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Introduction

For the past several years we have been
faced with a new group of diseases referred
to by the Centers for Disease Control and
Prevention (CDC) as ‘emerging’ infectious
diseases. The definition by CDC not only
encompasses diseases associated with previ-
ously unknown (novel) agents, but also
known diseases that are ‘re-emerging’ either
spatially or temporally. In 1999, a novel
virus in Malaysia was responsible for the
deaths of over 100 people and the man-
dated destruction of more than 1.1 million
pigs.! This virus was given the name
‘Nipaly, after the village where the first
viral isolate was obtained. The eradication
of 1.1 million swine represented approxi-
mately 40% of the swine population
within Malaysia in 1999. As a result of the
depopulation efforts, over 800 of Malaysia’s
1700 swine operations were put out of
business.?

Recently, within the United States, we have
seen the introduction of another ‘emerging’
infectious disease called West Nile, and we
have watched helplessly as it has spread
over the eastern seaboard unchecked, in-
fecting people, horses, and a variety of
birds. This latest outbreak should awaken
us to the fact that these infectious agents
are capable of moving from continent to
continent with relative ease. These two
emerging infectious diseases as well as
others underscore the need for veterinar-
ians to keep abreast of foreign animal dis-
eases and the potential threat they pose to
both domestic animal production and our
wildlife. This article will outline some of
the more salient features of Nipah virus in
swine, based on our investigation of the
Malaysian outbreak.

Background

During October 1998, an outbreak of fatal
encephalitis occurred among pig farmers
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Figure 1: Map of Malaysia showing the geographic area where Nipah virus was

first identified in 1998.
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living in a swine production area near the
town of Ipoh, Malaysia (Figure 1). While
the outbreak in Ipoh had ended by late
February 1999, leaving at least five people
dead, a similar encephalitic illness had be-
gun among pig farmers and their families
living to the south in the Bukeit Pelandok
area of the state of Negeri Sembilan (Figure
2). At first, the illness was believed to be
Japanese encephalitis. It was not until
March 19, 1999, that it was discovered
that several patients from both regions had
been infected with a new paramyxovirus.

While the medical community attempted
to unravel this new, mysterious disease,
local and government veterinarians worked
with the same pig producers attempting to
identify a disease that was causing sickness
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in their pigs. The Malaysian government
asked for international assistance, and by
May, investigators from the United States,
Australia, and Malaysia had determined
that the same virus was indeed responsible

for the illness identified in both the hu-
mans and the pigs.?

Etiology and host range

The infectious agent was identified as a
new virus belonging to the
Paramyxoviridae family. This same family
of viruses is also responsible for measles,
canine distemper, and Hendra virus —
another emerging infectious disease, first
identified in Australia in 1994, which
infects humans, horses, and bats.* Nipah
virus has been shown through serology to
infect people, pigs, horses, dogs, cats,
chickens, and bats, but thus far, has only
produced clinical disease in humans, pigs,
dogs, and cats. There may be other animal
hosts yet to be discovered.

Nipah virus is internationally classified as a

biosecurity level 4 (BSL-4), the
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Figure 2: Map of Malaysia showing five geographic areas where clusters of
Nipah virus outbreaks occurred in humans from October 1998 to February

1999.
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classification given to one of the world’s
deadliest viruses, Ebola. Simply put, these
agents pose a risk to people during exami-
nation or treatment of infected animals;
therefore, the examination and (or)
necropsy of sick pigs requires specialized
protective equipment (Figure 3). This pro-
tective equipment and the protocols in-
volved when working with BSL-4 agents
necessitates additional extensive training
and constant vigilance by all personnel.

To date, Nipah virus has been identified
only in Malaysia and has not re-emerged
since the eradication program was com-
pleted in September of 1999. At the
request of the Malaysian government,
CDC and Australia’s Animal Health Labo-
ratory (AAHL) and Animal Research Insti-
tute worked with Malaysian’s own Depart-
ment of Veterinary Services, Veterinary
Research Institute, Institute Medical Re-
search, Department of Medical Microbiol-
ogy, University Malaya, and local health
practitioners, in investigating and defining

the outbreak.

Pathogenesis

Defining pathogenesis is one of the first
priorities with any new disease, and in
most cases, this aspect is first detailed in
the field and substantiated later in the labo-
ratory setting. Limited BSL—4 facilities ex-
ist throughout the world, and thus far
AAHL has performed the only Nipah virus

research in swine. The pathogenesis of
Nipah virus infection in swine has not yet
been completely defined.

The information presented is based on re-
sults of field investigations during the out-
break. Infection begins when the virus
reaches the lungs of susceptible pigs, either
through ingestion or inhalation. The incu-
bation period is believed to be approxi-
mately 7 to10 days.’ Delineating the
pathogenesis by examining field-collected
specimens was potentially problematic due

to the presence of concurrent porcine stress
syndrome and infections such as Aujesky’s
disease (pseudorabies). Immunohistochem-
istry was used to confirm Nipah virus in
histopathologic lesions. Lesions were
identified in either the lungs or brains of
infected pigs, or occasionally in both. Lung
lesions consisted of tracheitis with
bronchointerstitial pneumonia, both sup-
purative and nonsuppurative.? It was as-
sumed that the infection of the lung is
responsible for spreading the virus to sus-
ceptible animals via direct contact or drop-
let infection. This was substantiated by
work done by Middleton et al.> All pigs
with meningoencephalitis had some degree
of meningitis, characterized by proteina-
ceous edema and infiltration of lympho-
cytes, plasma cells, and macrophages, and
vasculitis, characterized by swollen vessel
walls containing some macrophages.?

Clinical features

Nipah virus infects swine of all ages, but
clinical appearances vary depending on age.
Weaners and growers show an acute febrile
illness with respiratory signs ranging from a
mild cough to a harsh, “seal-like”, nonpro-
ductive cough. Local swine producers re-
ferred to this cough as the “1-mile cough”,
as they claimed pigs could be heard cough-
ing 1 mile away. Clinical signs varied with
ambient temperature, with some animals
exhibiting more severe degrees of respira-
tory distress, such as open-mouthed
breathing, during the heat of the day. Some
weaners and growers were obviously de-

Figure 3: Protective equipment needed to work in biosecurity level 4 field
conditions. From left in the foreground, Dr Hume Field, Animal and Plant Health
Services, Department of Primary Industries, Queensland, and Dr Peter Daniels,
Australian Animal Health Laboratory, performing a necropsy on a pig
suspected to be infected with Nipah virus.
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Figure 4: Confirmed human cases of Nipah virus and swine depopulation during the outbreak of Nipah virus in Malaysia
in 1999. In Phase | of the Nipah virus control program, all movement of livestock in the country was halted for 2 weeks, and
all infected swine farms were depopulated of swine, dogs, and cats. In Phase II, swine herds on farms that had a confirmed
case in either humans or pigs were tested serologically, then, within 90 days, at least 15 pigs on every swine herd in
Malaysia were tested serologically. During Phase II, swine could be moved only to slaughter, where random testing was
performed, and positive swine were traced back to the herd of origin. Farms where animals tested positive were

depopulated.
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pressed, had a mucoid nasal discharge, and
coughed persistently when forced to exert
themselves. In my field investigation, I esti-
mated that 3% of the animals showed
some form of neurological disease, which
included signs such as trembling, twitch-
ing, muscular spasms, and rear leg paresis
or paralysis. The neurologic aspect of the
disease appeared to be transitory, with most
of this age group recovering within a
couple of days.

Clinical presentation was quite different in
adult swine. Most were found dead, with
no previous indication of illness. In a few
cases, we found sows in farrowing crates
exhibiting tetanus-like spasms and seizures,
chomping of the mouth, head pressing,
and nystagmus. In these adult pigs, the
disease progressed very rapidly and in most
cases, death resulted. Abortions were re-
ported by local producers, but were not
observed by the field team.

The disease in suckling pigs is not well
defined, probably because of decreased
milk production by ill sows and (or) the
diminished ability of ill piglets to nurse.

Case definition of Nipah infection
developed by the investigation
team

Serosurveys performed on a number of
farms during this investigation indicated
that morbidity approached 100%. Produc-
ers reported that the mortality rate due to
Nipah virus infection was approximately 1
to 5%, but this was not substantiated.

Weaners (< 4 weeks old) and growers:
Acute febrile illness (body temperature
239.9° C) with respiratory signs ranging
from increased or forced respiration to
harsh, nonproductive cough or open-
mouth breathing. Respiratory signs may be
accompanied by one or more of the follow-
ing neurological signs: trembling, twitching
or muscle fasciculation or tetanic spasms;
rear leg weakness.

Adult pigs: Acute febrile illness (body tem-
perature 239.9° C) with labored, open-
mouth breathing, increased salivation, na-
sal discharge (possible bloody), and pos-
sible first trimester abortion. Sows and
boars may die very rapidly (<24 hours)
with no signs of clinical disease. Some or
all of the following neurologic signs may be
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present: head pressing; agitation or biting
at bars; tetanic spasms.

Diagnosis

It is not possible to diagnose Nipah infec-
tion in swine solely on the basis of clinical
examination, or gross or histopathologic
appearance. However, strong suspicion of
Nipah infection in swine can be made
when area producers are ill with encephali-
tis, pigs have clinical disease consistent
with the case definition, there is a history
of movement of pigs between farms, and
unexplained death of other farm animals
occurs, specifically dogs and cats.

Disease transmission

The virus spread readily between grower
pens separated by a 3- to 4-foot concrete
walls and between unattached housing facili-
ties, and continued to spread rapidly
throughout the farm, infecting most of the
pigs within a 2-week period. It is not known
if the mechanism of disease transmission was
direct contact or aerosol transmission from
infected pigs, farm workers, or all of these. It
is believed that the most likely means of vi-
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rus transmission on a farm was direct contact
or aerosol transmission between pigs.’

The spread of the disease within a farming
community occurred by any number of the
following methods, but has not been conclu-
sively established: sharing boars or boar se-
men, moving pigs between farms or intro-
ducing newly purchased animals without a
quarantine period, failing to properly disin-
fect feed trucks, movement of dogs and cats
between farms, and movement of people
between farms.

Liquidation of an infected pig farm in north-
ern Malaysia was believed responsible for the
movement of Nipah virus into other farm-
ing communities. As these infected pigs
were moved from sparsely populated pro-
duction areas in the north to dense farming
areas in the south (Bukeit Pelandok,
Sikamat farming communities), the spread
of Nipah virus progressed rapidly from
farm to farm (Figure 4).

Control

The Director General, Department of Vet-
erinary Services, Malaysia, spearheaded a
three-phase program, which was carried
out and resulted in Office International
Des Epizooties (OIE) declaring Malaysia
Nipah-free early this year. The following is
a brief description of this program.

Phase I. Movement of all livestock within
the country was halted for 2 weeks. At the
conclusion of the 2-week period, animals
in non-infected areas were allowed to be
transported only to slaughter facilities. Ani-
mals on farms having a confirmed human
case or documented report of Nipah dis-
ease in pigs were immediately quarantined.
Pigs on these farms, and all other animals
on the premises, were depopulated, includ-
ing dogs and cats. Farms within 3 kilome-
ters of a positive farm were also quaran-
tined. Police and military personnel
secured the perimeter of these areas while
all animals were depopulated. The farms
were not permitted to restart swine produc-
tion for an unspecified period of time, if
ever. Random testing of swine in federally
inspected slaughterhouses was implemented.

Phase II. The objective was twofold: within
90 days, to identify “high-risk” farms, and
then to systematically test every pig farm in
Malaysia for evidence of Nipah virus
infection.

The “high-risk” farms were production facili-

ties that had a new confirmed human case
and (or) reported Nipah disease in swine.
These farms were tested as a first priority to
rapidly identify new foci of infection. Pigs
from these high-risk farms were not allowed
to be shipped for slaughter while further test-
ing was carried out. Farms having laboratory
evidence of Nipah disease were immediately
depopulated.

The second objective was to test every pig
farm in Malaysia for serologic evidence of
Nipah virus. Each farm was tested twice
within 90 days to ensure that every positive
premise was identified as quickly as possible.
A representative sample of pigs (at least 15
from each swine herd) were selected at ran-
dom and tested for Nipah antibody. The two
tests were separated by at least 2 weeks, and
every effort was made not to test the same
animals. Positive farms were immediately
depopulated. All swine farms that were not
identified as “high-risk” were provisionally
approved to ship for slaughter only. Within
Malaysia, swine could be moved only to
slaughter. Transfer between farms was not
permitted, nor was importation of new
breeding stock.

During this phase, random testing continued
at the slaughterhouse, and when positive
animals were identified, they were traced
back to the farm, where further testing was
done.

Phase III. Upon completion of Phase II,
active surveillance was continued by govern-
ment veterinarians following up on reported,
unexplained illness in swine or people. Ran-
dom testing continued in federally inspected
slaughterhouses. On the basis of the success
the Malaysians experienced, there is no rea-
son to believe that the United States would
handle a similar outbreak any differently
(Figure 4).

Current threat

The wildlife reservoir for Nipah virus is cur-
rently under investigation. On the basis of
the work done in Australia on the closely
related Hendra virus, bats, specifically
pteropids, commonly called fruit bats (sub-
order Megachiroptera), are believed to be the
reservoir.® Keeping in mind the similarities
between Hendra and Nipah viruses, the in-
vestigative team concentrated efforts on this
reservoir. Specimens collected from five spe-
cies of bats (four species of fruit bat and one
insectivorous bat species) during the field
investigation in Malaysia contained neutral-

izing antibodies to Nipah virus. Nipah virus
has not been isolated from bat tissues col-
lected in Malaysia.”

We do not know why Nipah appeared in
Malaysia in 1998 or if it will return, but we
have every reason to believe that another
outbreak is possible. We cannot predict
where it will appear, so we will need to add
Nipah disease to the list of foreign animal
diseases that we learned about early in our
careers and hoped we would never see.

The outbreak in Malaysia has caused govern-
ments to reexamine their plans for animal
depopulation and disease control. Prior to
this outbreak, depopulating animals in a
BSL-4 environment had not been consid-
ered. This outbreak has brought about many
‘firsts’ in disease control:

¢ Depopulation of animals was carried
out in a BSL-4 environment.

* A National Control and Surveillance
Program was rapidly developed and
implemented.

¢ The military was responsible for
depopulation in a BSL-4 climate.

*  Depopulation of pets was included.

The impact of this outbreak on Malaysia’s
agricultural community, medical-veterinary
professions, and economy cannot be con-
veyed within these few paragraphs. The ef-
forts of so many people to deal with this dev-
astating disease and the ultimate eradication
are worthy of our highest praise.
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