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	Title: Using various immunological assays to assess immune responses to pneumococcal polysaccharide and conjugate vaccines in HIV.


	
1) Background and aim: 

Streptococcus pneumoniae is a major cause of morbidity and mortality. Assessing responses to pneumococcal (Pn) vaccination is important when assessing to determine immunogenicity. . Testing for IgG-specific and monoclonal specific (IgG1-4) pneumococcal antibodies can either be against individual serotypes or against the combined 23 serotypes found in the Pneumovax-23 vaccine (PPV-23) and Prevenar-13 (PCV-13) vaccine.  The aims of this project were to 1) qualify the IgG subclass response to the plain polysaccharide Pneumovax-23 vaccine (PPV-23) and protein conjugated Prevenar-13 (PCV-13) Pn vaccine. This would be done both to individual Pn serotypes and to the combined serotypes in both vaccines.  2) Compare serotype specific with combined or whole pneumococcal assays. 

2) Methods: 
Pn serotype- specific antibodies from an HIV-infected cohort at University Hospitals Birmingham (N=153) were tested pre- and post- Pn vaccination with (single dose of PPV-23 or PCV-13,) using a combination of multiplexed Luminex assays (MIA) (University of Birmingham),  and Binding Site anti-pneumococcal kits (PCP-IgG and PCP-IgG2), and pneumococcal opsonophagocytic killing assays (OPKAs). . 

Monoclonal antibodies (IgG1, IgG2, IgG3, and IgG4) were conjugated to phycoerythrin (PE) using a Lightning-Link PE conjugation method. These secondary PE-conjugated monoclonal antibodies were optimized for usage in the MIAs.  The MIAs measured total IgG, IgG1, IgG2, IgG3, and IgG4 antibodies in patient sera to 11 Pn serotypes (1, 3,4,5,6B,7F,9V,14,18C,19F,23F), and the whole PPV-23 and PCV-13 vaccine conjugated beadss. 

Pn-specific values were assigned to IgG1 and IgG2 for the standard reference serum 007sp from the old standard reference serum 89-SF using an equivalence-of-absorbance method based on previously assigned titres. . Furthermore, tThe Pn-specific IgG and IgG2 assays were then compared to the Binding Site Whole PCP-IgG and IgG2 assays., .	Comment by Alex Richter: maybe take out as we dont use this?

3) Results:

For mIgG subclass response to vaccination
PPV-23 vaccination produced a proportionally higher IgG2 response than easuring Pn-specific IgG subclasses, there is a greater Pn-specific IgG2 response for the cohort that received a single dose of PPV-23. It is much greater than Pn-specific IgG1, IgG3, and  or IgG4 responses (Figure 1). PCV-13 vaccination produced significant equivalent increases to all measured serotypes to IgG1 and IgG2. The Pn-specific IgG3 response was more prominent in the PCV-13 than the PPV-23 cohort. The Pn-specific IgG4 response is limited for both the PPV-23 and PCV-13. However, there is much more Pn-specific IgG1 than anticipated in the PPV-23 cohort. Historically, it has been assumed that there is a greater Pn-specific IgG2 response for patients that receive the plain polysaccharide vaccine, PPV-23. 

Surprisingly, there is an equal Pn-specific IgG1 and IgG2 response to a single dose of PCV-13, the pneumococcal conjugate protein vaccine. Traditionally, protein vaccines will only generate an IgG1 response. Therefore, this is a novel finding that is contrary to published literature on responses to pneumococcal conjugate vaccination.  Furthermore, t





he Pn-specific IgG3 response is more prominent in the PCV-13 than the PPV-23 cohort. 

Finally, there is not much of a Pn-specific IgG4 response in either the PPV-23 or PCV-13 cohort. 

Comparison of serotype assaysFigure 1. Number of Pneumococcal Vaccine Antigens with a significant difference pre- to post- vaccination

For IgG serotype assays, protection is deemed significant when 2/3rds of measured serotypes reach threshold (0.35 µg/ml -WHO) (1). When our serotype data was compared with 
For tthe whole PCP-IgG (Binding Site Assay), we found that the whole PCP-IgG kit misdiagnoses protection (36.4% of patients, that were deemed protective by the PCP-IgG assay,  had a significant number of serotypes that failed to reach threshold.  

When comparing the whole PPV-23 and PCV-13 beads with the serotype data. ROC curve analysis for the prediction of patients who reach threshold for the serotype specific IgG assay (WHO) returned an area under the curve of 0.68 (p<0.001) against the whole PPV-23 bead and 0.87 (P<0.0001) against the whole PCV-13 bead. failure rate) when considering protective thresholds for individual Pn-specific IgG serotypes. 

For the PCP- Ag-specific IgG2 assay (Binding Site Assay) (2), there were no post vaccine  differences between  PPV-23 and PCV-13 cohorts similar to the MIA data.  However, the IgG2 response varied widely (1.34:9.38 fold change) between serotypes; differences which cannot be seen in the whole PCP-IgG2 assay. the total anti-PCP IgG2 produced; 	Comment by Alex Richter: Compared with what?

however, patients that received a first dose of PPV-23, initially, produced a greater amount of anti-PCP IgG2 than patients that received a first dose of PCV-13 (P=0.0007). There were no significant differences with regards to the number of patients that were protected post-vaccination with a cut-off of 12 mg/L (Parker et al. , 2017). 

For the whole PPV-23 IgG Luminex assay, significant correlations were detected between PPV-23 vaccine IgG titres and all 12 Pn-specific IgG titres across 1537 patient serum samples (all p<0.001). However, these correlations were only weak to moderate in strength (Spearman coefficients ranging from 0.19-0.46). Futhermore, a ROC curve analysis for the prediction of patients with protective levels (0.35 µg/ml- WHO) on 8 out of 12 Pn serotypes returned an area under the curve of 0.68 (95% CI: 0.66 – 0.71, p<0.001) against whole PPV-23.

For the whole PCV-13 IgG Luminex assay, a ROC curve analysis for the prediction of patients with protective levels (0.35 µg/ml- WHO) on 8 out of 12 Pn serotypes returned an area under the curve of 0.87 (95% CI:0.80-0.96, P<0.0001) against whole PCV-13.

4) Conclusion:  This investigation provides a number of different assays to measure Pn-specific antibody concentrations following vaccination. This study has demonstrated differences in IgG subclass responses to PPV-23 and PCV-23 vaccines. This e results challenges our  previous thinking that a plain polysaccharide response is predominantly IgG2 and conjugate vaccine IgG1.  views of how This study also highlighted the variety of assays available and that these generate different results. The serotype specific assays demonstrate that responses to individual serotypes are very different for both vaccines and that this granularity cannot be visualized in combined serotype assays.  to measure Pn-specific antibody titres following vaccination with PPV-23 or PCV-13. This study also provides assigned values for standard lot 007sp that can be used globally in order to understand the Pn-specific subclass response to pneumococcal vaccination.  
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