaan (HTN), Seoul (SEO), Puumala (PUU), and Dobrava (DOB) virus predominantly cause hemor-
rhagic fever with renal syndrome (HFRS), a disease characterized by renal failure, hemorrhages, and shock.
In the recent past, many hantavirus isolates have been identified and classified in hitherto unaffected
geographic regions in the New World (North, Middle, and South America) with characteristic features
affecting the lungs of infected individuals and causing an acute pulmonary syndrome. Hantavirus outbreaks
in the United States of America at the beginning of the 10th decade of the last century fundamentally
changed our knowledge about the appearance of the hantavirus specific clinical picture, mortality, origin,
and transmission route in human beings. The hantavirus pulmonary syndrome (HPS) was first recognized
in 1993 in the Four Corners Region of the United States and had a lethality of more than 50%. Although
the causative virus was first termed in connection with the geographic name of its outbreak region the
analysis of the individual viruses indicate that the causing virus of HPS was a genetically distinct hantavirus
and consequently termed as Sin Nombre virus. Hantaviruses are distributed worldwide and are assumed to
share a long time period of co-evolution with specific rodent species as their natural reservoir. The degree of
relatedness between virus serotypes normally coincides with the relatedness between their respective hosts.
There are no known diseases that are associated with hantavirus infections in rodents underlining the
amicable relationship between virus and host developed by mutual interaction in hundreds of thousands of
years. Although rodents are the major reservoir, antibodies against hantaviruses are also present in
domestic and wild animals like cats, dogs, pigs, cattle, and deer. Domestic animals and rodents live jointly
in a similar habitat. Therefore the transmission of hantaviruses from rodents to domestic animals seems to
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be possible, if the target organs, tissues, and cell parenchyma of the co-habitat domestic animals possess
adequate virus receptors and are suitable for hantavirus entry and replication. The most likely incidental
infection of species other than rodents as for example humans turns hantaviruses from harmless to
life-threatening pathogenic agents focusing the attention on this virus group, their ecology and evolution in
order to prevent the human population from a serious health risk. Much more studies on the influence
of non-natural hosts on the ecology of hantaviruses are needed to understand the directions that the
hantavirus evolution could pursue. At least, domestic animals that share their environmental habitat with
rodents and humans particularly in areas known as high endemic hantavirus regions have to be copiously
screened. Each transfer of hantaviruses from their original natural hosts to other often incidental hosts is
accompanied by a change of ecology, a change of environment, a modulation of numerous factors probably
influencing the pathogenicity and virulence of the virus. The new environment exerts a modified evolu-
tionary pressure on the virus forcing it to adapt and probably to adopt a form that is much more dangerous
for other host species compared to the original one.

Key words: bovine aortic endothelial cell, Bunyaviridae, ecology, Hantaan virus, hantavirus, Hemorrhagic

fever with renal syndrome, Puumala virus

History

In the last decades a significant number of so far
unknown or underestimated pathogens have
emerged as fundamental hazards to health of the
human population despite intensive research and
exceptional efforts of the modern medicine to
eradicate and embank infectious diseases. Almost
all incidents caused by such emerging pathogens
could be ascribed to agents that are zoonotic or
expanded their host range and crossed species bar-
riers. Many different factors influence the status of a
pathogen concerning the question to remain unno-
ticed or evolve into a worldwide threat. The ability
of an infectious agent to adapt to changing envi-
ronmental conditions and variations in human
behavior, population development, nutrition, edu-
cation, social, and health status are relevant factors
affecting the correlation between pathogen and host
and represent the fertile ground for infectious agents
to emerge from seeming insignificance.
Hantaviruses belong to the emerging pathogens
gaining more and more attention in the last dec-
ades. These viruses are members of the family
Bunyaviridae and were grouped in a separate genus
known as Hantavirus [1-3]. Hantaviruses are
enveloped, cytoplasmic viruses with a single-
stranded, negative-sensed RNA genome that
consists of three segments termed S (small), M
(medium), and L (large) coding for the viral
nucleocapsid protein (N), two envelope

glycoproteins (G1, G2), and the viral RNA
dependent RNA polymerase, respectively [2, 3].
Although the diseases caused by hantaviruses
have been described since at least 80 years, the first
Hantavirus has been isolated in 1978 [4]. The his-
tory of hantaviruses initiated from the outbreak of
Korean hemorrhagic fever (KHF) that occurred
during the Korean War in 1951-1953 on the bank
of a small river called Hantaan near the village of
Songnaeri in Korea. The causative agent of KHF
was found to be very mysterious and its final
identification engrossed a long time of intensive
investigation. A quarter century after the Korean
War Ho Wang Lee succeeded in 1978 to isolate a
virus from lung tissue of the striped field mouse
Apodemus agrarius that was experimentally in-
fected with the agent of KHF [4]. The new virus
was consequently termed Hantaan virus (HTN)
where the KHF outbreak occurred [4]. HTN was
serologically unrelated to any of the other known
agents investigated so far. This virus predomi-
nantly causes hemorrhagic fever with renal syn-
drome (HFRS). HFRS is a disease characterized by
renal failure, hemorrhages and shock, is caused by
the HTN, Seoul (SEO), Puumala (PUU), and
Dobrava (DOB) virus and affects more than
200,000 people each year in Europe and Asia. The
lethality of HTN was found to be 3 to 10% [4, 5]
dependent on the infrastructure of the regional
public health service of the respective countries.
Nephropathia epidemica (NE), a milder variant of



HFRS with a lethality of 0.1 to 0.2% [6-10] is
caused by the serotype Puumala virus (PUU)
which is responsible for diseases in north and
middle Europe [11-18] as well as the European part
of Russia [19-20]. The geographic distribution of
the Old World hantaviruses is illustrated in Fig. 1a.

In the last decade, many hantavirus isolates
have been identified and classified in hitherto
unaffected geographic regions of the New World
(North, Middle, and South America) with char-
acteristic features affecting the lungs of infected
individuals and causing an acute pulmonary syn-
drome. Hantavirus outbreaks in the United States
of America at the beginning of the 10th decade of
the last century fundamentally changed our
knowledge about the appearance of the hantavirus
specific clinical picture, mortality, origin, and
transmission route in human beings. The
hantavirus pulmonary syndrome (HPS) was first
recognized in 1993 in the Four Corners Region of
the United States with a lethality of more than
50%. The causative virus was first termed in con-
nection with the particular geographic region that
HPS occurred in, e.g. Black Creek Canal virus,
Bayou virus and New York virus, etc. [21-27].
Molecular biological data obtained from individ-
ual viruses indicate that the causing virus of HPS is
a genetically distinct hantavirus and finally it was
termed Sin Nombre virus [28,29]. As expected,
since 1995 HPS cases have been reported from the
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Central and South American continent as well
[24,30-51]. Furthermore, other hantavirus sub-
types have been identified e.g. Laguna Negra in
Paraguay [35,40,45,51], Rio Mamore virus in Bo-
livia [33], Uran virus, Lechiquanas virus, and
Pergamino virus in Argentina [46-48]. All these
viruses are now known as Andes hantavirus [47,48]
due to their collective identification characteristics.
Infections with Andes virus in Argentina have
severe novel clinical features. The geographic dis-
tribution of the New World hantaviruses is shown
in Fig. 1b. According to the Pan American Health
Organization the number of HPS cases and deaths
registered in North and South America between
1993 and April 26, 2004 was found to be 1910 and
384, respectively. In addition to the high lethality
caused by this virus, a person-to-person trans-
mission has been reported [40,41,48] that normally
does not occur in the course of hantavirus infec-
tions of humans. Although these data have not
been confirmed in detail it raises considerable
concern and merit to arrest the attention of the
public health authority on the particular endemic
geographic region.

Ecology and Transmission

Regarding hantavirus ecology and transmission it
is known that each hantavirus serotype has a
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special rodent species as natural host and can be
spread to humans via dried and/or aerosolized
virus containing urine, faeces, and saliva by inha-
lation or even by bites [52]. The dominant rodent
hosts in Asia, Northern Europe and Western
Europe are Apodemus agrarius, Clethrionomys
glareolus, and Apodemus flavicollis, respectively.

The geographic distribution of these species is
shown in Fig. 2. However, the role of other species
in transmission of viruses is also of considerable
importance. It is known that Lemmus sibiricus,
Microtus arvalis, Microtus fortis, Bandicota indica,
and Suncus murinus are the main reservoir for the
Topografov virus, the Tula virus, the Khabarovsk

(a)  Geographical distribution of Apodemus agrarius (main reservoir of Hantaan virus)
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Fig. 2. Distribution of Apodemus agrarius, Clethrionomys glareolus, and Apodemus flavicollis known to be reservoirs for Old World

hantaviruses.



virus, the Thailand virus, and the Thottapalayam
virus, respectively. The geographic distribution of
their specific hosts is illustrated in Fig. 3.

Field studies in rodent populations have
revealed that seroprevalence for hantaviruses
could be up to 50% depending on the population
density [52]. Infections in rodent hosts may persist
despite the presence of neutralizing antibodies.
Bite wounds inflicted during fighting appear to be
a major mode of virus transmission among rodents
[52,53]. Although rodents are the major reservoir
for hantaviruses, antibodies against hantavirus are
also found in domestic and wild-life animals
[39,54]. In a recent study in New Mexico in sera of
domestic cats (2.8%) and dogs (3.5%) IgG anti-
body reactivity to nucleocapsid proteins was found
[39,55]. Antibodies against hantaviruses were
found in hares (3.5%) and in deer species (14.1%)
[54,56,57]. Among 145 specimens of Bos taurus
antibodies were present in two including one
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against the strain Hantaan [58]. The geographic
distribution of animals known to serve as vectors
for transmission of hantaviruses to men are sum-
marized in Table 1. This finding is of particular
interest, since it focuses attention on virus trans-
mission from rodents to domestic animals. Despite
the presence of IgG antibodies against various
hantavirus subtypes in domestic animals it is
unknown whether asymptomatic, persistent
hantavirus infections exist in domestic animals.
The cellular entry for the hantavirus is mediated
by a specific integrin receptor, the ayfs-integrin
[97]. The oyPs-integrin receptor is an abundant
surface receptor on various endothelial cells and
platelets [98,99]. An increased expression of the
endothelial adhesion molecules ICAM-1, VCAM,
and PECAM has been reported for hantavirus
infected cells [100]. An overview on the animal
species known to be infected by hantavirus
serotypes and the natural reservoirs known for
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Table 1. Geographical distribution of animals known to serve as vector for transmision of hantaviruses to man

Accession No.

Geographic area  Vector Disease Virus (RNA-segment) Ref.
Asia Lemmus sibiricus 2 Topografov virus (TOP) AJO11646 (S) 59
(Siberian lemming) AJO11647 (M)
AJO011649 (L)
Apodemus agrarius HFRS Hantaan (HTN) L08753 (M) 60,61
(striped field mouse) X55901 (L)
U37768 (S)
Rattus norvegicus HFRS Seoul (SEO) AY006465 (S) 62-64
(Norway rat and brown rat) X56492 (L)
Rattus rattus (black rat) S47716 (M)
Microtus fortis 7? Khabarovsk virus (KBR) U35255 (S) 65
(reed vole) AJO11648 (M)
AJ011650 (L)
Bandicota indica 2 Thailand (THAI) L08756 (M) 66
(bandicoot rat)
Suncus murinus 2 Thottapalayam (TPM) AY526097 (S) 66
(shrew species)
Europe Clethrionomys glareolus HFRS Puumala (PUU) M63194 (L) 18, 67-69
(bank vole) M29979 (M)
M32750
Apodemus flavicollis HFRS Dobrava (DOB) L41916 (S) 18, 70-72, 150
(yellow-necked mouse) L33685 (M)
Apodemus agrarius
(striped field mouse)
Apodemus agrarius HFRS Dobrava (DOB) AJ269550 (S) 73
(striped field mouse) AY168578 (M) 74
Saaremaa AJ616854 (S)
AJ616855 (M) 18,75,76
AJ410618 (L)
Microtus arvalis 2 Tula (TUL) 749915 (S) 77,78
(European common vole) 769993 (M)
North America Peromyscus maniculatus HPS Sin Nombre virus (SNV) L25782 (L)® 28
(deer mouse) L37901 (L)
L25783 (M)
L25784 (S)
Sigmodon hispidus HPS Black Creek Canal L39951 (L)® 79,80
(cotton rat) virus (BCC) L.39950 (M)
Microtus pennsylvanicus 2? Prospect Hill virus (PH) M34011 (S) 81,82
(meadow vole) X55129 (M)®
Microtus californicus 2 Isla Vista virus (ILV) U31529 (S)b 83
(California vole) U19302 (S)
Peromyscus leucopus HPS New York virus (NY) U09488 (S)° 25, 26
(white footed mouse) U36801 (M)
Oryzomys palustris HPS Bayou virus(BAY) U37534 (M)® 84,85
(rice rats) L36930 (M)
L36929 (S)
Reithrodontomys megalotis El Moro Canyon (ELMC)  U11425 (S)° 23,86
(American harvest mouse) U11427 (S)
U26828 (M)
Reithrodontomys mexicanus Rio Segundo (RIOS) U18100 (S) 24
(harvest mouse)
Oligoryzomys fulvescens HPS Choclo AF395442 (S)° 44
(Pygmy rice rat) AF402330 (M)p°
Peromyscus leucopus HPS Monongahela U32591 (S) b 87

(white-footed mouse)

U32649 (M)
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Accession No.

Geographic area  Vector Disease Virus (RNA-segment) Ref.
Sigmodon hispidus HPS Muleshoe virus (MULEV)  U54575 (S) 88
(cotton rat)
Reithrodontomys megalotis, 7" Limestone Canyon AF307322 (S)° 89
R. mexicanus(harvest mice) virus (LSC) AF307323 (M)°
South America Oligoryzomys flavescens HPS Lechiguanas AF028022 (M) 36, 42, 46
(Yellow pygmy rice rats) AF482714 (S)
Oligoryzomys longicaudatus HPS Andes (AND) AF004659 (M)° 42,90,91
(long-tailed pygmy rice rat) AF004660 (S)
AF291704 (L)
Oligoryzomys longicaudatus HPS Oran AF482715 (S) 36, 46
(long-tailed pygmy rice rat) AF028024 (M)
Oligoryzomys flavescens HPS Central Plata hantavirus - 49
(Yellow pygmy rice rats)
Sigmodon alstoni HPS Cano Delgadito AF000140 (S)° 92
(cotton rat)
Calomys laucha HPS Laguna Negra (LN) AF005727 (S) 35
(vesper mouse) AF005728 (M)
AF005729 (L)°
Oligoryzomys microtis 2 Rio Mamore (RM) U52136 (S) 33
(pygmy rice rat) U73687 (M)°
Oligoryzomys fulvescens HPS Choclo AF395442 (S)° 44
(Pygmy rice rat) AF402330 (M)°
Bolomys obscurus 2? Maciel virus AF028027 (M)® 36, 46
(dark field mouse) AF482716 (S)
Akodon azarae 2 Pergamino AF028028 (M)° 36, 46
(Azara’s grass mouse) AF482717
ND HPS Juquitiba - 93
Zygodontomys brevicauda HPS Calabazo virus AF395443 (S)° 44
(short-tailed cane mouse) AF402331 (M)°
Bolomys lasiurus HPS Araraquara AF307325 (S)bb 43
(hairy-tailed bolo mouse) AF307327 (M)
Africa Mastomys sp. HF Hantaan-related virus ND 94
(Multimammate mouse)
ND HFRS Hantaan ND 95,96,187
Australia ? ? ?

“Pathogenicity for humans unknown.

Partial.

ND: Not documented.

HF: Haemorrhagic fever.

Ref.: Reference.

HPS: Hantavirus pulmonary syndrome.

HFRS: Haemorrhagic fever with renal syndrome.

transmission of hantavirus species are given in
Table 2 and 3, respectively.

These serological analyses from the late 1980s
and early 1990s document that the transmission of
hantaviruses is not only possible between rodents
and humans by aerosols, but also by domestic
animals living in close vicinity to rodents [110,117].
Recently the susceptibility of bovine aortic endo-
thelial cells to hantavirus infections has been

documented [118,119]. This endothelial cell line
expresses the owyPs-integrin receptor which is
known to be the entrance pathway for the hanta-
virus infection. It is therefore possible that all
endothelial cells, expressing this receptor, are sus-
ceptible to hantavirus infections.

In a retrospective and prospective study of
HFRS in rural China it was shown that the risk
factors for an infection were rat-contaminated
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food, direct rodent contact, camping in grain
fields, inter-village travelling and housing, and
keeping cats [120]. In addition, observational and
experimental studies in China have shown that the
epidemic hemorrhagic fever virus replicates within
domestic pigs and that the viral antigen is excreted
via urine and faeces. According to this study the
domestic pigs may be considered as reservoir hosts
for transmission of epidemic hemorrhagic fever
[113]. In an earlier study it was reported that
neutralizing antibodies and antibodies against the
nucleocapsid protein of the Puumala virus were
detected in 5 out of 260 wild moose by neutral-
ization test, ELISA, and immunofluorescent assay,
respectively [117]. These animals all originated from
endemic regions in the northern part of Sweden.
This documents the possibility of interspecies
infection due to close living in the same habitat.
Furthermore, a Puumala virus infection was not
only found in Clethrionomys glareolus, but also in
Microtus arvalis and Apodemus sylvaticus [121]. A
recently published review focuses on the bur-
geoning human population that causes disruption
to natural habitats as more and more land is
cleared for commercial and residential purposes
[122]. Many rodents readily adapt to a life in hu-
man settlements, where they generally benefit from
reduced predation and where they sometimes
proliferate to high numbers. In a recent report on
vector- and rodent-borne infectious diseases,
the impact of climate variability and change on
vector and rodent borne diseases is highlighted
[183]. Rainfall, temperature and other weather
variables affect in many ways the vectors and the
pathogens they transmit. For example, high tem-
peratures can increase or reduce the survival rate,
depending on the vector, its behaviour, ecology,
and many other factors. The tremendous growth
in international travel increases the risk of
importation of vector-borne diseases. These facts
increase the likelihood of a possible hantavirus
transmission from a rodent population to domes-
tic animals as well as to humans. Not only
domestic animals and rodents are infected by
hantaviruses, but also non-human primates are
obviously susceptible to hantavirus infections. The
infection of Cynomolgus macaques with a wild
type Puumula virus resulted in typical signs of
HFRS including lethargy, anorexia, proteinuria,
hematuria, plasma cytokine increase, C-reactive

protein increase and temporary acute renal failure
[109].

The clinical picture of HFRS has been described
since at least eighty years and occurs from Southeast
Asia throughout Eurasia to North and South
Europe [4,5,18,79,123]. Those diseases caused or
suspected to be caused by hantavirus species are
listed in Table 4 and their history is givenin Table 5.

HPS was first documented in the early nineties
of the last century and is characterized by acute
pulmonary edema [114] associated with an excep-
tionally high lethality. HPS seems to be restricted
to North, Central and South America in company
with a great number of causative hantavirus ser-
otypes such as Sin Nombre, Black Creek Canal,
Bayou, New York, Laguna Negra, Rio Mamore,
and Andes [21,25,26,31,35,50,79,84,90,114,134—
140]. It is known that every hantavirus serotype is
connected to a special rodent species e.g. the sub-
families Sigmodontinae, Murinae, and Arvicolinae
which serve as natural hosts without causing an
apparent disease within the persistently infected
animals. Viruses can be spread incidentally to
humans via aerosolized, virus-containing rodent
urine, faeces, and saliva by inhalation, through
broken skin, the conjunctiva and other mucous
membranes, or even by bites [104]. Figure 4 shows
the geographic distribution of individual specific
hosts for New World hantaviruses like Reithrod-
ontomys megalotis (panel A), Peromyscus mani-
culatus  (panel B), Microtus pennsylvanicus
(panel C), Microtus californicus (panel D), Pero-
myscus leucopus (panel E), and Sigmodon hispidus
(panel F) which are known to be the main reser-
voir for the El Moro Canyon virus, the Sin
Nombre virus, the Prospect Hill virus, the Isla
Vista virus, the New York virus, the Black Creek
Canal virus, and the Muleshoe virus, respectively.
As far as the hantavirus infections in Central and
South America are concerned, the geographic
distribution of the individual specific rodents is
illustrated in Fig. 5 including Oryzomys palustris
(panel A), Reitrodontomys mexicanus (panel B),
Sigmodon alstoni (panel C), Oligoryzomys microtis
(panel D), Oligoryzomys longicaudatus (panel E),
and Calomys laucha (panel F) which are known to
be the main reservoir for Bayou virus, Rio Seg-
undo virus, Cano Delgadito virus, Rio Mamore
virus, Andes virus, and Laguna Negra virus,
respectively.
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Table 2. Animal species known to be infected by hantaviruses in alphabetical order

Animal species/Order

Virus

Percentage of seroprevalence/Geographical region

(Ref)

Alstons cotton rat Sigmodon alstoni/ Rodentia
Asian house shrew Suncus murinus/ Insectivora

Bandicoot rat Bandicota indical Rodentia
Bank vole Clethrionomys glareolus/Rodentia

Black-faced Bunting Emberiza spodocephala/
Passseriformes

Black rat Rattus rattus/ Rodentia

Brush mouse Peromyscus boylii/ Rodentia

California vole Microtus californicus/Rodentia
Cat Felis catus/Carnivora

Cattle Bos taurus|Artiodactyla, Bovidae

Chacoan pygmy rice rat Oligoryzomys

chacoensis| Rodentia

Chevriets field mouse Apodemus chevrieri/ Rodentia
Chipmunk Tamias minimus/Rodentia

Coal tit Parus ater|Passeriformes

Common pheasant Phasianus colchicus/Galliformes
Common shrew Sorex araneus/Insectivora
Cynomolgus macaques Macaca fascicularis/
Primates

Dark Bolo mouse Bolomys obscurus|Rodentia
Daurian redstart Phoenicurus auroreus/
Passeriformes

Deer Capreolus capreolus/Artiodactyla, Cervidae
Deer mouse Peromyscus maniculatus/Rodentia

Dog Canis lupus forma domestica/Carnivora
Dove Streptopelia orientalis| Columbiformes
Eurasian pygmy shrew Sorex minutus/Insectivora
European hare Lepus sapensis/ Lagomorpha
European Nuthatch Sitta europaeal Passeriformes
Field vole, European common vole

Microtus arvalis/ Rodentia

Golden hamster Mesocricetus auratus/ Rodentia
Grass field mouse Akodon azarae/ Rodentia

Grey heron Ardea cinerea/Ciconiiformes

Grey red-backed vole Clethrionomys
rufocanus/ Rodentia

Greater White-toothed shrew Crocidurarussula/
Insectivora

Hairy-tailed Bolo Mouse Bolomys lasiurus/|
Rodentia

Hare Lepus europaeus|Lagomorpha

Harvest mouse Micromys minutus/Rodentia

Cano Delgadito
Thottapalayam
Hantaan
Thailand
Puumala

Hantavirus®

Seoul
Limestone Canyon

Isla Vista
Sin Nombre
Puumala

Puumala
Hantaan
Bermejo

Hantavirus®
Sin Nombre
Hantavirus®
Hantavirus®
Hantavirus®
Puumala

Maciel
Hantavirus®

Puumala
Sin Nombre

New York
Monongahela
Sin Nombre
Hantavirus®
Hantavirus®
Hantavirus®
Hantavirus®
Tula
Hantavirus®

Hantavirus®
Pergamino

Hantavirus®
Hantavirus®

Hantavirus®
Ararquara

Puumala
Hantavirus®

?/see Table 3

?/see Table 3

?/Suburban Shanghai (101)
?/see Table 3

?/see Table 3

4.7% | Saint Petersburg (102)
?/former USSR (103)

?/see Table 3

?/California, Western Oklahoma, USA, South to
Queretaro and West Hidalgo, Mexico

?/see Table 3

2.9% |/ Southwestern Canada (104)

2.8% | New Mexico, North East Arizona (39)
9.6-23% | United Kingdom (105)

5% |/ Austria (106,107)

0.7% | Czech Republic (58)

0.7% | Czech Republic (58)

?/West Paraguay, Southeast Bolivia, Westcentral
Brazil, and North Argentina

?/former USSR (103)

3% / East and Central USA (108)

?/former USSR (103)

?/former USSR (103)

1.4% |/ Saint Petersburg (102)

Experimental infection (109)

?/South Uruguay and Eeastcentral Argentina
?/former USSR (103)

14.1% | Czech Republic (58)
?/see Table 3

7% | East and Central USA (108)
?/see Table 3

?/see Table 3

3.5% | New Mexico, Northeast Arizona (39)
?/former USSR (103)

0.4% / Saint Petersburg (102)
?/former USSR (103)

?/former USSR (103)

?/see Table 3

0.8% / Saint Petersburg (102)

?/former USSR (103)

?/Northeast Argentina, southern Bolivia, Paraguay,
Uruguay, and South Brazil

?/former USSR (103)

?/former USSR (103)

?/former USSR (103)

?/East Bolivia, Paraguay, North Argentina, and
Brazil south of the Amazon River

3.5% /| Czech Republic (58)

0.6% / Saint Petersburg (102)
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Table 2. continued

Animal species/Order

Virus

Percentage of seroprevalence/Geographical region

(Ref)

Hispid cotton rat Sigmodon hispidus/Rodentia

House mouse Mus musculus| Rodentia
Korean field mouse Apodemus peninsulae/
Rodentia

Lesser rice-field rat Rattus losea/ Rodentia
Long-tailed pygmy rice rat
Oligoryzomys longicaudatus/ Rodentia

Marsh rice rat Orizomys palustris| Rodentia

Marsh Tit Parus palustris|/ Passeriformes
Meadow vole Microtus pennsylavanicus/Rodentia
Mexican harvest mouse Reithrodontomys
mexicanus/Rodentia

Montane vole Microtus montanus|Rodentia
Moose Alces alces| Artiodactyla, Cervidae
Multimammate mouse Mastomys sp./ Rodentia

Muskrat Ondatra zibethicus/ Rodentia

Musk shrew Suncus murinus/Insectivora
Northern red-backed vole Clethrionomys
rutilus/ Rodentia

Norway (brown) rat Rattus norvegicus|/Rodentia

Fulvous Pygmy Rice Rat Oligoryzomys
fulvescens/Rodentia

Pig Sus scrofa (forma domestica)|
Artiodactyla, Suidae
Prairie vole Microtus ochrogaster|Rodentia

Pygmy rice rat Oligoryzomys fulvescens|/Rodentia

Rat Rattus flavipectus/Rodentia

Reed vole Microtus fortis| Rodentia

Siberian lemming Lemmus sibiricus/ Rodentia
Small-eared pygmy rice rat Oligoryzomys
microtis| Rodentia

Southern red-backed vole Clethrionomys
gapperi/ Rodentia

Striped field mouse Apodemus agrarius/ Rodentia

Black Creek Canal

Muleshoe
Sin Nombre
Hantavirus®
Amur

Hantavirus®
Hantavirus®
Andes

Oran

Bayou

Sin Nombre

Hantavirus®

Prospect Hill
Rio Segundo

Sin Nombre
Puumala
Hantavirus®
Puumala
Thottapalayam

Hantavirus®

Seoul

Choclo

Hantavirus®

Bloodland Lake

Choclo

Hantavirus®
Khabarovsk
Topografov
Rio Mamore

Sin Nombre

Hantaan
Dobrava
Saaremaa
Hantavirus®

?/see Table 3

?/see Table

3% / East and Central USA (108)

?/former USSR (103)

?/Southeast Siberia from Northeast China (Xinjiang)
and Altai Mountains to Ussuri, south through
Northeast China and Korea, and East Mongolia to
Southwest China; also on North Japanese islands
?/former USSR (103)

?/former USSR (103)

?/see Table 3

10.4% |/ Southcentral Chile (51)

?/see Table 3

?/see Table 3

17% /| East and Central USA (108)

?/former USSR (103)

?/see Table 3

?/see Table 3

3% / East and Central USA (108)

1.9% | Northern Sweden (110)

1.8% / Central Africa (Central African Republic,
Gabon); West Africa (Benin, Bourkina Fasso) (94)
8% | Germany (111)

?/see Table 3

?/former USSR (103)

?/see Table 3

73.4% | Hokkaido, Japan (> 6 months)

15.2% | Hokkaido, Japan (<6 months) (112)
?/West and East versants of South Mexico, through
Mesoamerica, to Ecuador, northernmost Brazil, and
Guianas in South America

?/China (113)

?/Northern and Central Great Plains: East-central
Alberta to South Manitoba, Canada, south to North
Oklahoma and Arkansas, Central Tennessee and
West Virginia, USA; relictual populations in
Colorado, New Mexico, Louisiana, and Texas, USA
?/West and East versants of South Mexico, through
Mesoamerica, to Ecuador, North Brazil, and Guianas
in South America

?/former USSR (103)

?/see Table 3

?/see Table 3

?/see Table 3

3.5% | East and Central USA (108)

?/see Table 3
?/see Table 3
?/see Table 3
2.2% | Saint Petersburg (102)
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Percentage of seroprevalence/Geographical region

Animal species/Order Virus (Ref)

Sugar-cane mouse Zygodontomys brevicauda/ Calabazo ?/Savannas from SE Costa Rica through Panama,

Rodentia Colombia, Venezuela, and the Guianas, to Brazil
north of the Amazon River; including Trinidad and
Tobago and smaller continental-shelf islands adjacent
Panama and Venezuela.

Ural owl Strix uralensis|Strigiformes Hantavirus® ?/former USSR (103)

Vesper mouse Calomys laucha/Rodentia
Western harvest mouse Reithrodontomys
megaloti/ Rodentia

White-footed mouse Peromyscus leucopus/
Rodentia

Yellow-necked field mouse Apodemus
favicollis/ Rodentia

Yellow pygmy rice rat Oligoryzomys
flavescens| Rodentia

Yellow-throated bunting Emberiza elegans/

Laguna Negra
El Moro Canyon
Sin Nombre
New York

Blue River

Sin Nombre
Dobrava

Lechiguanas

Hantavirus®

?/see Table 3

?/see Table 3

33% / East and Central USA (108)
?/see Table 3

?/see Table 3

2% | East and Central USA (108)
?/see Table 3

?/Southeast Brazil, Uruguay, and Argentina (south to
Chubut Prov.)
?/former USSR (103)

Passeriformes

4Serotype not determined.

The general opinion that rodents are the only
infection source for humans cannot be sustained
anymore. This postulate is based on a number of
serological studies in the last years documenting
that antibodies against hantaviruses were also
present in a number of non-rodent wild and
domestic animals. Evidence for hantavirus infec-
tions was found in cats and dogs in the United
States and western Canada [39,104]. One Euro-
pean study reported on the presence of hantavirus
antibodies in 9.6% of healthy cats and 23% of cats
with chronic diseases in the United Kingdom, a
possible transmission route of viruses from rodents
to cats and from cats to man [105]. A similar study
in Austria demonstrated that over 5% of cats have
been exposed to hantaviruses [106,107]. Tokare-
vich et al. [102] reported on 1.4% seropositive
common shrews in Saint Petersburg. In the Czech
Republic, 3.5% of hares, 14.1% of deers (Capre-
olus capreolus), and 1.4% of cattle were found to
possess antibodies against hantaviruses [58]. A
survey of peridomestic animals in suburban
Shanghai disclosed Hantaan virus infections in the
insectivore Suncus murinus [141]. The premen-
tioned data underline the possibility that rodents
and humans are not the only hosts for hantavi-
ruses. There is much evidence for the assumption

that we have to substantially extend our idea of the
hantavirus ecology and we ought to focus our
attention on determining new possible routes for
hantavirus transmission and infection sources.
This also includes an extensive investigation of
the species and cell types that are susceptible to
hantavirus infections in order to get a clear picture
of the hantavirus ecology and evolution. These
strategies open a new window in understanding
the underlying mechanism controlling virus-host
interactions and make it possible to predict
infection risks for humans in the future.

Host Barrier and Range of Hantaviruses

The predominant target cells of a hantavirus
infection are various endothelial cell types lining
the vasculature [142]. Although HFRS and HPS
are characterized by altered vascular permeability
and acute thrombocytopenia infected cells do not
show apparent pathological changes during infec-
tion [143]. In addition, it had been reported that
delayed induction of antiviral MxA in endothelial
cells after infection with HTN virus promotes viral
dissemination and contributes to the pathogenesis,
virulence, and manifestation of HFRS [144]. For
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Table 3. Main natural reservoirs known for transmission of hantavirus species

Rodent species

Hantavirus species

Rodent Distribution®

Apodemus agrarius

Apodemus flavicollis

Bandicota indica
Calomys laucha

Clethrionomys glareolus

Lemmus sibiricus

Microtus arvalis

Microtus californicus
Microtus fortis

Microtus pennsylvanicus

Oligoryzomys longicaudatus
Oligoryzomys microtis
Oryzomys palustris

Peromyscus leucopus

Peromyscus maniculatus

Rattus norvegicus
Rattus rattus
Reithrodontomys megalotis

Reithrodontomys mexicanus

Sigmodon alstoni

Hantaan
Dobrava

Dobrava

Thailand
Laguna Negra

Puumala

Topografov

Tula

Isla Vista
Khabarovsk

Prospect Hill

Andes
Rio Mamore
Bayou

New York

Sin Nombre

Seoul
Seoul

El Moro Canyon

Rio Segundo

Cano Delgadito

Amur River through Korea to East Xizang and East Yunnan, West
Sichuan, Fujian, and Taiwan (PRC and Taiwan)

Central and East Europe

South Scandinavia through European Russia to Urals, France, South
Italy, the Balkans, North-West Spain, England and Wales, Syria,
Lebanon, and Israel

Sri Lanka, peninsular India to Nepal, Burma, North-East India, South
China, Laos, Thailand, Vietnam, Taiwan

West-Central Brazil, North Argentina, Uruguay, South-East Bolivia,
West Paraguay

West Palearctic from Scandinavia to Lake Baikal, France, South to
North Spain, North Italy, Balkans, West Turkey, North Kazakhstan,
Altai & Sayan Mountains; Britain and Southwest Ireland

Holarctic tundra landscapes: in Palearctic, from White Sea, west
Russia, to Chukotski Peninsula, Northeast Siberia, and Kamchatka;
including Nunivak and St. George islands in the Bering Sea; in
Nearctic, from West Alaska east to Baffin Island and Hudson Bay, and
south in the Rocky Mountains to Central British Columbia, Canada
From Central and North Spain throughout Europe (including Den-
mark) to western margin of Black Sea in the south and northeast to
Kirov region (west of the Urals) in Russia; also populations on the
Orkney Islands, Guernsey (Channel Islands), and Yeu (France)
Pacific coast from South-West Oregon through California, USA to
North Baja California, Mexico

Transbaikalia and Amur region south through Nei Mongol and East
China to lower Yangtse Valley and Fujian

Central Alaska to Labrador, including Newfoundland and Prince
Edward Island, Canada; Rocky Mountains to North New Mexico, in
Great Plains to North Kansas and in Appalachians to North Georgia,
USA

North-Central to South Andes, to approximately 50 degrees southern
latitude, of Chile and Argentina

Central Brazil south of Rios Solimoes-Amazon and contiguous low
lands of Peru, Bolivia, Paraguay, and Argentina

South-East Kansas to East Texas, eastward to South New Jersey and
peninsular Florida

Central and East USA to South Alberta and South Ontario, Quebec &
Nova Scotia, Canada; to North Durango and along Caribbean coast
to Isthmus of Tehuantepec and Yucatan Peninsula, Mexico

Alaska Panhandle across North Mexico; Canada, south through most
of continental USA, excluding South-East and East seaboard, to
southernmost Baja California Sur and to North-Central Oaxaca,
Mexico

Worldwide

Worldwide

British Columbia and South-East Alberta, Canada; West and North-
Central USA, south to North Baja California & interior Mexico to
Central Oaxaca

South Tamaulipas and West-Central Michoacan, Mexico, south
through Middle American highlands to West Panama; Andes of West
Colombia and North Ecuador

Savannas over Northeast Colombia, North and East Venezuela,
Guyana, Surinam, and North Brazil
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Rodent species Hantavirus species

Rodent Distribution®

Sigmodon hispidus Black Creek Canal

South-East USA; South Nebraska to Central Virginia, south to South-

East Arizona and peninsular Florida;

Muleshoe

interior and East Mexico through Middle America to Central Panama;

in South America to North Colombia and North Venezuela

Suncus murinus Thottapalayam

Afghanistan, Pakistan, India, Sri Lanka, Nepal, Bhutan, Burma,

China, Taiwan, Japan, Indomalayan Region; introduced into Guam,
the Maldive Islands, and probably many other islands; introduced into
coastal Africa, Madagascar, the Comores, Mauritius, and Réunion,
and into coastal Arabia

For details, refer to references 45, 114-116.

human umbilical vein endothelial cells as well as
human dendritic and Vero E6 cells the cellular
entry of hantaviruses is known to be mediated by
oyPs-integrin  [144,145], an abundant surface
receptor on various endothelial cells and throm-
bocytes [143,146]. It is accepted that o Bs-integrin
is the entry mediator for pathogenic hantaviruses
[118,119,144-146] and expression was also found
on epithelium cells of pig, dog and cattle [147,148].
Furthermore, the susceptibility of bovine aortic
endothelial cells to a hantavirus infection has
been clearly demonstrated in vitro [118,119]. Taken
together, this data supports the fact that other
species than rodents, primates, and Homo sapiens
sapiens have to be susceptible to hantavirus
infections.

Different species of rodents were identified and
considered to serve as a natural host of the
pathogens causing HFRS and NE in human
beings e.g. Apodemus agrarius, Clethrionomys
glareolus and Apodemus flavicollis, which are
classical vectors for the transmission of Old World
hantaviruses. Attempts to find a laboratory host or
cell system for the replication of a presumptive
virus were initially unfruitful. More than 25 years
after the initial description of KHF in 1978 Lee
succeeded in propagating this virus and detecting
antibodies in sera of patients [4]. LeDuc and col-
leagues subsequently confirmed the clinical diag-
nosis of KHF in 94% of 245 military patients
screened during 1951-1954 [149]. Although the
Vero E6 cell line still provides the best cell system
for culturing, replication, and propagation of
hantaviruses it is obvious that a number of other
mammal cells can also be susceptible to these
viruses and assist as a suitable in vitro and in vivo

system for replication and progeny of hantaviruses
in general.

The hantavirus outbreak in the United States
of America at the beginning of the 10th decade of
the last century fundamentally changed our
knowledge about the occurrence of the hantavirus
specific clinical picture, mortality, origin and
transmission route in man. Genetic analyses
revealed that the new virus is most closely related
to the Prospect Hill and the Puumala virus
[21,22]. HPS is found all over the United States
of America, as well as in the Chaco region
of Argentina and Paraguay and the Andes
region. Analysis of phylogenetic relationships
among hantaviruses suggests that hantaviruses
have had a longstanding co-evolutionary history
with their predominant rodent carriers [185,186].
Closely related hantaviruses are generally isolated
from rodents that are themselves evolutionary
related. Specific hantavirus strains are linked to
specific rodents inducing a variety of different
clinical entities.

In addition to the New World hantaviruses
several new ones have been documented since 1993
including the Thottapalayam virus recovered from
shrews (Suncus murinus) [141], a hantavirus from
rats (Bandicota indica) in Thailand, and the
Dobrava virus from mice (Apodemus flavicollis) in
Yugoslavia [70,71]. Due to the fact that domestic
animals and rodents live jointly in a similar habi-
tat, the transmission of hantaviruses from rodents
to domestic animals seems to be possible if the
target organs, tissues, and cell parenchyma of the
co-habitat domestic animals possess adequate
virus receptors and are suitable for hantavirus
entry and replication. The detection of neutralizing
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Table 4. Diseases caused or suspected to be caused by hantavirus species

Hantavirus species Disease Acute phase symptoms”
Dobrava HFRS severe hemorrhage
Hantaan Lethality: mild azotemia
Seoul 1-15% very severe proteinuria
mild to moderate pulmonary capillary leakage
mild to severe myositis
moderate to very severe conjunctival injection
moderate to very severe eye pain and myopia
Puumala HFRS (mild)NE mild hemorrhage
(Nephropathia mild azotemia
epidemica) mild to very severe proteinuria
Lethality: < 1%
rarely reported mild pulmonary capillary leakage
mild myositis
mild conjunctival injection
moderate to very severe eye pain and myopia
New York HPS mild hemorrhage
Muleshoe HCPS mild azotemia
Sin Nombre Lethality: mild proteinuria
>40% Cardiogenic hypotension (HCPS)
very severe pulmonary capillary leakage with
non-cardiogenic pulmonary edema
rarely reported myositis
rarely reported mild conjunctival injection
rarely reported eye pain and myopia
Andes Bayou HPS mild hemorrhage
Black Creek Canal HCPS mild azotemia
Laguna Negra (renal variant) moderate to severe proteinuria
Rio Mamore Lethality: severe to very severe pulmonary capillary leakage

>40%

Cano Delgadito
El Moro Canyon
Isla Vista
Khabarovsk
Prospect Hill
Rio Segundo
Thailand
Thottapalayam
Topografov
Tula

none recognized

moderate to very severe myositis
rare to moderate conjunctival injection
rarely reported eye pain and myopia

none recognized

For details, refer to references 114, 124, and 125.
HFRS: Hemorrhagic fever with renal syndrome.
HPS: Hantavirus pulmonary syndrome.

HCPS: Hantavirus cardiopulmonary syndrome.

antibodies in cats, dogs, pigs, and cattle revealed a
prevalence of approximately 5% of specific anti-
bodies against various serotypes of hantaviruses
[39,55,58,113].

The susceptibility of bovine aortic endothelial
cells to hantaviruses [118,119] is of considerable

interest, since it focuses attention on a possible
transmission to ungulate animals as non-rodent
hosts. This discovery opens a new window on the
host range of hantaviruses that comprise more
than only humans and rodent species. The iden-
tification of seroprevalences for different hanta-
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Table 5. History of diseases caused and/or suspected to be caused by hantaviruses

171

Incidence/No
Year Disease Virus/Country of cases Ref./Remarks
~960 a hemorrhagic fever nd?/China nd* /nd* 60
associated with renal
syndrome
1485 "The English sweating nd*/England nd* /nd* 126 / between the ages of 15
1508, disease” (HPS?) and 45 years
1517,
1528,
1551
1913,1932  HFRS? nd®/Russia nd* /nd* 114 / Japanese troops
1918,1936  HPS? nd*/USA,Four Corners nd* /nd* 127
1934 hantavirus disease, nd®/Sweden nd* /nd* 13
nephropathia epidemica
(NE)(renal involvement)
1942 mild hemorrhagic fever-like nd*/Stalla, Finnland population 59, 128, 129 / Finnish and
illness fluctations and German troops
mass migrations
of lemmings
(Lemmus lemmus)/
1000
1950-1953  HFRS; Korean hemorrhagic nd*/Korea Korean War/ 60 / American Soldiers
fever (KHF) > 3000
1977 HFRS Puumala /Puumala, bank vole 123 / Isolation of the virus
Finnland (Clethri- from the rodent
onomysglareolus)
1978 HFRS Hantaan/Korea rodent reservoir 4 / Isolation of the virus
(Apodemus agrarius
1981 HFRS Hantaan/? rodent reservoir 130 / cell culture
(Apodemus
agrarius
early 1980s HFRS Seoul/Europe laboratory 13
outbreaks
1986 HFRS Hantaan/Korea training exercise /14 131 / U.S. Marines
1987 HRFS Hantaan/Central African nd* /nd* 115 / First documented case in
Republic Africa
1993 hantavirus pulmonary Sin Nombre/USA, nd?*/55 127, 132 / Initial name: "Four
syndrome (HPS)/ Four Corners Corners Disease",Retrospec-
tive analyses indicate that
HPS has been present in
North America since as early
as 1959.
1993 hantavirus pulmonary Brazil deforestation job/3 34
syndrome
1993 Puumala Germany, France, 127
Belgium, and the
Netherlands
1994 HPS Sin Nombre/USA, 133

Four Corners

“nd: not documented.

Ref.: Reference.

HPS: Hantavirus pulmonary syndrome.
HFRS: Haemorrhagic fever with renal syndrome.

virus serotypes in game and domestic oxen [58] is
in agreement with this approaches and strongly

supports this new aspect on the ecology of these
important human pathogens. One can suppose
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Geographical distribution of Reith
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(muilJl reservoir of Sin Nombre virus)

ical distribution of Peromyscus maniculatus

Geographical distribution of Microtus pennsylvanicus
(main reservoir of Prospect Hill virus)

Geographical distribution of Microtus californicus
(main reservoir of Isla Vista virus)
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Fig. 4. Distribution of Reithrodontomys megalotis, Peromyscus maniculatus, Microtus pennsylvanicus, Microtus californicus, Sigmodon
hispidus and Peromyscus leucopus in North America known to be reservoirs for New World hantavirus infections.

that the ecology of hantaviruses in domestic
animals is different from that known for rodents.
Advanced research on this subject should focus
attention on the experimentally infection of
domestic animals in vivo. Such studies should
include the screening of domestic animals partic-

ularly in those endemic regions that are known to
be platforms for the occurrence of hantavirus
infections. The results of these investigations make
it possible to assess the infection risk for humans
that emanates from species that are until now not
suspected to be a reservoir for hantaviruses.
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Brazil

Geographical distribution of Oryzamys pall

 Brazil “I“._

(main reservoir of Bayoen virus)

(main reservoir of Rio Segundo virus)

of Reith

© <5
LA

Geographical distribution of Sigmaodon alstoni
(main reservoir of Cano Delgadito virus)

Geographical distribution of Qligoryzomys microtis
(main reservoir of Rie Mamore virus)

(e)

Argentina

Geographical distribution of Ofigoryzemys longicandatus
(main reservoir of Andes virus)

Geographical distribution of Calemys lawcha
(main reservoir of Laguna Negra virus)

Fig. 5. Distribution of Oryzomys palustris, Reithrodontomys mexicanus, Sigmodon alstoni, Oligoryzomys microtis, Oligoryzomys
longicaudatus, and Calomys laucha in Central and South America known to be reservoirs for New World hantavirus infections.

New Aspects on Reservoir, Transmission, and
Distribution of Hantaviruses

The outbreak of the hantavirus infection in North
America and the subsequent occurrence of HPS-like
diseases in the South American continent was the
first challenge after the discovery of HFRS caused

by Old World hantaviruses. It should be committed
that this event significantly improved our knowl-
edge on the hantavirus reservoir, transmission,
distribution, and ecology in the last decade. The
recent reports on the detection of hantavirus specific
antibodies in domestic animals, small mammals,
and in wildlife [39,51,53,57,102] together with the
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replication of hantaviruses in bovine aortic endo-
thelial cells [118,119] are further evidence that
Rodentia, Insectivora, Lagomorpha, and Carnivora
cannot be considered anymore as the only reservoir
and/or transmission source for hantaviruses. The
detection of hantavirus antigens in the lung sus-
pension of different bird species captured in the far
east region of Russia by ELISA [151]is of particular
importance in view of hantavirus transmission and
ecology. The birds identified to be infected with
hantaviruses belonged to the orders Columbiformes,
Passeriformes, Galliformes, Strigiformes, and
Ciconiformes. Although over one decade had passed
the confirmation of this discovery is still open. The
assessment that the hantavirus infection can be
transmitted through bird species enforces the
reevaluation of the interrogation concerning the
hantavirus reservoirs, transmission, and ecology in
more detail.

New Aspects on Geographic Distribution of
Hantaviruses

The distribution and the identification of hanta-
virus infections on the African continent engrossed
our idea on the reservoir, transmission, distri-
bution, and ecology of these viruses that are
endemic in this geographic area. The isolation
and partial characterization of a new virus
causing hemorrhagic fever in Zaire [152], the
detection of antibodies against hantaviruses in
man found in India, Iran, Central Africa, Alaska,
and Bolivia by Gajdusek in 1982 [94], and sup-
plying serological evidence for a Hantaan-related
virus in Africa by Gonzalez and coworkers in 1984
[95] are earlier reports that hantaviruses are also
endemic on this continent. The state of hantavirus
infections in Africa was investigated by Gonzalez
and co-workers in 1988 [96]. Furthermore, they
reported a global prevalence of positive sera
(6.15%) for the Hantaan virus in six central
African countries (Cameroon, Central African
Republic, Chad, Congo, Equatorial Guinea, and
Gabon) [153]. In addition, the prevalence of
hantavirus antibodies in human populations living
in the Nile river delta of Egypt [154-156] and
Djibouti [157] was reported. Nakounne and col-
leagues succeeded in the identification of anti-
bodies against hantaviruses in the Central African

Republic [158]. These investigators screened sera
of 1762 individuals in two population groups
(Pygmy and Bantu) by hantavirus specific enzyme
immunoassay. They found a prevalence of IgG
antibodies of 2% for the Hantaan virus [158]. No
antibodies were detected against Seoul, Puumala,
and Thottapalayam viruses [158] indicating that
Hantaan or Dobrava-like viruses and their corre-
sponding hosts are endemic in this area as well.
Summarizing these facts a lot of effort for the
prevention of the related diseases by the arrange-
ment and by the administration of the specific
public health policy has to be made.

Although the Australian continent is periodi-
cally attacked by an enormous increment of rodent
population, there is still no significant and con-
firmed evidence for diseases caused by hantavi-
ruses or hantavirus-like viruses. It is hard to
believe that this continent is free from these human
pathogens. Detailed serological and molecular
epidemiological investigations are required for
final clarification of the incident of hantavirus
infections in Australia.

Conceptional Strategies for the Prevention of the
Hantavirus Threat

The classical strategy for the prevention of diseases
caused by microorganisms e.g. viruses is based on
vaccination of individuals by passive, inactivated,
attenuated, and subunit vaccines produced from
the complete microbial organisms or its compo-
nents. Although more than a quarter century has
passed from the discovery of hantaviruses an
effective and reliable vaccine suitable for protec-
tion of human beings against these emerging dis-
eases is not available. Many efforts have been
made to establish a hantavirus specific vaccine
using passive immunization [159] and inactivated
hantaviruses [160,161]. However, none of these
approaches comply with the efficiency and safety
conditions known for the use of vaccines in mod-
ern industrialized countries. The development of
molecular biology and genetic engineering and
their application for the vaccine production
opened a new platform for the deployment and
application of new generation vaccines. In this
context extensive experimental approaches were
performed for the investigation of hantavirus



specific  DNA-vaccines [162-168], recombinant
hantaviral glycoproteins [169-170], recombinant
hantaviral nucleocapsid proteins [171-176],
expression of viral nucleocapsid proteins in trans-
genic plants [177,178], and generation of human
recombinant neutralizing antibodies against
Hantaan viral glycoproteins by phage display
technology [179,180]. Although all these technol-
ogies seem to be strategically rational and prom-
ising, it is still too early to predict one of these to
be the frontier or a pioneer as a most suitable
candidate for a new generation vaccine able to
prevent a hantavirus infection in man.

In addition to this dilemma further environ-
mental factors like genomic instability of hanta-
viruses, possibility of an eventual RNA intra- and/
or intermolecular recombination, and shift and
drift that is known for viruses with segmented
RNA genomes, can lead to an alteration of virus-
host interactions and generate an unexpected
branch of the viral evolutionary tree. Reassort-
ment processes between different lineages of
Dobrava virus (DOBV-Af, DOBV-Aa) have been
recently reported [73]. Such events can play an
essential role in the hantavirus ecology inducing
fundamental aftereffects e.g. changes of the geno-
type and phenotype of these human pathogens not
only leading to unexpected incidents but also
resulting in an enormous hazard to human beings
and mammals in general. Therefore the establish-
ment and existence of a control network mecha-
nism is of immense prominence for providing the
most suitable possibility for rapid detection,
identification, prevention, and treatment of such
emerging pathogens. This is the obligation of
public health authorities throughout the world and
particularly a task assignment of corresponding
state organs in modern industrialized countries.

Although over half a century had passed since
the first documented hantavirus outbreak during
the Korean War a specific treatment and cure for
hantavirus infections is still not available. A de-
tailed discussion on the problems and impediments
connected to the issue of hantavirus infection
therapy and drug design and development against
these infectious diseases is far from the objective of
this review. However, the drug 1-8-D-Ribafur-
anosyl- 1,2,4-triazol-3-carboxamid known as
Ribavirin has shown to be effective as a viral
inhibitory factor for hantaviruses [73,181,182]. As
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far as the effect of this drug on HPS infections is
concerned several clinical trials are not yet com-
pleted. The advancement in molecular biology and
pharmaceutical research in combination with new
facilities for the detection of specific mechanisms
determining virus-cell interactions on a molecular
level are promising and can lead to the detection of
a specific treatment against hantavirus infections
in the near future.

Conclusions and Outlook

Hantaviruses are distributed worldwide and are
assumed to share a long time period of co-evolu-
tion with specific rodent species as their natural
reservoir. The degree of relatedness between virus
serotypes normally coincides with the relatedness
between their respective hosts [185,186]. There are
no known diseases that are associated with
hantavirus infections in rodents underlining the
amicable relationship between virus and host
which developed in years of mutual interaction.
The most likely incidental infection of species
other than rodents as for example humans turns
hantaviruses from harmless to life-threatening
pathogenic agents focusing the attention on this
virus group, their ecology and evolution in order
to assess their potential to represent a serious
health risk for the human population [184]. It is of
particular interest to understand the underlying
mechanisms of pathology and evolution of
hantaviruses in order to evaluate the future role of
this emerging virus group on the stages of this
world. A better understanding of hantavirus
ecology would allow better controlling of the
infection risk for humans and would probably
allow predictions of future developments that
mankind will be confronted with.

It is alarming that a virus that is originally
harmless in its natural host turns out to be a
pathological agent in another host e.g. humans
with immense lethality. Up to now it seems that
humans are only infected via virus-containing
rodent excretions and that a person-to-person
transmission normally does not take place. These
facts allow for the hope that hantavirus infections
would not result in worldwide catastrophic pan-
demics. However, in one case, the hantavirus
serotype Andes, a transmission from infected to
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healthy persons has been reported [41,48] uncov-
ering the intrinsic potential of hantaviruses to
probably turn out to be a more severe health risk
than has been assumed so far. Another presum-
ably underestimated source of infection for
humans apart from rodents are other wild and
domestic animal species. As already stated before
serological evidence for susceptibility to hantavi-
rus infections were found in many different non-
rodent species. These data were corroborated by
the findings concerning the susceptibility of bovine
aortic endothelial cells to hantavirus infections
posing the question whether other animals than
rodents could represent so far unknown reservoirs
for hantaviruses. In contrast to humans hantavi-
rus-associated diseases have not been reported for
animals so far. For that reason thorough and
systematic screenings of wild and domestic animals
for the presence of hantaviruses were not made
except for rodent species. Domestic animals that
live jointly in a similar habitat with rodents and
humans especially those living in high endemic
hantavirus regions have to be copiously screened
for the presence of hantaviruses. Recent studies
including the ones presented here back up the
possibility of transmission of hantaviruses from
rodents to other wild and domestic animals. It is of
great importance to complete our picture of the
hantavirus host range in order to get a reliable
basis for investigations targeting the underlying
mechanisms defining the species that are suscepti-
ble to hantavirus infections. Each transfer of
hantaviruses from their original natural hosts to
other incidental hosts is often accompanied by a
change of ecology, a change of environment, and a
modulation of numerous factors probably influ-
encing the pathology of the virus. The new envi-
ronment exerts a modified evolutionary pressure
on the virus forcing it to adapt and probably to
adopt a form that is much more dangerous for
other host species compared to the original one.
Even minimal changes in the primary structure of
viral proteins influence the virulence of the
respective hantavirus serotype without knowing
the consequences that such changes would have on
the relationship between hantaviruses and hu-
mans. Much more studies on the influence of non-
natural hosts on the ecology of hantaviruses are
needed in order to get a clear idea of the directions
that the hantavirus evolution could pursue. An

exhaustive knowledge about the influence of the
host ecology on the ecology of viruses enables us
to predict and avert future threats of emerging
pathogens.
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