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to
new antigens
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Objectives

Upon completion of this presentation, participants
will be able to:

Review how licensed serological reagents and
genotyping lead to the discovery of variant antigens

Understand how blood group discrepancies can be
an indication of an underlying acquired disease

Describe the difference between antigen matching
and genotype (allele) matching
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Mass-scale red cell genotyping

Versiti's RCG program and implications
for the historical labeling
of
antigen-negative units
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ative costs
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Greg to Lorri circa Nov 2006: o=

“Lor can | buy a plasma TV?”
Lorri: “I guess so.” 53 29 00

Panasonic Viera $3500.00
Sound system  $1500.00 =
Later that day Lorri: - e
“What were you thinking?” = chae
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AABB Standards and FDA guidance
AABB Standards for Blood Banks and Transfusion Services, 30t ed. 2016
5.8.4 Red Blood Cell Antigens other than ABO and RhD

> RBC units may be labeled as RBC antigen-negative, without testing the
current donation, if two previous separate donations were tested by the
collection facility and results of RBC typing were found to be concordant.

FDA guidance (Jan 2019) states the following options :

Directly on the bag label (follow ISBT 128)

» FDA-licensed only allowed, no need to indicate if the current unit was tested or was
labeled from historical results

On a tie-tag affixed to the unit
» Unlicensed tests use this option and indicate whether the antigens are historical

v \//versiti'
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Mass-scale red cell genotyping

To be continued...
Donor ID: Is this person the correct donor
Upgrade to BECS to handle repeat serologic testing
Alignment of serology (and molecular testing)

: \//versiti'

\ersiti: Wisconsin (Blood Center of Wisconsin)

Versiti:Wisconsin
provides blood to some

- 64 hospitals serving a
population of 3.7 million
people
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\What problem are we trying to solve?

» Genotyping has the potential to change how blood
centers provide antigen-negative blood
—To support alloimmunized patients:
»>multiple Abs, rare blood, antigen-pos with an Ab (variants)
+These patients require genotype-matched blood (hrB/hrS)
—To prevent alloimmunization:
»SCD, WAIHA, other chronically transfused patients (MM)

v

High-throughput mass-scale SNP analysis
-SNPing shares a common chemistry
-uses synthetic reagents

» Genotype is more accurate than a phenotype \-//VEFSiti'
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- prevention

Kacker S, Ness PM, Savage WJ, et al. Economic
evaluation of a hypothetical screening assay for
alloimmunization risk among transfused patients
with sickle cell disease. Transfusion 2014
Aug;54(8):2034-44.

=Cost of preventing alloimmunization $1.7b (USD)

Nickel RS, Hendrickson JE, Fasano RM, et al. Impact
of red blood cell alloimmunization on sickle cell
disease mortality: a case series. Transfusion 2015
Oct 28. doi: 10.1111/ trf.13379

=5 SCD case reports of death due to alloimmunization
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Red cell genotyping program

Red cell genotyping uses DNA to evaluate genes
that predict particular red cell antigens

Donor Selection A tient
— Optimize donor selection process | el EE (2 Bl (E5E
Donor Genotyping

— Obtain comprehensive results (low
data loss)

— Develop exception reports

— Integrate interpretations (variants) Identify Donors.
+ Data Management

— Maintain active database

— Flexible targets (e.g. Vel)
* Donor Recruitment

— Develop a registry maintenance
strategy

Targeted Recruitment of
Donors
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Mass-scale testing
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Alloimmunization — which antigens?

1634 Antigen-negative Requests
by Blood Group System

mRh33%
Kell 21%

mDuffy 16%

mKidd 12%

mMNS 13%

= Uncommon 4%

Multiple antibody combinations are common ‘

Rare 1% | Tally of rare antigens
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oal of antigen-negative searches

10

97.5%

Database size
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requency of antigen-negative requests
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Mass-scale testing ‘ % RCG units

Phenotype:Genotype Relationship
system Antigen  Gene  SNPrs# Ch::ge Ch:’:ge vic FAM
Rh Ele RHCE | 609320 | C>G | P226A G c
Duffy FyIFy® FY 12075 A>G Ga2A A G
Fy FY 2814778 | A>G | promoter| & A
Fy* Fy | aas00082 [ oA [ Resc G A
Kidd LK K 1058396 | A>G | D28ON | A G
Lutheran LuL® w 28399653 [ A>G R77H A G
Kell Jss” KEL | 8176038 | c>T | LsorP T c
Kik KEL | 8176058 | T>C | m1saT | C T
Dombrock |  Do%/Do” Do 1276 | A>G | N26sD G A
? Do | 28362798 | T | Tum c T
Ag Target Genotype Phenotype Comment
RhC 1VS2+109 RH2+ C+ (C)ce®
RhE 676C RH3+ E+ E type Il
Rhc 307C RH4+ o+
Rhe 676G RH5+ e+ ceMO
Molecular basis of blood group expression. Transf Apher Sci 2011;44:53-63 / ve I’Slt['




BECS: Phenotype (common) Genotype (ISBT)

ISBT terminology

Antigen inol Antigen —SBT terminology
Number _ Symbol Number _ symbol
002.001  MNSt s 006.006 KELG
N 002002 MNS2 50 006.007 KEL7
s 002.003  MNS3 Fy* 008.001 vt
s 002.004  MNS4 Fyb 008.002 Y2
u 002.005  MNSs ke 009.001 Kt
4 004.002  RH2 Kb 009.002 K2
E 004.003  RH3 Jk3 009.003 K3
< 004.004  RHg4 Di® 010.001 it
e 004.005  RH5 it 010.002 DIz
v 004010 RH10 ve ot1.001 T
hrs 004019 RH19 vt o11.002 T2
Vs 004.020  RH20 sa1 013.001 sct
hrB 004.031  RH31 s 013.002 sG
Crawford  004.043  RH43 Do* 014.001 DOt
L 00s.001 LUt Do? 014.002 DO2
L 005.002  LU2 Hy 014.004 DO4.
Lug 005.008 LU Jo 014.005 DOs
Lutg cos.o14  LUI4 o o15.001 o
K 006.001  KEL1 co® 015.002 co2
k 006.002  KEL2 e 021001 CROM1 \ //
Kp* 006.003  KEL3 -
Kp® 006.004 __ KELg versiti
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RBC Genotyping Donor Selection

Definition of a repeat donor - used a 3: :1 rule

=0On the day of selection, donor has donated 3 times in the
past 3 years, of which 1 donation was within the previous
calendar (1) year

Definition of a valued donor:
»>Screen low repeat and first time donors
=Genotype all Ry, R,, and 10% R; donors

=Goal is to meet the need of the majority of local antigen-
negative requests and provide units to rare unit programs
(frozen blood, national program)

\//versiti'

Mass-scale data handling

Import OpenArray files
+ Data from instrument dropped into server folder
+ Raw data validated (expected fields)

« Apply logic rules to individual SNPs

Apply call rules — genotypes to predicted phenotypes
« Apply complex rules involving multiple SNPs

Parse Data
« Parse the data from genotype to predicted phenotype
* Operator Inspects translated data

Confirm and Load Results to LIMS
+ Data sorted on the basis of sample accession number

Apply queries to display predicted phenotypes
Apply exception reports; extract and display results

[ Comparative Analysis of Results ]

\//versiti'




Blood donor phenotypes and genotypes

Phenotyping
30 years
638,786 donors

1985 - 2013
(91% from 1991)

Tested by phenotyps  Tested by genctype! Genotyping

3 o6 21048 o ° 4 years
4 M| 31400 L] L]
5 s %110 0 o 202,275 donors
& 090 17940 ] o 2010-2013
7 nn 15547 0 o (16% yr-over-yr)
L] 330 10640 o o
L) B8y nioy o o
10 1535 1530 o I
1 899 9889 o o
12 85 G660 0 [
1 up  E6 o o
1 1656 1184 0 o
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Advantage of genotyping over phenotyping

638,786 donors
1985 - 2013
(91% from 1991)

Tested by pheactype  Tested by genotype! 505 595 donors

218 [ 160 3 17
293 0 0 34 1688 Z?;;);;o‘:;yr)
14 o o L BT
1 o 0 9 amees
36 o o M6 140976
o a o 160 46620
0 o
o
0

Historical e
Phenotypes 72,272 3 B4 < 1-28
Genotypes 43,066 1667026 28-42

Donors
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RCG Testing

# of donors with a genotype x 10°

2.1 units/donor/yr

Donor Red Cell Genotyping (2010 - 2017)
68,687 donors

o

24,332
donors

0 om0 20w 205 206 207
Year
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Geno/phenotype units supplied in Wisconsin
SupplicinWheoemin T
34 units imported for 11 of
e ke e | 5672 patient encounters
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Geno/phenotype units supplied elsewhere
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RCG Testing

Donor Red Cell Genotyping (2010 - 2017)
50 68,687 donors

o b4

24,332
donors

# of donors with a genotype x 10°

DII----II

0 om0 20w 205 206 207

1 units/donor/yr

Year
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lacement donors - 3:3:1:1 rule

UNIT ID# GENDER ABO UNITS
W036315414014-E ™M 0POS. 14
W036315268275-0 ™M 0POS. 1
W036315060756-0 F 0POS. 10
W036315307323-* ™M 0POS. 10
W036315033361-* ™M 0POS. 9
W036315033358-Q ™M 0POS 8
W036315060733-1 ™M 0POS. 7
W036315115870-* F 0POS. 7
W036315268272-U ™M 0POS. 3
W036315417539-) F 0POS. 3
W036315416121-D ™M ONEG 14
W036315033375-0 F ONEG 14
W036315307361-0 ™M ONEG 12
W036315060729-U ™M ONEG 1
W036315192085-Q ™M ONEG 10
W036315033400-H F ONEG 9
W036315115889-E ™M ONEG 9
W036315307316-Y ™M ONEG 9
W036315033401-F F ONEG 8
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impact of genotyping

# of units Donated (upper) and with a Genotype (lower)
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Mass-scale testing

ACGT

Hospita Tanstusionserdce | Antigen
(Queries)

Utilization

¥
=
Patient Encounters
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n Query — use of data

Portal transmits antigen information with a red cell
unit by use of the ISBT 128 number

Antigens available to query: C,E.c.e, M, N, S, s

K. Fya, Fyb, Jka, Jkb (antigen-negative types
most likely encountered based on inventory size)

In the initial rollout, 7 hospitals found 71 units in
52 queries

14 hospital blood banks use antigen query, with
most centers 30 to 200+ miles away

\//versiti'
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The process closely mirrors Hospital’s current
practice to phenotype units

Enter patient information and
search criteria:
ABO, Antigens, Number of units

Lﬁ Scan a batch (any number) of units

Matching units, up to the number
requested, will be displayed with

oldest units identified first

Anew batch of units may be
scanned and queried

If some or all of desired
units are not found:
An order may be sent to

BloodCenter’s IRL for all or
part of the remaining units

{
7 versiti

Antigen Query: blood order portal

Patient-specific request

\//versiti'
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Antigen Query Video Clip
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Total
Phenotype
Screent

Antigen Query . Proportional
with Phenotypet Difference

Batch
size (n)

inventory management - PK screening

> BCW reduced the number of IRL units held
>10RR; 10R,R, 10R,Ry/R,r 10tr
with multiple-antigen negative attributes, e.g. S- Fy(a-), Jk(a-)

» Improve management of local blood utilization

»>Limit the number of Rh-negative units going to Rh-positive
transfusion recipients (red cell pheresis SCD program) who don't
need them

»D+C-E-K- replaces D-C-E-K-

\//versiti'
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7300 Screening Daily Donations

Solution: Strategy to build Rh/Kell typed units

Data: # of daily donations for 2017 42 day outdate
Assumptions: 2017 daily red cell donations = 95% 2018
Includes AA , HI, AS donors
Includes Rh-negative donors
Assumes 40% of donors are 1st time/low
2.5% R, 2% R, 2% R,(10% of total)

Minor ethnicities and Rh-negative donors are included! ‘

9/10/2019

A\ // versiti
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o
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Daily monitoring: data entered into a dynamic worksheet ‘
/ versiti

Tailor shipments based on hospital needs

products to SCD programs)

Monthly Rh-negative red cell orders
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Regional Inventory Manage

Regional demand ‘

Rare Donor Program

BCW
\Rare/uncommon units

M! === | Red Cell

Genotyping|

m_' 6664
HBC /Amigen-negative units
m L Hospital Antigen Query Antigen-negative units shipped |

\//versiti'

Data Warehouse
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Donor geography — specific nucleotide constellation (Ro)

Lis ——

Identify allele ‘hotspots’ by correlating genotype to address \ // s
versiti

enotyped donors by ‘zipcode’ address

Movement of genotyped donors benefits the transfusion recipient N\ // i,
versiti
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Donor antigen list

Predicted Phenotypes

Clc, Ele Fya/Fy> U, Uvar Vel

V, VS, hrB, hrs Fy(a-b-) Do?/DoP Yta/yte

K/k Jka/Jke Hy Dia/DiP

Kpa/Kp®? MIN Jo? Co?/Cob

Js?/JsP Sls Lua/LuP cra
RH variants

RHCE 48 RHCE 697 RHCE 818 RHD 410

RHCE 254 RHCE 712 RHCE 916

RHCE 340 RHCE 733 RHCE 1006

RHCE 667 RHCE 748 RHCE 1025

\//versiti'
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RHD alleles in cis with RHCE

RHD RHCE

RHD*DIVa-2 RHCE*ceTIl
[l I e o
| | | | RHD*Dllla RHCE*ce(1025T)

RHD*Dllla S _RHCE*_CGAE,EG_ S
AT HEEEE
| | | | RFiD"IlfJIIIa RHCE*ce48C,733G,1006T (ceS)
| RHD*DIlla-CE4,-D o _RE:E*CeEC.73‘3G_,10¥TaS)

_‘RTD’ER o _@E*CSA_R RFFE;EK_

RHD*DAU - ;(;08480,65‘71'_(0670)_
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Count of Sample Introns
s/s 52307 Ethnicity GG
TC «  m 468
TC « As 114
TC « A 4878
TC [ HI 705
TC cc NA 25
TC « or 141
TC cc (blank) 431
T C Total 6762
TC cr AA 7
TC cr cA 2
TC cr (blank)

T CT Total

TC Total

T cc AA

™ «  As

T cc CA 1201
™ [ HI 171
T cc NA 6
™ « or 40
™ cc (blank) 98
T CC Total 1618

GT T Grand Total
89 557
114
2 4880
10 715
25
3 144
9 440
113 6875
7
2
1
10
1 6885
& 0o
21
1201
1 172
6
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RHD+/RHD+ RHD+/RHD-

Zygosity MLR Average  MLR SD
RHD#RHD+  0.4354 0019
RHD+RHD- 00361 0.062
RHD/RHD- 0502 0061

MLR range (.
0379 -
-0.150 - -0.222 P <0.001
0686 - -0319  NA

RHD-/RHD-

+3SD) pvalue
0492 P<0.005

omparative Genomics Hybridization Array

&
==}
[-%
>
2
=]
[-%
=
0
0 [
RV E—
p=0.1
-1
-1.5

o sssgrt

|P<Dl J

IVSS+5t/t
GYPB-/GYPB-

|: €. 2347 s-variant
[

p<0.001

s
oo 2
E s
o =
c =

A
29
75
%z
e
c o
=m

]

»

\//versiti'

16



9/10/2019

complishments

Red cell genotyping has transformed the way
antigen-negative blood is identified

=electronic handling of mass-scale genotype data (serologic
confirmation); made accessible online

=Inventory Management - prevent O Negative ‘short-cut’
=Delivery efficiencies - reduce transportation costs
=Inventory sharing by locale / clinics / programs
=Phenotype-Genotype discordances
>New alleles
Test-of-record will provide efficiencies (label future
units without testing)

Expansion of red cell genotyping (R, donors), with
recruitment strategy \//VEFSiti'

knowledgements

Versiti, Wisconsin

IRL:

Mike Schanen Danielle Biese

Cindy Piefer Liz Luedtke

Kathy Bensing Sheryl Leonard-Schneck
Tina Pugh Crystal Theiler

Marisela Marchan Susan Vang

Emily Roeger Michelle Morley

Tania Antonacci Kaitlyn Bartow

Maddie Knier Carissa Des Los Reyes

Bob Holewinski William Engberg
National Institutes of Health - DTM
Willy Flegel

David Allan Stiles

MSI:

Jerry Gottschall
Waseem Anani

Matthew Karafin
Information Services:
Craig Beczkiewicz
Steven Reinders

Banu Santebennur
Product Development:
Lihui Yin Maryam Yassai
Kathy Hopp

\//versiti'

17



