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State of understanding the relative role of pathogens in major disease syndromes and entities  
(despite 21st century promises) 



Yet understanding the elephant is important 

• For priority setting 
• Research 

• Development (especially vaccines and chemotherapeutics) 

• Public health prevention and control programs especially where there are 
limited resources 
 

• For designing targeted prevention strategies (i.e. vaccines) 
 

• Once you have a package of vaccines, what evidence do you use to 
decide which ones to spend your limited funds on 

 



Chun-Ju Chiang, Ya-Wen Yang, 
San-Lin You, Mei-Shu Lai,   
Chien-Jen Chen, SEP 4, 2013 

From 1977-1980 to 2001-2004, 
age- and sex-adjusted rate s  
for individuals aged 5 to 29 years  
decreased by more than 90% for chronic 
Liver disease and hepatocellular carcinoma (HCC)  
(95% CI=66-98%) mortality and by  
more than 80% for HCC incidence  
(95% CI=35-94%). 

Recombinant HBV vaccines  
replaced plasma-derived  
vaccines in 1992.  
 
Immunization coverage rates  
for birth cohorts from 1984 to  
2010 was 88.8% to 96.9%. 



94-95% efficacy against 
Chronic hep B infection 
18-22 years later 
 
 
Impact on liver cancer analysis 
expected in 2017 
 
Herd immunity will have 
to be considered 
 

Cluster randomized trial 





Randomized Double-Blind Trial of inactivated 
influenza vaccine given to mothers in third 

trimester, Bangladesh 
Variables Episodes Effectiveness 

(95% CI) 

Infants “Control” vaccine Influenza vaccine 

Person-months 870 881 

Febrile Resp 

Illness 

153 110 28.9  (6.9-45.7) 

Diarrhea 138 137 1.9 (-30.0-26.0) 

Clinic Visit 92 54 42.0 (18.2 (58.8) 

Influenza test 

ordered 

79 41 48.7 (25.4-64.7) 

Influenza test 

positive 

16  6 62.8 (5.0-85.4) 



Pneumococcal Disease Burden in 

Developing Countries 

“Vaccine Probe” Approach 

 Concept—Using a highly effective vaccine, it is possible to 

estimate burden of disease by the reduction of targeted 

syndromes (like pneumonia) in the vaccinated 

 

 Blood culture is very insensitive 

 

—But, how do you interpret the vaccine probe data? 

• Very carefully… may depend on factors occurring at time 

of study, that are not universal 

 

 



Randomized, Double-blind Trial of a nine-

valent Pneumococcal Conjugate Vaccine  

The Gambia 

 From 2000-2003, 8,718 received vaccine and 8,719 
received placebo 

 Efficacy against blood-culture confirmed 
pneumococcal disease (caused by vaccine 
serotypes): 77% (95% CI 51-90) 

 Invasive (blood culture confirmed) pneumococcal 
disease (all types): 50% (95% CI 21-69) 

 Chest x-ray confirmed pneumonia: 37% (95% CI 
25-48)  

 Hospitalizations: 15% (95% CI 7-21) 

 All cause mortality 16% (95% CI 3-28) 

 
Cutts FT, et al.  Lancet 2005;365:1139-46 
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South Africa (Urban) PCV-9 DBRCT 

HIV infected children 

VE: 9% (95%CI -15 to 27)  

 

HIV non-infected children 

VE:  25% (95%CI 4 to 40)     

 

Northern California,USA 

PCV-7 DBRCT 

VE: 30%; 95%CI 11, 46% 

 

Philippines (Rural) 

PCV-11 DBRCT 

VE: 22.9; 95%CI -1, 41 

 

The Gambia (Rural) 

PCV-9 DBRCT 

VE: 37%; 95%CI 25-48 

Navajo, USA  (Rural) 

American-Indians 

PCV-7 Cluster randomised 

VE: -2%; P>0.05 

 

 

 

Black S et al. PIDJ 2001/ Hansen J PIDJ 2006; Klugman KP et al. NEJM 2003; Cutts F et al. Lancet 2005; Lucero et al PIDJ 2009 

     PCV Efficacious in Reducing Radiologically 

Confirmed Pneumonia in Children 



Most bacteriologic studies from children with pneumonia 

(developing world) suggested that pneumococci caused 30-

50% of pneumonias 

 

 If PCV prevents 50% of cases of invasive pneumococcal 

disease 

 

 And it prevents 37% of radiographic pneumonia 

 

 Then, 74% (with confidence intervals) of x-ray confirmed 

pneumonia in the Gambian study site at the time of the trial 

were associated with pneumococcal infection 



Efficacy of PRV against RVGE in Africa and Asia Combined 5 Country 

Analyses  
 

RVGE  Year 1 
Efficacy (95% 

CI)  

Year 2 
Efficacy (95% 

CI)  

Total Follow-
up Period 

Efficacy (95% 
CI)  

    

“Very Severe” 
(Vesikari ≥15)  

67.1% (37.0, 
83.9)  

33.8% (-15.7, 
62.8)  

51.2% (26.3, 
68.2)  

 

Severe 
(Vesikari ≥11)  

58.9% (40.0, 
72.3)  

28.1% (2.3, 
47.2)  

42.5% (27.4, 
54.6) 

  

Any severity  51.2% (36.6, 
62.6)  

21.1% (3.7, 
35.5)  

33.9% (22.7, 
43.5)  

 



Efficacy of PRV against All Cause Gastroenteritis (GE) in Africa and Asia 

Combined 5 Country Analyses  

All Cause GE  Year 1 

Efficacy (95% 
CI)  

Year 2 

Efficacy (95% 
CI)  

Total Follow-

up Period 
Efficacy (95% 

CI)  

Very Severe    

(Vesikari ≥15) 35.9% (5.4, 

57.0) 

40.7% (-6.4 , 

67.8 

27.4% (2.7, 

46.0) 

Severe 
(Vesikari ≥11)  

23.0% (5.4, 
37.3)  

11.2% (-17.7, 
33.0)  

15.3% (1.7, 
27.1)  

 

Any severity  9.4% (0.0, 
17.9)  

4.8% (-10.9, 
18.3)  

8.2% (0.3, 
15.4)  

 



Calculation of Proportion of Severe Acute 

Gastroenteritis Caused By Rotavirus  

based on the equation:  VEr=VEge/GErv  where:   

VEr= Vaccine efficacy against severe rotavirus gastroenteritis,  

VEge= Vaccine efficacy against all cause severe gastroenteritis 

GErv= the proportion of severe gastroenteritis due to rotavirus;  

thus, GErv= VEge/VEr 



Calculating the proportion of severe gastroenteritis due to rotavirus  

without using diagnostic tests 

For severe disease:   The proportion of AGE due to rotavirus = 23%/59%= 39% 

 

For very severe disease: 35.9%/67.1% = 53.5% 



Randomized Double-Blind Trial of inactivated 
influenza vaccine given to mothers in third 

trimester, Bangladesh 
Variables Episodes Effectiveness 

(95% CI) 

Infants “Control” vaccine Influenza vaccine 

Person-months 870 881 

Febrile Resp 

Illness 

153 110 28.9  (6.9-45.7) 

Diarrhea 138 137 1.9 (-30.0-26.0) 

Clinic Visit 92 54 42.0 (18.2 (58.8) 

Influenza test 

ordered 

79 41 48.7 (25.4-64.7) 

Influenza test 

positive 

16  6 62.8 (5.0-85.4) 



Calculating the proportion of febrile respiratory infection (FRI)  in infants due to  

Influenza without using diagnostic tests 

Thus, the proportion of febrile respiratory infection that was due to influenza was* 

= 28.9/62.8= 46% (!) 

FRII=VEFRI/VEI 

 

Where FRIi= Febrile Respiratory Infection due to Influenza 

 

VEFRI= Vaccine efficacy against febrile respiratory infection 

 

VEi= Vaccine efficacy against influenza 

* At the time of the study 



Assumptions for a typhoid conjugate vaccine probe study with 

primary outcome of hospitalization with 5 days of fever 

 Incidence of hospitalization with 5 days of all cause fever 

—1000/100000 (1 per 100)/ Four years of observation 

 40% of all cause prolonged fever caused by S. Typhi 

 Vaccine efficacy against S. Typhi bacteremia=80%* 

—Thus, 32% of all cause prolonged fever hospitalization would be 

prevented in immunized patients if assumption is correct 

 Cluster design  

—to measure indirect effect within clusters and to minimize indirect 

effect leading to underestimated burden in controls* 

* If this is a licensure study to measure efficacy against laboratory confirmed disease, probe variables can be nested 

Gessner BD, Halloran ME, Khan I. The case for a typhoid vaccine probe study and overview of design elements. Vaccine. 2015 Jun 19;33 Suppl 3:C30-C35. 



Typhoid 

vaccine 

No Typhoid 

vaccine 

Pre-study 

(no typhoid 

vaccine) 

Pre-study 

(no typhoid 

vaccine 

Side by 

Side comparison 

Side by 

Side comparison 

Before and 

After comparisons 

Typhoid 

vaccine 
Typhoid 

vaccine 

No Typhoid 

vaccine 

No Typhoid 

vaccine 

Side by 

Side comparison 

 

(for cumulative 

Impact) 

Side by 

Side comparison 

Before and after 

Side by 

Side comparison 

Side by 

Side comparison 

Use of cluster demonstration step-wedge design to study large population impact 

considering indirect effect and temporal changes 



Immunized population (sample size) 

required for typhoid vaccine probe study 

 With lower bound of efficacy >0 

 100 people per cluster 

 >100 clusters per arm 

 About 11,000 people in each arm 

—with four year follow-up 

 Require good hospital surveillance for febrile admissions 

 Best done as a demonstration project 

—After trials are completed (Phase II immunogenity/safety?) 

—Or in a place where incidence of typhoid febrile illness is much higher 

 

 



Typhoid in Kibera in children <10 

 Incidence of typhoid associated febrile illness was was 2,000 

per 100,000 per year 

 3% of blood cultures positive for typhoid 

—So febrile illness incidence is 66,000/100,000 per year 

 Vaccine that prevents 80% of typhoid might be expected to 

reduce typhoid incidence to 400/100,000 per year 

—But that would only reduce overall febrile illness rate to 

64,400/100,000 

 So need more specific clinical case definition or a very huge 

demonstration project 



So… 
 Vaccines can/should be used to assess public health impact 

—i.e. against syndromes or disease states, not just the pathogen alone 

(unless the pathogen represents the disease state) 

—Best done via RCTs to minimize ecologic data OR large cluster designed 

demonstration projects 

 Vaccines of known efficacy against a pathogen can be used to 

assess proportion of a syndrome caused by that pathogen 

 Where incidence or overall numbers (in a country/region) of a 

disease or syndrome is known, vaccine probe data add evidence 

to potential public health impact for a vaccine program 


