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A Brief History of The Expanded
Program on Immunization(EPI)*

Neal A. Halsey

* 2024 Essential Programme on Immunization



EPI was Established Because of the Successful
Smallpox Eradication Program
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Measles and Smallpox Eradication
Ghana 1970s

AL Rosenbloom. Used with permission.



Ralph(Rafe) Henderson
First Director of EPI

+ Established:

+ Global management

- Standardized
assessments of
coverage

« Recommended schedule

* Programs in all countries

Immunizing the children of the world: progress and prospects.
Bull World Health Organ. 1988; 66(5): 535-543.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2491189/

DTP is the Backbone

Diphtheria




EPI Founded in 1974

WHO initially supported programs and
personnel

Estimated coverage DTP3 by 12 months
1974 no good measure(~5%7)

1980 ~20%

1984 ~41%

1989 ~75%

Henderson RH et al. Bull World Health Organ. 1988;66(5):535-43



EPI Immunization Schedule
Established 1984

Birth BCG, OPV (Fndeme )
6 wks DTP, OPV
10 wks DTP, OPV
14 wks DTP, OPV
9 months Measles
(Yellow Fever)
Women of
Childbearing age Tetanus Toxoid

Halsey NA, Galazka A. The efficacy of DPT
and oral poliomyelitis immunization schedules
initiated from birth to 12 weeks of age.

Bull WId HIlth Org: 63:1151-69, 1985.



Logistical issues in establishing
EPI Clinics

* farm1.static.flickr.com/141/329026396_ad24600



Large Scale Transportation and Storage
Issues Overcome

www.msf.ca

WHO EPI



Some Areas are Hard to Reach
Himalayan Region Pakistan




Adding Vaccines to EPI Programs

1976

TB (BCG)
Diphtheria
Tetanus
Pertussis
Polio - OPV
Measles

(Yellow Fever)

2024
Hepatitis B
H. influenzae type b(Hib)
Pneumococcal

Influenza-pregnant
women

Polio-IPV
Rotavirus

HPV
Pneumcoccal

(Rubella,Mumps)
(Meningococcal)

COVID-19



Coverage with DTP3 containing vaccines, by country income
levels, 1980-2017
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		Regional_grouping		Regional_grouping_value		Years		Vaccine		Regional_numerator		Regional_denominator		Regional_coverage_rate		nonimmunized

		Global		Global		1980		DTP3		17954473		108606671		17		90652198

		Global		Global		1981		DTP3		21957421		110403228		20		88445807

		Global		Global		1982		DTP3		24984545		112408414		22		87423869

		Global		Global		1983		DTP3		40543642		114471712		35		73928070

		Global		Global		1984		DTP3		49128307		116480706		42		67352399

		Global		Global		1985		DTP3		55764158		118299947		47		62535789

		Global		Global		1986		DTP3		60594416		119810825		51		59216409

		Global		Global		1987		DTP3		66103811		120975494		55		54871683

		Global		Global		1988		DTP3		76950191		121775765		63		44825574

		Global		Global		1989		DTP3		83432705		122211959		68		38779254

		Global		Global		1990		DTP3		92311326		122316005		75		30004679

		Global		Global		1991		DTP3		86755181		122206854		71		35451673

		Global		Global		1992		DTP3		88347388		126457899		70		38110511

		Global		Global		1993		DTP3		88660140		126307140		70		37647000

		Global		Global		1994		DTP3		91460783		125746770		73		34285987

		Global		Global		1995		DTP3		91499075		125267164		73		33768089

		Global		Global		1996		DTP3		90398857		124884152		72		34485295

		Global		Global		1997		DTP3		89161775		124574747		72		35412972

		Global		Global		1998		DTP3		90587944		124326671		73		33738727

		Global		Global		1999		DTP3		90588343		124161122		73		33572779

		Global		Global		2000		DTP3		91305279		124108737		74		32803458

		Global		Global		2001		DTP3		91356450		124197564		74		32841114

		Global		Global		2002		DTP3		90857896		124463800		73		33605904

		Global		Global		2003		DTP3		93167451		124827254		75		31659803

		Global		Global		2004		DTP3		96154547		125305638		77		29151091

		Global		Global		2005		DTP3		99052006		125874812		79		26822806

		Global		Global		2006		DTP3		100894343		126512914		80		25618571

		Global		Global		2007		DTP3		103402072		127163133		81		23761061

		Global		Global		2008		DTP3		104525306		127792826		82		23267520

		Global		Global		2009		DTP3		106720600		128369777		83		21649177

		Global		Global		2010		DTP3		107750089		128869206		84		21119117

		Global		Global		2011		DTP3		106845038		129266964		83		22421926				22.421926

		WB_income_status		High income		1980		DTP3		538		960		56		422

		WB_income_status		High income		1981		DTP3		644		961		67		317

		WB_income_status		High income		1982		DTP3		887		964		92		77

		WB_income_status		High income		1983		DTP3		868		964		90		96

		WB_income_status		High income		1984		DTP3		926		954		97		28

		WB_income_status		High income		1985		DTP3		859		933		92		74

		WB_income_status		High income		1986		DTP3		879		888		99		9

		WB_income_status		High income		1987		DTP3		799		832		96		33

		WB_income_status		High income		1988		DTP3		730		777		94		47

		WB_income_status		High income		1989		DTP3		730		738		99		8

		WB_income_status		High income		1990		DTP3		720		727		99		7

		WB_income_status		High income		1991		DTP3		733		741		99		8

		WB_income_status		High income		1992		DTP3		774		782		99		8

		WB_income_status		High income		1993		DTP3		825		834		99		9

		WB_income_status		High income		1994		DTP3		870		879		99		9

		WB_income_status		High income		1995		DTP3		894		903		99		9

		WB_income_status		High income		1996		DTP3		892		901		99		9

		WB_income_status		High income		1997		DTP3		874		883		99		9

		WB_income_status		High income		1998		DTP3		825		851		97		26

		WB_income_status		High income		1999		DTP3		807		823		98		16

		WB_income_status		High income		2000		DTP3		803		819		98		16

		WB_income_status		High income		2001		DTP3		797		805		99		8

		WB_income_status		High income		2002		DTP3		765		797		96		32

		WB_income_status		High income		2003		DTP3		787		803		98		16

		WB_income_status		High income		2004		DTP3		771		812		95		41

		WB_income_status		High income		2005		DTP3		807		815		99		8

		WB_income_status		High income		2006		DTP3		815		823		99		8

		WB_income_status		High income		2007		DTP3		818		826		99		8

		WB_income_status		High income		2008		DTP3		811		827		98		16

		WB_income_status		High income		2009		DTP3		800		825		97		25

		WB_income_status		High income		2010		DTP3		779		820		95		41

		WB_income_status		High income		2011		DTP3		790		814		97		24

		WB_income_status		High income: nonOECD		1980		DTP3		282952		674922		42		391970

		WB_income_status		High income: nonOECD		1981		DTP3		380046		707903		54		327857

		WB_income_status		High income: nonOECD		1982		DTP3		434407		739997		59		305590

		WB_income_status		High income: nonOECD		1983		DTP3		489788		769967		64		280179

		WB_income_status		High income: nonOECD		1984		DTP3		567073		796848		71		229775

		WB_income_status		High income: nonOECD		1985		DTP3		635356		819727		78		184371

		WB_income_status		High income: nonOECD		1986		DTP3		703544		838039		84		134495

		WB_income_status		High income: nonOECD		1987		DTP3		743994		852102		87		108108

		WB_income_status		High income: nonOECD		1988		DTP3		754131		862363		87		108232

		WB_income_status		High income: nonOECD		1989		DTP3		807284		869102		93		61818

		WB_income_status		High income: nonOECD		1990		DTP3		784030		872823		90		88793

		WB_income_status		High income: nonOECD		1991		DTP3		787655		874134		90		86479

		WB_income_status		High income: nonOECD		1992		DTP3		834454		941271		89		106817

		WB_income_status		High income: nonOECD		1993		DTP3		866274		937432		92		71158

		WB_income_status		High income: nonOECD		1994		DTP3		874718		933461		94		58743

		WB_income_status		High income: nonOECD		1995		DTP3		882933		929059		95		46126

		WB_income_status		High income: nonOECD		1996		DTP3		861495		923458		93		61963

		WB_income_status		High income: nonOECD		1997		DTP3		851368		916722		93		65354

		WB_income_status		High income: nonOECD		1998		DTP3		854628		907708		94		53080

		WB_income_status		High income: nonOECD		1999		DTP3		829675		897854		92		68179

		WB_income_status		High income: nonOECD		2000		DTP3		834322		888674		94		54352

		WB_income_status		High income: nonOECD		2001		DTP3		839954		881924		95		41970

		WB_income_status		High income: nonOECD		2002		DTP3		826492		879016		94		52524

		WB_income_status		High income: nonOECD		2003		DTP3		826512		880834		94		54322

		WB_income_status		High income: nonOECD		2004		DTP3		839322		887676		95		48354

		WB_income_status		High income: nonOECD		2005		DTP3		852026		899570		95		47544

		WB_income_status		High income: nonOECD		2006		DTP3		863944		916076		94		52132

		WB_income_status		High income: nonOECD		2007		DTP3		881796		935598		94		53802

		WB_income_status		High income: nonOECD		2008		DTP3		913662		956444		96		42782

		WB_income_status		High income: nonOECD		2009		DTP3		935017		977326		96		42309

		WB_income_status		High income: nonOECD		2010		DTP3		954368		996892		96		42524

		WB_income_status		High income: nonOECD		2011		DTP3		970352		1014052		96		43700

		WB_income_status		High income: OECD		1980		DTP3		6921946		11939596		58		5017650

		WB_income_status		High income: OECD		1981		DTP3		8526163		11914029		72		3387866

		WB_income_status		High income: OECD		1982		DTP3		8765630		11896655		74		3131025

		WB_income_status		High income: OECD		1983		DTP3		8969993		11877394		76		2907401

		WB_income_status		High income: OECD		1984		DTP3		9659256		11851822		82		2192566

		WB_income_status		High income: OECD		1985		DTP3		9434622		11819040		80		2384418

		WB_income_status		High income: OECD		1986		DTP3		10234372		11781594		87		1547222

		WB_income_status		High income: OECD		1987		DTP3		10233909		11744332		87		1510423

		WB_income_status		High income: OECD		1988		DTP3		10231168		11709922		87		1478754

		WB_income_status		High income: OECD		1989		DTP3		10472289		11677139		90		1204850

		WB_income_status		High income: OECD		1990		DTP3		10243504		11641326		88		1397822

		WB_income_status		High income: OECD		1991		DTP3		10234327		11596328		88		1362001

		WB_income_status		High income: OECD		1992		DTP3		10129008		11558539		88		1429531

		WB_income_status		High income: OECD		1993		DTP3		10211846		11671995		87		1460149

		WB_income_status		High income: OECD		1994		DTP3		10527581		11580092		91		1052511

		WB_income_status		High income: OECD		1995		DTP3		10469768		11481223		91		1011455

		WB_income_status		High income: OECD		1996		DTP3		10682700		11382158		94		699458

		WB_income_status		High income: OECD		1997		DTP3		10219260		11291459		91		1072199

		WB_income_status		High income: OECD		1998		DTP3		10201085		11216869		91		1015784

		WB_income_status		High income: OECD		1999		DTP3		10384946		11163493		93		778547

		WB_income_status		High income: OECD		2000		DTP3		10321508		11136838		93		815330

		WB_income_status		High income: OECD		2001		DTP3		10509092		11140402		94		631310

		WB_income_status		High income: OECD		2002		DTP3		10591554		11170973		95		579419

		WB_income_status		High income: OECD		2003		DTP3		10762091		11223621		96		461530
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		WB_income_status		High income: OECD		2011		DTP3		11314401		11795253		96		480852
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Global Vaccination coverage trendline

Coverage
1980 2022
DTP-containing 89%
vaccine, 1st dose
30% 89%

https://immunizationdata.who.int/



Adding Vaccines Creates New Challenges
H. influenzae type b(Hib)

Coverage

1990 2022

Hib, 3rd dose 76% /

0% 76%




IVAC Hib Initiative

Countries Using Hib Vaccine in their National Inmunization Program (2000)

Routine Hib Implementation Status, 2000

= :;S Before Hib Initiative

Source: International Vaccine Access Center (IVAC), Johns
Hopkins Bloomberg School of Public Health. Vaccine
Information Management System (VIMS). April 2014.



IVAC Hib Initiative

Countries Using Hib Vaccine in their National Inmunization Program (2014)

T

Routine Hib Implementation Status, March 2014 *Widespread coverage through the private market (250%)
B Yes Sources:
No

International Vaccine Access Center (IVAC), Johns Hopkins
Bloomberg School of Public Health. Vaccine Information
Management System (VIMS). April 2014.

GAVI Alliance:
http://www.gavialliance.org/support/nvs/pentavalent/#



Combination Vaccines Have Helped

DTP/Hib
DTP/Hep B/Hib
DTP/Hib/IPV

Measles/Rubella

Measles/Mumps/Rubella



Infants are Protected by Passively Acquired
Tetanus Antibodies from Immune Mothers
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2 doses TT in pregnancy the baby

www.nlm.nih.gov




Neonatal Tetanus

Reported cases

2000 2022

Neonatal tetanus 2,098

17,935 2,098




All EPI Vaccines Save Lives

» Deaths averted and projected per year
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Lives saved with vaccination for 10 pathogens across 112 countries in a
pre-COVID-19 world 2021; 10: e67635



Lives Saved From EPI Vaccines 2000-2030 in 112
Countries

o Estimated 50 million deaths averted between 2000 and
2019

» Projected 97 million deaths could be averted 2000-
2030

Lives saved with vaccination for 10 pathogens across 112 countries in a
pre-COVID-19 world 2021; 10: e67635



EPI Became a Platform for Delivering
Vitamin A Suppleme_tation




Director of Department of Immunization,
Vaccines and Biologicals at WHO

Kate O'Brien Former Executive Director IVAC

DIRECTOR, DEPARTMENT OF IMMUNIZATION, VACCINES AND BIOLOGICALS, WORLD
HEALTH ORGANIZATION

Kate O'Brien is the Director of the Department of Immunization, Vaccines and Biologicals at the World
Health Organization (WHO). Previously she was the Executive Director of the International Vaccine
Access Center (IVAC), and Professor of International Health and Epidemiology, at the Johns Hopkins
Bloomberg School of Public Health. Dr O'Brien served on the WHO Strategic Advisory Group of Experts
on Immunization (SAGE) committee from 2012 to 2018. Prior to joining IVAC, she served as the Director
of Infectious Disease in the Johns Hopkins Center for American Indian Health. She also served as an
Epidemic Intelligence Officer, in the Respiratory Diseases Branch, at the CDC, Atlanta (USA).

Dr O'Brien earned her BSc in Chemistry from the University of Toronto (Canada), her MD (Medicinae
Doctorem) from McGill University, Montreal (Canada), and her Master of Public Health from Johns
Hopkins Bloomberg School of Public Health, Baltimore (USA). She completed her paediatric and
infectious disease clinical training at Johns Hopkins Medical Institutions, Baltimore (USA).
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Etiology of gastroenteritis, Melbourne 1970s

Table 1 Etiological gastroenteritis in children admitted to Royal
Children’s Hospital, Melbourne

1972 1974

Total admissions 539 378
Salmonella sp. 9(7.2%) 40 (10%)
Shigella sp. 2 (0.4%) 5 (1%)
Pathogenic E. coli 3 (4.3%) 7 (2%)
Unknown 475 (88%) 102 (29%)
Rotavirus not tested 197 (52%)
Enteric adenovirus not tested 27 (7%)

Bishop R. Discovery of rotavirus: Implications for child health. J Gastroenterol Hepatol. 2009 Oct;24 Suppl 3:S81-5.
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Causes of severe acute gastroenteritis among
children <5 years before rotavirus vaccines

Developed Countries Developing Countries
Unknown b Unknown Q
Bacterial Bacterial Other

Other

A. Kapikian, Fields Virology 2003

JOHNS HOPKINS BLOOMBERG SCHOOL OF PUBLIC HEALTH | INTERNATIONAL VACCINE ACCESS CENTER (IVAC)



Timeline of rotavirus vaccine development

Table 2 Development of rotavirus vaccines

1983 RIT Single bovine strain

1986 RRV Single simian strain

1991 TRRV Simian/human reassortant G1 G2 Gz Ga
1999 Withdrawn

1999 Rotarix Single human strain G; P(8)

2000 RotaTeq Bovine/human reassortants Gi G, Gs G4 P(8)

Bishop R. Discovery of rotavirus: Implications for child health. J Gastroenterol Hepatol. 2009 Oct;24 Suppl 3:S81-5.



Health burden of rotavirus

Rotavirus is a leading cause of
death due to diarrhea in young
children, and the leading cause
among infants.

In the absence of vaccination,
nearly every child is infected—
rotavirus kills ~200,000 children
and hospitalizes hundreds of
thousands more each year

>500
~37%
>90%

Number of children dying
from rotavirus every day

Percent of under-5 diarrhea
hospitalizations due to
rotavirus, globally (2013)

Percent of under-5 rotavirus
deaths occurring in Gavi-
eligible low-income countries
(2013)

Tate, CID, 2016. Slide courtesy of Molly Sauer.



Economic burden of rotavirus

I B
Treating rotawrus diarrhea is expenswe for families and countries

Bangladesh e Malaysia -

Uganda ? 7
Inpatlent admission for one Treating one eplsode of Rotavirus hospitalization
episode of severe rotavirus rotavirus diarrhea can costs more than 25% of the
diarrhea costs 10% of the amount to 85% of the average family’s monthly
average family’s monthly average family’s monthly income

income income

Slide courtesy of ROTA Council. Images courtesy of Photoshare: © 2009 Jessica Alderman, © 2014 SPRING Project, © 2014 Aji Styawan
Sigei C, et al., Vaccine. 2015;33 Suppl 1:A109-18; icddr,b. Preliminary analysis, Protocol# 14009; Chai PL, WS. Vaccine. 2009;27(5):F112-F115

JOHNS HOPKINS BLOOMBERG SCHOOL OF PUBLIC HEALTH | INTERNATIONAL VACCINE ACCESS CENTER (IVAC)



Health system burden of rotavirus

I B
Rotavirus hospitalizations can overwhelm health systems and facilities

admissions was 540/ of AGE admissions
due to AGE 0 were due to rotavirus

) b Q b L b
- - -
[ T o r
[ [o=mm
+ + "
° ° cases requiring
h- h- hospitalization was
Nov 2015 — Oct 2016 refused because of

h'l'- h'l'- bed shortages

Saha S, et al. Rotavirus Vaccine will Improve Child Survival by More than Just Preventing Diarrhea: Evidence from Bangladesh. Am J Trop Med Hyg. 2018 Feb,;98(2):360-363. Slide courtesy of Molly Sauer.

Largest pediatric
hospital in Bangladesh




Rotavirus vaccines

Development of the Tetravalent Rhesus
Rotavirus Vaccine

Vaccine Construction

Figure at right reproduced with permission from Estes MK. J Infect Dis. 1996;174{Suppl 1):539.

“Jennerian” approach
— Naturally attenuated animal strains (bovine, rhesus)

Variable performance

— 80% efficacy in Finland but 0-30% efficacy in developing
countries

Best efficacy of rhesus vaccine (serotype
G3) seen in Venezuela during G3 outbreak

“Modified Jennerian” approach

Naturally attenuated animal strain as
backbone

Insertion of genes coding human G types
by reassortment in cell culture



Intussusception (IS)

// Intussuscipiens

Intussusception Intussusceptum

The telescoping of the intestine onto itself usually at the
lleal-cecal junction, leading to reversible repair or entrapment
with edema, necrosis and perforation




Final chapter for Rotashield ®

 US Withdrew recommendation

» Without efficacy data from Asia and Africa, clinical trials needed

 Trials considered ethical, but political challenges of testing
tainted vaccine

* Vaccine manufacture stopped

* Abrupt demise of first vaccine licensed after 20 years of research



Today’s WHO-prequalified rotavirus vaccines

i .
=28 O
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Vaccine name RotaTeq® ROTARIX® ROTAVAC® /| ROTAVAC5D® ROTASIIL®
Manufacturer Merck & Co. GSK Bharat Biotech Serum Institute of India
3 doses 2 doses 3 doses 3 doses

Dosing schedule

(same as DTP/penta 1,
DTP/penta 2, DTP/penta 3)

(same as DTP/penta 1,

DTP/penta 2)

(same as DTP/penta 1,
DTP/penta 2, DTP/penta 3)

(same as DTP/penta 1,
DTP/penta 2, DTP/penta 3)

Formulation options

Liquid ready-to-use

Liquid ready-to-use

(1) Frozen
(2) Liquid ready-to-use

(1) Lyophilized
(2) Liquid ready-to-use

Efficacy against HIC /

severe rotavirus UMIC

gastroenteritis in: LMIC /
LIC

98-100%"2

85-96%°6

No data

No data

43-64%34

49-77%"

56% (in India)®*

36% (in India)’°
67% (in Niger)'




Impact of rotavirus vaccines

Rotavirus diarrhea hospitalizations declined with routine rotavirus vaccine use

. - . . . . ) ) . . Country income level Percent efficacious Case prevented per 100 vaccinated
Avg. % rotavirus positives in 4 countries with vaccine == Avg. rotavirus vaccine coverage rates in the 4 countries &/ P P

Avg. % rotavirus positives in 3 countries without vaccine

infants
Low 50%
Avg. rotavirus positives (%) Avg. rotavirus vaccine coverage (%)

2010 20N 2012 2013 2014 2015 .
40% 100% Middle 75%

35% 80%

30% 60%

Vaccines prevent more hospitalizations
25% 40% and deaths per population in low-income
) ) countries than they do in middle- and
20% 20% high-income countries
15% 0

Weldegebriel, G., et al., Impact of rotavirus vaccine on rotavirus diarrhoea in countries of East and Southern Africa. 2017.
Zaman, K., et al., Efficacy of pentavalent rotavirus vaccine against severe rotavirus gastroenteritis in infants in developing countries in Asia: a randomised, double- blind, placebo-controlled trial. The Lancet,
2010. 376(9741): p. 615-623.



Brazil and Mexico: Vaccination benefit versus risk

Admissions per year Deaths per year

Rotavirus events averted by

o - 81,123 - 1,303
vaccination

Intussusception events caused

SO + 118 +5
by vaccination

* Source of background IS rates: Patel et al. Exp Rev Vacc; 2009, 8(11); assumes Rotarix coverage at current DTP3 rates; risk estimates from current study for week 1 after vaccination;

with assumption of 5% case-fatality



WHO recommendations (2021)

“‘Rotavirus vaccines should be included in all national
immunization programmes and considered a priority, particularly
in countries with high rotavirus gastroenteritis-associated fatality
rates, such as in South and South-eastern Asia and sub-Saharan
Africa. ...

The use of rotavirus vaccines should be part of a comprehensive
strategy to control diarrhoeal diseases with the scaling up of both
prevention (promotion of early and exclusive breastfeeding,
handwashing, improved water supply and sanitation) and treatment
packages packages (low osmolarity ORS and zinc).”



Rotavirus Organization of ROTA
Technical Allies (ROTA Council)

virus Organization of Technical Allies
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Expert members and advisors OTA

Rotavirus Organization of Technical Allies

Council Chair Core Partners

Mathuram

Deborah Umesh
Santosham Atherly Parashar
USA USA USA

24 members from 16+ countries

Jon Andrus

George Armah Mamadou Ba Julie Bines Lulu Bravo
Ghana Senegal Australia Philippines

Shams El Arifeen Carlo Giaguinto Zulkifli Ismail
Bangladesh Italy USA Malaysia

Gagandeep Kang Li Li Alexandre Linhares Erkin Musabaev Tony Nelson

India China Brazil Uzbekistan Hong Kong

Created with mapchart.net

Kathleen Neuzil Vesta Richardson Duncan Steele Oyewale Tomori K. Zaman

UsA Mexico USA Nigeria Fred Were
Kenya

Bangladesh



The role of ROTA Council

Communicating the burden of rotavirus
and need for prevention

Delivering accurate information on
vaccine safety and efficacy, underscoring
the availability, affordability and life-
saving, health-improving potential of
vaccines

Serving as an independent body for the
latest evidence on rotavirus vaccines

Working to ensure that vaccines are
seen as part of a comprehensive
approach to addressing all of diarrhea’s
causes

ROTAVIRUS
DISEASE AND
IMMUNIZATION:
AN OVERVIEW

This summary highlights select themes
and evidence covered in a seven-bri

e even-brief
series tailored to support immunization
programs and policies.

THE EPIDEMIOLOGY AND
BURDEN OF ROTAVIRUS

THE
EPIDEMIOLOGY
AND DISEASE
BURDEN
OF ROTAVIRUS

INTRODUCTION

THE BROADER
IMPACT OF EARLY
CHILDHOOD
DIARRHEA

INTRODUCTION

Childhood diarrhea, especially r ed
and prolonged bouts, can have a long-term
impact on growth and development.

THE IMPACT OF
ROTAVIRUS
VACCINATION

INTRODUCTION

ROTAVIRUS
VACCINE
INTRODUCTION
AND
COVERAGE

THE STATUS

ROTAVIRUS
VACCINE SAFETY

Rotavirus Organization of Technical Allies

CURRENT
AND UPCOMING
ROTAVIRUS
VACCINES

INTRODUCTION

ECONOMIC COSTS
OF ROTAVIRUS
DISEASE
AND THE VALUE
OF VACCINES

COSTS TO GOVERNMENTS
AND HEALTH SYSTEMS




Rotavirus vaccine coverage (2010)
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Rotavirus vaccine coverage (2012)

WUENIC Coverage -
2012

B Very Low (<60%)
B Low (60-69%)

Medium (70-79%)

High (80-89%)
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Rotavirus vaccine coverage (2022)

WUENIC Coverage - t
2022

B Vvery Low (<60%)
B Low (60-69%)

Medium (70-79%)

High (80-89%)
[l Very High (90-100%)

CemB e
=3 VIEW-hub
Nt
Cafl | s
Lt by IVAC
April 17, 2024 © The International Vaccine Access Center (IVAC)
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Progress, challenges, and opportunities

* RVV landscape has drastically expanded from just 7 years
ago when just two vaccines were available to countries

* Interchangeability and vaccine switches
— Elective switches may improve suitability for a specific context and reduce costs

— Compulsory switches can interrupt RVV programs, strain resources, and may not
necessarily be best-suited options for the specific setting

« 120+ countries use RVV in their national immunization
programs yet 36.2 million children still lack access to RVV \

hub F

« 140,000 deaths prevented from 2006 to 2019 WEVIEW-Nub

\\\\\\\ , 2024 © The International Vaccine Access Center (IVAC)

» Global supply challenges and withdrawals lead to stockouts,
missed doses, and coverage gaps disproportionately affecting
Gavi-eligible countries

* Prioritizing rotavirus vaccines in the remaining countries —
and sustaining existing programs — remains critical



Rota team over the years

Tyler Best, Amelia Gerste, Kelly Healy, Kirthini Muralidharan,
Nicole Obe, Debora Sandiford, Molly Sauer, Rose Weeks
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Success Story:
Pneumococcal
Conjugate Vaccines

Maria Deloria Knoll, PhD
Research Professor

@ JOHNS HOPKINS | IVAC

BLOOMBERG SCHOOL International Vaccine
of PUBLIC HEALTH Access Center




Pneumococcus causes severe pneumonia,
meningitis and sepsis

Responsible for 37% of child pneumonia
deaths (pre-vaccine era)

Annually >600,000 deaths and >5 million
cases in children <5 years of age globally
(pre-vaccine)

100+ different strains (serotypes) but most
(~80%) severe disease is caused by <20
serotypes

EX joHNs HOPKINS | IVAC
wr BLOOMBERG SCHOOL International Vaccine

of PUBLIC HEALT H



First PCVs licensed in high-income country
in 2000 - highly effective & very safe

Protected against 7 of 100+ serotypes
responsible for 50-80% of severe disease

10- and 13-valent PCVs licensed in 2009/10
(protect against 70-90% of disease)

15- and 20-valent PCVs licensed in 2023/24

EX joHNs HOPKINS | IVAC
wr BLOOMBERG SCHOOL International Vaccine
nf PUBLIC HEALTH

REPUBLIQUE DU MALI
MINISTERE DE LA 5ANTE




Cases per 100,000
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PCV7
Introduction
in 2000

-
| 7

72

41

1598 2000 2001

24

i6

J

2002

‘PCV13 serotype: 1, 3, 4, 5, 6A, 6B, 7F, 3V, 14, 18C, 19A, 19F, and 23F

Pneumococcal Conjugate Vaccine (PCV) prevented 310,000
cases & 22,000 deaths between 2000-2016 in USA

W AllIPD

Introduction in
B PCV13-type IPD

12
5] 10 g ]
4
= 2 2 2 2
H = EQ = =

Source: CDC, Emerging Infections Program, Active Bacterial Core
surveillance, https://www.cdc.gov/pneumococcal/surveillance.html



IVAC's PneumoADIP project (funded by Gavi) accelerated access to PCV in low-income countries

National Immunization Program Introduction

60 . :
PCV10, PCV13 High Income countries
50 licensed
()
Q0
£ 40 Upper Middle
S
5 30
s,, PCV7 Lower Middle
= licensed
pz
10 4
_

0
S NV X0 0 AN RO PP PP

Vv Year of introduction

2006 Gavi Advance Market Source: www.VIEW-Hub.org
Commitment (AMC)

International Vaccine



IVAC's PneumoADIP project (funded by Gavi) accelerated access to PCV in low-income countries

National Immunization Program Introduction

60 . .
PCV10, PCV13 High Income countries
licensed
50
(2]
o)
€ 40 Upper Middle
§ /_/0/_.—‘
5 30
8 o .PCV7 PCV introduced in low- and e Lower Middle
£ < licensed middle-income countries
Z
10 before many HICs
/—.—.,
0
Vv Year of introduction
2006 Gavi Advance Market Source: www.VIEW-Hub.org

Commitment (AMC)

International Vaccine



Currently all Gavi countries and
93% of countries worldwide have
introduced PCV or are planning

introduction
Global Gavi
B ntroduced 166 47
Planning 14 7
Mot Introduced 10 O
& VIEW-hub
by IVAC Program Suspended 4 0

April 15, 2024 © The International Vaccine Access Center (IVAC)

Source: https://view-hub.org

% JOHNS HOPKINS | IVAC -
wr BLOOMBERG S_(IP{OOL International Vaccine

of PUBLIC HEALTH



PCV10-type IPD in Children <5 years ]
All IPD declined

PCV10/13 58-74%
Pre-PCV IPD S (R Pre:PCV,Rate, .
) : Post-PCV10/13
on-
vaccine- IPD
tvpe o \/accine-
5 > B
70-90% g ;\,13%
) = on-
Vatccme- % PCV13 vaccine-type
ype =
£ B PCV10
S
g:) PCV7 Impact
—_ @ Substantial
96%. & T Source: PSERENADE
decline 1 40 country study IEI

Bennett & Deloria
Knoll, et al. Lancet

10 1 23456586 782%9 PREPRINT 2024

'.:' JOHNS HOPKINS | IVAC Year since PCV10/13 introduction

BL OOMBER(, SCHOOL International Vaccine
LLLLLLLLLLLLLLL Access Center

= e




PCV10-type IPD in Adults 65+ Years

PCv10/13
R L
\ Adults
65+ years
A&
0.5~
< 54-96%
| _ . decline PCV7 Impact
; PCV13 @ Substantial Source: PSERENADE
oo 3 A Moderate 40 country study
00 . PCV10 B No use Bennett & Deloria '
: ! ; ' ' ' ; ' ' ' ' Knoll, et al. Lancet
101 234567 89 PREPRINT 2024

Year Relative to PCV10/13 Introduction

I,_I JOHNS HOPKINS | IvAC o7

BL OOMB R(, SCH 00 International Vaccine
LLLLLLLLLLLLL Access Centel



Post-PCV10/13 IPD

PCV10/13-
73% type

Non-
PCV10/13-type

Licensed
for children and adults

Coming

I,_I JOHNS HOPKINS | IVAC
L4 BL OOMB R(, SCH 00 International Vaccine
LLLLLLLLLLLLL Access Center

Serotypes covered by current and
anticipated new PCVs

4 6B 9V 14 18C 19F 23F 1 5 7F 3 6A 19A 6C 22F 33F 8 10A 11A 12F 15BC 2 9N 17F 20 15A 16F 23A 23B 24F 31 35B

PCV7 replaced by PCV1 3

/
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PCV21 or PCV13

Future

Remaining IPD covered by
current and anticipated new
PCVs in children <5 years
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Global WUENIC coverage 2022

¥ VIEW-hub
by IVAC

April 24, 2024 © The International Vaccine Access Center (IVAC)

https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-
insights/global-monitoring/immunization-coverage/who-unicef-estimates-of-national-
immunization-coverage Update of 18 Jul 2023

% JOHNS HOPKINS | IVAC

BLOOMBERG SCHOOL International Vaccine
of PUBLIC HEALTH Access Center

Global coverage

59% 4190
Vaccinated Unvaccinated
(75.7 million) (55.3 million)

Other challenges:

« 20% of children in countries without access

« Remaining non-vaccine type IPD, which
increased (“replacement disease”)

« Limited suppliers for low-income markets

« Some higher valency PCVs not affordable for
LMICs

59



Most countries have introduced PCVs
—> disease declining

PCVs reduce transmission = prevent
dzjselase in unvaccinated children &
adults

Multiple vaccine manufacturers,
including DCVM - good supply

New PCVs could prevent even more
disease, but increasing coverage
more impactful

LMICs need access to higher valency
PCVs

BN JOHNS HOPKINS ‘ IVAC
wr BLOOMBER‘G S_(IP{QOI, International Vaccine

of PUBLIC HEALT H



HPV vaccines and
impact (introduction
into the EPI schedule,
and IVAC’s role)

IVAC

International Vaccine
Access Center

BN JOHNS HOPKINS

4 BLOOMBERG SCHOOL
of PUBLIC HEALTH

Presented by Dr. Chizoba Wonodi, MBBS, MPH, DrPH,

April 25, 2024



I  HPV infection is a common sexually
transmitted infection in men and women

* There are over 100 types of HPV, 12 of
these are high risk (cancer causing)

« HPV infection resolves spontaneously in most

p eo p I e Oropharyngeal cancer Oropharyngeal cancer

 However, in some people, persistent infection
can lead to skin and oral warts and oro-
genital cancers in both men and women

Genital wart

Penis cancer

 HPV causes nearly all cervical cancers

1. Cervical cancer
2. Vulvar cancer




Cervical cancers is a major public health and equity challenge

Age-standardized (World) incidence and mortality rates of cervical cancer, both sexes,

per region

Easstemn Africa A
Southem Africa 4
Middle Africa
Melanesia -
Weaatem Africa
Micronesia A
South=Eastern Agla
Eastem Europe
South Armerica
South Central Asla -
Cerntral America |
Caribbean -
Easstern Agla 4
Poalmesia
Northem Euwope
Weastem Europe
Northem Afrlca -
Southem Europe
Northem America 4
Australia=hew Fealand
Wegtern Asla 4

Incidence

Egwatinl {95! swatinl (&4 5

200

https://gco.iarc.who.int/media/globocan/factsheets/cancers/23-cervix-uteri-fact-sheet.pdf

* Huge regional disparity
in burden
o (>40 per 100,000)
Vrs
o (<3 per 100,000)

About 4.5% of all cancers worldwide
(630,000 new cancer cases per year)
are attributable to HPV: 8.6% in
women and 0.8% in men

e About 90% of deaths from cervical
cancer occurred in low- and middle-
income countries [1].

*He, W.Q. and Li, C., 2021. Recent global burden of cervical cancer incidence and mortality, predictors, and temporal trends. Gynecologic 6nbology, 163(3)} [5p.7583-592.2 (IVAC)



The WHO Strategy for cervical cancer
elimination

—

o
Hpv

-, d/‘ ""j_!:q:h"'
Y, e

By 2030, 90% of girls should 70% of women should be 90% of those identified with
be fully vaccinated with HPV screened using a "CEWIE-_':H disease 5|'JGU|d
vaccine at 15 years of age high-performance test by age receive appropriate
35, and again by age 45 treatment.

JOHNS HOPKINS BLOOMBERG SCHOOL OF PUBLIC HEALTH | INTERNATIONAL VACCINE ACCESS CENTER (IVAC)
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WHO position paper on HPV vaccinations

Six licensed HPV vaccines: three bivalent, two quadrivalent, and one
nonavalent vaccine.

All vaccines are highly efficacious in preventing infection with virus types 5-su7a ST - _

16 and 18, which are together responsible for approximately 70% of sacination progeamme, Austraia, 20042014
cervical cancer cases globally.

|
Highly efficacious in preventing precancerous cervical lesions caused by |

these virus types. . \4‘/\
The quadrivalent vaccine is also highly efficacious in preventing i \
|

anogenital warts, a common genital disease which is virtually always \ ~
caused by infection with HPV types 6 and 11.

|

The nonavalent provides additional protection against HPV types 31, 33, i
45, 52 and 58. ] |
|

[

Data from clinical trials and initial post-marketing surveillance conducted
in several continents show HPV vaccines to be safe.

The primary target group in most of the countries recommending HPV o e
vaccination is young adolescent girls, aged 9-14. For all vaccines, the
vaccination schedule depends on the age of the vaccine reC|p|ent

Patel Cyra et al. The impact of 10 years of human papillomavirus (HPV) vaccination in Australia: what additional disease burden will a 65
nonavalent vaccine prevent?. Euro Surveill. 2018;23(41):pii=1700737. https:// doi.org/10.2807/1560-7917.ES.2018.23.41.1700737



HPV vaccines is one of the most
vaccines

Incremental Cost Effectiveness Ratios (Cost per DALY Averted)
of PCV, Rotavirus, and HPY Vaccines in Mongolia

Legend
High Range ICER

Base Case ICER

Low Range ICER

579 T
? 552 ? &
'Ccsl-saving .Cast-sawng

PCV with PCV with Rotavirus HPW PCV with PCV with Rotavirus HPY
Indirect Effects Direct Effects  Vaccination Waccination injindirect Effects Direct Effects  Vaccination  Vaccination in
with Rotavac Girls with Rotavac Girls

Government Perspective Societal Perspective

Munkh-Erdene Luvsan, et al The potential cost-effectiveness of HPV vaccination among girls in Mongolia, Vaccine: X,Volume
11, 2022, 100161, ISSN 2590-1362, https://doi.org/10.1016/j.jvacx.2022.100161.
(https://www.sciencedirect.com/science/article/pii/S2590136222000213)

cost-effective

Adjusted Mean ICER
(2017 USS/DALY averted)
<400
400 to 800
| 800104500
4500 to 6300
6300 to 9950

Upper bound of the 95% UL

for the adjusted ICER relative S
to GDP per capita thresholds v:‘
< 0.5x GDP per capita
0.5-0.99x GDP per capita
1-2.99x GDP per capita i
J > 3x GDP per capita
Rosettie KL, et al. Cost-effectiveness of HPV vaccination in 195 countries: A meta-

regression analysis. PLoS One. 2021 Dec 20;16(12):e0260808. doi:
10.1371/journal.pone.0260808. PMID: 34928971; PMCID: PMC8687557.
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Global introduction map

HPV » Vaccine Introduction ™

| Toggle Gavi | | T Filter or Select Region ~ | |£

Current Vaccine Intro Status ©
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Global Gavi
B Introduced 137 26
B Planning 18 10

Mot Introduced 32 16

Introduced - 5
Subnationally

WHO recommended schedule

Girls 9-14 Girls 15-20 Women older
years years than 21 years

* One or two * One or two » Two doses
dose dose with a 6-
schedule schedule month

interval

A minimum of 2 doses and when feasible 3-doses
remain necessary for those known to be
immunocompromised and/or HIV-infected.

https://view-hub.org/vaccinélH§ HOPKINS BLOOMBERG SCHOOL OF PUBLIC HEALTH | INTERNATIONAL VACCINE ACCESS CENTER (IVAC) 67




HPV Revitalization Programs- Global focus

 Gavi alongside other stakeholders are working to
*accelerate quality HPV vaccine introductions; (2)
*rapidly improve global and national coverage; and

*generate long-term programmatic sustainability through integration and optimizing whole-
of-family services.

JOHNS HOPKINS BLOOMBERG SCHOOL OF PUBLIC HEALTH | INTERNATIONAL VACCINE ACCESS CENTER (IVAC)
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IVAC is supporting the HPV vaccine roll out in Nigeria

—
—— |

The Johns Hopkins International Vaccine Access Centre (IVAQ)
with funding from Gavi, is working with Direct Consulting and
Logistics (DCL) to support the Nigeria with the HPV vaccine roll
out in Nigeria

IVAC has trained and equipped > 200 CSOs and young people . —
across 37 states to support demand generation for the HPV CS0s and the WAVA/DCL dzmm et e g

vaccine introduction. -
Human Pamllomavnrus Voccmgﬁ

The CSOs and youths have in turn activated more than 2,000
community-based vaccine champions A q

IVAC is a member of the national HPV technical working group ,
and provides technical assistance b
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HPV Vaccination Rate Using MAC Campaign Targets (80% of TP). Data as

at Feb 6t"
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In summary

HPV is @ major cause of cervical and other anogenital cancers globally, with 90% of deaths
occurring in low- and middle-income countries.

Despite the vaccine's introduction in over 137 countries, global coverage stands at 21%. Efforts
to optimize coverage include school-based campaigns and catch-up initiatives.

Challenges include access, affordability, and misinformation.

IVAC supports countries with technical assistance, advocacy, and capacity building to improve
coverage and address challenges.
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