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Objectives Global Disease Surveillance - recent history

) _ ) ) ProMed 1993

Discuss current global communicable disease surveillance & — First global infectious disease surveillance network, emerged from [OM 1992 Forum on Microbial Threats
limitations 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”

Examine epidemiology of significance for resurgent vaccine-
preventable diseases

— Measles

— Polio Global Measles & Rubella Laboratory Network (GMRLN) 2001
R R . A A A — 760 regional, national & sub-national labs (funding recently cut by US govt)
Con5|der he ImpaCtS Of decreasmg immunization rates gIOba”y — Had been proposed to expand surveillance into all vaccine preventable disease

HealthMap 2006

elya le, automated, collects from multiple web-based sources

https://www.ncbi.nlm.nih.gov/books/NBK52873/
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AL~ 29 May 2025 | Anthrax- Thailand
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28 May 2025 | COVID-19 - Global Situation

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
Number of Wastewater Estimated US. Population

‘Sampling Sites Reporting to Covered by NWSS
NWSS in the Last Two Months

Explore Wastewater Data
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Influenza &

146,000,000
(3.0%)

Avian Influenza A(HS)

% Outbreaks

« Also tracking:
— Hemorrhagic fevers

* Lassa, Marburg, Sudan,
Ebola?

— Avian influenza & H5N1

— Various arboviruses
« Zika, Oropouche,
Dengue, yellow fever

— New world screwworm
— Diphtheria
— Pertussis

International Outbreaks

JUN2024  Oropouche

Dengue
MAY 2022 Mpox Outbreaks

JAN2020  Coronavirus Disease 2019 (COVID-19)

International Travel Health Notices
May 2025  Level 1 - Global Measles

MAY 2025 Level 1 - Global Dengue

MaY 2025 Level 2 - Chikungunya in the Region of the Indian Ocean
APR2025 Level 2 - Global Polio

APR2025 Level 2 - Yellow Fever in South America

APR2025  Level 1 - Oropouche in the Americas
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Disesse Outbresk News

Emergencies 20 May 2025 |

Fundng Opertions Paters
Disesse Outbresk News

16 May 2025 | Yellow fever - Region of the Americas

Disease Outbreak News (DONs)

Disesse Outbresk News

13 May 2025 | Measles - Morocco

Disesse Outbresk News
12May 2025 |

Disesse Outbresk News

12 May 2025 | Chikungunya - La Réunion and Mayotte

Disesse Outbresk News

28 Aprl 2025 | Measies - Region of the Americas.

Outbreaks

Travelers' Health

Travelers Health » Travel Notices > Global Mea

Tr lers Health
A TVl e Global Measles

Destinations
Level 4 - Avoid All Travel

Level 3 - Reconsider Nonessential Travel

| Travel Notices

Level 2 - Practice Enhanced Precautions
Global Measles

Level 1 - Practic al Precautions




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/

Measles

Rare complications

Encephalitis (1 in 1,000 children)

o Likely immune-mediated

e Supportive care

e Often mild/self-limited, but can have lasting sequelae
Subacute sclerosing pan-encephalitis (SSPE, 1 in 100,000)

o Mean time from infection to SSPE = 10 years

e Progressive deterioration in cognitive function, behavior a

myoclonus a autonomic dysfunction a non-responsive state
e May have seizures, rate of progression variable, often fatal

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

Diagnostic testing

e PCR testing (preferred)
o Throat or NP swab

Consider urine in addition to respiratory
samples (helpful later in course of
illness)
Ideally collected within three days of
rash onset, but can be collected for up
to 10 days

e Serology testing
o IgM tests for acute disease
o 1gG determines immunity

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

Measles

Complications

30% have one of more complications, Hospitalization: 1in 5
. A unvaccinated people
even in well-resourced settings with measles

e Diarrhea 8% Pneumonia: 1 in 20
ces . children with measles
e Otitis media 7% N
o Pneumonia 6% - Encephalitis: 1 in 1000
" N % " children with measles
e Viral or bacterial superinfection

Death: 1-3in 1000
children with measles

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

Measles

Recommendations for older child

Older children and adolescents who do not have two documented
doses of measles-containing vaccine are recommended to receive
two doses of vaccine, spaced appropriately.

« The minimum interval between MMR doses is 28 days.

« The minimum interval between MMRV doses is 3 months.

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

Measles

Measles post-exposure prophylaxis (PEP)

Measles post-exposure prophylaxis (PEP) can prevent or modify
disease after exposure.

o Recommended for unvaccinated contacts exposed to a measles
case

MMR vaccine

o Give within 72 hours

o Preferred PEP

Immune globulin (IG)

o Give within six days post exposure

o Contacts with high risk of complication

https://www.cdc.gov/measles/hcp/clinical-overview/
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Basic Reproductive Number (R,)

* Average number of secondary infections caused by introducing a single
infected person (infectious individual) into an entirely susceptible population

« Avalue that shows how an infectious disease will spread in a population

“The Sneeze” Harold Edgerton 1945

Susceptible Person

I = Infected individual Infected < sysceptible Person
n

S = Susceptible individual (not-immune) Susceptible Person
——»  =Transmission

https://www.nbcnews.com/health/health-
news/measles-infects-traveler-airport-gate-n382026
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. Measles Global annual reported cases and MCV1 coverage
Rates Needed for Herd Immunity 1980-2018

> 80% - no large disease outbreaks
>90% —> eradication

g
Table 6 Estimated herd immunity thresholds and critical vaccination coverage using generally accepted reproductive numbers for P
‘common vaccine-preventable diseases s H
Vaccine-Preventable Disease | Ro*%50 Herd Immunity Threshold (%)*' Critical Coverage™ (%)3' £ 2
Diphtheria ato5 79-84 H
Measles 111018 96-99 |
—_— —
Mumps 71014 50 to 98
Rubella 6014 87 t0 99
Ry values indicate the number of individuals that can be directly infected by one infectious case. Herd immunity thresholds are a function of this : §85883888388
value. Number of cases —e— Official coverage —e— WHO/UNICEF estimates
“*herd immunity thresholds are adjusted to account for vaccine effectiveness.
= (et = World Health

Organization

lotArch Otorhinolaryngol, 2018 Jul; 22(3): 317-329.
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Measles and the canonical path Measles verification of ‘elimination’

Science M to elimination

Matthew Graham', Amy K. Winter™s, Matthew Ferrari”, Bryan Grenfell™*,
‘William J. Moss’, Andrew S. Azman', C. Jessica E. Metcalf”, Justin Lessler'f

mean incidence per 1000 2

Verified
Eliminated

ndemic.
ot classified

_No da
Not available

@

coeffcient of varition
Fig. 2. Progression along the path of the world’s population. (A and B) The position along the
canonical pathis indicated by the corresponding color as shown in (A). The thickness of the gray
shading around the path is proportional to the log-population residing in countries reaching that point on
the path by 2017 (A) and 1990 (B). (C) Each country’s position along the path as of 2017.

SCIENCE 10 May 2019 Vol 364, Issue 6440 pp. 584-587 ~ ~ .10.1126/science.2au629.



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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Yearly measles cases
xios Measles in the US -
[T — Measies cases reported nthe U, 1994-2010 o

- 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)

ou oty srsas — 17 defined outbreaks (defined as 3 or more related cases)

https://www.cdc.gov/measles/data-research/index.html
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Top 10 countries with measles outbreaks

Reported status of Routine Immunization Impact of COVID
Country Number of Cases .
pandemic
Yemen 10487
Pakistan 8895
India 8397
Afghanistan 6255 Ey MAV. 2020, routine
Ethiopia 6188 lmmgruzatlon
Kyrgyzstar Eais activities had been
yrovastan c
disrupted globally
Romania 5583
Thailand 3675 Most due to health
] system suspension
Indonesia 3322 _
Nigeria 2482

Source: World Health Organization

This table is based on provisional monthly surveillance data reported to the World Health
Organization (Geneval as of May 2025, The data reflected covers October 2024 - April
2025 e — < Not appicacie
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Vaccine *

Journal nomepage: waw.slsevier.comflocate/vaceine

Global Health
January 19, 2021

Drop in Vaccination Causes Surge in Global
Measles Cases, Deaths

Bridget M. Kuehn, MSJ

Short communcation
Potential impact of COVID-19 pandemic on vaccination coverage in

children: A case study of measles-containing vaccine administration in (%5
the United States (US)

Cristina Carias **, Manjiri Pawaskar, Mawuli Nyaku®, James H. Conway", Craig S. Roberts*, Lyn Finelli*,
Ya-Ting Chen®

Table 1: Estimated 2020 measles-containing vaccination coverage rates (VCR) in the US as a function of
the relative difference between infants eligible for the 12-month visit and infants that attend for
different duration of stay-at-home orders (SAHO)

JAMA. 2021;325(3):213. doi10.1001/jama. 2020.26586

2020 Measles Vaccine coverage of infants born in 2019

F ailure to vaccinate children against measles has led to a 556% surge in the number of re-

ported cases and a 50% increase in deaths from the disease since 2016, according to the
World Health Organization (WHO).
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Measles Immunization Coverage (kindergarten) Global trends Measles dose #1 coverage rates in children
(0-5 yrs) 204 countries: 1990-2019 & 2019-2021

Measles Incidence Rate per Million (12M period) Measles case distribution by month and WHO Region (2017-2025)
2017 2018 2019 2020 2021 2022 2023 2024 2025

125000

33 34

Global Trends: Measles mortality rates in children
204 countries: 1990-2019 & 2019-2021

¥ =

Vaccine

Prediction of measles cases in US counties: A machine learning approach

36
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s JAMA | Original Investigation
e * ‘ Modeling Reemergence of Vaccine-Eliminated Infectious Diseases
Under Declining Vaccination in the US

Predici casles cases in US counties: A machine learning approach
Mathew V. Kiang, ScD: Kate M. Bubar, PhD; Yvorne Maldonado, MD; Peer J.Hotez, MD, P Nathan C. Lo, MD, PhD.

Stephanie A Lee Aanador”, Janes H. onmy

Figure 4. Stat . Rubella, Diphtheria, and Poliovirus Under a 25% Decline
In Routine Childhood Vaccination Over 25 Years in the US

[&] Measles (current state-level vaccination levels: 87.7%-95.6%)

=

Cumulative cases per 100000

I
1
-

H 10 15
No. of states

JAMA. Publshed online April 24, 2025. doi:10.1001/jama.2025.6495.
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Wastewater is now helping track measle Upcoming MMR, MR and Measles campaigns (2025-2026)
spread around the US

oy bt

Measles, Participating Sites Nationwide -

£ Save to Grid

oot e
Osaatsion o

M Measles B MR [ No campaign planned [ Not applicable

https://data.wastewaterscan.org/
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ﬁ' €| outbreaks Poliomyelitis Pathogenesis

. Entry into mouth, shed in stool
Travelers' Health Replication in pharynx, Gl tract, local lymphatics
Hematologic spread to lymphatics & central nervous system
Viral spread along nerve fibers

Travelers Health > Travel Notices > Global Polio

Destruction of motor neurons

z 1 ™~

A Travelers Health

Global Polio

Destinations ‘
Level 4 - Avoid All Travel "

Travel Notices Level 3 - Reconsider Nonessential Travel

Level 2 - Practice Enhanced Precautions

Level 1 - Practice Usual Precautions ‘ ‘ y Y W U RLD DAY

—OCTOBER 24—

Global Polio

Advice for Travelers
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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

Sources: CDC image library, AAP Red Book images, immunize.org

—United States, 1950-2002 Poliomyelitis—United States, 1980-2002

Inactivated vaccine

B VAPP O Imported

Change to IPV
Live oral vaccine
Last indigenous case
0

1950 1956 1962 1968 1974 1980 1986 1992 1998

1984 1988 1992 1996 2000

Effect of Different Vaccination Schedules
on Excretion of Oral Poliovirus Vaccine Strains

Global Wild-type Polio Elimination

Maijid Laassri, Kathleen Lottenbach,* Robert Belshe,' Mark Wolff? Margaret Rennels,’ Stanley Plotin.
and Konstantin Chumakoy'

Percontage of PCR-positive samples

> £

[ P —
\q:L N L N . il
Countries that have eliminated polio Countries that have eliminated palio

“As of May 3,2012

< I counvesthatave ever eliminated polo

JID 2005:192 (15 December)
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.M.MWR April 17, 2009 14);357-362

P[]l_l[]grlzgg'l%mw

INITIATIVE
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

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

6/10/25

Wild Poliovirus - 2011

Excludes viruses detected from environmental survellance
OwaathQss o 180t 2011 and vaccine derived polioviruses.

Global Polio Update: 1 June 2025

[ oiovirs detected witnin
the last 12 months

[€B€]  Morbidity and Mortality Weekly Report (MMWR)

Notes from the Field: Detection of Vaccine-Derived Poliovirus Type 2 in
Wastewater — Five European Countries, September-December 2024

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
Update: Wastewater poliovirus detections in
the EU: a call for continued surveillance and
maintaining high vaccination coverage rates

_ European Centre for Disease Prevention and
jc Control

== An agency of the European Union
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JAMA | Original Investigation . . .
Modeling Reemergence of Vaccine-Eliminated Infectious Diseases Ten Great Public Health Achievements: United States
Under Declining Vaccination in the US 1900 - 1999

Mathew . Kiang,ScD: Kate M. Bubar, P Yvonine Maldonado, MD: Peter . Hotez, M, Ph: Nathan C. Lo, M PhD /\

% ‘April2,1999 1 Vol. 48/ No. 12 -
-
~
EEET RO

5] Poliomyalits (crrent stae-tvel vaccnaton lvels: 89.75-57.0%)
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Health Topics v Countries v Newsroom v Emergencies v

Increases in vaccine- The Effects of Vaccine Hesitancy

preventable disease
outbreaks threaten years of

progress, warn WHO, UNICEF, WHO Added
Gavi - The )

Anti-Vaccine
Agencies call for i i inii

Movement As A
- Top 10 Health
WHO's Top 10 Global Threat Of 2019

ith Threats For 2019

efforts amidst looming funding cuts

24 April 2025 | News release | Geneva, Switzerand; New York, United States of America

Symptoms and Transmission How Measles Atacks Do You Need a Booster?

Trump Budget Eliminates Funding for
Ehe New lork Times Crucial Global Vaccination Programs

‘The spending proposal terminates support of health programs
that, according to the proposal, “do not make Americans safer.”

57

The Challenge of Maintaining

‘acceptance’ of vaccines? e CATN  Antivaccine-Antiscience

THE MISTRUST OF SCIENCE Ecceystens andEmpires

Q) 5555 e

High immunization rates lead to low disease incidence

Low disease incidence leads to.complacency about need to

vaccinate V2.0 V3.0

Politicization
“Health
Freedom” “The Empire”

V.10
Vaccines and
Autism

Globalization

Concerns about real (or perceived) adverse events associated

with vaccines lead to vaccine hesitancy.

Diseases re-emerge as pathogens continue to circulate.

60
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https://www.who.int/emergencies/ten-threats-to-global-health-in-2019

Influencer
Culture

Individualism

inaccessible \ contrary

opinions
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May 2021

Exemptions Permitted to School and Child Care
&\V Immunization Requirements

‘Type of Exemptions Permitted
B edical, Religious, Personal Belief

[ Medical, Religious.
I Medical, Porsonal Beliet Lfuaona:  Persona etaf exempton permited o schootony
[ Medical only +Virinia: ol eV,
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SUPPORTING IMMUNIZATION: What Can You Do?

Normalize: Talk about the importance of vaccines

— The ‘presumptive’ approach to immunization

i,
SPEAK

Encourage questions & discussion
— Support science & scientific literacy

— Keep messaging clear & simple

Support easy access to vaccines U P

AND

FIGHT
:7.Y0] ¢

https://icon-library.com

Understand that misinformation still appears to
be information to many...engage, don’t mock
Provide reliable & accurate resources
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Our ultimate PUBLIC HEALTH goals:
Protect every individual &
their community

Inconvenience
Confusion
Myths
Complacency
Acceptance

Facts
Importance

| inprocess
0.6% M\M,\/_ Gy mesera

WISCONSIN & SCHOOL ENTRY WAIVERS for IMMUNIZATIONS

Waiver
,, (Medical,
5.3% Religious
Personal

convieion)  SCchool Waiver Rates

[— NSEENPR———

Behind
1.6% Schedule

1.1% of students waived all vaccines in 2018-19, a 0.1% increase from 2017-18
Source: https://www.dhs. il i izati i htm

64

11



