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Part B, Rcquirements for single- donor and small-pool produc(s e e e In the past a number of documents of th_e World Health Org':\rjization

. have been concerned with whole blood and its components, but each

- one has concentrated on guidelines mainly concerned with blood trans-
fusion services and except for human immunoglobulin none has dcalt
with the requirements appllcable to the quality control of wholc blood
and blood products. '
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Part D. Rcquirements for the conlrol of plasma fracuons I .

In the compilation of these intcrnational requirements for human
blood products, advice and data from a number of expets have been
taken into account. The names of these experts arc given in Appcndlx 2.
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GENERAL CONSIDERATIONS
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.. . " : M of human blood and blood components calls for a great deal of expertise
{ p g p
; 1 l'rcp.md by a tcam of Wll() consull.mls and 9l.nﬂ' anllJLI‘S whose niames arc . - ——————-
" given in Appendix 1. \ 1 wno Technical Report Scrlcs. No. 610, 1977 p. 24 (Anncx l)
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and considerable investment. Any country contemplating the establish-
ment of such an organization should carry out a careful cost-benefit
analysis to determine whether the investment is justified. The collection
and distribution of whole blood, the separation of whole blood into
components, and the fractionation of plasma batches is a logical develop-
mental sequence for a comprehensive organization. It is not always
possible to be specific about the details of the procedures cmployed, the
in-process controls, or the tests applied at each stage of production.
This is particularly the case with whole blood and component cclls.
Although the general principle of fractionation of plasma is well estab-
lished, there are in practice numerous variations in the details of the
various production steps. Therefore, any country wishing to begin the
collection and fractionation of blood and blood components should send
personnel for training to a plant that is operating successfully. WHO
can help in arranging such training.

It would not be possible to rely on any product unless the relevant
requirements for each step are complied with, and any attempt to reduce
these requirements may have serious consequences for the safety of the
final product. It is reccommended, therefore, that these requirements be
applied as a complete document.

One of the basic questions to be answered in considering whether the
fractionation of plasma should be started is whether the country has a
suitable donor population of suflicient size to guarantee an adcquate
supply of source material. It is not possible to sct a lower limit for the
quantity of source material that would be necessary to make such an
operation economic because too many factors' are involved. In order
to maintain competence in production and to avoid certain contamina-
tion risks, it is important to have sufficient source material to maintain
the fractionation facility in continual operation. In general it would be
difficult to justify setting up a plant unless at least 250 litres or 1000 donor
pools of plasma arc available for fractionation at regular intervals.
Even with this amount the fractionation plant would be working on a
small scale, but it could serve as the basis for later cxpansion to a much
lurger project. Alternatively it could be used for specialized national
services, or it could form part of an integrated service organized on a
regional basis with neighbouring countrics.

The greatest expense involved is in setting up the fractionation plant,
but it would be possible to consider the collection of source material and
the fractionation as quite separate operations. A country may wish to
establish collection centres to separate the cell components and send the
plasma to an established [ractionation centre in another country. The
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products would then be returned to the ‘original country and the costs
involved in this opcration might be less than those needed to establish
and operate a fractionation plant.

The general prevalence of viral diseases, such as various forms of
hepatitis, and of parasitic discases differs so markedly in different geo-
graphical regions that each national authority must decide for itself
whether the application of the most sensitive test on each blood donation
is cost-eflective and whether it is feasible to collect suitable source
material. A brief protocol of the collection of source material is in any
case mandatory (see Appendix 3). In countries where the prevalence of
hepatitis B virus (HBV) and parasitic diseases is so high that the supply
of the most suitable source material is markedly restricted, greater
emphasis should be placed on the production of fractions made by a
process that experience has shown causes the least risk of contamination.
For example, immunoglobulin prepared by the cold ethanol fraction-
ation method of Cohn has a well established reputation of being free from
contamination with HBV, as have albumin products prepared by the
same mcthod and heated for 10 hours at 60°C.} Nevertheless, the assur-
ance of freedom of these products from infectious viruses requires extreme
care in manufacture and cannot be assumed when new fractionation
methods are introduced.

When source material with a high risk of contamination is handled,
special care should be given to the protection of the health of the staff
and appropriate protective measures approved by the national control
authority insisted upon. '

The transport of source materials from blood collecting centres and
hospitals to the fractionation facilities requires special consideration,
Thus refrigeration at the temperature range appropriate for the product
must be cflicicnt and reliable and proved to be so by monitoring. Ther-
mal insulation must be adequate as a safeguard against a temporary
failure of refrigeration. Containers of liquid source material should be
filled so as to diminish frothing duc to shaking. Because of the poten-
tially infcctive nature of these biological materials, suitable safeguards
should be taken in the event of breakage, spillage, or leakage of contain-
ers.

- In this document the qualifying word * human ” has been dropped
from the numes of the products derived from human blood. Blood
products of animal origin are immunogenic, and their administration to
man should be avoided wherever an cquivalent product of human origin

1 WHO Technical Report Scrics, No. 602, 1977, p. 45.
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could be used in its place. Any such products of nonhuman origin should
now carry the species of origin in its proper neme. In order to avoid
confusion while the recommendation is being implemented, it is advised
that for an interim period “national authorities introduce the animal
species in the proper names of animal products before the qualification
* human " is dropped.

These requirements have been formulated in the following five

A. Rcquirements for the collection of source materials.

B. Requirements for single-donor and small-pool products.

C. Requirements for the manufacturing of human blood products.
D. Requirements for the control of plasma fractions.

E. National control requirements.

Each deals with a scparate part of the whole process but all the parls
taken together are intended to make a composite document.

The parts are divided into scctions, each of which constitutes a
recommendation. Text printed in type of normal size is written in the
form of requirements so that, if a health administration so desires, these
parts as they appear may be includced in definitive national requirements.
Paragraphs printed in small type are comments and recommendations
for guidance.

Should individual countries wish to adopt these requirements as the
basis for their national regulations concerning blood products and related
substances, it is recommended that a clause be included that would
permit manufacturing requircments to be modified on the condition
that it be demonstrated, to the satisfaction of the national control
authority, that such modificd requircments cnsure a degree of safety
and cfficacy of the products at lcast equal to that provided by the
requirements formulated below. It is desirable that the World Health
Organization should then be informed of the action taken. -

The terms * national control authority ” and ** national control
laboratory ™ as uscd in these requirements, always refer to the country
in which the product is collected, manufactured or used, as appropriate.

Rupid technological developments in the measurement of biological
activily of blood products and related substances require the establish-
ment of international biological reference materials. The first two inter-
national reference materials (for anti-A and anti-B blood typing scra)
were established in 1950, and a further six reference materials have been
established in-the last seven years. There are a number of materials
currently under investigation for the preparation of new standards.
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Furthermore, the increased demand for the use of blood products is
resulting in the extensive movement of such products between countries.
Internationally accepted requirements are therefore necessary in order
that countrics without any rcgulations concerning blood products and
related substances may rcﬂ.r to these requirements when lmporlmg such
products,

e

International standards and international reference preparations

The activity of blood and blood products shall be expressed in inter-
national units where an intcrnational standard or international reference
preparation exists. B

A list of international standards and international reference prepara-
tions approprmte for the control of blood products and related substances
is given in Appendix 4.

These standards are in the custody of the laboratories in Copenhagen,
London, Amsterdam and Bilthoven mentioned in Appendix 4.

Samples are distributed free of charge on request to national control
laboratories. The international standards are intended for the calibration
of national standards for usc in the manufacture and laboratory control
of human blood and blood products. '

PART A:

It

REQUIREMENTS FOR THE COLLECTION
OF SOURCE MATERIALS

A.1. DEFINITION OF CENTRES, ACTIVITIES
AND SOURCES

A.1.1 Centres for the coll_cclion of sourcé materihl

The following definitions are intcnded for use in this document and
are not necessarily valid for other purposcs.

Blood donor centre : an establishment in which blood and/or blood
componcnts are obtained.from donors.

Placenta collecting centre : an cstablishment in which placentas and/
or retroplacental blood or par ls of cither are received from hospitals,
accumulated and stored.

. KX
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A.1.2 Activities of collection centres

Blood collection : a procedure by which a single donation of blood
Is collected cither in an anticoagulant and stabilizing solution or in a
container of a kind that permits the scparation of serum from coagu-
lated blood.

Processing : any procedure used after collection and before compati-
bility testing with a prospective recipicnt.

Plasmapheresis and cytopheresis : procedures by which whole blood
1s separated by physical means into components and onc or more of
them returned to the donor.

A.1.3 Donors.

Blood donor : a suitable person who gives blood.

A.1.4 Single-donor materials

Whole blood (sometimes referred to as  blood ") : the blood collected
in an anticoagulant solution with or without the addition of nutricnts
such as glucosc or adenine. :

Whole blood, plasma-reduced (sometimes referred to as ** plasma-
reduced blood ") : the whole blood in which the erythrocyte volume
fraction (* packed cell volume ") has been clevated to approximately
0.6 by the removal of plasma.

Whole blvod, modified : the whole blood from which plasma has
been separated for the purpose of obtaining cryoprecipitate, platelets,
or leukocytes and tlic plasma returned to the blood cells.

Llood component : any part of blood separated from the rest by
physical procedures. ;

Plasma : the liquid part of blood collected in a receptacle containing
an anticoagulant.

Plasma, fresh frozen : a plasma frozen within 6 hours of donation
and stored below —20°C (and preferably below —30°C).

Plasma, frozen : a plasma obtained from whole blood within a speci-
fied short time (but longer than 6 hours) of collection and maintained
in the frozen stute below —20°C (and preferably below —30°C).

Plasma, platelet-poor : a plasma from which most platelets have been
removed,

Plusma, specific immune : w plasma that can be used cither for passive
immunization or for the manufacture of specific immunoglobulins,
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Plasma, freeze-dried : any -of the above forms of plasma that have
been frecze-dricd for preservation,

Plasma, rccovered : a plasma that does not meet the requirements of
* plasma, fresh frozen * or ** plasma, frozen ™ and is intended for further
processing.

Plasma, platelet-rich : a plasma containing at least 70% of the plate-
lets of the original whole blood.

Cryoprecipitated Factor VIII : a preparation of Factor VIII that is
obtained either from plasma from whole blood or by plasmapheresis,
through a process involving chilling and precipitation.

Serum : the liquid part of coagulated blood or plasma.

Specific immune serum or plasma : a serum that can be used cither
for passive immunization or for the manufacturc of specific immuno-
globulins.

Red cell concentrate : whole blood from which most of the plasma
has been removed and having an erythrocyte volume fraction (** packed
cell volume ) greater than 0.7,

Red cell concentrate, washed : a red cell concentrate from which most
of the plasma, leukocytes and platelets have been removed by one or
more stages of washing with an isotonic solution,

Red cell concentrate, leukocyte-poor : a red cell concentrate containing
at Ieast 80% of the red cells and less than 25% of the lcukocytes of the
original whole blood.

Red cell concentrate, frozen : a frozen red cell concentrate to which
a cryoprotective agent such as glycerol has been added prior to freezing.

Red cell concentrate, deglycerolized @ a red cell concentrate, frozen,
that has been thawed and has had the glycerol removed by washing.

Platelet-concentrate : platelets obtained either by separation of whole
blood or by pheresis and suspended in a small volume of autologous
plasma. ‘

Leukocyte concentrate : a concentrate of leukocytes obtained either
by the scparation of whole blood or by pheresis and suspended in auto-
logous plasma.

A.1.5 Postpartum source materials

Placenta : the placenta with or without the retroplicental blood from
a single delivery,
Placental blood : the blood cxpressed from the placenta,

35
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Retroplacental b[()(;(l > uterine blood collected during and after deliv-
ery.

o Retropldcental serum : the liquid part of the coagulated retroplacental
ood. )

A.2. PREMISES

The premises shall be of suitable size, construction, and location to
fa'c:limtc their proper operation, cleaning, and maintenance in accordance
with accepted rules of hygiene. They shall comply with the revised
Requirements for Biological Substances No. 1 (General Requirements
for Manufacturing Establishments and Control Laboratories) ! and in
faddilion provide adequate space, lighting, and ventilation for the follow-
ing activitics where applicuble :

(1) Medical examination of individuals to determine their fitness as
donors of blood and/or blood components.

(2) Withdrawal of blood from donors and, where applicable, re-

infusion of the components with minimum risk of contamination and
errors,

(3) Care of donors, including the treatment of those who suffer
reactions. ' -

(4) Storage of whole blood and blood components in quarantine
pending completion of processing and testing.

(5) Laboratory testing of blood and blood componenis.

(6) Processing and distribution of whole blood and blood compo-
nents in a4 manner that prevents contamination, loss of potency, and
crrors. ,

(7) Performance of all steps in pheresis procedures.

(8) Labclling, packaging, and other finishing opcrations in a manner
that prevents crrors,

(9) Storage of cquipment.
(10) Storage of finished products prior to distribution,

(11) Documentation and recording of data on the donor, the donated
blood, and the ultimate recipient.

I WHO Fechnical Report Series, No. 323, 1966, p 13.
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The collection of blood can be achieved by mobile tcams.
Although the premises used by such teams may not comply with
the more stringent requirements for centres built specially for
the purpose, the facility must be adequate for the safety of both
the donor and the collected blood or blood components.

A.3. EQUIPMENT

Equipment used in the collection, processing, storage, and distri-

bution of blood and blood components shall be kept clean and shall be
maintained and checked regularly. The revised Requirements for Bio-
logical Substances No. 1 (General Requirements for Manufacturing
Establishments and Control Laboratories)! shall apply in every par-
ticular, .
Equipment employed to sterilize materials used in blood or blood
componcnt collection or for the disposal of contaminated products shall
ensure the destruction of contaminating microorganisms. The effec-
tiveness of the sterilization procedure shall be not less than that achieved
by a temperature of 121.5°C maintained for 20 minutes by saturated
stcam at a pressure of 103 kPa (1.05 kgffem?® or 15 1bf/in®) or by a
temperature of 170°C maintained for two hours with dry heat.

Tests for sterility are indicated in the International Pharma-
copocia.? :

The disposal of contaminated material should comply with
the local by-laws controlling such proccdures.

‘A.4. PERSONNEL

A blood or blood component collection organization shall be under
the dircction of a designated qualified person who shall be responsible
for cnsuring that all operations are carried out properly and com-
petently. The dircctor shall have an adequate knowledge and experience
of the scientific and medical principles involved in the procurement of
blood and, il applicable, the separation of blood components and the
collection of plasma by plasmapheresis. -

The director shall be responsible for ensuring that cmployces are
adequately trained and acquire practical experience and that they are

1 WHO Technical Report Scries, No. 323, 1966, p. 13.

2 Specifiontions for the quality control of pharmacentical preparations ; second
edition of the International Pharmacopocia. Geneva, World Health Ovganization, 1967,
p. 747, . ‘
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aware of the application of accepted good practice to their respective
functions.

The dircctor should have the authority to enforce or to delegate
the enforcement of discipline among employces.

The persons responsible for the collection of the blood and blood
components shall be supervised by licensed physicians who shall be
responsible for all medical decisions.

The personnel responsible for the processing, storage, distribution,
and quality control of blood, blood components, and plasma shall be
adequate in number, and ecach shall have a suitable educational back-
ground and training or expericnce to assure competent performance of
assigned functions so that the final product has the required safety,
purity, potency, and efficacy,

A.5. THE COLLECTION OF BLOOD AND BLOOD
COMPONENTS

A.5.1 The sclection of donors

Source materials for further processing are obtained from donations
of blood or its components. The medical criteria for accepting donors—
criteria relating to the safety, purity, potency, and efficacy of the final
products—must be the same for donors of whole blood and of cellular
components or blood components collected by pheresis.

Blood from donors with glucosc-6-phosphate dchydrogenase
deficiency, sickle-cell trait, or other inherited erythrocyte
abnormalitics may give rise to transfusion reactions under
certain circumstances.  Decisions regarding the suitability of
such donors should be made by the national control authority.

A.5.2 Donors of whole blood

The physical fitness of a donor shall be determined by a licensed
p.hysiciun or a person under the direct supervision of a licensed physi-
ctan. Donors shall be healthy persons of cither sex between the ages of
18 und 65 years. The frequency of donations shall not exceed one cvery
two months, with 2 maximum volume in any consecutive 12-month
period of 2 litres.

The recruitment of volunteer (non-remuncrated) donors should
be the aim of any national blood programme. In some countrics

38

the upper and lower age limits of the donors may differ from
18 and 65 ycars.

The frequency of donation may have to be modified on an
individual basis, and, in general, premenopausal female donors
may be bled Iess frequently than males. Donors should be within
normal weight limits (sce scction A.5.4).

A.5.3 Medical history
A.5.3.1 General

Before each donation questions shall be asked to determine that the
donor is in normal health and has not suffcred, or is not suflering, from
any serious illness, e.g., malignant discase, diabetes, epilepsy, hyper-
tension, renal discase. .

Any donor who appears to be suffering from symptoms of acute or
chronic discase or who is receiving oral or parenteral medication, with
the exception of vitamins or oral contraceptives, may not be accepted
for donation unless approved by a physician.

Any donor who appears to be under the influence of alcohol or any
drug or who does not appear to be providing reliable answers to medical
history questions shall not be accepted.

A.5.3.2 Infectious diseases

Donors shall have a ncgative history of viral hepatitis, of close
contact with an individual with hepatitis within the past six moaths, of
receipt within six months of human blood or any blood component or
fraction that might be a source of transmission of viral hepatitis, or of
tattooing within six months. :

Acupuncture within six months may also present a risk.

In some countrics donors with a history of viral hepatitis or
of a positive test for hepatitis B surfuce antigen are permanently
cxcluded. In other countrics such donors are accepted providing
that rccovery occurred longer than onc year previously and that
the reaction for hepatitis 13 surlace antigen is negative when
tested by u sensitive technique,

Any donor shall be permanently excluded if a previous blood do-
nation given by him was the only unit of whole blood or of a blood
componcent administered to a paticnt who developed hepatitis within
six_months and who received no other blood fractions capable of hepa-
titis transmission during this period.

39
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Donor populations showing a prevalence of acute or chronic
hepatitis higher than that found in the general population should
be avoided for collection both of single donor products (whole
blood and its components) and of plasma for pooling for the
manufacture of plasma fractions known to be capable of trans-
mitting hepatitis, such as clotting factor concentrates.

Countrics with a low incidence of hepatitis should not use
wholc blood or blood products obtained from source material
collected from an arca in which there is a high incidence of
hepatitis.

" The testing of blood or plasma for the presence of hcpatltls B surface
anngcn shall be done by methods described in section B. 1.

‘ational health authorities shall develop policies designed to prevent
the transmission of other infectious discases based on the prevalence of
these diseases in the donor popul'mon and the susceptibility of recipients
to the same discases.

In countrics where malaria is not endemic, donors should have
a negative history of malaria exposure during the past six months
and a negative history of clinical malaria or malaria prophylaxis
while residing in an endemic area within three years of donation,

- Such restrictions miy be less important in countries where a high
level of endemic malaria is present in both donors and recipients,
except when blood products are required by visitors from non-
endemic areas,

Other discases that can be transmitted by blood include
syphilis, bruccllosis, trypanosomiasis (Chagas® discase), infectious
mononucleosis, and cytomegulovirus infection.  Precautions
should be taken o avoid blood collection from persons known
10 have suffered acute or chronic brucellosis or trypanosomiasis
in arcas where these discases are prevalent, Spread of herpes
viruses (Epstein-Barr virus and cytomegaloviruses) by blood
transfusion is a huzard not casily avoided owing 1o the high
prcv.xh.nu. of dsymptomatic chronic infeétion with these a;,gnl;
in the L,umrul population.

A.5.3.3 Minor surgery

Donors shall have a ncgative history of tooth: extraction or o|hu
minor surgery during a period of 72 hours prior to dmmlmn

A .5.3.4 Pregnancy

Pregnant women shall be excluded from blood donation. In general,
mothers shall also be excluded for the period of Lictation and for at Icast
six months after full-term delivery.
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The interval following pregnancy may be shorter in some
cascs—e.g., six weeks following an abortion during the first
trimester.

In some countrics donors are accepted when pregnant or
during the period of luctation when the blood contains rare
blood group antibodies. ‘The volunie to be taken should be
determined by the physician responsible.

A.5.3.5 Immunization

Symptom-free donors who have recently been immunized may be
accepted with the following exceptions.

— Those receiving smallpox vaccine shall be excluded until the scab
has fallen off or until two weeks after an immune reaction.

— Those receiving attenuated vaccines for measles (rubeola), mumps,
yellow fever, or poliomyelitis shall be excluded until two wecks
after the last immunization or injection,

— Those recciving attenuated rubella (German measles) vaccine
shall be excluded until cight weeks after the last injection.

— Those receiving rabies (therapeutic) vaccine or immunoglobulin
shall be excluded until one year after the lust injection.

— Those recciving passive immunization using animal serum prod-
ucts shall be cxcluded until four weeks after the last injection.

A.5.4 Physical examination

Donors shall have a weight, blood pressure, pulse rate, and tempera-
ture within normal limits. Donors with any measurements outside the
cstablished normal limits of weight, blood pressure, and pulse rate may
be aceepted only if approved by the responsible licensed physician,

The following recommendations may be useful for guidance :

(1) Blood pressure. Systolic blood pressure between 12 and
24 kPa (90 and 180 mmllig); diustolic blood pressure between
6.67 and 13.3 kPa (50 and 100 mmlly).

(2) Pulse, Between 50 and 100 beats per minute and rq,nl.lr.

3) Icmpcr.llun.. Oral temperature not exceeding 37.5°C.

(1) Weight. Donors weighing less than 50 kg may be bled
proportionately less than 450 mil in an appropriate volume of
nnncoubul.mt provided all other donor requirements are met.

In some countrics it is not required to take the body tempera-
ture but such decisions should be minde by the national control
uuthority.
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Donors shall be free from any infectious skin discase at the vene-
puncture site and of skin punctures or scars indicative of addiction to
narcolics.

A.5.5 Ilacmoglobin or hacmatocrit determination

The hacmoglobin shall be not less than 125 g/l of blood for women
and 135 g/l of blood for men or the hacmatocrit, if substituted, shall be
not less than 38% or 41% respectively.

These limits arc not universally accepted, and national control
authoritics should raisc or lower them when appropriate.

A.5.6 Donors for plasmapheresis

. All phases of plasmapheresis, including explaining to donors what
is involved in the process and obtaining their informed consent, shall be
performed under the direct supervision of a licensed physician.

There are two groups of plasmapheresis donors : those who donate
at a frequency comparable to that allowed for whole blood donations
and thosc who donate more frequently. The former group shall be
accepted on the basis of the above criteria for donors of whole blood.

In addition to these crileria, donors participating in a more frequent
plasmapheresis programme shall be examined by a licensed physician
on the day of the first donation, or no more than one weck prior to the
first donation. This examination shall include urine analysis and blood
sampling for liver function tests, a serological test for syphilis, and
determination of plasma proteins by elcctrophoresis or another suitable
method.

On the day of cach donation, in addition to meecting the require-
ments for whole blood donors, plasmapheresis donors shall be shown
to have a total scrum protein of no less than 60 g/l.

The medical evaluation of plasmapheresis donors shall be repeated
at regular intervals, as specified by national control authoritics. The
interval between physical and laboratory examinations shall not exceed
four months.

Whenever a laboratory value is found outside the established normal
limits or a donor exhibits any important abnormalitics of history or on
physical examination, the donor shall be removed from the programme.
The donor shall not return to the programme until the abnormal finding
has returned to normal and the responsible physician has given approval.

In the cvent that a plasmapheresis donor donates a unit of whole
blood or docs not have the red blood cells returned from a unit taken

42 .

)

during the procedure, the donor shall be deferred for eight weeks unless
special circumstances warrant approval by the responsible physician of
carlicr plasmapheresis.

In general, plasma collected by therapeutic plasmapheresis shall not
be used for fractionation.

There may be individual exceptions to this last requirement—
c.g., plaisma collected by intensive plasmapheresis  during
pregnancy of paticnts with high levels of anti-Rhg (anti-D)
immunoglobulin,

It is difficult to state the maximum volumes of plasma that
can be salcly collected from donors until more definitive data
_arc available on the effects of plasmapheresis on donors. In 1967
the Subcommittce of Specialists on Blood Problems, of the

" Council of Europe, recommended that no morc than 8 single
units of plasma (cach of approximatcly 300 ml) should be
removed in onc month, and not more than 50 single units should
be removed in one year.! However, dilferent limits are imposed
in certain countries, ¢.g., USSR and France : 10 litres per year ;
USA : 50 and 60 litres per year for donors \»elghmg respectively
below and above 80 kg.

A.5.7 Donors for plateletpheresis and Icukopheresis

In general, plateletpheresis and leukopheresis donors shall mect the
criteria for whole blood and plasmapheresis donors,

The optimum conditions for performing plateletpheresis and
leukopheresis to assure donor safety and satisfactory quality
of the products arc under active investigation in many countries.
The following recommendations may be uscful for guidance.

On the day of cach donation, platcletpheresis donors should

have an absolute platclct number concentration (** count ™) of
not less than 100X 10%/1 and Icukophercsis donors should have
an absolute granulocyté number concentration of not less than
1.5% 10%/1. Both types of donor should have a normal leukocyte
type number fraction (** differential count ™).
" Recovery of circulating platelet and leukocyte levels occurs
promptly in donors, but data are not at present available to
define the maximum numbers of platelets and leukocytes that
can be safely collected from donors.

Leukophceresis may entail the administration of drugs to
donors and their cxposure to colloidal agents in order to enhance
the yicld of granulocytes. Appropriate precautions should be
taken to protect the donors, such as investigation for latent
diabetes by a glucose tolerance test on those who arc to be
given corticosteroids.

1 WHO Technical Report Serics, No. 468, 1971, p. 11,
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Where lcukopheresis is carricd out for the treatment of a
patient with chronic mycloid leukacmia it should be done only
iCapproved by his attending physician. 1is gencrally considered
inadvisable to usc the Ieukocytes from such paticnts.

" A.5.8 Donors for frnmunization

Immunization of donors shall be carricd out only when suflicient
supplies of material of suitable quality cannot be obtained by sclection
of appropriate donors or from donations sclected by screening. Donors
must be fully informed of the risk of any proposed immunization pro-
cedure, and pressure shall not be brought to bear on a donor to agree
to immunization. Donors of blood and those undergoing plasma-
pheresis shall if necessary undergo investigations that may reveal hyper-
sensitivity to a proposed antigen.

When immunization is intended, the donor should be :

(1) informed of the procedures by a licensed physician and
encouraged to take part in a free discussion, which in some
countrics is achicved by informing potential donors initially in
small groups of people ;

(2) cncouraged to scck advice from his'fnmily doctor before

agrecing to immunization ;

(3) informed that any licensed physician of his choice will be
* sentallinformation about the proposed immunization procedure ;

and

(4) required to indicate his agreement by signing an informed-
. consent form, : :

A.6 COLLECTION OF BLOOD

In the collection of blood several

precautions must be taken, as des-
cribed in the following sections. '

A.6.1 The taking of the blood

The skin of the donor at the site of vencpuncturé shall be prepare

by a mcthod that has been shown to give reasonable assurance that the
blood collected will be sterile. The collection of blood into a container
shall be done using an aseptic method. The equipment for collecting the
sterile blood may be closed or vented provided that the vent is designed
to protect the blood against microbial contamination (sce section B. 1. 1).
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A.6.2 The containcrs

The original blood container or a satellite attached in an intcgral
manner shall be the final container for whole blood and red cell concen-
trates, with'the exception of modificd red cell concentrates. Containers
shall be uncoloured and transparent and the labeHing shall be placed to
allow visual inspection of the contents. Closures shall maintain a her-
melic scal and prevent contamination of the contents. The container
malcrial shall not interact with the contents under the prescribed con-
ditions of storage and use since such interaction may have an:ad-
verse cffect on the safety or efficacy of the products. B

Al

The specifications for containers should be approved by the
national control authority.!

Wherever possible it is desirable to use sterilized non-
detachable satcllite containers to prepare components in a closed
system in order to minimize the likclihood of microbial contami-
nation.

A.6.3 Anticoagulants

The anticoagulant solution shall be sterile, pyrogen-free, and of a
composition that will ensure satisfactory safety and efficacy of the whole
blood and of the scparate blood components. -

Commonly used anticoagulant solutions arc acid citrate
dextrosc and citrate phosphate dextrose.

For plasmapheresis, sodium citrate as a 40 g/l solution is
widcly used as an anticoagulant.

A.6.4 VYolume of blood

The national control authority shall determine the quantity of anti-
coagulant to be used in each container of whole blood and the volume
of blood to be collected. Provision shall be made to ensure that only
those units meeting the requirements are issued for use.

t Much useful information is contained in the following publications : Coorer, J.
Plastic containers for pharmaccuticals : testing and control. Geneva, World Health
Organization, 1974 (WIIO Offsct Publications, No. 4). Specifications for the quality
control of pharmaceutical preparations : second edition of the International Pharma-
copocia. Geneva, World Health Organization, 1967, p. 869. WHO Technical Report
Scrics, No. 614, 1977 (WHO Expert Committec on Pharmaceutical Preparations :
twenty-sixth report), p. 25, Annex 3.
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A.6.5 Pilot samples

Pilot samples are blood samples provided with each unit of whole
blood or of red blood cells. They shall be collected at the time of do-
nation by the person who collects the whole blood. They shall be marked
before collection to be identical with that of the unit of whole blood.

Pilot samples should be attached to the final container in a
manner that will indicate whether they have been removed and
reattached.

Laboratory samples used in testing the blood may be collected
in :u'ldmnn 10 the pilot samples. They should meet the above
requirements.

A.6.6 Idcntification of samples

Each container of blood, blood components, and pilot and labora-
tory samples shall be identificd by a unique number or symbol so that
it can be traced back to the donor and from the donor to the recipient,
The identity of cach donor shall be established at the time of determi-
nation of donor fitness as well as at the time of blood collcction.

When source material is transferred to a fractionation plant the
appropriate details shall accompany such material.

An cxample of a protocol that may be useful for such purposcs
is included in Appendix 3,

PART B:

REQUIREMENTS FOR SINGLE-DONOR
AND SMALL-POOL PRODUCTS

GENERAL CONSIDERATIONS

These requirements for single-donor and small-pool products cover
the methods used to prepare products directly from units of whole blood
or of components collected by pheresis, starting with the testing of the
units'and proceeding to the scparation of the various cell and plasma
protein components. Among the products are those that may be pre-
pared in small pools (12 donors or fewer), such as cryoprecipitated Factor
V1l and platelet concentrates. In addition to tests on the units of whole
blood that provide information on the safety, eflicacy, and labelling of
the components, specific tests are included where applicable to ensure
the quality of various components.

®

It is important to note that single-donor and small-pool products have
certain specialized uses other than therapeutic application to replace
deficits in patients. Although not dealt with further in these require-
ments, these uses include : (1) stimulation of plasma donors with red
blood cells in order to raise antibody levels for the preparation of anti-D
immunoglobulin ' and special blood grouping reagents ; and (2) prepa-
ration of i vivo diagnostic products such as radiolabelled fibrinogen for
the diagnosis of dcep vein thrombosis. It is of the utmost importance
that the donors of cclls and plasma for such purposes be carefully studied
both initially as well as on a continuing basis to minimize the likclihood
of transmitting viral hepatitis to recipients. Red cells, stored frozen,
which have been demonstrated to be free from hepatitis are valuable for
the immunization of volunteers to reduce the risk of transmitting viral
hepatitis.

Plasma donors may be immunized also with viral or bacterial antigens
for the preparation of specific immunoglobulin products. All donor
immunization procedures must be planned and carried out under the
supervision of a physician who is knowledgeable about the antigens
being used and especially about reactions or complications that may
arise. Donors being immunized shall have been fully informed of all
known hazards and shall have given their written informed consent to
the procedures.

B.1. TESTING OF WHOLE BLOOD

B.1.1 Sterility

Each donation of whole blood intended for transfusion and each
preparation of component cells constitutes a single batch. It shall not
be tested for sterility by a method that entails broaching the final con-
tainer before the blood is transfused.

National control authorities may require that tests for sterility
shall be carried out at regular intervals on final containcrs, taken
at random and at the end of the storage period. The purpose
of this test is to check on the ascptic technique used for taking
and processing the blood as well as on the conditions of storage.

Each donation of whole blood shall be visually inspected immediately
before issue. It shall not be issued if there is any evidence of leakage or

1 WHO Technical Report Serics, No. 468, 1971, pp. 7-12.
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suspicion of microbial contamination such as unusual turbidity, hac-
molysis, or change of colour.

B.1.2 Lahomtory tests

Laboratory tests are made on laboratory samples taken at the time
of collection or from the pilot samples accompanying the final container,
labelled as required in scction A.6.

In some countrics the national control authoritics require that
test reagents, particularly those used. for blood grouping and

detection of hepatitis B surface antigen, should be approved by
the authorities.

_ Results of the tests arc used for cnsuring the safcty and proper label-
ling of all components prepared from units of whole blood.

‘B.1.3 Tests for infectious agents
B.1.3.1 Test for syphilis

Each donation of whole blood shall, if required by the national
authoritics, be subjected to a serological test for syphilis. If so tested,

only units giving negative results shall be used for transfusion or com-
ponent preparation,

B.1.3.2 Test for viral hepatitis

A test for hepatitis B surface antigen shall be done on each unit of
blood or plasma collected and only those giving a negative result shall
be used.! Units giving a positive result shall be so marked, segregated,
and disposcd of by a method approved by the national control auth-
orities, unless designated for reagent or experimental vaccine production
in an arca designed and segregated for such production.

The test should preferably be done by a highly sensitive
mcethod such as radioimmunoassay, reversed passive hacm-
agglutination, or enzyme-linked immunoassay. .

With respect to plasma intended for pooling, all donations
entering the pool should be tested and found nonrcactive for

~hepatitis B surface antigen. In some countrics small subpools
and the final products are tested by highly sensitive methods, but
this is considered to be inferior to the testing of single donations.

! WHO Technical Report Serics, No. 602, 1977 (Adva in viral hepatiti
A p , , (Advances in viral hepatitis),
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As with other infcctious discases, there may be arcas of such
high Ievels of hepatitis B virus endemicity in donors and immunity
in recipients that national control authoritics may wish to
modily this testing requircment to mect their special needs and
conditions, .

The label on the container or the direction circular should
indicate the geographical source of the material as well as
whether and how the material has been tested for hepatitis B
surface antigen.

Liver function tests such as serum transaminascs are used in
some countrics to detect liver damage that may be associated
with hepatitis. "

B.1.4 Rcd blood cell grouping

Each unit of blood collected shall be classified according to ABO
blood group by testing the red blood cells with anti-A and anti-B scra
and by testing the scrum or plasma with known type A (or a single sub-
type A,) cells and known type B cclls. The unit shall not be labelled as
to ABO group unless the results of the two tests (cell and serum group-
ing) arc in agreement. Where discrepancics arc found, in the testing or
with the donor records, they shall be resolved prior to labelling the units.

Each unit. of blood shall be classified according to Rh blood type
based on the results of testing for the Rhy (D) red cell antigen. The Rhg
(D) type shall be determined with anti-Rh, (anti-D) typing serum.

Before labelling blood as Rhy(D)-negative it should have been
tested using a technique "designed to detect Rhy(D) variants
(DY).

Some national authorities require further analysis of Rh
phenotypes.

in many countrics anti-(A + B) is included in order to detect
weak subgroups of A.

B.2.1SEPARAT!ON OF RED CELL CONCENTRA;IES

The preparation of red cell concentrates shall be performed under
aseptic conditions and wherever possible in a closed system. The sterility
of all components shall be maintained during processing by using ascptic
techniques and sterile pyrogen-free equipment. The methods shall be
thosc approved by the national control authority, and a written de-
scription of the proccdures shall be prepared for each product, describing
cach step in production and testing. Proposals for any procedural modi-
fications shall be submitted to the national authorities for approval
before they are implemented.
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V&.’holc. blood for preparation of all components shall be collected as
described in section A.6 and tested as described in section B. 1.

The following red cell concentrates ntay be preparcd for therapeutic
purposcs :

(1) whole blood, plasma-reduced
(2) red cell concentrate

(3) modificd red cell concentrates
(@) red cell concentrate, leukocyte-poor
(6) red cell concentrate, washed
(¢) red cell concentrate, frozen and deglycerolized.

B.2.1 Moctheds of scparation

_ Rcdlccll concentrates shall be prepared from whole blood collected
in plastic bags or in glass bottles.

‘M‘ul.tiple plastic bag systems arc preferable because they
minimize the risk of microbial contamination by providing
c9|nplc(cly closed systems. They are casy to handle and are
d:spo:snblc. They have two drawbacks : their high cost and the
Ieaching into the blood and its componcnts of substances such
as plasticizers from poly(vinyl chloride) bags. The usc of glass
bottles is less costly but has the disadvantage of being an open
or vented system; thus separation steps must be carricd out
under strictly aseptic conditions in sterile rooms or laminar flow
c:}l?irlcls and with microbiological monitoring. The same con-
ditions apply also to the scparation procedure when plasma is
lmnsf_crrcd from disposable single plastic bags to scparate
containers.

All surfaces that come into contact with the blood cells shall be
sterile and pyrogen-free. If an open plastic bag system is used—i.e., the
transfer container is not integrally attached to the blood containers and
the blood container is broached after blood collection—the plasma shall
be separated from the cells with positive pressurc on the original containcr
t’md maintained until it has been scaled. If the separation procedure
involves a vented system—i.c., an airway is inserted in the container for
withdrawal of the plasma—the airway and vent shall be sterile and con-
structed 5o as to exclude microorganisms.

In some tountrics the sterility of products prepared in open
systems is monitored by testing a sample of at least 2% of the
units. The national control authority should approve the
system used.
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The final containers for plasma reduced blood and red cell concen-
trates (but not modified red cell concentrates) shall be the container in
which the blood was originally collecled or a satellite container attached
in an integral manner. If pilot samples arc detached from the blood
container during removal of any component, the pilot samples shall be
rcattached to the container of plasma-reduced blood or red cell concen-
trate. The removal and reattachment of the pilot samples shall be
recorded conspicuously and signed on the Jabel of the unit. The final
containcrs for all other components shall mect the requircments for
blood containers described in scction A.6. At the time when the final
container is filled and if a diflerent container is used, it shall be given
a number or other symbol to identify the donor(s) of the source blood.
Whenever appropriate the sccondary container shall be similarly label-
led whilc attached to the primary containcr.

I;.2.2 Time of separation

. The timing and the method of scparation (centrifugation, undisturbed
scdimentation, or the combination of the two) depends on the com-
ponents prepared from the given donation. When platelets and coagu-
lation factors are being prepared from the same donation, separation
of the components shall be performed as soon as possible after with.
drawal of the blood from the donor.

It is preferable to effect the scparation within 4-6 hours of
the blood donation.

When platclet concentrates and coagulation factors are to be
preparcd, it is important that the ‘'vencpuncture be performed
with minimal tissue damage in order to prevent the initiation of
coagulation. The blood should flow freely without interruption,
as rapidly as possible, and be mixed thoroughly with the anti-
coagulant.

If platelet concentrate is to be preparcd from a whole blood unit, the
blood shall be kept at a temperaturc as close as possible to 20-24°C
until the platelet-rich plasma has separated from the red blood cells.

Scparation of blood cells by centrifugation shall be done in a manner
that will not increase the temperature of the blood. Cells may also be
scparated by spontaneous sedimentation.

Scdimentation is the least expensive method for red blood cell
scparation and there is no need for special equipment.

Repeated washing with saline solutions and centrifugation and
filtration are used to reduce the amount of leukocytes, platelcts,
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and trapped plasma in red ccll concentrates. Repeated washings

are also used for the removal of glycerol from frozen red cells
after thawing.

B.2.3 Plasma-reduced blood and red cell concentrate (red blood cells)

Plasma-reduced whole blood is obtained when sufficient plasma has
been withdrawn to yicld a product with an crythrocyte volume fraction
(** packed ccll volume ™) of not more than 0.6. Red cell concentrales
arc formed when more plasma is removed, yiclding a product with an
crythrocyte volume fraction of approximately 0.7-0.9.

Red cell concentrates may be prepared cither by centrifugation or by
undisturbed sedimentation prior to the expiry date of the original whole
blood.

B.2.4 Expiry date

The expiry date of whole blood and red cell concentrates prepared
in a closed system from acid citrate dextrose (ACD) blood as well as
from citrate phosphate dextrose (CPD) blood is 21 days aflter collection
in gencral. The time of removal of plasma is not relevant to the expiry
date of the red cell concentrates.

When red cell concentrates are prepared with very high
haematocrits, an cxpiry date of 17 days after collcction is
recommended in some countries because of glucose deficiency.

The shelf-life of stored blood has been extended to 35 days
in some countrics by collecting the blood in ACD supplemented
with 0.5 mmol/l adenine or in a mixture of .0.5 mmol/l
adenine and 0.25 mmol/l guanosine, with extra glucose. Recent
studies indicate that it may be possible to achicve the same
35-day life of stored blood by collecting it in CPD suppleménted
with 0.25 mmol/I adenine and extra glucose. '

* The in vitro oxygen transport function of the red cell is
substantially decreased after 5-7 days in ACD blood and after
10-14 days in CPD blood. :

Provided that sterility is maintained, the expiry date of red cell con-
centrates is not influenced by the type of scparation used. However, if
an opcen system'is used, which docs not maintain sterility, the expiry date
is 24 hours alter scparation, but the cells should be used as soon as
possible. Red cell concentrates shall be stored at 4°C +2°C and
transported at 5°C 1:4°C in ice in insulated boxes. .

Refrigerated whole blood and red cell concentrates will warm
up rapidly when placed at room temperaturc. Every effort
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should be made to limit the periods during which the products
arc handled at ambicnt temperatures in order to prevent the
temperatirre from rising above 10°C until the time when the
products are used.

Sodium chloride solution (suitable for intravenous use) may
be added immediately prior to use to facilitate both mixing and
administration of red cell concentrates.

B.2.5 Modificd red cell concentrates

B.2.5.1 Red cell concentrate, leukocyte-poor

Leukocyte-poor red cell concentrate is a red ccll preparation con-
taining at lcast 80% of the red cells and less than 25% of the leukocytes
of the original whole blood. The number and type of residual leuko-
cytes vary with the method of preparation.

Because of the possibility of reactions some countries require
that the red ccll concentrate contain less than 5% of the lcukocytes
of the original whole blood.

The preparation of leukocyte-poor blood can be performed
by filtration, by freezing and washing, or by washing alone. It
should be performed as soon as possible after the collection of
the blood. Filtration is an efficicnt method for the climination
of the leukocytes if applicd within 48 hours of blood collection,
but the filtration of heparinized blood should take place within
onc hour. Freezing of the red cell concentrate should be per-
formed as described below for frozen red cells.

B.2.5.2 Red cell concentrate, washed

Washing of red cells can be performed by interrupted or continuous
flow centrifugation. By the former method the washing procedure shall
be repeated three times.

The centrifugation should be carricd out in refrigerated
centrifuges. If such equipment is not available the washing
solution should have a temperature of 4°C 22°C.

The washing of red cells can also be performed by reversible
agglomceration and sedimentation using sugar solutions.

KB Washed red cell concentrates should be transfused as soon as
possible and not later than 24 hours after processing. They
should be stored at all times at 4°C £2°C.

Requircments for pilot samples, labels, and temperature of storage
and transport are the same as those for red cell concentrates.
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B.2.5.3 Red cell concentrate, frozcﬁ) and dpgblcc}olizcd

Frozen red cell concentrates are red cells that have been stored
continuously at low temperatures in the presence of a cryoprotective
agent. The red cells must be washed to remove the cryoprotective agent
prior to use for transfusion. The methods of preparation, storage,
thawing, and washing shall ensurc a viability of at lcast 70% of the
transfused cclls 24 hours after transfusion.

The cryoprotective agent in most common use is glyccrol.
The temperature of storage should be between ~70°C and
—160°C depending on the glycerol concentration uscd.

The storage period of frozen cells is at least 3 ycars and may
be much longer under certain circumstances, but the reconstituted
(thawed and washed) red cells should be used as soon as possible
and not later than 24 hours after thawing.

The usual method of shipment of frozen cclls is in solid carbon
dioxide or liquid nitrogen. Dcglycerolized cells should be stored
at 4°C +2°C and shipped at 5°C +4°C,

Requirements for pilot samples and labels are the same as those for
red cell concentrate.

B.3. OTIHER SINGLE-DONOR OR SMALL-POOL
COMPONENTS

B.3.1 Single-donor plasma
B.3.1.1 Plasma, fresh frozen

Fresh frozen plasma shall be separated from the whole blood and
frozen solid preferably within 6 hours of collection. It can be kept
frozen or it can be freeze-dried.

Freezing may be accomplished in a mechanical freczer at
or below —40°C or with a combination of solid carbon dioxide
and an organic solvent such as alcoho). The latter procedure
should have been shown not to allow penetration of the con-
tainer by the solvent or leaching of substances from the con-
taincr into the contents.

Prior to use for infusion, the frozen plasma should be thawep
rapidly to 30-37°C.

When stored at or below —20°C (preferably below —30°C), fresh
frozen plasma has an expiry date of 1 year from the date of collection.
In freeze-dried form the expiry period is 5 years.

54

Before its expiry date, fresh frozen plasma may be uscd for
preparing cryoprecipitated Factor VIIL It may bc.uecd for
preparation of other pooled plasma fractions at any time, cven
aflter its expiry datc,

B.3.1.2 Plasma, frozen

Frozen plasma shall be separated from whole blood 6 hours or more
after collcction of the blood, but the time should be as short as possible.
Frozen plasma may be used directly for transfusion or 'fr‘acliolnation. or
it may be freeze-dried as single-donor units. In addmon,. it may be
combined in small pools belore freezing to prepare freeze-dried plasma.

The national control authority should determine specific
requirements for frozen plasma.

If such plasma is intended to be used dircctly in paticnts without
further processing, the blood shall be collected in such a manncr and
in such containers as to allow aseptic handling—e.g., by the usc of closed

systems. )
Whenever the container is broached in an open procedure the
mecthod used for handling shall avoid microbial contamination,
and, as an additional prccaution, sterile rooms or Jaminar flow
cabinets can be used. Delay in processing shall be avoided, and
the ambicnt conditions shall be regulated to minimize the risk
of contamination.

B.3.1.3 Plasma, frecze-dried

Freeze-dried plasma shall be made from fresh frozen plasma or frozen
plasma using either single units or small pools. _ -
Storage conditions and expiry dates of different forms of freeze-dried
plasma shall be approved by the national control authorities.
The intended use for which freeze-dried plasma is suitable and

“the cxpiry date are related to the source material, storage
conditions, and residual moisture in the product.

B.3.1.4 Plasma, recovered

Recovered plasma shall be separated from whole blood at any time
up to 5 days after the expiry date of the blood. The method uscd for
scparation shall avoid microbial contamination. As an additional
precaution, sterile rooms or laminar-flow cabinets can be used. It shall
be stored and transported at temperatures not exceeding 10°C.
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Recovered plasma is Intended 1o be pooled for fractionation
but should not be used directly for transfusion. It may be pooled
at any time after collection. ‘To avoid microbial prowth in
contaminated plasma, recovered plasn should be preferably
stored and transported in the frozen state. A preservative should
not be added, U

B.3.1.4 ) ’Iu.s:mn, platelet-rich

Platelet-rich plasma is a preparation containing at lcast 70% of the
platclets of the original whole blood. y

The preparation shall be separated by centrifugation within 4-6 hours
of the collection of whole blood, and the temperature and limc'd("f?ro-
.cessing as well as of storage shall be consistent with the muiutcn:'_n;fé'_c'_, of
platelet survival and function.

Platelet-rich plasma shall be transfused as soon as possible (but: no

later than 72 hours) after collection in order to achicve the desired
haemostatic effect.

Cyeps
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B.3.2" Platelet concentrates

Platclet concentrates can be processed by separation from whole

blood, by separation from platelet-rich plasma, or by platcletpheresis.

The whole blood from which platelet concentrates or platelet-rich
plasma is derived shall be maintained at 22°C 4:2°C until the platclets
arc scparated. The separation shall be performed within 4-6 hours after
the collection of whole blood or plasma. The blceding of the donor
shall be performed by a single vencpuncture giving an uninterrupted
flow of blood with minimum damage to the tissuc of the donor. The
time and speed of centrifugation must have been demonstrated to pro-
duce a suspension without visible aggregation or hacmolysis. The sus-
pension shall contain a minimum count of 12.5x 100 platelets from
each litre of wholc blood (i.c., 2.5 units of blood) in at least 75% of the
concentrates tested at the maximum storage time.

A pll of 6.0 or higher shall be maintained throughout storage, The
volume of original plasma to be used for resuspension of the platelets
depends on the storage temperature. Platelets stored at room tempera-
ture shall be resuspended in approximately 50 mi of plasma. Platélets
stored at 4°C +:2°C shall be resuspended in 20-30 ml of plasma.

A ; o

If platelet concentrates are stored at’ room temperature,
continuous gentle agitation should be maintained throughout
the storage period.

YT T—————— MR WS T P )
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Recent studies indicate that platelet concentratces 'with high
pluli:lcl connts and stored at 22"C 42"C may requirc up to
70 inl of plasma to maintain the pil above 6.0 throughout the
storage period, which may be as long as 72 hours, ) ‘

Ihe product shonld be ABO and Rhy(D) typed and it may
be desirable also to know the HL-A type.

The material of the final container used for platc.lcfl concentrates
shall not interact with the contents under normal conditions of storage
in such a manner as to have an adverse cffect on lhc.: product. ‘

Requirements for the labelling of the final container are the same as;
thosc in scction B.3.6. In addition to the customary data the Jabel Shll'lf
bear the following : (1) the recomriended storage temperature ; (2). i
stored at 20--24°C, instructions to maintain a conlmu?us gentle aglt;mo'n
of the concentrate during storage to obtuin maximum hacmostatic
clfectiveness ; (3) instructions that the contents shall pc used as so‘o'n as
possible, preferably less than 4 hours after broaching the containers
for pooling. . '

B.3.2.1 Expiry date .

The expiry date of platelet concentrates processed in a closed system
shall be 72 hours after the collection of the original whole blood.

Platclet concentrates prepared in an open system shquld be
uscd within 4 hours of preparation if stored at 22°C £2°C and
within 24 hours if stored at 4"C £2°C.

Single-donor platelet concentrates may be pooled under
aseptic conditions prior to issne. Such small pools should be
used as soon as possible, and no later than 4 hours _artcr prep-
aration if storcd at room temperature and 24 hours if stored at
4°C +2°C.

B.3.3 Lcukocyte concentrate

Leukocyte concentrate is a concentrate of separated leukocytes,
which may also contain a large numbf:r of platclets and red blood cells,
depending on the method of preparation. )

Mecthods of processing leukocyte concentrates shall Fomply ‘\".lth the
requirements and recommendations described in sections B.2.1 and
B‘Z’I.'ﬁé label of the final container shall bear, in addition to customary
data, instructions to use the leukocyte concentrate as soon as possible
but not more than 4 hours after the container has been broached for
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pooling. Temperature of storage shall be 4°C 4:2°C and of transport
5°C t4°C. :

Leukocytes are separated from the blood of healthy donors
or, in some centees, from whole blood obtaincd from paticnts
with chronic mycloid leukacmia.

Leukocytes can be separated from blood by centrifugation,
by sedimentation, or by continuous-flow filtration or centri-
fugation (leukopheresis). The leukocytes from units obtained
from several healihy donors may have to be pooled to obtain a
suflicient amount of leukocyte concentrate. Leukopheresis by
continuous-flow filtration or centrifugation is the most cilicicnt
way of oblaining Icukocyte concentrates with large numbers of
high-guality leukocytes from a single donor.

Leukocytes can also be extracted from blood by filtration of
whole blood. Lcukocytes adhere to, and can subscquently be
recovered fron_l, the surface of the filters. The chemical and
physical propertics of the filter should be such that the in vivo
cell survival and cell function of the leukocytes arc not impaired.

By centrifugation of wholc blood, 30-60% of the leukocytes
present in the original whole blood may be recovered.

Approximately 90% of the leukocytes of the original whole
blood can be scparated by scdimentation of the red cells
accclerated by the addition of suitable substances with high
relative molecular mass. Continuous-flow filtration (filtration
lcukopheresis) may give a final yicld of 70% of the leukocytes of
the donor blood.

The product should be ABO and Rhg(D) typed and it may be
desirable also to know the HL-A type.

B.3.3.1 Expiry date

The expiry date of leukocytc concentrates shall be 24 hours after
collection of the original whole blood.

B.3.4 Cryoprecipitated Factor VIII

Single-pool cryoprecipitated Factor VIII is a preparation of Factor
VIII obtained from a single unit of plasma from whole blood or by
plasmaphercsis. ’

The product may also be prepared as a pool from a small
number of donations, usually 4-6 and not exceeding 10. It may
be freeze-dricd.

The plasma shall be separated from red blood cells and frozen solid
preferably within 6 hours of collection.
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Freczing may be accomplished in a mechanical freczer at
—40°C or below or with a combination of solid carbon dioxide
and un organic solvent such as alcohol. The latter proccdure
should have been shown not to allow penctration of the container
by the sofvent or Icaching of substances from the containcr into
the contents.

The method of thawing and harvesting the cryoprecipitate shall have
been shown to yicld a product containing an adequate activity of Factor
VIII (sce section B.3.5.4).

B.3.4.1 Expiry date

The frozen product shall be stored at or below —20°C (if possible
below —30°C) and shall have an expiry date of onc year from the date
of collection. The frecze-dried product shall be stored at 4°C ;4 2°Cand
shall have an expiry datc of onc ycar. It shall be used promptly after
thawing or reconstitution. The thawed or reconstituted product should
be kept at room temperature (20-24°C) prior to use. It shall be used as
soon as possible and not more than 4 hours after its container has been
broached for pooling or reconstitution.

B.3.5 Control of single-donor and small-pool products

B.3.5.1 General

Single-donor and small-pool products shall comply with any speci-
fications established by the national control authority. Cellular blood
components and some plasma components may deteriorate during their
scparation or storage. Therefore, whatever the mcthod of separation
(sedimentation, centrifugation, washing, or filtration) used for the prep-
.aration of ccll components, it is important that a portion of plasma
protein sufficient to assure optimum cell preservation be left with the
cells except when a cryoprotective substance is added for prolonged
storage in the frozen state.

Mcthods employed for component scparation should be
checked before their implementation and at regulated intervals
for the quality of the final products. The characteristics assessed
should include yield, purity, in vivo recovery, biological haif-life,
functional behaviour, and sterility.

The intcrvals at which such checks are carried out should be
determined by the national control authorities.

Immediately before issue for transfusion the components shall be
inspected visually. They shall not be issued for transfusion if abnor-
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malitics of colour are observed or if there is any other indication of
microbial contamination or of defects in the container.

Components shall be stored and transported at the temperature most
suitable for the given component, Refrigerator or freezer compartments
in which components are stored shall contain only whole blood and
blood components,

B.3.5.2 Red cell concentrate, single-donor plasma, and levukocyte
concentrates

When red cell concentrates and leukocyte concentrates are obtained
from units of whole blood, such units shall comply with the requircments
in sections A.6 and B. 1. Single-donor plasma shall be obtaincd from
units of whole blood that comply with the rcquirements in scctions A.6
and B.1 or by plasmapheresis.

B.3.5.3 Platelet concentrates

Platelet concentrates shall be obtained from units of whole blood
that comply with the requirements in sections A.6 and B. 1 or by plate-
letpheresis. ' : ‘

Randomly sclected units at the end of their shelf-lives shall be tested
on a regular basis. They shall be shown to have :

‘ (1) platelet number concentrations (* counts ") of at least 125x 10%/]
(i.e., per 2.5 units) of whole blood ;

(2) plasma volumes appropriate to the storage temperature (sce
section B.3); and

(3) a pH between 6.0 and 7.4.

The number of units to be tested shall be specified by the national
control authoritics.

B.3.5.4 Cryoprecipitated Factor VIII

Cryoprecipitated Factor VIII shall be obtained from units of whole
blood that comply with the requirements in scctions A .6 and B. 1 or by
plasmapheresis. o ' ‘

Randomly sclected units shall be tested on a regular basis within
30 days of their preparation. The number of units to be tested shall be
specified by the national control authorities. The freeze-dried Factor
VI preparation shall dissolve completely in the solvent recommended
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by the manufacturers. within 30 minutes when held at a tempcerature not
exceeding 37°C. ‘The solution kept at room temperature shall not show
any signs of precipitation in the first 3 hours after it has been dissolved.
in many laboratorics an average potency of 400 International
Units of FFactor VIIT per litre of starting plasma is rcached. The
average potency of freeze-dried cryoprecipitate is then at least
300 Internationad Units of Factor VI per itre of starting
pl:isiu:l. Whether this polency can be reached depends on local
technical possibilitics. In several countrics the yiclds will be much
lower, and the national control anthority in the country will have
to decide on the Jevel of acceptability. ) !

B.3.6 Labelling of single-donor and small-pool products

When lésling is completed and before issuc for transfusion,.units of
single-donor and small-pool products shall be identified with container
labels that clearly indicate at least the following information :

(1) the proper name of the product ;

2 the u'niquc number or symbol identifying the donor(s) ;

(3) the expiry datc;

(4) any special storage conditions or handling precautions that are
necessary ;

(5) a rcference to a leaflct containing instructions for use, warnings,
and precautions ;

(6) the name and address of the blood donor centre and, where

applicable, the manufacturer and distributor,

. The results of red blood cell grouping shall be on the label of whole
blood, red cell concentrates, plasma products, platelet concentrates, and
leukocyte concentrates but not necessarily on cryoprecipitated Factor
VIII.

B.3.7 Placental source material

Whole placenta, placental blood or serum, and retroplacental blood
or scrum may all serve as source material for certain plasma fractions.

- This source material should be used only in methods of
production and for products that have not been associated with
the transmission of hepatitis, such as hcat-treated albumin
products and immunoglobulins prepared by the Cohn fraction-
ation process. If another fractionation method is used, clinical
evidence should prove that no transmission of hepatitis occurs.
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Where it is impracticable to test individual source material for the
presence of hepatitis B surface antigen the pooled material shall be
assumed to be contaminated. Because hepatitis B surface antigen would
be diluted in pooled material and may escape detection even with highly
sensitive techniques, the label or package insert of the final product shall
state whether a test for hepatitis B surface antigen was carried out, and
il so, whether it was carricd out on the individual source material or
after pooling. .

It is important that national control authoritics assume the responsi-,

bility for the method of testing, the production method, and the usc of
the products obtained from this source material.

PART C:

REQUIREMENTS FOR THE
MANUFACTURING OF HUMAN BLOOD
PRODUCTS

C.1. BUILDINGS

The buildings used for the fractionation of plasma shall be of suitable
size, construction, and location to facilitate their proper opceration,
cleaning, and maintenance in accordance with general rules of hygicne.
They shall comply with the revised Requircments for Biological Sub-
stances No. I (General Requirements for Manufacturing Establishments
and Control Laboratories)! and in addition provide adequate space,
lighting, and ventilation for the activitics listed below.

Each of the activitics listed below is an important integral part
of the production procedure, and countrics wishing to start
manufacturing human blood products and reluted substances

should not do so unless adequate provision can be made for all
activilies,

C.1.1 Storage of whole blood and its components

Whole human blood and its components shall be stored in scparate
refrigerated rooms in which they may be frozen or refrigerated and which
are uscd only for this purpose. The products shall remain in the rooms
until the results of testing show that they are suitable for introduction
into the fractionation premises.

1 WHO Technical Report Seties, No. 323, 1966, p. 13,
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C.1.2 Separation of cclls and fractionation of componcnts

The separation of cclls and fractionation of components shall be donce
in a building isolated from the manufacture or processing of nonhuman
proleins or microbiological materials, such as vaccines, and scparate
from the animal house.

In some countrics the scparation of ccll constituents is carricd

out in a scparatc arca from that in which componcnts are
fractionatcd.

C.1.3 Supply and recovery of ancillary materials

Adequate facilitics shall be provided for the supply of ancillary
materials, such as cthanol, water, salts, and poly(cthylene glycol).

Facilities for the recovery of organic solvents used in fraction-
ation may also be provided.

C.1.4 Freeze-drying and filling

The sterile filling of final containers shall be done in a scparate arca.

A scparate arca and scparate cquipment should be used for
the frecze-drying of bulk product and of final product.

C.1.5 DPackaging, labelling, and storing

Scparate facilities shall be used for the labelling and packaging of
containers. A separate arca shall be provided for the storage of labels,
leaflets, and packages. Another separate area shall be used for the
storage of final containers prior to despatch.

C.1.6 Kecping of records

Adcequate provision shall be made for the keeping of records of all
materials, fractionation steps, quality control procedures, results, the
distribution of the final product, and the disposal of potentially infective
materials.
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C.1.7 Provision for control

Provision shall be made for quality control, including hacmatological,
biochemical, physicochemical and microbiological testing as well as
pyrogen and safcty testing.

Ttis desivable that those parts of the quality control laboratorics
that are hazardous to production be separate from .the pro-
duction arca.

C.1.8 Disposal of infective material

Provision shall be made for the suitable disposal of potentially mfcc-
tive materials by autoclaving or incineration.

Local laws should be complicd with in the disposal of these
materials.

C.2. EQUIPMENT

Equipment used for the collection, processing, storage, and distri-
bution of source materials and plasma fractions shall comply with the
revised Requirements for Biological Substances No. 1-(General Require-
ments for Manufacturing Establishments and Control ,Laboratorics). 1

Particular attention shall be paid to the following: pomks.

* (1) The reliability, maintenance, momtormg, and recording of
continuously operating cqmpmcnt and the provision of rescrve facilitics.

(2) The suitability and comp'\llblhty of the surfaces of all materials

(c.g., filter medium, glass, stainless stecl, plastic, and rubber) that come
into contact with the products.

Metal surfaces th;\t come into contact with protcins should be
. Tesistant to scratching. The surface of certain materials can
denature certain proteins or activate certain coagulation factors.

(3) The case and cfficiency of cleaning and, where nceessary, steril-
izing equipment. Any bactericidal agent used shall be capable of being
completely climinated before the equipment is uscd.

: .
If possible all surfaces with which the pl.lsnn and the solvents
"come into contact should be amenable to visual inspection, and
stumlus steef tubing should be dismountable.

Washing fluids in common use are sodium hydroxide or ‘soda
solutions, which are bactericidal and virucidal. Caution should

1 WHO Technical Report Scrics, No. 323, 1966, p. 14.
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be exerciscd in the use of detergents because of a possible cffect
on the final product ; tests should be made to cnsure that they

Lser do not have any adverse cffect.

4y e 1 provision of suitable facilitics for autoclaving and for the

dnposal ‘of potentially infective materials and equipment.
BN

C.3. l'R()VlSl()N ()l" SUPPORT SERVICES '

The fractionation of source materials rcqunrcs a number of scrvices
essential for the operations mvolvcd

C.3.1 : fotcf supply

An '1dcqlmlc supply of suitable pyrogen-free water shall he provided
for use ‘during the fractionation process and for the reconstitution and/or
dilution of the plasma fractions before filling and frecze-drying.

The two most commonly uscd types of water are pyrogen-frec
distilled water ¥ and pyrogen-free deionized water, cach of which
should be maintained at 80"C. Water preparation and dclivery
systems should be tested at regular intervals for pyrogenicity and
conductance. The water system should be continuously -circu-
lating und should have no dead ends.

Watcr for injection is gencrally used for the preparation of
finul products.

C.3.2 Steam supply

An adequate supply of steam shall be provided for the cleaning of
cquipniént and the operation of apparatus used to sterilize the equipment
and containers. The steam shall be maintained to a standard of cleanli-
ness sitch that it does not cause or lcave a contaminating deposit-on the
cqu:pmcnt and containers so cleaned or sterilized.

C.3.3¢Other support facilities

Other support facilities are listed below.
(1) vA supply of electrical and thermal energy.

(2) A mcans of rcfnbcmtlon for the following purposes :
R (a) storage of various source materials and fractions ;

.‘Spcri[calians for the quality control of pharmaceutical preparations : second
editionpf the International Pharmacopoeia. Geneva, World Health Organization,
1967,p.750.
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(b) temperature maintenance of various fractionation arcas;
(¢) temperature maintenance of process cquipment ;

(d) storage of final products under test ;

() storage of final products awaiting despatch.

(3) A system of ventilation providing two grades of filtered air :
(@) asupply through a filter of pore size 5.0 um to the-entire
work area, and ' < ‘
(b) a supply through a filter of pore size 0.5 pm at a positive
pressure to arcas where ascptic dispensing is to take place.

Other support facilitics may include the recovery of solvents
and a sewage disposal scrvice. Sewage disposal must be carricd
out in accordance with the sanitary standards of the hcalth
authority.1

It should be noted that proteinaccous scwage from a plasma
processing plant is highly nitrogenous and, having a high
biological oxygen demand rating, should not be discharged
untreated,

The equipment providing such scrvices shall be located scparately
from the main process areas and in a place where conditions (light,
physical access, ctc.) are conducive to the establishment. of effective
and routine preventive maintenance programmes. The equipment shall
incorporate devices capable of monitoring and recording the functioning
of the cquipment so that the safety of material in process and the safcly
of the process operators are ensured. In this way a proper rccord of
function can be maintained and, where necessary, entered into the pro-
cess record of the product batches.

The equipment should be adequate to ensure that the fraction-
ation process as well as the proteins are protected in the event
of an interruption in the support services.

In order to cnsure this, there should be adcquate spare
cquipment and emergency reserve systems serviced by cngincering
stafl skilled in the maintenance and repair of such cquipment.

C.4. PERSONNEL

The plasma fractionation plant shall be under the direction of a
designated qualified person who shall be responsible for ensuring that
all operations are carricd out properly and competently. This director

1 WHO Official Records, No. 226, 1975, p. 88 (Annex 12 ; Good practices in the
manufacture and quality control of drugs).
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shall have a good working knowledge of the scientific principles involved.
The director shall be responsible for ensuring that employees are ad-
cquately trained in the work involved and have adequate practical experi-
ence and that they are aware of the application of accepted good practices
to their respective functions. The director shall have the authority to
enforce discipline among employees.

Personncl involved in quality control functions shall be separate from
the staff involved in production and shall be responsible only to the
director.

Where appropriate, personnel shall wear gowns, masks, boots, gloves,
and cyc protectors. » .

Personnel known to be carriers of specific pathogenic organisms
(c.g., Salmonella, tuberculosis, viral hepatitis) shall be excluded from
the production arcas.

Personncl should be medically examined at regular intervals.
In vicw of the occupational hazard of infection with hepatitis

virus, employees engaged in plasma fractionation should take
special precautions against infection.

C.5. FRACTIONATION OF SOURCE MATERIALS

The genceral conditions for carrying out the fractionation procedure
for preparing prophylactic or therapeutic plasma protcin fractions from
source material shall comply with good manufacturing practices ! and
shall be approved by the national control authority. ,

Most physical and chemical techniques of protein scparation may be
used for the preparation of plasma fractions, provided that the procedures
lcad to protein preparations that have been shown to be safe and effective,

Only fractionation procedures shall be used that give a good yield
of products mccting the quality requirements of the international or
national authoritics. They shall be carried out in such a manner that
the risk of microbiological contamination is reduced to a minimum.

The safcty of fractionation steps may be increased by using
protected or closcd systems. The reproducibility may be increased
by the usc of automation.

The fractionation procedures used shall not significantly denature
the proteins.

1 WHO Official Records, No. 226, 1975, p. 88.
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The biological characteristics (such as antibody activity,
biological half-fife, and in vive recovery of the proteins) should
not be allected 1o such an extent that the product is unaceeptable

" for clinical use. :

When possible, methods shall be used that exclude or inactivate

discase-causing agents, particularly hepatitis virus, from the final products
intended for clinical usc. »

Certain plasma fractions, such as Factor VI and Factor 1X
concentrates and fibrinogen, cannot yet be manufactured in a
manner that ensures their freedom from hepatitis viruses.

In certain geographical regions there may be other known
microbial contaminants. Attempts should be made to determine
that the fractionation procedure will cither remove or inactivate
such contaminants.

!
Placenta-derived source materials require further initial treatmént,
These materials must initially be handled in rooms separate from those
in which other fractionation processcs are carricd out and using separate
cquipment, ‘ :
The operating manual shall specify the times of sampling and the
volumes to be taken at cach stage of the process as well as the tests to:be
made on the samples. » ' RITN
Where appropriate, ancillary materials used for fractionation shall
be controlled for microbiological contamination, identity, purity, pyro-
genicity, and toxicity according to the international or national pharma-
copocia. e
Equipment, procedures, and ancillary materials that may introduce
allergenic components into the final product shall be avoided.

It is advisable to use air filtration to exclude airborne allergénic
dust.

i

C.6. STORAGE, HEAT TREATMENT, AND INCUBATION "
OF BLOOD PRODUCTS

Atall stages of the manufacturing process, the source materials and
resulting fractions shall be stored at temperatures and under conditions
shown to be adequalte to prevent further contamination and growth;of
microorganisms, to protect the identity and the integrity of the proteins,
and to preserve the biological activities and safety of the products.

There shall be clear demarcation in the storage of similar ma-
terials.
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+There shall be full identification at all times, incl}lding batch number
ofall in-process fractions and unlabelled final containers.

RS
C.6.1 llcat trcatment of albumin

A A i j 60°C

::'/\\lbllmin:ill solution shall be heated in the final container to
:l:O:Sf’C and maintained at that temperature for 10 hours.

he si
“‘f‘:\‘i‘, C.7. IN-PROCESS CONTROL

4 t must be recognized that the source materials arc subject to bio-
logiéz;l variability and the products resulting l"fom protein separation are
vafiously contaminated with the other protein components of plasma.
It"i‘sl'esscnliul, therefore, to establish a monitoring system such that the
safe operating limits of cach process be maintaincd.

The main information collected comprises variations in
physical conditions (temperature, pH, ioni}: strcnglh, tl.mlng,
cte.) and variations in the number and specics of microbiologi-
cal contaminants.

Owing to the number and interdependence ol"‘lhcl factors
involved, there are no universally accepted spccxhc‘:mons for
such in-process quality assurance systems. I»onj this reason,
continued information collection should be combined with data

. I from previous cxpericnce, using the same process o ensure
for production control appropriate to the quality requircments o
2Oure the final product. ‘
chall

I :
ised C.8. RECORD KEEPING
ead |

Records‘<shall be kept of the performance of all steps in the manu-
fdcture, quality control, and distribution of blood products and related
substances.!

-heThese records shall :

— be original (not a transcription), indelible, legible, and dated ;
— bc made concurrently with the performance of each operation and
test

+ identify the person recording the data as well as the person
‘her. checking the data or authorizing continuation of processing ;
fe f

1 WHO Official Records, No. 226, 1975, p. 88.
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— be dc}uilcd cnough to allow a clear reconstruction and under-
standing of all relevant procedures performed ;

— nll_ow tracing of all successive steps and identify the interrelation-
ships of dependent procedures, products, and waste materials ;

— be maintained in an orderly fashion permitting the retrieval of
data for a period consistent with dating periods and legal requirc-
ments ‘

— indicate that processing and testing were carried out in accordance
with procedures cstablished and approved by the designated
responsible authority ;

— 1il“;lcccs(slary, allow a prompt and complete recall of any particular
ot; an

— show the lot numbers of materials used for specified lots of
products,

PART D:

REQUIREMENTS FOR THE CONTROL "
OF PLASMA FRACTIONS

D.1. INTRODUCTION

Tl'wrc are a number of requirements common to albumin, plasma
protcein fraction, immunoglobulins, and coagulation factor concentrates
Itis .thcrcforc convenicnt to produce a single set of requircments n]I{killg‘

specific recommendations for each product under the relevant ;cctions.

D.2. TERMINOLOGY

13.1/Ik jfllr(ﬁt‘(l material : powder or liquid material prepared by the
fractionation of pooled source material.

Final’bulk ca st.crilc solution or powder of material prepared from
bulk purificd material. It is used to fill the final containers. The final
bulk must be provided with the respective batch number,

. In some countrics the final bulk is filled through a sterilizing
tlter,

Filling lot (ﬁ'/mllot): a collection of scaled final containers that are
homogencous with respect to the risk of contamination during filling
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and (where appropriate) drying or other further processing. A filling
lot must, therefore, have been filled and (where appropriate) dried in one
working session. I the total final bulk is not filled in onc session, it

must bear a sub-batch number.

D.3. CONTROIL OF BULK PURIFIED MATERIAL

D.3.1 Storage

The bulk material, cither as liquid or as powdcr, shall be stored in
scaled containers under conditions that minimize the multiplication of -
microbial agents as well as denaturation.

Powder free from the precipitating agent and containing less
than 50 mg moisture per g of powdcr can be stored at up to 5°C.

D.3.2 Tests on bulk purified material

Tests on the purificd bulk powder or solution shall be made if the
manufacturer sends the material o another institution for further pro-
cessing. Samples for these tests shall be taken under conditions that do
not impair the quality of the bulk purified material. Tests shall be
carricd out on a specially dissolved sample processed to a stage equivalent
to the final product, after sterile filtration. The tests shall be those listed
in sections D.4.3 to D.4.9 inclusive, except that the tests for sodium
and potassium (D.4.8 and D.4.9) arc inappropriate for immunoglob-
ulins. The sterility test on the dissolved sample of the bulk powder (sec-
tion D.4.5) may be excluded.

For the control of immunoglobulins the specially dissolved sample
shall be made at a concentration of 100-180 g/i.

D.4. CONTROL OF FINAL BULK SOLUTION

D.4.1 Preparation

The final bulk solution shall be prepared from bulk purified powder
or by the dilution of concentrates by a method approved by the national
control authority. The final bulk solution shall mcet each of the require-
ments herein described (sections 1D.4.2 to D.4.10 inclusive) except that
the tests for sodium and potassium (D.4.8 and D.4.9) are unnecessary
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for immunoglobulins whereas the tests for aggregation and potency
(D.4.11,D.4.12,and D.4.13) are applicd only to the immunoplobulins,

The final bulk solution of normal immunoglobuling shall be made
using material from a Jarge number of donors (approximately 1000),

In the case of normal immunoglobutin a large number of
donors is necessary in order to oblain adequate amounts of the
virions desired antibodices in the final product.

In the case of specilic immunaglobulin the number of donors
represented is fess important because the particular antibody
present will be controlled.

D.4.2 Prescrvatives and stabilizers

No preservative shall be added to the albumin, plasma protein frac-

tion, or coagulation factor concentrates either during fractionation or .

at the stage of the final bulk solution,

To prevent protein denaturation, stabilizers shall be added., Such
substances shall have been shown to the satisfaction of the national
control authority to have no deleterious effect on the final product in the
amounts present and to cause no untoward reactions in man.

Protein denaturation may be prevented by using, for example,
cither 0.16 mmol of sodium acetyltryptophanate or 0.08 mmol
of sodium caprylate and 0.08 mmol of sodium acetyltrypto-
phanate per g of albumin or plasma protein fraction.

Any stabilizers or preservative added to immunoglobulins cither
during production or in the final bulk shall have been shown to the satis-
faction of the national control authority to have no deleterious effect
on the final products in the amount present and to cause no untoward
reactions in man. Antibiotics shall not be used as preservatives or for
any other purpose in the fractionation of plasma.

Stable solutions of immunoglobulins may be prepared in
approximately 0.3 mol/l glycine or 0.15 mol/l sodium chloride.
Thiomersal or sodium timerfonatc may be used as preservatives.

D.4.3 Concentration and purity LN

“The albumin concentration in the final bulk albumin solutions shall
be between 35 and 265 g/l. Not less than 96% of the proteins present
shall be albumin as determined by a suitable clectrophoretic ethod.

The test shall be carricd out on a sample both before and after heating
(scc scction C.6.1). :

e

The protein concentration in the final bulk plasma protein fraction
solution shalt be at least 35 g/l '

Plasma protein fraction contains at feast 83% ulltun'nn and not more
than 17% globulins. Not more than [% of the protein in plasma prolcmv
raction shall be gamma globulin,
! ‘L';’Il(l:ilminmwéiolmli'n lé()nccnlru(ion in the final bulk of norm:llland
specific immunoglobulin preparations shall bhe I()().—IRO'g/l. If in a
specilic immunoglobulin preparation the concentration is lower llvmn
100 g/l, it shall require the approval of the national control authgnty.

The immunoglobulin shall be composed of not less than '904 of
immunoglobulin G, as dctermined by a method approvcd by the national
control authority. :

The methods in most common use are radial immunodiffusion
and clectrophoresis.

15.4.4 Hydrogen ion concentration

The final bulk solution, diluted to 1% protein concentration with
0.15 mol/l sodium chloride, shall, when measured at a tempcrature (')f
20°C 42°C, have a pH of 6.9 14.0.5 for albumin and immunoglobulin
and 7.0 4:0.3 for plasma protein fraction.

D.4.5 Sterility

" The final bulk material shall be tested for sterility. Part A, section §,
of the revised Requirements for Biological Substances No. 6 (General
Requirements for the Sterility of Biological Substances)! shall apply.

D.4.6 Frecdom from unduc toxicity and pyrogens

The final bulk material shall be tested for freedom I"rf)m un@ue
toxicity and absence of pyrogens by the methods described in sections
D.6.4and D.6.5. _ :

A manufacturer introducing a change in an established
fractionation procedure is advised to test the albumin products

for undesirable hypotensive and hypertensive substances using
the.most suitable methods available.

1 WHO Technical Report Series, No. 530, 1973, p. 48.
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D.4.7 Stability

Sterile samples of the final bulk albumin and plasma protein fraction
solutions, which have been heated for 10 hours at 60°C, shall remain
visually unchanged after heating further at 57°C for 50 hours and when
compared to a control sample that has been heated for only 10 hours at
60°C. .

For the immunoglobulin solutions the test shall be made by heating

an adequate sample at 57°C for 4 hours. No gelation or flocculation
shall appear,

D.4.8 Sodium conient

The ﬁnn'l bulk albumin and plasma protein fraction solutions shall
have a maximum sodium concentration of 160 mmol/l.

D.4.9 Potassium content

The final bulk albumin and plasma protein fraction solutions shall
have a maximum potassium concentration of 2 mmol/l. '

D.4.10 “Xeme like * content

A sample taken from the final bulk and heated for 10 hours at 60°C
shall, when diluted with water to 10 g protein per litre and placed in a
cell with 1 cm light path, have an absorbance not exceeding 0.25 when
measured in a spectrophotometer set at 403 nm.

In some countrics the absorbance limit for this test may not
be 0.25. In such countries the national control authority should
specify the limit,

D.4.11 Determination of aggregated and fragmented molccules
in immunoglobulins

Tests shall be made on the immunoglobulin solutions to determine
the proportion of apgregated and fragmented immunoglobulin. The
test and limits shall be approved by the national control authority.

Ultracentrifugation or gel filtration chromatography may be
used, and other methods are being developed.
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D.4.12 Potency test for normal immunoglobulin

Normal iminunng[()bulin shall be prepared from pooled matcerial by
a method that has been shown to be capable of concentrating tenfold
from source material at lcast two diflerent antibodics, one viral and one
bacterial, for which an international standard or reference preparation
is available ' (c.g., antibodies against poliomyclitis virus, measles virus,
streptolysin O, diphtheria toxin, tetanus toxin, staphylococcal ¢ toxin).

- The immunoglobulin solution shall be tested at the protein concentration

at which it will be present in the final ampoule.

Since preparations of normal immunoglobulin produced in
different countries can be expected to differ in their content of
various antibodics, depending on the antigenic stimulation to
which the general population has been subjected (cither by
natural infection or by artificial immunization), at lcast two
antibodics should be chosen for the potency test by the national
contro] authority. The final bulk passes the test if it contains
at Jeast the minimum antibody levels required by the national
control authorily.

D.4.13 Potcricy tests of specific immunoglobulin

The potency of the final bulk shall be tested in respect of the particular
antibody that the preparation has been specified to contain.

The final bulk of antitctanus human immunoglobulin passes the test
if it contains at lcast S0 IU of tetanus antitoxin per millilitre, as deter-
mincd by a ncutralization protcction test in animals.

The final bulk of antimeasles human immunoglobulin passes the test
if it contains at lcast 50 IU of measles antibody per millilitre, as deter-
mined by a tissuc culture ncutralization test or a haemagglutination
inhibition test. :

The final bulk of antivaccinia human immunoglobulin passes the test
if it contains at least 500 1U of vaccinia antibody per millilitre, in terms
of the International Standard for Anti-Smallpox Serum, as determined
by a ncutralization test in eggs or in tissue culture.

The final bulk of antirabics human immunoglobulin passes the test
if it contains at lcast 50 1U of rabies antibody per millilitre, in terms of
the International Standard for Anti-Rabies Serum, as determined by a
neutralization protection test in animals. '

1 The list of appropriate international standards and reference preparations is
included in Appendix 4.
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The estimated potency of the final bulk of anti-Rh, immunoglobulin
shall be expressed in international units and shall be not less than 90%

and not more than 120% of the stated potency, and the fiducial limits

of error shiall be within 80% and 125% of the stated potency.

The national control authority should specify the limits for
other antibody concentrations. .

D.4.14 Globulins for intravenous administration

Preparations of immunoglobulins intended for intravenous adminis-
tration arc now being made in several countrics. Such preparations shall
comply with all the specifications for normal and specific immuno-
globulins unless otherwise agreed by the national authority, Certain
additional tests will be required, and these should be specificd by the
national control authority.

:D.5. FILLING AND CONTAINERS

The requirements concerning filling and containers given in Part-A,
section 4, of the revised Requirements for Biological Substances No. 1
(General Requirements for Manufacturing Establishments and Control
Laboratories) ! shall apply. ‘ '

Special attention shall be paid to the requircment that albumin and
plasma protein fraction solutions in the closed final containers shall be
heated within 24 hours after starting the filling to a tempcrature_of
60°C ::0.5°C and shall be maintained at that temperature for 10 hours,
in order to inactivate any hepatitis B virus that may be present. In order
to prevent protein denaturation a stabilizer shall be added to the albumin
solution prior to heating (sce section D.4.2).

D.6. CONTROL TESTS ON FINAL PRODUCT

D.6.1 Identity test

Anidentity test shall be performed on at least onc labelled container
from cach filling lot to verily that the preparation containg proteinof

human origin only. The test shall be onc approved by the national
control authority. »

1 WHO Technical Report Series, No. 323, 1966, p. 16.
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3 "For immunoglobulins, as well as albumins and plasma protcin ‘frac.:-
tions, additional tests shall be made to determine lha.t the [)r()tc111 is
predominantly immunoglobulin G or albumin respectively. The tests
in scction 1.4.3 shall be used.

i " In the case of specilic immunoglobulin an additional test shall be
made to identify the specific antibody.

i

st

D:6.2 Protcin concentration and purity

" The protein concentration and purity of each filling lot shall be
dctermined as described in section .43,

D.6.3 Sterility

Each filling ot shall be tested for sterility. Part A, scction 5.. of
revised Requirements for Biological Substances No. 6 (General Require-
ments for the Sterility of Biological Substances)! shall apply. For
albumin and plasma protcin fraction, samples for sterility testing sh‘nll
be taken from final containers drawn at random prior to the heating
procedure at 60°C for 10 hours.

In some countrics the sterility test is applicd both before and
after heating at 60”C for 10 hours.

D.6.4 Frecdom from undue toxicity

Each ﬁlliﬁg lot shall be tested for freedom from undue thicily by
appropriate tests involving injection into mice and guim{aplgs. The
tests shall be those approved by the national control authority.

The tests generally used are the parenteral injection of 0.5 ml
.into cach of at lcast two mice weighing approximately 20 g and
if = the intraperitoneal injection of 5.0 ml into each of at [east two
. e guincapigs weighing approximately 350 g. In some countries,
if onc of the animals dies or shows signs ol ill health during the
time specified, the test is repeated. The substance passes lhc_(cst
if none of the animals of the second group dies or shows signs

it e of ill health in the time interval specified. For coagulation factor
" . . concentrates except fibrinogen, the test dose should.not exceed
' D 500 IU of the coagulation factor per kilogram of body weight of

the test animal,

1 Wlld chhnicul Report Scrics, No. §30, 1973, p. 48.
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The injection shall cause ncither significant untoward reactions nor
death within an obscrvation period of 7 days.

D.6.5 Frcedom from pyrogenicity

Each filling lot shall be tested for pyrogenicity by the intravenous
injection of the test dosc into three or more rabbits that have not pre-
viously reccived blood products. Tn general the dose shall be at least
equivalent proportionately, on a rabbit body-weight basis, to the maxi-
mum single human dose recommended, but not more than 10 ml/kg
body weight. For albumin 200 g/t and 250 g/l, the test dose for cach
rabbit shall be at least 3 mi/kg of body weight, for albumin 50 g/l and
for plasma protcin fraction the test dose shall be 10 ml/kg of body

weight, and for immunoglobulins the dose shall be 1.0 ml/kg of body -

weight.
The criteria for passing the test shall be those specified by the national
control authority,

Guidance for these critcria may be found in the International
Pharmacopocia.l,

D.6.6 Dectermination of moisture

The residual moisture shall where appropriate be determined by a
method approved by the licensing authority. _

The methods in most common use are drying over phosphorus

pentoxide for 24 hours at a pressure not excceding 2.7 Pa

(0.02 mmlig) and the Karl Fischer method. The acceptable

level of moisture shall be determined by the national coatrol
authority.

D.6.7 Inspection of filled containers

All final containers of albumin and plasma protein fraction shall be
stored at 20-35°C for at lcast 14 days following heat treatment at 60°C
for 10 hours. At the end of this incubation period each final container
shall be examined. Those showing abnormalitics such as abnormal
colour, turbidity, microbial contamination, or presence of atypical
particles shall not be distributed. '

When turbidity raises the possibility of microbial contami-

nation, testing should be done to isolate and identify the micro-
organisms.

U Specifications for the quality control of pharmacentical preparations : second
edition of the International Pharmacopoeia. "Geneva, World Hcalth Organization,
1967, p. 746, Appendix 43.

- -
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D.7. RECORDS

The requircments givcd in Part A, section 6, of the revised Require-
ments for Biological Substances No. 1 (General Requirements for
Manufacturing Establishments and Control Laboratorics) ! shall apply.

D.8. SAMPLES

The requirements given in Part A, scction 7, of the revised Require-
ments for Biological Substances No. 1 (General Requirements for
Manufacturing Establishments and Control Laboratories) * shall apply.

D.9. LABELLING

The requirements for labelling given in Part A, section 8, of }hc
revised Requirements for Biological Substances No., 1 (Genceral Require-
ments for Manufacturing Establishments and Control Laboratorics) ?
shall apply, with the exception that the recommended human dose need
not be specified on the label on the container, and with the addition of
the following information. ,

For albumin and plasma protcin fraction the label on the container
shall show :

— the type of source material ;

— the protein concentration ;

— the oncotic equivalent in tcrms of plasma ;

— the abscnce of prescrvative ;

— the warning “ Do not use if turbid *’;

— a warning to usc within 4 hours of broaching ;
— the sodium and potassium concentrations.

For immunoglobulins the label on the container shall show :

— the type of source material ;

— the protein concentration ;

— (in the case of specific immunoglobulin) the content of specific
antibody expressed in international units or equivalent national
units ;

1 WHO Technical Report Scries, No. 323, 1966, p. 17.

2 WHO Technical Report Series, No. 323, 1966, p. 18.
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— the statement ** For intramuscular use only " (if the immuno-
globulins are not specially prepared for intravenous use).

~ The label on the package, or the leaflet in the package, shall in addi-
tion show :

— the recommended dose for each particular discase or condition ;
— the fact that the preparation fulfils the requirements of this docu-
ment.,

D.10. DISTRIBUTION AND TRANSPORT

The requirements given in Part A, scction 9, of the revised chuﬁc-
ments for Biological Substances No. 1 (General ‘Requirements for
Manufacturing Establishments and Control Laboratories) ! shall apply.

f

D.11. STORAGE AND EXPIRY DATE

The requirements given in Part A, scction 10, of the revised Require-
ments for Biological Substances No. 1 (General Requirements for

Manufacturing Establishments and Control Laboratories) ? shall apply. .

e .

D.11.1 Sterage conditions and expiry date

(1) Final containcrs with albumin solution shall have a dating pci’iod
of 3 years provided they are stored at a temperature not higher than 30°C.

(2) Final containers with albumin solution shall have a dating period
of 5 ycars provided they are stored at 5°C 4:3°C.

Other storage conditions and expiry dates may be approved
by the national authority. :

(3) Final containers with plasma protein fraction solution shall have
a dating period of 3 years provided they are stored at a temperature not
higher than 30°C. ' ‘

(4) Final containers with plasma protein fraction solution shall have
a dating period of 5 ycars provided they are stored at.5°C 1.3°C.,

Other storage condilions and cxpiry dates may be approved
by the national authority.

1 WHO Technical Report Serics, No. 323, 1966, p. 18.
2 WHO Technical Report Scrics, No. 323, 1966, p. 19.
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“(5) Storage of liquid immunoglobulin shall be at 5°C+3°C. Storage
of frecze-dried preparations shall be below 25°C.

The expiry date of the liquid preparations shall be not more than
3 years from the date of the first satisfactory potency test on material in
final containers,

The expiry date of the freeze-dried preparations shall be not more
than 5 years from the date of the first satisfactory potency test on material
in final containers,

D.12. C(iN'l'R()L or l’Rl-'.l‘ARA’l’f()NS OF COAGULA'I'ION
FACTOR CONCENTRATES

Factor VI concentrates arc prepared both as a frozen product and
as a freeze-dricd concentrate, The frozen products are usually derived
from a single donation and consist of the cryoprecipitate from one donor
prepared in a closed system of separation. The control of this product
is covered in the section on whole blood and related substances (section
B.3.5.4 for Factor VIII).

The freeze-dricd Factor VIII concentrate may vary both in the num-
ber of donors contributing to a pool of cryoprecipitate and in the degree
of purification of the product. Generally the small-pool product is sub-
jected to little or no purification and is handled and subdivided in such
a way that many control tests arc inappropriate. Such preparations of
frozen or freeze-dricd cryoprecipitate from pools of fewer than 10 plasma
donations.should be controlled by the national control authority in a
manner similar to that applicd to the frozen product from single do-
nations (section B.3.5.4). )

Plasma source material for Factor VIII concentrates shall preferably
be plasma frozen within 6 hours of collection from the donor or from
frozen cryoprecipitate. Such material shall be kept frozen at such a
temperature that the activity of the Factor VIII is maintained. Pro-
cessing of the freshly thawed pooled cryoprecipitate material shall be
completed within a few hours in order to preserve Factor VIII activity.

D.12.1 Tests on final containers common to other blood fractions

The following tests on the final containers of Factor VIII and Factor
IX concentrates and fibrinogen shall apply.

(1) Sterility (sce section D.6.3). .
(2) Frcedom from undue toxicity (see section D.6.4).
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(3) Tecst for hyrogcnici(y (sce section D.6.5). For Factor VIII cach -

rabbit shall be injected with 101U per kg of body weight. For Factor 1X
cach rabbit shall be injected with 50 1U per kg of body weight. For
fibrinogen cach rabbit shall be injected with 30 mg of protein per kg of
body weight.

In addition the following requirements shall apply.

(1) Records : as given in section D.7.
(2) Samples : as given in scction D8,

(3) Labelling: the requirements given in section 1.9 shall apply,
with the cexception that the recommended human dose need nol be
specilied and with the addition of the following :

(a) content of the factor expressed in international units (1U) ;

() the amount of protein in the container ;

(¢) the volume of diluent for reconstitution ;

(d) a warning concerning the possible transmission of hepatitis
virus,

(4) Distribution and shipping : as given in section D. 10.

(5) Storage and expiry date: final containers of the frecze-dried
preparation of Factor VIII and Factor IX will have a dating period of
not more than 2 years from the date of the first satisfactory potency
test, provided they are stored at 5°C:1:3°C. Storage at ambient tempera-
ture during transport and on short trips will not result in loss of potency.

For fibrinogen the shelf-life is usually 5 years at 5°C & 3°C.
Other storage conditions and expiry dates may be approved

by thc national control authority provided they are consistent
with the data on the stability of the products.

D.12.2 Special tests for coagulation concentrates
D.12.2.1 Hdentity tests

Tests for other animal protein. An identity test shall be performed
on at lcast onc labelled container from each filling lot to verify that the
‘preparation contains protein of human origin only. The test shall be
one approved by the national control authority.

Identity test for activity. An assay for Factor VII or Factor 1X
activity or fibrinogen content, whichever is appropriate, shall be made
to identify the product.

Onc of the potency tests described in sections D.12.3.1,
D.12.4.1, and D.12.5.1 may scrve as the identity test.
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D.12.2.2 Detection of hepatitis B virus

Each filling lot shall be tested for hepatitis B si:_rl'ucq antigen by the
tests indicated in section B.1.3.2.

The most sensitive test available should be used for the
detection of hepatitis B virus,

D.12.2.3 Solubility and clarity

Factor VIII preparations and fibrinogen shall dissolve completely
in the solvent recommended by the manufacturer within 30 minutes
when held at a temperature not exceeding 37°C. Factor IX preparation
shall dissolve completely in the solvent recommended by the manufac-
turer within 10 minutes when held at 20-25"C. The solutions kept at
room temperature shall not show any sign of precipitation or gel for-

mation within 3 hours of dissolution of the coagulation factors.

D.12.2.4 Protein content

The amount of protein in a final container shall be determined by a
method approved by the national control authority.

D.12.2.5 Test for additives

Tests to determine the concentration of additives (such as alu-
minium, heparin, poly(cthylene glycol), citrate, sodium, and glycinc)
used during production shall be carried out, if the national control
authority requires them,

D.12.2.6 Determination of moisture

The residual moisture shall be determined by a method approved by
the national control authority.

The mcthods in most common use are drying over phosphorus
pentoxide for 24 hours at a pressure not exceeding 2.7 Pa
(0.02 mmllg), and the Karl Fischer method. The products
should not losc more than 2% in weight.

D.12.2.7 Hydrogen ion concentration

When the product is dissolved in a volume of water equal to the
volume of water for injection stated on the label, the pH in the resulting
solution shall be 7.2:4+0.4.
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D.12.3 Special tests applicable to Factor VIII concentrates '
D.12.3 o

E.ull hllmb lot shall be assayed for Factor VIIT acllvnly by a test
approved by the national control authority.

Potency test

v .

The national standard and the manufacturer’s house standard
should be it concentrate rather than a plasma because the former
has better long-term stability and provides more homogencous
assay resulls, especially when the parml lhromboplaslm tlmc
test is used. .

The specific: activity shall be at least 100 1U per g of protcin. The
estimated potency is not less than 80% and not more than 125% of the
stated potency. The confidence limits of crror are not less than 64%
and not more than 156% of the stated potency., :
5

D.12.3.2 Test for alloagglutinins

A test shall be made for the prescnce of alloagglutinins by a mclhod
approved by the national control aulhonty -

: '

Allhough it is not possnl)lc to be specific about the tests for

alloagglutinins or to specify an upper limit of titre in the

.0 coagulation factor preparations, nevertlicless a test for allo-

- agglutinins should be made and their presence declared on the
" Jeaflet. '

D.12.4 Special tests applicable to I actor IX conccnl".rf:.qtcs

D.12.4.1 Potency test o

Each lot of the final product shall be tested for potency for Factor 1X.
The mcthod uscd shall be approved by the national control authority.

Other coagulation factors may also be present in the final product,
depending on the method of production, and products shall be tested
for the presence of all coagulation factors claimed to be present at a
therapeutic level. " These may be Factor II, Factor VII, and Factor X.
The methods used for their assay shall be approvcd by the national
control aulhorny

D.12.4.2 Test for the presence of activated coagulation factors

The presence of activated coagulation factors shall be dctermined
by a mcthod approved by the national control authority.
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In somc countrics the nonactivated partial thromboplastin
times of normal plasma are mcasurcd after the addition of an
cqual volume of & number of different dilutions of the product
under test, )

In some countrics a test for the presence of thrombin is made
by mixing an cqual volume of the product under test and fibrino-
gen solution, Fhe mixture is held at 37°C and should not
coagulate within 6 hours. ‘The usual range of concentrution of
fibrinogen solution is 3-10 g/l

D.12.5 Special tests applicable o fibrinogen

D.12.5.1

Each filling lot shall be assayed for clottable protcin by a test approved
by the national control authority. '

Test for clottable protein

Usuittly the test consists of the addition of thrombin=—with or
without calcium chloride—to an appropriately dilutcd solution
of fibrinagen and the determination of the clotting time.

The clotting time should be shorter than a given limit—
usually 60 scconds—or should occur in not more than twice
the time taken for clotting to occur in fresh normal plasma for

. the addition of the samc amount of thrombin.

Not less than 70% of the total protein shall be clottable by

thrombin.

, PART E:
NATIONAL CONTROL REQUIREMENTS

E.1. GENERAL

The general requircments for control laboratories in Part B of the
revised Requirements for Biological Substances No. 1 (General Require-
ments for Manufacturing Establishments and Control Laboratories)

shall apply.
The national control authority shall provide the standards and

-reference preparations necessary for the quality control of human blood

and blood products.

The national control authority shall approve the production and
control methods used and give indications on all points left for its
decision or approval in Parts A, B, C and D.

1 WHO Technical Report Series, No. 323, 1966, p. 19.
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The national control authority shall especially approve the usc of
materials that may carry any potential risk and shall approve any new
mcthod of production or the preparation of a new product.

New products or products preparcd by new production
mcthods should be monitored to determine their eflicacy and
safcty before they are released.

E.2. RELEASE AND CERTIFICATION

Human blood and blood products shall be released only if they
fullil Parts A, B, C, and D, wherever applicable.

A statement signed by the appropriate official of the national control
authority shall be provided at the request of the nmnuﬂlcturmgJ establish-
ment and shall certify whether or not the product in question mects all

national requircments as well as Parts A, B, C, and D—whichever is
rclevant—of the present requirements. The certificate shall further
state the date of the last satisfactory test for potency, if applicable, the
number under which the lot is released, and the number appearing on
the labels of the containers. In addition, a copy of the official national
relcase documents shall be attached.

The purpose of this certificate is to facilitate the exchange of
human blood and blood products between countrics.
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Appendix 1
" LIST OF AUTHORS

The Requirements for the Collection, Processing and Quality Control of Human
Blood and Blood Products were prepared by the following WHO consultants and
stall members

Dr J. N. Ashworth, Vice-President, Scientific Affairs, Cutter Laboratorics, Berkeley,
CA, USA (Consultant)

Dr D. R. Bangham, Head, Division of Hormones, National Institute for Blologncal
Standards and Control, Londan, England (Consultant)

Dr L. F. Barkcr, Dircctor, Division of Blood and Blood PProducts, Bureau of Biologics,
Food and Drug Administration, Bethesda, MDD, USA (Consultant)

Dr H. Eibl, Austrian Institute for Blood Products, Vicnna, Austria (Consultant)
Dr F. Elsinger, Austrian Institute for Blood Products, Vicnna, Austria (Consultant)
Dr J. P. Eygonnet, Méricux Institute, Lyons, France (Coasultant)

Dr J. Fischer, Behring Company, Marburg an der Lahn, Federal Republic of
Germany (Consultant)

Dr H. Gunson, Oxford Regional Transfusion Service, Churchill Hospital, Oxford,
England (Consultant)

Dr A. Hilssig, Central Laboratory of the Swiss Red Cross Blood Transfusion Service,
Berne, Switzerland (Consultant)

Professor S. Holldn, Dircctor, Nationdl Institute of Hacmatology, Budapest, Hungzxry
(Consultant)

Dr H. W. Krijnen, Director, Central Laboratory of the Netherlands Red Cross Blood
Transfusion Scrvice, Amsterdam, Netherlands (Consultant)

Dr H. Nevanlinna, Finnish Red Cross Blood Transfusion Service, Helsinki, Finland
(Consultant)

Dr F. T. Perkins, Chief, Biologicals, World Health Organization, Geneva, Switzerland
Dr R. Plan, Méricux Institute, Charbonniére-les-Bains, France (Consultant)

Dr H. K. Prins, Central Laboratory of the Netherlands Red Cross Blood Transfusion
Scrvice, Amsterdam, Netherlands (Consultant)

Dr J. D. van Ramshorst, Biologicals, World Health Organization, Geneva,
Switzerland

Dr H. G. Schwick, Behring Company, Marburg an der Lahn, Federal Republic of
Germany (Consultant)

Dr D. P. Thomas, Head, Division of Blood Products, National Institute for Biological
Standards and Control, London, England (Consultant)

Mr J. Watt, Scottish National Transfusion Service, Protein Fractionation Centre,
Edinburgh, Scotland (Consuirant)
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