Under the Microscope

Menangle virus: one of the ﬁrst of the novel
viruses from fruit bats
Virus discovery and characterisation
Attempts to isolate virus in a range of cell cultures was initially
unsuccessful, but when tissues from piglets with severe defects
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obtained3. Virus was isolated most frequently from brain, lung and
heart and replicated well in BHK21 and HmLu-1 cells. Cytopathology, consisting of vacuolation of cells and large syncitia formation,
was not usually observed until three passages in cell culture. A novel
paramyxovirus, later named Menangle virus (MenV), was identiﬁed
by electron microscopy. Subsequent molecular characterisation4
conﬁrmed that this was a novel virus and its genome most closely
aligned with those of viruses in the Rubulavirus genus, which
includes human parainﬂuenza viruses 2 and 4 and mumps virus.

‘Brainless pig disease swoops on Sydney.’ This was a media
headline that threatened to emerge during the early stages
of a disease outbreak in pigs in NSW. However, identiﬁcation of the viral cause and epidemiological studies that
supported a sound management program minimised the
impact of this outbreak on animal and human health.

Disease outbreak and pathology
In autumn 1997, an outbreak of severe reproductive failure occurred in a 2600-sow intensive piggery near Sydney, New South
Wales1. Initially there was a high incidence of stillborn piglets and
the delivery of mummiﬁed foetuses. Foetal deaths, considered to
probably be associated with an in-utero infection, continued for a
period of ﬁve months. Towards the end of the outbreak, many
stillborn piglets with a range of severe defects were delivered
(Figure 1). These congenital abnormalities mainly involved the
central nervous system (reduced size of cerebellum, cerebral
hemispheres, brain stem and spinal cord; hydranencephaly) and
the skeletal system (arthrogryposis of the limbs; craniofacial
deformities; scoliosis/kyphosis)2. Histologically there was a nonsuppurative multifocal meningitis, and occasionally myocarditis
and hepatitis. Intranuclear and intracytoplasmic inclusion bodies
were observed in neurons of the cerebrum and spinal cord. At the
peak of the outbreak almost half of litters and most of the piglets in
them were affected. The progression of the outbreak through
different sections of the farm complex and the associated gross
and microscopic pathological changes in affected piglets were
consistent with a viral infection.
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Figure 1. Mummified and deformed piglets following infection with
Menangle virus early in gestation.
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Diagnosis and epidemiology
Isolation of the causative viral agent allowed the development of
a virus neutralisation test. Archival sera gave negative results,
demonstrating that the virus had recently entered the population5.
In contrast, positive results were obtained for serum from sows
giving birth to infected piglets. Piglets born during the early stages
of the outbreak, and presumptively infected late in gestation when

foxes7 while 6.5% of 5000 urine samples collected from ﬂying boxes
at locations along the coast of NSW between 2012 and 2015 gave
positive qRT-PCR results (K Wernike and PD Kirkland, unpubl.
data). Collectively these data suggest that Menangle virus is
endemic in Australian ﬂying fox populations while there is serological evidence to suggest that MenV is also present in Papua
New Guinea8.

they are able to produce an immune response, also had positive
serological results, which may explain the initial failure to isolate

Eradication of the virus from pigs

MenV. Using a virus neutralisation test to test collections of archived

Epidemiological studies5 had established that there were high

sera, it was possible to monitor the spread of this virus through

levels of immunity in adult animals and the age range during which

different sections of the farming complex and also the spread at

seroconversion occurred was deﬁned. Using this information,

two associated farms that had only growing pigs. Epidemiological

a management program was developed that led to the successful

studies demonstrated that MenV spread through the population

eradication of MenV from the piggery. This involved cleaning and

relatively slowly and that young pigs became infected from about

disinfection of pig sheds, and then re-populating with pigs of a

12–16 weeks of age but were consistently immune by the time that

single age, usually from the time of weaning when they still had high

they had reached breeding age, resulting in a natural cessation of

maternal antibody titres that were expected to provide additional

the disease. The patterns and rate of spread of MenV infection

protection from infection. To eliminate in utero infection, before

among pigs suggested that transmission was more likely to be

becoming pregnant, sows known to be immune were placed in

oro-nasal from faecal material or urine rather than via aerosols

sheds that had been cleaned and disinfected. Not only did their

from the respiratory tract.

immunity prevent new infections but their progeny also had
passively acquired immunity. Collectively these measures provided

Public health and anxious weeks ahead
As a part of the epidemiological studies, serum samples were
collected from all workers on the affected farms, regular visitors,
including medical researchers involved in xenotransplantation
studies and abattoir employees. Two seropositive male farm workers were identiﬁed6. Follow-up medical examinations revealed that

additional time for any residual virus to become inactivated in the
environment and also a long time interval before young pigs had
lost protective antibody and become susceptible to infection.
Successful eradication was conﬁrmed by demonstrating that subsequent generations of pigs remained seronegative after losing
maternally derived antibodies.

both had experienced a severe febrile illness lasting for 10–14 days,
with severe headaches and myalgia. Although one person lost a

Where is Menangle virus today?

considerable amount of body weight, both eventually returned to

To the best of our knowledge, there are no terrestrial animals

normal health. During sampling of staff, a young female worker

currently infected with Menangle virus, but it is still circulating in

conﬁded that she had recently become pregnant but had not

the fruit bat population. The emergence of other zoonotic viruses

advised anyone. Although seronegative, she remained on stress-

such as the Hendra-related Nipah virus from Pteropus spp in SE

related leave until after the birth of a normal child.

Asia, has provided additional incentive to minimise opportunities
for contact of terrestrial animals with environments contaminated

Origin of the virus

by excreta from ﬂying foxes. Had there not been rapid control

The close proximity of a large colony of grey-headed ﬂying foxes

of spread through the implementation of farm quarantine and

(Pteropus poliocephalus) to the piggery and the recent discovery
of Hendra virus in Australia raised suspicion that ﬂying foxes could
be a source of MenV. Serological evidence of MenV infection was
detected in samples from four different species of ﬂying fox at
various locations in Australia, including samples taken from two
P. poliocephalus colonies in the vicinity of the affected piggery3,5.
More recently, MenV has been isolated from the urine of ﬂying
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control measures, MenV could have spread throughout the
Australian pig population and, with ampliﬁcation of the virus in
pigs, posed an ongoing human occupational health hazard.
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