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The Role of Comparative Patholoqy in the
Investigation of Zoonoses

Chen-Hsuwan Liu'*, Yung p-Hsiang § Hsu®
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(Zoonoms)
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N =l T o (Those
diseases and infections which
are naturally transmitted
between animals and man.)

(WHO)
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E R ks (BSE)

FRE A AR <5 (VCID)

R A ARG kT R # (Hendra virus)

8 R @ I R M»*a FR & 2 m% (Nipah virus)
FRBA A B EEHR AT R BF (WestNile fever)
B B B et "J»LE gtz #¥ (SARS)

e % 2 HENLRE (B 44 g > Avianflu)

S Hrw Vg 2 g% - Al4azk g (Streptococcus suis type 2) B %k
HIN1 #73) i ke

LA S W = }?34 B %4 e (MERS)

T ARIE X

2o = 2% & (Ebola virus)

2019551 75 4 {45 % (COVID-19)
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DVM (Doctor of Veterinary Medicine)
mDoctors of Very Many Species
mDoctors of Very Many Situations

W Determinators of Very Many Scenarios

(Dr. Brian EVANS)
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Wildiife Trade Mass deforestation risks more deadly global

T
Hunting ED>  Intermediary traders B> wifd'

S s pandemics, scientists warn

» A UN summit will hear from leading biologists that there is now
clear evidence of link between environmental destruchion and

deadly new diseases
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Viral zoonoses through bats
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Table 2 - Emerging zoonotic diseases associated with bats

Virus

Host

Location

Reference

Hantaan virus

Rift Valley fever virus
Yellow fever
Venezuelan equine encephalitis virus
St. Louis encephalitis virus
Eastern equine encephalitis virus
Bat-variant rabies virus
Australian bat

Iyssavirus
Hendra virus
Menangle virus
Nipah virus

Severe acute respiratory syndrome
(SARS)-like coronavirus
Ebola virus

Common serotine bat (Eptesicus serotinus)
horseshoe bat (Rhinolophus ferrumepuinum)
Micropteropus pusillus and Hipposideros albae
Old World fruit bat Epomophorus sp.

Bat species

Bat species

Bat species

Bat species

Flying foxes Pteropus spp. yellow-bellied
sheath-tail bat Saccolaimus flaviventris
Flying foxes Pteropus spp.

Flying foxes Pteropus spp.

Flying foxes Pteropus spp.

Horseshoe bats (Rhinolophus spp.)

Old World fruit bats Hypsignathus monstrosus,
Epomops franqueti, Myonycteris torquata

Korea

Republic of Guinea

Ethiopia
Guatemala
Guatemala
Guatemala
USA
Australia

Australia
Australia
Malaysia,
Thailand,
Cambodia,
Bangladesh
China

Gabon,

Republic of Congo

Hoar et al. (1998)

=
O
o)
00

Hoar et al.
Hoar et al.
Hoar et al.

)
1998)

(

(

(1998)
Hoar et al. (1998)
Hoar et al. ( )
McColl et al. (2000)
Hanna et al. (2000)

=
O
o)
00

Field et al. (2001)

Philbey et al. (1999)

Johara et al. (2001),

Olson et al. (2002),

Hsu et al. (2004),
Wacharapluesadee et al. (2005)
Lau et al. (2005) and

Li et al. (2005)

Leroy et al. (2005)
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Table B

v

Disease names may NOT include:

Examples to be avoided

Geographic locations:
Cities, countries, regions, continents

Middle East Respiratory Syndrome, Spanish Flu, Rift
Valley fever, Lyme disease, Crimean Congo
hemorrhagic fever, Japanese encephalitis

People’s names

Creutzfeldt-Jakob disease, Chagas disease

Species/class of animal or food

Swine flu, bird flu, monkey pox, equine
encephalitis, paralytic shellfish poisoning

Cultural, population, industry or occupational
references

Occupational, legionnaires, miners, butchers, cooks,
nurses

Terms that incite undue fear

Unknown, death, fatal, epidemic

*Superscripts indicate those terms further described below

A. “Severe” is appropriate to use for diseases with a very high initial case fatality rate (CFR),
recognising that the CFR may decrease as an event progresses.

B. “Novel” can be used to indicate a new pathogen of a previously known type, recognising
that this term will become obsolete if other new pathogens of that type are identified.

C. Adate (year, or month and year) may be used when it is necessary to differentiate
between similar events that happened in different years

© World Health Organization 2015. All rights reserved.
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Hendra virus infection
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paramyxovirus
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Map data ©2018

Hendra

Hendra is a suburb of the city of Brisbane, Queensland, Austraia. |t
lies roughly six kilometres north-ast of Brisbane central business
district The streets of Hendra are lined with Jacaranda and Royal
poinciana Trees. As with i1s neighbouring suburbs, Hendra is
predominantly a family-oriented community. Wikipedia

Postal code: 4011
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Summary of human cases of
Hendra virus infection

Case 3
Case 4

Case 5
and 6

Case 7

LN N [ Ma 49-year-old horse trainer died iR UL EL] T
pneumonic illness, and a 40-year old stable worker survived an
influenza-like illness.

In 1995 in Mackay, a 36-year-old horse trainer died from encephalitis.

In late 2004 in Cairns, a veterinary practitioner aged in her 20s,
performed a post-mortem examination died of Hendra virus infection.

In July 2008, a veterinary hospital at Redlands (a suburb of Brisbane), two
of the staff members caring for the horses, One of them subsequently
died.

In August 2009, at an equine nursery at Cawarral near Rockhampton,
central Queensland, a 55-year-old veterinarian died of encephalitis.
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A relatively small number of horse owners indicated they were undertaking measures to reduce interactions between their horses and flying foxes.

9/30/2021

\-\J, WESTERN AUSTRALIA

& Capital city
4 Major town or city

Hendra virus outbreak

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatscever
on the part of the World Health Organgation ©
x concerning the delimitation of its fronters of boundanes  Dotled Ines on maps represent approamale border knes for which

there may not yet be full agreement

Clifton Beach (2007)

Cairns (1999, 2004)
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& World Health
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©WHO 2008 All rights reserved
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https://www.oie.int/app/uploads/2021/05/henipaviruses-

‘]_\ }'r hendra-virusesinfection-with.pdf

Hendra virus (HeV) is a member of the family Paramyxoviridae,

—_—

genus Henipavirus. ENipah virus[5] & Henipavirus -

Henipaviruses are zoonotic, enveloped, negative-sense, single-stranded

DNA viriic
NINAVITUS

@)

* Serological evidence of Hendra virus
infection was endemic in all four
species of flying fox on mainland
Australia (Pteropus. alecto, P.
poliocephalus, P. scapulatus and P.
conspicillatus)

. F|y|ng foxes were a natural host and Monaghan et al. Virology Journal 2014, 11:200 Page 8 of 12

prz_ocz) 9/50b|e reservoir of this virus http://www.virologyj.com/content/11/1/200 26
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« Joint Pathology Center
(JPC) & =k

o B b|4E» “JPC and
Hendra virus”

e https://www.askjpc.o
rg/vspo/show page.p
hp?1d=Q3JROXZibG

N5SU53cG1IMUNIT

1Rsdz09
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.:; Read-Only Case Details Reviewed: [ X 5 Google X | =+ °

&€ > C (¢ a askjpcorg/vspo/show_pagephp?id. Q@ v @& @

== fEFEiEX W Bookmarks M4 WIfFE - chenhsuanliu... ek M Gmail @ YouTube

JPC SYSTEMIC PATHOLOGY
RESPIRATORY SYSTEM
October 2017
P-V26

Signalment (JPC #2641092): Adult horse, breed and gender unspecified

HISTORY: This horse was experimentally inoculated with Hendra virus. Seven days post-inoculation the horse
developed tachycardia, tachypnea, anorexia and lethargy.

HISTOPATHOLOGIC DESCRIPTION: Lung: Multifocally, alveolar septa are thickened up to 10X normal by fibrin,
edema, increased numbers of macrophages and lymphocytes and small aggregates of brown globular pigment within
macrophages (hemosiderin). Endothelial cells lining small to medium caliber blood vessels and alveolar capillaries
often form viral syncytial cells with up to six nuclei. Occasionally, endothelial cells are shrunken, with bright
eosinophilic cytoplasm and a pyknotic nucleus (necrosis). Remaining endothelial cells are often hypertrophic and
the tunica media is infiltrated by low numbers of macrophages and lymphocytes with mild edema. Diffusely,
perivascular and peribronchiolar connective tissues, interlobular septa and pleura are markedly expanded by
homogenous, pale eosinophilic to clear fluid and ectatic lymphatics (edema), and low numbers of lymphocytes,
plasma cells, macrophages, hemosiderin-laden macrophages and fewer neutrophils. Multifocally, smaller bronchi,
bronchioles and alveolar lumina contain variable amounts of edema admixed with a cellular exudate composed of
lymphocytes, macrophages and hemorrhage. Multifocally, alveolar septa are ruptured with blunt clubbed ends
forming large confluent airways (emphysema). Within the interstitium there are aggregates of macrophages which
contain a black spiculated pigmented material (anthracosis).

MORPHOLOGIC DIAGNOSIS: Lung: Pneumonia, interstitial, multifocal, subacute, moderate, with endothelial viral
syncitial cells and perivascular, interlobular and alveolar edema, breed not specified, equine.

HISTOPATHOLOGIC DESCRIPTION:

—

s B a

X

.
.
.

» E T

Click the slide to
view.

Click on image for
diagnostic series.

VSPO Home
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* Incubation period: 8 - 11 days (maximum of 16 days)

* Clinical course: short with high mortality; death occurs in
approximately three days

* Acute respiratory distress, anorexia, fever, depression and
ataxia

* Copious yellow frothy nasal discharge, ataxia and head
pressing are common in the terminal stages

* Coughing is not a feature

JPC SYSTEMIC PATHOLOGY
RESPIRATORY SYSTEM
October 2017
P-vV26
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* Notable absence of upper respiratory tract lesions

* Marked pulmonary edema and congestion with gelatinous distention
of sub-pleural lymphatics; ventral consolidation of the lungs; excess
thoracic and pericardial fluid

* Petechial hemorrhages on pleural surfaces; patchy hemorrhages of
varying sizes within the parenchyma

* Fluid may ooze from cut surfaces; airways are often blocked by white
to blood-tinged foam; trachea may contain abundant froth

e Other gross findings: visceral edema and petechial and ecchymotic
hemorrhages in the perirenal tissue, stomach and intestines

JPC SYSTEMIC PATHOLOGY
RESPIRATORY SYSTEM

October-2017
P-VV764



Eosinophilic intracytoplasmic
inclusion body

Severe pulmonary edema characterized by
gelatinous distension of lymphatics.

Pulmonary artery:

2021/9/30 Endothelial syncytial cells
From: AFIP From: P T. Hooper
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* Diffuse serofibrinous alveolar edema with vasculitis, capillary
thrombosis, ectatic lymphatics, hemorrhage and increased numbers
of alveolar macrophages

* Endothelial syncytial cells are inconsistently present in small blood
vessels and alveolar capillaries

* Suble vascular lesions may be present in a wide range of organs
including lung, heart and kidney

* Inclusion bodies are not visible by light microscopy (except in Guinea

pIg neurons

JPC SYSTEMIC PATHOLOGY
RESPIRATORY SYSTEM
October 2017
P-vV26
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 Equivac® HeV vaccine for horses
(Zoetis, Parkville, VIC., Australia)
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= B a4 kA E (Nipah virus infection)

rUMAN BODY SYSTEM>

Nipah Virus
Encephalitis

Porcine Respiratory and
Encephalitis Syndrome

Porcine Respiratory and
Neurologic Syndrome

Barking Pig Syndrome

2021/9/30 34



Nipah Virus International Conference 2019

* The Nipah Virus International
Conference was held from 9 to 10

December 2019 in Singapore. High impact
* This 2-day conference is co-organised Low
by the Coalition for Epidemic requency

Preparedness Innovations (CEPI, /i AT

& T8 B £ 37 54t 2 ), Duke-NUS Medical
School, WHO and NIH.

2021/9/30 35



Nipah virus disease —

Health workers and relatives carrying the body of Nipah virus victim Muhammad
Hashim to the burial ground in Kozhikode. (AP Photo)

India (WHO) 24 September 2021

* On 29 August, a 12 year-old boy developed low grade fever.

* On 4 Septem
cerebrospina

* On 5 Septem

ver, t
fluid

ne presence of Nipah virus in the plasma,
was confirmed

ver, t

ne patient died.
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European Commi

ion proposes

public health department

Rory Watson, fruse

The European Commission is
being urged to establish a specific
depatment o handle  public
health issues

The idea has been launched
by Euro MPs at a mecting this
week. They believe tha
n of a special health dis

neral under the direct

responsibility of one of the 20

commissioners would help 10

t health concerns are
il Euro-
g from

ensure 1
placed at the heart «

pean p

licy areas, rangi

agriculture o consumer afla

Supporters  of the  maove
acknowledge that responsibility
for th nisation and delivery

of health services will remain the

Outbreak of
Japanese
encephalitis hits
lalay

Adam Easton, Manil

More than 50 people have died

and hundreds of thousands of

pigs—the possible carriers of the
slaugh:
tered in Malaysia after an out
break of Ja
There |
ed cases of Ju
of which
firmed, a
Sembil
capital,
Perak. M
adult

nfection—have  been

nese encephalitis,

€ been 154 repont
anese encephalitis,

hive been con

1 56 deaths in Negeri
, 90 km south of the
a Lumpur, and in
y of the victims were
le pig farmers or work

ers. The outbreak has spread to
neighbouring pore, where
cight cases and one death have

been reported

The disease outbreak  has
caused panic amor
the popu
diers have  reportedly
three villages in Negeri Sembilan
and begun 300 000
pigs. The pigs are the reservoir
for the virus, which is commaonly

sections of

entered

shooting

ransmitted 10 humans via the

Culex mosquito, Both Singapore
and Thailand have banned the
import of pigs from Malaysia
Malaysia has suffered out
breaks of the
1 has

virus previously

adequate resources 1o

 AVETE ——

exclusive responsibility of nation
al governments, But they point
force of
sty con

st changes to the

in the next few
weeks will commit the 15 mem

h lev

ber states 1o ensuring
el of human health protection
The British MEP
Clive Needle, who won the sup
port of the European partiament
for the cc alth cc
missioner, has also called for a
v decade of health from

"
next year

Euro MPs believe that three
priorities should now  feature

prominently on the Union's

deal with the current one
the World Health
s regional adviser

according

nisal
in vector borne  diseases, Dr
in Palmer. The country gen
il of
Jay

encephalitis each year. The a

lly reports a

currently affected has the high
est density of pigs in South East
Asi

number of mosqu
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Open letter
disputes WHO
hypertension
guidelines

Richard Woodman, L

Over 400 doctors, pharmacists,
and scientists from
have signed a letie
expressing
1d Health  Organis.
hypertension

2 countries

expense

The letter, to WHO Director
General Gro Harlem Brundi-
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insullicient evidence to justify

the  recommended  guideli
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get blood pressure,
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TABLE 1 Morbidity and mortality in humans due to NiV infections?

Z
=)

History of
Nipah virus
outbreak
(1998-2021)

VW O N oA W N R »!

Y
N —~, O

3
4

[y

16
17
18
19

Year/Month

Sep 1998-April 1999
Mar-1999
Jan-Feb 2001
Apr-May 2001
Jan 2003
Jan-Apr 2004
Jan-Mar 2005
Jan-Apr 2007
Apr 2007
Feb-Apr 2008
Jan 2009
Feb-Mar 2010
Jan-Feb 2011
Jan 2012
Jan-Apr 2013
Jan-Feb 2014
Mar-May 2014
Jan-Feb 2015
2018 May
Total

apdapted from WHO data.??

Country

Malaysia
Singapore
India
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
India
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Philippines
Bangladesh

India

Location

Perak, Selangor, Negeri Sembilan states

Singapore

Siliguri

Meherpur

Naogaon

Rajbari, Faridpur

Tangail

Kushtia, Naogaon, Natore, Pabna, Thakurgaon
Nadia

Manikganj, Rajbari

Gaibandha, Nilphamari, Rangpur, Rajbari

Faridpur, Gopalganj, Kurigram, Rajbari

Comilla, Dinajpur, Faridpur, Lalmohirhat, Nilphamari,
Joypurhat

Gaibandha, Manikganj, Naogaon, Natore, Pabna,

13 districts

Philippines

Faridpur, Magura, Naogaon, Nilphamari, Ponchoghor, Rajbari
Kozhikode and Malappuram

No. of
cases

265
11
66
13
12
67
12
18

11

17
a4
12
24
18
17

18
643

No. of Case fatality
deaths rate, %
105 39.6
1 &
45 68.2
9 69.2
66.7
50 74.6
11 91.7
9 50
100
9 81.8
25
15 88.2
40 90.9
10 83.3
21 87.5
50
52.9
6 66.7
17 94.4
380 59

2019 Kerala, India. A 23-year-old student was infgected and
discharged.

9/30/2021

2021 Kerala, India. A 12-year-old boy was dead.
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Figure 2 Structure of the Nipah virus virion core
Notes: (A) Nucleocapsid core with residual envelope; (B) herringbone-shap
ragment of the nudeocapsid

fragm
2021/9/306 -

with immunogold labeling of P proteins. Images a

* Nipah virus is an enveloped, negative-
sense, single-stranded RNA, a member
of the genus Henipavirus in the family
Paramyxoviridae.

* Two major strains were isolated from
pigs in Malaysia, and the strains that
cause human cases in Bangladesh and
India differ from outbreak strains
isolated in Malaysia.

* A henipavirus that recently caused an
outbreak in the Philippines is also
thought to be Nipah virus, based on RT-
PCR results. It appears to be most
similar to the viruses from Malaysia
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Canine diste

Phocine diste

Henipavirus (ICTV) virus

Taxonomy: 2019 Release, EC 51, Berlin, Germany,
July 2019
Email ratification March 2020 (MSL #35)

_ Morbillivirus
Measles virus

Rinderpest vi

Tupaia paramyxovirus

Unassigned
. . . Beilong virus
* Henipavirus: 5 species —
endra vi
Henipavirus
m H ni avirus Nipes Vim-
< p Fer-de-lance virus Unassigned
Human R ) )
Species: Ghanaian bat henipavirus Humal eSpIroviris
. . . Sendai
Species: Hendra henipavirus Ne" -
. .. . . y Avulavirus
SpECIESZ Mojiang henlpawrus
Species: Nipah henipavirus
Rubulavirus

Blood and tissue samples were collected from 324 bats from 14
species and P. vampyrus and P. hypomelanus were identified
as Ilkely natural and reservoir hosts due to the hlgh percentage FIGURE 6.2 Phylogenetic relationship of selected viruses in the subfa

of |nd|2\é|2clj/lé%los showing antibodies to Nlpah virus. (Joha ra et aI., Paramyxoviridae. The phylogenetic tree was based on protein sequences of nucleocapsid (N)
2001)

teins of virnses renresentine the five existine cenera and several nnclassified ﬂsruaes_



Henipavirus
AP E

2021/9/30

Manikganj, 2004
Faridpur, 2004

Siliguri, 2001

Meher?m’.
200

‘ ‘. Townsville,

2004
Cairns, 1999 x/
& 2004 \
Brisbane, 1994 Mackay,
sunshine Coast, 2006 1994

Locations of henipavirus outbreaks (red
stars—Hendpra virus; blue stars—Nipah virus)
and distribution of henipavirus flying fox
reservoirs (red shading—Hendra virus; blue
shading—Nipah virus)
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. - https://youtu.be/tbx6fgYdNW
‘T{ﬁk‘;"i:%iﬁ ps://youtu.be/tbx6fq C

* Fruit bats of the family Pteropodidae — g 20
particularly species belonging to Ly e
the Pteropus genus. r o

* Geographic distribution
of Henipaviruses overlaps with that
of Pteropus category. This hypothesis was
reinforced with the evidence
of Henipavirus infection in Pteropus bats
from Australia, Bangladesh, Cambodia,
China, India, Indonesia, Madagascar,
Malaysia, Papua New Guinea, Thailand
and Timor-Leste (& # ;¥ )

* African fruit bats of the genus Eidolon,
family Pteropodidae, were found positive Figre 1 Gogaghia s o 1 i pored o s (o)

Nipah virus (pink) outbreaks.

[ ] [ ] [ ] [ ] N :T - - .
for antibodies a gainst Nipa h and Hendra ot M M e s

stralia.
[ ]

zozye!/gou SES.
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Tk
Nipah virus infection 1min 20
sec. WMV


Nipah virus infection 1min 20 sec.WMV
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—> Fusion protein Responsible for
cellular attachment
———> Glycoprotein and host cell entry

Matrix protein —> Mediates morphogenesis
and budding

Nucleocapsid

Phosphoprotein L yjrys ribonucleoprotein

Long polymerase

Negative sense, single-stranded,
non-segmented viral RNA

¥’V and W proteins are produced by mRNA editing

P gene products ¥ C protein utilizes an alternative start codon

Figure 1. Structure of Nipah virus.
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Nipah virus: epidemiology, pathology, immunobiology and advances in
diagnosis, vaccine designing and control strategies — a
comprehensive review
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- Henipaviruses (HNV) are the only
Paramyxoviruses classified as
biosafety level 4 (BSL4) pathogens.

* HNV use ephrin-B2 and ephrin-B3,
highly conserved proteins, as viral
entry receptors.

2021/9/30
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Swine Available observations of
clinical signs in swine would
suggest a respiratory and
neurologic foundation; clinical
manifestations associated with
age groups (OIE)




Suckling pigs and |» Laboured breathing and muscle tremors with

piglets (< 1 month limb weakness

old) * Mortality in piglets can be high (40%)

Young swine (1 to < Begins as an acute fever with respiratory signs;

6 months old) laboured breathing, nasal discharge and loud
nonproductive cough (“barking pig syndrome”
and “one-mile cough”)

« Accompanying neurologic signs: muscular
fasciculation, myoclonus, limb weakness, and
spastic paresis; In some cases, lateral
recumbency with paddling and tetanic spasms

* Disease presentation can be mild to fulminant
with high morbidity and low mortality (< 5%)




Older Acute febrile condition with marked neurologic signs

animals (> Central nervous system: nystagmus, bruxism, head pressing,

6 months aggressive behaviour, tetanic spasms and seizures

old) Respiratory signs: open-mouthed breathing, nasal discharge and

sialorrhea (possibly due to pharyngeal paralysis)
Morbidity in confined animals approaches 100%
Fulminant death in this age group with few signs has been
reported; mortality still tends to be low

First trimester abortions have also been reported

« Swine can act as amplifying hosts and shed this virus in respiratory
secretions and saliva.

* Experimental infections: shedding may start as early as 2 days after
Infection and persist for up to 3 weeks.

2021/9/30 55
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3 g

* Limited clinical information exists for other species

* In dogs, distemper-like syndrome observed with pyrexia,
depression, dyspnoea and conjunctivitis with purulent ocular-
nasal discharge

* Nipah affected cats were observed on farms during outbreaks in
Malaysia and some of these resulted in death; acute febrile
disease with respiratory complications was observed
experimentally in cats

* Fruit bats show no serious signs of infection



e 45 6005 oy F e = 5

* Malaysia: 9-17% of Pteropus vampyrus and 21-27% of P. hypomelanus had
antibodies to this virus; the frequency and timing of virus shedding in bats is
unknown.

» Before eradication, seropositive pigs were approximately 5.6%. On one farm,
more than 95% of all sows and 90% of the piglets had antibodies to this virus. The
morbidity rate is estimated 70-100%, but the mortality rate is low (e.g., 1-5% in 1-
6 month old pigs) except in piglets. Mortality in the latter age group was
approximately 40% in Malaysia.

e Seroprevalence rates of 15%- 55% in dogs, 4%-6% in cats, and 1.5% in goats in the
outbreak area. Five horses out of more than 3200 were positive by serology, and
viral antigens were found in a single horse that died with signs of meningitis.

* Four cats and one dog died soon after eating tissues from sick horses during 2014
outbreak in Philippines. Antibodies to Nipah virus were detected in dogs but not

,02163ES in the area. s



Rabies: acquired
rabies from wildlife Feline spongiform
(bats, racoon, and encephalopathy
skunks)

COVID-19

N ELRYITE Hendra virus
infection infection

4
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SARS-COV-2iz 4 B & # 4 4+ 7% (2021/9/30)

Lion

5.
6. Tiger
8. Gorilla
9. Snow leopard
el [Sele[=g 10. Cougar

11. Otter

12. Beaver
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Transmissible
spongiform
encephalopathies
(TSE)

2021/9/30

Animals

Scrapie (.4 X 37 ) 1700s

Transmissible mink encephalopathy
(B#1%e wm, TME) 1947

Chronic wasting disease (& 4 =
ri}}%, CWD ) 1967

Bovine spongiform encephalopathy
(£ 7% 44 "5, BSE) 1986

Zoo spongiform encephalopathy (&
= B4 WK "a s ) 1988

Feline spongiform encephalopathy
(5% 04 a5 ) 1990

Prion Disease in Dromedary Camels
(8% %% 2 %) 2018

Humans

Creutzfeldt-Jakob disease (CJD) ( &
7 <) 1921

Gerstamann-Straussler-Scheinker
disease (GSSD ) 1936

Kuru (Eég\:f}%) 1957
Fatal familial insomnia ( & 7 4 323%
M 2 mBor, FFI) 1986

New variant CID (#7341 £ § = 5,
vCJD ) 1994
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Numbers of BSE reported in worldwide and CJD (including vCID) in UK

Number of reported cases of bovine spongiform encephalopathy (BSE)
in farmed cattle worldwide* (excluding the United Kingdom)
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Number of cases of bovine spongiform encephalopathy (BSE)

reported in the United Kingdom (1)

Great 4 Isle of Northern

Alderney . . Guernsey ° | (2)  Jersey Ireland
1987 and 0 442 4 0 0 0
before(4)
10884 0 2469 34 6 1 4
1989 0 7137 52 6 4 29
1990 0 14 181 83 22 8 113
1991 0 25032 75 67 15 170
1992 0 36 682 92 109 23 374
1993 0 34370 115 m 35 459
1994 2 23945 69 55 22 345
1995 0 14 302 44 33 10 173
1996 0 8016 36 11 12 74
1997 0 4312 44 9 5 23
1998 0 3179 25 5 8 18
1999 0 2274 1 3 6 7
2000 0 1355 13 0 0 75
2001 0 1,113 2 0 0 a7
2002 0 1,044 1 0 1 98
2003 0 549 0 0 0 62
2004 0 309 0 0 0 34
2005 0 203 0 0 0 22
2006 0 104 0 0 0 10
2007 0 53 0 0 0 14
2008 0 33 0 0 0 4
2009 0 9 0 0 0 3
2010 0 1 0 0 0 0
20M1 0 5 0 0 0 2
2012 0 2 0 0 0 1
2013 0 3 0 0 0 0
2014 0 1 0 0 0 0
2015(5) 0 2 0 0 0 0
2016 0 0 0 0 0 0

Total
United
Kingdom

446

2514
7228
14 407
25359
37 280
35090
24 438
14 562
8149
4393
3235
2301
1443
1,202
1,144
611
343
225

114

67
37
12
"

o N = oW ow

CREUTZFELDT-JAKOB DISEASE IN THE UK (By Calendar Year)

REFERRALS OF SUSPECT CID DEATHS OF DEFINITE AND PROBABLE CID
Year Referrals Year Sporadic’ | latrogenic Genetic? vCID Total Deaths
1990 [53]+ 1990 28 5 1] - 33
1991 75 1991 31 1 4 - 36
1992 96 1992 45 2 6 - 53
1993 73 1593 36 4 7 - a7
1994 119 1994 53 1 9 - 63
1995 87 1535 35 4 5 3 A7
1996 132 1596 40 4 6 10 60
1557 163 1597 59 6 7 10 a2
1958 155 1538 64 3 5 18 30
1993 170 1539 62 6 2 15 a5
2000 178 2000 48 1 3 28 a0
2001 179 2001 58 4 6 20 a8
2002 164 2002 72 o 5 17 95
2003 162 2003 79 5 6 18 108
2004 114 2004 50 2 6 9 &7
2005 124 2005 67 4 13 5 89
2006 112 2006 68 1 9 5 83
2007 119 2007 63 2 11 5 81
2008 150 2008 34 5 6 2 37
2009 153 2009 78 2 a 3 91
2010 150 2010 a5 3 6 3 97
2011 158 2011 91 4 14 5 114
2012 127 2012 93 5 11 0 109
2013 152 2013 108 2 10 1 i
2014 130 2014 100 3 13 0 116
2015 140 2015 105 o q 0 109
2016 148 2016 118 1 6 1 126
207 159 2017 122 ] 12 0 134
2018 167 2018 137 2 12 0 151
2019 146 2019 127 1 7 0 135
2020 168 2020 138 1 6 [V 135
2021 22 2021 12 ] 1 [V 13
Total 4751 Total 2347 8 226 178 2835
Referrals Deaths
' peferral figure for 1990 is from 1 May onwards *As at 1% March 2021
Summary of vOID cazes
Deaths
Deaths from definite wCID |confirmed): 123
Deaths from probable vCID (without neuropathological confirmation): 55
Deaths from probable vCiD (neuropathological confirmation pending): o
Number of deaths from definite or probable voID [as abowve): 178
alive
Number of definite/probable wCID cases still alive: o
Total number of definite or probable v (dead and alive): 178

1 There are in addition a total of 18 cases of vPSPr (death in 1997(1 case], 2004{1), 2006(1), 2008(3), 2020{1),
2012(4), 2013{1), 2016{3), 2017(1), 2018[1), 2015(1)) not induded in the above figures.

)

includes all genetic prion diseass, including G55.

Source: NCIDRSU website www.Cjd ed ac uk - updated 01/03/2021
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Mild or subclinical presentation common; clinical cases manifest acute neurologic condition
Begins as influenza-like illness: high fever, headache, muscular pain, and weakness.
Drowsiness, dizziness, convulsions and/ or coma accompanied by nausea and vomiting.
Respiratory signs less common

Seriously affected patients can develop septicaemia, Gl bleeding, and renal impairment

Recovered patients may experience encephalitic relapse up to years later and subclinically
infected individuals may show central nervous signs up to 4 years later

The case fatality rate is estimated at 40% to 75%.

Humans can shed Nipah virus in respiratory secretions, saliva, and urine, and contact with
respiratory secretions



Morbidity and Mortality In Humans

Human cases in Southeast Asia, with more than 500 cases identified as of 2016.

Outbreaks in Bangladesh are seasonal and occur mainly between December and
May.

* Drinking raw date palm sap, person-to-person transmission and climbing tree

Some human infections may be asymptomatic or mild.

In the Malaysian outbreak, the subclinical infection rate was estimated to be 8-15%.

* The case fatality rate is much higher in Bangladesh and India than Malaysia, but
whether this is due to strain variability or to differences in healthcare is uncertain.

* One study reported a higher mortality rate in people with diabetes. Among surviving
patients, an estimated 19-32% have residual neurological deficits.
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Figure 4. Pathogenesis of NiV. 1. NiV can be seen in the epithelial cells of the bronchiole in the initial stage of infection. 2.
NiV antigen can be detected in bronchi and alveoli. 3. Inflammatory mediators are activated as a result of infection to the air-
way epithelium. 4. Virus is disseminated to the endothelial cells of the lungs in the later stage of the disease. 5, 6. Virus enter
the blood stream followed by dissemination, either freely or in host leukocyte bound form, reach brain, spleen and kidneys. 7.
Two pathways are involved in the process of viral entry into the central nervous system (CNS), via hematogenous route and
anterogradely via olfactory nerve nerves. 8. The blood brain barrier (BBB) is disrupted and IL-1 along with tumor necrosis fac-
tor (TNF)-o. are expressed due to infection of the CNS by the virus which ultimately leads to development of neurological
signs. Red font shows the symptoms in human. 67
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* Primary reservoir for Nipah virus are fruit bats of the
genus Pteropus.

* Domestic swine are extremely susceptible to infection;
act as amplifying host.

* Infections have also been reported in other animal
species.



SR

* Goats, dogs, cats, sheep and horses.

* Nipah virus seems to have affected horses in the Philippines in
2014.

* Seropositive cattle, pigs and goats in Bangladesh; these
antibodies did not neutralize Nipah virus, and could have been
caused by related henipaviruses

* Experimental infections established in pigs, cats, ferrets,
nonhuman primates, guinea pigs, golden hamsters (Mesocricetus
auratus) and mice.
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 Exposure to sick pigs (direct contact and
aerosol)and flying fox (family Pteropodidae)

» Raw date palm sap ( &_#:4F
.+ )contaminated by an infected bat.

» Person-to-person spread.

 Scavenging animals may transport virus
Into pigs
* Movement of animals

— v * Vertical transmission across the placenta, by

T /) latrogenic means and in semen has been
) Byconsuming Pt bats

R;l\,, )\7 suggested but not confirmed in swine
“ ”b)wf * In Philippines, eaten undercooked meat

' : Transmission of NiV to humans
withother NiV- may occur after direct contact with

from sick horses or participated in slaughter
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Other fruit bat picks u
NiV from date palm sa

Pteropus spp.-
rvoirs of NiV

=

I @ Pork meat exported to other parts
Consumption of of the world
NiV infected pork

Man to man transmission

Fruit bats w'ith

NiV feeds on
date palm sap

Pigs to human transmission

Pigs feed on fruits contaminate
with NiV
Pigs- Intermediate as well as

Date palm sap to human transmission plifying ho

Figure 2. Transmission of the Nipah virus. 1. Fruit bats acts as natural reservoir of Nipah viruses. Fruit bats with NiV feeds on
date palm sap. Virus can survive in solutions that are rich in sugar, viz., fruit pulp. 2. Virus transmitted to human through the
consumption of date palm sap. 3. Fruit bats of Pteropus spp. which are NiV reservoirs visited such fruit trees and got oppor-
tunity to naturally spill the drop containing virus in the farm to contaminate the farm soil and fruits. 4. Contaminated fruits
are consumed by pigs and other animals. Pigs act as intermediate as well as amplifying host. Combination of close surround-
ings of fruiting trees, fruits-like date palm, fruit bats, pigs and human altogether form the basis of emergence and spread of
new deadly zoonotic virus infection like Nipah. 5. Pork meat infected with NiV are exported to other parts. 6. Consumption of
infected pork can act as a source of infection to human. 7. Close contact with NiV affected human can lead to spread of NiV
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* In urine, saliva and uterine fluids of wild pteropid bats;
experimentally isolated from urine, kidney and uterus of infected bats

* Contaminated drinking water and access to aborted bat foetuses or
other fluids/tissues of parturition

* Pigs shed Nipah virus in respiratory secretions and saliva; urine of
infected swine should also be considered a risk

* Sources of infective material for humans include swine respiratory
secretions or via fruit or juice contaminated by bat secretions
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A series of 32 fatal cases of Nipah infection, which comprised all of the cases
autopsied from late 1998 to mid1999, was drawn from five hospitals in
Malaysia.

e Systemic vasculitis with extensive thrombosis and parenchymal necrosis,
particularly in the central nervous system.

* Endothelial cell damage, necrosis, and syncytial giant cell formation
were seen in affected vessels.

* Viral inclusions were seen by light and electron microscopy.

* IHC showed widespread presence of Nipah virus antigens in endothelial
and smooth muscle cells of blood vessels.

* Abundant viral antigens in various parenchymal cells, particularly in
neurons.

* Infection of endothelial cells and neurons as well as vasculitis and
thrombosis seem to be critical to the pathogenesis



Pathology of Nipah virus infection in humans

CDC 76
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Emergence of Canine Distemper Virus e
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Strains With Modified Molecular Signature g
and Enhanced Neuronal Tropism Leading
to High Mortality in Wild Carnivores

hexpilivat.sagepub.com
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F. Mavrot', M. Pewsner N. Wu S. Glnvannlnl' A. Oevermann® 5
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Figure 7. Brain; red fox. Multifocal peri i ichis meningeal infltration. HE. Figure 8. Cerebellum;
red fox. Locally extensive vacuolation of the white matter (demyelmuo«) with glosis. HE. Figure 9. Brain; red fox. Syncytial cells with intra-

nuclear (arrow) and -mqucasm»: (black :rmwhe:d) inclusions. Inset: neuron with an intranuclear inclusion. HE. Figure 10. Brain; Eurasian
badger. Necrosis of ic inclusions (arrows) in ependymal cells and subependymal cells consistent
either with m:(ropha‘ﬁ or glal cells. There is loa.lly extensive vacuolization of the subependymal tissue. HE.
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Lesions in the lungs, brain or both organs .

Lung : mild to severe pulmonary consolidation
with petechial or ecchymotic haemorrhages and
distended interlobular septa.

Trachea and bronchi may be filled with frothy
exudate varing from clear to blood-tinged .

Meningeal oedema with congestion.

Epithelia of all respiratory pathways are affected
with presence of syncytial cells in vascular
endothelium.

A mononuclear vasculitis with fibrinoid necrosis
and thrombosis .

Principal histologic changes in the brain are
perivascular cuffs and gliosis.
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Detection of Nipah virus antigens in human brain (A) and pig lung (B)
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* Necropsy reported only for two animals.

* In one dog, diffuse red-pink mottling and consolidation in
the lungs, with exudates in the bronchi and trachea. The
visceral pleura were yellowish cream and opaque.

* Irregular reddening in the renal capsules and cortices.
nonsuppurative meningitis, signs of cerebral and hepatic
vascular degeneration, and necrosis and inflammation of
the adrenal gland.

* Similar lesions were reported in the other dog, although
there was severe autolysis.
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e Hydrothorax, consolidation and edema in the lungs, edema of the
pulmonary lymph nodes and froth in the bronchi.

* Meningitis in some cats. More subtle lesions in earlier stages included
numerous small hemorrhagic nodules in the lungs, scattered hemorrhagic
nodules on the visceral pleura, and, in one cat, edema of the bladder
serosa with dilation of the serosal lymphatic vessels.

* Generalized vasculitis was seen in one naturally infected cat in Malaysia,
particularly in the brain, kidney, liver and, to a lesser extent, the lung.

* Nonsuppurative meningitis was reported in an infected horse in Malaysia.

2021/9/30 81



All field investigations should take necessary
precautions to prevent infection

Any respiratory or neurological conditions of
swine in an area known to have pteropid bats,
should consider Nipah as a rule out

Also among swine

e Deaths of suckling pigs and piglets; sudden death in
boars and sows

e Abortions and other reproductive dysfunction

e Respiratory diseases with harsh, non-productive
coughing

e Cases with encephalitic manifestations of trembling,
muscular incoordination and myoclonus leading to




* Nipah is classified as a
biosafety level 4 (BSL4) agent
and special precautions must
be undertaken in the
collection, submission and
processing of samples.

e See Chapter 1.1.1 of the OIE
Terrestrial Manual, Collection
and shipment of diagnostic
specimens.



Identification of the agent: Virus iIsolation
and characterisation

Isolation in cultured cells : African green monkey kidney (Vero) and rabbit
kidney (RK-13) cells; CPE usually develops within 3 days but two 5-day
passages are recommended before judging the attempt unsuccessful

Methods of identification :Immunostaining of fixed cells

 Virus neutralization: Plaque reduction: virus ; Immune plaque assay

Nucleic acid based recognition methods: RT-PCR

* Henipavirus antigen detection in fixed tissue — immunohistochemistry
* Brain at various levels, lung, mediastinal lymph nodes, spleen, kidney,
uterus, placenta and foetal tissues

e Russia, September 15 (Sputnik) - Russia's research center Vector has created a
test system for detecting the dangerous Nipah virus.
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https://www.urdupoint.com/en/latest-news/russia.html
https://www.urdupoint.com/en/latest-news/september.html
https://www.urdupoint.com/en/latest-news/russia.html

Serological tests

Virus neutralisation tests: accepted as the reference standard

Enzyme-linked immunosorbent assay (ELISA)

* Indirect ELISA for detection of IgG
e Capture ELISA for detection of IgM

e Modified ELISA developed based on relative reactivity of sera with NiV
antigen

e Due to false-positives related to specificity of ELISA, all suspect-positive
ELISA confirmed by VNT
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 Survive for up to 3 days in some fruit juices or
mango fruit, and for at least 7 days in artificial
date palm sap (13% sucrose and 0.21% BSA in
water, pH 7.0) held at 22 "C.

e A half-life of 18 hours in the urine of fruit
bats.

* Inactivated by soaps, detergents and many
disinfectants. Routine cleaning and
disinfection with sodium hypochlorite or
commercially available disinfectants is
expected to be effective.

» Completely inactivated by heating at 100 C
for more than 15 minutes.
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i 17 feiz ] (OIE)

Sanitary prophylaxis

 Strict biosecurity with avoiding
contact with fruit bats and their
secretions

* Active surveillance program with
detection and culling of seropositive
swine

* Effective quarantines and control of
animal movements

* All materials and equipment should
be cleaned and disinfected

* Control of any access to swine by wild
or domestic animals

Medical prophylaxis

* No treatment or vaccine available for
either people or animals.

e The 2018 annual review of the WHO
R&D Blueprint list of priority diseases
indicates that there is an urgent need
for accelerated research an
development for the Nipah virus.



‘JT“ a2 Great News: This vaccine is
| effective against Nipah virus

By Laxman Chaurasiya f Sep 08 2021 09:23 AM £ News

* In July 2021, researchers
at the Jenner Institute,
Oxford University and the
National Institutes of
Health, United States,
reported that the
ChadOx1 vaccine vector,
when customised to the
Nipah virus, fully
protected African green
monkeys.
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Public health educational messages should
focus on;

* Reducing the risk of bat-to-human
transmission.
Reducing the risk of animal-to-human
transmission.

* Reducing the risk of human-to-human
transmission.
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Notifiable Animal Diseases of OIE and Taiwan
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FE - Wi B IR o
Y24 5= B 2454 (One medicine,
one world and one health)

The Astonishing Connection
Between Human and Animal Health

HR X
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ﬂ.'.)Q’?;‘ &Iﬁlﬁ\ﬂiﬁ‘i\ ﬁ‘iﬂ’ﬁi} """ Rudolf Ludwig Karl Virchow was a German doctor, anthropologist, public

1 2 ey =1 ) health activist, pathologist, prehistorian, biologist and politician. He is referred
&ﬂ'iﬂlﬁm’ﬂ f‘"} c“ %’m * to as the "Father of Pathology".

"Between animal and
human medicine there is no
dividing line — nor should
there be. The object is
different but the experience
obtained constitutes the
basis of all medicine." -
Rudolf Virchow (1821-
1902)!
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One Health

The “One Health” concept summarised an idea that had been known for more than a century; that
human health and animal health are interdependent and bound to the health of the ecosystems in
which they exist. We envisaged and implemented it as a collaborative global approach to understanding
risks for human and animal health and ecosystem health as a whole.

One Health

The “One Health” concept summarised an idea that had been
known for more than a century; that human health and
animal health are interdependent and bound to the health
of the ecosystems in which they exist. We envisaged and
implemented it as a collaborative global approach to
understanding risks for human and animal health and
ecosystem health as a whole.
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Fig. 4. William Osler, in 1881. (Courtesy of College of Physicians
of Philadelphia).

varasitic bronchitis in dogs, was excellent, and dates
1877 (50). Having established the cause of a chronic
~v condition in foxhounds at the Montreal

Wy careful postmortem work, he named the

on the basis of its etiology and

“~cumb to the temptations ~*
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sent a veterinary student to lo
students, Mr. A.W. Clement
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animals affected.” (53).
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