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An interesting time to be an 

Epidemiologist!



Some Famous Microbial Invaders 

in History

• The Black Death (plague, 1348)

• Smallpox

• Cholera (19th Century and after)

• 1918 Influenza

• HIV/AIDS (1980’s --)



Influenza Pandemic, 1918



Influenza Pandemic 1918 at Camp Funston 

(Kansas)



Influenza pandemics and recent outbreaks

Year Colloquial name & subtype            Affected ages     No. deaths

• Pandemics:

• 1918 “Spanish flu” (H1N1) all ages         ~50 million

• 1957 “Asian flu” (H2N2) > 65 and under five *

• 1968 “Hong Kong flu” (H3N2) > 65 and under five *

• * Est. 4.5 M total deaths for 1957+1968

• 2009 2009-H1N1 (H1N1, “swine-like”)

• Other outbreaks of interest:

• 1976 Swine flu (H1N1) all ages               2

• 1997 Avian flu (H5N1) all ages               6 (18 cases)

• 2003-- Avian flu (H5N1) all ages           449

• 2013-- Avian flu (H7N9)                        all ages            275
–

Data: WHO and Dr. D. Heymann, WHO (now at PH England & Chatham Housse)





Courtesy Michael Marco



Three Coronaviruses in Three Decades

• SARS (Severe Acute Respiratory 

Syndrome), 2003

• MERS-CoV, 2012 –

• SARS-CoV-2 (COVID-19), 2019 –



Emerging Infections

• Those rapidly increasing in incidence 

(number of new cases) or geographic 

range

• Often novel (a previously 

unrecognized disease)

• Anthropogenic causes often important 

in emergence



EMERGING INFECTIONS:

SOME RECENT EXAMPLES

• Ebola, 1976 – (and West Africa 2013 –; DRC 2018, others)

• HIV/AIDS

• BSE & Variant CJD, ca. 1986 –

• Hantavirus pulmonary syndrome, 1993 

• Hemolytic uremic syndrome, 1990’s –

• Nipah, 1998 –

• West Nile, US, multistate, 1999 –

• SARS 2003; MERS-CoV 2012  

• Influenza (including H5 in Asia 2003 –; H1N1 pandemic 2009-
10; H7N9 avian flu, China, 2013 –)

• Zika

• SARS-CoV-2 (COVID-19), 2019 –

• MPOX (“Monkeypox”), 2022 –



Global Examples of Emerging and Re-

Emerging Infectious Diseases

Cell 2020 1821077-1092DOI: (10.1016/j.cell.2020.08.021) 

Drs. David Morens and Anthony Fauci, NIAID

Copyright © 2020 Elsevier Inc. Terms and Conditions

http://www.elsevier.com/termsandconditions


No pandemic or emerging 

infection has ever been 

predicted 
--- Morse et al., Lancet 380: 1956–1965 (2012)

… and we can probably now say that 

none has ever been stopped yet



WHO Disease Outbreak News, 23 March 2014



Ebola in West Africa 

(as of April 22-27, 2015)

CDC



Total suspected, probable, and confirmed cases of 

Ebola virus disease in Guinea, Liberia, and Sierra 

Leone, Mar. 25, 2014 – February 14, 2016

Source: CDC, June 2016



How Do Infections Emerge?



The Emerging Infections “Two-Step”

Step 1: Introduction

Step 2: Establishment/Dissemination



The Emerging Infections Two-Step

Step 1: Introduction

• Many are zoonotic 

• The “zoonotic pool” is a rich source of 
potential emerging pathogens

• Changes in environment may increase 
contact, with greater chance or frequency 
of introduction

• Role of food animals as well as wildlife



Zoonoses in disease emergence

• 1407 human pathogens

• 58% are zoonotic

• 130 of  the 177 recently emerged 

pathogens zoonotic (RR=2.0)

Woolhouse ME, Gowtage-Sequeria S. 

Host range and emerging and 

reemerging pathogens. Emerg Infect 

Dis 2005; 11(12): 1842-7.



New Opportunities for Pathogens: 

Ecological Changes
Agriculture Hantaan, Argentine 

Hemorrhagic Fever, Nipah, 

West Nile (Israel), possibly 

pandemic influenza

Food handling practices SARS, H5N1 influenza, 

HIV?, Enteropathogenic E. 

coli

Dams, changes in water 

ecosystems

Rift Valley Fever, other 

vector borne diseases, 

Schistosomiasis

Deforestation, reforestation Kyasanur Forest, Lyme 

disease

Climate changes HPS, vector borne diseases



Emerging Infections “Hotspots” Today

Hotspots map at 1 km2 resolution (2012)

Courtesy Daszak and Zambrana-Torrelio, EcoHealth Alliance

(Morse et al., Lancet 380: 1956–1965, 2012)



F Keesing et al. Nature 468, 647-652 (2010) doi:10.1038/nature09575

Drivers and locations of emergence events for zoonotic 

infectious diseases in humans from 1940–2005.



Why is “One Health” Important?

• Most emerging infections are zoonotic –
crossing species 

• Thus, many of the emerging infections of the 
future can be found in other animal species

• Roles of evolution:  Very interesting 
questions

• Humans may become infected through:

– Changes in environment that increase contact 
(wildlife)

– Handling of food animals

• Therefore, surveillance across species is 
essential



Common Pathways for Emerging Infections

• Wildlife contact

• Live animal markets and food handling

• Hunting

• Healthcare settings (infection control)



Photograph: Karl Ammann; from Hahn et al., 2000

HOW DID HIV ENTER THE HUMAN 

POPULATION? (AN HYPOTHESIS)



Wildlife/livestock contact 



From Duck to Pig to Human?

Scholtissek C, Naylor E. Fish farming and influenza 

pandemics. Nature. 1988 Jan 21;331(6153):215. doi: 

10.1038/331215a0



A “Typical” Farm in China

Photo from Cornell Univ., College of Agriculture & Life Sciences



Markets/trade

Chicken market in Xining, Qinghai province, China
[Flickr, photo by M M (Padmanaba01), 2008]



Rhinolophus (“Horseshoe Bat”)

EcoHealth Alliance

• Natural host of SARS Coronavirus – and 
a number of other related coronaviruses

• Sold in live animal markets in South 
China

314



The Emerging Infections Two-Step

Opportunities increasing for both steps:

–Changes in land use

–Rural to urban migration

–Internal displacement

–Globalization of people and goods, 

travel, international migration

–Medical technologies



Step 2 (or Steps 2 & 3): 

Establishment & Dissemination

• Luckily for us, many candidates but 

relatively few are successful

• Human activities, including migration or 

travel, may disseminate a localized 

infection

– Highways for “microbial traffic” to new areas

• Environmental changes may spread a 

natural host or vector
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Speed of Global Travel in Relation to

World Population Growth

Courtesy CDC.  From: Murphy and Nathanson. Semin. Virol. 5, 87, 1994



Copyright ©2004 by the National Academy of Sciences

Hufnagel, L. et al. (2004) Proc. Natl. Acad. Sci. USA 101, 15124-15129

Global aviation network



Source: UN World Tourism Org. (UNWTO), 2017 Ann. Report



Transmissibility

• Essential for pathogen success

• Effects of urbanization, high density?

• Possible relation to virulence

• Genetics and evolution of transmissibility 

poorly understood

• Are emerging pathogens with broad host 

range more likely to become transmissible 

human-to-human ? 



SARS-CoV-2/COVID-19

• This is not the first coronavirus we’ve 

seen

• But this is the first pandemic 

coronavirus

• This is also not the first pandemic 

from a respiratory virus 

–(flu: 1918, 1957, 1968, 2009)



WHO, 

Jan. 5, 

2020





Business Insider

ProMED posting: Dec. 30

Timeline





https://gisanddata.maps.arcgis.com/apps/opsdash

board/index.html#/bda7594740fd40299423467b48

e9ecf6





Figure 1 

The Lancet Respiratory Medicine 2019 769-89DOI: (10.1016/S2213-2600(18)30496-X) 

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the 

CC BY 4.0 license Terms and Conditions

http://www.elsevier.com/termsandconditions


International Arrivals at DFW Airport, Mar. 14, 2020

New York Times, Mar. 15, 2020







And then mpox (monkeypox) …





Mpx





Factors (“Drivers”) in Emergence

• Ecological Changes

– Including economic development, land use

• Human Demographics, Behavior

• International Travel and Trade

• Technology and Industry

– Food processing

– Health care

• Microbial Adaptation and Change

• Breakdown in Public Health Measures 
(“Re-Emerging Diseases”)



“People ask me to predict the future, 

when all I want to do is prevent it.”

—Ray Bradbury

54



The Lancet 2012 3801936-1945DOI: (10.1016/S0140-6736(12)61678-X) 

Copyright © 2012 Elsevier Ltd Terms and Conditions

From Karesh et al., Lancet 380 (9857): 1936-1945 (2012)

BENEFIT OF EARLY DETECTION

http://www.elsevier.com/termsandconditions


ProMED-mail: A Prototype 

Outbreak Reporting System

ProMED-mail: 

www.promedmail.org

•Moderated listserv

•Free to all

•Started 1994

•Approximately 70,000 subscribers in >185 

countries





First Reports

• Ebola, Africa (Zaire), 1995

• Meningitis, US (multistate), UK, 1995

• VEE, Venezuela

• West Nile, 1999 –

• SARS, Feb. 10, 2003

• Avian influenza, Indonesia, Nov. 2003

• Numerous others

• About 300-500 EDR a year



PNEUMONIA - CHINA (GUANGDONG): RFI

**********************************

A ProMED-mail post

<http://www.promedmail.org>

ProMED-mail is a program of the International Society for Infectious Diseases <http://www.isid.org>

[1]

Date: 10 Feb 2003

From: Stephen O. Cunnion, MD, PhD, MPH <cunnion@erols.com>

This morning I received this e-mail and then searched your archives and found nothing that pertained to 

it. Does anyone know anything about this problem?

"Have you heard of an epidemic in Guangzhou?  An acquaintance of mine from a teacher's chat room 

lives there and  reports that the hospitals there have been closed and people are dying.“

--

Stephen O. Cunnion, MD, PhD, MPH

International Consultants in Health, Inc

Member ASTM&H, ISTM

<cunnion@erols.com>

ProMED ALSO HAD FIRST GLOBAL REPORTS OF 

SARS (AND MERS-CoV)



"The popular ProMED-mail e-list offers a 

daily update on all the known disease 

outbreaks flaring up around the world, 

which surely makes it the most terrifying 

news source known to man." 

– Steven Johnson 

"The Ghost Map", p. 219 

Riverhead Books/Penguin, 2006

A Compliment?



Some Other Electronic Systems

• GPHIN (Global Public Health Intelligence 

Network)

– Started by Canadian Government

– Searches news sources on web

• HealthMap (partnership with ProMED-mail)

• CDC “EpiX”

• Infectious Diseases Society of America

• Clinicians Biodefense Network



Crowdsourcing Reporting and Using 

Social Media

• Twitter, Google, Facebook, etc. for 

symptom reports

• Must be used cautiously, easily 

misinterpreted (Zombie Apocalypse 

comments after zombie movie?)

• Useful: NYC DOHMH uses “Yelp” 

comments on restaurants





Go.Data (WHO app) for Contact Tracing

C. Valencia et al., Lancet Regional Health – Americas, Dec. 2022

, 



Early Example of “Genomic 

Epidemiology”

Cotten et al., Lancet 382:1993-2002 (2013)



Genomic Surveillance for SARS-CoV-2 Variants, 

U.S., June 2021–January 2022

CDC. From: Lambrou et al., MMWR, February 11, 2022 / 71(6);206–211 





“Forewarned is Forearmed”?

Really?

• Surveillance for early warning is still 

evolving

• Also need to respond appropriately 

-- remains challlenging

• Political will and sustainability major 

issues



Thank You!

ssm20@columbia.edu




