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HISTORY OF PANDEMICS

www.visualcapitalist.com/history-of-pandemics-deadliest



PANDEMICS OVER TIME

https://www.washingtonpost.com/graphics/2020/local/retropolis/coronavirus-deadliest-pandemics/?itid=hp_dontmiss



EMERGING ZOONOSES

Bean A, et al.  Nature Rev 2013;13:851-61



BASIC CONCEPTS IN DISEASE EMERGENCE
 Emergence of infectious diseases is complex
 Infectious diseases are dynamic
 Most new infections are not caused by genuinely new pathogens
 Agents involved in new and reemergent infections cross taxonomic lines
 The concept of the microbe as the cause of disease is inadequate and incomplete
 Human activities are the most potent factors driving disease emergence
 Social, economic, political, climatic, technologic, and environmental factors shape disease 

patterns and influence emergence
 Understanding and responding to disease emergence require a global prospective, 

conceptually and geographically
 The current global situation favors disease emergence

Wilson ME.  Emerging Infectious Diseases 1995;1:39.



OUTBREAKS AND EPIDEMICS IN AFRICA, WHO, 1970-2016

apps.who.int/iris/bitstream/1066
5/206560/1/97892902330844.p
df 

apps.who.int/iris/bitstream/10665/206560/1/97892902330844.pdf 



VISITORS TO THE US, 2019
Country Visitors (millions)
Canada 12.7
Mexico 18.1
UK 4.8
Japan 3.8
China 2.8
S. Korea 2.3
Brazil 2.1
Germany 2.1
France 1.8
India 1.5

https://travel.trade.gov/outreachpages/download_data_t
able/Fast_Facts_2019.pdf
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SOURCES OF EXOTIC DISEASES

 Travel
 Animal exposure (zoonotic diseases)
 Exposure via travel, leisure pursuits (hunting, camping, fishing), occupation 

(farming), pets
 Bioterrorist agents
 Research
 Exposure via laboratory work or animal care



FACTORS INFLUENCING NEW
AND REEMERGING ZOONOSES

Cutler SJ et al.  Emerg Infect Dis 2010;16:1-7







http://web.stanford.edu/group/parasites/ParaSites2012/Lassa%20Libby%20Burch
/LassaEbolaMarburg_LibbyBurch_3-8-2012.htm

http://web.stanford.edu/group/parasites/ParaSites2012/Lassa%20Libby%20Burch


WHO LIST OF PRIORITY DISEASES, 2015

 Arenaviral hemorrhagic fevers (including Lassa Fever)
 Crimean Congo Haemorrhagic Fever (CCHF)
 Filoviral diseases (including Ebola and Marburg)
 Middle East Respiratory Syndrome Coronavirus (MERS-CoV)
 Other highly pathogenic coronaviral diseases (such as Severe Acute Respiratory Syndrome, 

(SARS)
 Nipah and related henipaviral diseases
 Rift Valley Fever (RVF)
 Severe Fever with Thrombocytopenia Syndrome (SFTS)
 Zika



Weber DJ,…Sickbert-Bennett E.  Am J Infect Control 2016;44:e91-e100



FOUR PHASES OF EPIDEMICS
AND RESPONSE INTERVENTIONS



KEY CONSIDERATIONS IN ASSESSING AND MANAGING THE 
THREAT OF AN EMERGING INFECTIOUS DISEASE

 Pathogen
 Taxonomy (provides clues regarding transmission 

routes, environmental stability, germicide 
susceptibility)

 Hosts
 Epidemiology

 Locations of endemicity (i.e.,  locations in the world 
where sources or reservoirs reside)

 Incubation period
 Transmission routes
 Infectivity (i.e.,  communicability)
 Duration of infectivity

 Clinical
 Symptoms
 Signs
 Risk factors for acquisition of infection
 Morbidity
 Mortality
 Risk factors for morbidity and mortality
 Diagnostic methods (sensitivity, specificity, 

biosafety)
 Therapy (availability, efficacy, safety)

Weber DJ, et al.  Am J Infect Control 2016;44:e91-100







HOW CONTAGIOUS ARE DIFFERENT
INFECTIOUS DISEASES

http://www.npr.org/blogs/health/2014/10/02/352983774/no-seriously-how-contagious-is-ebola



KEY CONSIDERATIONS IN ASSESSING AND MANAGING THE 
THREAT OF AN EMERGING INFECTIOUS DISEASE

 Infection Prevention
 Environmental survival
 Germicide susceptibility
 Isolation recommendations
 Recommended personal protective equipment
 Pre-exposure prophylaxis (availability, efficacy, 

safety)
 Postexposure prophylaxis (availability, efficacy, 

safety)
 Recommended biosafety level in the laboratory
 Recommended waste disposal (liquids and solids

 Managing a pandemic
 Sensitive and specific (ideally rapid) diagnostic test
 Early identification of patients
 Protecting our healthcare personnel (PPE, 

donning, doffing)
 Sufficient staff, inpatient/ICU beds, ventilators
 Managing shortages

Weber DJ, et al.  Am J Infect Control 2016;44:e91-100





Leroux-Roels G, et al.  Prospectives in vaccinology 2011;1:115



IMPORTANCE OF 
REPRODUCTIVE NUMBER

Woolhouse MEJ, Gowtage-Sequeria S.  EID 2005;11:1842



COMMUNITY PROTECTION (HERD IMMUNITY)

National Institute of Allergy and Infectious Diseases. Community immunity. 
niaid.nih.gov/topics/pages/communityimmunity.aspx. Accessed March 19, 2012. 
Courtesy: National Institute of Allergy and Infectious Diseases.



COMMUNITY PROTECTION ll (HERD IMMUNITY)

National Institute of Allergy and Infectious Diseases. Community immunity. 
niaid.nih.gov/topics/pages/communityimmunity.aspx. Accessed March 19, 2012. 
Courtesy: National Institute of Allergy and Infectious Diseases.



COMMUNITY PROTECTION (HERD IMMUNITY) lll

National Institute of Allergy and Infectious Diseases. Community immunity. 
niaid.nih.gov/topics/pages/communityimmunity.aspx. Accessed March 19, 2012. 
Courtesy: National Institute of Allergy and Infectious Diseases.





PREVENTING TRANSMISSION OF AN INFECTIOUS 
DISEASE REQUIRES UNDERSTANDING THE CHAIN 

OF TRANSMISSION

Shenoy ES, Weber DJ. ICHE 2021;42:457-460



COVID-19 AROUND THE WORLD

https://www.bbc.com/news/world-51235105



CURRENT EPIDEMIOLOGY OF COVID-19, US, CDC

https://www.bbc.com/news/world-51235105 https://covid.cdc.gov/covid-data-tracker/#county-view

10 Dec (7 days ave.): Cases ~118,515 (+37%); deaths ~1,092 
(+28%); hospitalizations, 7,441 (+16%)

Dec. 10 (7 day metrics)
Cases: 3,989
8-9.9% positive
Hosp admits, ~32



WHATS DRIVING THE CURRENT COVID-19 CASES
 Exponential increase in Delta variant (>98% of US cases)
 Delta: Increased transmissibility, increased virulence, decreased protection from 

vaccines for symptomatic infection (but good protection against severe disease)
 Vaccine hesitancy and resistance
 Resumption of Fall activities and holidays
 Reinfections after COVID-19 and breakthrough infections in fully vaccinated
 Political resistance to COVID-19 mitigation strategies (e.g., masks) and COVID-19 

fatigue
 Delta variant may also cause more severe disease

 Canada: Higher odds of hospitalization [aOR 2.20 (CI 1.93-2.53)], ICU admission [aOR 3.87 
(CI 2.98-4.99)], and death [aOR 2.37 (CI 1.50-3.30)]1

 Singapore: Higher odds of oxygen requirement, ICU admission, or death [aOR 4.90 (CI 
1.43-30.78)] and pneumonia [aOR 1.88 (CI 0.95-3.76)2

 Scotland: Higher odds of hospitalization [HR 1.85 (CI 1.39-2.47)]3

 Current threat = Omicron: reported >40 countries, ~25 states; escape from 
most mABs and natural immunity; reduced coverage by vaccines

https://covid.cdc.gov/covid-data-tracker/#variant-proportionshttps://covid.cdc.gov/covid-data-tracker/#variant-proportions





Deaths from COVID-19
and Other Pandemics and Wars, US
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Deaths from Wars and Pandemics

COVID-19 deaths, 8/31/21, source: https://coronavirus.jhu.edu/map.html
COVID-19 estimates (21/1/21: https://covid19.healthdata.org/united-states-of-america?view=cumulative-deaths&tab=trend 



Leading Causes of Death, US, 2015-2020

Ahmad FB, Anderson RN.  JAMA ;325:1829-30;
https://www.healthsystemtracker.org/brief/covid19-and-other-leading-causes-of-death-in-the-us/

TOTAL DEATHS: US, ~723,000
World, ~4,890,000 

Number dying each day: Heart disease, 2,000; 
cancer 1,600; COVID-19 Sept, 1,899



IMPACT OF 1918-19 INFLUENZA AND COVID-19 
PANDEMICS ON DEATH RATES AND LIFE EXPECTANCY, US

Chan EYS, et al.  PLoS One 2021;1 September

Andrasfay T, Goldman N.  PNAS 
2021;118:No. 5 e2014746118



SARS-CoV-2 SEROPREVALANCE, US
 Goal:  Assess SARS-CoV-2 seroprelavence based on blood donations, 7/20-5/21
 Methods: Repeated cross-sectional study that included 1,443,519 blood donation 

specimens from a catchment area representing 74% of the US population
 Results: Estimated SARS-CoV-2 seroprevalence weighted for differences between 

the study sample and general population increased from 3.5% in July 2020 to 20.2% 
for infection-induced antibodies and 83.3% for combined infection- and vaccine-
induced antibodies in May 2021. Seroprevalence differed by age, race and ethnicity, 
and geographic region of residence, but these differences changed over the course 
of the study

Jones JM, et al JAMA 2021;2 Sept.



The Impact of Coronavirus on Households Across America,
Robert Wood Johnson Foundation, SEPTEMBER 2020 

 At least half of households in the four largest U.S. cities—New York City (53%), Los Angeles (56%), Chicago (50%), and Houston 
(63%)—report serious financial problems including depleted savings, and trouble paying bills or affording medical care.

 Many of these experiences are concentrated among Black and Latino households; households with annual incomes below 
$100,000; and households experiencing job or wage losses since the start of the outbreak.

 At least four in ten Latino, Black, and Native American households report using up all or most of their household savings during this 
time.

 One in five households in the United States (20%) report household members unable to get medical care for serious problems. A
majority unable to get care when needed (57%) report negative health consequences as a result.

 More than 1 in 3 households that include anyone with a disability report facing serious financial problems, many experiencing
difficulty affording utilities and food.

 More than one in three (36%) households with children face serious problems keeping their children’s education going, and among 
working households, nearly one in five (18%) report serious problems getting childcare when adults need to work.

 About one in three households with children (34%) either do not have a high-speed internet connection at home or report serious 
problems with their connection while doing schoolwork or their jobs during the pandemic.

https://www.rwjf.org/en/library/research/2020/09/the-impact-of-coronavirus-on-households-across-america.html



IMPACT OF COVID, WORLDWIDE AND US

https://www.census.gov/library/stori
es/2021/03/initial-impact-covid-19-
on-united-states-economy-more-
widespread-than-on-mortality.html

https://www.brookings.ed
u/research/social-and-
economic-impact-of-
covid-19/

Effect of COVID-19 pandemic lockdowns on planned cancer surgery for 15 tumour types in 61 
countries: an international, prospective, cohort study, Lancet Oncology 2021

https://blogs.worldbank.org/voices/2020-year-review-impact-
covid-19-12-charts



COVID-19 CASES/DEATHS, DISPARITIES, US

https://covid.cdc.gov/covid-data-tracker/#demographics https://covidtracking.com/race



COVID-19 VACCINATION, US

https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html

https://covid.cdc.gov/covid-data-tracker/#vaccination-trends

Number 50

https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total


IMPACT OF COVID-19 VACCINES ON DEATHS, US

https://www.healthsystemtracker.org/brief/covid19-and-other-
leading-causes-of-death-in-the-us/

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status



KFF COVID-19 Vaccine Monitor
https://www.kff.org/coronavirus-covid-19/dashboard/kff-covid-
19-vaccine-monitor-dashboard/

DISPARTITIES IN VACCINE ACCEPTANCE

https://www.mckinsey.com/business-functions/risk-and-resilience/our-insights/covid-
19-implications-for-business



LONG-COVID-19 SYNDROME

Raveendran AV, et al.  Diabetes & Metabolic Synrome: Clinical Research and Reviews 2021;15:869-875



FREQUENCY AND SYMPTOMS OF LONG-COVID-19
 Goal: Assess long-COVID-19 in large EMR database
 Methods: Retrospective cohort study using EMR data from 81 million 

patients, 273,618 COVID-19 survivors; incidence within 6 months 
and 3-6 months after diagnosis

 Results: Among COVID-19 survivors (mean [SD] age: 46.3 [19.8], 
55.6% female), 57.00% had one or more long-COVID feature 
recorded during the whole 6-month period (i.e., including the acute 
phase), and 36.55% between 3 and 6 months.
 1 in 3 patients had one or more features of long-COVID recorded 

between 3 and 6 months after a diagnosis of COVID-19. This was 
significantly higher than after influenza.

 2 in 5 of the patients who had long-COVID features in the 3- to 6-month 
period, had no record of any such feature in the previous 3 months.

 The risk of long-COVID features was higher in patients who had more 
severe COVID-19 illness, and slightly higher among females and young 
adults. White and non-white patients were equally affected.Schmidt C.  Nature Biotechnology 2021;39:908-913

Taquet M, et al.  PLOS Medicine 2021;28 September



Factors affecting acquisition 
of a viral respiratory infection
1. Virus must survive drying and UV
2. To cause infection, virus must be 

delivered in infectious dose (i.e., 
survive dispersal/dilution)

Risk reduced by:
1. Vaccine receipt
2. Infected persons wearing a mask
3. Non-infected persons wearing a 

mask
4. Physical distancing
5. Hand hygiene
6. Surface disinfection

https://scoeh.ch/de/kontakt/



TRANSMISSION OF SARS CoV-2

 Aerosol/Droplet (<6 feet) most important mode of 
transmission

 Aerosol (>6 feet) demonstrated indoor with directional 
airflow and poor ventilation (less important that short 
distance transmission)

 Other modes: Direct contact and indirect (via the 
contaminated environment)

 Pre-symptomatic (i.e., up to 48 hours before person 
develops symptoms) and asymptomatic transmission well 
documented – important in maintaining pandemic

 Transmission via blood not demonstrated; via stool (very 
rare; single outbreak linked to plumbing)

 Delta has identical transmission mechanisms
 Prevention - In hospital, adhere to Universal Pandemic 

Precautions
Otter JA, et al. J Hosp Infect 2016;92:235-50
Otter JA,…Weber DJ. J Hosp Infect 2016;92:235-50



HIERARCHY OF RESEARCH DESIGNS
& LEVELS OF SCIENTIFIC EVIDENCE

https://sites.google.com/site/evidencebasedd/types-of-pyramid



COVID-19 Mitigation Strategies
 Mitigation strategies developed specifically for COVID-19 prevention: Supported by high-quality scientific studies

 COVID-19 vaccines: Supported by efficacy and safety RCTs, and effectiveness trials (cohort, case-control)*^
 Universal pandemic precautions:  Supported by laboratory studies, and cohort and case-control studies (plus meta-

analyses)*
 Masking while in the facility
 N95 respiratory when providing care for known or suspected COVID-19 patients or for aerosol generating procedures
 Eye protection with direct patient contact (and for AGPs)

 Physical distancing (ideally, >6 feet; minimally, >3 feet) – especially important when not masked*^
 PPE monitors or buddies to aid in appropriate donning and doffing of PPE*
 Monoclonal antibodies for pre- and post-exposure prophylaxis (PEP)*^

 Mitigation strategies standard in healthcare facilities; especially important for communicable diseases*^
 Hand hygiene and surface disinfection: Supported by experience with viral respiratory pathogens, survival of SARS-

CoV-2 on hands and environmental surfaces, and antiseptic/disinfectant susceptibility
 Contact tracing with isolation and quarantine as indicated
 Wellness self-checks (prior to coming to work) with evaluation by occupational health if positive 

**Healthcare facility prevention strategies, ^Community prevention strategies 



Escandon K, et al. BMC Infect Dis 2021;21:710

RATIONALE BEHIND COVID-19 MITIGATION 



Employee COVID Trends and Mitigation, UNC, US

 From April 1, 2020, through February 15, 2021, UNC-MC admitted 1,427 COVID-19 positive patients within 
the high-risk containment zones; within these units there were only 2 possible healthcare-associated COVID-
19 transmissions

 In the last month (July 11-Aug 12), 83 new positive employees; 49 among fully vaccinated; only 2 cases 
possibly healthcare-associated (UNC Medical Center, facility-wide)
 Five times increased number of cases from previous month 
 Transmission primarily occurring in community; workplace strategies are effective – masking, vaccination, 

physical distancing when eating/drinking, staying home when sick
 Vaccination and Universal Pandemic Precautions important prevention strategies for our healthcare 

providers and patients (remember to wear eye protection when in patient rooms)
 For aerosol generating procedures, PPE includes an N95 respirator (or PAPR) plus eye protection

Summerlin-Long S, et al.  Am J Infect Control 2021;17 Aug



VALUE OF MASK WEARING, PHYSICAL DISTANCING, 
AND HAND HYGIENE 

 Goal:  To assess effectiveness of PPE to prevent acquisition of SARS-CoV-2 infection
 Methods: Case control study, 211 cases and 839 controls, Thailand
 Results:

 Wearing a mask at all times during contact was independently associated with lower risk for SARS-CoV-2
 Gender, age group (<15, 16-40, 41-65, >65), contact place (night club, boxing stadium, workplace, household, 

others), sharing dishes or cups – NOT significant
 Shortest distance of contact (physical contact, <1m, >1 m), duration of contact within 1m (>60min,16-60min, 

<15min), sharing cigarettes (N, Y), handwashing (none, sometimes, often), type of mask (none, nonmedical only, 
nonmedical and medical, medical only), and compliance with mask wearing (never, sometimes, always) –
SIGNFICANT REDUCTION IN RISK OF ACQUIRING COVID-19

 Maintaining >1m distance from a person with COVID-19, having close contact for <15 minutes, and frequent 
handwashing were independently associated with lower risk for infection. 

Doung-ngern P, et al.    EID 2020 Nov



Community SARS-CoV-2 Surge and Within-School Transmission
Kanecia O. Zimmerman, MD, MPH; M. Alan Brookhart, PhD; Ibukunoluwa C. Kalu, MD; Angelique E. Boutzoukas, MD; 

Kathleen A. McGann, MD; Michael J. Smith, MD, MSCE; Gabriela M. Maradiaga Panayotti, MD; Sarah C. Armstrong, MD; 
David J. Weber, MD, MPH; Ganga S. Moorthy, MD; Daniel K. Benjamin, Jr., MD, PhD; for The ABC Science Collaborative

 Results: More than 100,000 students and staff from 13 school districts 
attended school in-person; of these, 4,969 community-acquired SARS-
CoV-2 infections were documented by molecular testing. Through 
contact tracing, NC local health department staff identified an additional 
209 infections among >26,000 school close contacts (secondary attack 
rate <1%). Most within-school transmissions in high schools (75%) were 
linked to school-sponsored sports. School-acquired cases slightly 
increased during the surge; however, within-school transmission rates 
remained constant, from pre-surge to surge, with approximately 1 
school-acquired case for every 20 primary cases.

 No district implemented large scale overhaul of their ventilation systems; 
none installed HEPA filters or UVGI; only 1 upgraded filters 

 Summary:  During the 2020–2021 winter surge of SARS-CoV-2 in North 
Carolina, K–12 within-school transmission remained extremely low 
among districts implementing basic mitigation strategies. 

Pediatr 2021;   DOI: 10.1542/peds.2021-052686

Rate of Expected Secondary Infections /100 Primary Cases (95% CI), by Grade Level



SCHOOL SAFETY, MASKING AND THE DELTA VARIANT
 Goal: Assess K-12 school safety in the Delta era
 Methods: Study time, 14 June-13 August 2021, NC; mitigation (<3ft 

recommended, mask mandate, quarantine for contacts)
 Results: Participants = 20 school districts, 783 schools, 59,561 

students, 11,854 staff.  No schools closed as result of COVID-19. 
The community-acquired-to-within-school-acquired infection ratio 
was ~12.4 (808/64). The estimated secondary attack rate was 2.6% 
(64 secondary infections/2,431 quarantined close contacts). 

Boutzoukas A, et al.  Pediatrics 2021;8 Oct.



Recommended COVID-19 Mitigation Strategies
That Lack Supportive Evidence

 Improved or enhanced ventilation: Installation of higher efficiency air filters, improved air exchanges, 
introduction of larger amounts of fresh air, in-room HEPA devices, and/or upper-room ultraviolet germicidal 
irradiation devices

 Routine COVID-19 testing of asymptomatic persons; might be useful in some community settings (e.g., 
sports teams, universities) – not a mitigation strategy but an early detection strategy for limiting transmission 
when coupled with contact tracing and isolation/quarantine – evidence does NOT suggest useful for HCP

 Plexiglass barriers
 Routine COVID-19 testing prior to aerosol generating procedures (excluding patients undergoing major 

surgery)



THE COVID-19 PANDEMIC:
LOOKING BACK AND LOOKING FORWARD, US RESPONSE

Missteps and Misinformation in US Pandemic Response
 Lack of a centralized, coordinated Federal response
 Executive Branch consistently minimized and trivialized 

risk of COVID-19
 US Public Health infrastructure woefully inadequate
 Slow development and scale-up of rapid, accurate, and 

widely available testing
 Inaccurate initial assumptions about transmission: Failure 

to focus on aerosol transmission; failure to recognize the 
importance of asymptomatic and pre-symptomatic spread

 Inadequate stockpiles of PPE and failure to rapidly ramp up 
production

 Initial failure to recommend masking by the public as a 
mitigation strategy

 Failure to initially focus on transmission in nursing homes

Major Remaining Pandemic Concerns
 Science denialism
 Politicization of pandemic response
 Vaccine hesitancy and resistance
 Vaccinations for children
 Evolution and spread of more highly transmissible and/or 

virulent variants
 Post-COVID-19 clinical issues
 Lack of public support for public health interventions (e.g., 

mask mandates) if /when another wave or new agent 
arrives

 Need for recurring boosters
 Unanticipated challenges
 Pandemic fatigue

Henderson D, Haessler S, Weber DJ.  ICHE 2021;2 August



CONCLUSIONS
 SARS-CoV-2 is now endemic – major threats include emergence of new variants, resistance to mitigation strategies, especially 

vaccine resistance
 A coordinated political and public health response is required to manage COVID-19 and prepare for the next pandemic (it is not a

question of whether we will have another pandemic but only a question of when)
 COVID-19 mitigation strategies of proven benefit in healthcare facilities include COVID-19 vaccines, universal pandemic precautions 

(e.g., masking, eye protection), and physical distancing
 All of the above mitigation strategies are of value in the community as well – all work despite emergence of new SARS-CoV-2 

variants
 Strategies to prevent infectious disease transmission that are also recommended to reduce risk of SARS-CoV-2 transmission include 

hand hygiene, surface disinfection, and contract tracing (with as appropriate, isolation and quarantine)
 COVID-19 mitigation strategies that have been recommended, but for which scientific evidence of benefit is lacking, include improved 

ventilation, routine testing of asymptomatic HCP, Plexiglass barriers, and routine testing of asymptomatic patients prior to outpatient 
procedures
 High quality research studies should be conducted to determine the benefits, if any, of these recommended pratices
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