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What did immunology ever do for vaccines??





Nabel, NEJM 2013



What did we learn about vaccines from immunology?



Correlates for paediatric vaccines

Antibody correlates  Cell mediated correlates  (T cell)          

Diphtheria, antibody (toxin neutralisation)

Tetanus, antibody (toxin neutralisation)

Hib, antibody (ELISA)

MenC, antibody (serum bactericidal assay)

Pneumococcus, antibody (ELISA)

Hepatitis A, antibody (ELISA)

Hepatitis B, antibody (ELISA)

Measles, antibody (microneutralisation)

Rubella, antibody (immunoprecipitation)

Varicella, antibody (serum neutralisation or 

gp ELISA)

Influenza, antibody (HAI)

Polio antibody (serum neutralisation)

Rabies, antibody (serum neutralisation)



Antibody is used to derive quantitative 

correlates

Plotkin CID 2008



Understanding antibody function mechanisms 

helps identify potential candidates

Goldschneider 1969
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Relationship with protection? 
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Bacterial protein array to identify binding 

antibodies



Priming doses in infancy

Persistence 

of antibody

at a year

Memory 

B cells

Antibody response
Booster response

0.69

Magnitude of primary B cell responses may 

determine 

persistence of antibody

P=0.006Blanchard-Rohner et al (J Immunol 2008)
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Ab sequence 
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Mab



Truck et al 2015

Shared antibody sequences



Antibody responses are highly variable

Putative level of protection 

(Population  based )

Personalised vaccinology?



Twins

O’Connor and Pollard, CID 2013 



Non-genetic factors

• Maternal antibody

• Nutrition 

• Co-morbidity

• Infectious/exposure history

• Drugs

• Microbiome

• Assay performance

• Vaccine type/performance/delivery



Correlates for paediatric vaccines

Antibody correlates  Cell mediated correlates  (T cell)          

Diphtheria, antibody (toxin neutralisation)

Tetanus, antibody (toxin neutralisation)

Hib, antibody (ELISA)

MenC, antibody (serum bactericidal assay)

Pneumococcus, antibody (ELISA)

Hepatitis A, antibody (ELISA)

Hepatitis B, antibody (ELISA)

Measles, antibody (microneutralisation)

Rubella, antibody (immunoprecipitation)

Varicella, antibody (serum neutralisation or 

gp ELISA)

Influenza, antibody (HAI)

Polio antibody (serum neutralisation)

Rabies, antibody (serum neutralisation)



B cell help

Vaccine T cell involvement?

Diphtheria, tetanus antitoxin, pertussis B cell help

Hib, MenC, PCV antibody B cell help

Measles, Rubella, Mumps, Polio, Varicella B cell help

Pollard, Perrett, Beverley. Nature Rev Immunol. 2009.

So why don’t we have T cell surrogates?
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TfH cells correlate with antibody 

response

Induction of 

ICOS+CXCR3+CXCR5+ 

TH cells correlates 

with antibody 

responses to 

influenza 

vaccination at 7 days

Science Translational Medicine, 2013



MVA85A

Tameris et al, The Lancet 2013
2797 infants enrolled

BCG or BCG+ MVA85A

1st infant TB trial since 1968



Role of T cells in protection

• Effector T cells limit infection once established

• B cell “help”

• Mucosal role (pneumococcal carriage and Th17)

• Reduce dose of infection?



Age and Immunology

Need multiple doses (? Naïve)

Poor persistence (?bone marrow niche)

“Vaccines don’t work”

• Adjuvanted shingles

• Adjuvanted flu

• High dose flu



Time for immunologists to help us understand 

why these different vaccines work and the 

rules which should be applied to vaccinology

Nabel, 2013 NEJM



Tools

Cells

Antibody

RNAseq

Protein

DNA

Epigenetics and gene regulation



Yellow fever vaccine

Querec et al, Nature Immunology 2009



Predicting neutralising antibody titres

Querec et al, Nature Immunology 2009



Influenza

Nakaya et al, 

Nature 

Immunology 2011

Gene expression signatures 

correlate with influenza 

antibody (HAI)

Future studies – will gene 

expression on day 1 be predictive 

of protection 1 year later?



Characteristics of antigen

Dormitzer et al, 2008

Structure-based design

Nabel, 2013 NEJM



Human Challenge studies

Darton et al Lancet ID 2015

Typhoid Challenge model

Clinical trials, 

industry and 

data collection



Herd immunity?

Odds of shedding overall are 3 times higher if unvaccinated (averaged across all 14 days)

Vaccin

e

Comparato

r

OR (95% CI) P

Control Vi-PS 3.28 (1.31, 8.19) 0.0111

Control Vi-TCV 2.88 (1.18, 7.06) 0.0208

Vi-PS Vi-TCV 0.88 (0.37, 2.11) 0.7729



Conclusions

• Understanding of protective responses can accelerate vaccine development

• Observations from immunodeficiency and natural disease might predict where to 
look

• Most vaccines have been developed because they made antibody and didn’t need 
any sophisticated immunology 

• Antibodies work…….T cells??

• I have ignored the innate immune system but its contribution is now recognised to 
be far more important than we ever thought



Conclusion

• We have remarkable tools now available that can be used to investigate the 

immune response but the immune system turns out to be quite complex

• In the future we might harness understanding of the immune response to 

design vaccines

• Most of the easy vaccines have been done and so vaccinology needs 

immunology more than ever.


