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The current method of choice for measuring functional antibodies directed against Streptococcus penumoniae (S. pneumoniae) is the opsonophagocytic assay 
(OPA).  The assay is based on the binding and opsonization of antibody and complement components to an infectious agent and measures the uptake and clearance 
of the antibody-antigen complex by effector cells such as polymorphonuclear cells (PMNs).   Phagocytosis by PMNs, in the presence of pneumococcal 
polysaccharides (PnPs) serotype-specific antibodies that have opsonic capacity, represents an important host defense against infections caused by S. pneumoniae 
and provides a useful in vitro surrogate for measuring the biological function of antiserum, for monitoring vaccine efficacy, and for studying the competency of 
immune responses. 
 
Various studies have shown that a correlation exists between anti-Pn antibody to the capsular Ps of S. pneumoniae as measured by ELISA IgG antibody 
concentrations and OPA titers.  The OPA is, therefore, considered a functional representation of anti-Pn IgG and has been correlated with disease protection.  
Detection of multiple functional antibodies to different serotypes simultaneously is essential for determining the efficacy of vaccines that include antigens from 
multiple serotypes.  The development and use of a multiplex uptake OPA (FOPA) has helped streamline and upgrade the classical killing  OPA (KOPA) in many ways.  
Although the KOPA currently represents the gold standard in most laboratories, the newer multiplex flow cytometric bead-based FOPA offers several unique 
advantages.  These include: 1) the use of cell lines as phagocytes, which makes the assay more amenable to standardization; 2) the use of manufactured antigen-
coated beads rather than infectious targets that provides a safety advantage to the laboratory worker; 3) increased automation; 4) the fluorescent beads are not 
sensitive to the presence of antibiotics or the source of complement; 5) increased shelf life of the conjugation product; 6) high volume throughput that is necessary 
for assay efficiency and large scale vaccine evaluation; and 7) analytical flexibility inherently built into the assay.  With this in mind, the multiplexed, bead uptake 
FOPA procedure was used in this study to measure functional antibodies to five Pn vaccine-associated serotypes (4, 6B, 9V, 14, and 19F) in both mothers and 
infants.  Overall, the FOPA is less time consuming, less labor intensive, and less costly than either the manual monoplex or multiplex KOPA procedures while 
maintaining a high degree of reproducibility. 

  Design 
 
In the present study, a multiplexed FOPA was used primarily to measure opsonic activity and compared to a standard KOPA.  Blood specimens were collected from 
340 mother-infant pairs who participated in a prospective, randomized, double-blinded, active controlled trial in Bangladesh to evaluate a strategy of immunizing 
mothers during their third trimester of pregnancy with either a 23-valent PnPs vaccine or an inactivated trivalent influenza vaccine.  The laboratory objective was 
to:  1) assess antibody responses of mother-infant pairs following maternal immunization with the 23-valent PnPs vaccine; 2) evaluate anti-Pn capsular antibody 
responses of infants who had been immunized with a Pn conjugate vaccine during the first 4 months of infancy; 3) evaluate the effect of maternal antibody on the 
�]�v�(���v�š�[�• primary immune response to a pneumococcal conjugate vaccine; and 4) correlate a multiplex bead uptake OPA  with a classical killing OPA and compare 
both to ELISA IgG antibody concentrations using samples collected from the mother-infant pairs.      
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Human Sera  
Sera were aliquoted into 25 ml aliquots and stored at -70oC prior to use. IVIG and 5 in-house sera from healthy adults immunized with Pneumovax (23-valent) 
vaccine were used as control sera for FOPA and KOPA assays. IgG free serum was used as a negative control. 
Bacterial Strains 
S. Pneumoniae strains for various serotypes were selected from the in-house clinical isolate stock. All strains were confirmed to belong to the respective serotype 
by Quellung reaction with rabbit immune sera specific for each serotype. Frozen S. pneumoniae aliquots were stored at -70oC until use.  
HL60 Polymorphonuclear Cells (PMNs) 
HL-60 human PMNs were chemically differentiated into  polymorphonuclear cells using dimethyl formamide and used as effector cells as previously described 
(Martinez 1999).  Fully induced PMNs were harvested on day 5 for use in either the FOPA or KOPA. 
Complement Source 
Rabbit serum was obtained from Pel Freez Biologicals and freeze dried for long-term storage.  Rabbit serum lots deemed suitable were used for both the OPA and 
OPK assays. 
Serological Controls 
Five in-house sera, from individuals immunized with the 23-valent Pn vaccine, were used as controls for all OPA studies. 
Opsonophagocytic Reference Method (Killing Assay-KOPA) 
Serum samples were tested for opsonophagocytic antibodies to the Pn serotypes using a reference opsonophagocytic killing assay (KOPA) as previously described 
by Romero-Steiner et al.(1997) with minor modification.  Colony forming units (CFU) were counted manually and the OPA titers were deduced for each serum 
sample and for each Pn capsular serotype. An OPA titer  is defined as the reciprocal of highest serum dilution showing a >50% reduction in CFU over the 
complement control. An OPA titer  <8 was reported as 4.  All serum samples were assayed in duplicate on two different assay days.   
Multiplex Flow Cytometric Opsonophagocytic Assay (FOPA) 
Serum samples were tested for functional anti-pneumococcal capsule antibodies using a previously described method (Martinez 2006).  A dynamic range of 
antibody dilutions (i.e., high to low) was selected for use in the OPAs based on ELISA outcomes to help optimize the conditions of the FOPA when comparing it  to 
the KOPA. Briefly, purified Ps to the five serotypes were covalently bound to four different fluorescent colored microspheres and subsequently incubated with 
serial dilutions of test serum that were pre-adsorbed with C-Ps and 22F Ps to remove nonfunctional antibodies.  Opsonophagocytosis was initiated following the 
addition of complement and differentiated HL-60 cell-line derived PMNs.  Thirty minutes later the contents of the wells were transferred into disposable tubes for 
analysis by flow cytometry.  Cell suspensions from the various wells were analyzed on a 4 color Coulter XL flow cytometer and the percentage of HL60 PMNs with 
specific fluorescence for each conjugated bead population was determined.   Data were  analyzed with Flowjo 5.7.2 software.  Samples with a .maximum 
phagocytic uptake of <20% at the first dilution were considered negative and reported as a titer  of 4 for analysis purposes. The reciprocal of the dilution with a 
percent uptake equal to 50% of maximum uptake is reported as antibody titer.    
Luminex based assay 
The anti-S. pneumoniae capsular polysaccharide IgG measurement was performed using modified procedures described previously (Borrow 2005, Pickering 2002). 
Serial dilutions of standard, QC sera and unknowns were made in 96-well flat bottom micro-titer  plate.  Luminex beads were conjugated with various serotype 
specific CPS and diluted to obtain 5000 beads/serotype/well.  Beads were resuspended in 75 µl/well  assay buffer and read in the Luminex 100 reader.   Median 
fluorescent intensity readings were converted into IgG concentration using the Masterplex QT 3.2 program. 
Oxidative Burst (Respiratory Burst) Assay 
A one step flow cytometric assay was developed to quantify both antigen-dependent phagocytosis and intraphagocytic oxidative burst responses.  The oxidative 
burst response was determined by measuring the ability of PMNs to produce reactive oxygen intermediates using dichlorodihydrofluorescein diacetate (green 
dye) as a cell-permeant fluorogenic probe.  Two bead populations were used as targets.  The first bead population contained the 18C PnPs conjugated to red 
fluorescent beads; the second population consisted of the oxiburst dye and 18C PnPs conjugated to red fluorescent beads.  The detection of red fluorescence only 
was a measure of uptake while red and green fluorescence from the same beads was evidence for both uptake and respiratory burst. 
Statistics 
Statistical analyses were performed using SigmaStat v. 3.5 (Systat Software, Inc., Chicago, IL) software.  Additional descriptive statistics were determined using 
Excel 2010 (Microsoft Inc., Seattle, WA). 

Abstract 
Background:  Data demonstrate the utility  of functional antibody-mediated opsonophagocytosis against pneumococcal serotypes to assess vaccine performance 
against pneumococcal disease.  The study objective was to assess the level of correlation between a multiplex cytometric bead uptake opsonophagocytic assay 
(FOPA) with a standard killing OPA assay (KOPA).    
Methods:  Mothers in Bangladesh were randomized to receive a 23-valent PPV or a flu vaccine during pregnancy.  The effect of passively transferred antibody was 
examined in their infants.  The infants received either pneumococcal conjugate vaccine (PCV7) plus recommended pediatric vaccines, or only the recommended 
vaccines.  Sixty mother/infant  paired sera were assayed for opsonic antibodies to 5 pneumococcal serotypes included in the licensed PCV7 to compare FOPA and 
KOPA activity.  An oxiburst activation assay also measured uptake and respiratory burst activity in phagocytic cells for each serotype.                                      
Results:  A comparison of the two OPAs for 5 serotypes showed good correlation coefficients ranging from R=0.85 to 0.97, (P<0.001) among infants and 0.91 to 
0.96, (P<0.001) for the mothers.  Surface-bound opsonized beads containing pneumococcal antigens were actively taken up and triggered a respiratory burst  in 
phagocytic cells in the FOPA.    
Conclusion:  A statistically significant correlation exists between the uptake and killing OPAs in sera from infants and adults immunized with Pn antigens.  Although 
assays of killing and uptake of target antigens offer comparable outcome measures, the FOPA offers a high throughput parameter and is, therefore, more cost-
effective.  Oxiburst experiments indicate that polysaccharide bead uptake leads to respiratory burst activity similar to the cellular process associated with KOPA, 
regardless of serotype. 

�‡ Data in Table 1 demonstrate that the FOPA was able to detect significant increases in opsonic 
antibody activity to various Pn capsular antigens in mothers vaccinated with a Ps vaccine during 
pregnancy as well as their newborns who received 3 doses of the 7-valent Pn conjugate vaccine at 6, 
10, and 14 weeks of age (Groups A and C).  The table also shows that the FOPA and KOPA yielded 
comparable opsonic antibody titers when the assays were performed on the same samples  
 

�‡ The multiplex bead-uptake functional antibody assay (FOPA) was found to correlate extremely well 
with the reference killing assay (KOPA) for all 5 serotypes tested in mothers (r=0.91 to 0.96; P<0.001) 
and in infants (r=0.85 to 0.97; P<0.001) (Table 2 and Figs. 1-5)   
 

�‡ Evaluating the relationship between OPA titers (FOPA and KOPA)and IgG antibody concentrations 
revealed no significant correlation for either of the two OPAs and ELISA.  This was true for all 
serotypes when using samples obtained from either immunized mothers or infants (Table 3)  
 
�‡ Because of the biological differences between the ELISA and OPA platforms, it was not uncommon 
to detect situations where anti-capsular Pn antibodies from immunized adults and infants reveal low 
IgG antibody levels that correspond to high opsonic antibody titers and vice versa 
   
�‡ The oxidative burst experiment showed that conjugation of both Ps and oxiburst dye to red 
fluorescent beads provided a reagent capable of detecting both uptake and the respiratory burst in a 
single assay.  Red fluorescence measured the ability of the PMNs to internalize surface bound 
opsonized  PnPs conjugated fluorescent beads, which is the basis for the FOPA, while green 
fluorescence measured respiratory burst activity, which is the basis for the killing OPA.  The results 
show that the percentage of PMNs containing the different sets of fluorescent beads was very similar 
as indicated by the similar curves in Figures 6 and 7. 

�‡ The high-throughput methodology of the FOPA was found to be a rapid alternative to the standard killing assay (KOPA) currently used in most laboratories to ascertain 
the ability of Pn vaccines to elicit a functional antibody response 
 

�‡ To demonstrate that the FOPA represents a viable alternative and is equivalent to the KOPA for demonstrating functional antibody activity to Pn vaccines, a head-to-head 
comparison was conducted with sera from immunized mothers and their infants to provide the necessary bridging data to demonstrate a direct correlation between the 
two platforms.  The data show a significant correlation between the two OPAs for all 5 serotypes measured (r=0.91 to 0.96) and demonstrates that the FOPA multiplex 
uptake assay represents a useful model for measuring vaccine potency  
 

�‡ The multiplex cytometric assay offers great utility in being able to measure: 1) antibodies to various Ig isotypes including IgG and its subtypes, IgA, and IgM; 2) natural 
antibodies for innate immunity; 3) monoclonal antibodies; and 4) antibodies to subcapsular Pn protein (e.g., PspA and pneumolysin) 
 

�‡ The conjugation procedure for the bead-based cytometric uptake procedure (FOPA) has been standardized and optimized, tolerance limits defined, and the quality of the 
bead-attached surface antigens shown to be intact.  The FOPA technology itself has not been standardized, but an internally validated methodology was employed 
 

�‡ The FOPA platform has been well characterized and shown to be highly specific, sensitive, accurate, precise, reproducible, and significantly cost-effective.  Its ability to 
provide high volume throughput, increased automation, and reduced sample volumes makes the assay highly desirable in settings involving large numbers of clinical 
samples, and especially relevant in infant studies. 
 

�‡ The multiplex bead-based OPA appears to be measuring the same cellular processes associated with the killing assay  suggesting that uptake of an antigen-coated bead 
and the killing of bacteria inside a phagosome rely on similar mechanisms and are statistically comparable 
 

�‡ The lack of concordance between ELISA IgG and functional antibody activity may be due to several possibilities including variations in the avidity of Ps antibodies, epitope 
exposure, complement binding differences, as well as the possible production of Pn antibodies that are specific for non-opsonophagocytic epitopes associated with PnPs 
 

�‡ Although uptake may not always equate to killing, the strong correlation between the uptake FOPA) and killing (KOPA) assays, in addition to the oxidative burst data, 
suggest that while the outcome measures are different (i.e., killing vs. uptake), both assays have an equal capacity to measure protective immune responses in humans 
 

�‡ The multiplex FOPA assay may prove advantageous in predicting the in vivo protective capacities of anti-Ps antibodies in situations where the end point is invasive Pn 
disease as well as provide a diagnostic tool for functionally characterizing the ability of immunocompromised hosts to respond to T-cell-independent antigens 
 

�‡ Based on clinical and pre-clinical studies, OPA provides a closer correlation with serotype-specific vaccine efficacy than other assay systems like ELISA.  Therefore, the 
multiplex FOPA technology may allow for efficient evaluation of new second generation conjugate vaccine candidates containing multiple serotypes or third generation 
surface protein vaccines. 
 

 

 Table 3.   Correlation of ELISA concentrations and   opsonophagocytic 
titers in mothers from Bangladesh1 

Serotype 

22F absorbed ELISA immunoglobulin 

IgG concentration (�…�P/ml) vs. that of: 

Multiplex bead 

assay (FOPA) 

N=50 

Reference killing 

assay (KOPA) 

N=50 

r value2 r value2 

 4 0.245 0.234 

   6B 0.234 0.133 

   9V 0.250 0.175 

   14 0.302 0.265 

    19F 0.409 0.397 
 1The table lists the correlation values (r) for OPA titers 

obtained by either the multiplex bead uptake OPA or the 

reference killing OPA against 22F absorbed ELISA IgG 

concentrations. 
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 Table 2.   Correlation of reference KOPA vs. multiplex bead-  based FOPA for post-vaccination sera from mothers and   infants immunized with Pn vaccines1, 2 

Serotype 

r value3  

Mothers (N=100) Infants (N=120) 

          4              0.96              0.92  

        6B              0.94              0.85  

        9V              0.94              0.93  

        14              0.91              0.97  

       19F              0.91              0.88  
1 Post-vaccination sera were collected from mothers 4-6 weeks 

following immunization with a Ps vaccine during the third 

trimester of pregnancy and 4-8 weeks following a third dose of 

a 7-valent Pn conjugate vaccine. 
2 Mann-Whitney rank sum p values ranged from 0.094 to 0.943 
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Table 1.   Opsonic titers (GMTs) of mothers and infants following immunization with 23-valent PnPs 

vaccine1 and 7-valent Pn conjugate vaccine2 respectively 

Serotype 

                                                                  

Opsonic titers3 

Mothers (N=24) Infants (N=22) 

Pre-immunization 

sera     

FOPA6          KOPA6 

Post-immunization 
sera4 

    FOPA6          KOPA6 

Pre-immunization 
sera  

   FOPA6      KOPA6 

 

Post-immunization  

sera5 

    FOPA6           KOPA6  

        4 45.25          69.79)    263.50          270.60     16.95         24.68     141.32           161.27 

       6B      29.34          41.50    248.71          263.20     9.51           21.11          121.82            93.41      

       9V      29.38          38.05    394.81          235.57     42.71         64.00     284.81           161.02 

       14      117.38        128.00    645.08          813.51     80.63         90.51     362.02           423.81 

      19F      26.91          34.90    241.63          194.01     28.51         39.64     326.95           362.04 
1 One dose of 23-valent Ps vaccine was administered during third trimester. 
2Three doses of the 7-valent conjugate vaccine were administered at 6, 10, and 14 weeks of age. 
3 Geometric mean titer calculated at 50% uptake or killing.  
4 Titers were obtained from sera collected 4-6 weeks post immunization. 
5 Titers were obtained from sera collected 2 months post third immunization at 18 weeks of age. 
6 There were no significant differences in the GMTs when comparing FOPA results with KOPA 
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