Abstract

Backaground Data demonstratethe utility of functional antibody-mediated opsonophagocytosiggainstpneumococcakerotypesto assess/accineperformance
againstpneumococcaldisease The study objective wasto assesghe level of correlation between a multiplex cytometric bead uptake opsonophagocytiassay
(FOPAith a standardkilling OPAassay(KOPA)

Methods. Mothersin Bangladeshwere randomizedto receivea 23-valent PPVor a flu vaccineduring pregnancy Theeffect of passivelytransferred antibody was
examinedin their infants. Theinfants receivedeither pneumococcakonjugatevaccine(PCW) plus recommendedpediatric vaccines,or only the recommended
vaccines Sixtymother/infant paired serawere assayedor opsonicantibodiesto 5 pneumococcakerotypesincludedin the licensedPCWV to compareFOPAand

KOPAactivity. Anoxiburstactivation assayalsomeasureduptake and respiratory burst activity in phagocyticcellsfor eachserotype

Results A comparisonof the two OPAsfor 5 serotypesshowed good correlation coefficientsrangingfrom R=0.85to 0.97, (P<0.001) amonginfants and 0.91 to

0.96, (P<0.001) for the mothers. Surfacebound opsonizedbeadscontaining pneumococcakntigenswere actively taken up and triggered a respiratory burst in

phagocyticcellsin the FOPA

Conclusion A statistically significantcorrelation existsbetweenthe uptake and killing OPAsn serafrom infants and adultsimmunizedwith Pnantigens Although
assays0f killing and uptake of target antigensoffer comparableoutcome measuresthe FOPAoffers a high throughput parameter and is, therefore, more cost

effective. Oxiburstexperimentsindicate that polysaccharidebead uptake leadsto respiratory burst activity similar to the cellular processassociatedwith KOPA,
regardlessof serotype

Background

Results

iData in Table 1 demonstrate that the FOPAwas able to detect significantincreasesin opsonic
antibody activity to various Pn capsularantigensin mothers vaccinatedwith a Psvaccineduring
pregnancyaswell astheir newbornswho received3 dosesof the 7-valent Pnconjugatevaccineat 6,
10, and 14 weeksof age (GroupsA and C) Thetable alsoshowsthat the FOPAand KOPAyielded
comparableopsonicantibodytiters whenthe assaysvere performedon the samesamples

fThe multiplex beaduptake functionalantibody assay(FOPAwasfound to correlate extremelywell
with the referencekilling assay(KOPAJor all 5 serotypestested in mothers(r=0.91 to 0.96; P<0.001)
andin infants(r=0.85to 0.97; P<0.001) (Table2 and Figs 1-5)

iEvaluatingthe relationship between OPAtiters (FOPAand KOPA3Nnd IgG antibody concentrations
revealed no significant correlation for either of the two OPAsand ELISA Thiswas true for all
serotypeswhenusingsamplesobtainedfrom eitherimmunizedmothersor infants (Table3)

iBecauseof the biologicaldifferencesbetweenthe ELISAand OPAplatforms,it wasnot uncommon

Table2. Correlation of reference KOPA vs. multiplbrad-
based FOPAor post-vaccination sera from motherand
infants immunized withPnvaccine$ 2

r value?
Serotype Mothers (N=100)| Infants (N=120)
4 0.96 0.92
6B 0.94 0.85
o9V 0.94 0.93
14 0.91 0.97
19F 0.91 0.88

1 Postvaccination sera were collected from mother$ 4veeks
following immunization with a Ps vaccine during the third

trimester of pregnancy and-8 weeks following a third dose of
a 7~valentPnconjugate vaccine

2MannWhitney rank sunp valuesranged from 0.094 to 0.943
SW Ee}v[e %o E&} B S ulu vS }EE o S]}v

to detect situationswhere anti-capsularPnantibodiesfrom immunizedadultsand infantsreveallow
lgGantibodylevelsthat correspondto highopsonicantibodytiters andviceversa

fThe oxidative burst experiment showed that conjugation of both Ps and oxiburst dye to red
fluorescentbeadsprovideda reagentcapableof detectingboth uptakeandthe respiratoryburstin a
single assay Red fluorescencemeasuredthe ability of the PMNsto internalize surface bound
opsonized PnPsconjugated fluorescent beads, which is the basis for the FOPA,while green
fluorescencemeasuredrespiratory burst activity, which is the basisfor the killing OPA Theresults
showthat the percentageof PMNscontainingthe different setsof fluorescentbeadswasvery similar
asindicatedby the similarcurvesin Figuress and 7.

Tablel. Opsonictters (GMTs)f mothers and infants following immunization with 28alent PnPs
vacciné and 7valent Pnconjugate vaccinérespectively

Table3. Correlation of ELISA concentrations and

opsonophagocytic

titers in mothers from Bangladesh

22F absorbed ELISA immunoglobu
lgGconcentration (.. /MAl) vs. that of:
Multiplex bead | Reference killing
Serotype
assay(FOPA) assay (KOPA)
N=50 N=50
r value? r value?
4 0.245 0.234
6B 0.234 0.133
oV 0.250 0.175
14 0.302 0.265
19F 0.409 0.397
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PneumoConjugate

Opsoniditers?
Mothers (N=24) Infants (N=22)
Serotype| Preimmunization Postimmunization | Preimmunization Postimmunization
sera serd sera serd
FOPA  KOPA | FOPA  KOPA | FOPA KOPA FOPA  KOPA

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
14 117.38 128.0Q 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

1One dose of3-valent Pssaccine was administered during third trimester.
°Three doses of th@&-valentconjugatevaccinewere administered at 6, 10, and 14 weeks of age.
3 Geometric meairiter calculated at 50% uptake or killing.

4Titers were obtained from sera collecteebdveeks post immunization.
>Titers were obtained from sera collect@dnonthspostthird immunizationat 18 weeks of age.
6There were no significant differences in the GMTs when comparing FOPA results with KOPA

1The table lists the correlation valua3 for OPA titers
obtained by either the multiplex bead uptake OPA or th
reference killing OPA against 22F absorbed BQIGA
concentrations.
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Vaccine
at 6, 10, 14 Weeks

Hib Conjugate
Vaccine
at 6, 10, 14 Weeks

PneumoConjugate
Vaccine
at 6, 10, 14 Weeks

Hib Conjugate
Vaccine
at 6, 10, 14 Weeks

Followup Group A
Blood at 10, 14, 18,
22 Weeks

Followup Group C
Blood at 10, 14, 18,
22 Weeks

Followup Group B
Blood at 10, 14, 18,
22 Weeks

Followup Group D
Blood at 10, 14, 18,
22 Weeks

Methods

HumanSera

Serawere aliquoted into 25 ml aliquots and stored at -70°C prior to use IVIGand 5 in-house serafrom healthy adults immunizedwith Pneumovax(23-valent)
vaccinewere usedascontrol serafor FOPAand KOPAassayslgGfree serumwasusedasa negativecontrol.

Bacterial Strains

S Pneumoniaestrainsfor variousserotypeswere selectedfrom the in-houseclinicalisolate stock All strainswere confirmedto belongto the respectiveserotype
by Quellungreactionwith rabbit immune seraspecificfor eachserotype FrozenS pneumoniaealiquots were storedat -70°Cuntil use

HL60 PolymorphonucleacCells(PMNS)

HL-60 human PMNswere chemicallydifferentiated into polymorphonuclearcells using dimethyl formamide and used as effector cells as previously described
(Martinez1999. FullyinducedPMNswere harvestedon day5 for usein either the FOPAor KOPA

ComplementSource

Rabbitserumwas obtained from PelFreezBiologicalsand freezedried for long-term storage Rabbitserumlots deemedsuitable were usedfor both the OPAand
OPKassays

SerologicalControls

Fivein-housesera,from individualsimmunizedwith the 23-valent Pnvaccine were usedascontrolsfor all OPAstudies

Opsonophagocyti®keferenceMethod (Killing AssayKOPA)

Serumsampleswere tested for opsonophagocyti@antibodiesto the Pnserotypesusinga referenceopsonophagocytickilling assay(KOPA)s previouslydescribed
by RomeraSteineret al.(1997) with minor modification. Colonyforming units (CFUwere counted manually and the OPAtiters were deducedfor eachserum
sample and for each Pn capsularserotype An OPAtiter is defined as the reciprocal of highest serum dilution showing a >50% reduction in CFUover the

complementcontrol. An OPAtiter <8 wasreported as4. All serumsampleswere assayedn duplicate on two different assaydays

Multiplex Flow CytometricOpsonophagocytidssay(FOPA)

Serumsampleswere tested for functional anti-pneumococcalcapsuleantibodies using a previously describedmethod (Martinez 2006. A dynamic range of
antibody dilutions (i.e., highto low) was selectedfor usein the OPAshasedon ELISAutcomesto help optimize the conditions of the FOPAvhen comparingit to

the KOPA Briefly, purified Psto the five serotypeswere covalently bound to four different fluorescent colored microspheresand subsequentlyincubated with

serial dilutions of test serumthat were pre-adsorbedwith GPsand 22F Psto remove nonfunctional antibodies Opsonophagocytosisvas initiated following the
addition of complementand differentiated HL-60 cell-line derived PMNs Thirty minutes later the contents of the wells were transferredinto disposabletubes for

analysisby flow cytometry. Cellsuspensiongrom the variouswells were analyzedon a 4 color Coulter XLflow cytometer and the percentageof HL60 PMNswith

specific fluorescencefor each conjugated bead population was determined. Data were analyzedwith Flowjo 5.7.2 software. Sampleswith a .maximum
phagocyticuptake of <20% at the first dilution were considerednegative and reported as atiter of 4 for analysispurposes Thereciprocalof the dilution with a
percentuptake equalto 50%of maximumuptakeis reported asantibody titer.

Luminexbasedassay

Theanti-S pneumoniaecapsularpolysacchariddgGmeasurementwas performed usingmodified proceduresdescribedpreviously(Borrow 2005 Pickering2002).

Serialdilutions of standard, QCseraand unknownswere made in 96-well flat bottom micro-titer plate. Luminexbeadswere conjugatedwith various serotype
specificCPSand diluted to obtain 5000 beads/serotype/well. Beadswere resuspendedn 75 pul/well assaybuffer and read in the Luminex100reader Median
fluorescentintensity readingswere convertedinto IgGconcentrationusingthe MasterplexQT3.2 program

Oxidative Burst(RespiratoryBurst) Assay

A one step flow cytometric assaywas developedto quantify both antigen-dependentphagocytosisand intraphagocyticoxidative burst responses The oxidative
burst responsewas determined by measuringthe ability of PMNsto produce reactive oxygenintermediates using dichlorodihydrofluoresceindiacetate (green
dye) as a cell-permeant fluorogenic probe. Two bead populations were used astargets. Thefirst bead population contained the 18C PnPsconjugatedto red
fluorescentbeads the secondpopulation consistedof the oxiburst dye and 18CPnPsconjugatedto red fluorescentbeads Thedetection of red fluorescenceonly
was a measureof uptake while red and greenfluorescencerom the samebeadswasevidencefor both uptake andrespiratory burst.

Statistics

Statisticalanalyseswere performed using SigmaStatv. 3.5 (SystatSoftware, Inc., Chicago, L) software. Additional descriptive statistics were determined using
Excel010(Microsoft Inc., Seattle, WA).

The findings and conclusions in this report are those of the authors and do not necessarily represent the view of Flow Applications, Inc.

Conclusions

IThe high-throughput methodologyof the FOPAvasfound to be a rapid alternativeto the standardkilling assay(KOPAEurrently usedin most laboratoriesto ascertain
the ability of Pnvaccinedo elicit afunctionalantibodyresponse

fTodemonstratethat the FOPAepresentsa viablealternativeandis equivalentto the KOPAor demonstratingfunctionalantibodyactivity to Pnvaccinesa headto-head
comparisonwas conductedwith serafrom immunizedmothersand their infantsto providethe necessarypridgingdatato demonstratea direct correlationbetweenthe
two platforms Thedata show a significantcorrelation betweenthe two OPAgfor all 5 serotypesmeasured(r=0.91 to 0.96) and demonstratesthat the FOPAmMultiplex
uptakeassayrepresentsa usefulmodelfor measuringvaccinepotency

The multiplex cytometric assayoffers great utility in beingable to measure 1) antibodiesto variouslg isotypesincludinglgGand its subtypes,igA and IgM; 2) natural
antibodiesfor innate immunity; 3) monoclonalantibodies and4) antibodiesto subcapsulaPnprotein (e.g., PspAand pneumolysirn)

fTheconjugationprocedurefor the beadbasedcytometricuptake procedure(FOPAhasbeenstandardizecand optimized,tolerancelimits defined,and the quality of the
beadattachedsurfaceantigensshownto be intact. TheFOPAechnologyitself hasnot beenstandardizedbut aninternallyvalidatedmethodologywasemployed

fThe FOPAplatform hasbeenwell characterizedand shownto be highly specific,sensitive,accurate,precise,reproducible,and significantlycosteffective Its ability to
provide high volume throughput, increasedautomation, and reduced samplevolumesmakesthe assayhighly desirablein settingsinvolvinglarge numbersof clinical
samplesandespeciallyelevantin infant studies

fThemultiplex beadbasedOPAappearsto be measuringthe samecellularprocessesssociatedvith the killing assay suggestinghat uptake of an antigencoatedbead

andthe killing of bacteriainsidea phagosomeely on similarmechanism&nd are statisticallycomparable

fThelackof concordancébetweenELISAgGandfunctionalantibodyactivity maybe due to severalpossibilitiesncludingvariationsin the avidity of Psantibodies,epitope
exposure complementbindingdifferencesaswell asthe possibleproductionof Pnantibodiesthat are specificfor non-opsonophagocytiepitopesassociatedvith PnPs

FAlthough uptake may not alwaysequateto killing, the strong correlation between the uptake FOPA)RNd killing (KOPApssaysjn addition to the oxidative burst data,
suggesthat while the outcomemeasuresare different (i.e., killing vs. uptake),both assayfiavean equalcapacityto measureprotectiveimmuneresponsesn humans

IThe multiplex FOPAassaymay prove advantageousn predictingthe in vivo protective capacitiesof anti-Psantibodiesin situationswhere the end point is invasivePn
diseaseaswell asprovidea diagnostictool for functionallycharacterizinghe ability of immunocompromisedhoststo respondto T-celtindependentantigens

iBasedon clinicaland pre-clinical studies,OPAprovidesa closercorrelationwith serotypespecificvaccineefficacythan other assaysystemslike ELISA Therefore,the
multiplex FOPAtechnologymay allow for efficient evaluationof new secondgenerationconjugatevaccinecandidatescontainingmultiple serotypesor third generation
surfaceprotein vaccines
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