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Computerization of a large antenatal serology
service
G. W. G. BIRD, M. WAIN, DIANA A. BATTEY, ANNE HOLMES, AND
A. J. BUTLER

From the West Midlands Regional Blood Transfusion Service, Birmingham, and the Management Services
Division, West Midlands Regional Health Authority

SYNOPSIS A computer scheme for a large antenatal serology service is described. A primary request
form (for mother, father or child) has been developed. Standard reports are produced by the computer
and are issued with a tear-off slip which should accompany subsequent specimens. Complicated
reports are made by special letter. An instruction booklet is issued to all users. Information on
patients with clinically significant antibodies is held in a special computer file and is regularly
updated. The system provides an efficient and reliable day-to-day service and readily accessible data
for retrospective research. A brief note on the computer elements of the system is provided.

The West Midlands Regional Blood Transfusion
Service, Birmingham is the Antenatal Serology
Centre for the whole region (pop. about 5000000).
A large number of specimens (400-500) are investi-
gated each day. A substantial file of data (all Rhesus
negative mothers, irrespective of whether they had
made antibodies or not) had accumulated over the
years. Since the physical task of manually searching
and extracting information from this mammoth file
became streched to full capacity and threatened to
render the scheme 'non-viable', the Antenatal
Serology Service has now been computerized.

Design criteria

Early thoughts on design produced a system that
held all Rhesus negative cases on computer file. How-
ever, it soon became apparent that the cost of com-
puter processing was prohibitive and that we were
merely automating the manual system at consider-
able expense. Further, it was felt that in a few years
the computer system would be suffering from the
same problems as beset the manual system. Conse-
quently, in order to produce a cost effective system,
a computer processing time of one hour a day was
taken as a basic design criterion. Considerable work
was also undertaken into the exact nature and extent
of patient identification and serological data that
needed to be kept in a form that would be: (a)
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readily available for day-to-day use in a current
pregnancy, and (b) available for longer term statisti-
cal manipulation. Furthermore, with the advent of
machine blood grouping and antibody detection and
measurement, it was of paramount importance to
design a system that would be compatible with
developments in this field.

Outline of system

For a first request the primary request form (fig 1) is
completed by staff at hospitals, antenatal clinics, and
general practitioners' surgeries, in all at about 700
different points in the five counties covered by the
Blood Transfusion Service (BTS). The primary
request, together with a blood specimen which is
specially preserved for machine analysis, is then col-
lected by BTS transport or sent by post to the
Transfusion Centre.
At the BTS, requests and specimens are received

and sorted into various categories. The ABO and
Rhesus groups are then determined on a Technicon'
15 channel grouping machine, a screening test for
antibodies being included in the program. Those
patients whose screening tests have indicated the
presence of antibodies are, of course, then fully
investigated. In practice, most mothers do not have
any clinically significant antibodies. For these
mothers, details of the test results are entered on the
request form, and after a thorough check for trans-
scription errors by two experienced senior techni-
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cians, the results are then punched on magnetic tape
before being sent daily to the Regional Health
Authority (RHA) Computer Centre, which is about
two miles away. Those with clinically significant anti-
bodies are tested more extensively before the data are
sent to the Computer Centre.
Each day the computer produces for each request

a combined report and repeat request form (fig 2),
which goes back to the doctor who made the request.
For subsequent tests the repeat request form is
detached from the report and sent with the blood
specimen to the Transfusion Centre. The repeat
request provides information to the transfusion ser-
vice on the results of the previous test(s) and tells
whether or not the mother had detectable anti-
bodies. If a subsequent specimen is not accompanied
by this form but by a primary request form, the sys-
tem does not automatically identify it as a repeat
request. For this reason all patients with primary
request forms are looked up in the small manual Z
file held at the BTS. It is, however, appreciated by
most users that the provision of the 'tear-off' repeat
request form is not only convenient but also that it is
in the interests of themselves and their patients to use
it. The majority of users do in fact submit these forms
with repeat requests for investigation. The computer
also produces a label for attachment to the blood
group card (fig 3) and an identical address label to be
attached to the envelope containing the report and
repeat request. Information on workload and other
data is produced at intervals (fig 4). For instance, the
computer provides an important facility by building
a complete record of all mothers with significant anti-

..:~~~~~O Tr...1National Bloo Tr
The Direetor,..Regional Transfusion Centre,'

Vincent Drivet Edgbastn, Birnwgham

bodies. This file is in fact an almost identical copy of
a manual file (see below) held at the BTS. The compu-
ter file, however, is intended for research and develop-
ment purposes, while the BTS manual file is for
dealing with actual day-to-day processing of requests.

Patient identification

In a service processing so many specimens, it is
essential to have specimens and requests uniquely
identified. Each request is allocated a sequential
number, in triplicate, which is printed on small self-
adhesive labels. One number is attached to the request
form, another to the specimen, and the third to an
entry in a control book (fig 5). The purpose of the
control book is to book specimens into and out of the
Centre and also to indicate anything of significance,
for example, broken specimens. It then becomes very
simple to see which specimens have been in the
Centre for more than, say, four days. In fact, after
four days an enquiry form (fig 6) is produced and
sent around to all reporting officers. The 2% or so of
patients whose results are of some significance are
allocated a further identification number. This num-
ber is termed the Z case number, and it is a per-
manent reference number allocated to a particular
patient. The number is five digits long, including the
prefix Z, and is a self-checking number using modu-
lus 11. The computer does, in fact, produce a list of
Z case numbers so that the clerical staff can allocate
them to new Z case mothers. Also, for easier
reference, an alphabetical list of all Z case patients is
produced periodically.

)n Service N.B.T.S. 3
(Rev. 1960)

Tel. No. 021-472Y1i

GROUP
Rh ..egtvM: :.D..... ..

Rh D Negative

1MPORTANT: If this person should I
coR-mtib NR Nega.tive;blood (.Grouj
pl:Wasma or serum maylbe used::insted

/> iJA 5..1

OOF A BLOOD TRANSFUSION,
DukW be;given. In case of urgency,

G. W+.(.G BIRD, Director.

Please tamn aver

Fig 3 Blood group card with attached label
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Storage of information

At the feasibility stage 'an informed guess' suggested
that, of all the work processed, only 5% would be of
any significance and worth keeping. Experience of
running the scheme suggests that even this figure was
optimistic and that it is actually about 2-5 %. In a

year's full working this would mean that we would
retain the results from about 2300 requests. The
degree of significance of these 2300 blood specimen
requests varies quite considerably, so that we have
subdivided our Z cases as shown below:

Condition code 01 - antibodies that may cause

haemolytic disease of the
newborn, eg, Rhesus, Kell,
Duffy, Kidd

02- antibodies that are unlikely
to be of much clinical sig-
nificance in this context,
eg, ABO, I, P, Lewis

03 rare forms of ABO, Rhesus
or other groups

04 - discrepancies for further
investigation

05 cases found to be positive
for HBsAg.

In practice, we find that many Z case mothers'
results have no great significance. For example, the
condition 02 cases which have anti-I antibody can be
weeded out at the end of a pregnancy. The computer
helps with this weeding out process by producing
each week a list of Z case women who had been
delivered during the previous month. The list is then
used by the senior technical staff to decide which
cases can be removed from the computer and manual
files. About 1 % of cases are recorded in permanent
files. Data on the other cases are filed in date of pro-
cessing order and then destroyed 12 months later. No
pre-sorting or extracting is necessary; it is merely a
matter of working chronologically along the filing
shelves.

Manipulation of data

To have on-line computer capacity is very useful,
though extremely expensive, and we suspect that fur-
ther problems may be introduced by our having to
depend so much on a machine. The fact remains,
however, that in processing requests on a daily basis
one must have daily recourse to records. We have
resolved this problem, and still remained within the
constraints of a cost-effective system, by having a Z
case manual file held at the Centre for day-to-day
reference, and a computer counterpart of this file for
longer term statistical analysis. Themanual file is built
up by inserting in a heavy-duty envelope the lower

portion of the request form for each test. Thus the
data pertaining to each specimen investigated during
a pregnancy are preserved. The computer file has
been structured in such a way that it consists of a
series of 58 character records, many of which at the
moment are not activated; they exist for future
requirements that have not yet been defined.

All the information is held under the mother's Z
case number. Typical record details now held are
mothers' personal identification ABO, and Rhesus
groups, phenotypes, antibodies detected, and their
strengths and condition codes (these are a means
whereby any condition can be coded, eg, significance
of case, whether child is a twin or one of triplets, etc,
and then used as the means for calling back that
information from the computer file). Serological
results are also held for fathers and children, but, to
preserve confidentiality, names and addresses are not
held, and the information printed out from the file is
not readily interpreted by the untrained eye. The
record layout is extremely flexible and accommodates
many test results per pregnancy, multiple pregnan-
cies, multiple births, and clinical details.

Reporting

The majority of serological reports do not need any
written comment; ABO, Rhesus group, and an
indication that no anomalous antibodies have been
detected are sufficient. When comment is necessary,
much of it is of a routine nature-so much so that
over the years standard phrases have been used in
making reports. When, for example, a broken speci-
men is received with a request form, a standard letter
asking for a fresh specimen was produced. This con-
cept has been expanded to include the actual report-
ing of serologically significant results.
What is in effect a dictionary of up to 99 phrases is

held on a computer file; a few of the phrases are
given in the appendix. A full list may be obtained
from the Director of the Regional Blood Transfusion
Service, Birmingham. Each sentence is referenced by
a two-digit code; thus, by specifying up to five codes,
quite elaborate letters can be produced, including
such statements that the patient may be heterozygous
for the named antigen c. For the more commonly
occurring multiphrase messages, it is necessary to
specify only one code. A computer program auto-
matically links the various phrases together to pro-
duce the total report; an example is given (fig 7).
There are occasions when the automatic facility will
not produce the required message or, if it does, it is
expressed in a stiff and obviously automatically pro-
duced way. In these circumstances, 'code 88' is used,
which produces the message 'Please see attached let-
ter' on the report. Of the 76 500 requests processed so
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FOR QUERIES
PLEASE LAB. REF.
QUOTE Z REF.

BIRMINGHAM REGION

ANTENATAL SEROLOGY REPORT

REPORT ON DATE OF REQUEST

TRANSFUSION CENTRE
VINCENT DRIVE
EDGBASTON
BIRMINGHAM B15 2SG
TEL: 021-472 3111

DATE OF TEST

DATE OF BIRTH

ESTIMATED DATE

OF DELIVERY

ANTIBODY SYSTEM

RHESUS

SPECIFICITY

ANTI C+D

STRENGTH

FAIRLY HIGH

PHENOTYPE

C D E c e ID'

A FURTHER SPECIMN SHOULD BE SENT IN 4 WEEKS TIME
A SPECIMEN FROM THE FATHER SHOULD BE SENST AT THE SAME TIME
PLEASE INFOPRM US WHEHHER OR NOT THE PATIENT HAS RECEIVED
I?I-MUNOGLOBULIN ANTI-D AT ANY TIME

A NErW BLOOD GROUP CARD IS ENCLOSED. PLEASE DESTROY ALL

PRI.VIOUSLY ISSUED CARDS

E Pr. G. W.G,
FOR TABLES CF GENOTYPE S A-.D INTERPRETATION OF ANTIBODY STRENGTH SEE STS CIRCULAR ON ANTENATAL SEROLOGY

Fig 7 Specimen ofa completed report

far, the '88' facility has been used only 445 times.
Whatever report codes are used are printed out on
the extreme right-hand side of the repeat request
form so that the staff dealing with a subsequent
request know what was said previously.

Statistics

A range of statistics is produced each quarter. The
workload statistics are produced for each user of the
service showing how many requests have been made
in the quarter for mother, father, and child speci-
mens; how many requests are of the 'Z' category and
how many are straightforward; how many are first
time requests and how many are repeats. All this
information is compared with the figures from the
preceding four quarters. In addition, the use of report
coding allows the use of certain report codes to be
classified and totalled against users. The computer
automatically produces a total of the number of

times this report code has had to be used for each
user. This enables the Service to advise such users of
any difficulties that may have arisen, for example,
specimens broken on arrival or delay in despatch of
specimens, or specimens which are clotted or too
haemolysed for satisfactory investigation. In addi-
tion, an analysis of the use of each report code in the
dictionary is given, so that the relatively small dic-
tionary can be periodically edited to contain only
those phrases that are in most frequent use.

Implementation

Implementation of any change to a system providing
a service to such a wide range of users is always a
problem. In the early stages of the project, principal
users were consulted so that the final design would at
least be acceptable to a majority of users. Also, since
it was obviously not possible individually to explain
the system to each user, a manual describing the

GROUP AIB

RHESUS NEG
2

3
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operational aspects was produced so that a copy
could be sent to each doctor availing himself of the
system. A hospital volunteered to be the pilot hospi-
tal and the scheme was successfully run for three
months. The scheme has since expanded to cover the
whole of the West Midlands Region.

Computer elements

A description of the computer elements of the system
has deliberately been left until the end since it
represents only a part, albeit an important part, of
the entire system. The design philosophy adopted in
all the BTS computer applications has been that the
computer exists to serve the Transfusion Centre and
not vice versa. The computer employed to run the
system is the RHA System 4/40 with a core store of
128K bytes: just over half an hour per day, five days
a week, processing time is required which, in fact, is
well within the design criteria of the system. Data are
prepared at the Transfusion Centre using Burroughs
magnetic tape encoders. The input data tape is then
transported physically each day to the RHA. There
are 17 programs in the serology suite, of which five
are run daily, two weekly, four quarterly, and six on
an ad hoc basis. All the programs, with the exception
of the combined validation/update program, are
relatively simple; this program is, however, unavoid-
ably complex and occupies some 79K bytes of core.
The programs have been written in system 4/40
Cobol under the direction of Mrs. Susan Taylor, a
senior programmer of the Management Services
Department of the RHA. At the time of publication
of this paper, many of the programshavebeenwritten
in 1900 series Cobol in preparation for transfer to an
ICL 1904S machine.

Conclusions

The scheme has greatly eased the burden imposed on
medical, scientific, technical, and clerical staff of the
West Midlands Regional Blood Transfusion Service.
This scheme is part of a larger scheme for the auto-
mation/computerization of the West Midlands
Regional Blood Transfusion Service (Bird, 1974).
Schemes pertaining to the blood donor system, con-
trol of issue and distribution of blood and its com-
ponents, and HLA serology and organ transplanta-
tion are in preparation.

We wish to thank Dr R. N. Ibbotson, Dr H. G.
Koster, Mr W. Loeb, and Mrs D. Vickers for their
help during the preparation of this scheme, and Lam-
son Paragon Limited for the photographs reproduced
as figures 1 and 2.
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Appendix

SELECTION OF REPORT CODES FROM THE
DICTIONARY
08 We regret specimen was found clotted on arrival

and was unsuitable for testing.
29 A further specimen should be sent as soon as

possible.
59 Direct Coombs test positive-strong.
89 Please inform us whether or not the patient has

received immunogloblin anti-D at any time.
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