Karen A. Ravin, MD, FAAP

Chief, Pediatric Infectious Diseases Division
Nemours/Alfred I. duPont Hospital for Children
November g, 2016

Emerging Infectious Diseases



Disclosures

* | have no disclosures.

* | will not be discussing off-label use of antimicrobials or
other medications.



Outline

* Background

* Definitions

* Historical perspective

* Forces and drivers of infectious disease
* Emerging infections

* Recent outbreaks



"Not a single year passes without [which]... we can
tell the world: here is a new disease!”

-Rudolf Virchow, 1867

Background



Statistics

 Number of deaths due to infectious diseases in 2012
* 9.5 million globally (17% of total deaths)
* Decreased from 12.12 million (23%) in 2000

* Still leading cause of death
* Africa
* Southeast Asia
 Eastern Mediterranean regions



Emerging infectious diseases

* Impose significant burden on economies and public health

* Influenced by multiple factors:

* Socioeconomic
* Population growth, density and movement
 Urbanization
* Changing human behaviors
* Environmental and ecological
* Climate change

* Increasing antimicrobial resistance
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development goals to SDGs, sustainable development goals. France, 2015. .



Definitions

* Emerging = newly recognized
* Re-emerging = previously recognized
* Deliberately emerging = bioterrorism



Historical perspective



Are emerging infectious diseases
something new?

* Throughout history, * Old Testament, ancient
references to new diseases China, classical Greece and
can be found: Rome referred to them as:

* Appear * Pestilences
* Approach * Pests

* Arise * Plagues

* Breed

* Progress

* Spread

* I[nvade



The Plague of Athens, 430-426 BC

* Thucydides chronicled this
outbreak in his history of
the Peloponnesian war

* First comprehensive clinical-

epidemiological discussion of
an infectious disease

* Noted susceptibility,
multiple importations,
association with war,
crowding and a breakdown
of public health measures
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* May have been typhus
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The Black Death, 1347-50
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* Bubonic/pneumonic plague
* Originated in China

* Proceeded westward along caravan
and trade routes

* 34 millions deaths in Europe and 16
million deaths in Asia

* Factors:
* Several preceding decades of poor
weather and crop failures
* Nutritional consequences

* Destabilization of hierarchical feudal
system

* Impoverishment

* One of earliest recorded examples
of bioterrorism

* Mongols besieged the Genovese city
of Kaffa in 1346 (present day
Feodosia in Crimea)

* Hurled plague infested corpses into
the city
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Smallpox, 1520-21

* Spanish conquistador,
Hernando Cortés
» Conquered Tenochtitlan
(now Mexico City) in 1521

* Smallpox, "Hueyzahuatl”
introduced to the New
World

* Destroyed the Aztec and Inca

empires

* 18.5 million deaths (74% of 0! £6AOC 1 00 AAOGEAOO AT A
the population) from OOAAOI AAABAT ¢cO AT A OOl
smallpox and other imported bodies. So it was that we became orphans, oh,
infectious diseases by the my sons! So we became when we were young.
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- Cakchiquel Mayan on thaueyzahuatl
epidemic of 15221
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The American Plague
Yellow Fever, 1793-98

* Philadelphia, 1793

* 5,000 of 50,000 people died
within a few weeks

* Moved on to Baltimore,
Boston and New York

* Led to important advances in
public health

* Establishment of the Marine
Hospital System in 1798 by
Congress

* Forerunner of the U.S. Public
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violent epidemics, by a series of careful  Founding of the first medical
observations, on their beginning and journal, The Medical Repositor
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- Noah Webster, 1797
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Emerging pandemics,
Spanish influenza, 1918-19
* 50-100 million people

succumbed within two
years

* Notable for predominance
of severe and fatal disease
in healthy, young adults

* Microbial co-infections
were appreciated and
studied scientifically
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"...the most likely forecast about the future of infectious
disease is that it will be very dull. There may be some wholly
unexpected emergence of a new and dangerous infectious
disease, but nothing of the sort has marked the past fifty

years.”
-Natural History of Infectious Disease (1972)
by Sir Macfarlane Burnet and David O. White

"The times they are a-changin”



HIV/AIDS

* In 2015, estimated 36.7 million people (including 1.8 million
children) were living with HIV PEOP °

* Global prevalence of 0.8%

* Since the start of the epidemic in 1981:
» 78 million people have become infected with HIV
* 35 million people have died of AIDS-related illnesses

* Phylogenetic analysis suggests the HIV emerged around 1900

. Multi?lejumps into chimpanzees by simian immunodeficiency virus
(SIV) followed by genetic recombination

* Transferred into humans probably by close contact with animals

* Factors:

* Disruptions in economic and social infrastructure in post-colonial sub-
Saharan Africa

 Spread by blood and body fluids, sexual contact

* Increased human movement resulting from decreasing travel times to
multiple destinations

AVERT.org
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Forces and Drivers of
Infectious Disease



Drivers of infectious diseases

* Calculated drivers and determinants of infectious disease
threat events (IDTEs) in Europe

* Examined data collected by the European Centre for Disease
Prevention and Control (ECDC) July 2008 to December 2013

* Following were analyzed:
* Food borne and waterborne
* Vector borne and rodent borne
e Other zoonoses
* Vaccine preventable
* Multidrug resistance associated
* Healthcare associated
* Injection drug use associated
 Sexually transmitted
* Influenza
* Airborne

Semenza JC, et al. Emerging Infectious Diseases, April 2016
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Drivers of infectious disease

* Globalization and * Public health systems
environment * Healthcare
* Climate change and land use * Animal health
* Travel and tourism * Food and water quality
* Migration * Surveillance and reporting
* Global trade fatigue

* Sociodemographic
* Social inequality
* Vulnerable groups
* Lifestyle
* Occupation
* Terrorism
* Demographic change

Semenza JC, et al. Emerging Infectious Diseases, April 2016
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Drivers of infectious disease

* Frequency rates of drivers were calculated and ranked in
relation to IDTEs

* Euclidean distances calculated for each driver pair
* Hierarchical cluster analysis performed

* Tree diagrams (dendrograms) created to describe
relationships

* Results:
* Most frequent: food borne and rodent borne

* Globalization and environment most noteworthy driver category
for IDTEs

* Top five: travel and tourism, food and water quality, natural environment,
global trade and climate

Semenza JC, et al. Emerging Infectious Diseases, April 2016
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Global trends

* Emerging pathogens
* Broad host range

* Wide range of other mammals and birds associated with novel
human pathogens

* Emerging infectious disease (EID) events
* Majority caused by zoonotic pathogens (60%)
* Significant number of EID events (22-28%) are vector-borne
* Human population density significant independent predictor

* Product of anthropogenic and demographic changes and is a
hidden ‘cost’ of human economic development
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Vector-borne diseases

 Zoonotic single-stranded RNA viruses

* Conditions enabling transition from vector-borne animal-
to-animal to arthropod-mediated human-to-human
transmission is poorly understood

* Pathogenicity and transmission dynamics of vector-borne
diseases more complex than communicable diseases

* Accurate diagnosis is key to surveillance and response
* Vector control can reduce risk



Emerging infections



Novel bunyavirus

* Severe fever with thrombocytopenia syndrome (SVTS) virus

* Newly identified member of the genus phlebovirus in the Bunyaviridae
family

* First identified in China in 2009

* Patients presenting with fever, thrombocytopenia, leukocytopenia
and multiorgan dysfunction

* Appears to be tick-borne

* Heartland virus

* The cause of a similarillness in two patients in the United States in
2009
* In Missouri

* Phlebovirus isolated that was closely related to the novel SVTS virus
* Suspected to be tick-borne
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Bourbon virus

* Novel Thogotovirus

* Genus of virus associated with transmission by hard and soft ticks
which has a wide geographic distribution

* Previously healthy adult male from Bourbon County,
Kansas
* History of several tick bites
» Became ill with fever, headache, arthralgia and myalgiain the
spring of 2014
* Developed thrombocytopenia, leukopenia and lymphopenia
* Became obtundent and subsequently died on day 11 of illness

* Phylogenetic analysis indicated that the virus was closely
related to two other known Thogotoviruses



Candida auris

* Emerging fungus

* First isolated in 2009 from external ear drainage in a
patient in Japan

* Now identified in several countries including the United
States

 Seven cases identified in the U.S. (2013-2016)
* Four fatalities
* Health care transmission has been suggested

* Causes invasive infections
» Often in patients with underlying medical conditions and illnesses

* High mortality rate
* Resistant to multiple antifungal medications



Recent outbreaks



Middle East respiratory syndrome
coronavirus, MERS-CoV

* Novel coronavirus
* Unknown origin
* Phylogenetically related to bat coronaviruses
which have spread in dromedary camels

* Emerged in 2012 in Kingdom of Saudi Arabia

 Spread to 26 countries

* Majority of cases in Kingdom of Saudi Arabia, United Arab Emirates,
Jordan and Qatar

* Imported case in South Korea led to a large outbreak (186 cases)

* 1700 cases with a case fatality rate of 36%
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MERS-CoV

* Highly travelled airports in the outbreak region

* Travel related cases reported in United Kingdom, Germany,
Austria, France, Turkey, Greece, Netherlands, Malaysia,
Philippines, China, Tunisia, Algeria and the United States

* Saudi Arabia hosts annual mass gatherings events such as
the Haj and Umrah pilgrimages

e South Korean outbreak

* Nosocomial human-to-human transmission
* Failure to recognize MERS-CoV infection
* Lack of appropriate triage and infection control procedures

* 4-fold higher risk of transmission in healthcare settings
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Ebola

* First discovered in 1976 near the Ebola River in what is
now the Democratic Republic of the Congo

* Filoviridae family

* Five identified Ebola virus species
e Four cause disease in humans

* Found in several African countries
* Sporadic outbreaks in Africa until...




Ebola

* March, 2014
* Guinea identified 49 cases of Ebola virus disease and reported
them to international health agencies
* Largest outbreak in history
* Epidemic spread to Sierra Leone and Liberia
* Imported cases in Nigeria, Senegal, Spain, Mali, United Kingdom,
United States and Italy
* Over 29,000 cases and over 11,000 deaths

e Guinea, Sierra Leone and Liberia
* All were recovering from prolonged periods of civic unrest
* Decimated health systems
* Limited human resource capacity
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Ebola Virus Ecology and Transmission

Ebola virus disease is a zoonotic disease. Zoonotic diseases involve animals and humans.

Animal-to-Animal Transmission
Evidence suggests that bats are the
reservoir hosts for the Ebola virus.
Bats carrying the virus can transmit it
to other animals, like apes, monkeys,
and duikers {antelopes), as well as to

human
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Spillover Event

A “spillover event” occurs when an
animal (bat, 2pe, menkey, duiker) or
human becomes infected with Ebola
virus through contact with the
reservoir host, This contact could
occur through hunting or preparing
the animal’s meat for eating.

Human-to-Human Transmission
Once the Ebala virus has infected
the first human, transmission of the
virus from one human to another
can occur through contact with the
blood and body fluids of sick people
or with the bedies of those who
have died of Ebola.

Unprotected
healthcare worker

2

Unprotected contact
with blood and
body fluids

Survivor

Ebola survivors face new challenges
after recovery. Some survivors
report effects such as tiredness and
muscle aches, and can face stigma as
they re-enter their communities.
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Survivor




Ebola

* Delayed global response

* World Health Organization (WHO) laid out a roadmap to
mobilize financial support and resources

* The United Nations (UN) Security Council authorized an
emergency health mission

* Massive response involved multiple foreign governments,
multinational partners and regional ministries of health
brought unprecedented resources to West Africa
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Short history of Zika virus

* Discovered in the Zika
Forestin Uganda in 1947

* Scientists conducting
surveillance for yellow fever
in monkeys

* Later identified in Aedes
africanus mosquitoes

* First human cases
detected in Uganda and
Tanzania in 1952 by
demonstrating
neutralizing antibodies in
sera
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Short history of Zika virus

® 1950-2000'S:
* sporadic human cases in

Africa and southeast Asia _
I 954 Centiral African

Republic

* African and Asian lineages

* Asian lineage originated
during migration from Africa
to Southeast Asia 1975/2007  / @ 1948

United kepublic
of Tanzania

WHO | The history of zika virus
http://www.who.int

37


http://www.who.int/
http://www.who.int/
http://www.who.int/

Short history of Zika virus

* 2007-2009: outbreak onYap
Island, Micronesia
* 15tlarge outbreak
* No deaths, hospitalizations or
neurologic complications

» 73% of population > 3 yrs of
age esthgted to be %n%ected

* 2012-2013: outbreaks in
French Polynesia, Easter
Island, the Cook Islands, and
New Caledonia

* Thousands of infections

* Retrospective studies have
shown association with
Guillain-Barré syndrome
(GBS), meningoencephalitis,
autoimmune complications
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Zika in the Western Hemisphere

* March 2015: Brazil reports febrile illness with rash in Northeast states
to WHO

* Nearly 7,000 cases, no suspicion for Zika
* May 2015: Zika virus infections confirmed in Brazil
* July 2015: GBS reported

* Oct 2015: Brazil reports an increase in cases of microcephaly since
August

* Oct-Dec 2015: Zika cases reported in Colombia and Cabo Verde,
Suriname, Panama, El Salvador, Mexico, Guatemala, Paraguay, and
Venezuela, Honduras, French Guiana, and Martinique

* Dec 2015: Brazil DOH estimates 440,000-1.3m suspected cases

* Jan 2016: Ophthalmologists in Brazil report severe ocular
malformations in three infants born with microcephaly

* Feb 2016: U.S. reports a case of sexual transmission in Texas

* Feb 2016: Brazilian heath officials confirm a case of Zika virus
transmitted by blood transfusion
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