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HAUNTS OF THE BRETHREN
OF THE COAST

While there was never such thing as
an organised ‘pirate government’, there
did exist a loose coalition of buccaneers

active during the 17th and 18th centuries.

It was made up of captains who
regulated the activity of privateering
within the community and with their
external benefactors.

Mainty stationed on the island of Tortuga
and in the city of Port Royal, the original
Brethren were mostly French Huguenot and
British Protestants, although a number of
Spaniards and African salfors aso counted
themselves among their ranks. Their
loyalties and codes of conduct were akin
to those of modern-day Mafia families;
their command was hierarchical and they
promoted equitable division of revenue,

This map, created at the time and
reproduced in Buccaneers and Pirates
of Our Coasts (1897), details the most
densely populated pirate haunts in the

© Caribbean during the so-called ‘Golden Age

of piracy’. Although popular culture depicts
these haunts as lawless, debauched shanty
towns, they were more used as places
where privateers could feel safe from the
threat of authority for a short while before
once again setting out to sea.

Following the demographic changes of
the mid-18th century, many members of
the Brethren left the Caribbean to take up
residence in colonies of the future United
States. A few remained, upholding the
name of the Brethren of the Coast as a
purely criminal organisation until they were
finally broken at the tum of the century.

British trade routes

of the 19th century

“T'he Brethren of the bout"'
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PIRATE HAVEN OF MADAGASCAR v 8 ‘: 4
There could have been few spots anywhere along the Bitis trade foutes more dangerous than Madagascar. t was

asafe port for pirates between 1680 and 1725, mmmum:sammueymmefdmtsmpsmmeman*

Ocean, the Red Sea, and the Persian Gulf.
meshrmadalaulmofstﬂmdmvastsmofﬁw\mwwmd - including limes and oranges
needed to prevent scurvy - and laree beaches ideal for scraning bamacles from shins” hulls. On too of that the island
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1. Overview of Zoonotic Infections

2. Reducing the global burden of neurological zoonotic infections
3. Case sharing on clinical management of neurological zoonotic diseases
4. From Ebola to Zika: public health emergencies from the UK experience
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Overview of Zoonotic Infections

Introductory Comments

Zoonotic Diseases - general principles
Emergence
Spread

Examples
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Definitions

* Pathogen
* Bacteria, virus, parasite, causing disease

e Zoonotic Infections
e Spread from animals to humans

* Arbovirus infections
e Arthropod-borne viruses
* j.e. transmitted by insects or ticks (arthropods)

* One Health

* The concept that the health of humans, animals and the environment are
linked
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Wildlife Spillover Sustained Endemic/pandemic
rooervoir event human-to-human human disease

transmission

Zoonotic spillover  Limited human- transmissible

to-human spread Human-adapted
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Major Categories of Zoonosis & Examples

o Viral zoonoses: Rabies, Influenza (avian, swine), SARS, MERS, COVID-19,
Ebola, Nipah.

o Bacterial zoonoses: Anthrax, Brucellosis, Leptospirosis, Plague,
Salmonellosis, Campylobacteriosis.

o Parasitic zoonoses: Malaria (simian reservoirs), Toxoplasmosis,

Leishmaniasis, Trypanosomiasis.
o Fungal zoonoses: Dermatophytoses (“ringworm”), Histoplasmosis.



Emerging Infections since 2000

SARS

Marburg
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Chikungunya

<

Lassa

Monkeypox

Japanese
encephalitis



www.earthintransition.org/

Most (70%) emerging infections are zoonotic, arthropod-borne, or both
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Human and Animal health, Terms and Examples

Human Health
Term

Zoonosis

Animal Health
Equivalent

Zoonosis

Meaning

A disease that can be
transmitted between animals
and humans.

Human Examples (Asia / Hong

Kong) Animal Examples (Asia / Hong Kong)

Rabies (China and SE Asia), Nipah
virus (Malaysia/Bangladesh), Avian
influenza (Hong Kong, SE Asia)

Same agents affecting animal reservoirs
(dogs, bats, pigs, poultry)
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Human and Animal health, Terms and Examples

Human Health
Term

Zoonosis

Epidemic

Animal Health
Equivalent

Zoonosis

Epizootic

Meaning

A disease that can be
transmitted between animals
and humans.

A sudden outbreak of disease in
a population within a specific
area and time.

Human Examples (Asia / Hong
Kong)

Rabies (China and SE Asia), Nipah
virus (Malaysia/Bangladesh), Avian
influenza (Hong Kong, SE Asia)

SARS outbreak in Hong Kong (2003)

Animal Examples (Asia / Hong Kong)

Same agents affecting animal reservoirs
(dogs, bats, pigs, poultry)

H5N1 avian influenza epizootic in Hong
Kong poultry (1997)
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Human and Animal health, Terms and Examples

Human Health
Term

Zoonosis

Epidemic

Endemic

Animal Health
Equivalent

Zoonosis

Epizootic

Enzootic

Meaning

A disease that can be
transmitted between animals
and humans.

A sudden outbreak of disease in
a population within a specific
area and time.

A disease that is constantly
present in a population or
region.

Human Examples (Asia / Hong
Kong)

Rabies (China and SE Asia), Nipah
virus (Malaysia/Bangladesh), Avian
influenza (Hong Kong, SE Asia)

SARS outbreak in Hong Kong (2003)

Dengue fever in Southeast Asia

Animal Examples (Asia / Hong Kong)

Same agents affecting animal reservoirs
(dogs, bats, pigs, poultry)

H5N1 avian influenza epizootic in Hong
Kong poultry (1997)

Japanese encephalitis virus circulation in
pigs and birds across Asia
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Human and Animal health, Terms and Examples

Human Health
Term

Zoonosis

Epidemic

Endemic

Pandemic

Animal Health
Equivalent

Zoonosis

Epizootic

Enzootic

Panzootic

Meaning

A disease that can be
transmitted between animals
and humans.

A sudden outbreak of disease in
a population within a specific
area and time.

A disease that is constantly
present in a population or
region.

A disease outbreak that spreads
widely across countries or
continents.

Human Examples (Asia / Hong
Kong)

Rabies (China and SE Asia), Nipah
virus (Malaysia/Bangladesh), Avian
influenza (Hong Kong, SE Asia)

SARS outbreak in Hong Kong (2003)

Dengue fever in Southeast Asia

COVID-19 pandemic (originating in
Asia, 2019)

Animal Examples (Asia / Hong Kong)

Same agents affecting animal reservoirs
(dogs, bats, pigs, poultry)

H5N1 avian influenza epizootic in Hong
Kong poultry (1997)

Japanese encephalitis virus circulation in
pigs and birds across Asia

Avian influenza H5N1 spreading across
Asia in wild birds and poultry (2000s)
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Human and Animal health, Terms and Examples

Human Health
Term

Zoonosis

Epidemic

Endemic

Pandemic

Anthroponosis

Animal Health
Equivalent

Zoonosis

Epizootic

Enzootic

Panzootic

Anthroponosis

Meaning

A disease that can be
transmitted between animals

and humans.

A sudden outbreak of disease in
a population within a specific

area and time.

A disease that is constantly
present in a population or

region.

A disease outbreak that spreads
widely across countries or

continents.

A primarily human disease that
can also spread to animals.

Human Examples (Asia / Hong
Kong)

Rabies (China and SE Asia), Nipah
virus (Malaysia/Bangladesh), Avian
influenza (Hong Kong, SE Asia)

SARS outbreak in Hong Kong (2003)

Dengue fever in Southeast Asia

COVID-19 pandemic (originating in
Asia, 2019)

Human tuberculosis spreading to
elephants; COVID-19 transmitted
from humans to zoo animals and
mink

Animal Examples (Asia / Hong Kong)

Same agents affecting animal reservoirs
(dogs, bats, pigs, poultry)

H5N1 avian influenza epizootic in Hong
Kong poultry (1997)

Japanese encephalitis virus circulation in
pigs and birds across Asia

Avian influenza H5N1 spreading across
Asia in wild birds and poultry (2000s)

Animal infections resulting from human-
to-animal transmission (reverse zoonosis)
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Transmission Routes of Zoonotic Infections

o Direct contact: Touching animals, bites, scratches (rabies, ringworm).

o Indirect contact: Contact with areas contaminated by animals (soil,
water, fomites).

o Vector-borne: Transmitted via mosquitoes, ticks, fleas (malaria, Lyme
disease, plague).

o Foodborne: Eating contaminated meat, milk, or eggs (salmonella, avian
influenza).

o Airborne / respiratory: Droplets, aerosols, or dust (Q fever, influenza,
COVID-19).
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Transmission Routes of Zoonotic Infections

o Direct contact: Touching animals, bites, scratches (rabies, ringworm).

o Indirect contact: Contact with areas contaminated by animals (soil,
water, fomites).

o Vector-borne: Transmitted via mosquitoes, ticks, fleas (malaria, Lyme
disease, plague).

o Foodborne: Eating contaminated meat, milk, or eggs (salmonella, avian
influenza).

o Airborne / respiratory: Droplets, aerosols, or dust (Q fever, influenza,
COVID-19).




Overview of Arboviral Ecology. A hypothetical arboviral cycle

Bridging vector

. L usually anthropophillic vectors — i.e. they prefer biting humans
Vertical transmission
In transovarial transmission
the virus is passed from the 4

vector to its eggs. , \

For ticks, transtadial \
transmission from larvae to A

nymphs, then to adults also
occurs. / \ ,

?“Dead end” host

Humans are dead end hosts, for most
arboviruses, ie don’t transmit the virus

Enzootic cycle further

- Causes disease in animals
- “Sylvatic cycle” if these are wild animals i .
Epizootic cycle

- Ornithophilic mosquitoesfeed on birds _ Outbreak in animals

From: Solomon T, Whitley RJ. Arthropod-borne viral encephalitides. In: Scheld M, Whitley RJ, Marra C, editors.
Infections of the Central Nervous system. 2nd ed. Philidelphia, PA: Lippincott Williams and Wilkins; 2004.
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Emerging Zoonoses — why?

* Increasing & more rapid human

400 - 6
travel 350 T
° I i — 2
Overpopulation ~ 300 - U
. . i _ n 2
e Changing agricultural e * 5
i c 2 2004 -
* Global warming =8 L -
, ok -
 Pathogen mutations 2% o0 ‘3
;":" 50 - 1 E
» Better diagnostics 01 | | — 0 =
* Better reporting 1890 0 2000
* Greater awareness From: Murphy and Nathanson, Semin. Viral, 5, 87, 1984

Liverp?oil g UNIVERSITY OF
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Airline Routes — No. Of airlines flying each route

http://commons.wikimedia.org/



Emerging Zoonoses — why?

OVERCROWDING
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Emerging Zoonoses — why?

LACK OF BIODIVERSITY
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Biodiversity

The dilution effect concept in a nutshell

Liverpool
Brain Infections
Group



Emerging Zoonoses — why?

CLIMATE CHANGE
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Japanese encephalitis virus (JEV)

S

Summer
epidemics

round




Japanese encephalitis

Geographic Range: Endemic to rural areas of Asia and the Western Pacific, posing a risk to more than 3 billion people.

Severity: While most infections are asymptomatic or mild, about 1 in 250 result in severe illness.

Vector: Transmitted by Culex species mosquitoes, which primarily bite between dusk and dawn.
Amplifying Hosts: Mosquitoes become infected by feeding on vertebrate hosts, mainly pigs and waterbirds. Pigs are "amplifying hosts" that significantly multiply the virus.

Dead-End Host: Humans are "dead-end" hosts, meaning they do not transmit the virus back to mosquitoes.

Symptoms and Outcomes
Mild Cases: Most infections are mild, with symptoms such as fever, headache, and vomiting.
Severe Cases: A small percentage of patients develop severe neurological disease, which may include high fever, neck stiffness, seizures, coma, and spastic paralysis.

Eatﬁllty ar;d Sequelae: Among those who develop encephalitis, up to 30% may die. Up to 50% of survivors may be left with permanent neurological, cognitive, or
ehavioral issues.

Prevention and Treatment
Vaccination: Safe and effective vaccines are available and recommended for high-risk groups, including residents and travelers to endemic areas.

Mosquito Bite Avoidance: The best prevention for all individuals is to avoid mosquito bites, especially during peak biting hours.

Supportive Care: There is no specific cure or antiviral treatment for Japanese encephalitis. Care is supportive and focuses on managing symptoms.

This is for informational purposes only. For medical advice or a diagnosis, consult a professional.
leerpool ’&’d UNIVERSITY

g:gllr:plnfectlons & LIVERPOOL



Japanese encephalitis emergence in the Himalayan foothills
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JE total cases 2006
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JE total cases 2007
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JE total cases 2008

88°E

86°E

84°E

82°E

80°E

27°N —

88°E

86°E

84°E

82°E

80°E

Cyril Camigade . .. VERPOOL

c/o Dr

=g
2c 5

D g
O




Drivers of Spread

* RNA viruses (arthropod-borne and other)
* RNA viruses, rapid mutation rate, no proof reading mechanism
* Single nucleotide changes may be critical
* Arrival in new areas causes large outbreaks

Liverp?oil ’&’d UNIVERSITY OF
Brain Infections =
Biin| g LIVERPOOL
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Envelope Gene — 691004 (Sri Lanka 1969)
— Saigon (Vietnam 1962)

100 Beijing-1 (China 1949)
P20778 (India 1958)
91 ( B2524 (Nepal 1985)

I ' UKT1724 (Indonesia 1979)
K87P39 (Korea 1987)
100 11\;7Chiang Mai (Thailand 1964) 1l

JaOArS982 (Japan 1982)
PhAn1242 (Philippines 1984)
HVI (Taiwan 1958)
100 —— KPP034-35CT (Thailand 1982)
100 | FU (Australia 1995)
— [KT5441 (Indonesia 1981)
— WTP-70-22 (Malaysia 1970)
100 — Ishikawa (Japan 1998)

— K94PO05 (Korea 1994)
100] “— ThCMAr4492 (Thailand 1992)

—— M859 (Cambodia 1967)

i Torres Strait (Australia 2000)
JKT 6468 (Indonesia 1981) 1Y
Muar (Malaysia 1952) \Vj
MVE 151 E

— 0.01 substitutions/site

Distribution varies in different countries; 51" Genotype
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JEV serogroup
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JEV vectors and hosts

Culex sp.

tritaeniorhynchus, vishnui, pseudovishnui,

; : : o °
whitmorei, gelidus, fuscocephala, pipiens,
quinquefasciatus, bitaeniorhynchus
Aedes & Ochlerotatus sp.
aegypti, albopictus, togoi, subpictus,
chemulpoensis, vexans, alcasidi, curtipes
Anopheles sp.
hyrcanus, barbirostris, tessalatus
Mansonia sp

uniformis
o
Armigeres sp
obturans, flavus ®
o
o

Egrets/herons

Cattle egret

Black crowned night heron
Plumed egret

Lesser egret

Pond herons

Great egret

Swine e Reptiles
Horses e Amphibians
Bats e Snakes

Reptiles e Frogs



Change in domain Il associated with evolution of JEV genotypes

* JEV Gen IV (Leu) -> JEV Gen I/11/11l (Ser)



Change in domain Il associated with evolution of JEV genotypes

* JEV Gen IV (Leu) -> JEV Gen'l/1I/11l (Ser)
e JEV Gen IV (Leu) -> JEV Gen I/1I/11l (Ser)



Transmission of Japanese encephalitis

virus through mosquito vectors
':/."z‘j ‘T .
_’.‘.“."j,'_\ i, " Daniel Impoinvil

* Containment Level Ill insectory

* Does vector competence differ
for different genotypes?

* How might climate change
affect this?

e Can this inform modeling of
disease spread?

* Leverhulme Foundation (£750,000)

* Matthew Bayliss (Vet School, Pl)
* Mike Lehane (School of Tropical



JE Epidemic in Sri Lanka, 1987

Mosquito3

B8)

numbers:

FEMALES/TRARP-NIGHT (

+ve MOSQUITO POOLS

NO. OF ISOLATES

Cx. tritaerworhynchus

Cx. whetmores

Cx. gehdus

Virus

Eselates

2 14 27 2 16

™ I e
O N & O

@ . BT . P
> 60 0 O N & O

ELISA-pos
mosquitoes

O N » 0 O

CUM. PORCINE SEROPOSITIVITY (%)

2 14 27 2 16 26 a4 17 20 B Y

2 14 27 2 18 26 4 7 28 8 |'9

DEC

' Porcine
seroconversion

Peiris et al., 1992




Emerging Zoonoses — why?

CLIMATE CHANGE
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Microcephaly is the severe end of the spectrum

Baby with Typical
Head Size

Typical
head size ~__o---m-=meal_

Baby with
Moderate Microcephaly

Typical
head size i o

Baby with Severe
Microcephaly

Figure 4. Infants with Moderate or Severe Microcephaly Associated with Maternal Zika Virus Infection, as Compared
with a Typical Newborn.

€>
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Petersen et al NEJM 201%

UNIVERSITY OF
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The spread of the Zika virus
2007

C
! )47 O\-"JD Isiand
@ (MICRONESIA)
UGANDA A1
= 013
2 01 4\ Tahiti
O/ O FR. POLYNESIA)
New Caledonia COOK Q
(FRANCE) ISLANDS

2015

Easter Island

(CHILE)

LARIS KARKLIS/THE WASHINGTON POST

2015
BRAZIL

2007 small outbreak in Yap, Federated States of Micronesia,

2013 28,000 cases in French Polynesia, in 4 months
2015 Brazil

1952-2007 occasional cases of fever arthralgia rash caused by Zika, in Africa and Asia...
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Global risk model for vector-borne transmission of Zika
virus reveals the role of El Niio 2015
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Zika, a mosquito-borne viral disease that emerged in South America
in 2015, was declared a Public Health Emergency of International
Concern by the WHO in February of 2016. We developed a climate-
driven R, mathematical model for the transmission risk of Zika virus
(ZIKV) that explicitly includes two key mosquito vector species: Aedes
aegypti and Aedes albopictus. The model was parameterized and
calibrated using the most up to date information from the available
literature. It was then driven by observed gridded temperature and
rainfall datasets for the period 1950-2015. We find that the trans- ) '
mission risk in South America in 2015 was the highest since 1950. This &- . Ro -

maximum is related to favoring temperature conditions that caused I B ] [

the simulated biting rates to be largest and mosquito mortality rates 1 2 3 4 5 6 7
and extrinsic incubation periods to be smallest in 2015. This event
followed the suspected introduction of ZIKV in Brazil in 2013.
The ZIKV outbreak in Latin America has very likely been fueled by
the 2015-2016 El Nifio climate phenomenon affecting the region. The
highest transmission risk globally is in South America and tropical
countries where Ae. aegypti is abundant. Transmission risk is strongly
seasonal in temperate regions where Ae. albopictus is present, with
significant risk of ZIKV transmission in the southeastern states of the
United States, in southern China, and to a lesser extent, over southern
Europe during the boreal summer season.

Zika virus | Ry model | El Nifio | Ae. aegypti | Ae. albopictus
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Prevention and Control of Zoonotic Infections

o Surveillance: Integrated “One Health” systems linking veterinary,
environmental, and human health data.

e Vaccination: For both animals (rabies, anthrax, brucellosis) and humans
(rabies, yellow fever, COVID-19).

o Vector control: Reducing mosquito/tick habitats.

o Food safety: Pasteurisation, meat inspection, hygiene.

o Behavioural measures: Safe handling of animals, protective equipment
for farmers/handlers.
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Surveillance

o Sentinel-based
o E.g.check 10% of sputum samples from all respiratory patients every 3 months

o Event-based surveillance
o Something unusual happening; check all patients
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“Disease Detectives” Surveillance and diagnhosis

e Describe the syndrome
o Brain infections
o Respiratory
o Gastrointestinal
o Mucocutaneous

e Then determine the microbiological cause
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Examples



Case of the jitters

* 12 year old girl in Malaysia
2 days fever, headache

* Intermittent rhythmic jerking
movements L leg

* Mild L hemiparesis

* Until 4 months ago, helped on her
fathers pig farm

e At that time, she developed a
febrile illness

* Father died of encephalitis at same
time



An unusual outbreak of encephalitis
Malaysia 1999

* Initially Attributed to JEV
* But...
* Mostly adults rather than children
* Associated with illness in pigs
* Epidemiology?

* Mass JE Vaccination
* > Enceph patients pos for JEV abs!

* Outbreak due to Nipah virus
e ?Morbillivirus like measles; Henipavirus

* Our patient had late SSPE-like presentation due 1
Virus

Wong et al. J Neurol Neurosurg Psychiatry 2001
Cardosa et al. BMC Microbiol 2002



Nipah Virus
* A lethal zoonotic disease case fatality rate between 40% and 75%.
* First identified in 1999 - Malaysian pig farmers.

* Outbreaks recur in South and Southeast Asia, including Bangladesh
and India.

* Natural Reservoir: Fruit bats (Pteropus genus), which excrete the
virus in their saliva, urine, and feces.

* Animal-to-Human:
* Contaminated Food: raw date palm sap or fruit soiled by infected bats.

* Intermediate Hosts: Direct contact infected animals pigs or horses, can cause
spillover.

* Human-to-Human: close contact with an infected person's bodily
fluids



Encephalitis Outbreak, New York 1999

Distribution of neurotropic flaviviruses
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New York sprayed to control
brain virus
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Insecticide has been sprayed across thousands of acres
of Mew York City in an attempt to halt an outbreak of St
Louis Encephalitis.

S ~—

The virus - which is spread by mosquitoes - has been
responsible for the deaths of two elderly peaple in the

| city's Queens district since the outbreak was reported



‘An unusual cluster of encephalitis cases in Bronx, NY,
1999~

Sick birds at the Bronx Zoo

* Deborah Asnis,
* infectious disease specialist



West Nile virus

Distribution of neurotropic flaviviruses

1999: West Nile virus arrives in USA



West Nile virus

Distribution of neurotropic flaviviruses

1999: West Nile virus arrives in USA



West Nile Virus

e 1937 - Discovery in Uganda: a woman with a fever.

* 1990s - Increased Severity in Europe
* Neuroinvasive disease occurred in Romania (1996) and Russia (1999).

e 1999 - Arrival in North America
e 2002 - Major US Epidemic

e 2002 - New Transmission Routes Identified: Transmission via blood
transfusion and organ transplantation
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Detecting Emergence

o Disease in unusual populations
o Encephalitis in adults in Nepal (the arrival of Japanese encephalitis)

o Co-occurring disease in animals may be the clue
o Birds falling out of the sky = West Nile virus in New York
e Unusual pattern of disease syndrome
o Hand-foot-and —mouth diseases with encephalitis (Enterovirus 71 in Malaysia)

o Disease at unusual time of year
o “Japanese encephalitis” in the dry season was Chandipura virus



Useful lessons from history



Another Important Zoonotic Infection

Bubonic Plague

Viet Nam 1995
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Plagues — then and now
Plague 1894 SARS 2003

Newsweek




SIMILARITIES

Plague 1894

Spread from Canton
Difficulty Identifying
Poor Sanitation
Traditional remedies
Panic, People Fled
Quarantine
Extraordinary bravery
Medical Fatalities
Plague riots

SARS 2003

Guanzhou

SARS Coronavirus
Amoy Housing Estate
Vinegar

Rapid Global Spread
MacLehose Camp
SARS Heroes

Dr Urbani, Vietham
Civil unrest



ONE BIG DIFFERENCE
Plague 1894 SARS 2003

In the race to identify cause
Much better international collaboration

Hong Kong Teams
Canadian Teams
American teams

WHO

SARS-CoV-2 2019?



Lessons: Tackling Emerging Zoonotic Infections

* Worth knowing your clinical epidemiology

* Unusual epidemiological patterns herald an unusual pathogen
* Nipah, Malaysia 1998
* West Nile Virus, New York 1999

* Worth knowing a bit of history

* Worth medics understanding a bit about zoonotic infections!
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