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 Disclosure
I do not plan on referencing any un-licensed pharmaceutical products, nor off-license use of any such products.

In the last 24 months I have had the following relationships with commercial entities:

COMPANY     FINANCIAL RELATIONSHIP
Moderna vaccines   Scientific Advisor
Sanofi vaccines    Scientific Advisor
Merck vaccines    Scientific Advisor
Pfizer  vaccines    Scientific Advisor
GSK vaccines    Scientific Advisor
Centers for Disease Control  Co-investigator, Research
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Objectives
• Discuss current global communicable disease surveillance & 

limitations
• Examine epidemiology of significance for resurgent vaccine-

preventable diseases
– Measles
– Polio 

• Consider the impacts of decreasing immunization rates globally
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Global Disease Surveillance – recent history
• ProMed 1993

– First global infectious disease surveillance network, emerged from IOM 1992 Forum on Microbial Threats

• Global Public Health Information Network (GPHIN) 1997
– Initiated by WHO, Health Canada & European Commission’s Medical Intelligence System (MedISys)

• WHO Global Outbreak Alert & Response Network 2000
– “Network of networks”

• Global Measles & Rubella Laboratory Network (GMRLN) 2001
– 760 regional, national & sub-national labs (funding recently cut by US govt)
– Had been proposed to expand surveillance into all vaccine preventable disease

• HealthMap 2006
– freely accessible, automated, collects from multiple web-based sources

https://www.ncbi.nlm.nih.gov/books/NBK52873/
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Wastewater Surveillance
• provides early detection of increasing cases
• independent from medical systems
• fast and efficient
• national coverage
• used to track emerging health threats
• can be used to track changes in health threats
• complementary to other public health surveillance data

https://www.cdc.gov/nwss/about.html

w w w.thelancet.com /lancetgh Vol 11 June 2023
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https://www.who.int/emergencies/disease-outbreak-news
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• Also tracking:
– Hemorrhagic fevers

• Lassa, Marburg, Sudan, 
Ebola?

– Avian influenza & H5N1
– Various arboviruses

• Zika, Oropouche, 
Dengue, yellow fever

– New world screwworm
– Diphtheria
– Pertussis

https://www.cdc.gov/outbreaks/index.html 11
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Measles Characteristics
• Classic symptoms

– Typical incubation 10-12 days, but can be 7-21 days
– Symptoms usually start around 14 days after infection
– Fever (up to 105F) + generalized maculopapular rash + one of the “3 C’s”

• 3 C’s: Cough, coryza (runny nose), conjunctivitis
– Clues to measles:

• Prodrome of fever and at least 1 of 3 C’s often starts 2–4 days before rash
• Rash starts on head or face and spreads downwards
• Fever continues through onset of rash, often peaking when the rash starts

• Measles rare in vaccinated people, especially with 2 MMR doses
– 1 dose generally provides 93% protection, and 2 doses provides 97% 

protection from measles infection

https://www.cdc.gov/measles/hcp/clinical-overview/
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Measles

https://www.cdc.gov/measles/hcp/clinical-overview/
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Measles

https://www.cdc.gov/measles/hcp/clinical-overview/
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Measles

https://www.cdc.gov/vaccines/vpd/mmr/hcp/recommendations.html
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Measles

https://www.cdc.gov/measles/hcp/clinical-overview/#cdc_clinical_overview_test_dia-diagnosis-and-laboratory-testing
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Measles

https://www.cdc.gov/measles/hcp/clinical-overview/
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https://www.nbcnews.com/health/health-
news/measles-infects-traveler-airport-gate-n382026

https://collections.mfa.org/objects/493224  
“The Sneeze” Harold Edgerton 1945
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Basic Reproductive Number (R0)
• Average number of secondary infections caused by introducing a single 

infected person (infectious individual) into an entirely susceptible population
• A value that shows how an infectious disease will spread in a population

Infected
 Person

Susceptible Person

Susceptible Person
Susceptible Person

R0 = 3   

I = Infected individual     
S = Susceptible individual (not-immune)          
       = Transmission
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Rates Needed for Herd Immunity
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> 80% à no large disease outbreaks
> 90% à eradication

Int Arch Otorhinolaryngol. 2018 Jul; 22(3): 317–329.
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https://w w w.who.int/im m unization/m onitoring_surveillance/burden/vpd/surveillance_type/active/m easles/en/
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SCIENCE 10 May 2019 Vol 364, Issue 6440 pp. 584-587 DOI: 10.1126/science.aau629
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Measles verification of ‘elimination’
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https://collections.mfa.org/objects/493224
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6033611/
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/measles/en/
https://doi.org/10.1126/science.aau6299
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Measles in the US - 2025
• 1168 cases cases

– 89% of cases linked to outbreaks 
– Children 5-18yo most affected = 38%
– Adults >19yo = 33%
– 95% unimmunized

• >150 hospitalizations (12% of known cases)
• 3 deaths (2 children 1 adult)
• 34 states with cases (latest South Dakota)

– 17 defined outbreaks (defined as 3 or more related cases)

https://www.cdc.gov/measles/data-research/index.html
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Impact of COVID 
pandemic 

• By MAY 2020, routine 
immunization 
activities had been 
disrupted globally

• Most due to health 
system suspension
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Measles Immunization Coverage (kindergarten)

https://www.cdc.gov/measles/data-research/index.html
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Global trends Measles dose #1 coverage rates in children 
(0-5 yrs) 204 countries: 1990-2019 & 2019-2021

International Journal of Infectious 
Diseases, 2025-07-01, Volume 156, 
Article 107908
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Measles Incidence Rate per Million (12M period)

H ig h est in c id en ce  ra tes

C o u n try C ases R ate

Kyrgyzstan 11080 1,541.89

Romania 21197 1,114.75

Yemen 21918 540.08

Kazakhstan 7654 371.69

Afghanistan 11186 262.29

Bosnia and 
Herzegovina 674 213.00

Liberia 1149 204.71

Iraq 9168 199.12

Azerbaijan 1520 147.05

Serbia 969 143.85

Notes: Based on data received 2025-05 - Surveillance data from 2024-04 to 2025-03 - Incidence: Number of cases / population * 1,000,000 - Population data: World population prospects, 2019 revision
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Measles case distribution by month and WHO Region (2017-2025)

168,190 cases 276,157 cases 541,401 cases 93,840 cases 59,619 cases 174,340 cases 321,877 cases 359,528 cases 62,513 cases

2017 2018 2019 2020 2021 2022 2023 2024 2025
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Based on data received 2025-05 - Data Source: IVB Database - This is surveillance data, hence for the last month(s), the data may be incomplete.
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Global Trends: Measles mortality rates in children
 (0-5 yrs) 204 countries: 1990-2019 & 2019-2021

International Journal of Infectious 
Diseases, 2025-07-01, Volume 156, 
Article 107908

35 36



6/10/25

7

37

JAMA. Published online April 24, 2025. doi:10.1001/jama.2025.6495
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https://data.wastewaterscan.org/
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Upcoming MMR, MR and Measles campaigns (2025-2026)
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Poliomyelitis Pathogenesis
• Entry into mouth, shed in stool
• Replication in pharynx, GI tract, local lymphatics
• Hematologic spread to lymphatics & central nervous system
• Viral spread along nerve fibers
• Destruction of motor neurons

42
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Sources: CDC image library,  AAP Red Book images, immunize.org
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Available polio vaccines

• Inactivated polio vaccine (IPV)
– Only polio vaccine used in the United States since 2000
– It is given by shot in the leg or arm, depending on the patient's age.

• Oral polio vaccine (OPV)
– No longer licensed or available in the United States
– Still used in many parts of the world.

• Anyone not fully vaccinated (or unsure) should have 1-2 doses 
prior to travel outside the US
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JID 2005:192 (15 December)
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Global Wild-type Polio Elimination
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April 17, 2009 / 58(14);357-362
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https://polioeradication.org/

• Type 2 wild poliovirus declared eradicated in September 2015
– last virus detected in India in 1999. 

• Type 3 wild poliovirus was declared eradicated in October 2019
– last detected in November 2012.

• Only type 1 wild poliovirus remains
• Circulating Vaccine-Derived Polioviruses

– cVDPV type 2 (cVDPV2) are the most prevalent
– cVDPV only form of the poliovirus that affects African Region
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Global Polio Update: 1 June 2025

Addressing Vaccine Hesistancy

52

Wastewater surveillance
• Wastewater testing can be used to:

– Define the geographic size and extent of the outbreak
– Determine where public health interventions should be focused
– Describe the frequency of poliovirus importations & circulation of 

poliovirus

• Detection of poliovirus in wastewater can:
– Indicate importation and when persistently detected, person-to-

person transmission of poliovirus

https://www.cdc.gov/polio/php/laboratories/wastewater-testing.html
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• September-December 2024 polio detected in wastewater:
– Spain, Poland, Germany, UK, Finland
– July 2024 detected in Gaza

• Vaccine-derived poliovirus type-2 (VDPV2)
– Based on the expected rate of nucleotide changes, had been 

circulating for >1 year
• No known cases or asymptomatic infections detected
• Communities responded with IPV catch-up campaigns

54
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JAMA. Published online April 24, 2025. doi:10.1001/jama.2025.6495
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Ten Great Public Health Achievements: United States  
1900 - 1999

Vaccination
   

 Motor-vehicle safety  
 

Safer workplaces

Control of infectious diseases

Decline in deaths from heart disease & stroke

Safer and healthier foods

Healthier mothers and babies

Family planning

Fluoridation of drinking water

Recognition of tobacco use as health hazard
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The Effects of Vaccine Hesitancy

https://www.who.int/emergencies/ten-threats-to-global-health-in-2019

58

The Challenge of Maintaining 
‘acceptance’ of  vaccines?

• High immunization rates lead to low disease incidence
• Low disease incidence leads to complacency about need to 

vaccinate
• Concerns about real (or perceived) adverse events associated 

with vaccines lead to vaccine hesitancy
• Diseases re-emerge as pathogens continue to circulate. 

59 60

https://www.who.int/emergencies/ten-threats-to-global-health-in-2019
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Our ultimate PUBLIC HEALTH goals:
Protect every individual & 

their community
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Access
Acceptance
Facts
Importance

Inconvenience
Confusion
Myths
Complacency

https://icon-library.com

https://www.allthescience.org/what-is-a-weight-scale.htm
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1.1% of students waived all vaccines in 2018-19, a 0.1% increase from 2017-18
Source: https://www.dhs.wisconsin.gov/immunization/data/index.htm

WISCONSIN & SCHOOL ENTRY WAIVERS for IMMUNIZATIONS
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SUPPORTING IMMUNIZATION: What Can You Do?
• Normalize: Talk about the importance of vaccines 

– The ‘presumptive’ approach to immunization
• Encourage questions & discussion

– Support science & scientific literacy
– Keep messaging clear & simple

• Support easy access to vaccines 
• Understand that misinformation still appears to 

be information to many…engage, don’t mock
• Provide reliable & accurate resources

https://icon-library.com
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