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Major milestones in the historical path of the 
development of vaccinology and vaccine design 

  

Edward Jenner 1749-

1823(Smallpox Vaccine-1796) 



History of vaccine development 
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29 diseases are currently preventable  
by vaccination 

‘Vaccines are one of the 

greatest achievements of 

biomedical science and 

public health’ 

1. Centers for Disease Control and Prevention (CDC). Vaccines and preventable diseases. Available at: www.cdc.gov/vaccines/vpd-

vac/default.htm (accessed August 2013); 2. Roush et al. MMWR 1999;48:243–8; 3.CDC. Special pathogens branch. Available at: 

www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/TBE.htm (accessed August 2013) 
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Public Health Value of Vaccines 
Beyond Efficacy 

 

A. Wilder-Smith 2017 



 Immunization is one of the most cost-effective ways to 
save lives, improve health and ensure long-term 
prosperity 

6 



Key issues to consider when deciding on the 
introduction of a vaccine 

7 World Health Organization 2014 



Key issues to consider when deciding on the 
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http://www.healthdata.org/ 



Diarrheal Disease—Still a Leading 
Child Killer  

 • Diarrheal deaths have dropped significantly since 
2000, falling from 1.2 million to 526,000 in 2015 – a 
decline of 57% 

• Yet children continue to experience an average of 
three episodes of diarrhea per year 

• A case of severe diarrhea, especially during 
important developmental stages, can have a lasting 
effect on a child’s growth 

• Diarrhea can also make children more susceptible to 
death from other causes like pneumonia 

 
1.Kotloff, K.L., et al., Burden and aetiology of diarrhoeal disease in infants and young children in developing countries   2013 

2.UNICEF, One is too many: Ending child deaths from pneumonia and diarrhoea. 2016.  
3.Walker, C.L., et al., Global burden of childhood pneumonia and diarrhoea. 2013 



Number of diarrheal deaths estimated for 
each pathogen in children 0-59 m of age in 

the world, 2011 
 

Lanata, Claudio F et al. “Global causes 

of diarrheal disease mortality in children 

<5 years of age: a systematic review.” 

PloS one vol. 8,9 e72788. 4 Sep. 2013, 

doi:10.1371/journal.pone.0072788 





Annual Global Disease Burden of Rotavirus 

Gastroenteritis 
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RGE is the most common cause of severe gastroenteritis in infants and  

young children <5 years of age worldwide.1 

An estimated 1 in 65 children 

required  hospitalization for RGE by 5 

years of 

age.3 

An estimated 1 in 5 

children  required an 

outpatient visit  for RGE by 

5 years of age.3 

RGE accounted for  

approximately 5% of all deaths  

in children <5 years of age.2 

Nearly every child is  

affected by 5 years of  

age.3 

Episodes  

111 million3,b 

Clinic Visits  

25 million3,b 

Hospitalizations  

2 million3,b 

Deaths  

453,0002, 

a 

Annual RGE-Related Events 
RGE=rotavirus gastroenteritis. 

 
a2008 estimate based on literature published 2001–2011. bBased on literature published 1986–2000. 

1. Glass RI et al. Lancet. 2006;368:323–332. 2. Tate JE et al. Lancet Infect Dis. 2012;12:136–141. 3. Parashar UD et al. Emerg Infect 

Dis. 2003;9:565–572. 



Median proportions of pathogens isolated in stool samples 
from diarrheal episodes seen in IPD services, in 208 studies 

in children 0-59 m of age in the world, 2011 

 

Lanata, Claudio F et al. “Global causes of diarrheal disease mortality in children <5 years of age: a 

systematic review.”  2013 



Global diarrhea hospitalizations for 
children under 5 

Lanata, C.F., et al., Global causes of diarrheal disease mortality in children <5 years of 

age: a systematic review. 2013.  
Parashar, U.D., et al., Rotavirus and severe childhood diarrhea.  2006 

 



Median age-adjusted proportions of causes of diarrhea, 
constrained to fit 100%, in 286 inpatient studies of children <5 

years of age published between 1990–2011, by WHO region 



Rotavirus gastroenteritis(RVGE) 
 • RVs are highly contagious  

• RVs damage the enterocyte lining of the small 
intestine villi resulting in reduced absorptive 
capacity and diarrhea  

• Clinical manifestations of RVGEs: watery 
diarrhea, fever, vomiting, resulting in 
dehydration with shock, electrolyte imbalance, 
and death 

 



• Rotavirus is in family Reoviridae 
– Non-envoloped  ds-RNA virus 

– 3 layers capsid 

 

• Serogroups 
– 7 serogroups (group A-G) 

• A, B,C,G cause disease in human and 
animal 

• D, E, F cause disease in animal only 

 

• Serotypes  
– G-serotype (by VP7 protien) 

• G1 to G4 and G9 

– P-serotype (by VP4 protien) 
• P1B[4], P2A[6], and P1A[8] 

 

 

 



 



Key issues to consider when deciding on the introduction 
of a vaccine 

20 World Health Organization 2014 
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Globally-used products: Rotarix™ & RotaTeq® 

1Armah GE, Lancet, 2010; Zaman K, Lancet, 2010; Madhi SA, NEJM, 2010; Vesikari T, NEJM, 2006; Ruiz-Palacios, NEJM, 2006; Patel MM, NEJM, 2011;  

Soares-Weiser, Cochrane Database Syst Rev. 2012; Shui IM, JAMA, 2012; Cortese, PIDJ, 2010; Haber P, Pediatrics, 2008; Buttery JP, PIDJ, 2011;  

Vesikari T, Lancet, 2007; Chandran A, Biologics, 2010; Phua KB, Vaccine, 2009; Eberly MD, Vaccine, 2011; Patel M, J Infect Dis, 2009. 

VACCINE Rotarix™ RotaTeq® 

MANUFACTURER GlaxoSmithKline Merck & Co., Inc. 

FORMULATION 
Monovalent attenuated 

human rotavirus strain 

Pentavalent, human-

bovine reassortant 

vaccine 

STRAINS PRESENT IN VACCINE G1P[8] 
G1, G2, G3, G4, and 

P[8] 

PROTECTION AGAINST OTHER 

STRAINS 
Yes, broad protection 

demonstrated 

Yes, broad protection 

demonstrated 

EFFICACY AGAINST SEVERE 

ROTAVIRUS DIARRHEA IN 

CHILDREN <1 YR (HIGH-INCOME 

COUNTRIES) 

95.8-100% 85-96% 

EFFICACY AGAINST SEVERE 

ROTAVIRUS DIARRHEA IN 

CHILDREN <1 YR (LOW- AND 

MIDDLE-INCOME COUNTRIES) 

49-85% 51-64% 



The Available Rotavirus Vaccines 

http://www.who.int/immunization/research/forums_and_initiatives/gvirf/Gagandeep_Kang_2018.pdf assess on Apr 19 

Rotavirus 
vaccines 

Rotarix 
(GSK) 

Rotataq 
(MSD) 

Rotavac 
(Bharat 
Biotech) 

Rotasil 
(Serum) 

Rotavin 
(Polyvac) 

LLR 
(Lanzhou) 

Rotashield 
(Wyeth, 
Biovirx) 

Licensure Several 
countries, 
2006 

Several 
countries, 
2006 

India, 2014 India, 2017 Vietnam, 
2012 

China, 2000 Several 
countries, 
1998 

Pre-qual Yes Yes Yes No No No No 

Strains Monovalent, 
human 
derived 
G1P8 

Pentavalent, 
WC3 G6P5 
bovine, 
reassortants 
G1-4, P8 

Monovalent, 
human-
bovine 
neonatal 
derived 
G9P11 

Pentavalent, 
UK Bovine 
G6P5, 
reassortants 
G1-4, G9 

Monovalent, 
human G1P8 

Monovalent, 
human 
G10P12 

Tetravalent, 
RRV G3P3 
rhesus 
backbone, 
reassortants 
G1, 2, 4 

No. of doses 2 3 3 3 2 1 per year 
for 3 yr 

3 (2 
neonatal) 

Age first 
dose 

6 weeks 6 weeks 6 weeks 6 weeks 6 weeks 2-36 mon 6 weeks 

Dosage 106 of live 
attenuated 
human 
G1P[8] 
particles 

2.0-2.8 x 106 
infectious 
units per 
reassortant 

105 FFU of 
live rotavirus 

105.6 
Infectious 
unit per 
reassortant 

106.3 of live 
attenuated 
human 
G1P[8] 
particles 

> 5.5 log 
CCID50 

1 x 105 

plaque-
forming 
units (pfu) of 
each 
component 

http://www.who.int/immunization/research/forums_and_initiatives/gvirf/Gagandeep_Kang_2018.pdf
http://www.who.int/immunization/research/forums_and_initiatives/gvirf/Gagandeep_Kang_2018.pdf
http://www.who.int/immunization/research/forums_and_initiatives/gvirf/Gagandeep_Kang_2018.pdf
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Rotavirus vaccines are cost-effective 
Recent studies show that national rotavirus vaccination programs will be highly cost-

effective and also reduce healthcare costs due to rotavirus-related illness.1-7 

1Sigei C, Vaccine, 2015; 2Javanbakht M, Vaccine, 2015 ; 3Diop A, Vaccine, 2015 ; 4Bar-Zeev N, Clin Infect Dis. 2016; 5 Leshem E, Pediatrics, 2014; 6Palwasha A., Vaccine, 2017; 
7Pecenka C, Vaccine, 2017 

In the US, in just four years, rotavirus vaccination saved nearly US$1 billion by preventing 

hospitalizations, emergency visits and doctors’ visits among children under age 5.5 

COUNTRY 

NUMBER OF 

CASES 

AVERTED 

DEATHS 

AVERTED 

HEALTHCARE 

COSTS AVERTED  

DATE 

RANGE 

Iran 35.1 million 266 US$280 million 2014-2023 

Kenya 1.2 million 61,000 US$30 million 2014-2033 

Senegal 2 million 8,500 US$8 million 2014-2033 

Uganda 4 million 70,000 US$10 million 2016-2035 

Malawi 1 million 4,313 US$8 million 2014-2033 

Afghanistan 1 million 12,000 US$1.35 million 2017-2027 

Bangladesh 3.9 million 3900 US$7 million 2017-2027 



WHO’s position papers                        
on rotavirus vaccine 

 



WHO’s position papers on rotavirus 
vaccine: 2007, 2009 & 2013 

Years Recommendations 

2007 the inclusion of rotavirus vaccination into the national 
immunization programs of regions and countries where vaccine 
efficacy data suggest a significant public health impact and where 
appropriate infrastructure and financing mechanisms are available 
to sustain vaccine utilization 

2009 rotavirus vaccine for infants should be included in all national 
immunization programs. In countries where diarrheal deaths 
account for ≥10% of mortality among children aged <5 years, the 
introduction of the vaccine is strongly recommended 

2013 Rotavirus vaccines should be included in all national immunization 
programs and considered a priority, particularly in countries with 
high RVGE-associated fatality rates, such as in south and south-
eastern Asia and sub-Saharan Africa 
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Number of countries introduced                     
rotavirus vaccine,   Oct 2018 

 

International Vaccine Access Center. VIEWhub 



Worldwide, 71 million children lack access to 
rotavirus vaccine & most of them live in          

just 10 countries 

 



Key issues to consider when deciding on the introduction 
of a vaccine 

29 
World Health Organization 2014 



Selected Thailand Demographics 

Population 67 millions 

Birth 
cohort 733,014 

Infant mortality 15.0/1,000 live births  

Total fertility 1.66 

Pop growth rate 0.5% 

Urban pop 
34% 

GDP per capita 
6,000 USD  

Ethnic 
groups 

Thai 75%  
Chinese 

Religions Buddhist  94.6%   

 Muslim  4.6% 



Cabinet 

Current model toward vaccine security & self-reliance 
 

• NVC(2001) 

• Subcommittees 

 ACIP(1977)  

 R&D/Produc
tion 

 QAQC  

Governmental 

Organization 

 MoPH 

 MoST 

 MoI 

 Universities 

 Others 

NGO 

 Thai Red Cross 

 

 

 

 

Private Sector  

 
 

 

 

Self-reliance & security 

 National Vaccine Policy (2005) 

  National Vaccine Agenda (2011) 

Vaccine Security ACT (2017) 

Advice/
recomm

end 

NVI(2012) 

Institutes & organizations on vaccine R&D, production, QA/QC, 
immunization, basic infra-structure, human resource 



Products  2016 2017 2018 2019 2020 2021 
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 บคุลากรสาขาทีจ่ าเป็นและขาดแคลนในวงจรวคัซนีไดร้บัการพฒันาอยา่งเพยีงพอและมคีณุภาพ 
 การบรหิารเพือ่การแลกเปลีย่นทรพัยากรบคุคลในสาขาทีจ่ าเป็นและขาดแคลนระหวา่งรฐัและเอกชน 
 มาตรการสรา้งแรงจงูใจบคุลากรในสาขาทีข่าดแคลน  การพฒันาบคุลากร

(HRD) 

โครงสรา้ง พ.ฐ. 
(Infra structure) 

Animal testing lab., 
Non infectious 
(OECD GLP) 

หอ้งปฏบิตักิาร
มาตรฐาน 

GLP 

 Industrial 
GMP plants 
(JE,BCG ) 

Animal 
testing lab., 
Infectious 
(OECD GLP) 

หนว่ยงาน เครอืขา่ย
(NVI+Networks) 

องคก์รภาคเีครอืขา่ยวคัซนีมศีกัยภาพ ความพรอ้ม และรว่มมอืวจิยั ผลติ ควบคมุก ากบั และสรา้ง
เสรมิภมูคิุม้กนัโรค ท ัง้ระดบัประเทศและนานาชาต ิ
 
  NVI มสีมรรถนะสงูในการขบัเคลือ่นนโยบาย 
  Vaccine knowledge center 
  Project manager/Co-ordinator ของวคัซนีรายชนดิ 

 GMP pilot 
plant 
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 ระบบการจดัหา ส ารองและกระจายวคัซนีทีม่ปีระสทิธภิาพท ัง้ในภาวะปกต ิและภาวะฉุกเฉนิ  
 ระบบการใหบ้รกิารวคัซนีทีเ่หมาะสมและจ าเพาะกบัสภาพพืน้ที/่สงัคม  

HPV Hib Rota Pneumo. 
DTP-HB-Hib-

IPV 

 รูปแบบการใหบ้รกิารวคัซนีตลอดชว่งชวีติ เชน่ วยัรุน่ วยัผูใ้หญ ่และผูส้งูอาย ุเป็นตน้ 
 ประชาชนทกุกลุม่เป้าหมายรบัรูแ้ละตระหนกัถงึความส าคญัของวคัซนีในการป้องกนัโรค 

 New vaccine introduction 

R
e
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a
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h
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(1) Dengue vaccine 
(LAV/DNA/VLP)-1 

ผลติ GMP 
Pilot plant 

ทดสอบใน 
pre-clinic  

(2)Dengue vaccine-2 
(Chimeric)  

ผลติ GMP 
Pilot plant 

Clinic ph. I Clinic ph. II 
Clinic ph. 

III 

Pilot study/ 
ผลติ  Seed Pre-clinic 

Clinic  

Ph. I-II 
Registered 

Clinic Ph. II 
Pilot plant 
production 

Clinic Ph.III 
ย ืน่ขอ้มลูขึน้ 

ท/บ 
Registered 

(5) dT/DTP/DTP-HB สงัเคราะห ์Ag Bulk D,T,P 
Stab. study/ 

Pre-clinic  
Clinic Ph. 

I/II 
Clinic Ph. 

III 
Registered 

(6) aP 

Clinic Ph. 
III 

Registered 

(7) Live chimeric JE  

Machine 
optimization 
& Validation 

Registered 

   (8) BCG 
Machine 

optimization 
& Validation 

Clinic  
Ph. I-II 

Clinic Ph. III 

(3) LAIV 

(4) IIV 

Clinic  
Ph. I-II 

Clinic Ph. 
III 

MOU & สรา้งโรงงาน                                                  

ออกแบบ & สรา้งโรงงาน                                                  WHO-PQ 

การบรหิารจดัการวคัซนี
และการใหบ้รกิาร 



  

WG  Infectious 
Disease & Vaccine 

WG Health 
Economics 

WG  
Price Negotiation 

 
Advisory Committee on 

Immunization Practice(ACIP), 
under National Vaccine 

Committee 
  

National Essential Drug List Sub-Committee, 
under Drug System Development Committee 

Sub-committee for scope of 
necessary public health 

services  

Sub-committee for 
management of operations 

and funds 

National Health 
Security Committee 

New 
Vaccines 

WG Results 
Coordination 

National Drug System Development Committee 
Announcement in Government Gazette 

-  UHC Benefits 
-  Vaccine Procurement 
Budget 
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Process of new vaccine introduction in Thailand 

1 

2 

3 



Vaccine Prioritization 

National Vaccine 
Committee 

Advisory Committee on 
Immunization Practices 

Working group on vaccine 
Prioritization 

Advise 

Advise 

Propose list of 
prioritized 

vaccine 

Consider and 
Propose list of 

prioritized 
vaccine 

Adopt list of vaccine 
and inform NEDL, 

NHSO, TFDA   



Criterion 5 4 3 2 1 
Size of pop. 
affected  

> 10,000 
1,000 - 
9,999 

10 - 999 10 - 99 0 - 9 

Case fatality rate 51-100 21-50  11-20  1-10  0-0.9  

Efficacy/Effectiv
eness  

>90 81-90 71-80 61-70 <60 

Safety <0.01%  0.01–0.09%  0.1–0.9%  1–9%  >10% 

Estimated 
budget 

< 300 MB 
300–499 

MB 
500-799 MB 

800–
1,599MB 

>1,600 
MB 

Vaccine 
production in 
country 

At least 1 
upstream 

manufacturi
ng 

At least 2  
down 

stream 
manufactur

ing 

One  
down 

stream 
manufacturi

ng 

At least 2 
import 

vaccines 

One 
Import 

vaccine 

Scoring for Measurable Criterion 



Vaccine Priorities by ACIP 
Priority Vaccines Target population 

Phase 1  

Tdap  Pregnant woman 

Influenza 
Pregnant woman 
(year round) 

DTwP-HB-Hib   or  
DTwP-HB-Hib-IPV 

Child < 5 years  

MR  Health care workers 

Phase 2  
  

DTaP-HB-Hib-IPV  Child < 5 years  
PCV Child < 5 years  
Dengue to be considered 
Varicella Child < 5 years  
Hep A  Child < 5 years  
Rabies (pre-exposure)  Child < 5 years  

Phase 3  Zoster  Elders 
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Criteria ACIP 
National Drug 

System 
Development 

Committee 
NHSO 

1. Disease Incidence & Severity 
 

2. Disease Burden 
 

3. Vaccine Safety & Efficacy 
 

4. Cost-Effectiveness  
 

5. Likelihood of introduction or 

pilot in 2-3 years   
 

6. Budget Feasibility & 

Sustainability 
  

7. Equality/Non-discrimination 
  

Consideration of vaccine introduction into Thai 

UC benefit package (EPI) 

1 

2 

3 



  

MoPH to 
conduct 
pilot of 
rotavirus 
vaccine in 
Sukhothai 
Province    
 
June 8th 

Pilot  
2011-
2013 
 
-Results 
show 
vaccine 
cost-
benefit of 
rotavirus 
vaccine 

-Results of 

rotavirus pilot 
reported on 
effectiveness 
and cost-
effectiveness on 
rotavirus vaccine 
in Sukhothai and 
Petchabun 
provinces  
- ACIP support 

introduction of 
rotavirus vaccine 

Collection of 
information for 
stakeholder 
presentation for new 
vaccine introduction 
-NHSO Secretariat 
-NVC Chairman 
-National Essential 
Drugs Committee 
Chairman 
 
Aim: Drive RV 
vaccine introduction 
in Thailand 
Expand Pilot Project 

ACIP 
2010 

MoPH 
2011 

ACIP 
21 Dec 2015 

MoPH 
 19 May 2016 

- NEDL evaluates Working Group 
evidence of health economics 
and vaccine price. Proposes to 
NHSO to evauate health budget 
and introduction to benefits 
package.  
- NHSO provides resolution 
1. Agree to to create budget 

plan for rotavirus vaccine for 

2020, after consideration of 

readiness of procurement for 

sustainable introduction.    
2. Agree to monitor vaccine 

target group to ensure long 

term sustainable vaccine 
access 

National 

Essential 

Drugs List 

Sub-

Committee  
2018-2019 

8 years of the introduction activities of rota 

vaccine in Thailand 
1 

2 

3 



 



Cost-averted 

-Treatment 

- Productivity lost 

- Quality of life 

 

Cost of 

Programs/Services 

 

 

 

Economic & Financial Issues 

(Public Health & Individual Perspective) 
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Economic & Financial Issues  

(2° data) 
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Sukho-
Thai 

Province: 
vaccinated 

Pethchabun 
Province:          

un-
vaccinated 

Pilot study for HRV vaccination by MOPH, 
Thailand(N=4,830), 2012-14 



The first child to receiving rotavirus vaccine 
under EPI. Picture courtesy of MOPH 

 Sukhothai 
    Coverage: 96.5% 
    Co-administer with OPV 
   
 - NO SAE  
 - No intussusception 
 

First HRV vaccination in Sukhothai under the pilot 
programme by MOPH, Thailand 

RV1 effectiveness study comparing Sukhothai                                                             
(vaccinated) with Petchaboon (non vaccinated) Sep 2012-14 

Tharmaphornpilas P, et al. Vaccine 2017:35(5);796-801. 



[74-84] 

(29-51) 

88% 

41% 

% Vaccine Effectiveness 

- Observational cohort study during Sep 2012 to Oct 2014 
- 2,893 infants from Sukhothai (vaccinated only ) and 1,937 infants from Phetchabun (non-vaccinated only) 
- Case rotavirus admission 10/55  and case All cause diarrhea admission 203/232 in Sukhothai/Phetchabun respectively. 

First HRV vaccination in Sukhothai under the 
pilot program by MOPH, Thailand 

Tharmaphornpilas P, et al. Vaccine 2017:35(5);796-801. 



Age at onset 
(months) 

RV vaccine coverage 
in Sukhothai (%) 

% decline in Rotavirus 
hospitalization 

6-11 97 90 

12-23 97 85 

24-35 68 60 

36-47 <1 69 

48-59 <1 40 

HERD PROTECTION: Older children  not vaccinated  

experienced a 40-69% reduction in RV hospitalization 

 

 
Tharmaphornpilas P, et al. Vaccine 2017:35(5);796-801. 

             

                   First HRV vaccination in Sukhothai under  
                the pilot programme by MOPH, Thailand 





Cost-averted 

-Treatment 

- Productivity lost 

- Quality of life 

 

Cost of 

Programs/Services 

 

 

 

Economic & Financial Issues 

(Public Health & Individual Perspective) 
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Economic & Financial Issues  

(1° Data) 
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New Vaccine Introduction in Thai EPI 

1977 1984 1986 1988 1990 1997 2005 
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Source: modified from DDC, MOPH 2009 

Flu  

in HCWs 

2004 2008 

Flu  

2017 2018 2019 

HPV 

Hib 
Rota 

(delay) 

2020 

Pneumo 



EPI Vaccine Coverage of Thailand  

Vaccines 

% 

Source: modified from DDC, MOPH 2009 



BMA-Bangkok Metropolitan 

Administration press released on 

rotavirus vaccine introduction   



First campaign of the rotavirus immunization of 

the BMA-Bangkok Metropolitan Administration, 

Thailand, in Jan 2019 



Conclusion  
• Rotavirus is well known for the most common cause of 
severe diarrhea in  infants and young children worldwide, 
resulting in dehydration with shock, electrolyte imbalance 
and death 
• Vaccination as part of a comprehensive approach to 
diarrheal disease control offers the best hope for 
protecting children from rotavirus 
• Despite the WHO recommendation that rotavirus 
vaccines be introduced into every country’s national 
immunization program, over 90 million children 
throughout the world still do not have access to this 
critical intervention 
 



Conclusion 2 

• Among middle income countries, strong & clear system 
of the introductory consideration at the national level is 
the important successful factor (in Thailand), including 

• Advisory Committee on Immunization Practices (ACIP), could 
facilitate the uptake of new vaccines and support evidence-
based decision-making in the administration of national 
immunization programs 
• Economical analysis and financing mechanisms for the 
purchase of new vaccines have shown their potential  
• Research agenda performed in the country encouraging for 
better understanding of the vaccine impact, effectiveness and 
safety are strongly influential to the decision of introduction 
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