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BLOOD TRANSFUSION 

A GUIDE TO THE FORMATION AND OPERATION 
OF A TRANSFUSION SERVICE 

(1971) 

ADDENDUM 1978 

Scientific and technical advances, as well as the development of 
the organization of blood transfusion, since publication of this book 
in 1971 have necessitated revision of parts of the text and the addition 
of some new information. The changes have been kept to a minimum 
and it is hoped that they will enable the book to continue to serve as 
a basic guide to blood transfusion until the text can be completely 
revised. 

Page 16, in the section on "Voluntary blood donation" 

Delete the second paragraph: 

At the XVIIth International Conference ... to that of free donation. 

Insert the following paragraphs: 

In a number of resolutions adopted between 1946 and 1973 the Inter
national Conferences of the Red Cross and the governing bodies of the 
League of Red Cross Societies have recommended the voluntary free gift 
of blood as the ideal system and have encouraged National Red Cross 
Societies to stimulate the development of blood services based on the prin
ciple of non-remunerated blood donation. The obvious advantages of the 
system have everywhere brought good results, and in a number of countries 
the blood transfusion services have successfully changed over from the paid 
system to that of free donation. 

In 1975 the Twenty-eighth World HealthAssembly(resolution WHA28.72) 
also urged Member States to promote the development of national blood 
services based on voluntary non-remunerated donation and to enact effective 

" -.)-
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legislation governing the operation of blood services. The Health Assembly 
expressed serious concern that the extensive and increasing activities of 
private firms trying to establish commercial blood collection and plasma
pheresis projects in developing countries might interfere with efforts to 
establish national blood transfusion services based on voluntary free 
donations. 

Page 16, in the penultimate paragraph 

For the example given substitute the following: 

England and Wales ( 1975) Units issued per emergency bed 
Whole human blood: 8.39 

Page 17, lines 5-8 

For the example given substitute the following: 

England and Wales ( 1975) Units issued per 100 patients discharged or dying 
Blood: 28.6 

Page 17, lines 24-25 

Delete: 

... if about 2 % of the population are regular donors. 

Insert: 

... if about 4 % of the population are regular donors. 

Pages 24 and 25 

Delete the section under "1. Viral Hepatitis" and substitute the following: 

The transfusion of blood, plasma and certain plasma fractions may 
transmit viral hepatitis. Three forms of hepatitis are recognized which 
are defined in relation to the causative agents. They cannot usually be 
distinguished clinically. 

(i) Hepatitis A (infectious hepatitis) is caused by hepatitis A virus (HA V). 
It is spread mainly by the intestinal-oral route. It is rarely transmitted by 
transfusion. 

(ii) Hepatitis B (serum hepatitis, homologous serum jaundice) is caused 
by hepatitis B virus (HBV) and is associated with the presence in the blood 
of at least three distinct morphological categories of particles-small spher
ical particles (average diameter 22 nm), tubular forms of various lengths 
and shapes, and large double-shelled spheroidal particles (average diameter 
42 nm). The last-named are generally accepted as being the HBV whereas the 
first two forms represent the unattached surplus surface antigen of HBV. 



ADDENDUM 1978 5 

At least 10 subdeterminants or subtypes of this hepatitis B surface antigen 
(HBsAg) have been identified, some of which have differing geographical 
distribution. In the core of the HBV particle is found hepatitis B core 
antigen (HBcAg). A third antigen, hepatitis B e antigen (HBeAg), appears 
to be a marker of HBV infection which seems to correlate with the number 
of virus particles in and the degree of infectivity of HBsAg-positive sera. 
Each of the three antigens has a corresponding antibody (anti-HBs, anti
HBc, and anti-HBe). 

HBsAg can be detected by various serological techniques of which the 
most important are, in ascending order of sensitivity and cost: agar-gel 
diffusion, counter-immunoelectrophoresis, reversed passive haemagglutina
tion, and radioimmunoassay. 

HBsAg appears in the serum during the early stages of the disease and 
in about 10 % of cases may remain detectable for many months or even 
years. The persistent carrier state is defined as the presence of HBsAg for 
more than 6 months. The prevalence of apparently healthy carriers of 
HBsAg varies from 0.1% in parts of Europe, North America and Australia 
to 15 % in some tropical countries. The carrier state is more common in 
males, more likely to follow infections acquired in childhood than in adult 
life, and more likely to occur in persons with natural or acquired immune 
deficiencies. The carrier state is also related to different ethnic and socio
economic groups, being more frequent where living conditions and standards 
of hygiene are poor. In these circumstances mouth-to-mouth transmission 
may be important. In countries where HBV infection is uncommon, the 
greatest prevalence of HBsAg is observed in the 20-40-year age group. In 
countries where HBV infection is common, the greatest prevalence is found 
in the 4-8-year age group with steadily declining rates among older age 
groups. Conversely, the prevalence of anti-HBs increases steadily with age. 

In low-prevalence areas, hepatitis B is spread mainly by the inoculation 
of blood and certain blood products, i.e., by transfusion, by accidental 
inoculation of small amounts of blood such as may occur during surgical 
and dental procedures, intravenous drug abuse, mass immunization, tattoo
ing, acupuncture, and laboratory accidents, and occasionally by the com
munal use of razors and toothbrushes. In high-prevalence areas, the oral 
route is probably a more important means of infection. 

Transfusion services have acted to minimize the spread of hepatitis B 
by testing for the presence of HBsAg (1) in donors, and removing from the 
donor panel those who are positive, (2) in blood products such as fibrinogen 
and antihaemophilic globulin concentrate, and using those batches that are 
negative (immunoglobulin, prepared by cold ethanol fractionation, is free 
of the risk of transmitting hepatitis B; albumin solutions may apparently 
be rendered noninfectious by heating at 60 oc for 10 hours). It has been 
shown that the introduction of HBsAg testing of donors' blood by sensitive 



6 BLOOD TRANSFUSION 

techniques reduced post-transfusion hepatitis due to hepatitis B virus 
to 10 %. However, the effect of screening on the incidence of post-transfu
sion hepatitis is difficult to assess without costly and extensive prospective 
studies, and, moreover, the effect will depend upon the prevalence of HBsAg 
carriers in the donor population and the level of immunity to HBV in 
recipients. In areas where the prevalence of HBsAg is high, e.g., certain 
parts of Asia and Africa, there is also a very high prevalence of anti-HBs, 
which may protect recipients of blood and blood products from disease 
caused by HBV or at least lessen its severity. 

In the laboratory, exposure to HBsAg can be minimized by various 
measures; for example, eating and drinking in the laboratory and pi petting 
by mouth should not be allowed; skin or mucous membranes contaminated 
by blood should immediately be thoroughly washed; any blood spilled 
should be cleaned up immediately and a disinfectant applied. 

(iii) Hepatitis caused by non-A or non-B hepatitis virus. It is known 
that a third form of hepatitis may be transmitted by blood and blood 
products. It is apparently unrelated to HA V or HBV, Epstein-Barr virus 
or cytomegalovirus. It is not readily distinguishable from hepatitis B by 
its clinical characteristics; however, the course of the disease tends to be 
less severe. No specific tests for its diagnosis are so far available. 

For fuller information, the report of the WHO Expert Committee on 
Viral Hepatitis (WHO Technical Report Series, No. 602, 1977) may be 
consulted. 

Page 26 

Delete the section under "5. Tropical diseases" and substitute the following: 

The risk of transmitting malaria is only slightly reduced by the use of 
stored blood since all three malaria parasites (Plasmodium vivax, P. malariae, 
and P. falciparum) survive refrigeration for several days and even weeks 
with little change in their powers of infection. Donors with a history of 
malaria and those returning from malarious areas should therefore be 
excluded from donation for whole blood. Their plasma, if freeze-dried, may 
be used. In endemic areas, the use of malarious blood may be unavoidable. 
In these areas, because of immunological differences within strains, particu
larly P. falciparum, because of the topographical localization of some of 
them, and because patients needing transfusion may lack normal immune 
competence, it seems wise to give antimalarial drugs to all recipients of 
blood transfusions. When the recipient is known to be semi-immune, he 
should be given a total of 600 mg chloroquine base in one or two doses. 
If he is not immune, and is not receiving prophylactic treatment, he should 
be given a total of 1.5 g chloroquine base in 3 days. If the recipient is 
already receiving prophylactic treatment, this should be continued. In 
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regions where the parasite is chloroquine-resistant, a total of 1000 mg 
sulfadiazine and 50 mg pyrimethamine in one or two doses should be given 
in place of chloroquine. 

Volunteers with a history of African trypanosomiasis (or from areas 
where this disease is endemic), of Chagas' disease, or of leishmaniasis (kala
agar, oriental sore) or relapsing fever should preferably not be accepted as 
donors of whole blood (their plasma may be used for preparing dried plasma 
or plasma fractions). Should it be necessary to use such blood, an erythro
cyte sedimentation test and specific serological tests should be performed 
to exclude infection. 

In countries where Chagas' disease is endemic, a sterile, pyrogen-free 
solution of gentian violet (final concentration, 0.25 g/l) should be added to 
the blood. The donors may also be selected by the complement fixation 
method of Machado-Guerreiro, but this method gives less certain results 
than the addition of dye. 

Helminthiasis, amoebic dysentery, yellow fever, dengue, Rift Valley 
fever, sandfly fever, and arthropod-borne encephalitides are not absolute 
contraindications to blood donation. Volunteers who have suffered from 
any of these conditions may donate once the disease has been cured. 

Page 29. first paragraph. lines 13-14 

Delete: 

In some centres this may be extended to include a chest X-ray and a 
complete urinalysis. 

Insert: 

In some centres this may be extended to include a complete urinalysis. 
Radiographic examination of the chest is no longer recommended as part 
of the examination of volunteers for blood donation except when there is 
a specific indication leading to the conclusion that a chest X-ray would be 
of benefit to the volunteer. 

Page 29, in the section on "Selection" 

Delete paragraph 1 and substitute the following: 

1. The lower and upper age limits for blood donation are generally 18 
and 65 years. In those countries where the age of majority is above 18 years, 
donors who have not yet attained their majority must have the consent of 
a parent or a guardian. 
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Page 31, lines 11-13 

Delete: 

It is customary ... volume of anticoagulant. 

Insert: 

The volume of blood collected is usually 400-420 ml; men who are not 
less than 45 kg in weight and 1.55 m in height and women who are not less 
than 55 kg in weight and 1.65 m in height can give this volume without 
harm. The volume of blood collected from donors below these limits of 
weight and height should be reduced appropriately. 

Page 31, last two lines, and page 32, lines 1-3 

Delete the section under "Tropical diseases" and substitute the following: 

The common test for detecting infection in donors with a history of 
Chagas' disease that is suitable for large-scale use is the complement fixation 
test of Machado-Guerreiro, but the results are not always wholly satisfactory. 
Fluorescent antibody testing is now used in many countries in South America 
with about the same or sometimes better reliability. Although the detec
tion of donors who carry malaria parasites is of doubtful value in areas 
where malaria is endemic, it would be useful to detect them in certain non
malarious areas. At present, however, there is no simple test that will 
detect all such donors. 

Page 42, after line 8 

Insert before "Example 1" the following paragraph: 

In some small isolated hospitals, the transfusion service can be provided 
by one of the doctors of the hospital staff assisted by a laboratory technician 
or a nurse. Working space of 40m2 to 60m2 would be sufficient for collect
ing about 1000 donations per year; the hospital laboratory would undertake 
the necessary tests. Such a blood centre should be under the control of a 
larger neighbouring blood centre. 

Page 61, at the end of Chapter 7 

Insert the following paragraphs: 

Advances in the fabrication of plastics, their adaptation to medical uses, 
and progressively lower costs have brought about the almost total adoption 
of disposable transfusion taking and giving sets and a rapidly growing use 
of plastic bags for the collection and preservation of blood and its com
ponents. 
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Transfusion sets 

The manufacture of transfusion sets using plastic tubing, filters and 
filter chambers requires, especially, the application of meticulous quality 
control, particularly of those factors that may have biological effects, and 
a high standard of sterilizing procedures, and, if costs are to be kept down, 
must be done on a large scale. 

Production should therefore be centralized either in one unit (or more, 
when appropriate) on a scale of one unit per 10 million inhabitants. Needles 
may be reused, but because cleaning and sharpening are both slow and 
tedious, disposable needles are widely used. 

If a central production unit cannot be established, transfusion sets ready 
for use must be obtained from commercial or noncommercial sources. 

Containers 

A country which is developing a transfusion service must choose between 
plastic containers, imported often from a considerable distance, and glass 
containers, prepared locally or in a neighbouring country. The cost of 
disposable, ready-to-use glass containers, imported from a distance, usually 
contains an unacceptably large element of transport costs. Plastic containers 
can only be fabricated if considerable investments in equipment and tech
nology are possible. Large-scale production is therefore essential. In 
practice, most transfusion services buy such containers ready for use. 

The preparation of glass containers with anticoagulant is an exacting 
operation requiring close supervision in order to ensure proper sterilization 
and to avoid pyrogens. Production should be centralized in each country 
in one unit, preferably associated with the preparation of sterile injectable 
fluids. Alternatively, several adjoining countries might with advantage 
combine to support a common production unit. 

It is essential that units producing plastic transfusion equipment and 
containers for blood should be the responsibility of competent individuals 
who are thoroughly familiar with all aspects of sterilization and measures 
to avoid the presence of pyrogens. 

The choice between adopting glass or plastic containers will depend 
mainly upon two factors: (a) the feasibility of forming a central production 
unit which can operate under satisfactory conditions, and (b) the calculated 
cost of glass containers thus prepared compared with the price of plastic 
containers. In any case, it would be necessary to have available some 
"double plastic bags" for use when separating blood components. 
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Page 63, Part Ill 

Change title to: 

"BLOOD COLLECTION, STORAGE, AND USE" 

Page 67, penultimate and last lines 

Delete: 

After filling the bottle, the pilot tube and laboratory samples must be 
obtained. 

Insert: 

After filling the bottle, the pilot tube (see p. 49) and laboratory samples 
(see p. 78) must be obtained. 

Page 72, following Chapter 9 

Add Chapters 9 A. 9 8, and 9 C, as follows: 

CHAPTER 9 A 

Component Therapy 

The development of the preparation and use of blood components and 
derivatives in recent years was due at first to the desire of clinicians to be 
able to treat patients specifically with what they lacked, for example, red cells, 
plasma, platelets, coagulation factors. More recently, the need to make the 
most economic use of blood has led to the further extension of such 
therapy so that a single donation can be used to treat several patients. 

Blood components and derivatives can be classified in three groups, 
which correspond to three levels of equipment and technology. 

I. The easiest components to prepare are red cell concentrates, plasma, 
and platelet-rich plasma. A refrigerated centrifuge is necessary and transfer 
of components must be done aseptically. If glass bottles are used, transfers 
should be made in a sterile area. The use of double plastic containers for 
these manoeuvres is strongly recommended. Red cell concentrates are 
preserved in the same way as whole blood. Platelet-rich plasma is preserved 
for not more than 48 hours after blood collection (the ideal temperature for 
preservation, between 1 oc and 24 oc, is still under discussion). Plasma is 
preserved frozen at or below -25 oc (the refrigerator used must be such 
that the maintenance of this temperature is guaranteed). 
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2. Platelet concentrates and cryoprecipitate require the same equipment 
as in the preceding paragraph, but testing of the final products, which is 
essential for assessing the suitability of the methods of preparation, can 
only be done using very specialized techniques (in vitro tests of platelet 
function, assay of coagulation factor VIII). Preparation of these com
ponents should only be undertaken in laboratories where these tests can 
be done. 

3. Preparation of plasma derivatives (fibrinogen, factor VIII and IX 
concentrates, immunoglobulins, albumin) requires specialized equipment 
and accommodation, and is most economic when large volumes of plasma 
are available. Plasma fractionation should therefore be centralized and 
should only be undertaken in developing countries with at least 10 mil
lion inhabitants. 

These three groups of blood components and derivatives represent three 
further phases in the development of a transfusion service after the initial 
phase of providing whole blood only. 

Finally, mention is made of the need for specific immunoglobulins, e.g., 
anti-D immunoglobulin (for the prevention of haemolytic disease of the 
newborn) or immunoglobulins with a high content of antibody against 
certain infections (e.g., tetanus, HBsAg, vaccinia). A plasma fractionation 
laboratory can prepare specific immunoglobulins without difficulty provid
ing it has access to so-called "specific plasma" with a high titre of the 
requisite immunoglobulins. This is obtained either by screening donations 
for high antibody content, by plasmapheresis of selected donors, or by 
deliberate immunization of volunteers. 

CHAPTER 9B 

Plasmapheresis 

Plasmapheresis, the procedure whereby the red cells in a blood donation 
are returned to the donor and the plasma is retained, occupies more time 
and causes more discomfort than a simple donation. For this reason, 
plasmapheresis tends to be less used in transfusion services dependent upon 
voluntary unpaid donors. Its use should be reserved for making good any 
deficit of plasma (particularly of plasmas with an elevated titre of specific 
immunoglobulins) that there may be after instituting a comprehensive blood 
component programme. The volume of plasma obtained by plasmapheresis 
annually from each donor should be limited to 10-15litres. 
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CHAPTER 9 C 

Haemolytic Disease of the Newborn 

It is well established that: 

(1) sensitization of an unsensitized Rh-negative mother to the Rh (D) 
antigen usually occurs at the delivery of her first Rh (D) positive infant and 
is caused by the passage of fetal Rh (D) positive cells across the placenta 
into the maternal circulation; and 

(2) if anti-D immunoglobulin is given to the mother, it will bring about 
the removal of the Rh (D) positive cells from her circulation and prevent 
sensitization. 

Failure of this treatment occurs in about 2 % of mothers treated, as 
judged by the presence of anti-Rh (D) in the mother's serum by the end of 
the succeeding pregnancy with an Rh-positive fetus. In some of these 
failures, sensitization is due to transplacental haemorrhage during pregnancy, 
to abortion or to unsuspected previous Rh-incompatible transfusion. 

Treatment with anti-D immunoglobulin should be given to unsensitized 
Rh-negative mothers after each delivery of an Rh-positive infant. If 
sensitization has occurred (i.e., anti-Rh (D) antibody is present in the 
maternal serum), treatment cannot be successful and should not be given. 

Dose: 200 micrograms of the active substance (approximately 550 
International Units) intramuscularly within 72 hours of delivery. 

If supplies of anti-D immunoglobulin are limited, priorities may have 
to be established for treatment. An example of an order of priorities 
might be: 

(1) unsensitized Rh-negative primiparae giving birth to Rh-positive 
ABO compatible infants; 

(2) unsensitized Rh-negative pnm1parae giving birth to Rh-positive 
infants irrespective of ABO compatibility; 

(3) after first and second Rh-positive pregnancies in unsensitized 
Rh-negative mothers, irrespective of ABO compatibility; 

(4) after all Rh-positive pregnancies in unsensitized Rh-negative mothers, 
irrespective of ABO compatibility. 
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Treatment in conformity with pnonty 1 above, for example, would 
ensure that the majority of unsensitized Rh-negative primiparae should be 
able to bear two unaffected Rh-positive children. 

Laboratory tests at the time of delivery. In order to use anti-D immuno
globulin effectively and economically, the following tests should be done 
immediately after delivery: 

Tests on the mother: ABO and Rh groups if not already done (see 
Chapter 11, pp. 78 and 81); atypical antibodies (see Chapter 14, pp. 94-96, 
and Chapter 23, Basic Techniques No. 1-4, pp. 122-125). 
Tests on clotted sample of cord blood: ABO and Rh groups (see Chap
ter 11, pp. 78 and 81); direct antiglobulin test (see Basic Technique 
No. 3 (b), p. 125) if it is not certain whether the mother is sensitized 
to Rh (D) antigen or not. 

For further information, the report of the WHO Scientific Group on 
Prevention of Rh Sensitization (WHO Technical Report Series, No. 468, 
1971) may be consulted. 

Page 77, last paragraph 

Delete the first sentence under "Storage and use of antisera" and substitute the 
following: 

Grouping sera, prepared in the liquid form, should be stored frozen at 
or below -30 °C, unless instructions issued with a particular antiserum say 
it should not be stored frozen. Grouping sera stored frozen at higher 
temperatures may slowly lose activity. As many laboratories will not have 
refrigerators operating at or below -30 oc, it is important to examine at 
intervals (whose length will depend upon the storage temperature) any 
batches of sera which are not in regular use for evidence of deterioration 
and to take into use immediately any batch which begins to show such 
evidence. Basic Technique No. 5a, No. 5b, or both should be used (see 
Chapter 23, pp. 127 and 128; see also, below, the addenda relating top. 100). 
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Page 93, at the end of Chapter 13 

Insert the following: 

Tests at the bedside 

Simple tests are sometimes carried out in the ward immediately before 
transfusion. 

These tests have two objectives: 

1. As they are done after the compatibility test performed in the 
laboratory, they may disclose such errors as mislabelling. 

2. When compatibility tests are not done in the laboratory because of 
lack of trained staff or equipment, these tests permit discovery of the majority 
of incompatibilities; it is known that more than 90 % of these are caused by 
gross clerical errors in transcription of ABO groups. 

The following tests, all of which are done on glass slides or cards, are 
used: 

(i) Mixing a drop of the patient's blood with a drop of the blood to be 
transfused. Reading is difficult because there are two cell popula
tions and coagulation may occur. 

(ii) Mixing a drop of the patient's plasma or serum with a drop of the 
blood to be transfused. Agglutination is easier to read but it is 
necessary either to centrifuge the patient's blood collected in anti
coagulant (a centrifuge must be provided in the ward) or to await 
clotting and retraction of the clot (15-20 minutes at least). 

(iii) Indirect test using 2 antisera, anti-A and anti-B, 2 drops of the 
patient's blood, and 2 drops of the blood to be transfused. Anti-A 
serum is mixed with one of the drops of the patient's blood and 
one of the drops of the blood to be transfused; anti-B is added to 
the other drops. 

The third test above is complementary to the compatibility test done in 
the laboratory; however, this bedside test must never be used as a reason for 
omitting the laboratory test, which alone can detect all blood group incom
patibilities. 

Although the first two tests above are sometimes used in place of a com
patibility test done in the laboratory, they are not adequate substitutes for 
the full test and should never be so regarded. 

Pages 100-105, Chapter 17, Preparation of Grouping Sera 

Delete "-25oC" and substitute "at or below -30 oC" throughout this chapter. 
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Page 100 

Insert after the third paragraph: 

Sodium azide may safely be added at a final concentration of 0.1 g;l to 
liquid sera which are to be preserved frozen. When a container is thawed, 
any of the contents not used at once may be stored at + 4°C; repeated 
thawing and freezing are thus avoided. Grouping sera can with advantage 
be lyophilized; they may then be stored at room temperature or, in tropical 
climates, at + 4aC; the need for low-temperature storage refrigerators is 
then obviated. After reconstitution, sera should preferably be used without 
delay; any remaining sera should be stored at + 4 oc. 

Page 101, section on "Titration of antibodies"; and page 103, section 
on "Titration" 

Insert at the end of both of these sections: 

For final control of the grouping sera prepared at national level, com
parison should be made with WHO International Blood-Typing Reference 
Sera. (See: Biological Substances: International Standards, Reference Pre
parations, and Reference Reagents, Geneva, World Health Organization, 
1977). 




