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History of Blood Transfusion

From the earliest days of recorded history the heart has been
regarded as the centre not only of the affections but also of
such desirable qualities as courage and generosity, and blood
has been looked upon as the carrier of these qualities. In the
Dark Ages no witches’ brew could have been effective with-
out its complement of blood (often human), and even today
such phrases as ‘a loving heart’, ‘a heart of gold’, ‘blue blood’,
and ‘it's in the blood" carry unmistakable echoes of these
beliefs. The Romans are said to have drunk the blood of slain
gladiators in order to rejuvenate themselves. Speculation
about injecting blood to bring about rejuvenation or cure
disease continued over the centuries. The first practical steps
were taken in the seventeenth century. The demonstration of
the circulation of the blood published by William Harvey in
1628 was the stimulus to the experimental work that led to the
actual performance of transfusion. In 1657, Sir Christopher
Wren, the famous architect, using an instrument devised by
Harvey, injected various fluids into the circulation of living
animals and in 1665 Dr Richard Lower performed the first
successful transfusion of blood from one animal into another.

The first transfusions in man followed soon after; on 15 June
1667 Dr Jean Denis in Paris transfused the blood of a lamb
into a young man and on 23 November 1667, Dr Lower and
Dr King in London transfused blood from a sheep into a
certain Mr Arthur Coga. Both patients recovered. Mr Coga
received 20 shillings for his co-operation and gave an address
in Latin to the Royal Society on his experiences. In 1668
Denis gave calf's blood to a further patient, who died soon
after. This event led to the recognition of the dangers of
transfusing animal blood to man.

Jean Baptiste Denis
transfused blood from
animals to humans




James Blundell

successfully performed

human to human transfusions.
His equipment was

rudimentary as this
contemporary illustration shows

Karl Landsteiner

Further progress waited until in 1818, an obstetrician in
London, Dr James Blundell, having shown that the blood
transfused must come from the same species, performed the
first transfusions of human blood in cases of haemorrhage
after childbirth. By these means he was able to save the lives
of a number of his patients. However, progress was still slow.
Transfusion of blood was not always successful and
sometimes caused death.

In 1900, Dr Karl Landsteiner of Vienna, discovered the ABO
blood groups, and demonstrated that blood from two indi-
viduals could be mixed successfully only if the individuals’
blood groups matched. Landsteiner’s discovery constituted a
landmark and removed one of the most serious hazards to
transfusion. It was also the starting point of our present vast
knowledge of the blood groups and their practical and
scientific importance.

Two great advances occurred during World War I. First, it was
found that blood that had been removed from the body could
be prevented from clotting by mixing it with sodium citrate.
Second, it was demonstrated that blood could be preserved in
a safe condition for short periods in a refrigerator, thus
rendering it unnecessary always to transfuse blood immedi-
ately after its collection. By the end of the war the stage was
set for the development of civilian transfusion services, but the



stimulus, so often provided to medicine by war, had gone. In
1921 four members of the Camberwell Division of the County
of London Branch of the British Red Cross Society volun-
teered to give blood needed at King’s College Hospital. This
was the start of the first voluntary blood donor service in the
world. By the end of 1925 voluntary ‘donor panels” had begun
to be established in other large cities of the British Isles.
These panels were autonomous, existing to supply the needs
of local hospitals for fresh blood. They were generally formed
by members of well-known voluntary organisations, for
example, Toc H, The Rover Scouts, The St John Ambulance
Brigade and The British Red Cross Society.

The first blood bank, in the present sense of the term, was
openedin 1936 at Cook County Hospitat, Chicago. During the
1930s the value of plasma for the treatment of surgical shock,
particularly that associated with burns, began to be appreci-
ated and the use of this fluid gradually grew.

Following the outbreak of war in 1939, five large transfusion
centres were opened (four civilian centres near London and
the Army centre at Bristol) to provide blood and plasma for
civilian and service casualties. In 1940, eight regional
transfusion centres were opened as part of the Emergency
Medical Service (EMS).

In World War |

ways were found of
preventing clotting
and preserving blood
ina safe condition
forfuture use



In World War |

the lives of many service
and civilian casualties

were saved by

donations of blood

from hundreds ofthousands
of voluntary donors

The storage life of blood was increased by the use of a more
effective preservative solution of citrate and glucose and more
simple and readily assembled transfusion equipment was
introduced. : :

By the end of the war many hundreds of thousands of men
and women had acted as voluntary blood donors and their
donations of blood had helped to save the lives of many
service and civilian casualties. The EMS and Army transfusion
services were amalgamated in 1946 to form the National
Blood Transfusion Service of England and Wales. On 5 July
1948 the Service became part of the National Health Service
administered by Regional Hospital Boards (now Health
Authorities).

e e e e



Organisation

Regional Transfusion
Centre ( Northern ireland )
Belfast

Regional Transfusion Centra ( Wales )
Cardiff

Central Laboratories ( England )
Oxford

Elstree

London

Each of the 14 Regional Health Authorities in England is
responsible for meeting the transfusion requirements of its
hospitals and, with one exception, each Region has its own
Transfusion Centre. These are at Newcastle, Leeds, Sheffield,
Cambridge, London (three centres), Southampton, Oxford
Bristol, Birmingham, Liverpool and Manchester. In Wales
there is a Transfusion Centre at Cardiff.

There are three central laboratories, the Blood Group
Reference Laboratory and the Blood Products Laboratory,
Elstree, with which is associated the Plasma Fractionation
Laboratory, Oxford. They are administered under the direction
of the Department of Health and Social Security.



Separating cells
andplasmaina
centrifuge (above)

Mechanised blood
grouping (right)

The Regional
Transfusion Centre

In Scotland there are five Regional Transfusion Centres and a
Protein Fractionation Centre at Edinburgh.

In Northern Ireland the service is provided on a regional basis
by the Department of Health and Social Services and run by
the Northern Ireland Blood Transfusion Service.

A typical Regional Blood Transfusion Centre would supply
2000 blood donations weekly to some 50 hospitals, serving
a population of about 2000000, although some Centres,
especially those in London, have larger responsibilities.

Each Regional Transfusion Centre is under the control of a
Cohsultant Medical Director appointed by the Regional
Health Authority.

Among the functions of the Centre are the following :

1. Recruitment and organisation of voluntary donor panels by
the Regional Donor Organiser, the organisation of blood
donor sessions and the calling of donors to attend them.

2. Organisation of special panels of donors so that fresh blood



needed, for example, to treat certain diseases such as
haemophilia or for cardiac surgery, can be readily obtained.
Collection, by means of self-contained mobile teams, of
sufficient blood within the region for the needs of its hospitals
and the quota required by the three central laboratories.

3. Blood grouping and testing ; cross matching ; tissue typing
in connection with organ transplantation.

4. Maintenance of a blood bank at the Regional Transfusion
Centre and of banks in hospitals with pathology laboratories ;
in some places hospitals are grouped together, one hospital
providing an ‘area bank’ service to all hospitals within
the group.

5. Preparation and distribution of blood grouping sera and
sterile water for the reconstitution of the dried plasma
fractions supplied by the Blood Products Laboratory.

6. Provision of a consultant service on all transfusion matters
for the hospitals in the region, e.g. the investigation of
reactions, serological investigations, the giving of trans-
fusions, clinical consultation.

7. Provision of facilities for the blood grouping of ante-natal
patients.

8. Teaching: This is one of the important activities of the
Regional Transfusion Centre. Many of the Directors hold
honorary appointments in medical schools and formal
instruction on blood transfusion is given at several of them.
Courses of instruction are also given to doctors, nurses and
technicians, and all centres take visiting workers for training.

9. Research: All the constituent parts of the National Blood
Transfusion Service do research with the object of increasing
the safety and value of treatment by transfusion. Many
problems, both laboratory and clinical, which need investiga-
tion are encountered in the course of the normal work of the
service. Many of these are concerned with the blood groups
and the techniques for their detection.

The Blood Group Reference Laboratory distributes all types
of blood grouping sera; it maintains stacks of rare sera and
accepts blood samples from the Regional Centres for the
identification of unusual blood group factors. It also maintains
the National Panel of Donors of Rare Blood Types, a record
of donors with very rare blood group patterns.

The Blood Products Laboratory at Elstree prepares blood
products, undertakes research into the production and uses
of plasma fractions and plasma substitutes, and operates a
freeze-drying plant. The Plasma Fractionation Laboratory,
Oxford, which comes under its control, prepares special
products needed for the treatment of haemophilia and
related diseases.

Checking blood donations

The Central
Laboratories
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Recruitment of
blood donors

Development of
the Service
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Appeals for donors are addressed to those between the ages
of 18 and 65 and especially to the younger generation, who
alone can safeguard the future of the National Blood Trans-
fusion Service.

Donors should be normal, healthy people but a history of
certain ilinesses may prevent acceptance.

There has been a steady increase in the number of blood
donors enrolled and blood donations received.

The service needs the constant reinforcement of new donors
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to keep pace with the many calls on it, to cover normal ‘loss’
of donors due, for example, to age or illness, and to avoid
having to call upon individual donors more than twice a year.
With this aim, the Department of Health and Social Security
produces centrally a range of publicity material, including
posters, press advertisements, leaflets, booklets and short
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This Christmas give the priceless gift
thatenlyYOU cangive

Ifit was yourc
you wouldn’t hesitate.

ENROL AS A BLOOD DONOR
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syour tumtogive blood

television films. Close liaison is maintained with hospital
authorities and with voluntary organisations, who help with
recruitment and assistin looking after donors at sessions.

Donor sessions are organised in towns and villages, in
factories and on the premises of commercial firms, in depart-
ments of national and local government and in establishments
maintained by the Armed Forces. Donors, who must be
between the ages of 18 and 65, are asked to give about

How the Service
operates



Containers for
collecting blood

three-quarters of a pint of blood after suitable checks have
been made to determine that they are in good health. These
checks are made each time a donor gives a blood donation.
At the end of the session the containers of blood are taken to
the Regional Transfusion Centre where they are placed in the
Regional Blood Bank until issued to a hospital. Some of the
blood received is set aside and processed for specialised use.

Most blood donations are now collected in Plastic con-
tainers, resembling bags, instead of in glass bottles. Plastic
containers are more convenient than glass bottles because
they allow certain manoeuvres, such as those used in
separating components, to be carried out more easily ; they
weigh less and take up less storage space. These containers
also have the advantage of having a surface to which, unlike
glass, the blood will not adhere, and this property helps to
prevent clotting.

v

Donor awards

n 0

These are divided into four classes: a bronze, silver or gold
badge for 10, 25 and 50 donations respectively, and a
Wedgwood plate for 100 or more donations. These
awards feature the NBTS symbol —two linked
hearts surmounted by a crown.
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What Transfusion Means....

Numerous examples are given on other pages of the medical
conditions necessitating treatment by blood transfusion. To
the patient receiving a blood transfusion, however, the reason
for it is not as important as the advantage he derives from it.
Many patients have declared that they have felt renewed life
and strength flowing through their bodies during the admin-
istration of the blood. Disability arising from long periods of
illness, in turn followed by surgical treatment, at one time
resulted in prolonged and painful convalescence. This unde-
sirable state can be minimised or even eliminated by a
strength-giving transfusion.

So we say that blood transfusion relieves suffering.

Similarly, post-operative transfusions, or transfusions for
blood diseases, bring about recovery often in surprisingly
short periods of time.

So we say that blood transfusion restores health.

After an accident or after severe blood loss from some other
cause, blood transfusion may very well be the only method
of saving life.

So we say that blood transfusion saves life.

Why give to strangers ?

The people of the United Kingdom have accepted voluntary
donation of blood as something: which is normal. Whereas
25 years ago many people were reluctant to give their blood,
this form of social service is now widely accepted and
practised to an extent hitherto thought unattainable. But in
spite of the fact that the National Blood Transfusion Service
has on its panels more than 1% million donors, i.e. about 1 in
20 of the population eligible to give blood, this number may be
too low to meet future needs, for example those associated
with organ transplantations, new surgical techniques and
advances in treatment of blood diseases.

There are no tangible rewards for giving. nor are there
penalties for not giving. Donors knowv that their gifts are for
unnamed patients, without distinction of age, sex, religion,
income, status, or colour. But perhaps there is some sense of
obligation, approval or interest on the part of the donor ; some
awareness of the need for the gift; some expectation that he
may himself need and receive a gift ata future date.

The unpaid donation of blood is an act of free will, most
commonly motivated by a desire to help people in need. It is
significant that some of the countries now dependent upon
paid donors are attempting to establish transfusion services
modelled on the British pattern.

To the patient

To the donor
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Whole blood
transfusion

Treatment by Transfusion

Blood, when circulating within the body, is a liquid substance
and consists of three kinds of cells (red cells, white cells and
blood platelets) and the fluid, called plasma, in which the cells
are suspended.

The plasma, besides carrying the cells round the body,
contains many chemical substances, some of which control
the process of blood clotting and all of which are vital to the
maintenance of our good health.

The transfusion of whole blood (i.e. the cells and the plasma)
from one individual to another is indicated for two main
reasons : firstly, when the volume of fluid within the circula-
tion of the patient is less than that required to sustain life and,
secondly, when the red blood cells are deficient either in
quantity or quality. In each instance the supply of oxygen to
the tissues and principal organs becomes inadequate. It is, for
example, essential that the brain be very well supplied with
oxygen ; death will occur after the brain has been deprived of
oxygen for six minutes even though the heart may still be
beating. Oxygen is carried by the red blood cells which
contain a material called haemoglobin. Haemoglobin has one
of the most complicated chemical structures known. Tucked
away in its labyrinth of some 10 000 atoms there are four
atoms of iron in each malecule upon which our lives depend.
The iron atoms are exposed in our lungs to the oxygen in the

@

Normal Total blood
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air which we breathe. The haemoglobin then becomes
saturated with oxygen and as the red cells travel round the
circulation the oxygen is released in the tissues. If we have
insufficient red cells, or if our red cells are abnormal, there will
not be enough haemoglobin to maintain the body efﬁcsemly
and we are then said to be anaemic.

Blood loss through accident, surgery, or haemorrhage at
childbirth, or from such a condition as the rupturing of a
stomach ulcer, may reduce the amount of circulating fluid in
our bodies beyond safe limits and we may die unless this loss
is speedily replaced.

In addition to the two main indications for blood transfusions,
that is restoration to normal of the amount of fluid within the
circulation and restoration of the red cells, whole blood is also
used in other ways ; for example, in the 1950s surgery of the
heart and great vessels became possible by the invention of a
machine which could take over the action of the heart and
lungs. ‘Open-heart’ operations, as they are termed, became
possible, and this form of surgery is now widely practised.
Hearts which have become diseased or are defective can be
repaired even late in life. Many children are born each year
with congenital heart defects. There may, for example, be a
hole in the septum, the membrane dividing the left and right
chambers of the heart ; if the hole is not repaired, this condition
renders its victim physically infirm with a short life expecta-
tion. Such cardiac operations may require from five to forty
donations of whole blood, together withe transfusions of
blood platelets.

Diagram showing the
distribution of oxygen
by blood flow through
the body
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How blood is used It may be of interest to list the various uses to which donations
were put in a period of 24 hours in a typical hospital blood
bank.

Surgical operations

Ventricular septal defect (“hole in the
heart’ requiring the use of heart and
lung by-pass device)

Mitral stenosis (cardiac operation also
involving heart and lung by-pass)

Thoracic surgery
Removal of kidney

Removal of part of the stomach
(for cancer of the stomach)

Removal of the womb

Bleeding after childhirth
Miscarriage (four cases)

Caesarian section (two cases)

Haemolytic disease of the newborn
("Rhesus disease”)

Miscellaneous conditions

Haematemesis (bleeding from
ruptured stomach ulcer)

Haemolytic anaemia (a blood disease)

Secondary anaemia (a patient with
cancer)

Anaemia of pregnancy
Myeloid Ieukaemia*(a blood disease)

Burns accident (transfusion of plasma)

-

*It must be emphasised that blood transfusion does not offer
a cure for leukaemia, but it has been used with success to
maintain life long enough to allow the new and powerful
drugs to combat the disease. In children’s hospitals especially,
donated blood is playing a greater role in the treatment of
children suffering from this blood condition, and there have
been significantly longer periods of ‘remission’”.




The Blood Groups

Although the blood of all human beings, whatever the colour The ABO

of their skin, is red in colour, there is, in fact, a difference in
the red blood cells from individual to individual . This difference
lies in the presence (or absence) of chemical substances in
the cell envelope which are inherited from the parents. There
are two different chemical substances which are termed ‘A’
and ‘B’, and transfusion of ‘incompatible’ cells will generate a
reaction which may be fatal. Persons who possess neither of
these substances are said to belong to Group O. Much less
frequently substance ‘A" and substance ‘B’ are found in the
same red cell. We can see therefore that there are four main
categories denoted by ‘A’, ‘B’, ‘O’, and "AB’. The distribution
of these categories around the world is by no means regular
and consistent, and there does not seem to be any way now
whereby the uneven distribution can be accounted for. Most
members of the white races are either Group A, or Group O.
Group B is more common amongst the peoples of Asia and,
interestingly, in the Gypsy population of Europe. Group B is
rarely present in the indigenous Indian tribes of North and
South America.

In Scotland, Wales and Ireland there is a marginal difference
in the distribution of Group O and Group A blood, possibly
arising from the Celtic origins of the peoples concerned.

45%(0)

blood group
system

The average distribution

of the ABO Groups
in England

3%(AB)

9%(B)
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The Rhesus
blood group
system

This system, discovered in 1939, was originally thought to
consist of a simple division of human blood into Rhesus
Positive and Rhesus Negative, but with continuing research
it was found that there were finer sub-divisions or factors,
which have been denoted by the letters ¢, C, d, D, e, E. The
significance of capital and small letters lies in their use to
show within the medical field the fu// Rhesus structure of the
individual. Each of us inherits three components from each
parent in various combinations. More than 33 per cent of the
population of the United Kingdom are designated CDe/cde,
the first set of three components being inherited from one
parent and the second set from the other. A ‘Rhesus Negative’
would be cde/cde. Although when a capital letter D appears

oy ot

CDe/cde CDe/cde cde/cde  cde /cde
Rh Pos Rh Pos Rh Neg Rh Neg

Inheritance of the Rhesus factor

in a person’s Rhesus structure (or ‘genotype’) the person is
said to be ‘Rhesus Positive” as a donor, if the D factor is not
present in his genotype, he must be considered ‘Rhesus
Negative’ as a patient, because D is the most potent stimulator
of a response by the patient’s natural defence mechanisms.
C and E, although capable of producing a similar response are
much less likely to do so and for practical purposes need not
be considered.

The frequency of Rh Positive and Rh Negative individuals
varies in different parts of the world. Thus among white races,
usually about 83 per cent of individuals are Rh Positive and
17 per cent Rh Negative. However, about 30 per cent of the
people of the Basque areas of north-east Spain and south-
west France are Rh Negative. Among yellow-skinned races
(Chinese and Japanese) very few Rh Negative individuals
are found.




The ABO and Rhesus blood group systems are the most
important ones in transfusion work, but several other blood
group systems are known, some designated by letters such as
M., N, K, and P, and others by contractions of the names of
the persons in whom they were first identified, e.g. Lu
(Lutheran), Le(Lewis), Fy(Duffy). It is fortunate, however,
that few of these are of importance from the point of view of
blood transfusion because it would not be practicable to
investigate fully all the blood group systems in each donor
and patient.

Very occasionally, however, it is necessary to find a donor or
donors whose blood is of a very rare group or combination of
groups. The National Blood Transfusion Service has accumu-
lated over the vears a special panel, known as the National
Panel of Donors of Rare Blood Groups. It is alist of the names
and blood groups of about 2000 people, each of whom has
been fully blood grouped to determine all the known blood
group systems. A copy of the panel is kept at each Regional
Transfusion Centre and it is therefore possible to select and
trace, without delay, the appropriate donors should the need
arise. More recently an International Panel of Donors of
Rare Blood Types has been formed with the co-operation of
transfusion services in all parts of the world. This international
panel is organised and maintained by the Blood Group
Reference Laboratary.

Other
blood group
systems

The panel of rare

blood groups means that
arequest from anywhere
in the world

forblood from a rare
group can be quickly met
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Blood being placed ina

centrifuge ready for
cell separation (right)

Blood donations are kept
under refrigeration (below)

Components and Plasma Fractions

Therapy

In addition to being used as whole blood, blood can be
separated into its components (red cells, white blood cells,
blood platelets, plasma, cryoprecipitate) which are used to
treat certain conditions. One of the components, plasma, can
be further subdivided by chemical procedures into its
constituent parts, the so-called plasma fractions (fibrinogen,

Red cell
transfusion

Opposite, red cells seen
through an electron
microscope (left)

and an ordinary microscope
(right)
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anti-haemophilic globulin concentrate, immunoglobulins,
plasma protein fraction and albumin).

The transfusion of whole blood has long been a well-
recognised life-saver during and after major surgery and
where there has been massive loss of blood in an accident or
in childbirth. There are, however, various conditions which
do not need whole blood replacement. For example, chronic
anaemia requires transfusion of the red cells of the blood
algne rather than both red cells and plasma. Indeed the trans-
fusion of unwanted plasma may be harmful if the patient
has a weak heart. Separation of the red cells from the plasma
can be achieved either by allowing the container in which the
donation is collected to stand for some hours during which
the red cells will separate themselves from the plasma by
gravity, or by spinning the container in a centrifuge, amachine
which swings the containers around a central axis. Adjustment
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of the number of revolutions per minute and the duration of
spinning allows the different cells, e.g. red cells and blood
platelets, to be separated from each other.

Active research continues on the transfusion of white blood
cells but this is still in the investigational stage. Successful
transfusion of white cells could, for example, assist a patient
to cope with infection if, as sometimes happens, the patient
is unable to produce his own white cells.

These tiny cells circulate in our bodies with the red and white
cells and play a vitally important role in the clotting process of
blood, for example, post-operatively. Sometimes the platelets
from at least two donations of blood are transfused to patients
approximately one hour after a heart operation. These have the
effect of correcting leakage at the site of the stitching in the

outer walls of the heart. Platelet transfusion is also an,

important part of the treatment of leukaemia and of certain
haemorrhagic disorders.

Plasma protein fraction (or stable plasma protein solution)
as well as reconstituted dried plasma is used widely for the
treatment of surgical shock and burns or, in remote areas, to
restore safely the volume of fluid in the circulation, in order
to sustain life until the patient can be moved to a hospital
with full transfusion facilities or until matched whole blood
can be provided. Thus it could be extremely valuable'in such
places as small hospitals and ships which have traditionally
carried dried plasma.

Haemophilia is an inherited bleeding disorder affecting males.
The blood of sufferers from this complaint lacks a substance
called anti-haemophilic globulin or Clotting Factor VIII. As a
consequence prolonged bleeding may follow even minor

White cell
transfusion

Blood platelets

Plasma
transfusion

Treatment of
haemophilia:
Factor VIII
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Cryoprecipitate

Anti-haemophilic
globulin
concentrate

Fibrinogen

Fibrin foam

injuries or operations. Sufferers from haemophilia are treated
at special Haemophilia Centres or at hospitals by the infusion
of Factor VIII either in the form of cryoprecipitate or anti-
haemophilic globulin concentrate.

To prepare cryoprecipitate the plasma is first separated from
freshly collected blood by spinning it in a centrifuge (see
above under Red Cell Transfusion) to separate the blood cells.
The plasma is immediately frozen at minus 80°C. It is then
allowed to thaw under conditions so adjusted that the Factor
VIl remains as a solid substance. This is separated by spinning
the thawed plasma. The greater part of the plasma is removed,
leaving the concentrated Factor VIII behind. A typical
Regional Transfusion Centre keeps a stock of from 300 to
500 units of cryoprecipitate, which can be stored at minus
30°C for several months.

This plasma fraction has certain advantages over cryoprecipi-
tate for treating haemophiliacs.Itis prepared at the laboratories
at Elstree and Oxford from freshly separated plasma provided
by Regional Transfusion Centres. It is of particular use in
enabling sufferers from haemophilia to be treated at home
and for controlling bleeding when they undergo major
surgical operations.

Fibrinogen is essential for normal blood clotting. In some
conditions it disappears temporarily from the blood, and
bleeding ensues. Transfusion of fibrinogen rapidly corrects
the deficiency and stops the bleeding. Fibrinogen is also used
as an adhesive material to keep skin grafts in position.

Fibrin foamis a sponge of clotted fibrinogen. When it is soaked
in a clot-promoting substance it acts as a scaffold on which
blood will clot. Thus itis used to control bleeding in operations
in which tying of blood vessels is not feasible or is to be
avoided.
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Central
Laboratories

England

Blood Group Reference
Laboratory

Gatliff Road

Ebury Bridge Road
London SW1W 8QJ.
Tel:01-7302152.

Blood Products
Laboratory

Lister Institute of
Preventive Medicine
Elstree

Boreham Wood
Hertfordshire WD3 6AX.
Tel:01-9536191.

Plasma Fractionation
Laboratory

Churchill Hospital
Headington

Oxford OX37LJ.

Tel :0865-65711.

Scotland

Protein Fractionation
Centre

Ellen’s Glen Road
Edinburgh EH17 7QT.
Tel:031-6642317.
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