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Correlates of Protection Induced by Vaccination Stanley A. Plotkin* 

Correlate of protection 
•  An immune response that is responsible 

for and statistically correlated with 
protection 

 

What is a correlate of protection? 







New EMA guideliness 



New EMA guideliness 



HAI	  –	  Haemagglu,na,on	  Inhibi,on	  	  
•  Suitable	  for	  screening	  a	  large	  number	  of	  samples	  
•  Detects	  Ab	  that	  bind	  around	  receptor-‐binding	  site	  in	  globular	  head	  and	  block	  agglu:na:on	  
•  Good	  correla:on	  with	  MN	  for	  seasonal	  strains	  
•  BSL2	  lab	  need	  also	  for	  pandemic	  strains	  
•  EMA	  and	  FDA	  Approved	  

SRH	  –	  Single	  Radial	  Haemolysis	  
•  Suitable	  for	  screening	  a	  large	  number	  of	  samples	  
•  Detects	  Ab	  that	  bind	  around	  the	  virus	  and	  fix	  the	  complement	  (not	  IgG2)	  
•  Good	  correla:on	  with	  MN	  for	  pandemic	  strains	  
•  BSL2	  lab	  need	  also	  for	  pandemic	  strains	  
•  EMA	  Approved	  

MN	  –	  Virus	  Neutraliza,on	  
•  Titra:on	  of	  func:onal	  an:body	  only	  	  
•  Gold	  Standard	  for	  confirma:on	  
•  Not	  easy	  for	  screening	  a	  large	  number	  of	  samples	  	  
•  High	  containment	  (BSL3plus)	  needed	  in	  case	  of	  pandemic	  strains	  	  
•  Detects	  Ab	  that	  bind	  around	  globular	  head	  and	  block	  virus	  aNachment/entry	  
•  Detects	  cross-‐reac:ve	  Ab	  that	  bind	  to	  stem	  region	  	  
•  No	  correlate	  of	  protec:on	  established	  

Actual Serological Assays for Abs detection  



The HAI titer is the 
serum dilution at 
which induces 50% of 
hemagglutination, the 
reciprocal of this 
serum dilution is the 
HAI titre 
 
- Correlate of 
protection:  
 
HAI titre ≥ 40 for 
seasonal vaccines 

TURKEY	  or	  SHEEP	  

HAI – Haemagglutinin Inhibition 



HAI – Haemagglutinin Inhibition 



HAI – Haemagglutinin Inhibition 



HAI tire of 18-36 
associated with 50% 

protection 

Hobson et al, 1972 

HAI –  as a “correlate” established in 
efficacy trials long time ago 



HAI and MN correlation for seasonal strains 

Relationship between HAI and neutralizing-antibody (N) titers against 
A/Yamagata/120/86 (H1N1) (A), A/Fukuoka/C29/85 (H3N2) (B), and A/
Shisen/2/87 (H3N2) (C). 

Okuno, J Clin Microbiol. 1990 



HAI and MN correlation for H5 strains 



The HAI titer of 1:40, which has been recognized 
as an immunologic correlate corresponding to a 

50% reduction in the risk of contracting influenza, 
is based on studies in adults.  

Neither seasonal nor challenge-based 
correlates have been evaluated in children. 

Black S. PIDJ 2011 

A recent meta-analysis of the relationship of HI and clinical protection in adults supported the use of a 1:40 titer as a 
correlate of 50% protection in adults. However, data in this paper do not support the use of a 1:40 titer as a correlate of 
50% protection against influenza infection in children less than 6 years of age. A cut-off of 1:110 measured 21 days after 

the second vaccine dose may be used to predict a 50% clinical protection rate in this age group.  
The reason that more antibody was required for protection in children is not known, several factors might contribute to 

the need for more antibody to provide protection in children.  
The most important is probably the fact that the younger the age of the individuals the lower the probability that a child 
has had immunologic experience (induction of cell-mediated immunity, specific memory) with influenza either through 

vaccination or infection. 

HAI for children 



Why does HAI underestimate antibodies for 
Pandemic Strains? 

The efficiency of binding of influenza virus is dependent on the specificity of sialic acid (SA) in the 
cellular receptor 
 
•Humans: NeuAc-α2,6,Gal 
•Birds: NeuAc-α2,3,Gal 
 
Receptor specificity of influenza viruses correlates with ability to agglutinate RBCs from different 
species 

•  Human viruses agglutinate chicken/ turkey, human and guinea pig, but not horse or cow 
RBCs 
•  Avian viruses agglutinate RBCs from all these species 

Comparison of the relative amounts of SAa2,3Gal and SAa2,6Gal linkages on the surface 
of animal erythrocytes 



H1N1 - HAI different RBCs 

  HI titers avian RBCs (~50% α2,3 - 50% α2,6) HI titers mammals RBCs  (~100% α2,3)   HI Titer 

Samples MN study (NT 
mean) Turkey 0.5% Chicken 

0.35% 
Mallard 
0.35% 

Guineafowl 
0.35% 

Phaesant 
0.35% 

Pigeon 
0.35% 

M-Sheep 
0.5% 

Horse (IT)  
0.5% 

Horse (AR) 
0.5%   Humans 

0.50% 

21 5 5 5 5 5 5 5 5 5 5   5 
22 5 5 5 5 5 5 5 5 20 5   5 
23 5 5 5 5 5 5 5 5 5 5   5 
24 5 5 5 5 5 5 5 5 5 5   5 
34 14 5 5 5 5 5 5 5 160 160   5 
35 14 5 20 20 20 20 40 40 320 160   40 
27 20 5 40 5 5 5 5 80 1280 1280   80 
33 20 5 5 5 5 5 5 20 160 160   5 
40 20 5 20 5 5 5 5 20 5 5   20 
28 28 160 80 160 5 160 320 160 1280 1280   640 
29 28 160 80 160 80 80 320 160 1280 1280   640 
36 28 5 10 5 5 10 5 5 320 160   40 
30 40 80 80 80 80 80 320 160 1280 1280   160 
38 56 40 20 5 5 5 5 40 1280 5   160 
39 56 5 5 5 5 5 5 5 160 160   20 
26 80 5 5 5 5 5 5 5 320 160   5 
37 80 5 5 5 5 5 5 20 1280 160   160 
32 95 40 40 5 5 5 80 40 1280 1280   160 
25 160 40 40 5 5 40 80 160 1280 640   80 
31 226 5 5 5 5 5 80 5 640 640   40 



•   It has been recognised that the haemagglutination–inhibition (HAI) test is not sufficiently sensitive 
to detect human antibody to A/H5N1 influenza virus.  

•   A modified single radial haemolysis (SRH) test has been described, the SRH immunoplates were 
prepared as described by Schild using turkey erythrocytes. 

•   The SRH test recognised the antibody in a specific antiserum to A/H5N1/Hong Kong/489/97 virus.  
•  H5 SRH antibody induced by human A/H5N1 virus infection and A/H5N3/Duck/Singapore/97 

vaccination correlated with antibody detected by MN techniques. 
•   The modified SRH test offers a good serological technique for detecting antibody to H5 

haemagglutinins. 

HAI does not work for pandemic 



Single Radial Haemolysis (SRH) is routinely used for the 
detection of influenza-specific (and rubella) IgG antibody. 

Schild GC, Pereira MS, Chakraverty P. Single-radial-hemolysis: a new method for the assay of antibody to influenza haemagglutinin. 
Applications for diagnosis and seroepidemiologic surveillance of influenza. Bull World Health Organ. 1975; 52(1):43-50.  
 
Russell SM, McCahon D, Beare AS. A single radial haemolysis technique for the measurement of influenza antibody. J Gen Virol. 1975 Apr;27(1):
1-10. 

•   SRH has been shown to be sensitive, specific, and reliable. 
•   SRH plates are usually prepared in the laboratory using commercially available reagents. 
•   Test sera are placed in wells on a plate containing agar with influenza antigen-coated RBC 

and guinea-pig complement. 
•   The presence of influenza-specific IgG is detected by the lysis of influenza antigen-coated 

RBC mediated from GUINEA-PIG complement.   
•   The zone of lysis around the well is dependent on the level of specific antibody present.  

SINGLE RADIAL HAEMOLYSIS (SRH) 



•   The size of the haemolysis zone around a well containing serum is measured in mm. The diam is then transformed in area.  
•   If the area size is greater than 25 mm2, then the subject is considered to be seroprotected. 
•   If the area size is <= 4 mm2, then the subject is considered negative according to EMEA guidelines.  

10 mm 

Area = 78,540 mm2 

High Positive - Seroprotection 

Area = 28.274 mm2 

Low Positive - Seroprotection 

6 mm 

Diam = 2.256 mm 
Area = 3.997 mm2 

Negative 

11 mm 

Area = 95.033 mm2 

High Positive – Seroprotection 

Positive control 

SINGLE RADIAL HAEMOLYSIS (SRH) 



•  50% protection was associated with SRH zone areas of 20.0-25.0 mm2  
•  H1N1 (HI 42) and SRH zone area 21mm2 . 

Al-Khayatt et al. J Hyg 1984 

SINGLE RADIAL HAEMOLYSIS (SRH) 



Galli et all. PNAS 2009 

H5N1 - SRH - sensitivity 



A/H1N1/Solomon Islands/3/2006 

Laboratory Y is Reference Lab for SRH 

A/H3N2/Wisconsin/67/2005 B/Malaysia/2506/2004 

BSP063-Influenza - Collaborative Study - Biological Standardisation Programme - Council of Europe, EDQM 

R=0.73 R=0.68 R=0.64 

R=0.80 R=0.83 R=0.73 

SRH – correlation interlab, seasonal strains 





• by CPE for each well:  

• by HI in surnatant of each well: 

• by ELISA-NP in each well: 
1. Rowe T, Abernathy RA, Hu-Primmer J, Thompson WW, Lu X, Lim W, Fukuda K, Cox 
NJ, Katz JM. (1999) Detection of antibody to avian influenza A (H5N1) virus in human 
serum by using a combination of serologic assays. J Clin Microbiol 37:937-943. 

MN assay – Read out is a critical point 



not in HI 

functional, only in MN 

IgG2 not in SRH 

IgG1 

HAI / MN / SRH different Ab detection 



From: M. Zambon, HPA London 

ELISA, not new assay, different approach 





MN for Pandemic Assay using PP  

Lentiviral Gag-Pol    

Haemagglutin (HA)    

Vector encoding  
luciferase 

Measure N-Ab titre of serum using 
a luciferase readout 



http://www.ClinicalTrials.gov  NCT00382187 
The administered vaccine was a monovalent H5N1 subunit 
influenza vaccine derived from the /Vietnam/1194/2004 
40 adults were enrolled in the study:  
•   one group received 15g of plain H5N1(Non-Adj-15; N= 13);  
•   second group received  7.5g of H5N1 adjuvanted with MF59 
(MF59-7.5; N= 14);  
•   third group received 15g of H5N1 adjuvanted with MF59 
(MF59-15; N= 13).  

In the picture vertical dashed line indicate the value of MNlog10 titer = 1.9 (corresponding to a titer of 1:80), the proposed 
threshold of protective antibodies, horizontal dashed line indicate the corresponding value of PPN log10 titer = 2.55 
(corresponding to a titer of 1:357). 

H5N1/VIET MN PP-based correlation 

Alberini et all. Vaccine 2009 



the role of Neuraminidase 

TBA   - Traditional Thiobarbituric acid method    (Warren -1959; Aminoff -1961) 

           - Miniaturized TBA method (Sandbulte et al. 2009) 
BASED ON THE CHEMICAL CONVERSION OF SIALIC ACID TO CHROMOPHORE 
 

Impractical for large numbers of samples and employs hazardous chemicals 
 

Practical method suitable for determination of NI titers in human sera 
 

ELLA   - Enzyme-linked lectin assay (Lambre et al. 1990 and Cate et al. 2010) 
BASED ON PEANUT AGGLUTININ (PNA) THAT BINDS TO RESIDUAL TERMINAL 
GALACTOSE AFTER NA CLEAVAGE 
 



ELLA: source of antigen 

ü  Reassortant virus  
 

(Couzens et al., 2014) 

ü  Triton-X inactivated virus 
(Jonges et al., 2010) 

ü  NA-bearing PV 
(Prevato et al., 2015) 

Avian HA 

Human NA 

Human Triton-X treated HA 

Human NA 

Avian HA 

Human NA 

Luciferase 



MUCOSAL - IgA  

 
STATE OF ART ABOUT IgA ASSAYs FOR INFLUENZA 

 
• NO standardized protocols 
• NO positive controls available   
• NO standardized KITs 

 
Many different approaches for IgA detection and sample 

standardization 



ELISA  -  ASSAY 

The E.L.I.S.A. assays are the best method to detect IgA antibodies in different 
samples (Nasal, Saliva or Sera) 

but WAHT IS THE BEST PROTOCOL? 

«SHORT assay» 

«LONG assay» 



THANKS A LOT for your attention 

montomoli@vismederi.com 



BACK UP 
SLIDEs 



CORRELATES OF PROTECTION ????? 

HAI for B strains 



The interaction of antigen with receptors expressed on RBCs surface, mediated by guinea pig 
complement produces the haemolysis of red blood cells item. 
RBCs and guinea pig complement are the KEY reagents of SRH.  
In order  to improve the performance of SRH the mixture of antigen combined to RBCs and guinea 
pig complement able to give a more clear and readable haemolysis should be chosen. 

SINGLE RADIAL HAEMOLYSIS (SRH) 



VALIDATION 



serum samples heat 
inactivation  
30 minutes 56°C. 

Pseudotype 

1 hour @ 37°C ; 5%CO2 

HEK-293T cells (1x104 cells/50µl). 

48h ; @ 37°C ; 5%CO2 

10k to 50k RLU pp * 

Firefly Luciferase RLU – (luminomenter) 

Pseudotype titration 

* a pilot study with positive standard is 
required  to optimize the amount of pp 
to use 

Pseudotype cell-based MN procedure 



•  Need for HAI, MN and SRH titres to be associated with laboratory 
confirmed influenza (culture and PCR) 

•  Need for well defined correlates of protection (H5, H7 and pediatric 
population) 

•  More information concerning the NA role in protection 
•  Validated, standardized assays to reduce laboratory variation 
•  Protocols, reagents and international antibody standard 
•  Development of novel standardized assays for novel vaccines 

Challenges for correlates of protection 



ppMN	  –	  Pseudopar,cle	  MN	  	  
•  Suitable	  for	  screening	  a	  large	  number	  of	  samples	  
•  Good	  correla:on	  with	  MN	  for	  seasonal	  	  and	  pandemic	  strains	  
•  BSL2	  lab	  need	  also	  for	  pandemic	  strains	  
•  It	  is	  not	  easy	  to	  set	  up	  and	  validate	  

Neuraminidase	  Assays	  
•  Several	  	  assays	  available	  
•  Should	  be	  beNer	  define	  role	  on	  NA-‐Ab	  in	  protec:on	  
•  BSL2	  lab	  need	  also	  for	  pandemic	  strains	  

ELISA	  –	  Enzyme	  Linked	  ImmunoSorbent	  Assay	  
•  Suitable	  for	  screening	  a	  much	  larger	  number	  of	  samples	  
•  Automa:on	  is	  possible	  	  
•  No	  correlate	  of	  protec:on	  established	  
•  Use	  of	  HA	  is	  preferable	  …..	  HA1	  is	  beNer	  
•  Suitable	  to	  detect	  IgG,	  IgM,	  IgA	  in	  serum	  and	  nasal	  washes	  

Other and future assays for Abs detection  


