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Introduction

e Anti-D can cause severe HDFN

|n the UK the concentration of the maternal anti-D is
determined by quantification using a continuous flow

analyser (CFA)

« The antibody Is monitored throughout pregnancy to
Identify fetuses/infants at risk from HDFN
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BCSH guidelines (2007) suggest the following levels

of anti-D should be used to guide management of
pregnancies:

Low Risk: <4 IU/mL: HDFN unlikely continue to monitor.

Moderate Risk: 4 — 15 IU/mL: Refer to specialist unit.

High Risk: >15 IU/mL: Refer to specialist unit.
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April 2014 RCI project team began
testing maternal anti-D samples with
an aim to:

“To determine if flow cytometry and titre scores

established by column agglutination technology
(CAT) could provide data that is at least of equivalent
guality to that produced by the CFA”
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Rationale for the study:

« Continuous flow analysers are supplied and
maintained by only one company within the UK

e The quantification service (provided by RCI) is solely
dependant on the future sustainability of this one
company

. We need a contingency in case the company
terminates its supply and maintenance of the CFA
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Rationale for the study:

« The current method in use in RCI is essentially the same as
that described in 1968 by Marsh, Nicholls and Jenkins

 With advancements in blood transfusion science and
serological testing it is time to reconsider alternative methods

« Advantageous to use methods which are in mainstream use
for other laboratory purposes

The Astoria 2 AutoAnalyser
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1. Large prospective comparison of CFA with FC
and CAT Titre Scores

2. Study to run for 12 months (April 2014 to April
2015)

3. Samples referred to RCI Filton and Newcastle for
antibody quantification tested by all three
methods
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Column Agglutination Titration
Scores for the measurement of
anti-D In pregnancy



http://www.google.co.uk/url?q=https://andromedababe.wordpress.com/2011/04/30/why-its-my-angel-of-the-north/&sa=U&ei=VlBOVOTxKYiv7Abt7oGgBw&ved=0CCgQ9QEwCQ&usg=AFQjCNEGqmhe_qpGpCSIYsz_R9e2PO7jZQ
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CFA was adopted in the UK in the 1970s because of its
superiority to manual antibody titration by tube technique

CFA Titration
— Process large — Poor reproducibility
numbers — Inherent subjectivity

— Minimal cost of the titre endpoint

— Accurate — Misleading without

— Reproducible additional evaluation
of the strength of
reaction
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Disadvantages of using the AutoAnalyser

1. Intra-laboratory reproducibility CV ~10%

2. Inter-laboratory reproducibility CV ~20%
(Fleetwood and McNeill 1990)

3. Difficult to standardise between laboratories
with a multitude of variables
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With improvements In
serological testing It Is now
reasonable to reconsider
titration
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Improvements in serology methods

Column Agglutination Technology
Automated reading equipment
Automated pipettes

Standardised reagents

(Titre scores)
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Determination of a titre score

® DOUinng diIUtionS Of Grade Score
plasma are prepared
4 12
 The reaction grade of each 3 10
dilution is converted to a
score 2 8
1 5
 The score of each dilution is .- 3
summed to give the titration
score 0 0
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Example of a Titre Score

Dilution: Neat 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512

Grade

Score

TOTAL TITRE SCORE: 83
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Sample Plasma Dilution Titre Titre
1 2 4 8 | 16 | 32 | 64 | 128 | 256 | 512 Score
Strength 3 3 3 2 2 2 1 1 +/- 0
256 67
Score 10 10 10 8 8 8 5 5 3 0
Strength 4 4 4 3 3 2 2 1 0 0
128 77
Score 12 12 12 10 10 8 8 5 0 0
Strength 2 2 1 1 1 1 1 1 0 0
128 46
Score 8 8 5 5 5 5 5 5 0 0
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 Antenatal samples with anti-D were quantified against
NIBSC standards on a CFA (Astoria 2 Flow Analyser).

e Serial dilutions of these samples were titrated using
Bio-Rad IAT cards

— The reaction strength was determined using a Bio-Rad Banjo
ID Reader and Maestro Master Software with the result
expressed as a titre score.
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Bio-Rad Banjo ID Reader and
Maestro Master Software
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Preliminary Data Analysis

Data from 108 anti-D samples tested between April 2014
and July 2014 was used.:

— to determine the titre score which best marks the
threshold of clinical significance (i.e. a CFA results of
41U/mL)

— to determine the titre score which best marks the
threshold for a high risk of HDFN (i.e. a CFA results of
>15IU/mL)
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Analysis suggests that a medium/high

boundary of 80 or 85 and a low/medium

boundary of 60 or 65 best describe the
relationship between CFA and TS
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Results obtained up to the end of

October 2014

n=126 Quant <4 | Quant >=4
TS <60 58 @
TS >=60 4 57

A titre score of less than 60
Identified 58/62 samples with
anti-D quantification
<4lU/mL BUT



http://images.google.co.uk/imgres?imgurl=http://www.gordonisimo.com/images/OvercomingDivingFear_10308/ScaredFace.jpg&imgrefurl=http://gordonisimo.com/node?page=1&usg=__wF2NEw__hJ7NUdO0XPazLIeGCfk=&h=419&w=300&sz=39&hl=en&start=11&itbs=1&tbnid=ZOjjS42PwYrKpM:&tbnh=125&tbnw=89&prev=/images?q=scared+face&tbnid=d1TU7DkmENyLQM:&tbnh=0&tbnw=0&hl=en&safe=active&gbv=2&tbs=isch:1
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But must consider the following:

* Nicolaides, K.H.& Rodeck, C.H. (1992) Maternal serum
anti-D antibody concentration and assessment of
rhesus isoimmunisation. BMJ, 304, 1155 — 1156

— “In all pregnancies (n=49) with a maternal anti-D
concentration <15 IU/mL the fetuses were at most
mildly anaemic.”

* The cut off chosen for all pregnancies deemed not at
risk of HDN (4 IU/mL or equivalent parameter) ensures
that there is NO Hb deficit on delivery
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« For the 7 samples (out of a total of 65) with a TS < 60 and a CFA 2 4 IU/mL the
values were as follows:

Sample Patient Titre Score | CFA IU/mL
1 a 39 5.2
2 49 54
3 41 4.0
4 b 45 5.0
5 58 5.0
6 49 54
7 56 4.0

« Interlaboratory reproducibility: CFA has a CV of about 20% (Fleetwood and
McNeill 1990).

« Walsh CA, Doyle B, Quigley J, McAuliffe FM, Fitzgerald J, Mahony R, Higgins S,
Carroll S, McParland P. (2014) Reassessing the critical maternal antibody
threshold in Rh(D) alloimmunisation: a 16-year retrospective cohort study.
Ultrasound in Obstetrics and Gynaecology. Apr 4. doi: 10.1002/u0g.13383. [Epub
ahead of print]


http://www.google.co.uk/url?q=http://quotes.lol-rofl.com/happy-cartoon/&sa=U&ei=sZJYVM2FHqeP7AbTp4DoCg&ved=0CBwQ9QEwAw&usg=AFQjCNFVefdGgUB1AhD-0Q18FBDGMpe3pQ
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Results obtained up to the end of October
2014 revisited

_ Quant Quant

n=125 <15 S=15
TS <80 85 1
TS >=80 12 27

A titre score of greater
than 80 identified 27/28
samples with anti-D
guantification >151U/mL
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o CAT titre scores provide a simple method to
monitor anti-D levels

« The method is sensitive to a wide range of anti-D
concentrations as determined by the CFA

 The technique has the potential to replace the
CFA by identifying those cases that require closer
monitoring for risk of HDFN
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Anti-D quantification by flow
cytometry
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. The NHSBT Diagnostics strategy group identified a need to
pursue an alternative methodology to Continuous flow analysis
(CFA) for quantification of patient anti-D and anti-c levels

Why?
. Current method — old technology, not widely available
. Reliance on one company — lack of CE marking — maintenance

difficulties

. The antibody levels should be reported in IU/mL and should be in
the same range as those obtained by CFA so that clinical
Interpretation not affected by change in technology
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Method Development




Method Development

Literature Review

Blood and Transplant

Austin, EB & Mcintosh, Y. Anti-D quantification by flow cytometry: a comparison of five methods.
Transfusion 2000;40:77-83

1 2 3 4 5
Cell phenotype R,R; R,R; R,R; R,R, R,r
Cell diluent LISS/0.5%BSA LISS/0.5%BSA LISS/0.5%BSA PBS PBS
Serum diluent LISS/0.5%BSA LISS/0.5%BSA NISS/0.5%BSA PBS PBS/ 2%HSA
Volume of antisera 50uL 50pL 50uL 50uL 100pL
Volume of cells 50uL 50pL 50uL 50uL 10pL
Final cell concentration 0.5% 0.5% 0.5% 2.5% 9%
Serum:packed cell ratio 50:1 50:1 50:1 20:1 10:1
e e neubsation 30 min, 37°C 20 min, 37°C 20 min, 37°C 45 min, 37°C 30 min, 37°C
Wash reagent PBS LISS LISS PBS PBS
Anti-human IgG dilution diluent | 1/500 in LISS/BSA s 1/500 in LISS/BSA 1/40 in PBS 1/20 IN PBS/HSA
o e e 30 min, 4°C 30 min, 4°C 30 min, 4°C 30 min, 22°C 15 min, 22°C
Wash reagent PBS LISS LISS PBS PBS
Final diluent PBS LISS LISS PBS PBS/HSA
Standard range (lU/mL) 1.28-0.005 1.28-0.005 1.28-0.005 2.5-0.8 0.05-0.01
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How does the chosen FC method
differ from previously reported flow
methods?

Simply by using enzyme-treated cells




Untreated vs Bromelain-treated cells

Pooled red cells
O R1R1 K-

Standard:
NIBSC: 73/515
(0.23 IU/mL)
Range:
0.0023-0.03833
lU/mL
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MCF

y = 82.885x + 0.3301
R? = 0.9953

—&o—RI1R1 enz trt

—8— R1R1 untrt

0.01 0.02
IU/mL
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Bromelain vs Papain

17

Enzyme-treated
pooled red cells

154

=74.787x +0.3906
O R1IR1 K- 13 ’ R? = 0.9959
Standard: G 1]
NIBSC: 73/515 y:6i§)31x+0.3958
=0.996
(0.23 1U/mL)
Range: —— | d RBC
Bromelain-treated RBCs
0007667-001643 7 —8— Papain-treated RBCs
lU/mL
0.5 T T T T T T
0.005 0.007 0.009 0.011 0.013 0.015 0.017 0.019
High and Low anti-D controls also IUmL

analysed



Bromelain-treated
pooled red cells
O R1R1 K-

Standard:
NIBSC: 73/515
(0.23 IU/mL)
Range:
0.007667-0.01643
lU/mL

LISS vs PBS

1.8

1.6 A

1.4 1

——L|SS+100uL RPE-Ig

—4—LISS+50uL RPE-Ig L I SS
—*—PBS+100uL RPE-Ig
—8#—PBS+50uL RPE-Ig

0.6
0.006

T T T T
0.008 0.01 0.012 0.014
IU/mL

T
0.016

0.018
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Cell washer and Hamilton Diluter
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2.8

2.6 1

2.4

2.2 1

MCF

1.8 1

1.6 1

1.4 -

1.2 1

y = 155.94x +0.4551
R’=0.9958

y = 134.38x +0.3202
R*=0.9963

———LISS hand wash

—8— | ISS cell washer

0.005

0.01 0.015 0.02

[UmL

—e— Hamilton diluter

—&— Manual dilution

0.8 1

0.7 T T T

0.005 0.007 0.009 0.011
[UmL

0.013 0.015

0.017 0.019




Definitive Method

Enzyme treated OR1R1 or
Orr 0.5% cell suspension
in LISS/0.5% BSA

Add plasma
diluted using p Vi th g
> Hamilton | | e IX thoroughnly
Diluter in A incubate at 37°C
0 for 30 min
o> LISS/0.5% -
oD BSA Py
& NI,

RPE ’ Mix thoroughly &
Conjugated F(ab’), > incubate >
anti-HulgG, Fc,in é for 30 mins at 4°C
&/

LISS/0.5% BSA

(e
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: Wash x 2 using
LISS in

cell washer

by
—/

Wash x 1 with LISS
using cell washer.
Mix thoroughly,
resuspend in LISS

Read in flow cytometer
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*147 samples from 103 patients
for anti-D quantification
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Anti-D Results

450

400 - All Risk Categories ) 147 samples from
350 | 103 patients
200 | y = 1.3519x - 0.4226

R% = 0.9516

|
£ 250 1
§ HDFN Risk
Q 200 Anti-D level 'S
Category
150 1 <4.0 IU/mL Low
100 1
4.0-15.0 IU/mL Moderate
50 .
>15.0 IU/mL High

0

0 50 100 150 200 250 300
CFA IU/mL
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Medium Risk

FCIU/mL

o1
1

SN
1

y = 1.6351x + 0.0248
R2=0.8078

CFA3UImL

© o Y=08457x +26834
R?= 0.7207
s$
5 10 15 20
CFA IU/mL

102 samples from 74
patients

27 samples from 17
patients
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High Risk

450

400 1

350 1 y = 1.3904x - 5.6621
R2=0.9242

300 1

FC IU/mL
)
Ul
o

0 100 CEA 1U/m I_200 300

17 samples from 14
patients
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90.0 % agreement between the two technologies in
allocating Risk Category

Anti-D level SR [RUsis
Category
<4.0 IU/mL Low E
4.0-15.0 IlU/mL Moderate ©
>15.0 lU/mL High

15 anomalous results from 10
patients
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Variability

10+

IU/mL

2] . QCHanti-D —s QCL anti-D

Anti-D high control: QCH: N0521005
Anti-D low control: QCL: N0513006
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» This data suggests that FC could be used as an alternative to CFA
for anti-D quantification

— as expected, some variation was observed between the two
different technologies. In the moderate risk group for anti-D, the
FC gave higher results than CFA, possibly due to better detection
of low affinity antibodies.

— When PBS is used instead of LISS, the IU/mL level for the
anomalous samples is reduced to closer to that of CFA results.

 Pregnancy monitoring and outcome

— Theincreased sensitivity of FC may detect rising anti-D levels
earlier in the pregnancy

— For the small number of pregnancy outcomes available for this
data set, the FC result was more predictive of outcome
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New Project — Comparison of quantification, titre
scores and flow cytometry for estimation of maternal
anti-D and anti-c

First telecom — October 29t 2013

Purpose: The feasibility of running a joint collaborative project
between Newcastle and Filton RCI

Project aim: To establish a viable alternative method to the current
method (CFA) in order to determine the potential risk of HDN due to
maternal anti-D and anti-c. This project would compare results from
the CFA with FC and titres scores

Study design: To include input from and enlist support of fetal
medicine consultants to obtain clinical outcome of the affected
pregnancies

Titre Scores : a pilot study has been completed and published (Transfusion Medicine;
2013, 23, 36-41).
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« 88 anti-D samples
* 41 anti-c samples

— sent to Newcastle for titre scores

- Requires input from a statistician to determine
study sample size




First Stage - Pilot Study

titre score (TS)
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Agreement of quantification results by CFA with FC and

FC
<41U/mL

FC
>41U/mL

TS <=70

TS
>=70

TS <=60

TS
>=60

CFA guantification
<4lU/mL

44

12

53

48

CFA guantification
>4|U/mL

0

31

11

18

26

FC
<41U/mL

45

39

FC
>4|U/mL

22

21

14

28
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If we use FC

« Compared to both CFA and TS there would be considerably more pregnancies
referred to an obstetric unit as potentially “at risk of HDN”

If we use TS (<70 “no risk of HDN” and > “70 risk of HDN")

« Compared to both CFA and FC there would be significantly fewer pregnancies
classified as “at risk of HDN” and therefore potentially under referral. It
should be noted that the majority of these would be for pregnancies where the
CFA result is between 4 to 6 IU/mL so the clinical impact, it could be argued,

would be negligible.

— Further analysis to determine TS boundaries
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Preliminary Data Analysis for FC

Data from 108 anti-D samples tested between
April 2014 and July 2014

— Assignment of risk category
— Comparison between CFA and FC




Anti-D antibody CFA quantification result
versus FC result, by risk group
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based on data to end of July 2014.




FC
Mod | High

% Concordance betWeen CFA & FC

81
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% concordance of assigned risk categories
between the three methods

CFA

% Concordance between CFA & TS

74

% Concordance between FC & TS 75
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Mitigation strategy and long term
planning

Costs???
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e This data suggests that either TS or FC could be

used as an alternative to the CFA for anti-D
guantification

—Must realise that as technologies are different,
there will be some variation in the assignment of

risk category

—Decision by RCI on which technology to use if
required

—Project extension — collaboration with the fetal
medicine units to assess preghancy outcomes and
the assignment of risk category




NHS

Blood and Transplant

Thanks

Any questions
please
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