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Auro Vaccines LLC has developed a protein vaccine to prevent disease from Nipah and Hendra virus
infection that employs a recombinant soluble Hendra glycoprotein (HeV-sG) adjuvanted with aluminum
phosphate. This vaccine is currently under clinical evaluation in a Phase 1 study. The Benefit-Risk
Assessment of VAccines by TechnolOgy Working Group (BRAVATO; ex-V3SWG) has prepared a standard-
ized template to describe the key considerations for the benefit-risk assessment of protein vaccines. This
will help key stakeholders to assess potential safety issues and understand the benefit-risk of such a
vaccine platform. The structured and standardized assessment provided by the template may also help
contribute to improved public acceptance and communication of licensed protein vaccines.
� 2021 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Protein vaccines generally comprise the viral surface antigen
responsible for the stimulation of neutralizing antibodies [1]. They
are typically recombinant-derived and highly purified. Peptides are
also included in this category of vaccines and most of these are
likely to be synthetic in nature. Examples of licensed protein vac-
cines include an influenza vaccine comprising highly purified
recombinant hemagglutinin [2] and a herpes zoster vaccine with
highly purified varicella zoster surface glycoprotein E antigen [3].
Many other protein vaccines such as HIV gp120 and gp140 have
undergone clinical testing vaccines but are not yet licensed.
Recombinant proteins have been used in vector or DNA prime
and protein boost regimens, in particular for HIV vaccines [4].
Some recombinant viral antigens spontaneously assemble into
virus-like particles (VLPs). These may be single or multi protein
structures that are stable and more immunogenic compared to
purified protein antigens. Examples of licensed vaccines containing
recombinant VLPs include hepatitis B and human papillomavirus
vaccines [5]. It should be highlighted that, in contrast to inacti-
vated, live attenuated, and viral vectored vaccines, the manufac-
ture of protein vaccines does not involve the cultivation of any
live viruses and they do not contain any viral genomes. Therefore,
their production and quality control are simpler, they are generally
considered safer in cases where viruses can establish a persistent
infection or are oncogenic and are feasible to manufacture even
if the virus cannot be cultivated. Commercialized recombinant pro-
tein vaccines have been shown to be safe and efficacious, and their
manufacture can be scaled-up with relative ease [6,7,8]. However,
due to the limited immunogenicity of some protein-based vaccines
in humans, their development has also focused on methods to
enhance the immune response, through the use of adjuvants, opti-
mizing the route or method of administration, and the use of a
heterologous prime-boost strategies (see Table 1).

In particular, protein vaccines are likely to require a potent
adjuvant that will direct the immune response to a predominantly
Th1-type response. Adjuvants are not usually licensed per se and it
is the adjuvanted vaccine that is granted marketing authorization.
There are only a few different types of adjuvant used in commer-
cial vaccines although many are under investigation and the avail-
ability of particular adjuvants may be limited. Whilst enhancing
the immune response, adjuvants impart additional safety consider-
ations to a vaccine that have to be carefully assessed [9]. BRAVATO
intends that this template focuses on key questions related to the
essential safety and benefit-risk issues relevant for the intrinsic
properties of the vaccine components. Although we recognize that
other aspects of manufacturing, quality, and implementation can
play an important role in the safety of a vaccine and vaccination,
we have chosen to keep some of those issues out of scope in order
to summarize the most useful information for stakeholders.
2. Background

2.1. Epidemiology

Nipah virus (NiV) and Hendra virus (HeV) are closely related
paramyxoviruses in the genus Henipavirus under the family
Paramyxoviridae.

Since 1994, when HeV was first isolated in Hendra, Australia,
there have been sporadic and minor outbreaks of disease in horses,
and in humans with close contact to infected horses in Australia
[10].

NiV and HeV are classified as biological safety level-4 (BSL4)
viruses and possess several characteristics, such as the ability to
be transmitted via aerosol, which make them adaptable for misuse
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as bioterror agents. They are listed as Category C biothreat agents
by the NIH and CDC. Hendra virus (HeV), a paramyxovirus distantly
related to measles virus, was isolated from fatal cases of respira-
tory disease in horses and humans in 1994 [10]. This first HeV out-
break, in the Brisbane suburb of Hendra Australia, resulted in the
death of 13 horses and their trainer, and the non-fatal infection
of a stable hand and seven other horses. At about the same time,
in an unrelated incident 100 km north of Hendra, a man experi-
enced a brief aseptic meningitis illness after caring for two horses
and assisting at their necropsies; it was later shown the horses
died from HeV. Thirteen months later, this individual suffered a
recurrence of severe encephalitis characterized by uncontrolled
focal and generalized epileptic-activity and died from the HeV
acquired from the infected horses [11]. Genetic analysis of HeV
confirmed that it was a member of the Paramyxoviridae
[12,13,14]. Since 1994, 18 outbreaks of Hendra virus in horses have
been recorded in Australia’s Queensland and New South Wales
[15]. Approximately 80% of the outbreaks occur in winter during
the foaling season when veterinarians and horse owners have fre-
quent contact with horses and their bodily fluids, increasing the
chance of zoonotic disease transmission [16]. To date, there have
only been seven documented human infections and four deaths
from Hendra virus, although the concern of contracting the disease
from infected horses remains high amongst veterinarians and
others who work with the animals, due to the high mortality rate
of the disease [16].

In 1998, an outbreak of encephalitis in people with close con-
tact exposure to pigs began in Malaysia and Singapore. By mid-
June 1999, more than 265 cases of encephalitis, including 105
deaths, had been reported in Malaysia and 11 cases of disease with
one death in Singapore [17]. Electron microscopic, serologic, and
genetic studies indicated that this virus was a paramyxovirus clo-
sely related to HeV. It was named Nipah virus (NiV) after the vil-
lage in Malaysia from which one of the first isolates were
obtained, from the cerebrospinal fluid of a fatal human case [18–
22]. Due to their close relatedness, NiV and HeV were classified
into a new genus, Henipavirus [23,24,25].

Following this large outbreak and the culling of over one million
pigs, which were the amplifying hosts, there have been no further
cases reported in these countries [13]. In 2001, NiV was identified
as the cause of a human disease outbreak in Bangladesh. Since
then, there have been repeated human disease outbreaks in Ban-
gladesh [14,17], and a few outbreaks in India [18,19,20], although
the isolated virus has been of a different genotype (NiVB) than the
Malaysian isolate (NiVM) [21,22]. There was also a reported out-
break of human disease in the Philippines in 2014 caused by Nipah
or a closely related virus [25]. In 2018, a Nipah disease outbreak
occurred in northern Kerala, India, resulting in 17 deaths. In the
investigation of this outbreak, the incubation period was an aver-
age of 9.5 days (6-14d) with a 91% fatality rate [26].

Fruit bats of the genus Pteropus have been identified as natural
reservoirs of NiV and HeV. Considering the distribution of the fruit
bats and epidemiologic evidence of more widespread infection in
fruit bats, outbreaks of NiV are likely to continue in South and
South-East Asian countries, including those without any outbreaks
to date. Indirect transmission of NiV to humans may result from
the ingestion of raw date palm sap contaminated by infectious
bat excretions and there has also been evidence of direct human-
to-human transmission of NiV [24,25,26].

2.2. The disease

The primary clinical manifestations of infections with both HeV
and NiV are respiratory or neurologic leading to significant mor-
bidity and mortality, with human case fatality of 38% (Malaysia
and Singapore) and �75% (Bangladesh and India). In humans,
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infection with Hendra virus can cause mild clinical signs including
fever, headache, drowsiness, and influenza-like symptoms. Severe
infections are often fatal with respiratory and/or neurological signs
(e.g., confusion, motor deficits and seizures). Relapsing encephalitis
is possible after recovery from an acute infection and appears to be
due to recrudescence of viral replication in the central nervous sys-
tem [16]. NiV infection in humans may be complicated by
encephalitis leading to disorientation and coma, either acutely, as
a relapse, or even as a late onset manifestation of the infection.
Animal infection studies in African green monkeys (AGM) have
shown NiVB to be more pathogenic than NiVM, and ferret studies
showed that NiVB infection resulted in increased oral shedding, a
more rapid onset of productive infection, and higher levels of virus
replication in the respiratory tract compared to NiVM. These obser-
vations may explain why more cases in Bangladesh and India had
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shorter incubation periods, more respiratory symptoms, greater
human-to-human transmission, and higher case fatality risks [27].

2.3. The vaccine

There are currently no approved products that prevent or treat
NiV or HeV infections in humans. An effective prophylactic NiV and
HeV vaccine would find application with medical personnel and
close contacts of cases during outbreaks in endemic areas, with
laboratory workers engaged in NiV or HeV research, and with mil-
itary and civilian personnel threatened by weaponized versions of
the viruses. A Hendra vaccine is also needed for veterinarians and
those who care for sick horses in areas where Hendra is endemic.
Zoetis Australia Pty Ltd currently has a licensed veterinary vaccine,
Equivac� HeV, which effectively prevents Hendra infection in
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horses. Equivac HeV is based on the same HeV-sG immunogen as
the proposed human Nipah vaccine, however the vaccine is made
by a different manufacturing process, and has a different formula-
tion, administration schedule, and adjuvant than proposed for the
human vaccine.

Auro Vaccines has developed a vaccine to protect humans
against Nipah and Hendra virus infection based on the soluble gly-
coprotein of the Hendra virus ectodomain (HeV-sG) developed by
Christopher Broder’s laboratory at Uniformed Services University,
Bethesda, MD. Preclinical studies show that the administration of
Auro Vaccines’ adjuvanted HeV-sG elicits potent immune
responses against both Nipah and Hendra virus infection.

Auro Vaccines’ HeV-sG vaccine is currently under investigation
in a Phase 1 clinical trial.
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