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A Modified HI assay using Stabilized Human RBC
(Morokutti et al., JQlin Micro 2012)

Inter-laboratory variability in the HI assay exists for multiple
reasonsincluding differencesin protocols, differencesin RBCs
used and subjective read-outs

The standard HI was optimized to improve robustness and then
validated

Key differencesin the modified HI include:

— Use of 0.08% stabilized human erythrocytes in 1% BSA to facilitate RBC
settling and reduce non-specific antibody binding

— Microscopic plate readout
Modified HI compared with standard WHO manual HI

Modified HI was linear, specific and up to 8-fold more sensitive
than standard HI

Modified HI performed equally well with different subtypes
— H3N2,H1IN1pdm09,H5N1



Summary of Standard and Modified

HAI Assay Protocols

Parameter

Standard HAI

Modified HAI

Serum dilution

RDE-treatment and heat inactivation
Erythrocyte source

Erythrocyte concentration®
Microtitre plates

Assay buffer

Assay volume?

Virus antigen (HAL25 pl)

First incubation (after mixing of serum and virus antigen)
Second incubation (after addition of erythrocytes)

Assay temperature

Assay plate readout
Endpoint determination for seropositivity
Reference material

1:8

Overnight @& 37 =C; 45 min @ 56-C
Human or animal [e.g. chicken, horse)
0.8% (human) or 0.5% (animal]

- (human) or V-(animal) bottom
DPES

25pul

4

30 min

GO min

RT (or +4+=C, in case of virus antigens with high

neuraminidase activity)
By eye, G0 tilted plate
Settled erythrocytes and leakage pattern

Varies with virus antigen and erythrocyte source

1:B

Overnight @ 37 =C; 45 min & 56-C
Human (stabilised)
0.08%

V-bottom

DPFBS + 1% BSA
25l

4

45 min

75min

RT

Microscope (40-fold magnification)
Clear to irregular shaped erythrocyte dot
NIBSC sheep serum

2 Diluted in the respective assay buffer (DPES for HAI or 1% BSA in DPBS for mHAL.
B The same amount of 25 pul for serum, assay buffer, assay antigen and REC solution,

« Quality of RBCiscritical; RBCwith clear supernatant and defined expiration

of one week are optimal

o Sabilized human RBCare commercially available



Read-out in Standard and Modified HI Assays

Standard Hl Modified HI
mHAI (40X magnification)

100% hemagglutination
Inhibition: streaming

50% hemagglutination
Inhibition:tear-drop,
iIncomplete streaming

Clear RBCdot visible

Irregular shaped dot

Irregular cell
“agglomerates’

0% hemagglutination
Inhibition: C
cross-linked lattice of RBC
(RBC“shield”)




Comparison of Titers Obtained by Standard
and Modified HI Assays using Egg-grown Vaccine Viruses
and Post-vaccination Human and Ferret Antisera

Sample 1D HiN1(seasonal)  H3IN2 B (nonE.T)
mHAl HAI mHAl HAI mHAlI HAI
Virus titre 128 G4 128 G4 512 128
PC (NIBSC) 4006 2048 32763 16,384 81402 1024
MNC (NIBS(O) <8 <8 <8 <8 <8 <B
Human 01 B <8 <f <8 B <R
Human 02 6 32 <8 <8 32 <R

Human18 <2 ) 3 12 1024 256
Human34 128 32 @ 8 51 128

Human 51 <8 <8 1 8 <h <8
Human 54 <8 <8 16 g 32 B>
Human80 G2 > 16 16 & @ 16>
Human 97 =4 32 32 16 1 <8
Ferret M14 <8 <8 <3 <8 128 32
Ferret M1G <8 <8 o4 32 128 o4
Ferret F20 8 8 256 128 32 16
Ferret F22 16 8 256 256 8 <8
Ferret F24 32 16 128 64 128 32

Ferret M28 <8 <8 <8 <8 <8 <B




Microscopic Read-out Patterns
for Seasonal and Avian Subtypes

H1N1 il & H1N1pdm H5N1-VN H5N1-IN
No virus A
With Ab — last well s
showing100% x 3
inhibition i

With virus, c
no-specific Ab G




Profiling Human Antibody Response to Influenza
using a Protein Microarray
(Koopmans et al., din Micro Infect 2011, Boni et al., JID 2013)

Need for new antibody methods because existing
assays difficult to standardize and HI and VN assays
may not detect all antibodiesrelevant for protection

HA1l-based protein microarray developed:
= HAL used for improved specificity
= Small volume (10 pl) sera
High-throughput testing
= Cantest up to 100 antigensin one day
= Providesa profile of prior exposure of individual
Comparison with standard HAI assay

Used to estimated population-based antibody levelsto
H7N9 virusin sera collected in Vietham from 2010-12
(Boni et al.; 2013)



HA1 Microarray Set-up on
Nitrocellulose Coated Slides
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Commercially available HA1 proteins produced in HEK293 cells

Triplicate wells contain optimized amounts of HA1 spotted onto nitrocellulose pad
4 X 16 pad slidesyields 64 wells

Sable at RT for up to 3 weeks

2-fold serial serum dilutionsfrom 1:20to 1:5120 incubated for 1 hr at 37°C

Bound antibody detected by goat anti-hulgG conjugated to fluorescent dye
Sgnals quantified by a ScanArray microarray scanner



Protein Array (PA)Titer Estimation in Acute and
Convalescent Serafrom H1IN1pdmO09-infected Child

Max readout set at ~65,000 \
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Min readout set at 3,000

0o Titersread asdilution achieving 50% maximum binding signal for
sample

o Titerswith lowest dilution giving readout below minimum
threshold were scored as 10



Kinetics of Antibody Responsein 18 HIN1pdmO09
Cases/contacts Measured by PA and HI Assay
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* Kinetics of response similar with PA antibody developing slightly faster

* Hve personshad detectable antibody at baseline versusone by Hli,
suggesting assay detects cross-reactive antibody

 PAdetected antibody in one person who was HIl antibody negative



Age-related Geometric Mean PATitersin 122
Persons Sampled in 2008

Old H1 and pandemic H1 Hecent H1
140, 140,

mH1.18 mH1.59
1204 w133 1204 mH1.07

H1.08

100 1004

Titersof =40 to H5/H7/MH9 =
Detected at low frequency

<10yr: 0/43 !
11-20 yr: 2/21 3332332
21-40yr: 2/19 H2 and avian

41-60yr:. 3/27
>60yr:  3/12
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Use of Protein Microarray to Detect Antibodiesto
Avian H5,H7 and H9 Virusesin Viethamese
Population Sampled in 2010-12
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o Scatter plotsshowing individual antibody titersto 5 different avian viruses
by age group

* Red linesshow 70,80t and 90" quantiles;asingle red line indicates

that these quantilesare all set at 10

« Antibody titersto avian virusesincrease with age



Assaysin Development at CDC.
Rapid Influenza Immunity Tests




Rapid Influenza Immunity Tests

Goal

e Development of point-of-care assay and high-
throughput assay to evaluate influenzaimmune
status

Applications

e Screening of at risk populationsfor antibodiesto
novel influenza viruses
* Held testing in Bangladesh Live Bird Market
worker surveillance program

e Bvaluation of iImmune status prior to intervention in
the event of limited vaccine and antivirals supplies



Rapid Tests Under Development

« Point of care: Dual Path Platform (DPP) Lateral How

— Easytouse

— Sable at high temperature and humidity D Ty
— Rapid =
— Subtype specific

— Low sample volume (finger stick) i O

— Whole blood specimens

« Laboratory: Luminex xXMAPtechnology
— High through-put

— Rapid _

— Subtype specific |"f'- =
— Multiplexed | s \_'.-
— Automated Y -

— Low sample volume | = ,

— Sandardized reagents



Full-length HAectodomain

HA1
\f

HA2

Foldon
trimerization
domain

Flexible

linker

HA versus HA1l

Truncated HA1 domain




Basics of adual path lateral flow assay
for antibody detection

Step 2: Add 5 drops buffer to port 2 Port 2 —
Port Gold-protein A cort 1
Buffer ] <&,  Conjugate g = —
LI,
& Control Wick

Line /

Nitrocellulose

. Membrane —
Test Line '

rHA

HelX

Step 1: Add10 pl of serum or 20 pl of whole blood
Port 1 to sample diluent vial ; add 55ul of mixtureto port 1.
(Sample) Wait 5 min

&-CHEMBIO

DIAGNOSTIC SYSTEMS, INC



Luminex
XMAP®Technology - Multiplex

Unique xMAP microspheres, each coated with a different rHA

R-Phycoerythrin

Ab binding to rHA detected via

HA Antigen

* Onelaseridentifiesthe bead type.
* Second laser measures sighal from R-Phycoerythrin. Reader

Serum IgG Antibody protein A labeled with R-Phycoerythrin



Detection of H5 Antibody in HS5N1 Vaccinated

Persons Using the DPP Assay
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