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ABSTRACT
Diﬀerent species of bats have been historically, incriminated of transmitting viral diseases to humans and livestock. However, in spite
of the intensive studies conducted in this area of research, the outcome was not as people were expecting, in the sense that very few
viruses were found to cause overt devastating clinical diseases in humans and domestic animals. Indeed, this topic is so inviting, and
is of great interest, especially with the emergence of the three novel Coronaviruses (SARS-CoV-1, MERS-CoV, and SARS-CoV-2) that
involved the human population, globally, during the last two decades (2005-2019). The present article up-dates knowledge regarding the
role of bats in the maintenance and spread of signiﬁcant human and livestock virus infections, globally.
Keywords: Bats; SARS coronavirus; MERS CoV; COVID-19; Virus infections

humans). The white-winged vampire bat (Diaemus) appears to have a
special preference for birds and goats.

INTRODUCTION
It is of interest, in this article, to understand some information
about bats before discussing their role in the epidemiology of
viral diseases of humans and livestock. This involves their nature,
classification, habitat, their roosts, feeding behavior and any property
that can aid in understanding their role in the epidemiology of the
virus diseases they can transmit to humans and livestock.
The gathered Information about bats, so far, indicated that they
are flying mammals of the order Chiroptera. They constitute 24% of
the mammalian species. The number of described species is now over
1,400 [1].
Taxonomically, bats belong to two suborders known: as
Megachiroptera (megabats) and Microchiroptera (microbats/
echolocating bats). The largest bats are the flying foxes (Acerodon
jubatus); with a wingspan of 1.7 meters and weighing 1.6 kg. The
smallest bat is 150 mm across the wings, [1,2].

HABITAT AND ROOSTS OF BATS
Bats are internationally ubiquitous, they can be found in almost
every type of habitat and almost all parts of the world, except the
poles. They prefer warm weather. In winter, bats either hibernate or
migrate to warmer areas.
Bats live in different ecological and social conditions. Some bats
live in colonies; others live solitary [3-5].

FEEDING BEHAVIOUR OF BATS
According to their feeding behavior bats are classified into:
Vampire bats, Insectivorous bats, Fruit– eater bats and Nectivorous
bats.
Vampire bats
Vampire bats feed, solely, on blood. They are also called leafnosed bats. They belong to three species, of the family Phyllostomidae,
subfamily Desmodontinae. They are classified into three different
genera: Desmodus, Diphylla and Diaemus. The known three species
are the common vampire bat (Desmodus rotundus), the hairy-legged
vampire bat (Diphylla ecaudata), and the white-winged vampire bat
(Diaemus youngi). Vampire bats are found in Central and South
America [6,7].
The feeding behavior of Vampire bats varies to their species. For
instance the most common species, the common vampire (Desmodus)
is not fastidious and will attack any warm-blooded animal (including

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com

Page -036

An interesting behavior of the Desmodus bat that before feeding
on an animal with thick hair, it can use its canines and teeth to remove
away the hair [8,9]; and that, the bat’s saliva, left in the victim’s
resulting bite wound, has anticoagulants and compounds that prevent
vaso-constriction, so that blood continues flowing while the feeding
process of the bat.
Fruit- eater bats, ﬂying foxes, (Frugivores)
Flying foxes of the genus Petrous are known as Fruit-eating
bats (fruit, flowers & pollen. They are classified under the suborder
Megachiroptera, family Pteropodidae [10]. They are the largest bats
in the world.
The geographical distribution and movement of members of the
family Pteropodidae ranges from Africa, the eastern Mediterranean,
Madagascar and the Indian Ocean islands in the west, across mainland
southern Asia, throughout the islands of the west Pacific from the
Ryukyu Archipelago and Ogasawara-shato in the north, to coastal
eastern Australia, new Caledonia and the Loyalty Islands in the south,
and east to Fiji, Tonga, Samoa and the Cook Islands. Many species are
restricted to islands, while a number of them are widespread. Fruit
bats are known to travel over considerable distances [11,12].
Insect-eater bats (Insectivores)
Insectivorous bats predominantly belong to the microbats’ group.
As their name implies, they are predators, prying on insects such as
flies, mosquitoes, beetles, moth, grasshoppers, termites, bees, wasps
[1], etc. So, these insectivorous bats are useful in the environment,
they also disperse seeds but can be destructive when eating bees.
Of these insectivorous bats [1] are the Mexican free-tailed bats,
(Tadarida brasiliensis), the little brown bat (Myotis lucifugus), the
brown long-eared bat (Plecotus auritus) and many horseshoe bat
species.
Bats feeding on vertebrates (Predators)
Bats of prey feed on birds, lizards, frogs, small mammals and fish.
Greater bat (Nyctalus lasiopterus) uses its large teeth to catch birds.
It was reported that the fringe-lipped bat (Trachops cirrhosus) for
example, is skilled at catching frogs. These bats locate large groups
of frogs by tracking their mating calls, then plucking them from the
surface of the water with their sharp canine teeth.
Some species, like the greater bulldog bat (Noctilio leporinus)
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hunt fish. They use echolocation to detect small ripples on the water’s
surface, swoop down and use specially enlarged claws on their hind
feet to grab the fish, then take their prey to a feeding roost and
consume it. Interestingly, two species of bat are known, so far, to feed
on other bats: the spectral bat (Vampyrum spectrum), and the ghost
bat (Macroderma gigas).
From our personal experience [13], we saw feather and remains
of birds in roosts of bats in air-conditioners in human lodges.

VIRUS DISEASES TRANSMITTED FROM BATS
TO HUMANS AND LIVESTOCK
Historically, a large number of viruses, that are potentially
infectious to man and domestic animals, have been isolated from bats
[14]. Of these only very few were confirmed as causing devastating
disease outbreaks in humans and domestic animals [15]. The main
virus diseases confirmed to be contracted from bats and caused
serious fatal outbreaks, are the henipaviruses, (Hendra virus (HeV)
and Nipah virus (NiV)), the vampire bat rabies virus and to a lesser
extent, the Australian Bat Lyssavirus (ABLV) infection [16], which
can cause a fatal human illness indistinguishable from classic rabies.
Before and following emergence of the SARS-CoV-2, several
related coronaviruses, were identified from bats. Zhou [17] gave a
summary of most of these viruses. These included the RaTG13 and
seven others, identified by ZHOU et al these were (RpYN06, RsYN04,
RmYN05, and RmYN08 which were related to SARS-CoV-2,
while the remaining three (RsYN03, RmYN07, and RsYN09) were
closely related to SARS-CoV. Others were the BANAL 52; BANAL
103; BANAL 236, which are the closest to SARS-CoV-2; RmYN02
,RacCS203 [18] the STT182 and STT200 [19]. Presence of these
viruses and possibly others, in bats, indicate that bats are harboring
coronaviruses that are closely-related to the SARS-CoV-2 over a
wide range of localities in Asia. Such a situation can indeed, impose a
future threat to human health.

HENIPAVIRUSES
Taxonomically, the genus Henipavirus is a member of the
family Paramyxoviridae, subfamily Orthoparamyxovirinae order
Mononegavirales containing five species [20]. The present article deals
with two virus species (hendra and Nipah) of the genus henipavirus.
Characteristics of the genus henipavirus are typical of their family
orthomyxoviridae. The virions are pleomorphic, ranging in size from
40 to 600 nm in diameter; their capsid is helical in structure and
covered by a lipid membrane. The capsid core is tightly associated
with the RNA to form the nucleucapsid. Henipaviruses are naturally
harbored by pteropid fruit bats (flying foxes) and microbats of several
species.
Beside Hendra virus and Nipah virus, two new henipaviruses
were discovered in bats. These are the Cedar virus and the Ghanaian
bat virus. Cedar virus was isolated from urine samples collected from
a flying fox colony in Australia. There is no evidence that Cedar virus
is pathogenic in humans [21]. Inclusion of the Ghanaian bat virus
was based on detection of viral RNA rather than isolation of a novel
virus [22,23].
A henepavirus RNA called Mojiang virus RNA was detected
from rectal swabs from rats (R. flavipectus), from Mojiang locality in
China. It was not detected in bats.

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com

Page -037

ISSN: 2766-5070

GEOGRAPHICAL
DISTRIBUTION
OF
MEMBERS OF THE GENUS HENIPAVIRUS
Published data on the geographical Distribution of members
of the genus Henipavirus [24] indicated that they were recorded in
Australia, Malaysia, Bangladesh, Cambodia, India, Thailand and
Indonesia. HeV has been isolated from horses, humans, and flying
foxes in Australia and NiV from humans, pigs, and flying foxes in
Malaysia, Bangladesh, and Cambodia. NiV has also been isolated
from fruit partially eaten by flying foxes in Malaysia, and NiV RNA
has been detected in human patients and bats in India and Thailand,
respectively. The geographic distribution of Pteropus species which
ranges from the east coast of Africa, through the Indian subcontinent
and Southeast Asia, north to Okinawa and south to Australia, suggests
that henipaviruses may also be found in flying fox populations in
geographically more diverse locations.

TRANSMISSION OF HENIPAVIRUSES
Naturally, henipaviruses (Hendra & Nipah) are transmitted from
bats to their definitive hosts (humans, horses & pigs), in an indirect
manner; i.e. bats don’t attack the susceptible hosts directly. Thus the
sequence of events regarding infection with these two viruses takes
two pathways. Initially, there is a sylvan cycle between the reservoir
bats. Bat–to-bat transmission of Nipah and Hendra virus occurs
through direct contact, with transmission being aided by the high
density of bats in roosts and the use of urine in grooming. This is
followed by an indirect transmission from bats to the definitive hosts.
Published data indicated that during infection of bats, Hendra
& Nipah viruses are shed mainly in urine, but can also be detected
in throat and rectal swabs. Vertical transmission has been shown to
occur in pregnant bats.
It can be concluded that both hendra virus and nipah virus are
circulated within fruit bats, horses, pigs and humans. The viruses are
shed in urine of bats, and respiratory secretions in horses, pigs and
humans. Regardless of the routes of shedding, close contact remains
the main requirement to ensure transmission.

HENDRA VIRUS DISEASE
Hendra virus disease was reported for the first time in a suburb
of Brisbane, Australia, called Hendra, in 1994, as a small outbreak of
a fatal respiratory disease in horses in a stable in that village. Shortly
following the death of the horses, horse trainer who had been in
close contact with the sick horses, developed an influenza-like illness,
which progressed to fatal acute respiratory distress syndrome [25].
The disease was further reported during 1999 and 2004, also
involving humans and horses, causing a high case fatality rate, [26].
Studies on the itiological agent showed that it belongs to the family
Paramyxoviridae genus Henipavirus, and that its natural hosts and
reservoirs are the fruit bats (“flying foxes”) of the family Pteropodidae
genus Pteropus, including the black flying fox (Pteropus alecto), grayheaded flying fox (P. poliocephalus), little red flying fox (P. scapulatus),
and spectacled flying fox (P. conspicillatus) (Table 1).
Pteropus is the largest genus in the family Pteropodidae,
comprising about 65 species of flying foxes [1]. Members of this
genus, are widespread, (Table 2) through the Indo-Pacific region
westward to the islands off eastern Africa; mainly dwelling islands.
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Table 1: The main bat-transmitted viruses, causing disease in humans and livestock.
Date & Place of
Discovery

Name of Virus

Hendra village –
Australia,
1996.

Hendra virus

Nipah virus

Kampung Sungai
- Nipah village –
Malaysia, 1998.

Vampire bat
rabies virus

Australian Bat
Lyssavirus
(ABLV)

***

Classiﬁcation

Family: Paramyxoviridae;
genus: Henipavirus

Brazil, 1911.

Family: rhabdoviridae;
Genus: lyssavirus
Australia,

Reservoirs

***

Disease

Case Fatality
Rate (Cfr %)

Geographical
Distribution

Humans & horses

Hendra

90% in horses
& high case
fatality rate in
humans.

Australia & South
East Asia

Humans & pigs

Nipah

40-75% in
humans.
40% in pigs.

Malaysia, Australia &
South East Asia.

100%

South America &
nearby geographical
regions.

Highly fatal.

Australia & Thailand

Hosts Aﬀected

Fruit-bats (ﬂying
foxes)

Vampire bats

Humans & hotblooded animals

Fying foxes (fruit
bats) & the yellowbellied sheathtailed, microbat
bat (Saccolaimus
flaviventris).

Humans

Vampire bat
rabies
Rabies –like
disease

= Pteropus alecto (Black Flying Fox); P. conspicillatus (Spectaled Flying Fox); P. poliocephalus (Grey-Headed Flying Fox) P.scapulatus (Little Red Flying Fox).

Table 2: Fruit Bat (Flying Foxes) Species (Genus Pteropus): Reservoirs Of Hendra, Nipah & Australian Bat Lyssavirus.
Bat’s Common Name

Fruit Bat (Flying Fox) Species

Viruses Disease Transmitted

Black Flying Fox

Pteropus alecto

HENDRA & NIPAH (H&N)

Spectaled Flying Fox

p. conspicillatus

(H&N)

Grey-Headed Flying Fox

P. poliocephalus

(H&N)

Little Red Flying Fox

P. scapulatus

(H&N)

Australian bat Lyssavirus
(ABLV)

Pteropus alecto; p. conspicillatus;
P.poliocephalus; P.scapulatus

ABLV

Epidemiology
Hendra virus causes fatal pneumonia and encephalitis in horses
and humans [26].
This virus is maintained by enzootic, subclinical infection
in certain species of fruit bats. The precise mechanism of virus
transmission from bats to non-natural hosts such as horses and
humans probably involves environmental contamination by
secretions or excretions from the bats (saliva, feces, urine, placental
fluids). The sporadic nature of the outbreaks is likely the result of
changes in the feeding behavior of the bats due to changes in food
supplies or habitat incursions that facilitate close interaction of horses
and bats.
Kirkland, et al. [27], isolated hendra virus from a sick dog.
However, the role of dogs in the epidemiology of hendra disease does
not seem to be significant.
People at high risk of infection, include veterinarians and
veterinary assistants, farriers, equine dentists, and feed delivery
merchants, horse owners and stud workers. High exposure includes
coming within five meters of an infected or suspect horse, or contact
with blood, body fluids or faeces of infected or suspect horses or with
contaminated surfaces.
The cycle of infection of the disease starts from the Fruit bat
(flying fox), which appears to carry the virus without suffering any
ill effects, excretes the virus in its urine. The horse ingests pasture or
fruit contaminated with infected bat urine, droppings or saliva. The
virus in the horse’s body fluids (including blood, urine, saliva or nasal
secretions) can then be transmitted to a person during close contact.
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Geographical Distribution
Australia, Malaysia, Bangladesh, Cambodia,
India, Thailand, Indonesia and East Coast of
Africa.
Australia, Thailand.

Although there is no evidence, so far, to suggest direct infection of
humans from fruit bats, it is advisable to keep away from fruit bats to
avoid any possibility of transmission of the infection.
Hendra virus infection in humans
Fruit bats are the reservoir of infection. Disease transmission
requires close contact with infected horses or bat excreta. There is no
evidence of human-to-human infection by Hendra virus [28].
Hendra virus tends to attack either the respiratory system
(lungs) or the nervous system (brain). The incubation period usually
ranges from five to 21 days. The symptoms of infection in a person
can include fever, tiredness, headache, and dry cough, sore throat,
breathing difficulties, dizziness, confusion and insomnia.
Fatal complications have been recorded such as septic pneumonia
– severe lung infection involving pus, abscesses and destruction
of lung tissue. Meningitis, severe encephalitis that can lead to
convulsions and coma and death were reported [29].
Hendra virus is classified as a Hazard Group 4 pathogen, which
requires the highest level of biosecurity procedures.
Treatment of hendra virus infection
As a virus infection, there is no treatment of Hendra clinical
infection. So strategy of treatment is to ease symptoms and reduce
the risk of complications until the person recovers. Hospitalization
of the sick patients and close monitoring drugs and fluids given
intravenously and life support if necessary – for example, mechanical
ventilation are important in saving their lives [30].
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Control and prevention of hendra virus outbreaks
It is taken that a single confirmed case of Hendra virus in a person
is considered an outbreak. If an infection occurs, neighboring states
are expected to work as a team to locate and control the infection to
reduce the risk of transmission.
As there are no vaccines currently in use; then, if a person comes
in-contact with a sick horse, the best preventive measures have to be
taken. The strategy is to follow, strictly, the general known hygienic
personal measures. Beside this, special procedures are required. These
include using of clean equipment between handling each horse, to
void contact with the sick horse, to keep the sick horses isolated from
other healthy horses and seek immediate veterinary advice. It is vital
to avoid contact with secretions (including blood, urine, saliva or
nasal secretions) even when the horse is dead – the virus may still be
active. Refrain from kissing horses on surfaces such as the muzzle and
side of the face.
Horse owners should minimize possible contact between horses
and bat roosts.
Vaccines for hendra virus infection in humans and
animals
Since the discovery of the Hendra virus, in 1994, researchers
have been working painstakingly to arrive at a potent vaccine to
control this serious disease. Variable results were attained; however,
no satisfactory vaccine was available to be used. In a recent study,
Geisbert, et al. [31], reported that they have formulated a subunit
vaccine from the attachment glycoprotein ectodomain. The vaccine,
though in phase one clinical trials, gave promising results in a single
dose in humans.
Hendra virus infection in horses
In horses, Hendra infection usually takes a peracute form.
The incubation period is 8 to 12 days. Generally, the clinical signs
of Hendra virus in horses are similar to African Horse Sickness.
Horses that are infected with virus develop severe and typically
fatal respiratory disease that is characterized by fever, dyspnea,
vasculitis, severe pulmonary edema, lethargy, anorexia, respiratory
distress, ataxia, tachycardia, and frothy nasal discharge, when the
horse is terminating. Encephalitic and marked subcutaneous edema
may be observed in some cases. Infected horses excrete virus in
their urine, saliva, and respiratory secretions. However, the virus is
highly labile and can be destroyed by heat, lipid solvents, detergents,
formaldehydes, and agents. The case-fatality rate in horses can reach
90%.
Natural and experimental data, indicated that the most likely
route of transmission of Hendra virus between horses is through very
close contact with infected horses in the late stage of the disease, i.e.
when virus shedding is at it’s peak. On the other hand handling of sick
horses without adequate measures to prevent cross-contamination
could contribute to the spread of Hendra virus among horses also.

NIPAH VIRUS DISEASE
The discovery of Nipah as a disease was made, for the first time, in
1998-1999, when a highly fatal disease affected pigs and adult humans
in Kampung Sungai Nipah, Malaysia [32]. It was then reported in
Singapore [33]. Later it was reported in India [34].The disease was
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characterized by respiratory and neurological symptoms in both pigs
and humans. [35-37].
Humans were infected due to their contact with sick pigs.
Outbreak in humans, resulted in a case fatality rate of 38.4%. Also in
that occasion, more than million pigs were culled. The movement of
pigs in that region, aided in the spread of the disease trans-territorially.
Virological investigations in the Nipah disease resulted in
isolation of a virus from cerebrospinal fluid of a human fatal case.
The virus was found to be closely related to the Hendra virus, it was
named Nipah virus.
Outbreaks of the Nipah virus in pigs and other domestic animals
such as horses, goats, sheep, cats and dogs were first reported during
the initial Malaysian outbreak in 1999.
Nipah virus infection in humans
Infection of Nipah virus in humans is characterized by an initial
incubation period of 3-14 days after which the clinical signs are
evident. The signs may be presented by variable degree of severity;
including fever, headache, cough, sore throat, difficult of breathing,
vomiting, disorientation, drowsiness, or confusion, seizures, coma,
encephalitis leading to coma and death within 24-48 hours [38].
The symptoms can extend from 3-14 days. The case fatality rate
is 40-75%.
Latent or dormant infections following exposure to Nipah
infection have been reported. Sequelae due to Nipah virus infection
were reported months or years following exposure; they are
manifested as persistent convulsions and changes in the personality
of the patients.
Like Hendra, Nipah virus is transmitted to the definitive hosts by
the fruit bats (Pteropus spp.), [39,40].
It was observed that transmission of Nipah virus infection to
human, in Malaysia and Philippines occurred through the definitive
hosts, pigs and horses [41]. In Bangladesh, transmission to humans
is thought to have occurred from bats to humans mainly through the
consumption of raw palm sap contaminated with Nipah virus by fruit
bats [42].
It was reported that in 2014, a limited outbreak of encephalitis
in two villages in the Philippines was traced to the slaughtering and
consumption of horses with neurological disease. Serologic evidence
indicated that horses and humans were infected with Nipah virus.
Human-to-human transmission of Nipah virus has been reported
to be so efficient [43] to the extent that 75% of the cases in India,
Bangladesh and the Philippines were attributed to human-human
transmission. Epidemiological studies have shown that close contact
is required for human-to-human transmission of Nipah virus [44].
For instance, some social behavior of citizens in some countries
can aid in spread of the disease. This was reported in Bangladesh
where cultural practices require family members to care for their
hospitalized relatives and friends. A situation that facilitated spread
of Nipah virus infection. Nipah virus is shed, during the acute phase,
from infected humans from urine, mouth and nose [45].
Nipah infection from dead persons was reported [46].
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It is evident that nosocomial infection of hospital staff is
significant [47-49].
Nipah virus infection in pigs
Nipah infection in pigs ranges from non-symptomatic to severe
acute form. The incubation period of Nipah in pigs is 4-14 days;
during which pigs are infectious. The virus is highly contagious in
pigs.
The acute disease is manifested as an acute febrile illness with
respiratory signs such as nasal discharge, a barking cough and labored
breathing, as well as neurological signs [50]. The severity of Nipah
virus disease in naturally infected pigs depends on the age of the
animals. The mortality rate in pigs in Malaysia was high (~40%) in
suckling pigs, but low (1–5%) in pigs over 4 weeks of age [50].
Nipah virus should be suspected if pigs also have an unusual
barking cough or if human cases of encephalitis are present.
Epidemiological data from the Nipah virus outbreak in Malaysia
indicated that transmission of Nipah virus between pigs, in close
contact, is rapid and efficient, through direct contact with nasal
secretions.

LABORATORY DIAGNOSTIC TESTS OF BOTH
HENDRA & NIPAH VIRUSES
Four diagnostic tests for diagnosis of Nipah and Hendra viruses
have been sucessfully developed [51-53] These are virus isolation,
Electron Microscopy, immunohisto-chemistry, and Polymerase
Chain Reaction (PCR) and sequencing. Two diagnostic tests for the
detection of antiviral antibodies are Serum Neutralization Test (SNT)
and Enzyme-Linked Immunosorbent Assay (ELISA) [54]. Because
Hendra and Nipah viruses are classified internationally as Biosecurity
Level 4 (BSL4) agents, tests necessarily involving live virus (i.e., virus
isolation and SN tests) should only be carried out under physical
containment level 4 (BSL4) conditions.
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Both Hendra and Nipah viruses grow well in Vero cells from a
range of tissue specimens, including brain, lung, kidney, and spleen.
Cytopathic effect usually develops within 3 days, and virus isolates
may be specifically identified by immunostaining, neutralization with
specific antiserum, PCR, and EM [55].

LYSSAVIRUSES FROM BATS CAUSING
RABIES IN HUMANS & LIVESTOCK
Rabies virus is one of the most dangerous viruses known in nature.
It causes almost 100% case fatality rate in untreated exposed humans
or animals. Historically, classical terrestrial rabies in mammals is
known to be circulated and maintained in nature in a sylvan cycle
among wild canines. Domestic canines, like dogs, get infection when
bitten by rabid wild canines, like foxes, skunks, and mongoose. Thus,
in the urban societies rabies infection is maintained mainly, by pets
and stray dogs.
Other way of maintenance of rabies virus in nature was discovered
to be through bats.
Members of the genus Lyssavirus are known to cause classical
rabies in mammals. The virus is transmitted between susceptible
individuals directly by bites, scratches or contamination of abraded
mucous membranes with infected saliva. Bats (order Chiroptera) and
carnivores (order Carnivora), are the principal reservoir hosts for
lyssaviruses. Viruses assigned to the genus lyssavirus are distributed
world-widely.
Although many countries have remained free from classical
terrestrial rabies from canines for an extended length of time;
evidence indicated that human cases of bat-associated rabies have
been identified in them during the last decades [56].
(Table 3), shows the world distribution of lyssaviruses that
cause bat-associated rabies. In Europe, two lyssaviruses are reported
[57]; the European Bat Lyssavirus-1 (EBLV-1) and European Bat

Table 3: Virus members of the genus lyssavirus transmitted by bats.
Lyssavirus Species

Virus Abbrevation

Locality Of Isolation

Disease

1. Vampire bat Lyssavirus

VBLV

INITIALLY IN BRAZIL, THEN SOUTH
AMERICA

VAMPIRE BAT RABIES.

2. Aravan Bat Lyssavirus

ARAV

KYRGHYZSTAN – 1. Central Asia

LIMITED RABIES-LIKE INFECTION
(LRLI)

3. Australian bat lyssavirus

ABLV

AUSTRALIA

SEVERE RABIES-LIKE INFECTION

4. Bokeloh bat lyssavirus

BBLV

GERMANY

(LRLI)

5. Duvenhage bat lyssavirus

DBLV

South Africa

(LRLI)

6. European bat 1 lyssavirus

EBLV-1

Netherlands; Poland; Germany; Denmark;
Spain; France.

(LRLI)

7. European bat 2 lyssavirus

EBLV-2

Britain; Netherlands; Germany; Finland;
Switzerland.

(LRLI)

8. Gannoruwa bat lyssavirus

GBLV

India

(LRLI)

9. Irkut bat lyssavirus

IRKBV

Russia & China

(LRLI)

10. Lagos bat lyssavirus

LBV

Nigeria

(LRLI)

11. Lleida bat lyssavirus

LLEBV

Spain

(LRLI)

12. Shimoni bat lyssavirus

SHIBV

Kenya

(LRLI)

13. Taiwan bat lyssavirus

TWBLV

Taiwan

(LRLI)

14. West Caucasian bat lyssavirus

WCBV

Russia

(LRLI)

15. Kotalahti bat lyssavirus

KBLV

Finland

(LRLI)
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Lyssavirus-2 (EBLV-2).The EBLV-1, was frequently isolated in The
Netherlands, Northern Germany, Denmark, Poland and also in parts
of France and Spain [57]. Most EBLV-2 isolates originated from the
United Kingdom (UK) and the Netherlands, Germany, Finland and
Switzerland. The Bokeloh bat lyssavirus [58] was reported in Germany
and France. A bat lyssavirus (Lleida ) was identified in Spain [59].
A tentative novel member of the genus Lyssavirus, designated
as Kotalahti bat lyssavirus, was detected in a Brandt’s bat (Myotis
brandtii) in Finland. Based on phylogenetic analysis, the virus differs
from other known lyssaviruses, being closely related to Khujand virus,
Aravan virus, Bokeloh bat lyssavirus and European bat lyssavirus 2.
In Asia, reports on identification of lyssaviruses or antibodies
to lyssaviruses have been published. However, virus isolations were
reported from various countries. A novel lyssavirus was isolated
from brains of Indian flying foxes (Pteropus medius) in Sri Lanka.
Phylogenetic analysis of complete virus genome sequences, and
geographic location and host species, provides strong evidence
that this virus is a putative new lyssavirus species, designated as
Gannoruwa bat lyssavirus. In China there is serological evidence
of lyssaviruses in bats; but the Irkut virus was isolated from a bat
which fatally infected a woman [60].The Aravan Bat Lyssavirus, the
Aravan Bat Lyssavirus was isolated from Kyrghyzstan, Central Asia;
the Taiwan bat lyssavirus, from Taiwan; the West Caucasian bat
lyssavirus from West Caucasian, Russia.
Interestingly, in Latin America, more human rabies cases are
now related to exposure to vampire bats than to carnivore bites [61].
Bovine paralysis caused by rabid vampire bat bites also has a major
economic impact on cattle production in several South American
countries [62]. In Africa, several lyssaviruses were reported to be
associated with bat rabies. Examples are the Duvenhage Lyssavirus
(DUVV) in South Africa and Kenya, Shimoni bat lyssavirus in Kenya
and Lagos bat lyssavirus Nigeria [63].
In Australia: The first record of a bat transmitted bat lyssavirus in
Australia was made in 1996, when a virus was isolated from tissues
of a black flying fox (Pteropus alecto) with signs of encephalitis
found near Ballina, New South Wales, Australia [64,65]. Few months
later, a woman Six months later, a bat handler from Rockhampton,
Queensland, Australia, developed numbness and weakness in her
arm and later died from encephalitis. She had been infected with
what is now known as Australian Bat Lyssavirus (ABLV). In 1998,
a woman from Mackay (Queensland, Australia) was diagnosed with
ABLV infection at her death, 2 years after having been bitten by a sick
bat [66].
In the present article two lyssaviruses will be discussed: the
Vampire bat virus and the Australian Bat Lyssavirus (ABLV).

VAMPIRE BAT-ASSOCIATED
LIVESTOCK (DERRIENGUE)

RABIES

IN

There are three species of blood-feeding (hematophagous) bats
found exclusively in Latin America. Only one of these, the common
vampire bat Desmodus rotundus, is a well-known reservoir for rabies.
Evidence that bats are involved in rabies transmission was
reported by Carini in 1911 in Brazil [67]. In 1931, the first isolation
of the rabies virus was successfully made from a common vampire
bat (Desmodus rotundus) of the family Phyllostomidae, [68]. From
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1931, several publications had been reported indicating isolation of
rabies virus from bats, e.g. Lima in Brazil [69] Pawan [70,71] who
provided evidence connecting paralytic rabies with fruit eating bats
in Trinidad.
Vampire bats are only found in Latin America, where they obtain
their nutrition by blood-sucking (haematophagy) from animals and
humans. Indeed, this haematophagy which has been associated with
rabies transmission in cattle, have constituted a scourge to livestock
industry [72].
Derriengue, a Spanish word for a fatal paralytic disease [73] is
the common name of bovine rabies in Latin America. The clinical
signs, exhibited by an infected animal are restlessness or excitement
with sudden onset of hind limb paralysis which progresses to the fore
limbs. There is difficulty in swallowing leading to excess salivation.
The disease is fatal. Cattle and horses are the preferred prey for
Vampire bats. Once a herd of cattle became known for a colony of
bats, then they become a continuous target for the bats [74].
Vampire bat–associated rabies in humans
Human deaths associated with vampire bat attacks were noted
since the 16th century. However, the first documented outbreak of
human rabies of vampire bat origin occurred in Trinidad in 1927,
since then, these outbreaks have continued to occur and constituted
a challenge to both the veterinary and human health settings.
Historically, human mortality due to rabies transmitted by vampire
bats has remained low because bats do not usually attack humans.
However, in the absence of livestock, humans can become victims of
vampire attacks, particularly if sleeping outdoors or in buildings to
which bats can gain access [75]. Also, according to the same authors ,
the Pan-American Health Organization reported that, between 20102012, the Cases of human rabies in 10 countries in Latin America and
the Caribbean, were 111, and that 63 (56.8%) of them were due to bat
transmitted rabies.
The number of rabies cases transmitted by vampire bats, have
increased and the patterns of occurrence of this disease are also
changing [76]. This has been attributed to some causes: (i) association
with increased reporting and diagnosis; (ii) changes in the vampire
bats demography and distribution. Each of these, either individually
or in combination, could have increased the reported number of
human infections with rabies virus of vampire bat origin.
Vampire bat bites usually occur in exposed areas of the skin such
as toes and the face. Blood-feeding by Desmodus rotundus bat, has
been reported as the main cause of human bat rabies in Brazil [77].
Vampire bats have found roosting sites in close proximity to
human dwellings as a result of the environmental changes that took
place in many regions, such as deforestation, and land clearance
for better conditions for implantations. This has indeed, reduced
the numbers of natural prey species and brought vampire bats into
contact with livestock and man.
Example of a Case History of Bat Rabies in a Human (Quoted by
Johnson, et al. [78]
In this concept, it is felt that a report of a case history of bat rabies
in a human in 2020, (ANON 78), is of high significance in describing
vampire bat rabies in human. The patient in the study, developed
fatigue with pain in his left hand and shoulder. Physical examination

International Journal of Virology & Infectious Diseases
revealed generalized areflexia and a drooping left upper eyelid.
The patient developed fever with a temperature of 38.4 0C and he
became generally less responsive. Following removal of the ventilator
support, the patient died shortly after. Rabies virus was confirmed by
detection of viral antigen in brain tissue taken at postmortem using
the PCR and nucleic acid sequencing. Also Rabies virus-specific IgM
and IgG were detected in the patient’s CSF and serum. An interview
with the patient’s family, indicated that the patient had been bitten by
a vampire bat while asleep; and that he didn’t seek any medical advice
and he was not vaccinated against rabies.
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diseases they transmit to humans and livestock, it is worthwhile to
understand the contacts between bats humans and livestock that can
happen in nature. The contact can generally be direct or indirect, as
summarized below:
•

With the exception of the Vampire bats; bats do not attack
humans or livestock; though they may roost nearby human
lodges.

•

When humans change the ecological conditions, where bats
used to roost, such as by removing agricultural range and
expand to build their lodges, then bats can come closer to
these human lodges and can roost in their environment and
attack people.

•

As wild animals, bats can react, defensively, against any
handling by humans. The reaction can be serious biting or
scratching.

•

When bats feed on fruits, they transmit some viruses to these
fruits, so when humans consume those fruits, contaminated
with the bat’s saliva, they can be infected. A good example is
the transmission of Nipah Virus by fruit bats.

•

For research purposes, some researchers go to caves, to collect
some research samples from the bats or their roosts. Some of
those researchers got rabies infection by inhalation of rabies
virus from the atmosphere of these caves [88]. This happens
when the virus gets into the respiratory tract, where it may
find abrasions through which it gains entry into the body
of the individual. Laboratory workers handling bat rabies
virus, or rabies virus in general, should be very careful. In this
concept, it has been reported that, two cases of rabies have
been attributed to airborne exposures in laboratories [89,90].

Control of vampire bat rabies
Dissemination of vampire bat rabies has been found to be directly
correlated to the spread of the Vampire bat reservoir. Realizing this,
efforts to combat and control these reservoir bats has been continuing
from early days. Several authors have discussed the different methods
adopted for control of the vampire bat, e.g. Delpietro, et al. [79].
Various methods of control have been used in South American
countries with variable results, as reported by Johnson et al Vampire
bat control measures included a combination of different methods;
which included repellents, physical barriers, and roost destruction
and other lethal population reduction techniques.
From the 1970s and annually, the area inhabited by the common
vampire bat, still shows bovine paralytic rabies at high prevalence
and that the vampire bat rabies kills tens of thousands of livestock,
dozens of humans and an indeterminate quantity of wildlife in South
America [80].
Losses due to vampire bat rabies in livestock in South America are
tremendous [81,82].

THE AUSTRALIAN BAT LYSSAVIRUS (ABLV)
For decades, flying fox (e.g. Pteropus alecto) have been known to
feed on fruits and plants; and were not incriminated of playing role
in diseases transmitted from bats until in 1996, a lyssavirus virus was
isolated for the first time, from tissues of a black flying fox (Pteropus
alecto) showing signs of encephalitis found near Ballina, New South
Wales, Australia, [83]. That virus was designated the Australian Bat
Lyssavirus (ABLV). Through 1996, ABLV infection has been reported
several times in Australia. Infected patients showed encephalitis and
general nervous signs, like rabies, which led to death. The microbat
(Saccolaimus flaviventris), has also been incriminated in transmission
of the ABLV [84,85]. All the ABLV cases were associated with direct
contact with fruit bats or their secretions e.g. saliva or through bat
bites or scratches. ABLV infection does not require an intermediate
host.
To avoid ABLV disease people should avoid handling of bats or
come near bats as advised by the CDC [86]. Reported data indicated
that most bat bites and scratches occur when people try to help
sick or injured bats. If a person is bitten or scratched by a bat, the
wound should be washed thoroughly well, apply antiseptic and seek
immediate medical advice.
Rabies vaccine and immunoglobulin were found to be effective in
prophylactic and therapeutic protection from ABLV infection [87].

DISCUSSION
Before discussing the role of bats in the epidemiology of the viral
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Since early days, bats have been hunted in some parts of the
world, for reasons including food, perceived medical value, for hide
or teeth, or for sport. At least 167 species of bats have been exposed to
hunting globally. Bats are consumed for their meat in several regions,
including Oceania, Australia, Southeast Asia, China, and West and
Central Africa.
Bats have several characters that qualified them as efficient
transmitter of viruses. These characters can be summarized in the
following:
a. As stated above, they constitute the second largest order (24%)
in the mammalian kingdom, with 1400 species [83].
b. They are the only flying mammals and that they are distributed
all over the globe except the poles. Their capability to fly can
enable them to transmit viral diseases during their search for
forage, over a wide range of land. This indeed is also aided by
their seasonal migration [91].
c. The social life of bats indicated that they are one of the most
social groups of mammals. They roost together in very large
and dense colonies. Such dense clustering, gives a good
chance of exchange of viruses within members of the group.
Again the grooming between members with their urine and
saliva, also helps in spreading of viruses within the group.
d. Roosting of bats shows that they can inhibit a wide range of
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ecological niches; such as caves and trees. The most important
in the epidemiology of bat-transmitted diseases is the roosting
of bats near human lodgings or agricultural areas.
e. Under harsh conditions such as cold winter and lack of food,
bats either migrate to warmer areas with more abundant food
supply, or hibernate [92,93]. During hibernation bats adapt
themselves to the surrounding conditions, such as the low
freezing temperature. They also reduce their physiological
functions e.g. reducing the heart rate, the respiratory rate and
energy costs by about 98%. This condition allows the bat to
survive for a long time without the need for food. Hibernation
may extend to over six months in bats. Hibernating bats
choose roosting niches (hibernacula) that are having ideal
temperature and humidity. Such niches could be caves,
mines, and rock crevices [93].
The viruses contained in the hibernating bats remain viable
during the period of hibernation. So, it has been suggested by Beer
& Richards, above, [92] that, long periods of hibernation lead to
suppression of immunity, and the stress of arousal from hibernation
reactivates the virus in bats with lower levels of anti‐viral immunity.
f. Some bats, e.g. the Microchiroptera, have the ability to
echolocate to produce laryngeal vocalization for navigation
purposes. This behavior was found to cause production of
aerosols with virus particles in the nasal mucosa and saliva,
enhancing transmission to other individuals [94].
g. It has been reported that bats (Chiroptera) are the longestliving mammalian order [95]. By virtue of this character, bats
as long-lived virus carriers would have more opportunities to
transmit the infection within bats populations and to humans
or livestock.
Calisher [96] reported that, since 1931 and hitherto, more than
100 viruses from 28 virus families have been either isolated from
or otherwise detected in bats. These include viruses of families that
were confirmed to cause significantly highly fatal disease outbreaks
in humans and livestock, like Hepadnaviridae, Rhabdoviridae.
Others are: Adenoviridae, Arenaviridae, Astroviridae, Bornaviridae,
Bunyaviridae,
Caliciviridae,
Circoviridae,
Coronaviridae,
Dicistroviridae, Filoviridae, Flaviviridae, Hepeviridae, Herpesviridae,
Nodaviridae, Orthomyxoviridae, Papillomaviridae, Paramyxoviridae,
Parvoviridae, Picobirnaviridae, Picornaviridae, Polyomaviridae,
Poxviridae, Reoviridae, Retroviridae, Togaviridae, and Totiviridae, as
well as viruses that have not yet been placed in a taxon.
Many of these viruses were first recognized after they were
associated with human or livestock illnesses and deaths but most were
isolated coincidental to general virus surveys or during surveillance
for specific viral pathogens. Calisher [96], also added that those
genomes of hundreds more viruses will be found in bats and that bats
will be shown to be reservoirs of many of them.
From the foregoing, it is evident that bats play a big role in the
epidemiology of some serious and fatal viral diseases of human and
livestock, e.g. rabies virus. They act as reservoir and vectors of these
viruses. The main viruses that have been conclusively confirmed
to be transmitted from bats and causing destructive outbreaks in
both human and livestock, are the Vampire bat rabies, Hantavirus,
Nipah virus, and to a low level of significance are some lyssaviruses
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in Europe, Australia, Africa, Asia causing limited cases of nervous
signs in humans [97]. Many other dangerous zoonotic viruses have
been isolated from or otherwise detected in bats. For instance, Castro,
[98], mentioned that bats host more than 60 human-infecting viruses.
Leroy, et al, [99] found evidence of asymptomatic infection by Ebola
virus in three species of megabats (Fruit bats), indicating that these
animals may be acting as a reservoir for this deadly virus. Wong,
et al [100], reported that bats are a continuing source of emerging
infections in humans. Fenton, et al. [101], also linked bats to emerging
diseases.
The WHO [102], in 2015, published a list of top emerging diseases
likely to cause major epidemics.
Choi, et al [103] summarized various scientific publications
indicating that bats long known as vectors for rabies, may also be the
origin of some of the most deadly emerging viruses, including SARS,
Ebola, Nipah, Hendra and Marburg. Tower, et al. [104] isolated
genetically diverse Marburg viruses from Egyptian fruit bats. On the
other hand, Joshua, et al. [105] reported that Retroviruses of Bats are
a ‘Threat Waiting in the Wings?
Some authors, have raised some question on the role of bats in the
emergence of deadly viruses e.g. Moratelli, & Calisher [106] enquired
that: “can we confidently link bats with emerging deadly viruses?”
The CDC in a publication in 2020, [107] stated that: Scientists do
not know where Ebola virus comes from. Olival, et al. in 2015, [108],
also asked whether bats are really ‘Special’ as Viral Reservoirs. What
We Know and Need to Know”. Dobson [109], in 2005, asked: “What
Links Bats to Emerging Infectious Diseases?”.
In spite of the questions raised by some authors, above, e.g.
[95,99,107]; the continuous evolution of viruses and other ecological
changing conditions, emergence of any of the viruses detected in bats,
which are not causing current epidemics of disease, may emerge at
any specific time [109]. For instance, it was reported that bats act as
reservoirs for over 200 viruses [110]. Some of which cause severe,
life-threatening diseases in humans, livestock and wildlife; examples
include rabies virus, ABLV, Hendra virus and Nipah virus. Other
viruses are also reported in bats; examples are SARS and MERS
coronaviruses and Ebola virus.
Realizing the concept of virus evolution from bats, then blocking
of the cycle of emergence and transmission of such viruses to humans
and livestock from bats has to be taken seriously.
In conclusion, it is felt that, the answer to the raised question that:
‘can we confidently link bats with emerging viruses?’ I think, from the
foregoing that the answer to this question is ‘yes’.

REFERENCES
1. Fenton MB, Simmons NB. Bats: A world of science and mystery. Kindle
Edition. 2015;107. https://tinyurl.com/yckbefkc
2. Anon. Kitti’s Hog-Nosed Bat: Craseonycteridae-Physical CharacteristicsBats, Bumblebee, Species, Inches, Brown, and Tips. Animal Life Resource.
2013.
3. Pennycuick CJ. Bats. Modelling the ﬂying bird. Elsevier. 2008;136-143.
https://tinyurl.com/2jbnadny
4. Fenton MB. Crerar LM. Cervical vertebrae in relation to roosting posture in
bats. Journal of Mammalogy. 1984;65(3):395-403. doi: 10.2307/1381085.
5. Riskin DK, Parsons S, Schutt WA Jr, Carter GG, Hermanson JW. Terrestrial

International Journal of Virology & Infectious Diseases
locomotion of the New Zealand short-tailed bat Mystacina tuberculata and
the common vampire bat Desmodus rotundus. J Exp Biol. 2006 May;209(Pt
9):1725-36. doi: 10.1242/jeb.02186. PMID: 16621953.
6. Jones G. Bats. In: MacDonald D, editor. The Encyclopedia of Mammals. 2nd
ed. Oxford University Press; 2001. p.754-775.
7. Cramer MJ, Wilig MR, Jones C. Trachops cirrhosus. Mammalian Species.
2001; 656:1-6. doi: 10.1644/0.656.1.
8. Davis JS, Nicolay CW, Williams SH. A comparative study of incisor
procumbency and mandibular morphology in vampire bats. J Morphol. 2010
Jul;271(7):853-62. doi: 10.1002/jmor.10840. PMID: 20544874.
9. Schnitzler HU, Kalko EKV, Kaipf I, Grinnell AD. Fishing and echolocation
behavior of the greater bulldog bat, noctilio leporinus, in the ﬁeld. Behavioral
Ecology and Sociobiology. 1994;35(5):327-345. doi: 10.1007/BF00184422.
10. Simmons NB, Voss RS, Mori SA. Bats as Dispersers of Plants in the lowland
forests of central French Guiana. New York Botanical Garden. 2017.
11. Ortega J, Castro-Arellano I. Artibeus jamaicensis. Mammalian Species.
2001;662:1-9. doi: 10.2307/0.662.1.
12. Weller TJ, Castle KT, Liechti F, Hein CD, Schirmacher MR, Cryan PM. First
Direct Evidence of Long-distance Seasonal Movements and Hibernation in a
Migratory Bat. Sci Rep. 2016 Oct 4;6:34585. doi: 10.1038/srep34585. PMID:
27698492; PMCID: PMC5048302.
13. Auelzein EME, Rabab E, Obada I,Mohamed E, Mathani EM, ALBahar AM.
Un-Published data. 2021.

ISSN: 2766-5070

22. Drexler JF, Corman VM, Gloza-Rausch F, Seebens A, Annan A, Ipsen A,
Kruppa T, Müller MA, Kalko EK, Adu-Sarkodie Y, Oppong S, Drosten C.
Henipavirus RNA in African bats. PLoS One. 2009 Jul 28;4(7):e6367. doi:
10.1371/journal.pone.0006367. PMID: 19636378; PMCID: PMC2712088.
23. Wu Z, Yang L, Yang F, Ren X, Jiang J, Dong J, Sun L, Zhu Y, Zhou H, Jin Q.
Novel Henipa-like virus, Mojiang Paramyxovirus, in rats, China, 2012. Emerg
Infect Dis. 2014 Jun;20(6):1064-6. doi: 10.3201/eid2006.131022. PMID:
24865545; PMCID: PMC4036791.
24. Yuen KY, Fraser NS, Henning J, Halpin K, Gibson JS, Betzien L, Stewart
AJ. Hendra virus: Epidemiology dynamics in relation to climate change,
diagnostic tests and control measures. One Health. 2021 Jun;12:100207. doi:
10.1016/j.onehlt.2020.100207. Epub 2020 Dec 21. PMID: 33363250; PMCID:
PMC7750128.
25. Williamson MM, Hooper PT, Selleck PW, Gleeson LJ, Daniels PW, Westbury
HA, Murray PK. Transmission studies of Hendra virus (equine morbillivirus) in
fruit bats, horses and cats. Aust Vet J. 1998 Dec;76(12):813-8. doi: 10.1111/
j.1751-0813.1998.tb12335.x. PMID: 9972433.
26. Murray K, Selleck P, Hooper P, Hyatt A, Gould A, Gleeson L, Westbury H,
Hiley L, Selvey L, Rodwell B, et al. A morbillivirus that caused fatal disease
in horses and humans. Science. 1995 Apr 7;268(5207):94-7. doi: 10.1126/
science.7701348. PMID: 7701348.
27. Kirkland PD, Gabor M, Poe I, Neale K, Chaﬀey K, Finlaison DS, Gu X,
Hick PM, Read AJ, Wright T, Middleton D. Hendra Virus Infection in Dog,
Australia, 2013. Emerg Infect Dis. 2015 Dec;21(12):2182-5. doi: 10.3201/
eid2112.151324. PMID: 26583697; PMCID: PMC4672422.

14. Letko M, Seifert SN, Olival KJ, Plowright RK, Munster VJ. Bat-borne virus
diversity, spillover and emergence. Nat Rev Microbiol. 2020 Aug;18(8):461471. doi: 10.1038/s41579-020-0394-z. Epub 2020 Jun 11. PMID: 32528128;
PMCID: PMC7289071.

28. Field HE. Hendra virus ecology and transmission. Curr Opin Virol. 2016
Feb;16:120-125. doi: 10.1016/j.coviro.2016.02.004. Epub 2016 Mar 12.
PMID: 26978066.

15. Banyard AC, Hayman D, Johnson N, McElhinney L, Fooks AR. Bats and
lyssaviruses. Adv Virus Res. 2011;79:239-89. doi: 10.1016/B978-0-12387040-7.00012-3. PMID: 21601050.

29. Field H, Schaaf K, Kung N, Simon C, Waltisbuhl D, Hobert H, Moore F,
Middleton D, Crook A, Smith G, Daniels P, Glanville R, Lovell D. Hendra
virus outbreak with novel clinical features, Australia. Emerg Infect Dis. 2010
Feb;16(2):338-40. doi: 10.3201/eid1602.090780. Erratum in: Emerg Infect
Dis. 2010 May;16(5):898. PMID: 20113576; PMCID: PMC2958006.

16. Samaratunga H, Searle JW, Hudson N. Non-rabies Lyssavirus human
encephalitis from fruit bats: Australian bat Lyssavirus (pteropid Lyssavirus)
infection. Neuropathol Appl Neurobiol. 1998 Aug;24(4):331-5. doi:
10.1046/j.1365-2990.1998.00129.x. PMID: 9775399.
17. Zhou H, Ji J, Chen X, Bi Y, Li J, Wang Q, Hu T, Song H, Zhao R, Chen Y,
Cui M, Zhang Y, Hughes AC, Holmes EC, Shi W. Identiﬁcation of novel bat
coronaviruses sheds light on the evolutionary origins of SARS-CoV-2 and
related viruses. Cell. 2021 Aug 19;184(17):4380-4391.e14. doi: 10.1016/j.
cell.2021.06.008. Epub 2021 Jun 9. PMID: 34147139; PMCID: PMC8188299.
18. Wacharapluesadee S, Tan CW, Maneeorn P, Duengkae P, Zhu F, Joyjinda
Y, Kaewpom T, Chia WN, Ampoot W, Lim BL, Worachotsueptrakun K, Chen
VC, Sirichan N, Ruchisrisarod C, Rodpan A, Noradechanon K, Phaichana T,
Jantarat N, Thongnumchaima B, Tu C, Crameri G, Stokes MM, Hemachudha
T, Wang LF. Evidence for SARS-CoV-2 related coronaviruses circulating in
bats and pangolins in Southeast Asia. Nat Commun. 2021 Feb 9;12(1):972.
doi: 10.1038/s41467-021-21240-1. Erratum in: Nat Commun. 2021 Feb
25;12(1):1430. PMID: 33563978; PMCID: PMC7873279.
19. Delaune D, Hul V, Karlsson EA, Hassanin A, Ou TP, Baidaliuk A, Gámbaro
F, Prot M, Tu VT, Chea S, Keatts L, Mazet J, Johnson CK, Buchy P, Dussart
P, Goldstein T, Simon-Lorière E, Duong V. A novel SARS-CoV-2 related
coronavirus in bats from Cambodia. Nat Commun. 2021 Nov 9;12(1):6563.
doi: 10.1038/s41467-021-26809-4. PMID: 34753934; PMCID: PMC8578604.
20. Weatherman S, Feldmann H, de Wit E. Transmission of henipaviruses. Curr
Opin Virol. 2018 Feb;28:7-11. doi: 10.1016/j.coviro.2017.09.004. Epub 2017
Oct 14. PMID: 29035743; PMCID: PMC5835161.
21. Marsh GA, de Jong C, Barr JA, Tachedjian M, Smith C, Middleton D, Yu M,
Todd S, Foord AJ, Haring V, Payne J, Robinson R, Broz I, Crameri G, Field
HE, Wang LF. Cedar virus: a novel Henipavirus isolated from Australian bats.
PLoS Pathog. 2012;8(8):e1002836. doi: 10.1371/journal.ppat.1002836. Epub
2012 Aug 2. PMID: 22879820; PMCID: PMC3410871.

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com

Page -044

30. Selvey LA, Wells RM, McCormack JG, Ansford AJ, Murray K, Rogers RJ,
Lavercombe PS, Selleck P, Sheridan JW. Infection of humans and horses by
a newly described morbillivirus. Med J Aust. 1995 Jun 19;162(12):642-5. doi:
10.5694/j.1326-5377.1995.tb126050.x. PMID: 7603375.
31. Geisbert TW, Bobb K, Borisevich V, Geisbert JB, Agans KN, Cross RW,
Prasad AN, Fenton KA, Yu H, Fouts TR, Broder CC, Dimitrov AS. A single
dose investigational subunit vaccine for human use against Nipah virus and
Hendra virus. NPJ Vaccines. 2021 Feb 8;6(1):23. doi: 10.1038/s41541-02100284-w. PMID: 33558494; PMCID: PMC7870971.
32. Chua KB, Bellini WJ, Rota PA, Harcourt BH, Tamin A, Lam SK, Ksiazek TG,
Rollin PE, Zaki SR, Shieh W, Goldsmith CS, Gubler DJ, Roehrig JT, Eaton
B, Gould AR, Olson J, Field H, Daniels P, Ling AE, Peters CJ, Anderson LJ,
Mahy BW. Nipah virus: a recently emergent deadly paramyxovirus. Science.
2000 May 26;288(5470):1432-5. doi: 10.1126/science.288.5470.1432. PMID:
10827955.
33. Mohd Nor MN, Gan CH, Ong BL. Nipah virus infection of pigs in peninsular
Malaysia. Rev Sci Tech. 2000 Apr;19(1):160-5. doi: 10.20506/rst.19.1.1202.
PMID: 11189713.
34. Chadha MS, Comer JA, Lowe L, Rota PA, Rollin PE, Bellini WJ, Ksiazek TG,
Mishra A. Nipah virus-associated encephalitis outbreak, Siliguri, India. Emerg
Infect Dis. 2006 Feb;12(2):235-40. doi: 10.3201/eid1202.051247. PMID:
16494748; PMCID: PMC3373078.
35. Chua KB, Lam SK, Goh KJ, Hooi PS, Ksiazek TG, Kamarulzaman A, Olson
J, Tan CT. The presence of Nipah virus in respiratory secretions and urine of
patients during an outbreak of Nipah virus encephalitis in Malaysia. J Infect.
2001 Jan;42(1):40-3. doi: 10.1053/jinf.2000.0782. PMID: 11243752.
36. Sejvar JJ, Hossain J, Saha SK, Gurley ES, Banu S, Hamadani JD, Faiz MA,
Siddiqui FM, Mohammad QD, Mollah AH, Uddin R, Alam R, Rahman R, Tan

International Journal of Virology & Infectious Diseases

ISSN: 2766-5070

CT, Bellini W, Rota P, Breiman RF, Luby SP. Long-term neurological and
functional outcome in Nipah virus infection. Ann Neurol. 2007 Sep;62(3):23542. doi: 10.1002/ana.21178. PMID: 17696217.

of health care workers to assess nosocomial transmissibility of Nipah virus,
Malaysia, 1999. J Infect Dis. 2001 Mar 1;183(5):810-3. doi: 10.1086/318822.
Epub 2001 Jan 24. PMID: 11181159.

37. Tan CT, Goh KJ, Wong KT, Sarji SA, Chua KB, Chew NK, Murugasu P,
Loh YL, Chong HT, Tan KS, Thayaparan T, Kumar S, Jusoh MR. Relapsed
and late-onset Nipah encephalitis. Ann Neurol. 2002 Jun;51(6):703-8. doi:
10.1002/ana.10212. PMID: 12112075.

49. Homaira N, Rahman M, Hossain MJ, Nahar N, Khan R, Rahman M, Podder
G, Nahar K, Khan D, Gurley ES, Rollin PE, Comer JA, Ksiazek TG, Luby SP.
Cluster of Nipah virus infection, Kushtia District, Bangladesh, 2007. PLoS
One. 2010 Oct 21;5(10):e13570. doi: 10.1371/journal.pone.0013570. PMID:
21042407; PMCID: PMC2958840.

38. Wong KT, Shieh WJ, Kumar S, Norain K, Abdullah W, Guarner J, Goldsmith
CS, Chua KB, Lam SK, Tan CT, Goh KJ, Chong HT, Jusoh R, Rollin PE,
Ksiazek TG, Zaki SR; Nipah Virus Pathology Working Group. Nipah virus
infection: pathology and pathogenesis of an emerging paramyxoviral
zoonosis. Am J Pathol. 2002 Dec;161(6):2153-67. doi: 10.1016/S00029440(10)64493-8. PMID: 12466131; PMCID: PMC1850894.
39. Halpin K, Hyatt AD, Fogarty R, Middleton D, Bingham J, Epstein JH, Rahman
SA, Hughes T, Smith C, Field HE, Daszak P; Henipavirus Ecology Research
Group. Pteropid bats are conﬁrmed as the reservoir hosts of henipaviruses:
a comprehensive experimental study of virus transmission. Am J Trop Med
Hyg. 2011 Nov;85(5):946-51. doi: 10.4269/ajtmh.2011.10-0567. PMID:
22049055; PMCID: PMC3205647.
40. Middleton DJ, Morrissy CJ, van der Heide BM, Russell GM, Braun MA,
Westbury HA, Halpin K, Daniels PW. Experimental Nipah virus infection in
pteropid bats (Pteropus poliocephalus). J Comp Pathol. 2007 May;136(4):26672. doi: 10.1016/j.jcpa.2007.03.002. PMID: 17498518.
41. Ching PK, de los Reyes VC, Sucaldito MN, Tayag E, Columna-Vingno
AB, Malbas FF Jr, Bolo GC Jr, Sejvar JJ, Eagles D, Playford G, Dueger
E, Kaku Y, Morikawa S, Kuroda M, Marsh GA, McCullough S, Foxwell AR.
Outbreak of henipavirus infection, Philippines, 2014. Emerg Infect Dis. 2015
Feb;21(2):328-31. doi: 10.3201/eid2102.141433. PMID: 25626011; PMCID:
PMC4313660.
42. Gurley ES, Montgomery JM, Hossain MJ, Bell M, Azad AK, Islam MR, Molla
MA, Carroll DS, Ksiazek TG, Rota PA, Lowe L, Comer JA, Rollin P, Czub
M, Grolla A, Feldmann H, Luby SP, Woodward JL, Breiman RF. Person-toperson transmission of Nipah virus in a Bangladeshi community. Emerg Infect
Dis. 2007 Jul;13(7):1031-7. doi: 10.3201/eid1307.061128. PMID: 18214175;
PMCID: PMC2878219.
43. Homaira N, Rahman M, Hossain MJ, Epstein JH, Sultana R, Khan MS,
Podder G, Nahar K, Ahmed B, Gurley ES, Daszak P, Lipkin WI, Rollin PE,
Comer JA, Ksiazek TG, Luby SP. Nipah virus outbreak with person-toperson transmission in a district of Bangladesh, 2007. Epidemiol Infect. 2010
Nov;138(11):1630-6. doi: 10.1017/S0950268810000695. Epub 2010 Apr 12.
PMID: 20380769.
44. Blum LS, Khan R, Nahar N, Breiman RF. In-depth assessment of an outbreak
of Nipah encephalitis with person-to-person transmission in Bangladesh:
implications for prevention and control strategies. Am J Trop Med Hyg. 2009
Jan;80(1):96-102. PMID: 19141846.
45. Chua KB, Lam SK, Goh KJ, Hooi PS, Ksiazek TG, Kamarulzaman A, Olson
J, Tan CT. The presence of Nipah virus in respiratory secretions and urine of
patients during an outbreak of Nipah virus encephalitis in Malaysia. J Infect.
2001 Jan;42(1):40-3. doi: 10.1053/jinf.2000.0782. PMID: 11243752.
46. Sazzad HM, Hossain MJ, Gurley ES, Ameen KM, Parveen S, Islam MS,
Faruque LI, Podder G, Banu SS, Lo MK, Rollin PE, Rota PA, Daszak P,
Rahman M, Luby SP. Nipah virus infection outbreak with nosocomial
and corpse-to-human transmission, Bangladesh. Emerg Infect Dis. 2013
Feb;19(2):210-7. doi: 10.3201/eid1902.120971. PMID: 23347678; PMCID:
PMC3559054.
47. Gurley ES, Montgomery JM, Hossain MJ, Islam MR, Molla MA,
Shamsuzzaman SM, Akram K, Zaman K, Asgari N, Comer JA, Azad AK,
Rollin PE, Ksiazek TG, Breiman RF. Risk of nosocomial transmission of
Nipah virus in a Bangladesh hospital. Infect Control Hosp Epidemiol. 2007
Jun;28(6):740-2. doi: 10.1086/516665. Epub 2007 May 11. PMID: 17520553.
48. Mounts AW, Kaur H, Parashar UD, Ksiazek TG, Cannon D, Arokiasamy JT,
Anderson LJ, Lye MS; Nipah Virus Nosocomial Study Group. A cohort study

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com

Page -045

50. Chadha MS, Comer JA, Lowe L, Rota PA, Rollin PE, Bellini WJ, Ksiazek TG,
Mishra A. Nipah virus-associated encephalitis outbreak, Siliguri, India. Emerg
Infect Dis. 2006 Feb;12(2):235-40. doi: 10.3201/eid1202.051247. PMID:
16494748; PMCID: PMC3373078.
51. Mazzola LT, Kelly-Cirino C. Diagnostics for Nipah virus: a zoonotic
pathogen endemic to Southeast Asia. BMJ Glob Health. 2019 Feb 1;4(Suppl
2):e001118. doi: 10.1136/bmjgh-2018-001118. PMID: 30815286; PMCID:
PMC6361328.
52. Daniels P, Ksiazek T, Eaton BT. Laboratory diagnosis of Nipah and Hendra
virus infections. Microbes Infect. 2001 Apr;3(4):289-95. doi: 10.1016/s12864579(01)01382-x. PMID: 11334746.
53. Wang LF, Daniels P. Diagnosis of henipavirus infection: current capabilities
and future directions. Curr Top Microbiol Immunol. 2012;359:179-96. doi:
10.1007/82_2012_215. PMID: 22481141.
54. Kaku Y, Noguchi A, Marsh GA, Barr JA, Okutani A, Hotta K, Bazartseren B,
Broder CC, Yamada A, Inoue S, Wang LF. Antigen capture ELISA system for
henipaviruses using polyclonal antibodies obtained by DNA immunization.
Arch Virol. 2012 Aug;157(8):1605-9. doi: 10.1007/s00705-012-1338-3. Epub
2012 May 15. PMID: 22585045.
55. CDC .Viral Hemorrhagic Fevers (VHFs), Diagnosis of Nipah virus. 2020.
56. Schatz J, Fooks AR, McElhinney L, Horton D, Echevarria J, Vázquez-Moron
S, Kooi EA, Rasmussen TB, Müller T, Freuling CM. Bat rabies surveillance
in Europe. Zoonoses Public Health. 2013 Feb;60(1):22-34. doi: 10.1111/
zph.12002. Epub 2012 Sep 11. PMID: 22963584.
57. McElhinney LM, Marston DA, Leech S, Freuling CM, van der Poel WH,
Echevarria J, Vázquez-Moron S, Horton DL, Müller T, Fooks AR. Molecular
epidemiology of bat lyssaviruses in Europe. Zoonoses Public Health.
2013 Feb;60(1):35-45. doi: 10.1111/zph.12003. Epub 2012 Sep 3. PMID:
22937876.
58. Picard-Meyer E, Servat A, Robardet E, Moinet M, Borel C, Cliquet F. Isolation
of Bokeloh bat lyssavirus in Myotis nattereri in France. Arch Virol. 2013
Nov;158(11):2333-40. doi: 10.1007/s00705-013-1747-y. Epub 2013 Jun 12.
PMID: 23760600.
59. Aréchiga Ceballos N, Vázquez Morón S, Berciano JM, Nicolás O, Aznar
López C, Juste J, Rodríguez Nevado C, Aguilar Setién A, Echevarría JE.
Novel lyssavirus in bat, Spain. Emerg Infect Dis. 2013 May;19(5):793-5. doi:
10.3201/eid1905.121071. PMID: 23648051; PMCID: PMC3647500.
60. Liu Y, Zhang S, Zhao J, Zhang F, Hu R. Isolation of Irkut virus from a
Murina leucogaster bat in China. PLoS Negl Trop Dis. 2013;7(3):e2097. doi:
10.1371/journal.pntd.0002097. Epub 2013 Mar 7. PMID: 23505588; PMCID:
PMC3591329.
61. Condori-Condori RE, Streicker DG, Cabezas-Sanchez C, Velasco-Villa A.
Enzootic and epizootic rabies associated with vampire bats, peru. Emerg
Infect Dis. 2013;19(9):1463-69. doi: 10.3201/eid1809.130083. PMID:
23969087; PMCID: PMC3810916.
62. Streicker DG, Recuenco S, Valderrama W, Gomez Benavides J, Vargas
I, Pacheco V, Condori Condori RE, Montgomery J, Rupprecht CE, Rohani
P, Altizer S. Ecological and anthropogenic drivers of rabies exposure in
vampire bats: implications for transmission and control. Proc Biol Sci. 2012
Sep 7;279(1742):3384-92. doi: 10.1098/rspb.2012.0538. Epub 2012 Jun 13.
PMID: 22696521; PMCID: PMC3396893.
63. Kuzmin IV, Mayer AE, Niezgoda M, Markotter W, Agwanda B, Breiman
RF, Rupprecht CE. Shimoni bat virus, a new representative of the

International Journal of Virology & Infectious Diseases
Lyssavirus genus. Virus Res. 2010 May;149(2):197-210. doi: 10.1016/j.
virusres.2010.01.018. Epub 2010 Feb 6. PMID: 20138934.
64. Crerar S, Longbottom H, Rooney J, Thornber P. Human health aspects of a
possible Lyssavirus in a black ﬂying fox. Comm Dis Intell 1996;20:325.
65. Fraser GC, Hooper PT, Lunt RA, Gould AR, Gleeson LJ, Hyatt AD, Russell
GM, Kattenbelt JA. Encephalitis caused by a Lyssavirus in fruit bats in
Australia. Emerg Infect Dis. 1996 Oct-Dec;2(4):327-31. doi: 10.3201/
eid0204.960408. PMID: 8969249; PMCID: PMC2639915.
66. Hanna JN, Carney IK, Smith GA, Tannenberg AE, Deverill JE, Botha JA,
Seraﬁn IL, Harrower BJ, Fitzpatrick PF, Searle JW. Australian bat lyssavirus
infection: a second human case, with a long incubation period. Med J Aust.
2000 Jun 19;172(12):597-9. doi: 10.5694/j.1326-5377.2000.tb124126.x.
PMID: 10914106.
67. Carini, A. Sur une grande épizootie de rage (French). Ann. Instit. Past. 1911,
25, 843–846.
68. Baer GM, Smith JS. Rabies in nonhematophagous bats. The Natural History
of Rabies. 2nd ed. USA: CRC Press;1991. p. 341-366.
69. Lima EQ. A transmissão da raiva dos herbívoros pelos morcegos
hematófagos da familia Desmondontidae. Rev Dep Nac Prod Anim (Rio de
Janeiro) 1934;1:165-175.
70. Pawan JL. Fruit-eating bats and paralytic rabies in Trinidad. Ann Trop Med
Parasitol. 1948 Sep;42(2):173-7. doi: 10.1080/00034983.1948.11685359.
PMID: 18891442.
71. Pawan JL. The transmission of paralytic rabies in Trinidad by the vampire
bat (Desmodus rotundus murinus Wagner. Caribb Med J. 1959;21:110-36.
PMID: 13858519.
72. Meske M, Fanelli A, Rocha F, Awada L, Soto PC, Mapitse N, Tizzani
P. Evolution of Rabies in South America and Inter-Species Dynamics
(2009-2018). Trop Med Infect Dis. 2021 Jun 9;6(2):98. doi: 10.3390/
tropicalmed6020098. PMID: 34207822; PMCID: PMC8293400.
73. Johnson HN. Derriengue; vampire bat rabies in Mexico. Am J Hyg. 1948
Mar;47(2):189-204.
doi:
10.1093/oxfordjournals.aje.a119196.
PMID:
18908914.
74. Delpietro HA, Marchevsky N, Simonetti E. Relative population densities and
predation of the common vampire bat (Desmodus rotundus) in natural and
cattle-raising areas in north-east Argentina. Prev. Vet. Med. 1992;14(1-2):1320. doi: 10.1016/0167-5877(92)90080-Y.
75. Vigilato MA, Cosivi O, Knöbl T, Clavijo A, Silva HM. Rabies update for Latin
America and the Caribbean. Emerg Infect Dis. 2013 Apr;19(4):678-9. doi:
10.3201/eid1904.121482. PMID: 23750499; PMCID: PMC3647423.
76. Johnson N, Aréchiga-Ceballos N, Aguilar-Setien A. Vampire bat rabies:
ecology, epidemiology and control. Viruses. 2014 Apr 29;6(5):1911-28. doi:
10.3390/v6051911. PMID: 24784570; PMCID: PMC4036541.
77. Constantine DG. Geographic translocation of bats: known and potential
problems. Emerg Infect Dis. 2003 Jan;9(1):17-21. doi: 10.3201/
eid0901.020104. PMID: 12533276; PMCID: PMC2873759.
78. ANON. A case history of bat rabies in a human. Quoted by Johnson, et al.
above (in reference 78).2020.
79. Delpietro HA, Russo RG. Aspectos ecológicos y epidemiológicos de la
agresión del vampiro y de la rabia paralítica en la Argentina y análisis de
las propuestas efectuadas para su control [Ecological and epidemiologic
aspects of the attacks by vampire bats and paralytic rabies in Argentina and
analysis of the proposals carried out for their control]. Rev Sci Tech. 1996
Sep;15(3):971-84. Spanish. PMID: 9376648.
80. Kuzmin IV, Bozick B, Guagliardo SA, Kunkel R, Shak JR, Tong S, Rupprecht
CE. Bats, emerging infectious diseases, and the rabies paradigm revisited.
Emerg Health Threats J. 2011 Jun 20;4:7159. doi: 10.3402/ehtj.v4i0.7159.
PMID: 24149032; PMCID: PMC3168224.

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com

Page -046

ISSN: 2766-5070

81. Horta MA, Ledesma LA, Moura WC, Lemos ERS. From dogs to bats:
Concerns regarding vampire bat-borne rabies in Brazil. PLoS Negl Trop
Dis. 2022 Mar 3;16(3):e0010160. doi: 10.1371/journal.pntd.0010160. PMID:
35239665; PMCID: PMC8893325.
82. Benavides JA, Rojas Paniagua E, Hampson K, Valderrama W, Streicker DG.
Quantifying the burden of vampire bat rabies in Peruvian livestock. PLoS Negl
Trop Dis. 2017 Dec 21;11(12):e0006105. doi: 10.1371/journal.pntd.0006105.
PMID: 29267276; PMCID: PMC5739383.
83. Allworth A, Murray K, Morgan J. A human case of encephalitis due to
a Lyssavirus recently identiﬁed in fruit bats. Communicable Disease
Intelligence.1996;20:504. https://tinyurl.com/2kb6zk8j
84. Prada D, Boyd V, Baker M, Jackson B, O’Dea M. Insights into Australian Bat
Lyssavirus in Insectivorous Bats of Western Australia. Trop Med Infect Dis.
2019 Mar 11;4(1):46. doi: 10.3390/tropicalmed4010046. PMID: 30862028;
PMCID: PMC6473685.
85. Weir DL, Annand EJ, Reid PA, Broder CC. Recent observations on Australian
bat lyssavirus tropism and viral entry. Viruses. 2014 Feb 19;6(2):909-26. doi:
10.3390/v6020909. PMID: 24556791; PMCID: PMC3939488.
86. CDC. Features-Take Caution When Bats Are Near. Centers for Disease
Control and Prevention. 2014.
87. CDNA national guidelines for public health units. Rabies virus and other
lyssavirus (Including Australian Bat Lyssavirus) exposures and Infections.
Australian Government, Department of Health. 2018.
88. Constantine DG. Rabies transmission by air in bat caves. Public Health
Service Publication, United States Government Printing Oﬃce. 1967;1617.
https://tinyurl.com/58s878yx
89. CDC. Rabies in a laboratory worker-New York. Morbidity and mortality weekly
report.1977;76:183-184.
90. Winkler WG, Fashinell TR, Leﬃngwell L, Howard P, Conomy P. Airborne
rabies transmission in a laboratory worker. JAMA. 1973 Dec 3;226(10):121921. PMID: 4800498.
91. Fleming TH. Bat Migration. Encyclopedia of Animal Behavior. 2019:605–10.
doi: 10.1016/B978-0-12-809633-8.20764-4. Epub 2019 Feb 6. PMCID:
PMC7149675.
92. Kurta, A. The misuse of relative humidity in ecological studies of hibernating bats.
Acta Chiropterologica. 2014;16(1):249-254. doi:10.3161/150811014X683444
93. Beer JR, Richards AG. Hibernation of the big brown bat. Journal of
Mammalogy. 1956;37(1):31-41. doi: 10.2307/1375523.
94. Han HJ, Wen HL, Zhou CM, Chen FF, Luo LM, Liu JW, Yu XJ. Bats as
reservoirs of severe emerging infectious diseases. Virus Res. 2015 Jul
2;205:1-6. doi: 10.1016/j.virusres.2015.05.006. Epub 2015 May 18. PMID:
25997928; PMCID: PMC7132474.
95. Gorbunova V, Seluanov A, Kennedy BK. The World Goes Bats: Living Longer
and Tolerating Viruses. Cell Metab. 2020 Jul 7;32(1):31-43. doi: 10.1016/j.
cmet.2020.06.013. PMID: 32640245; PMCID: PMC7341951.
96. Calisher CH. Viruses in Bats: A historic review. Wang LF, Cowled C, editors.
Wiley Online Library; 2015. p. 23-25. doi:10.1002/9781118818824.
97. McColl KA, Tordo N, Aguilar Setién AA. Bat lyssavirus infections. Rev Sci
Tech. 2000 Apr;19(1):177-96. doi: 10.20506/rst.19.1.1221. PMID: 11189715.
98. Castro J. Bats host more than 60 human-infecting viruses. Live Science;
Retrieved 19 December 2017.
99. Leroy EM, Kumulungui B, Pourrut X, Rouquet P, Hassanin A, Yaba P, Délicat
A, Paweska JT, Gonzalez JP, Swanepoel R. Fruit bats as reservoirs of Ebola
virus. Nature. 2005 Dec 1;438(7068):575-6. doi: 10.1038/438575a. PMID:
16319873.
100. Wong S, Lau S, Woo P, Yuen KY. Bats as a continuing source of emerging
infections in humans. Rev Med Virol. 2007 Mar-Apr;17(2):67-91. doi:
10.1002/rmv.520. PMID: 17042030; PMCID: PMC7169091.

International Journal of Virology & Infectious Diseases

ISSN: 2766-5070

101. Fenton MB, Davison M, Kunz TH, McCracken GF, Racey PA, Tuttle MD.
Linking bats to emerging diseases. Science. 2006 Feb 24;311(5764):10989; author reply 1098-9. doi: 10.1126/science.311.5764.1098c. PMID:
16497913.

106. Moratelli R, Calisher CH. Bats and zoonotic viruses: can we conﬁdently
link bats with emerging deadly viruses? Mem Inst Oswaldo Cruz. 2015
Feb;110(1):1-22. doi: 10.1590/0074-02760150048. PMID: 25742261;
PMCID: PMC4371215.

102. Organization WH. WHO publishes list of top emerging diseases likely to
cause major epidemics. 2015.

107. CDC. What is Ebola virus disease. Centers for disease control and
prevention. 2019.

103. Choi CQ. Going to bat. Sci Am. 2006 Mar;294(3):24, 24B. doi: 10.1038/
scientiﬁcamerican0306-24. PMID: 16502604.

108. Olival KJ, Weekley CC, Daszak P. Are bats really special as viral
reservoirs? What we know and need to know. Bats and Viruses. 2015;281294. doi:10.1002/9781118818824.ch11.

104. Towner JS, Amman BR, Sealy TK, Carroll SA, Comer JA, Kemp A,
Swanepoel R, Paddock CD, Balinandi S, Khristova ML, Formenty PB,
Albarino CG, Miller DM, Reed ZD, Kayiwa JT, Mills JN, Cannon DL, Greer
PW, Byaruhanga E, Farnon EC, Atimnedi P, Okware S, Katongole-Mbidde
E, Downing R, Tappero JW, Zaki SR, Ksiazek TG, Nichol ST, Rollin PE.
Isolation of genetically diverse Marburg viruses from Egyptian fruit bats.
PLoS Pathog. 2009 Jul;5(7):e1000536. doi: 10.1371/journal.ppat.1000536.
Epub 2009 Jul 31. PMID: 19649327; PMCID: PMC2713404.
105. Hayward JA, Tachedjian G. Retroviruses of Bats: a Threat Waiting in the
Wings? mBio. 2021 Oct 26;12(5):e0194121. doi: 10.1128/mBio.01941-21.
Epub 2021 Sep 7. PMID: 34488459; PMCID: PMC8546640.

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com

Page -047

109. Dobson AP. Virology. What links bats to emerging infectious diseases?
Science. 2005 Oct 28;310(5748):628-9. doi: 10.1126/science.1120872.
PMID: 16254175.
110. Corrales-Aguilar E, Schwemmle M; editors, Hewitt D. Bats and
Viruses: Current Research and Future Trends. Emerg Infect Dis. 2021
Mar;27(3):993. doi: 10.3201/eid2703.204561. PMCID: PMC7920695.

