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Transmission of henipaviruses

Sarah Weatherman, Heinz Feldmann and Emmie de Wit

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. Pteropid 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.
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Introduction

In September 1994, a small outbreak of respiratory dis-
ease 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 respira-
tory 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 Preropid 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]; infec-
tion of dogs with Hendra virus after close contact with
sick horses has also been detected, but it is currently not

Available online at www.sciencedirect.com

ScienceDirect

4 Y
CrossMark

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 neuro-
logical 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 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 neuro-
logical 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 Preropus 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 contami-
nated with Nipah virus by fruit bats (Figure 1).

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 detec-
tion 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. flavi-
pectus) 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].
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In this review, we summarize the current state of knowl-
edge on the intraspecies transmission of henipaviruses.
Since there is no information available on the transmis-
sion of Cedar virus, Ghanaian bat virus or Mojiang virus,
the review focuses on transmission of Hendra virus and
Nipah virus in Preropid spp. bats, horses, pigs and humans.

Bat-to-bat transmission

Preropid spp. bats or flying foxes are the reservoir hosts of
Hendra and Nipah virus. These bats have a wide geo-
graphic 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
Preropid 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°,26,27,28°].

Vertical transmission has been shown to occur in pregnant
bats experimentally infected with Hendra virus [23];
however, no Hendra virus RNA was detected in fetal
tissue from naturally infected bats [29°]. Contact trans-
mission was not observed from P. poliocephalus bats inoc-
ulated 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

Since the Henipavirus outbreak in horses in the
Philippines was retrospectively diagnosed this section
focuses exclusively on Hendra virus infection and trans-
mission 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 BSLL4 containment. Dis-
ease 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 dis-
ease 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, sug-
gesting that asymptomatic horses could spread the infec-
tion [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 zoo-
notic 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 pre-
vent cross-contamination could contribute to the spread
of Hendra virus among horses [33].

Pig-to-pig 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].

Disease signs in pigs inoculated experimentally with
Nipah virus range from subclinical to clinical, with respi-
ratory and neurological signs. Histologically, symptomatic
pigs presented with interstitial pneumonia, non-suppura-
tive 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 transmis-
sion 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].
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