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Assay of anti-D using the Technicon
AutoAnalyzer and the international standard
anti-D typing serum

W. J. JUDD AND W. J. JENKINS
From the North-East Metropolitan Regional Blood Transfusion Centre, Crescent Drive, Brentwood,
Essex, England

SYNOPSIS A method is described for the automated quantitation of the anti-D content of
sera. This procedure is far more reproducible than current manual techniques. The use of the
International Standard anti-D typing serum in the calibration of a working standard enables
results to be expressed in tg/ml of antibody protein.
When red cell antibodies are titrated by conventional doubling dilution techniques, the end
points recorded by different individuals using the
same sera can vary considerably. Even a difference of one tube will affect the results by plus
or minus 100/%.
Marsh, Nichols, and Jenkins (1968) described
certain modifications to the Technicon antibody
screening machine which increased its sensitivity
for the detection of red cell antibodies. The same
authors emphasized the restriction on the supply
of fresh suitably genotyped red cells, a factor
which severely limits the widespread use of the
AutoAnalyzer for antibody screening. However,
the method they described, with one or two
further modifications, is highly successful for the
quantitation of rhesus antibodies. Parallel investigations of the same sera by different workers
are in close agreement and almost always within
the range of ± 20 %.
By making use of the International Standard
anti-D typing serum (Goldsmith, Mourant, and
Bangham, 1967) for the calibration of a working
standard, the anti-D content of test sera can be
expressed in terms of micrograms of antibody
protein per millilitre.

Method
The AutoAnalyzer is set up according to the flow
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diagram described by Marsh et al (1968), but a
15 mm flow cell is used in the colorimeter to
enhance sensitivity.
As our interests are limited to the investigation
of pure or almost pure anti-D sera, the choice of
test cells is less critical and only requires the
presence of a double dose of the D antigen.
R2R2 cells are unlikely to be available as fresh
cells in sufficient quantity for routine work, so
we recommend the use of group 0 R1R1 cells.
Pooled cells are used to overcome the effect of
individual variation in the strength of the D
antigen. Donations from three or four volunteers
are taken into acid citrate dextrose and used
within 48 hours of collection. The red cells are
washed three times in isotonic saline and 20 ml
of the packed cells is suspended in a solution
containing 30 ml of 30% bovine albumin, 15 ml
of inert group AB serum, and 35 ml of isotonic
saline.
PREPARATION OF WORKING STANDARD

Anti-D sera are collected from donors known to
have albumin titres greater than 1:128 against
group 0 R1R1 cells. The specificity of the antibody
is checked against a comprehensive panel of fully
genotyped red cells by saline, albumin, enzyme,
and indirect antiglobulin techniques. Sera with
albumin anti-C, or saline anti-D titres greater
than 1: 32 or with other irregular antibodies at a
titre of 1:4 should not be included in the working
standard.
Ten sera obeying these criteria are pooled, the
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CALIBRATION OF WORKING STANDARD

Each ampoule of the International anti-D
typing serum (Goldsmith et al, 1967) contains
between 1O and 13 ,tg of antibodyprotein (HughesJones and Stevenson, 1968). A mean value of 11-5
,ug per ampoule has been assigned to this standard
for the purpose of calibrating a working standard.
Because the amount of freeze-dried serum per
ampoule is 0 5 ml, each ampoule is reconstituted
with 1 ml of 0 45 % sodium chloride to give an
isotonic solution containing 11-5 ,tg of antibody
protein per ml.
Ten dilutions of the International Standard
are made in buffered saline (pH 7 2) from 1:100
to 1:1,000. The serum to be calibrated is also
diluted so that the results obtained on the colorimeter fall between the results of the highest and
lowest dilutions of the International Standard.
An estimate of suitable dilutions for the working
standard is made from the results of manual
titrations.
The sample tray of the AutoAnalyzer is loaded
with each dilution of the International Standard
in order of antibody concentration followed by
each dilution of the prepared working standard.
Alternate sample cups between each serum
dilution contain 20% group AB inert serum in
isotonic saline.
The optical density (O.D.) values given by
each dilution of the International Standard are
plotted on linear graph paper and the values of
the dilutions of the working standard are related
to the graph. The content of antibody protein in
,ug/ml in the serum is calculated from the formula:
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Where A = the reciprocal of the dilutions of the
working standard.
B = the reciprocal of the equivalent dilution
of the International Standard serum that gives
the same O.D. reading as the diluted test serum.
(This is obtained from the graph (Fig. 1) where

_1

0
0

-

Dilutions of International Standard
Fig. 1 Graph of typical results of the International
Standard anti-D serum where the O.D. value of 0*2
represents an International Standard dilution of
1: 600 (for further explanation see text).

the O.D. of the 1:500 dilution of the working
standard is 0-2 and therefore equivalent to an
International Standard dilution of 1: 600.)
C = concentration of the International Standard serum in ,tg/ml.
For example:
Concentration of the working standard -

500

x

115-

9-6 ,tg of antibody protein per ml.

This calculation is applied to each dilution of
the working standard provided it falls within the
limits of optical density. The average of the
results from all the dilutions is then taken as the
value of the working standard in ,ug/ml of antibody protein. The whole procedure is repeated
and the average of the two results obtained is
taken as the true value of the working standard.
This value is used in the quantitation of unknown
sera against the working standard.
If it is required to translate the value in ,tg/ml
to a conventional albumin, antiglobulin, or
enzyme titre, it will be necessary to calibrate the
appropriate technique against the AutoAnalyzer
results for the particular laboratory concerned.
For example, a number of test sera are carefully
titrated by the usual manual albumin technique,
several experienced technicians doing the tests in
parallel. The mean of all their results over a range
of antibody strengths is taken as the equivalent
albumin titre. In our laboratory an antibody
concentration of 10 ,ug/ml has an equivalent
albumin titre of 1:33.
QUANTITATION OF ANTI-D SERA

Concentration of unknown
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specificity of the pool is confirmed, and the anti-C
and anti-D titres are checked by saline and
albumin techniques. The anti-C titre of the pooled
serum should be less than 1: 8 by albumin techniques, against group 0 r'r red cells. The saline
anti-D content should be less than 1:8 against
group 0 R2R2 red cells. No other irregular
antibodies should be detectable.
The pooled serum is dispensed initially into
10 ml volumes and stored at - 25°C. For use the
serum is dispensed into 0-2 ml volumes and kept
at - 25°C. Every care is taken not to thaw and
refreeze the serum more often than necessary.
A 1:10 dilution of the working standard in
inert group AB serum dispensed and stored in
the same manner serves as a control for the
dilutions of the working standard used in the
procedure.

The specificity of the sera to be tested must be
confirmed by saline, albumin, enzyme, and
antiglobulin techniques against a panel of fully
genotyped red cells. Sera that contain only anti-D
(or anti-C+D when the anti-C content is less
than one fifth of the anti-D content) are suitable
for quantitation using this technique.
An assessment of the probable anti-D titre is
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Reproducibility of the Method

1:128

Parallel investigations of the same anti-D sera
in a number of transfusion centres have given
results agreeing to within ± 25 % (Moore, 1969).
A single anti-D serum investigated on 20
separate occasions gave values between 1 2 and
1-7 ,ug/ml, with a mean value of 1-45 jug/ml and a
variation from the mean of 17 %.
Occasional examples of anti-D do not behave
characteristically and are unsuitable for automated quantitation. If, for example, the manually
assessed titre is markedly different from that
obtained on the AutoAnalyzer, the serum should
be fully titrated manually and reported as such.
Further research may elicit reasons for the
exceptional behaviour of certain antibodies.
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Appropriate dilution
Fig. 2 Curve showing the appropriate dilution of a
test serum to be made according to its 'assessed' titre.
made by an experienced technician at the time of
checking the specificity of the antibody. A
reliable assessment can be based on the strength
and speed of reaction of the indirect antiglobulin
test using group 0 R1R2 red cells. The 'assessed'
titre serves as a guide to the appropriate dilution
of the test serum for the AutoAnalyzer. Suitable
dilutions based on assessed titres are given in
Figure 2.
At least six dilutions of the working standard
are made in buffered saline, the range of dilutions
depending on the concentration of the working
standard and upon the sensitivity of the AutoAnalyzer in detecting rhesus antibodies. A
standard containing 20 jig/ml is diluted between
1 :1,000 and 1: 3,000. The effect of a weak contaminating anti-C in the working standard is
eliminated by this high dilution.
Test sera are diluted according to their 'assessed'
titres. Only one dilution of each test serum need
be made providing its OD value falls within the
values of the standard dilution curve.
The OD values for the working standard are
plotted on linear graph paper. The OD value
for each diluted test serum is related to the graph
and the ,ug per ml content is calculated from
the formula:
Concentration of test = A x C
B
Where A = reciprocal of the dilution of the test
serum; B = reciprocal of the equivalent dilution
of the working standard serum that gives the
same OD reading as the diluted test serum; and
C = the concentration of the standard serum in
utg/ml of antibody protein.
The equivalent albumin titre of the test serum
may be calculated from the above formula by
substituting C for the equivalent albumin titre of
the working standard serum.

Discussion
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1:256

The routine titration of antibodies by manual
techniques is liable to variation due to minor
fluctuations in test conditions and the subjective
reading of scores and end points. This is exemplified by the diversity of results reported by
Goldsmith et al (1967) when they distributed
their proposed International Standard to 29
reputable serological laboratories. Different investigators reported albumin titres ranging from
1:8 to 1:1024, and antihuman-globulin titres
from 1:64 to 1:1024. Under these conditions it
is clear that a patient moving from one district
to another during pregnancy could be wrongly
interpreted as producing a marked change in her
serum antibody content.
Using a standard for comparative purposes

during the investigation of unknowns allows
adjustments to be made to compensate for daily
variation in manual techniques.
While the Technicon AutoAnalyzer is not of
practical value for routine antibody screening
due to the limitation of suitable fresh genotyped
red cells, it is extremely useful for accurate and
reproducible antibody quantitation. The machine
can be set for maximum sensitivity for the antibody under investigation and the supply of
appropriate fresh red cells is not difficult. The
read-out is entirely objective, and with suitable
calibration a result can be recorded in terms of
micrograms of anti-D protein per millilitre,
together with its equivalent albumin titre.
Because the use of a standard at six dilutions is
inherent in the method, workers using machines
in distant places will produce similar results on
the same test sera. Accuracy between laboratories
will be even greater if all workers use the same
standard, and for this reason the present authors
make a plea for the use of the International
Standard anti-D typing serum for the preparation of a pooled domestic standard in each laboratory.
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communication, Tovey and Fraser (1969) have
indicated good correlation, and we may therefore
anticipate the day when obstetricians and paediatricians will prefer a gravimetric analysis of serum
antibody content.
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It is important that agreement is reached on
the assignment of a fixed value for the International Standard. For the present standard we
propose a mean value of 11P5 ,ug/ml antibody
protein.
The automated technique is not a substitute
for any part of the full manual investigation of a
serum. It is essential to continue with comprehensive manual screening techniques using a
suitable panel of genotyped cells in order to
determine the specificity of the antibody or
mixture of antibodies.
Certain mixtures of antibodies will preclude
the automated technique for anti-D quantitation.
For example, if the red cells being used in the
machine are R,R,, a strong anti-C in the presence
of a moderately strong anti-D will give an
accumulated titre. Similarly, other antibodies
outside the rhesus system may influence the
results.
The ultimate judgement of the value of the
automated technique will be based on a comparison of antibody levels reported in relation
to the outcome of pregnancy. In a preliminary

We wish to thank Dr K. L. G. Goldsmith, from
the Blood Group Reference Laboratory, for
supplies of the International Standard anti-D
typing serum.
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