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Abstract

The genus Henipavirus has expanded rapidly in geographic range, number of species, and host
range. Hendra and Nipah virus are two henipaviruses known to cause severe disease in humans
with a high case-fatality rate. Preropid spp. bats are the natural reservoir of Hendra and Nipah
virus. From these bats, virus can be transmitted to an amplifying host, horses and pigs, and from
these hosts to humans, or the virus can be transmitted directly to humans. Although the main route
of shedding varies between host species, close contact is required for transmission in all hosts.
Understanding the transmission routes of Hendra and Nipah virus in their respective hosts is
essential for devising strategies to block zoonotic transmission.

Introduction

In September 1994, a small outbreak of respiratory disease occurred in horses in a stable in
Hendra, Australia. Shortly after the death of the index horse, a stable hand and horse trainer
who had been in close contact with the animal developed an influenza-like illness, that
resolved in the stable hand, but progressed to fatal acute respiratory distress syndrome in the
horse trainer. A previously unknown paramyxovirus, later named Hendra virus, was isolated
from the horses and the fatal human case (1). An extensive search soon identified Pteropid
species bats as the natural reservoir of Hendra virus (2, 3), from which it was transmitted to
horses. To date, around 100 cases of Hendra virus infection in horses, and seven human
cases with four fatalities have been identified (4); infection of dogs with Hendra virus after
close contact with sick horses has also been detected, but it is currently not clear whether
dogs play a role in transmission of Hendra virus (5).

In 1998, a concurrent infectious disease outbreak occurred in pigs with respiratory disease
and humans with neurological disease in Kampung Sungai Nipah, Malaysia. A common
causative agent was suspected since the majority of human cases had direct contact with
affected pigs. The disease spread with the movement of infected pigs through Malaysia and

"Corresponding author: Emmie de Wit; 903 South 4th Street, Hamilton, MT 59840, USA; emmie.dewit@nih.gov; phone:
+1-406-375-7490; fax +1-406-375-9620.

Conflict of interest

The authors have no conflict of interest to declare.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weatherman et al.

Page 2

into Singapore, resulting in 276 human cases with 106 fatalities and the culling of more than
1,000,000 pigs (6, 7). The causative agent, named Nipah virus, was isolated from
cerebrospinal fluid of a human fatal case and shown to be closely related to Hendra virus.
Although no further cases of Nipah virus infection were identified in Malaysia, Nipah virus
caused outbreaks in India in 2001 and 2007 (8, 9), and multiple outbreaks of Nipah virus as
well as isolated cases have been identified in Bangladesh since 2001 (10, 11). In 2014, a
small outbreak of encephalitis in two villages in the Philippines was traced to the
slaughtering and consumption of horses with neurological disease. Serologic evidence
indicates that horses and humans were infected with Nipah virus or a Nipah-like virus (12).
Like Hendra virus, Nipah virus originates from Pteropus spp. fruit bats (13). Zoonotic
transmission of Hendra virus in Australia and Nipah virus in Malaysia and the Philippines
occurred through an amplifying host, pigs and horses, whereas zoonotic transmission in
Bangladesh is thought to occur directly from bats to humans mainly through the
consumption of raw date palm sap contaminated with Nipah virus by fruit bats.

Besides Hendra and Nipah virus, the Henipavirus genus currently contains three additional
species: Cedar virus, Ghanaian bat virus and Mojiang virus. Cedar virus was isolated from
urine samples collected from a flying fox colony in Australia. Experimental inoculation of
ferrets and guinea pigs with Cedar virus did not result in clinical disease and there is no
evidence that Cedar virus is pathogenic in humans (14). Ghanaian bat virus and Mojiang
virus species were established based on detection of viral RNA rather than isolation of a
novel virus (15, 16). There is no direct evidence that either virus causes disease in humans;
however, Mojiang virus RNA was isolated from rectal swabs from rats (R. flavipectus)
caught in an abandoned mine where three workers may have acquired fatal pneumonia of
unknown origin six months earlier (16). Moreover, serologic evidence of Ghanaian bat virus,
or a related Henipavirus, in pigs in Africa indicates a potential for zoonotic transmission
(17). Indeed, serological evidence of Henipavirus infection has been found in humans in
Cameroon (18).

In this review, we summarize the current state of knowledge on the intraspecies transmission
of henipaviruses. Since there is no information available on the transmission of Cedar virus,
Ghanaian bat virus or Mojiang virus, the review focuses on transmission of Hendra virus and
Nipah virus in Pteropid spp. bats, horses, pigs and humans.

Bat- to-bat transmission

Prteropid spp. bats or flying foxes are the reservoir hosts of Hendra and Nipah virus. These
bats have a wide geographic range and evidence of Henipavirus infection has been found in
bats from South East Asia, Africa, South and Central America (reviewed in (19, 20)). Little
is known about the effect of Henipavirus infection on naturally infected bats; however,
experimentally infected Pteropid spp. bats do not show signs of disease and limited
pathological changes (21-24). During infection, virus is shed mainly in urine but can also be
detected in throat and rectal swabs (21-23, 25). Although studies have found associations
between environmental factors or reproductive status and shedding of Hendra and Nipah
virus in flying foxes, these factors seem to be dependent on the location and virus studied
(25-28). Vertical transmission has been shown to occur in pregnant bats experimentally
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infected with Hendra virus (23); however, no Hendra virus RNA was detected in fetal tissue
from naturally infected bats (29). Contact transmission was not observed from A2
poliocephalus bats inoculated with Hendra virus to naive animals, which may be explained
by the fact that no virus shedding was detected from the inoculated bats (24). Regardless,
bat-to-bat transmission of Nipah and Hendra virus is thought to occur through direct contact,
with transmission being aided by the high density of bats in roosts and the use of urine in
grooming (22).

Horse-to-horse transmission

Pig-to-pig

Since the Henipavirus outbreak in horses in the Philippines was retrospectively diagnosed
this section focuses exclusively on Hendra virus infection and transmission in horses.

Natural infection of horses with Hendra virus results in depression and fever, progressing to
neurological and respiratory disease, with a copious frothy nasal discharge in the end stage
of disease (30). The case-fatality rate in horses is around 90% (4). Few experimental
infections of horses have been performed due to the difficulty of working with large animals
in BSL4 containment. Disease signs in experimentally infected horses largely mimic those
in naturally infected animals; however, horses in experimental infection studies meet
euthanasia criteria and are taken out of the experiment before the development of severe
respiratory and neurological disease and the typical frothy nasal discharge (1, 24, 31). The
main histological lesions in horses experimentally infected with Hendra virus were
interstitial pneumonia and systemic vasculitis (24, 31, 32). In experimentally infected
horses, shedding of viral RNA was detected in urine, oral and nasal swabs, with shedding
being highest and of longest duration in nasal swabs (24, 31). Viral RNA can also be
detected on environmental swabs collected in stalls where naturally infected horses were
housed (33). Viral shedding has been shown to occur before the onset of disease signs in
experimentally infected horses, suggesting that asymptomatic horses could spread the
infection (31). Housing of experimentally infected and naive horses in adjacent stalls did not
result in transmission of Hendra virus to the naive animals (24); however, the lack of
transmission may have been due to the lack of the frothy nasal discharge that was proposed
to play an important role in transmission between horses and zoonotic transmission (31).
Taken together, the data on natural as well as experimentally infected horses indicate that the
most likely route of transmission of Hendra virus between horses is through very close
contact with infected horses in the end stage of disease, when virus shedding is at its” peak.
Additionally, extensive handling of horses by humans without adequate measures to prevent
cross-contamination could contribute to the spread of Hendra virus among horses (33).

transmission

Nipah virus disease manifests in naturally infected pigs as an acute febrile illness with
respiratory signs such as nasal discharge, a barking cough and labored breathing, as well as
neurological signs (7). 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 (7).
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Disease signs in pigs inoculated experimentally with Nipah virus range from subclinical to
clinical, with respiratory and neurological signs. Histologically, symptomatic pigs presented
with interstitial pneumonia, non-suppurative meningitis, and systemic vasculitis (34, 35),
lesions that were also typically observed in naturally infected pigs in Malaysia (7). Virus
shedding was detected in the nose and throat of experimentally infected animals, with the
highest amount of virus being detected in the nose. Importantly, virus shedding was
observed in clinically and subclinically infected pigs (34, 35). Transmission of virus from
experimentally infected animals to naive pen-mates was observed several days after
inoculated animals started to shed virus (34). Based on epidemiological data from the Nipah
virus outbreak in Malaysia and transmission in experimentally-infected animals,
transmission of Nipah virus between pigs in close contact is rapid and efficient, most likely
occurs through direct contact with nasal secretions, and clinically as well as subclinically
infected animals may transmit the virus (7, 34).

Human-to-human transmission

In humans, Hendra and Nipah virus cause an acute febrile illness with respiratory symptoms.
During acute disease, Nipah virus is shed in urine as well as respiratory secretions from the
mouth and nose (9, 36). Disease often progresses to acute respiratory distress syndrome and
severe neurological disease with long-term consequences and relapses (37, 38). The case-
fatality rate of both virus infections is very high. Histological lesions in fatal cases of Hendra
and Nipah virus infection included interstitial pneumonia, systemic vasculitis and meningitis
(1, 39).

There is no evidence that Hendra virus is transmitted between humans. In contrast, human-
to-human transmission of Nipah virus has significantly contributed to the number of Nipah
virus cases in India, Bangladesh and the Philippines. In the Nipah virus outbreak in 2001 in
India, 75% of cases were acquired through human-to-human transmission (9).
Epidemiological analysis of Nipah virus outbreaks in Bangladesh from 2001-2007 showed
that 50% of patients contracted the virus through human-to-human transmission; however,
only 7% of Nipah virus patients transmitted the virus (40). Patients with respiratory disease
and coughing were more likely to transmit Nipah virus; fatal cases were more likely to
transmit than non-fatal cases (40). Nipah virus transmission from deceased patients to
people who came in contact with the body after death has also been described (41, 42).
Nosocomial transmission of Nipah virus was rare in Malaysia and Bangladesh (43, 44), but
the main source of Nipah virus cases in Siliguri, India, where 25 out of 66 Nipah virus
infections were in hospital staff (9). Despite the risk for transmission through aerosols or
respiratory droplets with a virus that causes infection of the respiratory tract,
epidemiological studies have shown that close contact is required for human-to-human
transmission of Nipah virus (41, 45-48). These data were confirmed by experimental
transmission studies in the hamster model of Nipah virus infection, where transmission only
occurred between animals in direct contact, but not via aerosols or fomites (49). Contact
transmission of Nipah virus in Bangladesh is facilitated by healthcare and cultural practices
requiring family to care for hospitalized patients and the importance of physical contact with
sick relatives and friends (50).
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Concluding remarks

The Pteropid spp. fruit bat reservoir of Henipaviruses has a wide geographic range that
overlaps with some of the most-densely populated areas in the world. Thus, the risk of these
viruses causing large-scale epidemics with the potential to spread regionally and possibly
globally should not be ignored (51). Important advances in our understanding of Hendra and
Nipah virus have been made leading to the development of intervention strategies to block
zoonotic transmission. Blocking zoonotic transmission is the most cost-effective and
efficient way to prevent large-scale outbreaks in humans. In 2012, a recombinant
glycoprotein subunit vaccine against Hendra virus was approved for vaccination of horses
(52) with the aim of preventing transmission of Hendra virus from bats to horses and
consequently from horses to humans. In Bangladesh, the use of bamboo skirts on date palm
sap collection pots to shield them from bats has been proven effective in preventing bats
from drinking the sap and thus contaminating the sap with Nipah virus (53) and preventing
infection of people drinking date palm sap (54). Despite these promising developments,
uptake of the Hendra vaccine is low (4) and the consumption of date palm sap in Bangladesh
remains high even in people aware of the risk of acquiring Nipah virus (55). Thus, blocking
Henipavirus transmission remains a public health priority. The CEPI initiative to bring a
Nipah virus vaccine to licensure (56) is a welcome approach and likely necessary to contain
future Henipavirus outbreaks and protect global health.
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Highlights

. Hendra virus and Nipah virus are known to be transmitted within several host
species: fruit bats, horses, pigs and humans

. The main route of virus shedding is urine in bats, but respiratory secretions in
horses, pigs and humans

. Despite different routes of virus shedding, close contact is required for
transmission in all host species

Curr Opin Virol. Author manuscript; available in PMC 2019 February 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Weatherman et al.

Page 10

Figure. Transmission cycles of Hendra and Nipah virus in their respective hosts
Pteropid spp. bats are the natural reservoir of Hendra and Nipah virus. Bats mainly shed

virus via urine and the virus is transmitted through close contact between bats in roosts.
From the natural reservoir, viruses are spread to pigs and horses who function as amplifying
hosts. Horses shed virus in respiratory secretions and urine; transmission of virus to naive
horses requires close contact. Pigs mainly shed virus via their nose and transmission to naive
animals is rapid and efficient between pigs in close contact. Humans are infected through
close contact with the intermediate hosts, or directly via consumption of date palm sap
contaminated with bat urine during collection. Nipah virus disease patients transmit the virus
via contact of caretakers with respiratory secretions. Blue arrows indicate transmission
routes of Hendra virus; green arrows indicate transmission routes of Nipah virus.
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