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Case presentation

e 24 year old pig chaser

o Admitted February 1999

e 4 day history of fever and confusion

* Initial temperature 39C

* Neck stiff, drowsy

« Became comatose

e Treated with ceftriaxone, Acyclovir, RHEZ



Progress ||

 Fifth hospital day:
— Began to improve spontaneously
— Able to respond to simple commands
— Intermittently confused
 Tenth hospital day:
— Alert and oriented
— Repeat CSF exam normal



Discharge
e Discharged on 1#hospital day
o Well
* Diagnosis:

— "Viral encephalitis of unknown etiology”




Nipah Virus: A Recently
Emergent Deadly Paramyxovirus
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A paramyxevirus virus termed Mipah virus has been identified as the etiolegic
agent of an ocutbreak of severe encephalitis in people with close contact
exposure to pigs in Malaysia and Singapore. The outbreak was first noted in late
September 1998 and by mid-June 1999, mere than 265 encephalitis cases,
including 105 deaths, had been reported in Malaysia, and 11 cases of enceph-
alitis or respiratory illness with one death had been reported in Singapore.
Electron microscopic, serologic, and genetic studies indicate that this virus
belongs to the family Paramyxoviridae and is most closely related to the
recently discovered Hendra virus. We suggest that these two viruses are rep-
resentative of a new genus within the family Paramyxoviridae. Like Hendravirus,
Mipah virus is unusual among the paramyxoviruses in its ability to infect and
cause potentially fatal disease in a number of host species, including humans.

An outbreak of severe febrile encephalitis
associated with human deaths was reported in
Peninsular Malaysia beginning in late Sep-
tember 1998, The outbreak was associated
with respiratory illness in pigs and was ini-
tially attributed to Japanese encephalitis (JE)
{1). JE is a mosquito-borne viral disease that
is enzootic in the region, and pigs are among
the amplifying vertebrate hosts (2). By Feb-
ruary 1999, similar diseases in pigs and hu-
mans were recognized in other regions in
Malaysia, in association with the movement
of a large number of pigs from Ipoh south-
ward into the new outbreak areas. In March
1999, a cluster of 11 cases of respiratory and
encephalitis illnesses was noted in Singapore
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in abattoir workers who handled pigs from
the outbreak regions in Malaysia. The out-
break in Singapore ended when the importa-
tion of pigs from Malaysia was prohibited,
and the outbreak in Malaysia ceased when
over | million pigs were culled from the
outbreak area and immediately surrounding
areas (). A total of 265 cases of encephalitis,
including 105 deaths, were associated with
the outbreak in Malavsia.

Because some of the epidemiologic
characteristics of the disease in humans
were distinct from those of JE [most cases
occurred in adult males who worked with
pigs, very few case patients were young
children, and neither mosquito control nor
JE vaccination programs appeared to affect
the course of the outbreak (4)]. investiga-
tors in Malaysia expanded attempts to iso-
late an agent. In early March 1999, Vero
cells inoculated with cerebrospinal fluid
specimens from three fatal cases of enceph-
alitis developed syncyvtia.

Electron microscopic (EM) studies of
the virus, named Wipah virus (5). demon-
strated features characteristic of a wvirus
belonging to the family Paramyxoviridae
(Fig. 1). This family of viruses typically
possesses a single-stranded nonsegmented
RMNA genome of negative polarity that is
fully encapsidated by protein. The helical

nucleccapsid structure is surrounded by
membrane derived from the plasma mem-
brane from which the wviruses bud. Virus
particles vary in size from 120 to 500 nm.
The paramyxovirus envelope contains two
transmembrane glycoproteins, a cell recep-
tor hinding protein [G (glveoprotein), H
{hemagglutinin), or HM (hemagglutinin/
neuraminidase)] and a separate fusion (F)
protein. Thin-section EM studies of infect-
ed cells revealed filamentous nucleocapsids
within evtoplasmic inelusions and incorpo-
rated into virions budding from the plasma
membrane (Fig. 1B). Typical “herringbone™
nucleocapsid sructures, approximately 1.67 =
0.07 pm in length (Fig. 1A) and with an
average diameter of 21 nm, were observed in
infected cells by means of negative stain
preparations. Extracellular virus particles
were plecmorphic, with an average diameter
of 500 nm (Fig. 1C). Surface projections (not
shown in the figure) along the virion emve-
lope were only sporadically seen by thin-
section EM and measured 10 nm in length.

Analysis of representative human and an-
imal specimens from the outbreaks in Malay-
sia and Singapore provided an etiologic link
between the two outbreaks (Table 1) Nipah
virus-infected cells reacted strongly with
Hendra virus antiserum (&) but did not react
with antisera against other paramyxoviruses,
including measles virus, respiratory syncytial
virus, and parainfluenzaviruses | and 3, as
well as other viruses, including herpes virus,
enteroviruses, and JE virus, as indicated by
immunoflucrescence antibody assays. Cross-
neutralization studies ( 7) resulted in an 8- to
le-fold difference in neutralizing antibodies
between Mipah and Hendra viruses, indicat-
ing that the viruses, though related, were not
identical.

Serologic studies in which Hendra virus
antigen was usad for detection of Mipah virus
immunoglobulin M {Igh} and 1gG (8) sug-
gested that MNipah virus was the principal
etiologic agent of the outbreak in Malaysia
and Singapore. Virus isolation or serologic
testing confirmed Nipah virus infection in all
cases from Singapore and in all but one of the
initialty identified encephalitis cases from
Malaysia {Table 1). The most notable illness
in pigs implicated in transmitting the virus to
humans was respiratory and included a loud
and distinctive cough. Although serologic
studies found evidence of Nipah virus infec-
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Retrospectively diagnosed...

Internal Medicine Fournal 2001; 31: 132-133

CASE REPORT

First case of Nipah virus encephalitis in Singapore

P. A. TAMBYAH,' ]J. H. TAN,! B. K. C. ONG,' K. H. HO' and K. P. CHAN?

! Department of Medicine, National University Hospital and *>Department of Pathology, Singapore General Hospital,

Singapore

In March 1999, an outbreak of Nipah wvirus
encephalitis was recognized among slaughterhouse
workers in Singapore.! One month prior, a 24-year-
old pig auction worker presented to the National
University Hospital with a 4-day history of fever and
confusion. He had a temperature of 39°C, neck stiff-
ness and drowsiness. His full blood count and

Subsequently, two separate serum specimens from
our patient obtained during follow up 6 weeks and 10
weeks after the onset of illness were tested according
to a protocol developed by the Centers for Disease
Control' and were found to be strongly positive for
IgG and IgM antibodies to the Nipah virus by
enzvme-linked immunosorbent assav. This was
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rEVIewed C. C. Tchoyoson Lim, MBBS Nipah Virus Encephalitis:
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Alexandra P. Auchus, MD

B. K. Michael Lin, MBBS PURPOSE: To report the serial magnetic resonance (MR) imaging findings of the
- * ar s manne Nipah virus.

MATERIALS AND METHODS: Twelve patients underwent serial MR imaging. Eight
patients were examined at the outbreak; 11, at T month; and seven, at 6 months.
Contrast material-enhanced MR images, diffusion-weighted images, and single-
voxel proton MR spectroscopic images were reviewed. Clinical and neurologic
assessment, as well as analysis of the size, location, and appearance of brain lesions
on MR images, were performed.

RESULTS: During the outbreak, all eight patients had multiple small foci of high
signal intensity within the white matter on T2-weighted images. In six patients,
cortical and brain stem lesions were also detected, and five patients had diffusion-
weighted MR imaging-depicted hyperintensities. One month after the outbreak,
five patients had widespread tiny foci of high signal intensity on T1-weighted
images, particularly in the cerebral cortex. Diffusion-weighted images showed de-
creased prominence or disappearance of lesions over time. There was no evidence
of progression or relapse of the lesions at 6-month follow-up. MR spectroscopy
depicted reduction in N-acetylaspartate—to-creatine ratio and elevation of choline-
to-creatine ratios.

CONCLUSION: The Nipah virus has findings unlike other viral encephalitides: small

. ] ] ] ] ] lesions that are primarily within the white matter, with transient punctate cortical
Figure 1 Axial Tz-weighted fluid-attenuated inversion- € hyperintensities on T1-weighted images.

recovery magnetic resonance imaging brain scan showing
multiple cortical and subcortical hyperintense lesions
typical of Nipah encephalitis.
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What is an Emerging Infectious Disease?

* "new, re-emerging or drug-resistant infections
whose incidence in humans has increased within
the past two decades or whose incidence threaten
to increase In the near future."

— Lederberg et al Institute of Medicine 1992
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Maléysia: Nipah virus
Pig destruction — US$ 540 millio
1999

India: Plague
US$ 2 billion
1994

Hong Kong SAR:
influenza A (H5N1)
Poultry destruction
US$ 22 million
1997 & 2001

http://www.apec.org/infectious/NoN/Rodier.pdf



Ingredients for a Pandemic...

* Novel virus (preferably zoonotic)

* Able to cross species

e Causes harm to humans

e Able to pass from humans to other humans




Sci American
Aug 1999
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A paramyxevirus virus termed Mipah virus has been identified as the etiolegic
agent of an ocutbreak of severe encephalitis in people with close contact
exposure to pigs in Malaysia and Singapore. The outbreak was first noted in late
September 1998 and by mid-June 1999, mere than 265 encephalitis cases,
including 105 deaths, had been reported in Malaysia, and 11 cases of enceph-
alitis or respiratory illness with one death had been reported in Singapore.
Electron microscopic, serologic, and genetic studies indicate that this virus
belongs to the family Paramyxoviridae and is most closely related to the
recently discovered Hendra virus. We suggest that these two viruses are rep-
resentative of a new genus within the family Paramyxoviridae. Like Hendravirus,
Mipah virus is unusual among the paramyxoviruses in its ability to infect and
cause potentially fatal disease in a number of host species, including humans.

An outbreak of severe febrile encephalitis
associated with human deaths was reported in
Peninsular Malaysia beginning in late Sep-
tember 1998, The outbreak was associated
with respiratory illness in pigs and was ini-
tially attributed to Japanese encephalitis (JE)
{1). JE is a mosquito-borne viral disease that
is enzootic in the region, and pigs are among
the amplifying vertebrate hosts (2). By Feb-
ruary 1999, similar diseases in pigs and hu-
mans were recognized in other regions in
Malaysia, in association with the movement
of a large number of pigs from Ipoh south-
ward into the new outbreak areas. In March
1999, a cluster of 11 cases of respiratory and
encephalitis illnesses was noted in Singapore
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in abattoir workers who handled pigs from
the outbreak regions in Malaysia. The out-
break in Singapore ended when the importa-
tion of pigs from Malaysia was prohibited,
and the outbreak in Malaysia ceased when
over | million pigs were culled from the
outbreak area and immediately surrounding
areas (). A total of 265 cases of encephalitis,
including 105 deaths, were associated with
the outbreak in Malavsia.

Because some of the epidemiologic
characteristics of the disease in humans
were distinct from those of JE [most cases
occurred in adult males who worked with
pigs, very few case patients were young
children, and neither mosquito control nor
JE vaccination programs appeared to affect
the course of the outbreak (4)]. investiga-
tors in Malaysia expanded attempts to iso-
late an agent. In early March 1999, Vero
cells inoculated with cerebrospinal fluid
specimens from three fatal cases of enceph-
alitis developed syncyvtia.

Electron microscopic (EM) studies of
the virus, named Wipah virus (5). demon-
strated features characteristic of a wvirus
belonging to the family Paramyxoviridae
(Fig. 1). This family of viruses typically
possesses a single-stranded nonsegmented
RMNA genome of negative polarity that is
fully encapsidated by protein. The helical

nucleccapsid structure is surrounded by
membrane derived from the plasma mem-
brane from which the wviruses bud. Virus
particles vary in size from 120 to 500 nm.
The paramyxovirus envelope contains two
transmembrane glycoproteins, a cell recep-
tor hinding protein [G (glveoprotein), H
{hemagglutinin), or HM (hemagglutinin/
neuraminidase)] and a separate fusion (F)
protein. Thin-section EM studies of infect-
ed cells revealed filamentous nucleocapsids
within evtoplasmic inelusions and incorpo-
rated into virions budding from the plasma
membrane (Fig. 1B). Typical “herringbone™
nucleocapsid sructures, approximately 1.67 =
0.07 pm in length (Fig. 1A) and with an
average diameter of 21 nm, were observed in
infected cells by means of negative stain
preparations. Extracellular virus particles
were plecmorphic, with an average diameter
of 500 nm (Fig. 1C). Surface projections (not
shown in the figure) along the virion emve-
lope were only sporadically seen by thin-
section EM and measured 10 nm in length.

Analysis of representative human and an-
imal specimens from the outbreaks in Malay-
sia and Singapore provided an etiologic link
between the two outbreaks (Table 1) Nipah
virus-infected cells reacted strongly with
Hendra virus antiserum (&) but did not react
with antisera against other paramyxoviruses,
including measles virus, respiratory syncytial
virus, and parainfluenzaviruses | and 3, as
well as other viruses, including herpes virus,
enteroviruses, and JE virus, as indicated by
immunoflucrescence antibody assays. Cross-
neutralization studies ( 7) resulted in an 8- to
le-fold difference in neutralizing antibodies
between Mipah and Hendra viruses, indicat-
ing that the viruses, though related, were not
identical.

Serologic studies in which Hendra virus
antigen was usad for detection of Mipah virus
immunoglobulin M {Igh} and 1gG (8) sug-
gested that MNipah virus was the principal
etiologic agent of the outbreak in Malaysia
and Singapore. Virus isolation or serologic
testing confirmed Nipah virus infection in all
cases from Singapore and in all but one of the
initialty identified encephalitis cases from
Malaysia {Table 1). The most notable illness
in pigs implicated in transmitting the virus to
humans was respiratory and included a loud
and distinctive cough. Although serologic
studies found evidence of Nipah virus infec-
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Watch out
for the
Canaries.....









Causes harm to humans
Able to pass from humans to other humans






Eaton et al Nat Rev Micro 2006:4:23-35



Nipah virus:
EM appearance

Chow VT, Tambyah PA, Yeo WM,
Phoon MC, Howe J

J Clin Virol 2000 Dec;19(3):143-7



Eaton et al Nat Rev Micro 2006:4:23-35






JID 2007;196



Influenza introductions & pandemics

Webby, R. J., Webster, R. G. (2003). Science 3H1A8-1522



Gifts from Animals

Measles Cattle
Tuberculosis Cattle

Smallpox Cattle

U Pigs and ducks
Pertussis Pigs and dogs
Plague Rodents

P falciparum Chickens,?ducks



Able to pass from humans to other humans









Neurologic
Features:

Goh KJ et al
N Engl J Med 2000
Apr 27;342(17):1229-35









Nipah
MR Appearance

Lim CC, Sitoh YY, Hui F, Lee KE, Ang BS, Lim E, LIWE, Oh HM,
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Nipah virus:
Epidemiology
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Ending the Outbreak

e >1.5 million pigs killed
 Industry devastated
e Pork ban in SG continues (!)

Scientific American 1999



Survelllance and unusual events

e An Increase In the
Incidence of an outcome

 Example of the pathology
resident

Jonathan Freeman MD, HSPH
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Ingredients for a Pandemic...

Novel virus (preferably zoonotic)

Able to cross species

Causes harm to humans

Able to pass from humans to other humans



Emerg Infect Dis 2007;1031-7



Chain of Transmission
BanglaDesh

Emerg Infect Dis 2007;1031-7









Eaton et al Nat Rev Micro 2006:4:23-35



Could we have prevented the
Singapore Nipah outbreak??



Don't mess with Nature



Preparing for the Next Pandemic

 Work together
 Watch out for those bats



