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FOREWORD

A LABORATORY 15 as good as 1ts technical stalf  One of the principal
tasks of chief and senior technicians ts to see that yunior technicians
are properly tramned so that thewr benchwork is accurate and reliable
and they rcach the standards required at the various examinations
they have to take Mr Delancy 1s well known for tus clear and
concise teaching 1 the lecture room and at the bench, and many
techmcians have reason to be grateful to him  He has now collected
1n book form the essence of current teaching on haematology and
blood transfusion and has set 1t out 1n such a way that 1t will prove
valuable both to those engaged m practical work n the laboratory
and to those working for examnations

In these days when so many books tend to be compilations of the
views of other workers 1t 1s refreshing to find one whose author has
clearly a great deal of practical experience behind his writing It
should prove of great value and T wish 1t every success

IAN DawsoN






PREFACE

IT wouLD not be possible to compress nto a volume of this size all
the accumulated knowledge of hacmatology and blood transfusion
Instead I have tried to produce a book which will assist caindidates
to pass the cxammation of the M L T, but with the best book 1n
the world I do feel that much bench work and a qualified mstructor
are also essential for examination success

1t 15 certan that by the time this book 1s published some sections
will be out of date but that 1s mnevitable 1n a subject of which our
Anowledge increases daily I have tried therefore to teach basic
techmques and make no apology for the length of Chapter 1 which
1 feel 1s essentral for the understanding of the aetiology of blood
disorders nor for the inclusion of Chapter 7, which 1s an mntroduc
tion to the study of genetics  The chapter dealing with statistics 15
necessanly complete because of the nature of the subject but I
hope 1t will stunulate the reader to further study

I must thank Dr J Humble for kindly reading the first section
of this book Mhis chief technician, Mr N Thacker FIMLT for
valuable advice and reading the proofs and Dr J P Nicholson
for reading the chapter on radioisotopes Mr L Marsh read the
second section and provided many useful suggestions as did
Dr A L Goldsmuth and I am grateful to them both My thanks
must also go to Dr W Bloom for permussion to reproduce Fig 2
from A Textbook of Histology by A M Maximow and W Bloom
to Professor D D Van Slyke for kindly allowing me to use his
technique and line chart for the copper sulphate haemoglobin
method to Professor L. J Witts for allowing me to use s classi
fication of the megaloblastic anaemias and to Dr G T M Ross
for much of the B; materral and Iam also grateful to Dr Rosemary
Biggs for permussion to teproduce graphs from her works on
coagulation  If 1 have failed to giwve credwt i the text for any
technique or original hypothesis I must apologize 1n advance

The photomicrographs are due to Mr R Sandison FIML T
and Mr E Pittock and the other photographic work was done by
the Westminster Medical Photographic Unit  Only I can take the
blame for the drawings Last but not least I must thank my sister
Mrs A Davis and Miss B Southey, who so patiently typed and

retyped the manuscript and 1 hope learned some haematology while
doing so

JD
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Section 1

HAEMATOLOGY






CHAPTER 1

THE ORIGIN, LITE AND DEATH OT' THE
BLOOD CELLS

EMBRYOLOGICAL BLOOD FORMATION

Tue sTUDY of human embryological blood formation 15 hindered by
the lack of material It 1s therefore necessary to study the processes
as they occur 1n the chick and compare them with those hnown to
occur in man  ¥n this way gaps in the understanding of these pro-
cesses may be filled by reasonable assumptions The following
deseription will be termed embryological blood formation without
reference to ammal or species

THE OVUM FERTILIZATION

The mature ovum 1s fertiized usually in the fallopian tube
Immedately the two pro nucler—represented by the ovum nucleus
and the head of the sperm—have fused, segmentation of the fused
mass begins By the time the ovum has reached the uterus 1t con-
sists of a cyst hike structure containing a mass of cells and 1s called
the morula (Fig 1(a)) The cells which form the outer wall of the
cyst exert a lytic action on the hining of the uterus, and thus a nest
15 excavated for the ovum The uterine membrane then grows over
the ovum sealing 1t away from harm The hormones which make
this implantation possible are not within the provinee of this book
and may be conveniently 1gnored

STRUCTURE OF THE EMBRYO

The embryo at this stage may be represented dragrammatically
as a sphere enclosing two smaller spheres (Fig 1(b)) 'The outer
cyst hike structure 15 the chorion, the wner twa are the amnion and
the yolk sac The cells forming the amnion are known as ectoderm,
and those of the yolk sac as entoderm Where these two structures
touch a third layer of cells arises from the ectoderm and 1s called
mesoderm (Figs 1(c)and (d)) The mesoderm 1s laid down between
ectoderm and entoderm and by numerous processes eventually
forms the connective tissues of the body The area of the yolk sac
outside the point of contact of the two pnimary layers 1s called the
area vasculosa

1
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Fic 1 —Dragrammatic representation of cells (q) Morula stage
(b) threecyst stage—A ammon Y S yolk sac (¢) primary
layers—ECT ectoderm ENT entoderm (d) mesoderm arsing
between ectoderm and entoderm

MESOBLASTIC STAGE OF BLOOD FORMATION

At this stage blood formation begins and 1s known as the meso
blastic stage Mesodermal cells migrate out to the area vasculosa
of the yolk sac and form collections of cells called blood 1slands
The mesoderm proper 1s a syncytium that 1s a sheet of nucler with
no obvious cell boundanes and 1t forms the body mesenchyme
which 1s the forerunner of the connective tissues The syncytial
mesoderm by a hollowing out process forms tubes one cell thick
which are primitive blood vessels  They become filled with primutive
blood plasma secreted by the cells iming the walls  Some of the
cells which take part 1n the hollowing out process float away 1 the
plasma as the first blood cells  Individual cells lming the vessels also
somctimes break off and float away and become blood cells (Fig 2)
The cells now formung the vessels no longer exist as a syncyttum
cell membranes having appeared but have differentiated to become
primitive endothelum  They retain the power to differentiate to
perform other functions  The nucleated cells which are now present
sn the plasma are termed the megaloblasts of Ehrlich (Fig 3) and
although having the same name as cells seen 1n pernicrous and other

2
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

anaemias they are not pathological but embryological cells Al
the cells of the embryo at this stage are rapidly dividing and differen
tiating but true blood cells as known, have not yet appeared The
cells described as megaloblasts have differentiated purely to perform
the essential work of carrying oxygen to the tissues and to this end
have built up a primitive haemoglobin from precursor substances
already present 1n their cytoplasm However they have differen
tiated only to do this work and as soon as more suitable cells have
been developed they disappear The pnimitive white cells are
developed from the mesenchyme cells at this same stage of develop
ment These cells which are recogmizable as leucocytes make their
way to the vessels and pass through the mterstices between the
endothelial cells thus entering the vessels

HEPATO SPLENIC STAGE OF BLOOD FORMATION

The growing embryo (Fig 4) needs more and more blood as
development proceeds Mesenchymal cells are found in the pnim
tive liver spleen thymus and other sites so that at about 6-8 weeks
of foetal life the hepatosplenic stage of blood formation has begun
(Fig 5) The primitive stem cells are still producing blood cells but
n different sites

Fig 4 —Section of 11 week human embryo (H,E) H Sites of
haemopoiests thymus liver and spleen

4
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(H and E)} slands of haemopoiesis are seen between the large
parenchymal cells (¥ 425)

MYELOID STAGE OF BLOOD FORMATION

At about middle foetal life the bone marrow s formed and the
myeloid stage of blood formation 1s begun to continue throughout
adult hfe The mesenchymal cells however although their activity
1s restricted are still present in the other sites and given a stimulus
will resume theirr embryonic function Thus 1f a newborn child
loses blood rapidly and continuously either from haemorrhage or
haemolysis areas of new blood formation reform 1n the Iiver spleen
muscle subcutaneous fissue or in any area where there 1s a
mesenchymal rest Histological sections of such tissue show very
active centres of haemopotests They are referred to as ectopic or
heterotopic areas of bone marrow In blood diseases such as
leukaemia nodules of the charactenstic cells appear in the skin
This may not be an invasion of tissue like a cancerous growth but
the stimulus which has been applied to the white cell production
centres operates equally well on the rest of the persisiing mesen
chymal cells scattered throughout the body no matter where they
are The stimulus causes the stem cells to differentiate rapidly so
that a nodule of leucocytes 1s produced Again 1n the disease
myelosclerosis the bone marrow becomes replaced with fibres and

BT 5 2
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Fic 6 —Section of spleen from a case of myelosclerosis (H and E)
haemopotetic activity includes megakaryocytic production (> 425)

the spleen and liver revert to their embryonic function of producing
the cells the marrow 1s failling to manufacture Sections of such
tissue show active haemopoiesis (Fig 6)

BLOOD FORMATION IN THE ADULT
Undifferentiated mesenchyme still exists 1 the adult as a syncytium
scattered through the body On appropriate stimulation cell
boundaries appear and fine argyrophil fibrils runming through the
cytopl can be d rated These cells were first called by
Aschoff  the reticulo endothehal system  This 1s a system of cells
found yn many organs and performing many vital phystological
functions The system consists of cells which are phagocytic and
dye storing 1 a reticulum of silver salt reducing fibres Some of
the cells may become freed from the reticulum and are then known
as wandering histiocyles macrophages or clasmatocytes The
resemblance of such cells to the monoceyte of the blood 1s striking
enough to assume a direct descent of the monocyte from the
reticulum cell and tndeed some authonties hold this or a similar
view The freed reticulum cell may become a fibroblast or httoral
cell but the concept that cells of the mesenchyme are the ultimate
precursor still eusting 1n the adult body gives a wider system which
ncludes Aschoff s reticulo endothehal system and ts known as the
reticular or lymphoreticular system of Maximow

[




THE ORIGIN LIFL AND DEATH OF THEL BLOOD CELLS

THE POLYPHYLETIC AND ALTERNATIVE THEORILS

Thus far the origin of the blood cells 1s not in much doubt, but
a great conflict of view cxists regarding the processes as they occur
from the mesenchymal cell  The most attractive theory s the com-
plete polyphyletic theory which postulates a pnmary cell the
haemocytoblast which will develop mto a sertes of blast cells
myeloblast lymphoblast monoblast erythroblast and megakaryo
blast These cells 1n turn by division and maturation will pass
through a pro-cyte or pre cyte stage and then on to the adult cell
The haemocytoblast 1s a ccll whose morphological charactenstics
vary from authority to authority, but probably the best cnterion of
identification 1s the personal conviction of the observer that the
cell although at that moment not an obvious cell of the blood, could
develop 1nto erther a red or white cell

An alternative theory postulates that the lymphocyte of lymphatic
tissue 1s the primitive blood cell and can form all the other blood
cells The apparent lack of function of the lymphocyte lends some
support to the theory and some evidence does exist that the large
Iymphocyte 1s more mature than the small Lymphocytes are found
1n all the lymphord tissues of the body, the spleen thymus tonstls
Peyer s patches of the gut and lymph nodes and also in the bone
marrow although normaily only in relatively small numbers 1n
adults The apparent production of lymphocytes can be seen in
any cut section of a lymph gland, when the germinal centres are
examined These centres consist of a central pale area of cells 1n
mutosts (which may be lymphoblasts developing from mesenchyme)
surrounded by a zone of large lymphocytes with an outer zone of
many small lymphocytes The presence of small lymphocytes
the bone marrow needs some explanation and two theories are put
fornard to account for this  One 1s that the cells are actually
produced in lymphatics and enter the bone marrow where they either
pass mnto the blood stream disintegrate or act as precursors for
cells of the myeloid senies  Alternatively the lymphocytes may be
actually produced 1n the bone marrow 1n specific centres and such
marrow foc: have been often described

The polyphyletic theory 15 also subject to objections so that it 1s
only held 1n part by some authorities Three or four blast cells
only may be postulated for example the myeloblast being regarded
as the precursor of the myeloid series the monocytes and the
megakaryocytes, the lymphoblast as the ancestor of the lymphocytes
and the erythroblast as the red cell precursor The monocyte
according to one school 1s produced in the lver and spleen from
reticulum cells

7 2—2
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Fic 6 —Section of spleen from a case of myelosclerosis (H and E)
haemopotetic activity includes megakaryocytic production (X 425)

the spleen and liver revert to their embryonic function of producing
the cells the marrow 1s falling to manufacture Secttons of such
tissue show active haemopoiesis (Fig 6)

BLOOD FORMATION IN THE ADULT
Undifferentrated mesenchyme still exasts in the adult as a syncytium
scattered through the body On appropmate stimulation cell
boundaries appear and fine argyrophil fibrils running through the
cytoplasm can be demonstrated These cells were first called by
Aschofl  the reticulo endothelal system  Tius 1s a system of cells
found 1n many organs and performung many vital physiological
functions The system consists of cells which are phagocytic and
dye storing 1n 2 reticulum of silver salt reducing fibres  Some of
the cells may become freed from the reticulum and are then known
as wandering histiocytes macropt or cl he
resemblance of such cells to the monocyte of the blood 15 striking
enough to assume a direct descent of the monocyte from the
reticulum cell and indeed some authorities hold this or a sumlar
view The freed reticulum cell may become a fibroblast or Iittoral
cell but the concept that cells of the mesenchyme are the ultimate
precursor still existing n the adult body gives a wider system which
ncludes Aschoff s reticulo endothelial system and 1s known as the
reticular or lymphoreticular system of Maximow
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THE POLYPHYLETIC AND ALTERNATIVL THEQRIES

Thus far the onigm of the blood cells 1s not 1n much doubt, but
a great conflict of view custs regarding the processes as they occur
from the mesenchymal ccll  The most attractive theory 1s the com
plete polyphyleic theory wiich postulates a primary cell, the
haemocytoblast which will develop into a series of blast cells
myeloblast lymphoblast monoblast erythroblast and megakaryo
blast These cells 1n turn by division and maturation will pass
through a pro-cyte or pre-cyte stage and then on to the adult cell
The haemocytoblast 15 a cell whose morphological charactenstics
\ary from authonty to authonty but probably the best criterion of
dentification 1s the personal conviction of the obsenver that the
cell although at that moment not an obvious celt of the blood, could
develop mto either a red or whte cell

An alternative theory postulates that the lymphocyte of [ymphatic
ussue 15 the pnimitive blood cell and can form all the other blood
cells  The apparent lack of function of the lymphocyte lends some
support to the theory and some evidence does exist that the large
lymphocyte 1s more mature than the small Lymphocytes are found
1n all the lymphoid tissues of the body, the spleen thymus tonsils
Peyer s patches of the gut and lymph nodes and also i the bone
marrow although normally only n relatively small numbers 1n
adults The apparent production of lymphocytes can be seen 1n
any cut section of a lymph gland when the germmal centres are
examined These centres consist of a central pale area of cells 1n
mutosts (which may be lymphoblasts developtng from mesenchyme)
surrounded by a zone of large lymphocytes with an outer zone of
many small lymphocytes The presence of small lymphocytes n
the bone marrow needs some explanation and two theories are put
fornard to account for this  One 1s that the cells are actually
produced :n lymphatics and enter the bone marrow where they either
pass wto the blood stream disintegrate or act as precursors for
cells of the myeloid series  Alternatively the lymphocytes may be
actually produced 1n the bone marrow 1n specific centres and such
marrow foci have been often described

The polyphyletic theory 1s also subject to objections so that it 1s
only held i part by some authonties Three or four blast cells
only may be postulated for example the myeloblast bemg regarded
as the precursor of the myelod semes the monocytes and the
megakaryocytes the lymphoblast as the ancestor of the lymphocytes
and the erythroblast as the red cell precursor The monocyte,
according 1o one school 1s produced m the hiver and spleen fron;
reticulum cells
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Fic 6 —Section of spleen from a case of myelosclerosis (H and E)
haemoporetic activity ncludes megakaryocytic production (% 425)

the spleen and liver revert to their embryonic function of producing
the cells the marrow 1s fatltng to manufacture  Secttons of such
tissue show active haemopoiesis (Fig 6)

BLOOD FORMATION IN THE ADULT
Undifferentiated mesenchyme still exists 11 the adult as a syncytiumt
scattered through the body On appropmate stimulation cell
boundaries appear and fine argyrophil fibrils running through the

can be d rated These cells were first called by
AschofT the reticulo endothehal system  This 1s a system of cells
found 1 many organs and performing many vital physiological
functions The system consists of cells which are phagocytic and
dye stormg 1 a retriculum of silver salt reducing fibres Some of
the cells may become freed from the reticulum and are then known
as wandering histrocytes macropt or cl ytes  The
resemblance of such cells to the monocyte of the blood 1s striking
enough to assume a dwect descent of the monocyte from the
reticulum cell and indeed some authorities hold this or a stmilar
view The freed reticulum cell may become a fibroblast or littoral
cell but the concept that cells of the mesenchyme are the ultimate
precursor stil existng i the adult body gives a wider system which
ncludes Aschoff s reticulo endothehal system and 1s known as the
retrcular or lymphoreticular system of Maximow
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THE POLYPHYLETIC AND ALTERNATIVE THEORIES

Thus far the ongin of the blood cells 1s not m much doubt, but
a great conflict of view evists regarding the processes as they occur
from the mesenchymal cell  The most attractive theory 1s the com
plete polyphyletic theory wiuch postulates a pnmary cell, the
haemocytoblast winch walt develop into a senes of blast cells
myeloblast lymphoblast monoblast erythroblast and megakaryo
blast These cells in turn by division and maturation will pass
through a pro-cyte or pre cyte stage and then on to the adult cell
The haemocytoblast 1s a cell whose morphological charactenstics
vary from authonity to authonty but probably the best criterion of
dentification 1s the personal conviction of the observer that the
cell although at that moment not an obvious cell of the blood, could
develop into either a red or white cell

An alternative theory postulates that the lymphocyte of lymphatic
tissue 15 the primitive blood cell and can form all the other blood
cells The apparent lack of function of the lymphocyte lends some
support to the theory and some evidence does exist that the large
Iymphocyte 1s more mature than the small Lymphocytes are found
10 all the lymphoid tissues of the body, the spleen thymus, tonsils
Peyer s patches of the gut and lymph nodes and also in the bone
marrow, although normally only in relatively small numbers 1n
adults The apparent production of lymphocytes can be seen in
any cut section of a lymph gland when the germinal centres are
exammed These centres consist of a central pale area of celis 1n
mitosts (which may be lymphoblasts developing from mesenchyme)
surrounded by a zone of large lymphocytes with an outer zone of
many small lymphocytes The presence of small lymphocytes 1n
the bone marrow needs some explanation and two theories are put
forward to account for this  One 15 that the cells are actually
produced in lymphatics and enter the bone marrow where they esther
pass into the blood stream disintegrate ot act as precursors for
cells of the myeloid series  Alternatively the lymphocytes may be
actually produced in the bone marrow 1n specific centres and such
marrow foci have been often described

The polyphyletic theory 1s also subject to objections so that it 15
only held 1 part by some authonies Three or four blast cells
only may be postulated for example, the myeloblast being regarded
as the precursor of the myeloid series the monocytes and the
megakaryocytes the lymphoblast as the ancestor of the lymphocytes
and the erythroblast as the red cell precursor  The monocyte
according to one school 1s produced in the Liver and spleen from
reticulum cells
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

MORPHOLOGY OF THE BLOOD CELLS

The descriptions of blood and marrow cells which follow assume
the positive identification of a blast cell precursor for each of the
blood elements It should be noted however that such cells are
not capable of easy distinction and 1n many cases must be 1dentfied

by the company they keep It must also be realized that the
stages of development described are arbitrary there being a gradual
transition rather than abrupt change 1n the Jater cells  The staiming
appearances are those seen with Romanowsky stams

THE RED CELL SERIES

The pro erythroblast 1s a large cell (about 16 1n diameter)
round or ovoid with deeply stamning cytoplasm The nucleus 1s
large central or shghtly eccentric and the chromatin tends to be
chunky although this may not be obvious in the very early cell
There are one to four nucleoll which are often prominent This
cell under normal circumstances divides to form early normoblasts
which are shightly smaller but still with deeply staiming cytoplasm
The chromatin has aggregated further and the nucleoh have dis
appeared The early normoblast also divides to produce wnter
mediate normoblasts 1n which the cytoplasm stains highter owing to
the presence of haemoglobin which 1s being built up within the cell
The nucleus 1s smaller and the chromatin has aggregated to give the
nucleus a cartwheel appearance This cell by maturation and con
densation forms a late normoblast a still smaller cell with fully
haemoglobinized cytoplasm and a black pyknotic nucleus which
may be central or eccentric  The nucleus 1s either extruded whole
or 1s broken mto fragments by a process termed karyorrhexis and
these particles are then extruded :n their turn  When the nucleus
disappears the cell 1s apparently a normal red cell although 1t may
show staiming abnormalities  Special staiming methods however
reveal a filamentous structure which may be a fine reticulum or a
coarse network and possibly represents a nuclear framework
Such a cell 15 stll not mature and 1s called a reticulocyte  With the
disappearance of the reticulum the cell 1s seen as a fully haemoglo
binized biconcave disc with no cytoplasmic inclustons and 15
termed a normocyte  The term erythron 1s used when the red cell
and 1ts precursors are regarded as a tissue  Normally nucleated
red cells are not seen m the peripheral blood the only evidence of
mmmatunty bemng a very small percentage (I-2 per cent) of
reticulocytes

8
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THE MYELOID SERIES

The myveloblast 1s often ind hable from other blast cells
but later stages may desclop a few rods or dots of purplish red
matenial known as Auer bodies 1n the cytoplasm  The nucleolt
number one to four and are usually indistinct being desenbed as
less dense arcas of nucleoplasm  The pro myelocyte 1s produced
by division from the myeloblast and 15 larger than the parent cell
The cytoplasm 1s not so deeply stained and shows 1 fuw granules of
different colours with Romanowshy stamns  The nucleus 1s round
and nucleoh are very indistinet or more often absent  From the
pro myelocyte 15 formed the myclocyte which contains within its
cytoplasm numerous granules which stain in a charactenistic manner
The cosinophil myelocyte has large red granules which often appear
as red circles the basoptul large decp black granules and the neutro-
phil myelocyte fine famnt pink granules

After this stage 1s reached the nucleus becomes indented and
kidney shaped and 1s known as a metamyelocyte The nucleus
undergoes further changes with maturation becomes clongated and
twisted and 1s then a staff cell  Finally the nucleus becomes lobu-
lated and as the cell ages the number of lobes increases to five or six
or even more  The cell 1s then a fully mature granulocyte The
polymorphonuclear eosinophil does not usually become very
lobulated having only two or three lobes whilst the basophil
often has 1ts nucleus completely hidden by the large black granules
of the cytoplasm  Normally maturation of this series occurs 1n the
marrow the earliest cell seen 1n the blood being the staff cell

THE LYMPHOID SERIES

The Jymphoblast 15 1m many cases indisungwshable morpho
logically from other blast cells although some authonties stress that
the nucleolt are so sharp i outhine as to give the impression of
having nucleolar membranes The pro lymphocyte 1s smaller but
traces of nucleolt may remain and the chromatin 1s loosely arranged
The cytoplasm still stains deeply but 15 hyaline and transparent
The mature lymphocyte 15 a small round cell with scanty deeply
staiming cytoplasm often showing an unstained perinuclear zone
The large lymphocyte—regarded by some authorities as the more
rrllatune c;ll—hpc{)s‘sesses more cytoplasm and often a few granules
staining bright blue  Normally lymphoblasts a
are not seen 1n the blood strear):1 v nd pro lymphocytcs

9
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MORPHOLOGY OF THE BLOOD CELLS

The descriptions of blood and marrow cells which follow assume
the positive 1dentification of a blast cell precursor for each of the
blood elements It should be noted however that such cells are
not capable of easy distinction and 1n many cases must be 1dentified

by the company they heep It must also be realzed that the
stages of development described are arbitrary there being a gradual
transition rather than abrupt change in the later cells  The stamning
appearances are those seen with Romanowsky stains

THE RED CELL SERIES

The pro erythroblast 15 a large cell (about 16x 1 diameter)
round or ovoid with deeply staining cytoplasm The nucleus 15
large central or shghtly eccentric and the chromatin tends to be
chunky although this may not be obvious n the very early cell
There are one to four nucleol which are often prommnent This
cell under normal circumstances divides to form early normoblasts
which are shghtly smaller but stil with deeply staiming cytoplasm
The chromatin has aggregated further and the nucleoh have dis
appeared The early normoblast also divides to produce mter
mediate normoblasts 1t which the cytoplasm stains lighter owing to
the presence of haemoglobin which 1s being bujlt up within the cell
The nucleus 1s smaller and the chromatin has aggregated to give the
nucleus a cartwheel appearance  This cell by maturation and con
densation forms a late normoblast a still smaller cell with fully
haemoglobinized cytoplasm and a black pyknotic nucleus which
may be central or eccentric  The nucleus 1s either extruded whole
or 1s broken nto fragments by a process termed karyorrhexis and
these particles are then extruded n thewr turn  When the nucleus
disappears the cell 1s apparently a normal red cell aithough 1t may
show staming abnormahties Spectal staiming methods however
reveal a filamentous structure which may be a fine reticulum or a
coarse network and possibly represents a nuclear framework
Such a cell 1s still not mature and 1s called a reticulocyte  With the
disappearance of the 1 the cell 1s seen as a fully haemoglo
bimized biconcave disc with no cytoplasmic inclusions and 15
termed a normocyte  The term erythron 1s used when the red cell
and 1ts precursors are regarded as a tissue  Normally nucleated
red cells are not seen 1n the peripheral blood the only evidence of
immaturnity being a very small percentage (1-2 per cent) of
reticulocytes

)
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THE BLOOD FORMING ORGANS
BONE MARROW

Bone marrow 11 the adult amounts to about 4 per cent of body
weight and 1s erther red and actise or yellow and fatty  Under
pathological conditions 1t may have 1 greyish appearance looking
Iike pus  The bones of an mfant up to 5-7 ycars of age arc cntirely
occupied by red marrow but as age advances the long bones become
mactive until 1n the twenties only the flat bones nbs and upper
ends of the femur and humerus contain red marrow  In the normal
adult weighing 75 kg the red marrow occupies 1 200-1,500 ml
and contams 970 x 10° cells  The rest of the marrow 1s yellow and
fatty but can sull be called on as a reserve  After 70 years of age
even the rib marrow becomes fatty  Since the infant has no reserve
of fatty marrow severe haemorrhage or haemolysis results 1n the
formation of extramedullary centres of haemopoiesis which anise
1n those organs which were producing blood cells in embryonic hife

Structure and function of bone marrow

Microscopically the marrow consists of a series of thin walled
vessels called sinusords connected to the nutrient artery and other
blood vessels of the bone and many free cells and reticulum fibres
Depending on the activity of the marrow there 1s a varymg amount
of fat and a few lymphoid follicles are present but no lymph vessels
Red marrow shows numerous red and white cells 1 varying stages
of development  Yellow marrow shows only scanty red and white
cells and some fat  Should the marrow be greyish 1t will be found
to be crowded with leucocyte elements  The stnusoids are composed
of hittoral cells which are flattened and fixed macrophages derived
from persisting mesenchyme  The finer vessels are termed mter
sinusordal capillaries and are often collapsed on themselves so that
only a potential space exists between the walls  The red cell series
1s produced in the collapsed intersinusoidal capillarses by prolifera
tion of the pnmitve cells imng the vessels  When th
opens the cells are washed nto the larger sinusords
mature and finally pass into the general circulation  The leucocytes
are produced extravascularly and migrate to the smusoids and
thence to the peripheral blood 1t 1s not clear at what stage these
elements enter the sinusoids but under normal circumstances some
mechamsm  probably hormonal prevents the entrance of any but
mature cells into the blood stream  The dissolution of the ¢ to) ylas
of the megakaryocytes may be helped mechanically b thg ﬂp n;
plasma 1n the sinusoids to form platelets 4 ow o
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THE MONOCYTE SERIES

Morphologically the monoblast 15 1dentical with other blast cells
but may show a somewhat irregular outline and one very large
nucleolus often with a small one  The pro monocyte 1s a stmilar
cell but the cytoplasm 1s muddy and the nuclear chromatin has a
tendency to aggregate n a rope like manner The mature monocyte
15 a large cell often having an irregular outline The cytoplasm
stamns lightly has a hyaline appearance and contains numerous
sky blue granules The nucleus 1s round or horse shoe shaped and
the chromatin 1s definitely rope hike 1n appearance  The mature
monocyte 15 the only cell of this series normally seen 1n the peripheral
blood

THE PLASMA CELL SERIES

The plasmablast 1s distngwshed from other blast cells only by
the cells with which 1t 1s associated  The pro plasmacyte tends to
be ovord has a royal blue cytoplasm and an eccentric nucleus with
traces of one or more nucleoli The plasma cell proper 1s ovord
with a sky blue cytoplasm, often vacuolated and the nuclear chro
matin 15 aggregated radially to form the famlar cartwheel nucleus
Turk s irntation cells would seem morphologically to belong to this
series although what are often called Turk cells may 1n fact be pro
plasmacytes which often appear n the blood stream especially m
children Mature plasma celis are rarely seen in the peripheral
blood The Turk cell 1s described as ovoid with deeply stainmng
cytoplasm often vacuolated and an eccentric condensed nucleus

THE PLATELET SERIES

The megakaryoblast 15 reported as a very large cell (about 40u
1 diameter) with a convoluted nucleus and no obvious nucleolt
The pro megakaryocyte 1s a similar cell but the cytoplasm contams
a few granules  The adult megakaryocyte has an 1rregular outlne
and exhibits blunt dopod! The cytopl numerous
sky blue granules and the nucleus 1s large and convoluted  Platelets
are produced by  budding off from the pseudopodia or by actual
dissolution of the cytoplasm In effect the platelet—which 1s a
round or stellate piece of matenal 1-2z 1n diameter—1s part of the
megakaryocyte cytoplasm  Baby megakaryocytes capable of
amoeboid movement and phagocytic activity may be seen sn normal
marrow and in pathological states may even enter the blood stream
Normally only the platelet 1s seen 1n perspheral blood
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blood elements lymphocytes and monocytes predominating ox.

granulocytes Numbers of red cclls platelets and free macrophages
are also present  The red pulp 1s assocated with venous branches
whereas the white pulp which 1s true lymphord tissue follows the
course of the arteries  The spleen has many functions among which
1s the production of lymphocytes in common with the other lym

photd tissues and 1t would seem to be a centre for the production of
monocytes The macrophages ingest effete red cell fragments and
platelets blood debris and bactena  Excess lipoid 1s removed by
these cells and they are scen loaded with lipord matenal n such
disorders as Gaucher s discase and diabetic Iipaenrma  The spleen
stores 1ron resulting from the breakdown of haemoglobin and hoards
red cells and leucocytes in some conditions The organ has also a
hormonal function regulating the release of certain marrow cells

This inhibatory effect on granulocytes may be quite marked The
destruction of effete red cells may be hastened by the amount of

lysolecithin 1n the spleen since this organ has a high concentration
of lecithinase

Effects of splenectorm

Splenectomy 1s associated with an increase in the numbers of
crrculating lymphocytes eosinophuls and platelets  Its functions
are then assumed by the liver lymph glands and other organs after
a short lag period  The spleen may be accompanied 1n some con
ditions by a series of small accessory spleens any one of which may
attamn near normal size after removal of the mam organ

THE DEATH AND DISPOSAL OF THE
BLOOD CELLS

THE RED CELL

The red cell a biconcave disc with no nucleus liberated into the
blood stream 15 mamly concerned with the transport of oxygen
Uts shape 15 such that 1t can squeeze nto the finest capillaries ats
surface area 1s large enough for the complicated chemical and
physical reactions which take place during us functions 1t s
mevitable however that the wear and tear on a cell which has no
Lfe per se will be considerable The life of the average red cell
determined by methods dealt with i a later chapter 1s less than
4 months At the end of this tume the cell becomes effete and worn
out tending to pear shape with a long pomnt  This projection
actually seems to shake itself free and the process 15 Tepeated until
the cell 1s bterally fragmented The pieces are ngested by cells of the

13
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Reaction of bone marrow to stimuls

In health the numbers of cells and the ratio of red to white cells
are remarhably constant being only sufficient to replace normal
wastage and mcreases needed by bodily growth The marrow
however responds immediately to stmulus whether natural or
pathologreal and to a great extent the reaction 1s specific  Should
the stimulus be haemorrhage or exaggerated red cell destruction
fresh capillaries appear in the fatty marrow These are visible
macroscopically and appear as a fine red network  Microscopically
the active marrow shows a disturbance of the leucocyte red cell
ratio with numerous normoblasts 1n various stages and a lesser
merease m granular cell precursors  Such a condition 1s termed
erythroid hyperplasta and 1s characterized by the appearance of
large red cells 1n the peripheral blood These cells are an attempt
on the part of the marrow to make up the losses by providing a
larger vehucle for the transport of oxygen The increase of leuco
poiests m haemorrhage 1s termed sympathetic hyperplasia  Repeated
haemorrhage or the action of some poisons may result in the
marrow becoming depressed so that few red cells are produced
This 15 termed erythrord hypoplasia and 1f no red cells are bemng
produced erythroid aplasia  Such a condition may be temporary
or permanent A temporary depression of the marrow may be
produced by transfusion

Infection may be the stimulus which causes an outpouring of
granular Jeucocytes and such a marrow condition 15 termed myeloxd
hyperplasia A hypoplastic or aplastic appearance can occur with
the myeloid sertes as 1t can with the megakaryocytes and such
conditions can be specific although there 1s generally some overlap
so that aplasia of one serses 15 uncommon without some hypoplasta
of other elements

Pathological stimuli whose nature 1s unknown may result mn the
marrow producing only one type of cell and one which may be
alien to the marrow  Thus 1n lymphatic leukaemia the marrow 1s
producing only lymphocytes and 1n pernicious anaemra a megalo
blastic hyperplasia results Such a condition may be termed a
dysplasia

THE SPLEEN
The spleen 15 a soft organ with a capsule which penetrates its
substance forming a framework of trabeculae The cut surface of
the organ shows two types of pulp The red pulp ts the material
which can be scraped off with a kmife blade and consists of all
12



CHAPTER 2

HAEMOGLOBIN
GENERAL

CHEMICAL STRUCTURE

HAEMOGLOBIN comprises most of the 35 per cent of solid materials
In the red cell It 1s a chromoprotein that 1s a compound of a
protemn molecule with a non protemn pigment (the prosthetic group)
combined 1n a manner which confers characteristic properties on the
conjugated proten  The property possessed by haemoglobin 1s the
ability to combine reversibly with oxygen to form oxyhaemoglobin
without change 1n the valency of the 1ron in the prosthetic group

Haemoglobin has a molecular weight of 65 882 and 1s buwilt up of
96 per cent globm and 4 per cent haem  Globin 1s & simple protein
composed of natural amino acids many of which are growth factors
for various bacteria and 1s probably identical with serum albumen
Haem 15 a ferro protoporphyrin complex an isomer of the
porphyrin molecule which consists of four pyrrole rings linked by
methene bndges

Theoretically fifteen such 1somers are possible but only two occur
n nature  Porphyrins I and IIT are synthesized in the body glycine
and acetic acid being essential in thewr production Each haem
molecule contains one atom of Fe and haemoglobin consists of
four such ferro protoporphyrin complexes umted with globm
Haemoglobin 1s a very soluble protemn easily crystallizable and
denatured by alkah (Fig 7)

DIETARY REQUIREMENTS

Proten 1s essential for the formation of haemoglobin but
deficiencies do not necessarily result 1 anaemia nesther does there
appear to be any specificity of a particular amino acid when anaemia
1s induced by malnutrition  Globin production makes preferentral
demands on the protein pool of the body so that dietary deficiency
must be severe and sustained before anaemta develops Iron 15
essential for haemoglobin synthesis and copper and other trace
elements may assist by acting as catalysts in the reactions

Dietary sron 1s 1onized and put mnto soluton 1n an acid medium
by the hydrochloric acid of the gastric yuice and kept 1n the ferrous
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splenic reticulo endothehal system the haemoglobin being broken
down to (@) an 1ron contaming compound which 15 stored 1 the
reticulo endothelial system for transmission to the marrow for
re utihzation and (b) bilrubm an ron free compound This 1s
true bilirubin and gives an indirect van den Bergh reactton until 1t
has passed through the liver In the liver the bilrubm becomes
conjugated with glucuronic acid and gives a direct van den Bergh
reaction  The bilirubin glucuronide passes mnto the bile and some
15 oxidized to biltverdin  In the gut 1t becomes sterco bilimogen ot
faccal urobilinogen and some 1s reabsorbed whulst the rest 1s passed
as faecal urobilinogen or 1n oxidized form as urobiin  The re
absorbed substance passes into the blood stream and 1s excreted
through the kidneys as urmary urobilinogen  On exposure to light
and air 1t becomes oxidized to urobiiin

THE WHITE CELL

The Ife of the white cells 1s a matter of considerable argument
Expeniment suggests that most white blood cells exist in the circula
tion for a few days only with the basophil having the Iongest  life
The white cells become semile m the blood stream appearing as
smudge or smear cells basket cells and exploded cells The dis
integrated bodies are removed by the phagocytic cells of the spleen

THE PLATELET

Platelets also have a short life bemng removed from the crrculation
within a matter of days  Survival tests indicate a hife of from 90 to
120 hours but thts may be an underestimate



HAEMOGLOBIN

woman needs 15 mg of tron per day and a growing chuld the same,
while a man requires 5 mg cach day  Deficiency of iron produces
a characteristic anacma

FUNCTIONS OF HAEMOGLOBIN

The wvital function of haecmoglobin 1s to carry oxygen although
1t also asssts m buffering the pH of the blood and plays an important
part in carbon dioxide transport It combines with oxygen w the
proportion of one molecule of oxygen to one atom of tron the
reaction bemng expressed n the equation

Hb, + 40 = Hb0,

a formula which allows of intermediate forms depending on the
amount of oxygen available The oxygen combimng power of blood
m an adult male according to Haden 1s 20 9 volumes per cent
which 1s equnalent to 15 6 g of haemoglobin per 100 ml of blood
The Haldane standard 1s 14 77 g per cent, the oxygen combining
power being 19 8 volumes per cent These are calculated on the
basts that 10 g of haemoglobin can combine with 134 ml of
oxygen a factor determined by Hufner using ox haemoglobin
More recent work suggests that this figure should be amended to
136 ml Calculauons which follow 1n this Chapter are based on
the latter figure

NORMAL VALUES AND PHYSIOLOGICAL VARIATIONS
Females have a lower haemoglobin concentration than males
the average being 13 7 g per cent The average for adult males 1s
156 g per cent while n newborn mfants determinations on cord
blood may reach 20 g per cent a figure which falls to 15 5 g after
a few weeks At one year the average s 112 g and at 10 years
129 g per cent  Although venous and capillary blood differ httle
in haemoglobin content there 1s some vanation 1n determinations
made from the same individual at different times  Samples of blood
taken at short time intervals differ significantly and 1t 1s reported
that such vanations are greater with blood from the ear than from
the finger Haemoglobin levels fall between 6 am and 10 pm
and nse during sleep  There 1s also a daily vanation but such

physiological vanations would not appear to be of chnical
significance

HAEMOGLOBIN PIGMENTS

Normally haemoglobin exists either combined with OXygen as
oxyhaemoglobin or 1n its reduced form but blood also contains

17
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state by the contents of the small intestine ascorbic acid asststing
1n this process by preventing oxidation  The ferrous iron 15 absorbed
1n the duodenum and 1n the intestinal mucosal cells becomes ferric
wron  Ths 1s then linked with apoferntin an 1ron free protemn to
form ferriin which 1s 1n equilibrium with ferrous rron  When
plasma 1ron level falls ferrous iron passes into the blood stream
1s oxidized to ferric 1ron and 1s transported to the Iner by an wron
binding globulin called transferrin or siderophilin  From the hver
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[ b [

CH, CH,
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the ferritin 15 moved as required to the bone marrow This theory
of selective absorption assumes that more ferrous 1ron can then be
taken up by the cells of the intestinal mncosa and explamns why
under normal circumstances only the required amount of iron 1s
absorbed

The normal daily loss of 1ron 1n desquamated skin cells sweat and
urine has been esttmated to average 1 mg Menstruation adds a
loss of 14-28 mg each month and pregnancy demands 1-2 mg
daily to meet the needs of the foetus Lactation entails a further
loss for the mursing mother To counter these losses a normal
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called Fraunhofer lines  These correspond to elements n the sun
and their position in the spectrum 1s constant

1f a sutable thickness of haemoglobin solution s placed between
the hight and the shit black bands will be seen in the spectrum and
these absorption bands are charactenistic of the haemoglobin pig-
ment concerned (Fig 9)  Some direct vision spectroscopes re
22
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small quantities of inactive pigments which are incapable of carsying
oxygen The blood of a heavy smoker may contain 10 per cent
of such pigments the mamm one bemng carboxyhaemoglobin
Pathological amounts of methaemoglobmn or sulphaemoglobin or
both are found 1n cases of poisoning due to many drugs parteularly
those of coal tar ongin  Enterogenous cyanosts 1s a condition of
uncertamn aetology characterized by abnormal amounts of mtra
corp lar meth lobin The h lobin pigi ts active
or not do not appear in the plasma in demonstrable quantities
unless the red cells are bemng rapidly destroyed by a haemolytic
process When haemolysis 1s taking place the pigments may be
excreted 1n the unine 1f the renal threshold 1s exceeded

Small amounts of pigments derived from haemoglobin break
down and by products of haemoglobin synthesis are found normally
in small amounts 1 urine and faeces An increase n excreted
urobilinogen may be indicative of excessive red cell destruction
and an increase of coproporphyrins a sign of blood regeneration
Abnormally large amounts of porphyrins are found 1n the urine 1
the condition known as porphyna  This 1s an mborn error of
metabohsm which gives rise to many distressing symptoms and 15
often fatal The urme varies n colour from pink to almost black
and contamns large amounts of the pigments coproporphyrin I and
uroporphyrin

USE OF THE SPECTROSCOPE

It 15 necessary in disorders mvolving haemoglobin pigments to
1dentify and sometimes to measure the amounts of pigment i blood
or urine This ts done by means of the spectroscope an mstrument
which utihizes the fact that certamn coloured substances absorb hght
The direct vision spectroscope (Fig 8) consists of a brass tube with
an adjustable shit at one end At the other 1s an eyepiece and a lens
system which can tocus on the slit  The tube holds either a diffraction
grating or a senies of three or more prisms alternately upside down
and right side up of crown and flint glass  If sunlight 15 allowed to
fall on the sht the wiite hght 1s split into 1ts constituent colours
and this solar spectrum 1s mnterrupted by a series of vertical lines

IV NER
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Fig 8 —The direct vision spectroscope (/) lens (p) pnisms (s) scale
(e) eye piece
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CELL
FIELD o COMPARTMENT  pFEUSING
EYELENS  fltks PRISM , SCREEN

GREEN \
FILTER GRADUATED — ANNULAR WEDGE
SCALE IN GLASS PISC

Fic 10 —Optical system of the MRC photometer (Reproduced by
courtesy of C Davis Aeeler, Ltd London)

Reading of test

— 5 of standard
Reading of standard > strength

.
The galvanometer should give an infimity reading when there 1s no
Tight transmisston and a zero reading with 100 per cent transmusston
that 1s with a cuvette or fused glass cell contamning only diluent
To it the hight transmitted within a defimite wavelength range a
bright spectrum yellow green llford 625 filter 15 used A similar
filter 1s used 1n the MRC photometer

Photo electric colonmeters are usually calibrated for use and,
provided the solutions obey Beer s Law a straight line 1s obtained
Such calibration curves should be made for every mnstrument since
the machines vary individually Neutral grey screens of known
optical density or grey solutions may be used as standards or as a
means of checking the instrument  Photo cells become  tired
with use and should then be changed If they become wet a reverse
charge 15 obtamned deflecting the needle nearer to zero rather than
1ts resting pomt  In this case also the photo cell must be replaced
Should difficulty be experienced 1n obtainng full needle deflection
the light source must be ispected since the bulbs become blackened
with use and emit less hight  Photo electric colonimeters also employ
a heat filter of heat resisting glass which absorbs the infra red
portions of the spectrum which might have an effect on colour filters

The oxygen combimng power of haemoglobmn estimates only
reduced haemoglobin and oxyhaemoglobit but by ron analysis
the 1won bound to mactive pigment 1s included The specific gravity
method has an application in blood transfuston work 1n that 1t 1s a
speedy method of deciding that the blood of a prospective donor 15
of a specific haemoglobin concentration
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equipped with a wavelength scale but with others the absorption
bands may be located 1n reference to the Fraunhofer lines

The reversion spectroscope gives two spectra of ome solution
one spectrum betng above the other and reversed The apparatus
may be used for the detection and even measurement of the amount
of carboxyhaemoglobin 1n a sample of blood

THE ESTIMATION OF HAEMOGLOBIN

Haemoglobin may be estimated colonmetrically photometnically
or by methods based on chemical or physical properties of the pig
ment A colorimetric method 1s one m wiuch the haemoglobin
pigment 1» brought to exact colour match with a hnown standard
whilst a photometric method determines haemoglobin concentratton
by measunng colour intensity 1n terms of the light absorbmng power
of the solution at a specific region of the spectrum Chemical
methods mmohe either iron analysis or oxygen combining pover
whilst with physical techmques the specific gravity of “holc blood
and plasma 1s estimated and h lobin values calcul,

As oxyhaemoglobin solutions are difficult to match by eye the
oxyhaemoglobin 1s usually converted to another compound for

carboxyh lobin by an appropnate method and then

dxluted unnl 1t matches the standard The apparatus used consists
merely of pipettes graduated to contamn 0 02 ml and a rack for the
test tube and standard The standard may be a sealed tube of the
appropriate pigment of a permanent glass standard Some
mstruments utilize a double glass standard and a test tube square
1n section set between them to make comparison easier  Care must
be taken that the bore of the test tubes and sealed standard tubes
1s identical  This can be confirmed by matching the 20 and 100
marks on the two tubes

Photometnic methods use erther a visual nstrument such as the
MRC photometer (Fig 10) or photo-electric mstruments With
the MRC photometer haemoglobin 1s estimated as oxyhaemoglobin
and 1ts power of absorbing green hight 1s compared with a neutral
grey wedge The haemoglobin is read off directly as a percentage
on the Haldane scale that 1s 100 per cent haemoglobin = 14 6 g
per cent With photo-clectnic colorimeters a beam of hght passes
through the haemoglobn solution and the transmmtted Iight falls on
a photo-cell causing the generatton of an electric current which 1s
proportional to the intensity of the beam The slrength of the current
1s measured by a gal and } bin concentration 1s
calculated from
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CELL
1ELD COMPARTMENT  DIFFUSING
EYELENS LD oo S CREEN

GREEN
FILTER GRADUATED ANNULAR WEDGE
SCALE IN GLASS DISC
Fic 10—Optical system of the MRC photometer {Reproduced by
courtesy of C Davis Reeler, Ltd  London)

Reading of test

m x strength of standard

.
The galvanometer should give an infinity reading when there 1s no
Iight transmussion, and a zero reading with 100 per cent transmisston,
that 15 with a cuvette or fused glass cell contaming only diluent
To limut the light transmtted within a defimte wavelength range, a
bright spectrum yellow green Ilford 625 filter 1s used A sumlar
filter 15 used 1n the MRC photometer

Photo electric colormeters are usually calibrated for use and
provided the solutions obey Beer s Law a straight ltne 15 obtawned
Such calibration curves should be made for every instrument stnce
the machines vary indvidually Neutral grey screens of known
optical density or grey solutions may be used as standards or as a
means of checking the instrument  Photo cells become *tired *
with use and should then be changed  If they become wet a reverse
charge 15 obtamed deflecting the needle nearer to zero rather than
its resting pont  In this case also the photo cell must be replaced
Should difficulty be experienced in ob g full needle deflect
the light source must be mnspected, since the bulbs become blackened
with use and emut Jess ight - Photo electric colormeters also employ
a heat filter of heat resisting glass which absorbs the infra red
portions of the spectrum which might have an effect on colour filters

The oxygen combming power of haemoglobin estimates only
reduced haemoglobin and oxyhaemoglobin but by 1ron analysis
the ron bound to nactive pigment 1s included  The specific gravity
method has an application 1n blood transfusion work 1 that it 15 a
speedy method of deciding that the blood of a prospective donor 1s
of a specihic haemoglobin concentration
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TECHNIQUE
COLLECTION OF SAMPLES
Blood 1s usually collected either by sk prick or venepuncture

Skin pricks

Skin pricks are made with a cutting needle preferably m a region
rich 1n capillary loops The skin at the base of the nail the ball of
the finger or thumb and the ear Jobe are suitable sites 1n the adult and
the plantar surface of the heel in small mnfants The site selected
must be nether cyanosed nor bloodless nor oedematous and should
be briskly rubbed with alcohol to ensure that the capillary blood 1s
not static 1n the vessels a condition which may produce anomalous
results  The alcohol also sterihzes the skin  The skin should be
puckered between finger and thumb and the puncture so made that
when the skin fold 1s released the wound gapes and blood flows
freely The wound must not be squeezed since this may result m
dilution with tissue jurces  The first drop or two of blood 1s dis
carded, the blood then taken to the mark the outside of the pipette
wiped clean and the sample delivered into the appropriate reagent
It 1s advisable that a fresh stenile needle be used for each patient to
avoid transmitting the virus of serum jaundice

Venepuncture

Venepuncture 1s usually made 1n one of the vessels m the ante
cubital fossa but other sites may be used mn cases of difficulty
Stasis must be avorded since 1t results m haemoconcentratron and
the puncture should be clean and blood withdrawn without undue
suction The needle should be removed from the syringe and the
blood delivered gently 1nto antic 1
are discussed 1n Chapter 3

COLORIMETRIC METHODS
Colorimetric methods of haemoglobin estimation are as follows

Carboxyhaemoglobin method
The procedure for the carboxyhaemogiobin method 1s as shown
hereunder
(1) Place ammonacal distilled water (G 4 per cent v/¥) in the Haldane
tube to the 20 mark and wash 0 02 m! of blood into 1t
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(2) By means of a capillary pipette pass coal g1s into the haemoglobin
solution untid tt ts cherry red 1n colour  To prevent frothing first
dip the tip of the pipette in caprylic alcohol

(3) Add the ammoma diluent drop by drop companng with the
standard until sust under and then just over a perfect match
Report the mean of the two readings

BST spectfication for the colour standard defincs 100 per cent
as correspondmg to 14 6 g per 100 m! by tron analysts and an
oxygen capacity of 198 4 02 volumes per cent of 1477 g
haemoglobin per cent

The method estimates reduced hacmoglobin and oxyhacmoglobin
and 15 queh and moderately accurate  Sulphaemoglobin 1s not
estimated but methaemoglobm can be ncluded by first reducing
with sodwum hydrosulphite  The method 15 subject to the errors
of any contnuous dilution technique and a supply of coal gas 15
essential  Excess bilrubm introduces matching difficulties which
can be avowded by first washing 1 saline the cells contamned 1n
002 ml of blood, discarding the stained supernatant and then
addmg the requisite amount of ammonia diluent The standards
tend to fade and should be checked at intervals of 6 months

Ammoma water 15 used as a drluent because shghtly alkahne

water prevents the turbidity which may occur due to precipitated
globulins

Acid haematun method

The procedure for the acd haematin method 15 as shown here
under

{1} Place the reagent (N/10 HC1) 1n the Sahl tube to the 20 mark and
wash 0 02 ml of blood nto 1t

(2) Allow the test to stand at room temperature for a period of time
specified by the makers of the mstrument and then dilute the brown
solution drop by drop with N/10 HCI1 until the colour matches the

glass standard  The Sahli tube 15 graduated both 1n grammes per
cent and haemoglobin percentages

The method measures only reduced haemoglobin and oxyhaemo
globm and has another and more serious disadvantage m that the
colour takes a varable time to develop In adults much of the
colour develops 1n 10 munutes but m mfants the process may take
considerably longer due to the resistance of foetal haemoglobin to acid
treatment The standard of 17 3 g per 100 ml 15 no longer used maost
mstruments being standardized to 14 8 g per 100 ml The brown-
glass standards may fade and the amd haematin being present mn
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TECHNIQUE
COLLECTION OF SAMPLES
Blood 1s usually collected either by skin prick or venepuncture

Shin pricks

Skin pricks are made with a cutting needle preferably n a region
nich n capillary loops  The sk at the base of the nail the ball of
the finger or thumb and the ear lobe are suitable sites in the adult and
the plantar surface of the heel 1n small infants The site selected
must be neither cyanosed nor bloodless nor oedematous and should
be briskly rubbed with aleoho! to ensure that the capillary blood 1s
not static 1n the vessels, a condition which may produce anomalous
results  The alcohol also sterilizes the skin  The skin should be
puckered between finger and thumb and the puncture so made that
when the skin fold 1s released the wound gapes and blood flows
freely The wound must not be squeezed since this may result in
dilution with tissue juices  The first drop or two of blood 1s dis
carded the blood then taken to the mark the outside of the pipette
wiped clean and the sample dehvered into the appropriate reagent
It 15 advisable that a fresh sterile needle be used for each patient to
avoud transmutting the virus of  serum jaundice

Venepuncture

Venepuncture 1s usually made 1n one of the vessels in the ante
cubital fossa but other sites may be used in cases of difficulty
Stasts must be avorded since 1t results n haemoconcentration and
the puncture should be clean and blood withdrawn without undue
suction The needle should be remcved from the syringe and the
blood delivered gently mto
are discussed in Chapter 3

COLORIMETRIC METHODS
Colonmmetric methods of haemoglobm estimation are as follows

Carboxyhaemoglobin method

The procedure for the carboxyt lobin method 1s as shown
hereunder

(1) Place ammomacal distdled water (0 4 per cent »/v) 1n the Haldane
tube to the 20 mark and wash 0 02 ml of blood nto 1t

22



HAEMOGLOBIN

The hacmoglobin values may be estimated by using standards
either of grey screens of hnown optical density, or Thompson s
morgame grey solution which, diluted with half its volume of dis-
tilled water has an optical density of 0 475

Thompson s solution

Chrome alum CryS0,), K50, 24H,0 1667 g
Copper sulphate CuSQ, SH,0 333g
Cobalt ammonium sulphate CoSO(NH,),50, 6H,0 3950¢g
Potassium dichromate K,Cr,0; 112g

Dissolve 1n 1 hitre of distilled water at room temperature and
store 1n a glass stoppered bottle for 6 weeks during which time the
colour changes from pink to grey due to a decrease tn the hydration
of the chromium 1ons It should have a pH of 12 64

The oxyhaemoglobin method using the AMRC photonieter with
liford 625 filter 1s as follows Wash 002 ml of blood nto 2 0 ml
ammoniated water make up to 40 m! and place n the special
cuvette  Place the appropnate filter 1n position over the eye picce
and rotate the grey wedge by the knurled nut at the side of the
mstrument until the light transmitted by the test solution matches
that 1n the adjacent half field which ts transmtted by the grey wedge
through a blank of ammoma water The haemoglobin value 1s
read directly as a percentage on the Haldane scale The instrument
may be checked with a neutral grey screen  Care must be taken that
all glass surfaces are clean since dirt may affect the Iight fields un
equally The method 15 subject to a small error at all pomnts but 1s
still suitable as a routine technique

Alkaline haematin method

The procedure for the alkaline haematin method 1s as shown
hereunder

Gibson Harrison standard

Chromium potassium sulphate CrK(SO)12H,0 Analar 16
Anhydrous cobaltous sulphate CoSO, 3t
Potassium dichromate K,Cr,0, 06

The chemicals are dissolved 1n 500 m! of distilled water 1 8 ml
N H SO, added heated to boiling for 1 minute cooled and xtTl]u:
volume made up to 1 htre with distilled water The ready made
standard may be purchased of British Drug Houses and 15 equivalent
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collordal form may be turbid unless mixed quickly with the acid
These disadvantages may be set against the simplicity of the method,
and ready availability of the reagent but 1t 1s not recommended as a
routine method although st 1s extensively used mn Continental
countries

Standardization  of a photo electric  colorimeter  for the
ovyhaemoglobin method

A suttable photo electric colorimeter for the oxyhaemoglobm
method 1s that supplied by Gallenkamp, London (catalogue number
b-3615) It 1s a self contamned umt equipped with a sensitive mucro
ammeter calibrated with an inverse loganthmuc scale A shding
carner which can hold two cells moves between stops so that succes
sive readings may be rapidly taken The mstrument 1s fitted
mternally with a constant voltage transformer which gives very
steady results when connected to a frequency controlled mains
supply At the top of the instrument 1s a brief instruction plate
showing the fundamental operating sequence

To standardize the mstrument adjust the galvanometer needle
to mfimty and using an Ilford filter (bright spectrum yellow green
number 625) adjust the hight to give a zero reading with a blank of
40 m! ammoniated water 1 a glass cell A second cell should
also give a zero reading with this solution Well mix blood of known
haemoglobin content and wash 1 0 m! into 200 ml of ammoniated
water From this solution make dilutions from 10 to 90 per cent,
and 1n the second glass cell determine the extinction values of these
and the onginal—ensunng that a zero reading 1s obtained with the
blank each ume Construct a calibration curve by plotting the
extiction values against haemoglobin percentages The graph may
then be used to construct a table of all sigmficant galvanometer
readings correlated with haemoglobin concentrations n grammes
per 100 ml of blood and percentages on the Haldane scale (100 per
cent-14 6 g per cent)

The oxyhaemoglobin method procedures

The oxyhaemoglobin method using the photo electric colorumeter
15 as follows  Wash 0 02 ml of blood into 4 0 m! ammoniated water
and determmne the extinction value 1n the colorimeter Read the
haemoglobin value from the table (see above) Should the extinction
value be above 0 7 the blood sample should be diluted to ensure that
the reading 1s made 1n the accurate part of the scale The method
15 quick and accurate and 1s very suitable for routine estimation
It estimates oxyhaemoglobin and reduced haemoglobm
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15 blood of known haemoglobin content dilyted as abave i Drabkin
solution It 1s usual to have standards of different strengths but
the solutions of cyanmethacmoglobin are stable for years and so
may be regarded as permanent The method ecstmates oxy-
haemoglobin  reduced h globin - met} globin and carb
oxyhaemoglobin all the pigments being converted to cyan
methaemoglobm

CHEMICAL METHODS OF HAEMOGLOBIN ESTIMATION
Iron anah sis

In sron analysis wash 2 5 ml of oxalated blood with glass distilled
water from a pipette graduated * to contan  1nto a S0 m! Pyrex
beaker Add a few drops of iron free concentrated mitric acid
Cap the beaker with filter paper and slowly evaporate the mixture to
dryness  Heating should be gradeal to avod spatteting  Then
heat more strongly until fummng ceases and ash overnight 1 a
muffle furnace at 450°C  Dissolve the ferric ash by warming with
2 ml of iron free concentrated hydrochlone acd and dilute to
about 20 ml with glass-disnlled water Add 1 ml of 20 per cent
{n 1) potassium thiocyanate as an indicator and titrate the mixture
to a colousless end pomnt with undiluted (1S per cent) titanous
chloride The reagent 1s added from a micrometer syringe burette
(Burroughs Wellcome London) which has a capillary outlet with a
turned up tip dipping into the 1ron solution  Stir the muixture con
tinuously by means of CO_which passes mto 1t from a narrow tube
Using the same pipette which was used for the blood wash 2 5 ml
of iron standard nto a simiar beaker and titrate  Haemoglobmn
1s calculated from the blood 1ron 1n the following manner

‘Titration of test
Blood 1ron (mg percent) = o ———
(mg ) Thtration of standard

Haemoglobin (g per cent) = ’P_E_F_g_ggrﬂ’}

X 50

Iron standard

The procedure for the wron standard method 1s as follows

Dissolve ferric ammonum sulphate 43 18 g in water with 100 ml
concentrated hydrochlonic acid and make up to I btre  Thus stock
solution contamns 5 mg Fe per m!  The working standard 1sa 1 1n
10 dilution of this standardized by TiCl, titratton agamst a solution
of pure iron wire which 1s ashed 1n exactly the same manner as blood

The techmque 15 obviously not switable as a routine method but
is very accurate for research and standardization procedures It
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to 16 0 g haemoglobin per 100 ml of blood when used m this
technique

Well mix 005 ml of blood with 4 95 ml of N/10 NaOH and
heat 1n a boiling water bath for exactly 4 minutes Boil a sample
of the standard at the same time  Cool quickly and match both 1n
the photo electric colormeter using the Ilford 625 filter A fresh
sample of standard 1s heated for each test or batch of tests

Total haemoglobin 1s measured by this techmique which 1s simple
and accurate  Hyperglycaemic or lipaemic blood may cause tur
bidity which can be dispersed by the addition of 0 1 ml of Teepol
to 10 ml of the alkaline haematin solution  The aruficial standard
of Gibson and Harrison must be boiled, since only after heating—
which alters the jomization of the salts—does 1ts power to absorb
green light approximate to that of alkaline haematin

Acid alkalt method

The procedure for the acid alkali method 15 as shown hereunder

Well mix 0 05 ml of blood with 4 0 m! N/10 HC1 and allow to
stand 20-30 minutes Then add 095 m! of N NaOH and mvert
the tube several times  After standing for at least 2 minutes match
the test 1n the photo electric colorimeter against a grey screen or
grey solution which has been calibrated for this techmque The
usual Iiford 625 filter 1s used

The only advantage of the method 1s that heating 1s unnecessary
but although total haemoglobin 15 estimated the technique 1s time
consuming

Cyarmnethaemoglobin method
The procedure for the cyanmethaemoglobin method 1s as shown

hereunder

Drabkin solution

Sodium bicarbonate NaHCO;, 10g
Potassium cyanide KCN 02g
Potassium ferricyantde K Fe(CN), 02g

Dissolve the chemicals 1n 1 Iitre of distilled water
Add 0 02 ml of blood to 5 0 ml of Drabkn solution stopper the
tube with a rubber bung and invert several times After the test
has stood at room temperature for at least 10 mmnutes match n
the photo electric colorimeter against the standard The standard
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FiG 1] —Line chart for calculating plasma proteins haemoglobin
and haematocrit from gravities of plasma and blood Method
1 Read off plasma protens from the two scales on line to left
2 Read off haemoglobin on haematoernit by stretching thread across
Gs and G, numbers on outside lines  The result 1s found on mnner
hne 3 Read off approximate haemoglobmn using whole blood
only by stretching thread across Gs and mean normal plasma pro
tens (6 9 g per cent) Note Plasma scales read up others down
(Reproduced by courtesy of Donald D Van Siyhe Brookhaven
National Laboratory Upton New York')

Preparanon of copper sulphate solutions

In the preparation of copper sulphate solutions the procedure 15
as follows
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must be remembered that iron bound to inactive pigments 15 meluded
n the estimation hence the results will not agree completely with
those obtamned by the oxygen capacity method

Ox)gen capactty method

A detailed description of the oxygen capacity method and the
cotrection tables are beyond the scope of this book and the
mnterested reader 1s referred to the Peters and Van Slyke work
[o] ve Chncal Ch 3 Volume 1  In brief blood 15
aerated mn a separation funnel and mtroduced into the Van Slyke
apparatus where 1t reacts with a laking agent and potassium ferr
cyamde The muxture 1s shaken until the volume of evolved gases
(O N and CO,) is constant and the CO, removed with NaOH
Temperature barometric pressure and tension of aqueous vapour
are included with a correction factor for mitrogen and physically
dissolved gases in the calculation Each ml of oxygen capacity
represents 0 735 g of haemoglobin

PHYSICAL METHOD OF ESTIMATING HAEMOGLOBIN

Copper sulphate specific gravity method procedure

The copper sulphate specific gravity method of estimating
haemoglobrn 15 as follows

Collect venous blood into heparin (0 1-0 2 mg per ml ) and allow
a drop of well mixed blood to fall from a height of 1 cm mto a
series of solutions of copper sulphate Heparmized blood does not
keep well for this test and must be used within a few hours The drop
of blood becomes coated with copper proteinate and having pene
trated 2-3 cm 1nto the liquid esther remarns stationary or begms to
nse or fall  For a peniod of 15 seconds the behaviour of the drop
15 observed If 1t remamns stationary it 15 of the same specific
gravity as the solution 1f at falls 1t 15 heavier and if 1t mises 1t 1s
hghter All drops eventually fall so that the fluids automatrcally
clean themselves The specific gravity of both whole blood and
plasma are determined 1n this manner and the haemoglobin concen
tration read from the hne chart (Fig 11)

The technique 1s easy and 1s more accurate than methods mnvolving
colour matchmg by eye except with abnormal bloods as {or

le hyp An appr on of L
may be made usmg whole blood alone and since no gas or electricity
1s needed the method 1s 1deal for field work The plasma proteins
and haematocnt 1s not reliable  The standards must be discarded
after they have been used once for every ml of solution
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TABLE 11
STANDARD SOLUTIONS

Standard solutions Standard solutions for whole blood

Jor plasma
Volume of stock Volume of stock Yolume of stock
‘,YG solution per 100 [‘,S;DGM sojutton per 100 l;s;aGod so‘lfumn per 100
PlasMA| patlilieres standard 1 d standard
Mililitres Midithires Milliditres

1015 139 1035 343 1055 543

16 149 36 353 56 553

17 15 85 37 363 57 563

18 168 38 3725 58 573

19 178 39 382 59 583

20 188 40 392 60 593

28 41 402 61 03

22 2075 42 412 62 613

23 217 43 422 63 623

24 7 44 432 3] 6335

25 237 45 442 65 644

26 247 46 452 66 654

27 257 47 462 67 664

28 26 65 48 472 68 674

29 276 49 482 (33 68 4

30 286 50 492 70 694

31 296 51 502 i 704

32 306 52 5125 2 T1 45

33 316 53 5225 73 5

34 326 54 533 74 735

35 336 55 543 5 745

36 346

SPECTROSCOPIC EXAMINATIONS

In spectroscopic examunations the procedure 1s as shown here
under

Adjust the shit of the spectroscope and focus the eye piece untl 2
clear spectrum 1s seen and the Fraunhofer lines are sharply defined
Horizontal lines may sometimes be seen and are due to specks of
dirt on the slit which may be cleaned with a camel hair brush
The pigment solutton must be clear and appropriately diluted
The importance of this latter may be demonstrated by examining
a strong solution of oxyhaemoglobin A single broad band 1s seen
but on dilution separates 1nto two bands typical of the oxyhaemo
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Place 510 0 g fine crystals of copper sulphate (CuSO, 5H,0) AR
in a 4 litre bottle Fill a 1 litre volumetric flask to the mark with
distilled water take the temperature of the water and add from a
burette enough additional water to the flask to bring the volume up
to that indicated 1n Table I for addition to 1700 g of sulphate
Empty the water from the flask into the bottle containmg the sul
phate and let the water from the flask drain nto the bottle for 2
munutes Repeat the process three times

To prepare each standard measure the volume of stock solution
indicated 1n Table II into 2 100 ml volumetnc flask Add water at
the same temperature 1n a rapid stream until the surface approaches
the neck of the flask rotating the flask all the time Continue
adding water without rotating until the 100 ml mark 1s reached
and mvert the flask to complete mixing  Decant the solution nto
a labelled bottle and ninse the flask with distilled water before using
the next standard

TABLE I

VOLUMES OF WATER TO ADD TO 170 GRAMMES OF CuSO, SH;0
TO PREPARE STOCK SOLUTION OF COPPER SULPHATE' SG 1100

Temperature of water Millihitres afmzl‘tr fo l(‘;ﬂ grammes
fl

10 1003 6
12 1003 8
14 1004 0
16 1004 3
18 10047
20 10051
22 1005 5
24 1006 0
26 1006 5
28 1007 0
30 1007 7
32 1008 3
34 1008 9
36 1009

38 10104
40 1011 2

1 The stock solution contams 1002 5 g of water per 170 g _of CuSO, 5H,0
The volumes of water given 1n the Table are 0 8 ml more than theoretical 1n
order to allow for adherence of this amount to the msde of the flask after
2 minutes dramage
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Methacmalbumen —Dissolve haemn  hydrochloride 1n N/100
NaOH to a concentration of 1 mg per ml Add onc volume of
this alkaline haematin to five volumes of serum or plasma A clear
brown solution of methacmalbumen s immediately produced
showing a well defined band n the red portion of the spectrum
In pathological specimens the absorption band may be very fant
but the presence of methacmalbumen 15 confirmed by Schumm s
test Cover the test plasma with ether and add one tenth of its
volume of ammonum sulplide  Shake the tube to mux the reagents
and examne with the spectroscope  An ammonium haemachro
mogen 15 formed from methaemalbumen, this 1s shown by the
disappearance of the band in the red and the appearance of a sharply
defined band 1n the green
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globm Hold the tube contamnng the solution against the sht and
bring upwards so that the empty parst of the tube 1s observed first
For practice and demonstration purposes some of the hacmoglobin
pigments are casily prepared from defibrinated or oxalated blood
It may be necessary to centnifuge the preparation to obtan clear
samples for spectroscopy

Ox) haemoglobin —Lyse aerated blood with distilled water and
further dilute until two bands are seen a narrow one near the D lie
and a broader n the green near the E Iine

Haemoglobin (reduced haemoglobin) —Add a small quantity of
solid sodrum hydrosulphite to a preparation of oxyhaemoglobin
showing two well defined bands  The blood changes mn colour from
red to violet and the two bands of oxyhaemoglobin are replaced
with a single broad band between D and E

Carboxyhaemoglobin —By means of a capillary pipette pass coal
gas mto a solution of oxyh Jobin 1n d water until
1t 15 cherry red in colour The two bands seen differ from
oxyhaemoglobm only in that they are shghtly nearer the violet
end of the spectrum but the addition of sodium hydrosulphite fails
to reduce the carboxyhaemoglobtn  Spectroscopically small

of carboxy lobin are not detected chemical methods

being more sensttive

Meth lobin (neutral ’ lobin) —Add a few drops
of freshly prepared 10 per cent potassium ferricyamde to an
oxyhaemoglobin preparation and shake The blood becomes
browmish 1n colour and on dilution a single very dark band 1s seen
to the left of the D line  Other faint bands between D and E and
another nearer F may be seen 1f the blood 1s sufficiently diluted
Keepng the preparation before the spectroscope add a Ittle solid
sodium hydrosulphite and the spectrum will be seen to change
through that of oxyhaemoglobin to reduced haemoglobin

Sulphaemoglobin —Add 0 1 ml of 0 1 per cent aqueous phenyl
hydrazme hydrochlonide and one drop of water saturated with
H,S to 10 m! of an oxyhaemoglobin solution  The preparation will
not keep and should be prepared yust before use To differentiate
the spectra of sulpt globin and meth lobmn add sodium
hydrosulphite The band the red disappears 1f methaemoglobin
15 present but remains unchanged if sulphaemoglobm 1s there
The spectra are also altered by the addition of 1 per cent potasstum
cyamde which produces cyanhaemoglobm with a spectrum closely
resembling reduced haemoglobm The ch:mge takes place wnhm a
few munutes 1 the case of meth 1 but
may take as long as 24 hours
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Heparin
Heparin 1s 2 physiological anticoagulant produced by the hver
and used 1n a concentration of 0 1-0 2 mg per ml of blood It 1s
expensive causes leucocytes to clump and requires very thorough
mixing with the blood  Red cell size and shape arc unaltered
making 1t valuable as a standard when testing new anticoagulants

FiG 12 —Suspension muxer (Matburn) the
clips on the rotating table can be altered to
suit many sizes of tubes and vials  (Repro
duced by courtesy of Matburn Ltd London)

NORMAL VALUES AND PHYSIOLOGICAL VARIATIONS
Red cell count

The normal red cell count in man 1s 4 5-6 S millions per ¢ mm
m women 3 9-56 milhons and m cord blood of infants 4-6
milhons per cmm  Pernipheral blood 1n newborn infants often has
a higher red cell count than cord blood but the numbers fall as the
child grows to nse agam when muxed feeding provides the necessary
nutrients  Adult levels are reached at or about puberty and until
this 2ge male and female children differ very little It 1s probable
that the normal female red cell count 1s related to menstrual loss
Muscular actiity and emotional disturbance cause a temporary
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CHAPTER 3
PRACTICAL BLOOD COUNTING

APPARATUS AND SOLUTIONS DATA

COLLECTION OF SAMPLES
BLoop may be collected n haemocytometer pipettes m which
dilution 1s made in the bulb or the sample may be delivered nto a
measured volume of diluting fimd m a tube Both methods are
subject to maccuracies but the second 1s considerably cheaper since
blood pipettes are both fragile and expenswve Venous blood
llected 1nto an ant lant must be thoroughly mixed before
sampling preferably 1n a suspension muxer of the Matburn type
(Fig 12)

ANTICOAGULANTS

Three anticoagulants only are permussible for cell counting  they
are given below 1n order of superionty

Seqriestrene

Ethylenediamine tetra acetic acid (EDTA) (Sequestrene) 1s 2
non toxic chelating agent used in the treatment of lead poisonng
The d1 potassium salt 1s the anticoagulant of choice since 1t 15 readily
soluble prevents the clumping of platelets and preserves the cell
morphology for a considerable time so that accurate counts may
be performed on blood kept overmight It 1s used 1n a concentration
of 1-2 mg per ml of blood The disodum salt has dentical
properties but ts much less soluble

Heller and Paul mixture

Dry ammontum oxalate causes red cells to swell and potassium
oxalate causes them to shrink but the mixture recommended by
Heller and Paul mamtains red cell size and shape for some hours
However the leucocytic nucler quickly undergo extensive change
platelets are clumped and red cells slowly become crenated The
salts which act by precipitating calcium as msoluble oxalate are used
1n the proportion of 6 mg ammonium oxalate and 4 mg potassium
oxalate to 5 ml of blood

34



PRACTICAL BLOOD COUNTING

engraved with rulings and are sometimes coated with 1 metal to
gnea bnghthne effcet Afteruse counting chambers are washed
under running water, dned with a hint frec cloth and stored dry
B S 1 spectfications exist for both counting chambers and covershps
The rulings of more commonly used chambers are sllustrated (Fig
13) together with the Manner s chamber which was developed for
cosinophil counts and 1s most conventent since the volume enclosed
by the entire ruling 55 10 cmm  Inequahty 1n cell distnibution 1s
very obyvious n this chamber longitudinally

Pipettes

Haemocytometer pipettes are cleaned by a vacuum pump using
first water then acetone  Blocked pipettes are cleared with a bristle,
never a wire  Should the tip be blocked 1t can be cleared without
damage by dabbing with a nal brush while the pipette 1s still on the
vacuum pump Small dned clots should never occur with proper
use but should they do so may be cleared with 40 per cent caustic
soda  Pipettes with clupped tips must be discarded B ST speaifi
cations exist for haemocytometer pipettes

DILUTING FLUIDS

Ideally red cell fluds should preserve the red cells without clump
g and white cell flurds should destroy the red cells while preserving
and staining the white cells  Eosiophil flnds should destroy red
cells and leucocytes other than eosinophils which should be stained
Platelet fluids should not clump the platelets and preferably should
stamn them but this latter refinement 15 unnecessary when using
phase contrast microscopy Fluids generally should be of such a

specific gravity that cells do not sediment before the chamber can
be filled

Modified Rees Echer solution

The modified Rees Ecker solution comprises 1 per cent formalin
1n 3 per cent sodium citrate  This simple fluid satisfies the critera,
of a good red cell fluid and with the additton of 1 Oml 0 5 per cent
saline solution of brilliant cresyl blue to every 19 m! of diluent,
makes an 1deal platelet flmd  The muxture 1s filtered after the

addition of the dyestuff
Hayem s solution
Hayem s solution comprises

Sodium chlonde 05 g
Mercuric chlonide 025g

YT

Sodium sulphate 25¢g
Distilled water 100 ml
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1ncrease 1n the red-cell count, and the mountain dweller exposed to
rarefied atmospheres has a higher count than the inhabtant of low
lying areas

Winte cell count

The normal white cell count has a range of 4 000 to 10 000 per
cmm but the upper or lower hmts may be quite abnormal for a
particular individual  The normal values for each type of leucocyte
also vary widely neutrophils ranging from 40 to 70 per cent of the
total lymphocytes 20-50 per cent monocytes 2-10 per cent
eosinophils 1-6 per cent and basophuls 0-1 per cent There 15 no sex
difference 1n total or differential leucocyte counts The newborn
nfant has a white cell count of 10 000 to 25 000 perc mm most of
the cells being neutrophils but within a few days the count falls to
6000-10000 per cmm the adult ratio of neutrophils to lym
phocytes being reversed At about puberty adult numbers and
proportions obtain but during childhood the white cell count fluc
tuates widely for no apparent reason

Leucocy te count

Total leucocytes vary in number from day to day and dunng the
day Capillary blood may show higher counts than venous blood
particularly where there 1s stasis  Exercise results in a neutrophilia
while exhaustion produces the opposite effect Over exposure to
solar radiation may produce a lymphocytosis Eosmophils are
increased i allergic conditions and decreased by the action of ACTH

Platelet count

The platelets normally vary in numbers from 150 000 to 400 000
per cmm  the method used bemg important as far as the normal
value 1s concerned  There 15 a darly fluctuation of as much as 6-10
per cent and newborn mfants have lower counts than adults Pror
to menstruation there 1s a decrease n platelet numbers The count
on capillary blood 15 usually lower than that on venous blood due
to the clumping of platelets on the edges of the skin wound

APPARATUS

Counting chambers are heavy glass slides 1 the centre of which
are smgle or double platforms The platforms are separated from
one another and from the rest of the chamber by grooves or moats
Two transverse bars are so ground that a covershp placed on them
15 exactly 0 1 mm or 0 2 mm above the platforms this  depth
varying according to the type of chamber The platforms are
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This 1s not a satisfactory red cell flmd  The mercury causes
precipitation of globulins with marked rouleaux formation 1n cases

of hyperglobul Actual clumping occurs when cold agglu
tinms are present in the blood

Toison s solution
Toison s solution 1s

Sodium chloride g Methy! violet 6B 0025¢g
Sodium sulphate 8g Glycerine 30 ml
Distilled water 180 m!
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PRACTICAL BLOOD COUNTING

ERRORS IN BLOOD COUNTING

The errors possible 1n blood counting may be classified 1s those
of a personal techmeal and statistical nature  Pursonal bras may
causc a technician to consistently obtain higher or lower counts than
the majonity of other workers and although training Wil mimmize
this, 1t will stll be obvious on companson  Technucal errors include
those ansing 1n the collection of the sample, they are collecting
from a cyanoscd bloodless or ocdematous area squeezing the shin
puncture or haemoconcentration due to stasis ansing from pro
longed appheation of a tourniquet  Included 1n this category must
also be sampling from an adequately muxed venous sample
Pipetting crrors arise from over or underdilution dirty chipped or
badly calibrated pipettes and inadequately mixed suspensions
Chamber errors include over or underfilling the chamber, counting
before the cells have settled or allowing the edges of the preparation
to dry before counting  Counting the cells in a chamber containing
air bubbles or dirt introduces errors since the bubbles exert a force
m all directions pushing the cells away while dirt attracts cells
particularly leucocytes

Using perfect apparatus and under 1deal conditions the chamber
still shows an error which 1s inherent 1n the distribution of the cells
This irregular or random distnibution of cells has certain characteris
tics by which 1t 1s possible to state that the number of cells 1n one
area will differ from the average within a definite range  The error
depends on the fact that the random distribution follows Potsson s
Law and can be calculated since 1t 1s proportional to the square root
of the number of cells counted The measure of vanation used 1s
standard deviation or sigma (o) and 1s expressed as ¢ = /M where
M 1s the average number of cells 1n the area under mvestigation
In effect this means that with a true red cell count of 5 0 millions per
cmm using a dilution of 1-200 the average number of cells counted
1n 80 small squares of the Neubauer chamber would be 500 and the
standard deviation V500 = 22 (approumately) In 95 per cent
of similar areas counted the range would be 500 £ 20 or 456-544
The other 5 per cent would be outside this range  If the coefficient

of vanation 1s calculated (V = )%I the figure of 4 4 per cent 15

obtained and 1t will be seen that the error (4- 2V = 8§ 8§ per cent) 1s
quite derable Since the per ge field error varies mversely
as standard deviation however the more cells that are counted the
less the error  The field error 15 inherent 1 the cell distribution and
1s common to red-cell counts white cell counts and platelet counts
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

Thus 15 2 satisfactory diluting fluid for both red and white cells in
many respects but fungt and yeasts grow very readiy in this
medium

Turch s solution
Turch s solution comprises 2 per cent glacal acetic acid coloured
with methyl violet this 1s a satisfactory white cell diluting flud

Delaney s solution

Delaney s solution 15 N/10 HC1 coloured with safranin and 15
a satisfactory white cell diluting flud

Randolph s stain
Randolph s stain comprises

Solution A 0 1 per cent methylene blue propylenc glycol 50 m!
Dustilled water 50 ml
Solutsion B 0 1 per cent phyloxine 1n propylene glycol 50 m!
Dastilled water 50 ml

Equal parts of solutions A and B are mixed freshly every day and
filtered This stain 1s useful for both total white cell and eosmnophil
counts

Prlot s stamm
Pilot s stamn comprises

Propylene glycol 50 ml
Dastilled water 40 m!
1 0 per cent phyloxine 1n water 10 m!
1 0 per cent sodium carbonate 1n water 10ml

After filtration the stan 1s stored at room temperature It 15
excellent for eosinophil counts

Lempert (Kristensen s) solutions
Lempert s solutions are as follows

Solutton A Sodium aitrate 10g The reagents are dis
Mercuric chlonde 0Q02g l solved 1n distitled
Brilliant cresyl blue 02g ] wateratds C
Solution B Freshly prepared 20 per cent urea in water  Equal volumes
of A and B are mixed when required and filtered Batches of urea vary
n therr power of erythrolysis so that the strength of the solution may
need to be raised

‘This 1s a standard fluid for platelets but the method has no advantage
over the use of Rees Ecker fluid plus brill:ant cresyl blue
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PRACTICAL B1OOD COUNTING

TOTAL LEUCOCYTE COUNT
The procedure 1 total leucocyte counting 1s as follows

(1) Take blood to 0 S mark of the white<cell pipette wipe the outside
of the pipette and take diluting flurd to the 11 mark and shake
thoroughly

or
Make a 1 200 dilution of blood by ndding 005 m! of blood to
095 m! of diluent

(2) Prepare the counting chamber and fill by capillary attraction *

(3) Count the cclls 1n as many | mm > | mm squarces as may be
necessary to give a total of at least 100 cells
Calculations are casily made from such counting areas

ELECTRONIC COUNTING OF BLOOD CELLS

Several types of machines exist for automatic blood cell counting
and that supplied by Casella (Electronics) Ltd 1s taken as an
example The dark ground images of the cells are projected onto a
screen having a sht in sts centre behind which 1s a photomultiplier
The pulses from the multipher are amphfied and counted The area
scanned 1s 10 sqmm and time taken for the count no more than
one minute  The machine may be used for both red cell and white
cell counts and results are reproducible to within 4+ 1 per cent from
the same filling The chamber 1s of the same type as for visual counts
but has no rulings Using 2 dilution of 1 1000 the chamber 1s
filed and placed 1n position on the stage of the focus cheched
The starter switch 1s operated and the machme does the rest For
red-cell counts the number on the counter 1s multiphed by 1000
and a correction applied from the comcidence correction scale
For white cell counts dilute 1 100 and multiply result by one
hundred subtracting the figures on the correction scale

TOTAL EOSINOPHIL COUNT

As a test of function of adrenal cortex the total eosinophil count
1s done before and 4 hours after administration of ACTH
The procedure 15 as follows

(1) Full leucocyte pipette to 1 0 mark with blood wipe the outside of
the pipette and take the flurd of Randolph or Pilot to the 11 mark

(2) Shake the pipette and allow to stand 20 minutes before filling the
chamber

* Using haemocytometer pipettes ensure that one third of the pi
ett
15 discharged before filling the chamber Pipette contents

* Altenauvely make a 1 10 dilution of 2 bulk method
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

Another error of distribution 1s that which anses n the filling of
the chamber for leucocyte counts  The density of leucocytes in the
counting chamber increases progressively from the edge of the
covershp where filling commenced The average value 15 reached
at the centre of the flooded area and the longer the filled area the
less 1s the rate of change This means that to increase the accuracy
of white cell counts the covership must be so placed that the ruled
area 15 exactly central and preferably a single chamber used

TECHNIQUE
RED CELL COUNT
Red-cell counting procedure 1s as follows

(1) Take blood to the 1 0 mark of the red-cell pipette wipe the outstde
and take diluting flurd to the 101 mark and shake thoroughly

or
Make a 1 200 difution of blood by adding 5 ¢ mm of blood to
995 ¢ mm of fluid using Strong s pipettes

or

Make a 1 200 dilution of blood by adding 20 ¢ mm of blood to
4 ml of diluting flmmd

(2) Set the coverslip squarely over the ruling so that the diffraction nings
are seen where the coverslip 1s opposed to the supporting bars

(3) Shake the blood mixtures and allow the chamber to fill by capiliary
attraction! from a haemocytometer or capillary pipette with the
chamber held at an angle and allow 3 mnutes for the cells to settle

(4) Using the Burker chamber count the cells in three of the 3 mm X
005 mm Tuding the cells hing the top and right
hand margmns  Since the chamber 1s 0 1 mm deep the volume
under examination 15 0 045 cmm and with a 1 200 dilution the
number of red cells 1n millions per c mm 1s given by
N x (%4—5 > 200 = N X 4440 where N 1s the number of cells
counted

Using the Neubauer chamber count the cells 1n 80 of the smallest

squares that 15 one fifth of the central ruled area counting those
<ells which touch the top and nght hand margms of each block of
16 squares The volume under examination 1s 0 02 ¢ mm and with
a1 200 dilution the number of red cells per c mm 15 given by
N x 50 x 200 =N » 10000 where N 1s the number of cells
counted

Note The area counted should be adjusted for anaemic bloods so

that at least 1 000 cells are counted

1 Using haemocytometer pipettes ensure that one third of the pipelte contents
15 discharged before filling the chamber
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PRACTICAL BLOOD COUNTING

which consists of a capillary tube graduated 1n thousandths of a
millilitre and having a capaaty of 003 ml and a bulb of 5 ml
capacity

(1) Venous blood 1s collected and 4 m! added to 6 ml of 1 3 per cent
sodium oxalate and the musture placed n the sedimentation
chamber for 3} hours

(2) 5 ml of the supernatant {cquivalent to 1 m! of blood) together
with a trace of red cells 1s removed and loaded in the thrombocyto
cnit

(3) The filled thrombocytocnit 1s centrifuged at 3500 rpm for 1}
hours and the white layer of platelets i the capillary portion read
n thousandths of 1 mullihtre

(4)-"he pereentage of platelets in whole blood 1s obtaned by moving
the dectmal point two places to the right  Normal range 0 35-0 67
per cent
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(3) Using Manner s chamber count the entire ruled area  No calcula
tion 1s necessary  Using the Fuchs Rosenthal chamber count the
entire ruled rea tn four chambers and divide the total by 1 28

Note If the illumination 1s intense the eosinophtls stand out brilhantly
as the only stuned cells

PLATELET COUNT
Platelet counting techniques are as follows

Dacie techmque

(1) Venous blood 1s collected nto Sequestrene and dilated 1 100 with
modified Rees Ecker solution tinted with brilitant cresyl blue

(2) The diluted blood 1s thoroughly mixed the counting chamber filled
and placed in a motst chamber for 20 munutes to aliow the platelets
to settle

(3) The platelets appear as refractile blue bodies and the number m
1 sqg mm 1s counted

Lempert Kristensen techmque

(1) Take the mixed stam 1n a leucocyte pipette to the 0 5 mark prick
the ear and take blood to the 1 0 mark  Quickly follow with stain
to the 11 mark

(2) Shake the pipette for one minute

(3) After  few munutes shake the prpette agamn and fill the chamber

(4) Leave the filled chamber 30-60 minutes in a moist chamber to allow
red cells to lyse and platelets to settle

(5) Count the platelets 1n 1 sg mm

The number per ¢ mm 1s given by N X 200 where N 1s the aumber
of platelets counted

Ammonmum oxalate method

(1) Take 1 per cent ammonmum oxalate to 0 S mark in leucocyte
pipette

(2) Take blood from freely flowing skin prick to 0 § mark and complete
filling of pipette with ammonium oxalate solution

{3) Shake pipette fill counting chamber and allow to stand 10 munutes
1 moist chamber

(4) Count platelets 1n centre ruled area preferably by phase contrast
Calculation as for white count

Note Filter ammontum oxalate solution before use

Platelet counting by rolume (Van Allen)
This method 1s a substitute for counting It requires a sphercal
sedimentation chamber of 20 m! capactty and a thrombocytocrit
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STAINS AND STAINING

THE ROMANOWSKY STAINS

The Romanowsky stams are sxtures of thinzine costnates pro
duced by the snteraction of polychromed methylene bluc (basic)
with costn (acidic)  The  neutral  dye preaipitated ts redissolved
1n methyl alcohol and apphed to the blood film  After a length of
time depending on the method the dyestull ts diluted with the
appropriate buffer in water  This results 1n an unstable solution in
which the staining process 1s enhanced because of 1 temporary stale
of supersaturation  Eventually howesver precipitation of insoluble
compounds occurs  The methyl alcohol tn which the Romanowshy
stains are dissolved fixes the blood films

Methylene blue on oxidation produces coloured compounds
known as azures which combined with cosin produce red blue
and purple compounds The Romanowsky stains vary in the
amount of these coloured substances present  Oxidation of methy
lene blue 1s termed polychroming and may be induced 1 many
different ways Leishman s stain 1s produced by heating methylene
blue at 65° C for 12 hours and then standing for 10 days to poly
chrome before cosinating Wright s stamn differs only in that the
methylene blue 1s polychromed for one hour in flowing steam
Hasting s stamn 1s polychromed methylene blue produced as for
Wright s stain but then neutralized with acetic acid and unpoly-
chromed methylene blue added before eosinating  Jenner and May
Grunwald stamns are both produced by eosinating unpolychromed
methylene blue and for practical purposes may be regarded as
identical  They are not true Romanowsky stains since the purple
Component 15 missing but polychroming does take place slowly on
keeping  Jenner and May Grunwald stains are not good by them-
selves since they are not good nuclear stams but cytoplasmic
structures are demonstrated well and combmed with Giemsa stain
both stamns give excellent results  Giemsa stan 1s a mixture of azur
cosinates methylene blue and glycerine with methyl alcohol The
glycerine keeps the stam stable and enhances staining  McNeal s
tetrachrome stain 1s a similar mixture but without glycerine It does
not keep well i alcoholic solution

The Romanowsky stains share the property that within himuts
the greater the stain dilution and the longer the, staiming period the

better the results
DIFFERENTIAL LEUCOCYTE COUNTS

In a well spread film the distribution of leucocytes 1s such that
a differential count made 1n a longitudnal strip 1s fairly representa
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CHAPTER 4
STAINS AND STAINING

GENERAL

BLOOD FILMS

A wELL SPREAD and stained blood or marrow film 1s essential for
accurate diagnosis  Cover glass preparations are not recommended
1n spite of the better distribution of cells obtained because they are
fragile and difficult to label and store  Shides must be clean grease
free and polished with lint free cloth The spreader consisting of
another slide should have a smooth edge and one corner niched off

THEORIES OF STAINING

Physical theories of staimng assume that the dyestuff either
penetrates the porous cell constituents 1s adsorbed on to them or1s
precipitated after penetration The chemical theory assumes that
some cell and tissue constituents are actdic 1n nature and hence have
an affimty for basic stains while others are basic in nature and hence
have an affimty for acidic stans  The theory also assumes that the
tissue acids and bases are amphoteric and act as electrolytes dissolved
n any flurd 1n which they are tmmersed although they are themselves
msoluble  Such a theory tmplies that the cell constituents act as
acids or bases according to whether their 1soelectric points are above
or below the H 1on concentration of the solution  Stains for blood
cells are used at pH 6 8 since 1n solutions of this reaction the nucler
take bastc stams and the cytoplasm takes acidic stans Some
workers prefer a buffer of pH 6 4 for blood and marrow films
Malania parasites show their charactenstic pigment granules better
when stained at pH 7 2 and histological sections require an acid
buffer (pH 5 0) for optimal staimng with Leishman s stain

The ter logy used 1n h logy 1s based on the chemical
theory Cell constituents starming with the basic part of the stain
are said to be basophilic and those staming with the acidic part of
the stain are said to be acidophilic or more commonly eosinophilic
since eosin 1s the acidic stain used  Those cell constituents staining
between the two extremes are said to be neutrophilic
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STAINS AND STAINING

desertbe the degree of matunity of the neutrophils in a blood film
and are merely descriptive of an imagimary release line dividing cells
normally scen only 1 marrow from thosc scen penpheral blood
Normally this ine would be drawn at the staff cell two lobed point
but m infections the marrow pours younger forms nto the blood
stream  The release hine 1s then moved to the left—a  left shuft

In megaloblastic anacmmas older ncutropluls predominate i the

blood stream so the release hine 1s moved to the nght—a  nght
shaft

The Arneth Index

Ameth divided the granulocytes nto five mamn classes and a
number of subdivisions The myclocyte (M) a shghtly indented
nucleus (W) deeply indented nucleus (T) a rounded lobe (K) and a
bent lobe (S) Depending on the number and shape of the lobes a
cell could be classified for example as 2K IS  such a system 1s
far too complicated for routine use The method of Cooke and
Ponder 1gnotes the shape of the lobes and merely uses five classes
stressing however that the connecting hink between lobes must be
no more than a fine filament (Fig 14) The five classes are

Class [ No lobes 1e myelocytes metamyelocytes and
staff cells

Class 11 Two lobes

Class 111 Three lIobes

Class 1V Four lobes

Class V Five or more lobes

Normally non filamentous cells constitute 8 per cent of the total

Vanous mndices may be calculated from the figures obtained by
classifymg 100 neutrophils The Arneth Index 1s the total of Classes
I'and II and half of Class III and 1s normally 59 Over this figure
1s a left shift and under 59 a nght shift  The weighted mean 15
obtained by multiplying together the number of each class and the
number of cells m the class adding the whole and dividing by 100
Normally this 1s 2 74 and under this figure 15 a left shift and over a
right shift

An uncommon mhented anomaly of meutrophil maturation
known as the Pelger Huet anomaly gives the appearance of a left
shift i the absence of sepsis In the fully inherted form the
neutrophil nucler are round or shghtly indented while 1n the carrier
state most of the cells are two lobed “giving a pince nez appearance
\davhlch 1s charactenisuc  The condition has no assocration with

1sease
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tive of the whole  The edges of the film however do show a hugher
percentage of neutrophils and monocytes  Using the strip method
200 cells should be counted additional strips being counted if
necessary to reach ths figure  Counts which show a large number
of nucleated red cells should have these mncluded in the differential
count 1n order that adjustment may be made 1n the total leucocyte
count which 1s n effect a nucleated count A separate estimation
1s then made for the differential white cell count Some centres
where many patients are being rrradated use the battlement method
of different1al counting  This implies counting three edge fields then
two transverse fields followed by three longitudinal fields and back
1o the edge again  This method weights the count too heavily in
respect of neutrophils but since irradration may produwe a leucopenic
state due to reduction 1n the absolute numbers of lymphocytes this
technique 15 regarded as giving some warmng of this complication
of the treatment

NUCLEAR INDICES

Classification of neutrophils (Fig 14) on the degree of nuclear
Iobulation 1s based on the assumption that such cells become more
lobulated as they age  Nuclear indices therefore give some indication
of bone marrow activity The terms night and left shuft are used to

[
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Fig 14 —The classification of neutrophils or number of lobes
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STAINS AND STAINING

hacmoglobin may be roughly gruged from the stuming appearances

Abnormally thin red cells are scen tn 1ron deficrency and other
anaemias and are termed leptocytes  Such cells may have only a
thin stained area at the penphery and are sometimes called pessary
cells  This central palior or hypochromin in & normal sized red ccll
1s mdicative of iron deficiency  Bowl shaped or Mexican hat cells
seen 1n some hacmolytic anacrmias show a central stamed spot and
an outer ning of stawned matenial  They are termed target cells

The spherocyte seen 1n some haemolytic anaemias 1s a red cell
which has gained n thickness at the expense of its diameter, and
may be recognszed 1n a stamed film as a small denscly stained cell

Granulocyvie staming reaction

The granulocytes normally stain specifically in respect of their
granulations but 1n septic and toxic condivons large black granules
make their appearance in the neutrophil cytoplasm  This 1s termed
toxic granulation and 1s usually accompanted by vacuolation of the
cytoplasm  The cytoplasm itself may undergo degeneration with
the appearance of wregular blue areas termed Ddohle or Amato
bodies They are scen 1 many conditions but do not appear n
German measles  In toxic conditions the cells may become so badly
damaged that they are ruptured durng the preparation of the film
The neutrophils are then said to show toxic degenerative changes

The cells of the granulocyte series with the exception of the
basophil contain within their cytoplasm an enzyme termed 2
peroxidase  In the presence of this enzyme benzidine 15 oxidized
to a black compound by hydrogen peroxide The test 1s used to
differentiate cells of the granulocyte and other senies but its value 1s
small  The early myeloblast 15 peroxidase negative {Oxydasen
schwund of Jurich) but later cells of the granulocyte series contain
increasing amounts  The lymphocyte seres 1s umiformly negative
but monocytes sometimes contain a few positive granules Some
authorities believe this to be due to phagocytosss of granules derived
from destroyed granulocytes The large black granules found in
toxic neutrophils are peroxidase negative Since benzidine 15 no
longer being manufactured substitutes have been suggested for this
test The alpha naphthol and ortho toluidine methods are just as
satisfactory but there seems no doubt that the reaction of the cells
to fat stains provide the same information The peroxidase positive
granules are sudanophilic that 1s, they stam with Sudan 11 and
allied stains  The Sudan black B method (see page 58) 15 the method
of choice although batches of dyestuff vary  Mitochondna and
Auer bodies are also stained by Sudan black B
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The Schilling dnvisions

Schilling divided the granulocytes into myelocytes juveniles
{metamyelocytes) stabzellen (non lobed degenerative forms) and
segmented neutrophils but he also included the other leucocytes
1n the count

Schitiing distinguished between a regenerative shift m which
there 1s a high total white cell count with an increase 1n younger
cells and a degenerative shuft in which there 1s a low white cell
count with an increase 1n stab cells without myelocytes or juvemles
and increase tn monocytes with disappearance of eosmophils and
basophils  The stab cell of Schilling 1s a neutrophil with small
deeply staining twisted nucleus a cell which does not develop
further than this stage

SEX OF NEUTROPHILS

It 1s possible to determune the true sex of an hermaphrodite by
examination of a blood film That part of the nuclear chromatin
which 1s concerned with sex determmation forms a club of distinctive
shape on the last or next to last lobe of the neutrophuls (frontis
prece}  The material 1s either round or racquet shaped and if present
m more than 6 mn 300 cells exammed 1s regarded as indicative of
female sex

STAINING REACTIONS
Red cell staiming reaction

The normal red cell fully saturated with haemoglobin stamns
untformly pink with Romanowsky stamns but the more mmmature
cells stain with varying degrees of basophiia  Such cells contam
within their cytoplasm muxtures of haemoglobin and nibonuclec
acid the earliest cells having only nibonucleic acid and protemn
A cell showing both pink and blue areas 1s said to show poly
chromasia or polychromatopfulia The basophilic material may
appear as dots sometimes fine and numerous at other times coarse
and scanty and this 1s termed punctate basophiha or basophilic
supphng  The presence of ribonucieic aaid 1n the cytoplasm 1s a
sign of immaturity whether 1t 1» diffuse or aggregated and cells
contaming the material are 1n fact reticulocytes the reticulum bemng
demonstrated by supravital stammg(see page 60) Basophilic stippling
occurs m many anaemias and 1n poisoning with heavy metals The
degree of stipphing 1n lead workers 1s taken as some indicatron of
exposure to the toxic agent

The thickness of the red cell and degree of saturation with
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haemoglobin may be roughly gauged from the staining appcarances

Abnormally thin red cells are seen 1n 1on deficiency and other
anaermas and are termed leptocytes  Such cells may have only a
thin staned area at the periphery and are sometimes called pessary
cells Tins central pallor or hypochromia tn a normal stzed red cell
15 mdicative of sron deficiency  Bowl shaped or Mewican hat cells
seen tn some hacmolytic anacmuas show a central stained spot and
an outer ning of stained matenal  They are termed target cells

The spherocyte seen 1n some haemolytic anacmias 1s a red ccll
which has gamed n thickness at the expense of its diameter, and
may be recognized 1n a stamned film as 2 small denscly stained cell

Granulocyvte stammg reaction

The granulocytes normally stun speaifically 1n respect of thetr
granulations but 1 septic and toxic conditions large black granules
make their appearance tn the neutrophi! cytoplasm  This 18 termed
toxic granulation and 1s usually accompanied by vacuolation of the
cytoplasm  The cytoplasm stself may undergo degeneration with
the appearance of irregular blue areas termed Dohle or Amato
bodies  They are seen 1n many condittons but do not appear tn
German measles  In toxic conditions the cells may become so badly
damaged that they are ruptured duning the preparation of the film
The neutrophuls are then said ta show toxic degenerative changes

The cells of the granulocyte series with the exception of the
basophil contain within their cytoplasm an enzyme termed a
peroxidase  In the presence of this enzyme benzidine 1s oxidized
to a black compound by hydrogen peroxide The test 1s used to
differentiate cells of the granulocyte and other serigs but 1ts value 1s
small The early myeloblast 1s peroxidase negative (Oxydasen
schwund of Jurich) but fater cells of the granulocyte series contain
increasing amounts  The lymphocyte series 1s umiformly negative
but monocytes sometimes contam a few positive granules Some
authorities beheve this to be due to phagocytosts of granules derved
from destroyed granulocytes The large black granules found n
toxic neutrophils are peroxidase negative  Since benzidine 1s no
longer bemng manufactured substitutes have been suggested for this
test The alpha naphthol and ortho toluidine methods are just as
satisfactory but there seems no doubt that the reaction of the cells
to fat stans provide the same information  The peroxidase positive
granules are sudanophilic that s they stain with Sudan l1)11 and
allied stans The Sudan black B method (see page 58)1s the method
of choice although batches of dyestufl vary Mitochond d
Auer bodies are also stamed by Sudan black B e an
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CHROMATIN AND NUCLEIC ACIDS

The term chromatin has become synonymous with nuclear
matenal staming with basic dyes but chromaumn 1s not a single
entity The nucleolus contains ribonucleic acid (RNA) and pro
temns which 1 association with heterochromatin forming the edge
of the nucleolus control the maturation of the cell Basophilic
cytoplasm also contains RNA and these three sources of the matenal
are concerned with the production of the enzyme processes associated
with the cytoplasmic granules and the synthesis of haemoglobm
RNA normally decreases as the cell matures but in Jeukaema and
pernictous anaemia the level of RNA remains hugh particularly in
the heterochromatin  Basophilic cytoplasm or ergastoplasm of
erythroblasts disappears as haemoglobin ts formed Mitochondna
contain RNA and the unstained patches termed paraplasm or
hyaloplasm seen 1n the cytoplasm of immature white cells are believed
to be the reflecting 1mage of underlying mitochondna

Most of the nuclear chromatin consists of desoxynibonucleic acid
(DNA) Chromosomes consist of this nucleic acid as do true
nuclear remnants such as Howell Jolly bodies Non basophilic
cytoplasm also contains DNA

Specific staining

Histological staming procedures have been adapted to demon
strate nucleic actds 1 blood cells Unna Pappenheim stamning of
plasma cells 1f certain conditions are complied with 15 specific for
RNA and DNA  Ribonucleic acid persists in the cytoplasm of
mature plasma cells and 1s stamed with pyrontn Y though not all
batches of stain are smtable DNA 1s stained with methyl green in
the same techmque The pyronm 1s specific for RNA if the tech
nique 1s controlled by rnibonuclease extraction The enzyme removes
the RNA so that the control shde 1s unstamned Treatment with a
1 1000 aqueous solution of crystalline nbonuclease for 1 hour at
37 C 1s sufficrent to remove the RNA  Bile salt will also remove
RNA as will 10 per cent perchloric acid at 4 C but perchlonc
acid 5 per cent at 60 C will remove both RNA and DNA
Trichloracetic acid 4 per cent at 90 C removes both RNA and
DNA while DNA can be specifically removed by desoxyribonuclease
These extraction techmques are merely confirmatory evidence that
the staning procedure used 1s actually demonstrating RNA and
DNA

Use of Schiff s reagent —The Feulgen reaction 15 based on the
release of aldehydes from the desoxypentose sugar of DNA by muld
acid hydrolysis The aldehydes are detected by Schiff s reagent
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(leuco fuchsm) which gives a reddish purple colour duc to the for-
mation of a qunonoid compound m the presence of aldehydes
The method 15 extremely useful in that nucleolt re shown up so
well—even where using a Romanowsky method they cannot be
seen atall Red cells do not stain nor docs ¢ell cytoplasm unless a
coupterstain 1s used Nucler of leucocytes megakaryocytes and
erythroblasts stain pinkish and nucleolt ace clearly defined unstained
areas The pnmitive cells staimng a more intense pink are termed
Feulgen positve  The acid hydrolysis 1s important in this techmque
the time depending a great deal on the fixative used

The Schiff reagent 1s prepared by bubbling SO, through a solution
of basic fuchsin and hydrochloric acid but 1t ts far less trouble to
buy the reagent ready made (George T Gurr Ltd)

Suprawital stamming of leucocytes 1s a techmique aimed at staiming
the living cell and has largely been superseded by phase contrast
microscopy  Janus green B and wvital nentral red are used
supravital techmques to stain mitochondria and neutral red vacuoles
The stained cells are observed for motility on a warm stage

RED CELL INCLUSIONS

Red cells 1n disease may show a great vanety of inclusions
Howell Jolly bodies are true nuclear remnants formed by karyor
rhexss of the erythroblast nucleus One or more may be present 1n
a single cell They stain a purple colour with Romanowsky stains
and are Feulgen positive  They are found 1n many anaemias and
after splenectomy or where the spleen 1s failing to function The
Cabot ring stains a reddish purple and appears as a ring or figure
of eight It 1s not a true structure and 1s probably an artefact
produced as a result of shrinkage of an abnormal cell The Cabot
nng 1s found 1n many anaemias but 1s not dragnostic of any con
ditton  Pappenhumer bodies wsually occurning as a single dot of
1ron contaiming materal are common after splenectomy or 1n splenic
atrophy  They stamn purple with Romanowsky stans  Some para-
sites also present themselves 1n red cells malaria bemng an example

OTHER COMMENTS

Much mformation can be gamed by mspection of the stamed
film first by low power and then by the ih power lens of the
microscope  Anisocytosis 1s a term used to describe variation imn
red cell size and porkilocytosts a term used to describe the presence
of pear shaped cells Macrocytosis 1n the absence of anisocytosts
may be an important finding in early megaloblastic anaemias
Burr cells are crenated red cells with a stalk and their presence 15 of
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diagnostic sigmficance in renal disease  Red cells may be oval m
rare cases This 15 an nhenited condition sometimes associated
with a haemolytic anaemia  Crescent cells are reddish purple,
half moon shaped bodies which are red cell stromas They are
spreading artefacts resulting from an abnormal cell ~ Semle cells
may be recognized 1n blood films and if present 1n large numbers
may be indicative of a leucocyte dyscrasia  Basket cells are senile
neutrophils and smudge cells are senile lymphocytes The presence
absence or abnormality of platelets must also be noted

TECHNIQUE

PREPARATION OF BLOOD FILMS
Methods of preparing blood films are as follow
Thin films

(1) Place a small drop of blood at one end of a shde
(2) Move the spreader back at an angle of 45 degrees until it meets the

00

(3) When the blood has run along the edge of the spreader move the
spreader forward in a smooth rapid movement pulling the blood
after it

The film should te of such a thick that 1t dries diately both
margins should be clear of the shide edges and 1t should haveno  tails

Thick films  first method
(1) Coat a draughtsman s ruling pen with a silicone preparation so that
the blades are non water wettable
(2) Dip the pen 1n the blood and draw lines 0 25 mm 1n width on 2
shde Thicken the Iines several times
(3) Allow to dry at room temperature
This method may be used either for the demonstration of scanty
malaria parasites or for performng differential whitecell counts It
1s not a good method for conditions showing abnormal cells but
disorders where the neutraphi! lymphocyte ratio ts of prime importance
(urradiation  treatment with thiouract] and so on) 1t saves a great deal
of ttme  The cell distribution lends atself to accuracy in the count and
the red cell> are lysed during staining

Thick films  second method
(1) Place a large drop of blood n the centre of a shde
(2) With the corner of another shide spread the blood until the hands
of a watch can be seen through the smear
(3) Cover with a Petrie dish Iid and allow to dry

Note Unstaimed blood films are covered to prevent access of flies
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PREPARATION OF LEISHMANS STAIN
Three methods of prepaning Leishman s stan from dry powder
are given below but 015 g of powder or crystals to 100 ml of
methyl alcohol 1s used mn cach case  However, batches of
Romanowshy stains vary, so that t may be necessary to adjust the
amount of solid stain by an amount determuined on a pilot sample
(1) Place the weighed erystals in a stoppered flask and add pure methyl
aleohol  Shake the flaskh at intervals throughout the day The
stain 1s ready for use the next day
(2) Triturate the crystals in a mortar with pure methyl alcohol pounng
off the supernatant and adding more alcohol until the crystals are
all dissalsed  Stand for 24 hours before use
(3) Reduce the crystals to a fine powder mn 2 mortar and add pure
methyl alcohol stirning until all the powder 1s dissolved  Stand
for 24 hours before use
Jenner and May Grunwald stains may be prepared in exactly the same

way as Leishman but 0 3 g of dry stain 1s used per 100 m! of methyl
alcohol

PREPARATION OF GIEMSA STAIN

Giemsa stain 15 prepared as follows

{I) Gnnd 0 75 g of dry stain 10 a mortar with 25 ml of pure glycerine
until a smooth paste 15 obtained

(2) Stir 75 ml of pure methyl aleohol thoroughly into the paste and
transfer to a stoppered bottle

(3) Place the reagent in the incubator at 37 C for 24 hours shaking at
frequent intervals

STAINING WITH LEISHMAN S STAIN
Methods of staining with Leishman s stain are as follow
Thin films of blood or marron

(1) Cover the dry unfixed film with undiluted stan and allow to remain
30-60 seconds  The shorter tume 1s used 1n hot weather

(2) Add to the undiluted stain on the shde twice the volume of buffered
distilled water pH 6 8 and mux by gentle rocking  Allow to stain
for 10 minutes

(3) Flood off the stain with distilled water and wash until the film 1s

P
(4) Drain and dry at room temperature

Thick films for malaria parasites

(1) Pour on Leisshman s stam diluted with five
parts of buffe
tilled water pH 7 2 and allow to stam for 30 minutes red dis
(2) Wash off gently with distilled water
(3) Drain and dry at room temperature
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Sections

Tissues for the demonstration of blood cells are usually fixed na
mercury contamning fixative  The mercuric deposit must be removed
by treatment with alcoholic todine followed by 5 per cent sodium
thiosulphate before staiming

(1) Deparaffimze with xylene then take through alcohol to water

(2) Remove mercuric deposit

(3) Wash the secttons 1n running water followed by distilled water

(4) Flood the slide with a mixture of Leishman s stain one part and
two parts of buffered distilled water pH 5§ 0 and warm until steam
rises  Allow to stain for 10 minutes

(5) Wash rapidly with 50 per cent methyl alcohol in pH 5 0 buffer

(6) Transfer to absolute methyl alcohol

(7) Clear 1n xylol and mount 1n neutral mounting medium

Wright s stain may be substituted 1n all the foregoing methods

STAINING WITH GIEMSA STAIN
Methods of staning with Gremsa stain are as follow

Thin films of blood or marrow
(1) Fix the film 1n methy! alcohol for § minutes
(2) Dilutethe stain 1 10 with buffered distilled water pH 6 8 and stand
the films mn a Coplm jar for 20 mmutes (this t:ime may need to be
to such as spilla and

trypanosomes) 4
(3) Runse 1n distilled water
(4) Dran and dry at room temperature

Thick filmns for malaria parasites
(1) Stan the dry unfixed film 1n a stamning jar for one hour with Giemsa
diluted 1 50 with buffered distilled water pH 7 2
(2) Differentrate 1n distilled water for a few minutes
(3) Dran and dry at room temperature

Sections

{1) Deparaffimze with xylene then take through alcohol to water

(2) Remove the mercuric deposit

(3) Wash the sections in running water followed by distilled water

(4) Stain overmight 1n a stamng jar of Giemsa diluted 1 25 with dis
tilled water buffered to pH 6 8

(5) Runse 1 distilled water

(6) Differentiate m 1 1500 acetic acid controliing microscopically
until the nuclei are blue and the eosinophil granules red

(7) Rapdly rinse 1n distilled water
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(8) Dchydrate 1n absolute aleohol
(9) Clear 1n xylol aind mount 1n neutral mounting medium

Note A scum forms n diluted Giemsa solutions on standing  This
should be flushed off before removing the slides from the jar

PANOPTIC STAINING METHOD (JENNER GIEMSA OR
MAY GRUNWALD-GIEMSA COMBINED STAINING
METHOD

The panoptic starmng method for blood and marrow films 15
detailed hereunder

(1) Stain the dry unfixed films for 3 minutes 1n undiluted Jenner or
May Grunwald stain

(2) Add an equal volume of buffered distilled water pH 6 8 and stamn
for 2 minutes

(3) Runse with buffer and allow to remain one minute

(@) Stamn with 1 10 Gremsa diluted with buffered distilled water
PH 6 8 for 10-15 munutes

(5) Runse 1n distilled water

(6) Dran and dry at room temperature

PREPARATION OF FIELD S STAIN

Stain A Methylene blue 13 g
Disodium hydrogen phosphalc (Na,HPO, 12H,0) 126 g

T dihydrogen phosp (KH,POp 625¢g

Distilled water 500 mt
Dissolve the methylene blue and the disodium hydrogen phosphate
m 50 m! of distilled water and boil the solution almost to dryness in a
water bath to polychrome the methylene blue  Then add the potassium
dihydrogen phosphate and 500 ml of freshly boiled distilled water

Stir to dissolve the stan set aside for 24 hours and filter  Fiiter again
before use

Stan B Eosin WS 13 ¢
stodxum hydmgen phosphate (Na,HPO, 12H,0) 126 g
(KH,PO) 625¢g
500 ml

Dissolve the phosphates 1n warm freshly boted distilled water and
add the dye  Allow the solution to stand for 24 hours and then filter

Dlsnlled water

STAINING WITH FIELD S STAIN
Methods of staiming with Field s stan are as follow
Thick films for malaria parasites
(1) Dip the dry unfixed film i Stan A for a few seconds
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(2) Runse 1n buffered distilled water pH 7 0 for a few seconds
(3) Dip the film 1n Stain B for a few seconds

{4) Runse rapidly 1n buffered distilled water pH 7 0

(5) Drain and dry at room temperature

Rernculocy te counts
(1) To oxalated blood add a crystal or two of bolliant cresyl blue
sufficsent to colour the blood  Mix well for one minute

{2) Make films from the stained blood
(3) Examune under the high power of the microscope using a squared
eyepiece and count 2000 cells  This 1s not a Jaborious procedure
and m a well spread film the statistical error of reticulocyte counts

of more than § per cent 1s not large
To save time the reticulocytes alone may be counted until 100 have
been recorded  The total number of red cells 1n several fields 15 then
counted and the probable number present in the area containing 100
t teul; The l 1s then calculated

ep

from thus figure

Perovxidase method

(1) Fix fresh blood or marrow films 1n 90 per cent ethyl alcohol for 5
minutes

(2) Wash 1n runming water followed by distilled water

(3) Stamn upside down on a staiming plate 1n a mixture of 10 m! phos
phate buffer pH 72 4-5 drops of 075 per cent benzidine 1
acetone 2 drops of 20 vols hydrogen peroude Depending on
the cellulanty of the film the staimng time vares from § to 15
minutes

(4) Wash thoroughly in running water followed by distilled water

(S) Superstamn with Giemsa 1 6 diluted with buffer pH 6 8 for 15
minutes

(6) Runse and dry at room temperature

The benzidine solution may be used immediately but 1t will be noted
that 1t darkens on standing The final benzidine reagent in buffer
should be a straw colour The granules stain yellow to brown

STAINING WITH SUDAN BLACK
Details of the Sudan black reagents and staming methods are
as follow

Reagents
Formol alcoho! 40 per cent formaldehyde 10 ml
95 per cent ethanol 90 ml
Sudan black B Saturated solution of Sudan black B in 70 per cent
alcohol This does not keep well

58



STAINS AND STAINING
Methods

(1) Fix film of blood or marrow in formol alcohol for 5 scconds

(2) Wash 1n distilled water and dry

(3) Place the film face downwards on thin glass supports in a Petnie
dish and pour 1 solution of Sudan black B until level reaches the
shde

(4) Place Petnie dish in ancubator at 37° C for 30 minutes

(5) Remove the film and without washing counterstain with May
Grunwald for 3 minutes

(6) Drain without washing

(7) Cover with 1 20 Giemsa and leave for 15-40 minutes

(8) Wash in distilled water and dry

UNNA PAPPENHEIM STAIN FOR RIBONUCLEIC ACID
The method of using the Unna Pappenh stain for ribc
acid 1s as follows

(1) Make films of blood or marrow and without drying place in
Heidenhain s Susa to fix for one hour

(2) Runse n water and treat with Gram s 10dine solution for 5 minutes

(3) Rinse 1 water and treat with 1 per cent sodium thiosulphate for
5 minutes

(4) Wash thoroughly 1n running water followed by distilled water

(5) Stamn the films for on¢ hour in pyromn methyl green stamn

Pyronin Y (Gurr) 03g
Methyl green 07g
Glycenne 20 m}

Absolute ethanol
Q5 per cent phenol 1 distilled water ta 100 ml
Grind the stains i a mortar with the glycerine and ethanol and then
add the phenol solution  Boul the solution for 2 minutes and filter
(6) Runse in distilled water
(7} Dehydrate in tertiary butanol
(8) Clear 10 xylol and mount 1n peutral mounting medium

25ml

FEULGEN STAIN FOR DESOXYRIBONUCLEIC ACID
The method of using the Feulgen stain for desoxynbonucleic acid
15 as follows
(1) Fix blood or marrow films 1n Susa for one hour
(2) Remove mercunic deposit as in Unna Pappenheim method
{3) Hydrolyse mn hot (56 -60 C) hydrochloric acd? for 4 minutes
(This time may need adjustment )
{4) Dip the slides 1n cold acid of the same strength

*8235m| conc HC1S G 119 made up to 1 hitre with distylled water
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(5) Wash i distilled water
(6) Stan for 2 hours in Feulgen fuchsin sulphurous acid  Dissolve
1 g of basic fuchsin 1n 200 ml of boihing distilled water and filter
when the solution has cooled to 50°C  Allow the solution to cool
to 25 C and add 20 ml of N HC! and 1 g anhydrous sodum
bisulphite  Sulphur droxide 15 evolved and the solution turns
yellow The reagent must not be used for 24 hours and should be
stored 1n a stoppered bottle 1 the dark
(7) Wash for 15 munutes 1n three successive jars of a mxx(ure of 10 m!
of 10 per cent sodwm t 10 m! of
N HCI and distilled water w 200 ml
(8) Rinse 1n running water for 10 mmutes
{9) Rinse in distilled water
{10} Counterstain for a few seconds 1n 1 per cent aqueous light green
(11) Rinse n distilled water drain and dry

SUPRAVITAL STAINING
The reagents and method used yn supravital staming are as
follow

Reagents
Stock neutral red solution 025 per cent neutral red chlonde 1n
neutral absolute ethanol
Stock Janus green B 0 4 per cent in neutral absolute ethanol The
proportions of stains used may be vaned and the thickness of the stain
on the prepared shide may also be adjusted for the number of leucocytes

Methods

(1) Immediately before use mix 1 75 ml of stock neutral red solution
with 007 ml of stock Janus green solution and 10 m! neutral
absolute ethanol

(2) Flood perfectly clean shides with the mixed stamn pour off the excess
and drain dry at 37 C The shdes may be packed together and
stored

(3) Place a drop of blood on a covershp and invert on one of the pre
pared slhides

(4) Seal the edges of the preparation with a mixture of paraffin wax and
Vaseline and mcubate for 15 muinutes at 37° C
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HACMATOLOGICAL VALULS
GENERAL

VALUES AND INDICES

HAPMATOLOGICAL values and indices are only as accurate as the
data from which thev are caleulated The error of the red-cell
count can be greatly minimized using electrome methods and count-
g large numbers of cells but the naccuracies nherent n the
usual counting chamber techmques smpose limitations on any
classification of anaemias on the basis of values and ndices

COLOUR INDEX

The colour index which expresses the mean haemoglobin content
of a single red cell compared with the content of a normal red cell,
was ongmally used to classify the anaemias  For the purposes of
caleulation the normal red cell count 15 assumed to be 50 millions
per emm arrespective of age or sex and the normal haemoglobin
to be 14 5 g per 100 ml blood equivalent to 100 per cent This
haemoglobin value avoids errors ansing from the use of other
standards which must be corrected to this figure  Values obtained
from modern Haldane and Sahli mstruments may be used without
correction since the standards approximate this arbitrary normal
The colour index 1s obtained by dividing the haemoglobin percentage
by the red cell percentage (the first two figures of the red celt count
multiplied by two)

The mformation yielded by the colour index 1s small and even
misleading  An index of less than 1 0 may be produced n 1ron
deficient states where the red cell 1s normal in size or larger or smaller

than normal A high colour index however 1s always associated
with macrocytosis

ABSOLUTE VALUES

The experienced worker can obtam from an estimation of
haemoglobin and a careful examination of a staned blood film
much of the information necessary to classify an anaemia but for
record purposes some reproducible scheme 1s necessary  The
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system of absolute values 1s far from absolute but 1t does provide
figures which may be recorded and within the limits of error of
red cell counts may be reproduced in different laboratories

The absolute values used m haematology are as follow

(@) Mean corpuscular haemoglobin (M CH )}
(b} Mean corp lar b lobl ration (M CHC)
(¢) Mean corpuscular volume (M C V)

{d) Mean corpuscular average thickness (M CAT)

These values are calculated from the haemoglobin estimation
red cell count packed cell volume and mean diameter of the red
cells and may be convenrently read from the haematological slide
rule (Fig 15) The basic calculations however should not be
forgotten
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Fic 15 —Haematological shde rule (Camlab) (Reproduced by courtesy
of Camlab (Glass) Limited Cambridge England )

Pached cell volume

The packed cell volume (PC V) 1s obtamed by centrifuging
oxalated or heparmized blood m the Wintrobe haematoctit under
standard condittons  The haematocrit 1s a stout glass tube 110 mm
long with 4 2 5-3 0 mm bore and graduated from 0-100 1n centt
metres and mulhimetres The volume of blood contamned n the
graduated part of the tube 15 approximately 0 8 m!  The normal
range of packed cell volume 1n men 1s 40-56 per cent 1n women
35-48 per cent n children 32-44 per cent and m cord blood of
mfants 49-60 per cent  Such results are reproductble to within 10
per cent but the blood must be well mixed and aerated and centrs
fuged for 60 minutes at 3000 r pm 1 a centnifuge with 2 radius of
15cm Even under these conditions some plasma 1s trapped mn the
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packed cell mass but 1s important only 1n blood and plasma volume
estimattons  Aerated blood grves shightly tower figures than venous
blood

The cells are pached 1n three layers the fowest being red cells
At the top of this layer may be seen a thin dark red band of red
celis whose oxyhaemoglobin has been reduced by the activity of the
leucocyte layer which 1s supenimposed  The leucoeyte layer termed
the bufly coat 1s reddish grey and 1s surmounted by a thin
creamy white layer of platelets The colour of the supernatant
plasma varies from a pale watery colour 1n severe anacmia to a deep
ictenic tinge n jaundice  Carotin and lutem may colour the plasma
deeply Carotinaemia may occur in myxoedema, a disorder some
times accompanied by a macrocytic anaerma and the same pigment
may appear after a meal of eggs or carrots

The pached cell volume may be determined on capillary blood
very rapidly, using only small amounts of matertal in the micro
haematocnt centnfuge (Fig 16) which develops 12000 Gt

Mean corpuscular haemoglobin (M C H)
The mean corpuscular haemoglobin value expresses the average

T ey ~~—-———-]

Fic 16 —Microhaematocnit centrifuge the grooves in w
capillary tubes e are seen in the centnfuge head hich the

Re,
by courtesy of Hawksley and Son Ltd London) (Reproduced
G = 000MIIIE x N % £* where N —rpm and ¢  radus
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haemoglobin content of a single red cell 1n micro micrograms
the normal range being 27-32upg

Haemoglobin in grammes per 1 000 m! blood
MCH =
R B C 1n millions per ¢ mm

The reason for includ i the calculation the amount of
haemoglobin per litre of blood may not be ymmediately apparent
If the calculation 15 made from first principles however, 1t will be
found that this 1s merely a convement artifice, for example
haemoglobin 14 5 g per cent, RBC 5 mill femm

Haemoglobin of cells 1 100 ml blood 1s 14 § X 10! upg

Number of red cells 1n 100 m! blood s 5 x 10n

weight of haemoglobin per

MCH = E—S—XI-‘E _usxio smggle red cell 1n m%cro-mlcro-

grams

The MCH 15 not a useful absolute value and in fact gives no
more mformation than the colour mdex which may be calculated
by dividing the M CH by the normal M CH

Mean corpuscular haemoglobm concentration (M CH C)

The mean corpuscular haemoglobin concentration value 15 cal
culated from two accurate and reproducible observations and 1s a
reliable index of iron deficiency It measures the number of grammes
of haemoglobin 1n 100 m) of red blood cells and the normal of
32-38 per cent 15 said to be fully saturated 'The term desaturated
15 applied to an anaemia characterized by a low MCH C

Haemoglobin 1n grammes per 100 m! of blood
Packed cell volume per 100 ml of blood

MCHC = % 100
The calculation actually relates the weight of haemoglobm to the
volume of red cells contamed 1n 100 ml of blood and expresses the
result as a percentage  Since the red cell count 1s not 1nvolved this
must be regarded as the most accurate of the absolute values

Mean corpuscular volume (M C V')

The mean corpuscular volume value measures red cell size by
volume and anaemuas may be classified as normocytic microcytic
or macrocytic on the result Since the red cell count 1s volved
great care must be taken to mintmize the errors of this techmque
Packed cell volume of 1 000 ml of blood

MCV = R B C 1n millions per c mm

The normal range s 78-94 cubic microns
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Once agam the reason for the use of the measure 1,000 ml of
blood becomes obvious when caleulations arc made from first
prnciples, for example, PCV = 45 per cent RBC =35 0mllions
per ¢ mm

PCYV m 100 m! blood == 45 ¥ 10'* cubic microns
RBC in100ml blood = 5 x 10%
MOV 45 % 10'* 45 x 10 volume of a single ccll 1n cubic

X" 5~ mcrons

Mean corpuscular average thichness (M CAT)
The mean corpuscular average thickness value by itself 15 not
much used It 15 determined by assuming the red cell to have the

shape of a squat cylinder by balancing concavities aganst con
vexities
(T) MCD = Diameter in microns

The normal range 15 1 7-2 5

DIAMETER THICKNESS RATIO

The diameter thickness ratio 1s not an absolute value but 1s
regarded as a good index of spherocytosss The MCAT (see
above) may alter 1n disease without alteration 1n cell shape but
alterations 1 the diameter thickness ratio occur only in defimte
conditions The normal range of the diameter thickness ratio 1s
24-42 1 theaverage beng34 1 Values below 24 1 indicate
spherocytosis and values above 4 2 1 a flat cell

MEAN CORPUSCULAR DIAMETER

The mean corpuscular diameter value may be determined in
many different ways including direct measurement by means of a
micrometer eyepiece photography at a known magnification and
subsequent measurement of 2 random selection of cells halometry
or even by mixing normal blood with the patient s cells and com
panng microscopically  The last tect has been modified by
using chicken biood as a control

Halometry

Halometry measures the modal mean that 1s the size common
to the largest number of cells and 15 a routine haematologcal
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procedure  The principle of the method 15 that a blood film acts 4s 4
diffraction grating 1n that when a parallel beam of white light 15
passed through the film the light 1s diffracted around each cell the
degree of diffraction varying with the cell diameter To the human
eye this appears as a single halo around the light source surrounded
by the spectral colours from violet to red and fainter colours outside
the red Too much anisocytosis produces an indistinct spectral
pattern since the final halo 1s the result of blending of all the diffrac
tion rings  The size of the halo varres directly with the distance of
the film from the light source and inversely with the size of the
red cell  Smnce statming may merease the cell size by deposition of
slam, unstamed preparations are used for halometry

{ 1¢ measiring methods —Many different mstruments have
been elaborated for halometric measurements including those com
panng normal and abnormal halos and modifications using mono
chromatic light but the apparatus most used i this country 1s that
of Eve m which the light source 1s sphit 1n two by means of a murror
50 that a double halo 1s produced The distance between film and
Iight source 15 adjusted until the red nings just touch and from the
angle formed by the two lights and the film the red cell diameter 1$
calculated  The nstrument 1s calibrated 1n that angles are corre
lated with red cell diameters

RED CELL DIAMETER DISTRIBUTION CURVE (PRICE
JONES)

Accurate measurement of a senes of red cells taken at random
provides the data for a statistical analysts  Between 200-500 cells
are usually measured and a curve drawn plotting cell size agamnst
numbers of cells 1n each group Price Jones pointed out that the
normal distribution curve can be split into two curves representing
the upperand lower himtts of normal red cell size (Fig 17) Fromsuch
curves the percentage of microcytosis or macrocytosis or both, may
be obtained and anisocytosis 15 indicated by a spreading of the base
and flattemng of the peak  Price Jones statistical procedure enables
the arithmetic mean (M} standird deviation (o) and the coeffictent
of varnation (v) of the red cell diameters to be calculated The
anthmetic mean 15 the mean diameter of the number of cells
measured and the standard deviation ts a measure of anisocytosts
The coefficient of variation 1s the standard deviation expressed as a
percentage of the anthmetic mean It should be noted that the
modal mean corresponds with the anthmetic mean only 1n the rdeal
curve The calculations are shown in the second part of this
chapter
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DETERMINATION OF PACKED CELL VOLUME (PCV)

Methods to be used in the determiming of packed cell volume
(P C V) are as follow

Venous blood
(1) Collect venous blood mnto Heller and Panl mixture
(2) M1x and aerate thoroughly
(3) With a capillary pipette fill haematocrit to the 100 mark

(4) Centrifuge at 3000 rpm for 60 minutes 1n centrifuge with radius
of 15cm

Capillary blood using the nucro haematocrit centrifuge
(1) Collect blood from ear or finger into hepartnized capilary tube to
within 1 inch of the end
(2) Seal the unfilled end in Bunsen flame

{3) Place the tube 1n a numbered slot in the centtifuge head with sealed
end outward

(4) Replace and screw down metal cover of centrifuge
{5) Close the hinged td and set automatic time switch to 5 minutes
{6) After centnfuge stops remove tubes and read by placing aganst
white paper and marking positions of cell and plasma Jevels 1
*A reader supplied by Hawksley and Son Ltd f:
mactearaSr pl ¥y y n acilitates the reading of
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THE MEASUREMENT OF RED CELL DIAMETER (PRICE
JONES)

Red cell diameter measurements are obtamed by the followmng
method

(1) Remove the murror from a monocular microscope and place the
nstrument 1n the horizontal position

(2) Direct a beam of light from a Pointolite or stmular lamp through
the condenser

(3) Shield the microscope and use 1n a darkened room

(4) Place a micrometer slide on the stage and using the 2 mm ol
immerston objective focus the ruling

(5) Fix the microscope murror 1n a burette stand so that the plane sur
face 1s 1 line with the ocular and the ruling projected on to a sheet
of white paper on the bench

(6) Adjust the distance of the murror from the ocular until 0 01 mm
of the micrometer ruling 1s projected as 10 mm on the sheet (mag
nification X 1000} This gives a value of Ip = 1 mm

(7) Replace the micrometer shide with a thinly spread blood film stamed
2 minutes with Jenner rinsed dry and superstained 2 minutes with
0 25 per cent aqueous eosin

(8) Measure the diameters of 250 cells selected at random by measuring
the longest and shortest axis to the nearest 0 5 mm and taking the
mean of the two readings Thus results 1n a seres of figures which
are divided nto classes varymng by 0 25 mm which on the magmfi
cation employed 1s equivalent to 0 25

ol ] N 20 [CeitNo mallPaten
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100 5 20 A ‘g
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CALCULATION OF MACROCYTOSIS AND MICRQCYTOSIS
To obtamn a calculation of macrocytosis and microcytosis the

following method 1s used
(1) Using the data ot

1

d by the

construct a

red-cell diameter distnbution curve by plotung diameters on the
abscissa and numbers on the ordinate

(2) Sum the numbers of cells outside the normal cunve to the left of
the normal cunve subtract those faling within normal limuts and
express as a percentage of the total number of cells measured =
mcrocytosis  Repeat the procedure with those cells to the night
of the normal cune = macrocytosis (Fig 18)

‘TABLE 111
CALCULATION OF MACROCYTOSIS AND MICROCYTOSIS
1 n m w 1 4
Trequency Dﬂ( xfn)lwn
Red cell
Mo of cells| in 025p ¢ *
diameter n each | from arbi 4 1
elass trary mean
€9 12 —4 — 4% 192
625 20 -3 — 60 194 180
65 26 -2 -5 = 104
615 34 -1 -3 34
J0 42 Arbitrary
mean
12 - 1658 _ 1658
’ +1 38 B =
$ 26 +2 52 104
'8"65 18 +3 54 3 4316 162=6632 1e
HR 14 +4 64 256 square of devia
H 12 I 60 300 tion from arbi
5 +6 48 288 tmry mean 10
2% tms of 0 25x

316 ~ 194 = 122
122

1 658Dxfference be
tween  arbutrarv
mean and anth
metic mean 1n

122 122 025 = 0488
N T a5 =048 0488'—02381
04880 25) ofmn
=0122 —6632—02381
M=70+0122 =
=7122 om025“=1/63939
- = 253
o = 063
D63
S X1
= 88/
.
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To obtam the arsthmetic mean the figures m columns T and 1{
of Table 111 can be multiplied together, summed and divided by 250,
but 1t 1s more conventent to pick an arbitrary mean somewhere near
the probable anthmetic mean  This can be obtained by mspection
Column IIT then shows how each class duffers from the arbitrary
mean m terms of 0 25x  If these two columns, 1T and III, are then
multipbed together, summed and divided by 250, a figure will be
obtained which after conversion to miucrons, 1s etther added to or
subtracted from the arbitrary mean depending on the sign m front
of 1t, to obtamn the anthmetic mean The figure 1s converted to
microns by dividing by four The last column 1s a list of figures
derived from the frequency and the square of the deviations
Squaring deviattons 1s a statistical method of making them more
obvious If these deviations are squared multiphed by the fre
quencies summed and then divided by 250, the resultant quotient
represents the square of the deviation from the arbitrary mean mn
025: Standard deviation however, 1s the deviation from the
arithmetic meah so 1t 1s necessary to adjust ths figure by subtracting
from 1t the square of the difference between arthmetic and arbitrary
mean (found m column IV) The square root of this figure 1s the
standard deviatrion in terms of 0 25u which 15 converted to microns
simply by dividing by four

The normal anthmetic mean 1s (M) 6777
The normal standard deviation 15 (o) 0 350 56
The normal coeffictent of vanation 1s (v) 5 3-7 3percent
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CHAPTER 6

THE INVESTIGATION OF ANALMIC AND
POLYCYTHAEMIC STATES

ANAEMIC STATES
DEFINITION

ANARMIA 15 defined as a loss of the normal balance between produc
tne and destructive blood processes due 1o dimmution of blood
volume or defictency 1n the number of red cells haemoglobin or
both  The condition 15 usually a mamfestation of an underlying
disease process rather than a pnmary disorder of the erythron which
1s comparatively rare Anaemias may be broadly divided into
four groups

(@) Anaemas of unknown cause

() Dyshaemopoietic anaemias

(c) Haemolytic anaenas (see Chapter 9)

(d) Haemorrhagic anaemas (see Chapter 10)

After full investigation few anaemas are left in the first group
but the clasafi cannot be regarded as ¢ lete since facets of
one group may present 1n another A dyshaemopotetic anaemia
for example may show evidence of haemolysis 1n excess of normal
although by 1itself thus may not be sufficient to produce any marked
degree of anaemia

THE BLOOD COUNT

For screening purposes the estimation of haemoglobin must be
plished by an 1on of the stained blood film The
appearance of hypochromia 1s no substitute for the mean corpuscular
haemoglobm concentration (M C H C) but careful exammation of
the film mught reveal evidence of an early red cell or white cell
disorder which could be the cause of the anaemia
The absolute values classify the anaemias as macrocytic normo
cytic or microcytic and fully saturated or desaturated Since
however the blood picture 15 merely a reflection of the activity of
the blood forming tissues, the blood count 1 most cases must be
regarded as mdicating what other ivestigations may be necessary
In this connexion the reticulocyte count 1s indispensable since 1t
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truly reflects marrow activity The platelet count while not an
obvious indication of anaema 15 essential in those disorders
which there 15 depression of the haemopouetic processes

BONE MARROW EXAMINATION

The marrow may be obtained by esther needle puncture or trephine
biopsy The latter method provides more information 1 that the
architecture of the marrow 1s preserved and cells are found 1n the
biopsy specsmen which are not dislodged by the suction process of
needle puncture However, needle puncture 1s a simple procedure
and 1n most cases provides adequate information Local anaes
thesia renders the operation painless except during suction when a
typical pain 1s expertenced

Needle puncture

Choice of marrow puncture site —The choice of site for marrow
puncture 1s determuned by the age of the patient and degree of
obesity In the child under 2 years of age the head of the tiba 15
a most sutable site since the bone 1s soft and usually well filled
with marrow  The 1hac crest may be used 1n the patient aged up to
about 12 years 1n the adult the sternum 15 the site of choice The
sternum 15 close to the skin and marrow sttes are located 1t the
manubrium and opposite the second and third intercostal spaces
In very fat individuals the spinous processes of lumbar vertebrae
may be used Ths 1s also 2 good site mn chuldren since the patient
1s easily immobilized 1 a curled up position and the spinous pro
cesses are promunent

Marrow puncture needles —A marrow puncture needle (Fig 19)

e

Fic¢ 19 —Salak marrow punctere needle (Reproduced by courtesy of
Charles Hearson & Co Ltd London)

1s a stout short bevelled needle with cutting edges equipped with a

stilette and a guard  The instrument may be driven nto the marrow

cavity by gentle taps with a hammer or preferably by rotary move
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ments of a handle  In either case the guard 1s so adjusted that deep
penetration 15 wpossible  On entry into the marrow cavity the
stilette 1s withdrawn and a dry syninge attached to the needie

Marron smears—Only a small amount (025 ml) of marrow
should be withdrawn to avoid dilution and contamination with
blood Smears may be made directly on shdes from the synnge
nozzle or the matenal discharged into Sequestrene  Scquestrenc
has an unfortunate effect 1n that plaques of malignant cells may be
broken up thus possibly clouding the d Where
15 suspected 1t 15 rec ded that a double oxalate mixture be
used and smears made rapidly to avoid distortion If an anti
coagulant 1s used actual marrow fragments may be picked out and
smears prepared without squashing since this damages the cells
Marrow smears must be dried by waving in the air immediately since
thick slow dried smears show cell distortion  Histological prepara
tions may be made by allowing the marrow to fall into Helly s flurd
and centnfuging subsequent treatment with dehydrating agents
making the fragments easter to handle

Microscopic appearances —The fluid aspirate 1s sometimes counted
as for a leucocyte count but since for accuracy this 1s dependent
upon the degree of blood dilution the technique has hnuted value
The stained preparation 1s first examined with the low power objec-
tive to obtan a general impression of the cellulanity a hypoplastic
or aplastic marrow spectmen bemng immediately apparent  Excess
or absence of megakaryocytes 1s also easily seen these large cells
usually being found in the tails  of the film The higher power
objective 1s needed for fine cytoplasmic and nuclear detaill A
differential count 1s performed on 500 cells to include all nucleated
red cells and all leucocytes Note 1s made of mitoses and any cells
which are not obvious blood cells or their precursors  Some typical
counts are shown 1n Table 1II From the counts two ratios may be
calculated to indicate the relative activity of the red and white cell
series  The myeloid erythroid rano (M E R) 1s the ratto of all
myeloid cells to nucleated red cells and normally varies from 8 1
to 2 1 The leuco erythrogemc ratio (LER) 1s the ratio of
immature granulocytes to red cell precursors and varies from 1 5 1|
t025 1 Any white cells showing lobulation are not ncluded 1n
this ratio

Needle puncture marrow specimens taken from cadavers will show
marhed degeneration of the cells unless death 1s very recent The
fragile cells may be protected from the trauma of spreading by
collecting the marrow 1nto a solution of ox albumen  Smears made
after this treatment yield good results
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Trephne biopsy
Small trephines suttable for marrow biopsy are available including
a very small type which 1s enclosed 1n a puncture needle The
p 1s treated histologically, the interpretation of such sections
(Plate 1) needing considerable experience but in cases of replace
ment by fibrosis or new growth the picture 15 typical Since the
tissue 15 fixed and blocked many investigations may be made at
leisure a proceeding not possible with needle puncture spectmens

Other mestigations

Bearing the definition of anaemia in nund 1t 1s obvious that investi
gations relative to blood production and destruction must be carmed
out Durimg haemoglobin synthesis porphynn 1II 1s necessary,
porphyrin I being produced as a by product This 15 excreted as
coproporphyrin I 1 unine and facces and erythroporetic activity
may be estimated on the amounts excreted Urobilinogen excretion
1s affected by red cell destruction but 1t 1s also dentved from other
sources The estimation of urninary and faecal urobihinogen how
ever serves as confirmatory evidence of red cell destruction m
excess of normal

The presence of ron demonstrable by the Prussian blue reaction
1n the marrow 1s a normal finding  The human red cell 1s capable of
mcorporating ron until the reticulocyte stage hence such stderoblasts
are found in the normal marrow but are absent 1n 1ron deficiency
states  An ncrease m red cells contaning won 1s evidence of
defective haemoglobin synthests

THE DYSHAEMOPOIETIC ANAEMIAS

Dyshaemopoietic anaemuas arise from a deficiency of one or more
of those factors which are necessary for the adequate production
and proper maturation of the blood cells Such deficiencies may
result from madequate diet failure of gastric digestion or of intes
tinal absorption mability to store or failure to utihze the ingested
nutrtents  The manner in which such defictencies arise 1s shown mn
Tig 20

Iron deficiency
The mechamsm of iron absorption has already been discussed
(Chapter 2) absorption occurring only 1n the upper small intestine
where the reaction 1s favourable Achlorhydria may result mn
failure to absorb tron salts and consequent lack of response to
oral therapy
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PLATE 1

©®) ©

(@) Thac crest biopsy the marrow 1s replaced by a new tissue tn whuch
the only supporting structure appears to be proliferated capillaries
Infiltration by plasma cells cosinophils megakaryocytes and groups
of erythroposetic cells ) Sternal marrow puncture megaloblastic
reaction—pernicious anaenmia  (¢) Sternal marrow puncture normo
blastic reaction—haemolytic anaema

(7o face page 74)
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Trephine biopsy
Small trephines suitable for marrow biopsy are available including
a very small type which 1s enclosed 1n a puncture needle The
15 treated histol lly the interpretation of such sections
(Plate I) needing considerable experience but 1n cases of replace
ment by fibrosis or new growth the picture 1s typical  Since the
tissue 1s fixed and blocked many mvestigations may be made at
leisure a proceeding not possible with needle puncture specimens

Other imestigations

Bearing the definition of anaemia 1n mind, 1t 1s obvious that mvesti
gations relative to blood production and destruction must be carned
out Dunng haemoglobm synthesis porphynn III 1s necessary
porphyrn I being produced as a by product This 15 excreted as
coproporphyrin T 1n urine and faeces and erythroposetic actvity
may be estimated on the amounts excreted Urobilinogen excretion
1s affected by red cell destruction but 1t 1s also denved from other
sources The estimation of urmary and faecal urobilmogen how
ever serves as confirmatory evidence of red cell destruction mn
excess of normal

The presence of ron demonstrable by the Prussian blue reaction
1n the marrow 1s a normal findtng  The human red cell 1s capable of
mcorporating iron until the reticulocyte stage hence such sideroblasts
are found 1 the normal marrow but are absent 1n 1ron deficiency
states  An mcrease mn red cells contaiming wron 1s evidence of
defective haemoglobin synthesis

THE DYSHAEMOPOIETIC ANAEMIAS

Dysh ietic a anse from a defi of one or more
of those factors which are y for the adeq product
and proper maturation of the blood cells Such deficiencies may
result from madequate diet failure of gastric digestion or of ntes
tinal absorption ability to store or failure to utihze the ingested
nutrients  The manner 1n which such defictencies anse 1s shown
Fig 20

Iron deficiency
The mechamsm of won absorption has already been discussed
(Chapter 2) absorption occurring only 1n the upper small mtestine
where the reaction 1s favourable Achlorhydnia may result mn
farlure to absorb 1ron salts and consequent lack of response to
oral therapy
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FIG 20 —The dyshaemopotetic anaemias
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finely suppled nucleus with httle tendency of the chromatin to clump
and shows early hacmoglobimization 1 the absence of associated
1ron deficiency

Classification of megaloblastic anaenas

The megaloblastic anaemias may be classified 1nto three groups
(as arranged by Witts) these are as follow

Primary deficiency of suanun By or folic acid —This may be purely
dietary the condition occurring 1 strict vegetanans  but 1s not
common The putritional anaemugs of the vitamun B;  folic actd
won and other essential factors, the condition being aggravated by
chronic infection are those seen usually 1n under developed countries
of the tropics

Relamne deficiency of vitamin By and folic acid —Drugs which
act as antagomsts of these factors may cause a megaloblastic
anaema and pregnancy may produce {he same condition possibly
due to some abnormal product of metabolism  In pregnancy faulty
diet may also play a part

Conditioned deficiency of vitamm By, or fohe acid —This group

Tudes add pernicious and that due to ntestnal

disorders

Vitanun B, deficiency

The haemoporetic factor vitamin B; 15 a growth factor for varous
organisms It contains one cobalt atom 1n its molecule and 1s found
m high grade protemn foodstuffs It becomes bound to protemn 1n
gastric yuice and serum the bmding factor bemg nactivated at
100° C for 15 munutes

Castle s original theory of the aetiology of megaloblastic anaemias
postulated that an extrmsic factor denived from food was combined
m the stomach with an mtrnsic factor elaborated by the gastric
mucosa and was absorbed as haemoposetic principle  The extrinsic
factor 1s actually vitamun B,  the mtrnsic factor 1s believed to be a
mucoproten  The haemoposetic principle circulates 1 the serum
as bound vitamuin B, but can be freed by botling for 15 minutes
Addisomian permicious anaemia a disease of middle and old age 1s
charactenized by achlorhydna associated with a loss of gastric
ferments and intrinsic factor Carcmoma of the stomach may
produce a similar picture and total removal of the stomach resulfs
n the deselopment of a megaloblastic anaemia as soon as the liver
stores of By, are depleted—a process which often Tequires a period
of 2-4 years

The megaloblastic anaemia produced by infestation with the
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The blood picture of ron deficiency depends on the duration of
the deficiency, one of long standmng producing a mucrocytic
appearance The red cells, however, may be normocytic or even
macrocytic hypochromia producing pessary and target cells
Micropotkilocytes are common The mean corpuscular haemo
globin concentration (M CH C) 1s reduced depending on the
degree of iron defictency The marrow shows a normoblastic
reaction (Plate I) roughly proportional to the degree of anaemia
the predominant cell bemng a small polychromatic normoblast
with scanty cytoplasm and charactenstic irregular cell outline
The erythroblasts show late haemoglobrization and very little or
no sron can be demonstrated by Perl 5 techmque (see below)

Intravenous and intramuscular jron therapy by passes the
mechanssm of selective absorption making overdosage a real danger
Deposition of 1ron 1n the pancreas and liver can cause fibross
followed by diabetes and cirrhosis

THE MEGALOBLASTIC ANAEMIAS

Vitamin By, and folic acid are matenals which 1n some manner
control the maturation of the red cell series  Defictency of one or
both factors produces a charactenistic anaemia  The blood picture
i most cases 1s of a fully saturated macrocytic anaemra 1n the
absence of associated iron defictiency The mean corpuscular
volume (M C V ) may be as high as 150 cubic microns and anaenua
may be severe Poikilocytosis and anisocytosis are marked and
there 1s usually some leucopenia and thrombocytopema Howell
Jolly bodies Cabot rings (Frontisptece) and actual nucleated red
cells may be seen sn the peripheral blood The charactenstic megalo
blast seen 1n the blood 15 dragnostic  The granulocytes are affected
showing a  nght shift with the appearance of macropolycytes
{Frontisptece)

The bone marrow shows a neoplastic type of proliferation of
the erythroblasts (Plate 1) Numerous mitoses are seen—cells
Jarger than normal by reason of increased amount of chromatin
and sometimes cytoplasm ! increased number of early erythroblasts
and all cells showng nuclear immatunity Desoxyribonucleic acid
1s defictent thus the process of division 1s held up even relatively
mature megaloblasts tending to be Feulgen negative whereas even
the pro erythroblast of the normoblast series 1s Feulgen positive
The characteristic megaloblast 1s larger than the normoblast has a

1 For a description of the mechanism by which  polyplord  cells are pro
duced see Chapter 7
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control the admmmstration of such drugs since the use of 4
aminopteroyl glutamic acid and related compounds have resulted
1n the production of a true megaloblastic anaemia

The inestigation of megaloblastic anaenua

I am indebted to Dr G I M Ross for permission to reproduce
the following scheme of mnvestigation  Some of the techniques are
not the province of the haematology department but are included
for the sake of completeness

(1) Full blood count with absolute values and reticulocyte count
{2) Marrow puncture
(3) Serum B, concentration (two separate samples since daily variations
occur)
80uug /ml indicates severe By, defiency
80-140ppg /ml uncertain must be repeated
140upg fml excludes severe B, deficiency

(4) Fractional test meal (preferably the augmented histamine meal of

Kay) Free hydrochlonc acid usually excludes addisoman per

nicious anaemra

{5) Fat balance normal balance excludes idiopathic steatorrhoea

(6) Test if lobl 1s due to defi of {a) vitamin

B,, (b) folic acid (c) vitamun By, + folic acid

) Grve 100upg B,, mtramuscularly (single dose only) Perform
daily reticulocyte counts on fifth tenth fifteenth and et
cetera days do haemoglobin estimation red-cell count and
packed cell volume estimation (P C V) and calculate absolute
values Optimal response marrow completely normoblastic
on sixth day indicates pure vitamun By, deficiency Sub optimal
response indicates either pure folic acid deficiency or double
deficiency of folic acid and vitamin By,

(1) If response to vitamin By, 1s sub optimal give 20 mg folic acid
daily by mouth and perform daily reticulocyte counts and cal
culate absolute values on fifth tenth fifteenth and etcetera days

(7) Other nvestigations which may be of value 1n deciding aeticlogy

of the anaemra are {d) glucose tolerance (b) 1ron absorption

() vitamn A absorption (d) folic acid clearance test (e) folic acid

absorption, (f) ascorbic acid absorption (g) uropepsin excretion

(i) mtrmsic factor activity of gastric juice, (§) gastric and intestinal

biopsy (5) liver biopsy—vitamin B,,

The use of radiorsotopes —Radioactive vitamin B, 15 a useful tool
m the mvestigation of megaloblastic anaemia  Admunistered to
gether with carbachol as a smulant of itrmsic factor secretion
the absorption of the radioactive By, can be measured by the amount
excreted m unine and faeces Liver and plasma radicactivity are

79




HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

fish tape worm Diplyllobothrium latum 15 almost certamly due to
the preferential demands for B,, made by the worm  In a sense the
tapeworm and the intestmal mucosa are competitors for the avail
able B;, Other intestinal disorders such as sprue and steatorrhoea
prevent absorption of haemopoietic principle and surgical abnor
malities of the bowel such as stenosis and blind loops probably act
by stagnation and putrefaction of the bowel contents thus destroying
B, or breaking the bond which renders st capable of bemg
absorbed

The liver must be badly damaged before 1t ceases to act as a
storchouse for B, but cirrhosis can produce a megaloblastic anaemta
for this reason

Vitammn By, can be estimated n body fluds or tissue extracts by
using the alga Euglena gracuis (var Z) as a test organism since 1t
will detect as little as 0 25.ug /fml of By, It 1s not completely
specific responding to some pseudo B, s but these do not occur 1n
serum and 1n any case are not B, active for mammals and birds
The normal serum B, level 15 140-800upug /ml?!

Folic acid deficrency

Folic acid 1s present 1n spinach, mushrooms hver, kidney, yeast
and the green leaves of many plants Synthetic folic acid 1s termed
pteroylglutamic acid and has the following formula

HN o GooH
N CH “NH-Q—C—— H——cn—cn—cu—coou

OH N

Folic acid 1s a growth factor for Lactobacillus caser and Strepto
coccus faecals and these may be used as test organisms 1n its assay
Megaloblastic anaemias due to folic acid deficiency may not appear
SO severe In Marrow preparations as those due to B, deficiency and
experience will sometimes enable the technologist to suggest the
probable deficiency  Folmic acid a related compound 1s converted
to folic acid when given orally to a subject with normal gastrc
secretion

Folic acid antagonsts

Certain drugs used n the treatment of leucocyte dyscrasias and
also some barbiturates possess the property of interfenng with
folic acid metabohsm m the body It would seem necessary to

1The serum B,y concentrations shown were obtained w:th Euglena gracilis
by the method of Ross G I M (1952) J clin Path 5 250
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Fic 21 —Reticulocyte crisis, pernicious  anxemia
treated within vitamin B,

POLYCYTHAEMIC STATES
DEFINITION

Polycythaemua 1s defined as a condition characterized by an increase
in the number of red blood cells Polycythaemrma may be relative,
due to haemoconcentration from loss of flid or compensatory, due
to anoxaemia esther by reason of a rarefied atmosphere or pul
monary disease A chromic polycythaemic condition 1s found in
congenital heart disease

Primary polycy thaema

The main feature of primary polycythaemia is an erythroid hyper
plasia and 1n the later stages of the disease myelord hyperplasia
appears sometimes terniating in leukaemia  The red cell count
1s usually between 7 and 12 mullions per cmm  The haemoglobin
varies from 16 6 to 27 g per cent and the mean corpuscular volume
68-80 cubic microns  The total blood volume and blood viscosity
is increased and the spleen enlarged 1n polycythaemia vera rubra,
but a similar disorder termed polycythaemia hypertonica (Gaisbock’s
disease) 1s charactenized by high blood pressure and absence of
splenomegaly
Secondary polycythaemia

Secondary polycythaemia produced by flurd loss 1s a relative
excess of blood cells due to haemoconcentration The polycythaemia
of this conditton and also compensatory polycythaemia of pul
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h

also indicators of the success of ad ration The
are discussed in Chapter 12

BONE MARROW DYSFUNCTION

Failure of the marrow to utilize available nutrients results i a
hypoplastic or aplastic anaemia  Such a condition results from the
use of mutotic potsons of the benzol group, mitrogen mustards and
from wrradiation A pure red cell aplasia 1s a ranty but n associa
tion with thymic tumours has been descmbed Usually leucocyte
and megakaryocytic maturation 1s affected by toxic agents before
red cell hypoplasia or aplasia appears The inhibitory effect of the
spleen m hypersplenssm 15 always quoted as causing the blood
picture of aplastic anagmia with a normal marrow, the hormonal
effect of the spleen preventing cells from passing into the circulation

The blood picture of aplastic and hypoplastic conditions varies
according to the series mamly affected Haemoglobm and red cell
count progressively decrease mn true red cell aplasia but since 1t 15
exceedingly rare for the whole marrow to be affected reticulocytes
may be found A peculianty of the stained blood film seen some
times 15 a diffuse pk background

DI GUGLIELMO SYNDROME

Erythremic myelosss, as the D1 Guglelmo syndrome 1s more
generally known 1s a truly neoplastic condition charactenized by
erythroblastic hyperplasia  The process 1s not reversed by vitamin
By, or folic acid and the disease runs a short and fatal course
During the early stages the marrow picture 1s normoblastic with a
lencoblastic hypoplasia and reduction i megakaryocytes The
blood contatns numerous immature erythroblasts some bemg
atypical normoblasts and immature leucocytes appear as a terminal
phenomenon  The serum B;, level 1n this condition 1s unusually
high

MACROCYTIC ANAEMIAS

Anaemias charactenized by a macrocytic blood prcture with a
normoblastic marrow occur mn a variety of condittons  Such an
anaemia sometimes occurs in myxoedema although mucrocytic or
normocytic are more The aetiology of the
anaemia 1s obscure but primarly appears to be due to a depression
of the erythron Macrocytic anaemias in pregnancy and mal
nutritton have the same basis of madequate diet or increased
d ds The ful tr of with low red-cell
counts 1s shown by the appearance of a reticulocyte cnists (Fig 21)
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(&) Staming reagent  Mix equal parts of (a) and (b) immediately before
use
(d) Counterstain 0 1 per cent saframin

Method

(1) Fix air-dned films of blood or marrow for 20 minutes in methanol
(2) Place shides 1n statming reagent in water bath at 55 C for 10 minutes
(3) Wash shdes in runnung tap water for 20 minutes

{4) Rinse i distilled water

(5) Counterstain for 15 seconds with safranin

Siderotic granules stain as blue dots 1 5 and smaller

SERUM IRON (MARRACK, D, Personal commumecation)
Reagents
The reagents used 1n the estimation of serum are

(@) Tnchloracetic acid 60 per cent (n /1) trichloracetic acid tn water

(b) Alkaline acetate solution N/I sodium hydroxide saturated with
solid sodium acetate (25 g /100 ml) Keep the solution 1n a tall
bottle when needed remove portions for use without disturbing
the deposit

(¢) Ascorbic acid solution dissolve a  knife pont  of ascorbic acid
{025g)1n3ml of N hydrochlonic acid  Make the solution freshly
each day

(d) Dipyndyl reagent dissolve a  small kmfe point  of ascorbic
acid (01 g) and 10-15 crystals (0 01 g) of AR 2 2 dipyndyl in
2ml of disuiled water Make the solution freshly each dav

(&) Tron standards—stock standard 0862 g ferric ammonium sul
phate (7H,0) with about 100 ml concentrated HCl made up to
one Iitre  This contans 100pg /ml  Standards containing 100 and
300pg /100 m1 are obtained by further dilution with 0 01N HCI

Method

(1) Add02ml of ascorbic acid solution to 4 ml serum 1n a centrifuge
tube  After mixing by gentle shaking and allowing to stand for 5
minutes add 04 ml of tnchloracetic acid solution and stir the
mixture well for at least 45 seconds with a thin glass rod  After
standing for a further 10 minutes centnfuge for 20 minutes

(2) Place 04 ml of alkaline acetate solution and 6 drops of dipyridvl
reagent in a test tube  Add 2 ml of supernatant mix the contents
and aflow to stand for 10 minutes before reading 1n the spectro
photometer at 520 my

(3) Treat 4 ml of disuiiled water and 4 ml of the standards in the same
way as serum for blank and standards
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monary disease 15 differentiated on the marrow picture from that of
primary erythrocytosis  In the latter condition all marrow elements
are hyperplastic but except 1n altitude sickness, where there may be
a normoblastic reaction the secondary polycythacnuas have 2
normal marrow picture

TABLE 1V

AVERAGE CELL PERCENTAGES IN MARROW OF
DYSHAEMOPOIETIC ANAEMIAS

Pernicious Iron Aplastie
Normal anaenna { deficienicy | angenua
Reticulum cell 0-1 1-3 0-1 0-1
Haemocytoblast 0-1 0-3 0-1 0-1
Pro-erythroblast 0-2 1-3 1-3 0-1
Early normoblast 1-3 1-5 1-10 0-1
Intermediate normoblast 5-15 5-15 15-35 2-6
Late normoblast 1-8 5-10 1-10 1-4
Pro-megaloblast 0 3-10 0 0
Early megaloblast 0 2-15 0 0
Intermediate megaloblast [} 4-25 0 0
Late megaloblast 0 3-10 0 0
Red-cell mitoses -1 1-2 0 0
Myeloblast (14 1-4 14 0-1
Pro myelocyte b1 1-12 1-5 03
Neutrophil myelocyte 2-20 12-20 2-10 1-7
Eosinophil myelovyte 1-3 1-2 0-1 0-1
Basophil myelocyte 1 0-1 0-1 0
Metamyelocyte 10-48 5-20 5-15 4-15
Neutrophil polymorphonuclear 9-34 3-12 5-15 5-10
Eosinophil polymorphonuclear 13 1-2 0-1
Basophul polymorphonuclear 0-1 0-1 -1 0
Lymphocyte 2-20 612 2-15 30-50
Monocyte 0-5 0-2 0-3 3-8
Plasma celt 0-2 1] (]
Megakaryocyte 0-2 (] ] o
Myeloid erythrod ratio 8 1-2 1{2 I-1 1[4 I-1 1}8 -1 1
Leuco-erythrogenic ratio 15 1- 03 1- 05 1- j O g
251 16 1 15 1 25 1
Comment Megalo | Norm: Hypo-
blastic blasnc cellular
reaction Teaction marrow
TECHNIQUE
STAINING OF SIDEROTIC GRANULES
Reagents

The reagents used 1n staming siderotic granules are
(a) Potassum ferrocyamde 2 per cent aqueous solution
(b) N/5 hydrochloric acid
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Metals 45 dry mux
Ferrous ammonium sulphate (FeSO(NH,),S0,6H,0) 140g

Zne sulphate (ZnS0,7H,0) 43¢
Manganese sulphate (MnSO,H,0) 154g
Copper sulphate (CuSO,5H,0) 032¢g
Cobalt sulphate (CoSO,7H,0) 048 g
Bone acd (H,BO,) 057¢g
Ammonium molybdate ( (NH)M0,;0,4H,0) 063 g
Sodium orthovanadate (Na,VO,16H;0) 00925¢g
2204 ¢
for 1000 litres
of final medium

Grind the ingredients together and store 1n a dry place in a polythene
bottle

Stoch By, solutions ( freshly prepared every three weeks)
Ampoule of By, (1 ml) contawns 20xg = 20 000zpg

Bottle f’:’:l Inital Dilution )“:’II ,:{ Ml of
No pag conc required cone aqua dist
1 200 000 20000000 1 100 10 99
2 2000 200000 1 100 10 99
2q 100 2000 [ 20 50 95
3 20 2000 I 100 10 99
3a 2 20 I 10 100 90

The solutions must be prepared using stenle glassware the final
products being regarded as sterile

Stock culture

Marntain stock cultures in Pyrex 6 inch < 2 inch tubes of tryptone
m agar

Apparatus
All glassware must be neutralized by filllng with distilled water and

autoclaving at 5 pounds for 30 munutes then dried plugged and
sterdized 1n the oven at 160° C for one hour

To set up a batch of serum
(1) Set up each test serum 1n three difutions 1 20 § 40 and | 80
1n duplicate
(2) Steam these tubes together with the standards 1n triplicate sera of
known By, value diluted as for tests in tnphcate and two tubes of
1 20diduttonofa knownlow serum for 15 minutes to free any
combuned B,, This gives the total B,, present
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Calculation
Reading of test
Reading of standard

Reading of test
Pk bttt Bhdoli i A = ]
Reading of standard X 200 = serum 1on (ug /100 m)

The standard with the reading closest to that of the unknown 1s used

Note All apparatus bottles and syringes should be boiled 1o dilute
hydrochloric acid and washed n distilled water

Low standard X 100 = serum tron (g /100 ml)

High standard

ASSAY OF VITAMIN B,, (ROSS)
Media
Media to be used 1 the assay of vitamin By, are as follow

Stock culture medwm  Tryptone (Oxo Ltd) 02 per cent in 025
percent agar This medium contams the equivalent of 20upg /ml of By

Stock culture medum 50 + T Double strength basal medmm
50ml Tryptone 04 per cent 4 75 ml B, 2000uxg /m! 025 ml of
bottle 2 (see page 85) This medium contains 50upg /ml of By, and 15
used for cultures from which noculums will be made 1nto medim -+
test flud

Double strength basal medium Weight (g ) for
Concentration mgm per cent i final medum 10 ktres final
medium
(KH,PO,) 30 30
Magnesium sulphate (MgSO,7H,0) 26 26
Magnestum carbonate (MgCo;) 14 14
L glutamic acid 300 300
Calcium carbonate (CaCO;,) 8 08
Sucrose 1500 150
DL-Malic acid 100 16
DL-aspartic acid 200 20
Glycine 250 25
Ammonum succinate
(CH, COO NH,), 60 06
Thiamine HC1 006 06
Metals 45 22 022
Para amino benzoic acid 0125 0013

tThis 1s 06 triturate coptaming 1 g of thramine hydrochlonde + 99 g
sucrose (1 100 triturate) Dissolve the mgredients 1n 5 000 ml distilled water
and steam for 15 munutes Cool and adjust gH to 3 6 with 40 per cent NaOH
or 40 per cent M,SQ,  Filter bottle and sterilize by autoclaving at 10 pounds
for 15 munutes
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Readmg of results

Plot the standard curve for By, on 3-cycle sem log paper  Plot
the By, concentration on the loganthmic side and the turbidity
reading on the lincar side  Corrections may be made for turbid
or coloured test flwids first by reading the turbidity and then
sedimentation of the alga immobilized by caprylic alcohol) or after
centnfugation reading the turbidity of the supernate

This value 1s subtracted from the total turbidity

Read concentration of test cultures from the standard curve and
multiply by the dilution to obtain valucs of pug /ml serum

Normal values  140-800upg /ml

PRESERVATION OF MARROW CELLS
Marrow cells are preserved as follows

(1) Withdraw 025 ml of marrow and discharge into five times 1ts
volume of 10 per cent ox albumen

(2) Centnfuge lLightly and make smears from the deposited marrow
fragments

QUANTITATIVE ESTIMATION OF URINARY UROBILI
NOGEN (WATSON)
Reagents

The reagents used 1n quantitative estimation of unmnary uro
bilinogen are as follow

(a) Ehrlich s reagent (modified)

Parad vl b 1dehyde 0

78
Concentrated hydrochlori acid 150 ml
Distiled water 100 ml
(B) Saturated aqueous pure sodium acetate
(c) Stock standard
Pontacyl Carmine 2B 5 mg
Pontacyl Violet 6R 150 per cent 95 mg
Acetic acid 0 5 per cent 1 000 ml
(d) Working standards
Stock standard sol 10 mi
Acetic acid 0 5 per cent 50 ml

Method
(1) Empty patient s bladder 1n early afternoon

(2) Guve patient half a pint of water to drink

(3) Collect sample 2 hours Iater measure volume and cool to room
temperature

Colour ntensity equivalent to
0 6 mg per cent urobilinogen

87 7-2



HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

(3) Heat two tubes of 1 40 dilution of each test serum at 51°C for
30 munutes This gives the free By,

(4) Steam two tub s of 10 m! amounts of stock medium and 20 ml
and 10 ml of single strength basal medium for 15 mmutes

The Test Proper

TABLE V
TO SET UP A RANGE OF STANDARDS
Final cone Imt By, M of Ml of Basal

No | % g iml bottle it By | DH0| medumDS
1 50 2a 20 — 20
2 25 22 10 10 0
3 15 2 06 14 20
4 10 2 04 16 29
4a 10 3 20 0 20
5 5 3 10 10 20
5 25 3 05 s 20
7 125 3 025 175 20
8 10 3 20 it 20
9 03 3a 10 1o 20
10 025 3a 0s 15 20
cr 0 st = 20 20

‘Thus all tubes are made up to a final volume of 4 m!  For routine purposes
set up the standards CT 9 7 6 5 4 4, 11 triplicate

Prepare fresh stock solations every 3 weeks and set up tubes 2 5 9 of the old
stock against the new standards for comparison

Preparation of moculums

(1) Select a stock culture preferably -6 days old and check the tur
bidity for contamination

(2) Spmn the cells at 2000 r pm for 5 minutes decant the supernatant
and resuspend the cells 1n 20 ml single strength basal medum
mix thoroughly Tespin decant and finally resuspend i 10 ml
single strength medium  This washes the cells free from any bnding
matenial produced by the Euglena (sez above)

(3) Inoculate the cooled tubes with one drop of this suspension from a
Pasteur pipette held vertically to control the size of the drop

(4) Incubate the tubes at 28 C (optimum temperature) for 5 days and
read their turbidity on the sitth day using a quarter celt n the
photo electric colonmmeter and using a spectral red llford filter
No 608 The temperature should not be allowed to fall below
26 C or nse above 32°C

Note Vigorous shaking 1s required to disperse clumps of algae and

tubes with serum froth markedly Bubbles are dispersed immediately

by adding one drop of caprylic alcohol water (1 1n 5} This should not

be added before shaking becanse of the fragmentation of algae and

cloudiness which may result

86



INVESTIGATION OF ANAEMIC AND POLYCYTHAEMIC STATLS

(9) After mixing read i colonmeter using Itford spectrum yellow green
filter No 605 aganst a calibrated ncutral grey screen or a
phenolphthalein standard

Calculation

Mgm urobilinogen per 100 g stool = _‘987__>fsm where U 1s
reading of unknown V 15 final volume of coloured solution 1n ml
and S 1s reading of standard

Note A blank of 2 m! filtrate plus 2 ml 6N hydrochloric acid and
6 ml of sodium acetate solution diluted in the same volume as the test
15 used as a blank for zero setting of the colonmeter
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(4) Place 2 5 m! 1n colorimeter tube and add 2 5 ml Ehrlich reagent
and 5 0 ml saturated aqueous pure sodium citrate

(5) Mix thoroughly and read m colorimeter using an Ilford spectrum
yellow green filter No 605

Caleulation  urobilinogen concentratron plus allied substances is
calculated from

Mwio_ﬂﬂ X dilution X volume of 2 hour sample

= No of Ehrlich units 1n sample
The normal is less than I unit

QUANTITATIVE ESTIMATION OF FAECAL UROBILI
NOGEN (MACLAGAN)

Reagents
The reagents used in the quantitative esttmation of faecal uro
bilinogen are as follow

(@) Ferrous sulphate 20 per cent FeSO7H,0 20 g distilled water
92 ml

(b) NaOH 10 per cent

() Modified Ehrhich reagent (Watson)

(d) Saturated aqueous pure sodium acetate solution
(&) 6N hydrochlonc acid

(f) Phenclphthalen standard

(1) Dissolve 50 mg phenol| lein in 100 mi absolute ethanol

(2) Add 1 ml of this solution fo 10 m} 10 per cent sodim carbor
ate (Na,COy) solution and dilute to 100 m! with water im
mediately before comparison

The standard s fent to 0 387 mg bil) per 100 m!

Method

(1) Weigh out 15 g of fresh formed stool and transfer to a 6-nch
x 1 1nch test tube

(2) Add 9 ml of distilled water and mix thoroughly

(3) Add 10 ml of ferrous sulphate solution and mix well

(4) Add 10 ml of sodum hydroxide solution and mix well

(5) Allow to stand 1-3 hours

(6) Fulter through Whatman No 1 11 ¢m paper

(7)) Rapudly place 2 m! of filtrate 1n a dry 250 ml measurng cylinder
and add 2 m! of Ehrlich reagent Mix and allow to stand 10
runutes

(8) Add 6 ml of saturated sodum acetate solution shake and then
dilute with distilled water according to colour which develops
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somes remain whole, and in the spermatocyte one of cach chromo
some pair proceeds to opposing ends of the cetl, so that the diplord
number of chromosomes 1s reduced to the haploid number 1n the
mature spermatozoon Duning the maturation of the ovum the
chromosomes separate and form two nucle1 one of which 1s eccentric

Fig 22 —The cell A Centro
some with centrioless B
nucleus withnucleolr C cyto
plasmuc 1nclustons (yolk fat
glycogen mucus and so on
D mitochondna

Fic 23 —The cell in mitosis 1 and 2 prophase 3 meta
and 5 anaphase 6 teleghasc phase 4
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CHAPTER 7
THE CELL AND INHERITANCL
THE CELL

COMPOSITION OF THE CELL

THE cELL (Fig 22) consists of cytoplasm and 1ts inclusions nucleus
and posstbly leoli  The cytopl: mncl are centrioles
mside the centrosome mutochondria and inclusions related to the
function of the differentiated cell Yolk fat, glycogen mucus and
so on are such specific inclusions

CELL DIVISION

The normal means of growth and replacement ot cell wastage mn
the body 1s by mitotic dwvision (Fig 23) of the cells  The first stage
of mutosis 1s termed prophase and 1s characterized by the centrioles
moving apart and the appearance of attraction rays radiating from
the centrosome At the same time the nuclens becomes a long
thread of matenial termed the smreme This stage merges into
metaphase 1 which the centrioles are at opposing ends of the cell
and the astral ines radiate everywhere bemg particularly numerous
1n the zone between the centrioles where they form the spmdle
The chromatin thread meanwhile has broken into small preces called
chromosomes which he suspended along the spindle n one plane
called the equatonial plate The chromosomes spht longitudinally
and m the next stage one of each pair so produced moves to oppostng
ends of the cell and at the same time each centrrole divides m prepa
ration for future diviston  this 1s termed anaphase In the last stage
the chromosomes at each end of the cell fuse to form the spueme
nuclear membranes are assumed and the astral Iines begun to fade
A constriction which has appeared 1n the cell becomes marked and
the two cells begin to part this stage 1s termed telophase  Finally
the nucler having been fully restored to the shape 1 the resting cel
the two daughter cells separate and after an interval the process 1s
repeated

The number of chromosomes 1n a cell 1s constant for a gven
species but the sex cells mature 1n a manner whuch reduces thus
number by one half Instead of splitting at metaphase the chromo
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GENES

To explain the appearance of only one charactenstic when two
genes are operating 1t 15 necessary to postulate that one gene has
the power to blot out the effect of another This power 15 termed
domunance, and a gene which 15 capable of exerting such influence
15 called a dominant gene  The gene winch 1s submerged 15 sud to
be recessive and such genes 1n some cases are bad ones i that a
double dose may produce unfortunate charactenstics  Inbreeding
ofien brings bad charactenistics to the surface since the chances of a
double dose of bad recessive genes bemng inhented are greatly
mcreased  Careful selection of matings, however even in closely
related communtties can produce only good results

Lethal genes

Recessive charactenstics nherited 1 a double dose sometimes
cause the death of the infant i utero and the genes are termed lethal

genes It 15 believed that the gene of haemophilia may sometimes
act n this way

Modifying genes

It has been known for a long time that the genes for one charac-
tenstic may have the effect of modifymmg or suppressing the action
of another and 1n recent years such interference with gene expression
has been demonstrated in human beings It 1s not known how modi-
{ying genes exert their effect but examples are found 1 the mhen
tance of blood groups

Linhage

For the mmhentance of a single factor one site on the chromosome
1s available  Should there be more than one version of this charac
tenistic there will be other genes for the factor which are regarded
as competitors for the chromosomal site  Such alternative genes
are termed allelomorphs or alleles  Genes which occupy sites very
close to one another on the chromosome so that they are always
inhenfed together are said 1o be inked

Crossing over

The chromosomes at one stage dunng meioss are so close 1o~
gether that they tend to adhere When they separate agam it
occasionally happens that the semt flud matenal has fused so that
& prece of chromatin befonging to one chromosome has become an
ntegral part of the second and vice versa (Fig 24) Insuch casesa
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and 1s termed a polar body This 1s extruded from the celi so that
the mature ovum only contans the haplord number of chromosomes
Thus type of dwvision 1s termed meiosis, amutotic or reduction division
To obtarn a full complement of chromosomes it 1s necessary that the
ovum be impregnated by the sperm and the two pronucler fuse
Reproduction then proceeds by normal mitotic diviston

Most authorities agree that cells of the haemoporetic system are
normally produced by mitotic dwision from a totipotential pre
cursor but the megakaryocytes then mature by a process known as
endomitosis m which no obvious division takes place the nucleus
and cytoplasm merely doubling 1n size  Under pathological con
ditions the blood cells divide 1n 2 manner which produces polyplod
cells—cells contaimng more than the normal number of chromo
somes A polyploid cell may contamn a single large nucleus several
diplord or polyploid nucler or a muxture of both types Twinnmg
deformities 1 which the cell contans two nucler which are murror
images of one another are produced by the dwvision of the nucleus
without division of the cytoplasm  Small blood cells with less than
the normal number of chromosomes are seen sometmres m blood
diseases The micromyeloblast 1s not regarded as such a cell 1t
bemng merely deficient in cytoplasm  The exact number of chromo
somes cannot be determmed 1n blood cells polyplordy berng usually
characterized by the size of the cell or nucleus or both Giant
chromosomes are sometimes seen in normoblasts and megaloblasts
m the anaemias

INHERITANCE

THE STRUCTURE OF THE CHROMOSOMES

In human cells there are 23 pairs of chromosomes of which 22 are
twins but the last pair do not resemble one another 1n males while
1 females they are wdentical and moreover, resemble one of the
odd pair 1n the male The chromosomes attach themselves to the
spmdle by a small particle called the centromere at which pont
they begmn to spiit  On the chromosomes themselves are numerous
small beads or bands which although constant m structure and
 number for a species differ from one another These are termed
chromomeres and are believed to be the site of the factors responsible
for the whentance of physical and some mental charactenstics
The hypothetical determining centres are called genes and stnce
they are carned on chromesomes donated from both parents st
follows that the infant wil inhent a mxture of characteristics
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and other terms are illustrated by the expenments of Mendel with
green and yellow seeded garden peas

In Family (1) (Fig 25) yellow seeded peas were crossed with green
seeded peas and a yield of 100 per cent yellow seeded peas obtained
Multiplymg the genotype constituents together shows that from two
homozygotes 100 per cent of heterozygotes 1s obtawned, and m the
family rllustrated that yellow 1s dominant over green When the
heterozygotes were crossed with each other Mendel obtained yeilow
to green seeded peasnaratioof 3 1 From Fig 25 (B), 1t will be
seen that yellow 1s dominant since green only appears in double dose

Famiy { Famity 2
Y A Y 9
9 Yo Yo Y vy \
9 Yg Yg 9 Yo 99

(a) {b)

FiG 25 —The Mendelian expeniments with green and yellow seeded
garden peas famifies I and 2 ilfustrated diagrammatically

A defimtion of a Mendehian dominant therefore 15 a gene which
expresses itself 1n single or double dose and a Mendehan recessive
15 2 gene which expresses itself only in double dose

CALCULATIONS

(1) The number of possibie chromosomes for allelomorphic
genes 1s equal to the number of allelomorphs

(2) The possible number of chromosomes with paired genes can
be calculated using the square rule 1n which the number of paired
genes 1s multiphed together for example, 4 paws of genes
2 X 2 X 2 % 2 = 16 possible chromosomes

(3) The number of possible genotypes when dealing with the

mhentance of a single factor 1s obtaned from the formula & m+1
2

where n 15 the number of chromosomes

blood group factor M and its allelomorph
sible chr The possibl

For example, for the
N there are two pos
genotypes_ are obtamned from

2
3 (2 + 1) = 3 and on inspection these are MM, MN and NN
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rarer chromosome may be produced Crossing over does not
separate some genes and 1n such cases the hinkage 15 said to be very
close

A a A a A 2
:] b 8 b b ;]
c c < c 3 c

Fic 24 —Dhagram tllustrating  crossing over
The chromosomes ABC and abc produce Abc
and aBC

SEX LINKED CHARACTERISTICS

Sex 1s determined by the p of the odd ct mn
the normal set The human male possesses one disstmular parr of
chromosomes designated X and Y the X chromosome being
1dentical with another pair in the female Durnng the formation of
the gametes one sperm will receive the Y and the other the X
chromosome An ovum fertiized by a sperm carrymg the Y chro
mosome will result 1n 2 male infant and that fertiized by a sperm
carrymg the X chromosome will result in a female infant The X
and Y chromosomes carry other genes and smce the effect can only
be exerted 1n the sex predetermuned by the gamete such genes are
said to be sex Iinked

MENDELISM

The genetic make up of an indivtdual as determined by observa
tion laboratory experiment and pedigree studtes 1s known as the
genotype or type which creates It 1s the determmant whereas the
effect produced and observable 1s the phenotype or type which 1s
seen The phenotype 1s defined as the geretic make up of an 1nd1
vidual as determined by observation and himrted laboratory expent
ment Rarely the genotype can be assumed from the phenotype

An individual who has inhersted sdentical genes for a charactesistic
from both parents 1s said to be homozygous and an individual who
has whented dissimilar genes 1s said to be heterozygous These
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THE HAEMOLYTIC ANAEMIAS

The haemolytic snaemsas however, especially hereduary sphera
cytosts arc characterized by aplastic crises in which the tired
marrow temporanly ceases to function  Crises of this nature are
usually associated with infections

INTRAVASCULAR HAEMOLYSIS

Two rates of haemolys:s are considered here

(@) The chromic small or slow haemolytic process and (b) the
acute or rapid destruction of a large number of cells

The two types may be convemently compared with the normal
destruction of effete red cells, by tabulating the increase of products
of haemolysis and by products of haemoglobin synthesis (Fig 26)

Methaemoglobin may appear n plasma and unne following
intravascular haemolysss, but only if present n the destroyed red
cells Methaemalbumen a compound of haematin and serum
albumen appears 1n the plasma shortly after a haemolytic episode
and 1s detectable spectroscopically up to 48 hours afterwards The
molecule 15 too large to pass the kidney and therefore 1t does not
appear mn the unne Carbomc anhydrase, an enzyme present
red cells 1s concerned with the liberation of CO, from bicarbonate
In rapid haemolysis the enzyme 1s freed into the plasma and may
be excreted 1n the urine but its demonstration 15 only of academic
terest Haemosiderin the 1ron containing pigment of haemo-
globin breakdown 15 always found in the urine of chronic haemolytic
anaemud, but a single haemolytic episode however intense may not
show the charactersstic granules immediately since the kidney has
first to absorb and then re excrete the pigment

Serum bilirubin level

The serum bilirubin level depends to a great extent on the
efficiency of the reticulo endothehal system, hence 1t may 1 some
cases be a misleading measure of haemolysis  Excess wrmarv
urobilinogen also may be an indication that the hiver 15 unable to
re excrete urobilinogen reabsorbed from the bowel rather than a
sign of increased haemolysis The amount of faecal urobilinogen
excreted 1s not a good measure of red cell destruction since as much

as 20 per cent of faecal urobilmogen 1s derived from sources other
than haemoglobin breakdown

Excretion of coproporphyrin
Coproporphynin I1s the form 1n which

of haemoglobin synthesss,

1 increased i amount

porphyrinI the by product

1s excreted and m haemolytic anaemia 1t

Coproporphyrin 1fl, however 1s only
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CHAPTER 8
THE HAEMOLYTIC ANAEMIAS

GENERAL DATA

INTRODUCTION
THE HAEMOLYTIC ANAEMIAS are characterized by a reduction m the
life span of the red cells which are destroyed m the blood vessels
even when they are only a few days old The haemolytic process
may be erther an nhented or an acquired condition some of the
nherrted disorders having definite racsal associations

An 1mhertted haemolytic anaemia 15 one in which a famihal

dency can be d rated, and 15 d with anomaltes of
red cell shape and abnormal structure of haemoglobin  Acquired
haemolytic anaemias may be due to drugs posons virus infection
and allergy etc or to the formation of antibodies active aganst
red cells  Red cell shape may be altered m the acquired haemolytic
anaemias

BLOOD PICTURE

Providing the marrow 1s functioning normally the blood picture
15 one of regeneration the degree of anaemia found being related to
the time mnterval between haemolytic episode and blood examination
The stamed film shows amsocytosis with large macrocytes present
polychromasia and b. hilte stippling  F d celis known
as schistocytes are usually present and target cells and sphero
cytes despite their assocration with specific disorders may be
found 1n any haemolytic tnaemua  Howell Jolly bodies and even
normoblasts may be present m the perspheral blood and there may
be some degree of leucocytosis due to an mcrease m the myelowd
elements  Reticulocytosts 15 invariable even where there 15 no
obvious anaemia up to 50 per cent of reticnlocytes being found
hereditary spherocytosis with a normal red cell count

Marrow response

The blood picture results from the normal marrow response to
red cell destruction the marrow bemng hyperplastic and showing a
normoblastic reaction  Macro normoblasts may be promunent
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excreted 1n excess where there 1s interference with hacmoglobin
synthesis by poisons, such interference beng evident 1 haemolytic
anaemias due to lead, arsemic, sulphonamides and other drugs
The presence of silerocytes 1s another ndication of snterference
with haemoglobm synthesis and they may be found in hiemolytic
anaemas, but they also occur n other blood disorders and after
splenectomy

THE NORMAL RED CELL SHAPE

The normal red cell shape 1s a biconcave disc, 8 shape which
presents the largest possible surface area to the plasma This 1s
necessary because of the complex physical and chemical reactions
which take place between red cell and plasma The shape also lends
1tself readily to the distortion necessary for it to pass the finer
capillaries and would appear to be best able to withstand the
mevitable trauma sustained in the blood stream  The biconcave disc
15 also able to withstand limited changes of osmotic pressure with
out rupture

DEFECTS OF RED CELL SHAPE

Anomalies of red cell shape are inherited as Mendelian dominants,
and are associated with the inherttance of abnormal haemoglobins
(see below) or persistence of foetal haemoglobin into adult Iife

Spherocy tosis

Hereditary spherocytosis 1s assoctated with a chronic haemolytic
anaemia, the abnormal cells having a shortened hife span  Small
of foetal h: globin may sometimes be demonstrated

n the adult blood The spherocytes are removed from the blood
stream by the spleen removal of the organ bemg curatve although
spherocytosts persists The cells appear as deeply stammg micro
cytes (Fig 27), the average diameter being 6 5-7 0 microns The
MC¥V s usually normal or shghtly decreased the volume bemg
made up by the increased thickness The normoblasts and reticulo-
cytes are of normal shape only the mature cells bemng spherocytic
The marrow 13 hyperplastic except during aplastic cnsis and there
1s usually some anaemia with a constant reticulocytosts  The serum
bilirubin rarely nises above 4 0 mg per cent The osmotic fragiity
(see below) of spherocytes 1s increased and even 1n muld cases the
dcfect can sometimes be recogmzed by incubating the blood at
37°C for 24 hours when the osmotic fragility may be mcreased
beyond that of a normal incubated specimen The spherocytic cell
envelope also seems to be defective since incubation of stertle blood
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Red cells

Normal red cell Slow Rapid
destruction haemotysis haemolysis

Bilrubin

Bilirubin Bitirubin
{indirect)* —I PustA | (indirect) e+ I"USM‘ (induect) +

Free
oxyhaemoglobins

Free
methaemoglobin*
Methaematbumen

Carborie
anhydraset

Urobiinogens+
Coproporphynnl+
CoproporphynnIlt
Oxyt "
Methaemoglobint
Carbonic
anhydrase*
Haemosiderin®

Urobilincgen+ Urobiinogen ++
CoproporphyrinIt| URINE Coproporphyrin I+ | URINE
iCoproperphynnIl Coproporphynn T2

Faecal Faecal
F | urobilinogen+ urobilinogen+
urobimogene | PHECES | CoproporphynnI+ [ FAECES | CoproporphyrinI
Coproporphyrin I CoproporphyrmII*

Fi16 26 —Companson of slow and rapid haemolysis with normal
physiologrcal destruction of effete red cells

98



THE HAEMOLYTIC ANALMIAS

excreted 1n excess where there 1s interference with hacmoglobin
synthesis by poisons, such interference being evident in hiemolytic
anaemias due to lead, arsenic sulphonimides and other drugs
The presence of siderocytes 15 another ndication of mterference
with haemoglobin synthesis and they may be found haemolytic
anaemuas, but they also occur m other blood disorders and after
splenectomy

THE NORMAL RED CELL SHAPE

The normal red cell shape 15 a biconcave disc, a shape which
presents the largest possible surface area to the plasma  This 1s
necessary because of the complex physical and chemical reactions
which take place between red cell and plasma The shape also lends
iself readily to the distortion necessary for it to pass the finer
capillaries and would appear to be best able to withstand the
mevitable frauma sustamed 1n the blood stream  The biconcave dise

15 also able to withstand limited changes of osmotic pressure with-
out rupture

DEFECTS OF RED CELL SHAPE

Anomalies of red-cell shape are tnhented as Mendeltan dominants,
and are associated with the mheritance of abnormal haemoglobins
(see below) or persistence of foetal haemoglobn into adult hfe

Spherocy tosts

Hereditary spherocytosis 1s associated with a chrontc haemolytic
anzemia the abnormal cells having a shortened Iife span  Small
amounts of foetal haemoglobm may sometimes be demonstrated
m the adult blood The spherocytes are removed from the blood
stream by the spleen removal of the organ bemng curative although
spherocytosis persists  The cells appear as deeply stamming micro
cytes (Fig 27), the average drameter being 6 5-7 0 microns The
MCYV 15 usually normal or shghtly decreased the volume being
made up by the increased thickness The normoblasts and reticulo
cytes are of normal shape only the mature cells being spherocytic
The marrow 1s hyperplastic except during aplastic crisis and there
15 usually some anaemia with a constant reticulocytosis The serum
bilirubin rarely nises above 4 0 mg per cent The osmotic fragility
(see below) of spherocytes 1s increased and even m muld cases the
degect can sometimes be recogmzed by mecubatmg the blood at
37°C for 24 hours when the osmotic fragility may be increased
beyond that of a normal incubated specimen  The spherocytic cell
envelope also seems to be defective, since incubation of sterile blood
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Fis 27 —Penpheral blood 1 heredutary spherocytosis (¥ 420)

results i sp Iysts {autoh: Iysis of Dacie) i excess of
simlarly treated normal blood The abnormal cell also does not
stand up to wear and tear, 1its mechameal fragility {see below) beng
markedly increased

Spherocytes are found m many haemolytic anaennas and there
seems little doubt that porsons mabgnant and unknown processes
can so modify the red cell that st becomes spherocytic 1a the absence
of genstic infl An acquired sph tOsIS 1 Sorae Cases seems
to be associated with an mcreased glucose metabohsm fatlure to
provide the metabohte resulting in haemolysis i vitro

Eliptoc; tosis

Elliptocytosts 15 not always assocrated with a frank haemolytic
anaema and the defect does not make the cells more sensitive to
h n P Sc the cells are oval rather
than ellsptical and occasionally spherocytes may be seen although
the genes govermng the mhentance of spherocytosts and elhpto
cytosis are not related  Some authorities regard elhiptocytosis as
oceurning 10 three prades of seventy haemolytic anaenia being the
teast common A less active type shows 2 reticulocytosis but 15
compensated 1n that there 1s no obvious chimeal evidence of haemo
fysts In the latent type whach 1s the most common elliptocytes are
present but there 18 no evidence of hacmolysis or anaemia  The
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immature cells mn this condition are not elliptical, 1ssuming this
shape after they have Jost therr reticulum

Leptocy tes

The leptocyte of Mediterrancan anacmia (Fig 28) 1s an abnor
mally thin cell inhented as a Mendehian dommant and associated
with this shape 15 2 varying amount of foetal haemoglobin persisting
mto adult hfe  The gene expresses 1tself 1n three grades of severity,
termed thalassaemia major, minor and mimma  Thalassaetia major
1s found 1n the homozygote as a frank haemolytic anaemia while the
heterozygote presents either as @ mild haemolytic anaemra or 1s
symptomless Inhentance of the trait, however, combined with
another red-cell defect or an abnormal haemoglobin results n
severe symptoms The leptocyte 1s resistant to changes 1n osmotic
pressure, the cell remaining intact 1n very low concentrations of
sodium chlonde Due to 1ts increased mechamcal fragility
Ieptocyte has a reduced Ife span The characteristic cell %of
thalassaenua 1s the target cell, but this appearance 1s also seen
some won-deficiency states In such cases the sron deficient lepto
cyte behaves 1n respect of osmotic and mechanical fragiity as the
cell of thalassaermia and 1t may be difficult without pedigree studies
to distingwish between them It should be noted that m all cases of
thalassaemia there 15 a hugh serum iron, 1n spite of the hypochromic
red cell, suggesting a fault 1n utihization of ron
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Drepanocy tes

Sickle celis or drepanocytes (Fig 29) are cells which under con
ditions of reduced oxygen tension assume bizarre shapes due to
crystallization of an abnormal haemoglobin The sicklmg process
15 mainly reversible The anomaly is mhenited as a Mendelan
dommnant and the amount of sickle haemoglobin 15 mcreased 1n the
heterozygote with consequent severe symptoms 1f a gene for another
abnormal h lobin or the thal; gene 15 also inhented
The heterozygote 1s usually symptomless but the combination of

AR ATAY)
K eT 2 S5

F1G 29 —Sickle-cell anaema in an African Negro the
preparation was made from blood treated with a reducing
agent (X 450)

sickle h lobin with the thal gene 1s not uncommon
1n some parts of the world the disorder being known as micro
drepanocytic disease The sickle cell has a reduced life span and
ncreased mechanscal fragility but 1t 15 very resistant to changes in
osmotic pressure

A DEFECT OF UNKNOWN NATURE

Paroxysmal nocturnal haemoglobmuna 1s a haemolytic anaemta
due to the red cells becoming sensitized to and lysed by a component
of normal serum  Properdin the bacterrocsdal globulin 1s mvolved
1n the haemolytic process the exact nature of which 15 unknown
The reaction oceurs i vitro at pH 7 0 that 1s shghtly on the acid
side of physiological pH 1s enhanced by thrombin and i o
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occurs during sleep  The osmotic and mechamical fragilitics are
normal Haemosidermuria 1s a constant finding and there 1s usually
a leuhopena due to a reduction 1n the mycloid clements and some
thrombocytopema The scrum bilicubin 1s rarely in excess of 3 0 mg
percent The condition 1s diagnosed by the acid serum test in which
the suspected cells are exposed to acidified serum with resultant
haemolysis  Blood showing marked spherocytosis also haemolyses
but can be disnguished by repeating the test with mactivated
serum PN H cells are not lysed by acidified heated serum.

OSMOTIC FRAGILITY

Normally red cells are suspended m plasma which exerts an
osmotic pressure equivalent to 0 85 per cent sodium chloride When
placed 1n hypotonic solutions haemoglobin 15 freed from the cells
but the process 1s not a simultancous one some of the cells lysing
at one concentration of saline and others at a different strength
Artenal blood 1s less fragile than venous blood which 1f saturated
with CO, 1s markedly fragile Ths effect 1s due to alteration in pH

Red-cell osmotic fragility 1s really a measure of spherocytosis
since the quantitative fragihity 1s directly proportional to the number
of spherocytes but as the test depends on pH, oxygen tenston tem
perature the nature of the hypotonic solutions and the proportion
of blood used great care must be taken to standardize the technique
Normal oxygenated cells begin to lyse at 045 per cent sodium
chloride and lyss 15 complete at 0 3 per cent  Spherocytes begin to
Iyse at 0 72 per cent and lysis 1s complete at 0 4 per cent sodium
chlonide  Cells from thalassaema, sickle cell anaemua obstructive
Jaundice and some megaloblastic anaemias are resistant to changes
11 oSmotic pressure

The test may be reported as that percentage of saline in which
complete lysis occurs or when lysis starts It 1s best however to
report the results graphically (Fig 30) plotting haemolysis per
centage against saline percentage  From the curve normally sig
moid the median corpuscular fragiity (M C F ) may be obtamed
as the concentration of saline causing 50 per cent haemolysis
In mild spherocytosis the curve may show a  tal indicating a
small number of fragile cells Such tails may occastonally be seen
tn blood from normal nfants and 1t 15 recommended that a normal
blood from a child be tested at the same time

INCUBATION FRAGILITY

The osmotic fragility performed on incubated blood 1S con
siderably altered and minor defects are made more obvious Normal
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o—o Hereditary spherocytosis
x==== Sickle cell anaemia
== = Thalassaema major
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Saline percentage
FiG 30 —Osmotic fragility curves the shaded
area represents the normal hmts

controls must be used 1n the test It may be necessary to set up
concentrations of saline above 0 85 per cent since after incubation
some cells are lysed at this strength

MECHANICAL FRAGILITY

The ability of red cells to withstand mechanical trauma 1s not
easily capable of accurate measurement For this reason the pro
cedure 1s not a routme laboratory 1nvestigation except 1n specialized
laboratories  Luterally the cells are agitated with glass beads and
haemolysts measured after a standard time The mechanical
fragility 1s abnormal in spherocytosis sickleaemua and 1n new
born children

ABNORMAL HAEMOGLOBINS

The foetal red cells produce a specialized haemoglobin capable of
taking up oxygen at a low tenston a process necessitated by the
anoxaemic conditions of mtra uterine hife At birth as much as
90 per cent of haemoglobin 1s of this type but normally 1t 1s replaced
by adult haemoglobin within a few months The thalassaemra gene
suppresses adult (A) haemoglobin so that more foetal (F) haemo
globin persists m the phenotype and stmultaneous inhentance of
another abnormal haemoglobin results 1n no A haemoglobin at all
beng found 1n the phenotype
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Haemoglobins A C D E F G H, ], JK,L,M,N, 0 P,Q
and S have been desenibed, the inheritance of a double dose of abnor-
mal hacmoglobin genes or one abnormal for example, C plus the
thalassaemia gene producing a haemolytic aniemin of greater or
lesser severty Anown as thalassaemsa C hacmoglobin discase
Sichle haemoglobin was onginally termed B haemoglobin  The
inheritance of a gene for S haemoglobin plus another abnormal
haemoglobin results 1n 1 larger amount of $ haemoglobin appearing
in the phenotype with conseq severe Symp! , whereas the
sichle cell trait 15 usually symptomless The mnhentance of the
abnormal haemoglobrns 15 still not clearly understood, there being
some doubt that many of the genes are actually allelomorphs of the
gene for A haemoglobin They may i fact be vanants of adult
haemoglobin

The abnormal haemoglobins have a geographical distnibution
and may senve as ethnological markers Haemoglobin C does not
extend south of the equator and S except 1n some Indian tribes and
parts of Greece betrays Negro ancestry Haemoglobin D has been
found in Negroes Stkhs Caucasians Algenans and Indians and
E has an Onental distribution 1n south east Asta Haemoglobm H
seems to be peculiarly Chinese and has been reported 1n association
with Q@ Haemoglobins C J and K have been reported in Algiers
J, Kk and I 1n Liberia and O 1n Indonesia

Haemoglobin H 1s peculiar 1n that inclusion bodies stained by
brlliant cresyl blue are found 1n the affected cells, and six sided
crystaline structures may be demonstrated m cells contaming
haemoglobm C A pecuhanty of sickle haemoglobn 15 1ts associa
tion with resistance to nfection by malignant tertian malaria
Normal A haemoglobin consists of four components A,, A Ay
and A, The A component resembles haemoglobin E 1n its physico-
chemical properties and 1s normally present to about 3 per cent
In thalassaemic syndromes however, this component may be 1n-
creased up to 15 per cent

Electrophoresis

Under the nfluence of an applied clectro motive force charged
colloidal particles migrate through the medium 1 which they are
dispersed  This 18 termed electrophoresis or less preferably cata
phoresis  The rate of migration 15 hnown as electrophoretic
mobility and under standard conditions 1s constant

for a given
colloild  Electrophoretic mobility depend t
factors Y depends on the following three

(a) The charge on the particle as determined by the pH of the
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dispersed medium (b)) the apphed EMF and (c) the 1onmc
strength of the dispersed medium
Protems bemng lyophilic colloid have electrophoretic mobihty

electrophoresis provides a means of separatmg the components of
such a mixture A muxture of h: bins may be d b
paper electrophoresis (Fig 31) m which the pigment mmxture 1s
applied across the width of a narrow strip of filter paper saturated
with boffer The ends of the strip are placed n troughs of buffer
n a Perspex tank and a current allowed to flow through the strip
for several hours For comparison normal A haemoglobin or a

+
@H
A
@ 'é [ I} @o:| O~ [ ]
@s @0
pH
86 ®:
®c

Starting point

Fic 31 —Diagram sh. g relative mobilities of
abnormal haemoglobms on filter paper at pH 8 6

known abnormal haemoglobimn are tested under the same con
ditions This provides reference ponts to measure the mobilities
of the suspected abnormal haemoglobins The separated haemo
globins may be fixed by heat stained and the comparative amounts
of each estimated by a scanning apparatus The techmque 15 not an
accurate one but 1s a good routine method of estimating abnormal
haemoglobins with an error of only a few per cent

Although all haemoglobin compounds may be used for electro
phoresis the carboxyhaemoglobin pigment appears to be the most
stable and preparations are saturated with carbon monoxide before
a run  There1s however no necessity to fill the tank with the gas

At pH 8 6 haemoglobins move toward the anode H and I moving
the fastest followed by A but at pH 6 5 haemoglobin H moves
toward the cathode This property distinguishes H from I  Haemo
globins S and D have the same electrophoretic mobility but D does
not produce sickhing
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Alkal: denaturation

Foetal haemoglobin differs from other haemoglobns in that st 1s
resistant to alkall denaturation The alkaline haematin produced
by the addition of alkah to the hacmoglobin solutton 15 estimated
by a spectroph tric method, readings being taken at intervals
after the addition of alkali A quicher but less accurate method
mvolves stopping the reaction after one minute with a precipitating
reagent the supernatant unchanged haemoglobin being measured
as resistant haemoglobin  Some loss 1s to be expected 1n the first
munute A modification of this method uses whole blood instead of
a haemolysate

Other methods of 1dentifying abnormal haemoglobins

Paper electrophoress 1s a switable routine techmque but fails to
differentiate between some haemoglobms  Starch electrophoresis
provides further mnformation and electrophoresis m agar 1s also
useful especially to separate haemoglobins A and F Ton exchange-
resin chromatography 1s extremely useful, the sequence of mobilities
differing markedly from that of paper electrophoresis The solubility
of the abnormal haemoglobins at different forms of crystallization
1s charactenistic  haemoglobins S and D, for example, being
differentiated by this means Haemoglobin H has the property of
being denatured 1n the cold and the precipitated material can then
be removed by centnfugalization Thus provides a means of separat-
ng H from a mixture

There seems no doubt that with new and improved techniques
more abnormal haemoglobins will be discovered and more par-
ticularly, other components of what are at the moment regarded as
simple haemoglobins

TECHNIQUE
SERUM BILIRUBIN (VAN DEN BERGH)

The following are details of the Van den Bergh serum bilirubin
test
(a) Diazo reagent
(1) Sulphanilic acid 10g
Hydrochloric acid cone 15m)
Distilled water to 1 000 ml
(1) Sodium nitrite 20 g 1n water to make 100 ml  Dilut
before use thatis 0 5ml reagent to 20 i water hute 140
To 10ml of (1)) add 0 3ml dilute (1) Use reagent the same day
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(b) 0 15 N/HC1 (15 ml conc HC1 diluted to 1 litre with distilled water)

(c) Absolute methanol

(d) Stock methyl red standard (029 g pure methyl red dissolved
glacral acetic acid and volume made up to 100 ml)

(¢) Working methyl red standard (29 mg methyl red per hitre at
PH 4 63) Place 10 ml of stock standard 1n a tre flask together
with 50 m! of glacial acetic acid  Add water to wash 144 g of
crystallme sodum acetate mto the flask. When dissolution 1s com
plete make the volume up to 1 litre with distilled water This
standard 15 equivalent to 8 0 mg bilirubin per cent by the method
used

Method—Direct bilirubin
Into two small tubes pipette

DBlank Test
Distilled water 43ml 43ml
Serum 02m! 02ml
0 15 N/HCI 05ml —
Diazo reagent — 05ml

Mrx immedately and allow to stand 15 minutes Read 1 the photo
electric colormmeter using Iford spectrum green filter 604

Method—Total bilirubin
Into two small tubes pripette

Blank Test
Distilled water 18ml 18ml
Serum 02ml 02ml
0 15 N/HCI 05 ml —
Duazo reagent —_ 05ml
Methanol 25ml 25ml

Mix immedrately and allow to stand 30 munutes Read 1n photo
electric colorimeter as before

Calculations
Reading of test — reading of blank
= t
Direct biltrubmn Reading of standard X 8 0 mg per cent
Total bilirubin = Reading of test — reading of blank

Reading of standard X 80mg per cent

Indirect bihrubin = Total ~ direct = mg per cent

HAEMOSIDERIN IN URINE
Reagent

Equal parts 2 per cent potassium ferrocyanide 1n distifled water and
N/5 HC1 freshly muxed before use
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Method
(1) Centnfuge the unne and remove supernatant
(2) Replace supernatant with equal volume of reagent
(3) Resuspend deposit and allow to stand 10 minutes
(4) Centnifuge and transfer deposit to 1 shde
(5) Place cover glass on deposit and examine
The blue granules of haemosiderin are 1-3x 1 size

OSMOTIC FRAGILITY (DACIE)

Reagent
Sodium chlonde 180 g
Disodium hydrogen phosphate (anhydrous) 2731 g
Sodwm dihydrogen phosphate (anhydrous) 37 ¢

Dissolve the salts in distilled water and adjust the final volume to
2 litres  Thus 15 saline buffered to pH 7 4 and 1s osmotically equivalent
to 10 per cent sodum chloride  The salution keeps well i a stoppered
bottle For use diute with nine times 1ts volume of distilled water
making an osmotic 1 per cent solution

Method

(1) Prepare 5 0 ml amounts of saline solutsons from Q 72 per cent to
0 28 per cent differing by strengths of 0 04 per cent

{2) Collect blood into heparin and aerate by swirling around 1n a watch
glass until bright red

(3) Using a fresh pipette for each tube wash 50 ¢ mm of blood nto
each saline dilution

(4) Wash 50 c mm blood 1nto a blank of 5 0 ml 1 per cent saline and
the same amount of blood into 5 0 ml distilled water as 4 standard
100 per cent haemolysis

(5) Mux the contents of all tubes and allow to stand at room temperature
for 30 minutes

(6) Centnfuge at 3000 rpm for 5 munutes carefully remove the
supernatant without disturbing the deposit and read n the photo
electric colorimeter usmng an Ilford bright spectrum yellow green
filter No 625

(7) Subtract the blank reading (usually mil) from all readings and cal
culate haemolysts percentages from the formula

Reading of test

Reading of standard x 100 per cent

(8) Express the results
abscissa and hae:

graphically plotting saline percentages on the
)} ges on the ord

109



HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

INCUBATION FRAGILITY (DACIE)
Method

[4)] Carefully dcﬂbrmatc blood under sterile conditrons
20mt 1n sterile vals
(3) After 24 hours at 37 C pool the contents of the two vials
{4) Aerate and set up osmotic fragihty including saline concentrations
of 076 08 and 0 84 per cent  Set up blank s 1 2 per cent saline

TABLE VI
NORMAL RANGE OF INCUBATION OSMOTIC FRAGILITY

Per cent NaCl | Per cent haemolysis

028 90-100
032 80-100
036 70-100
040 65-100
044 56-96
048 30-80
052 24-712
0356 5-70
060 0-40
064 0-19
068 0-10
072 0-5 -
076 02
080 Nil

MECHANICAL FRAGILITY

Method

(1) Adjust the packed cell volume of heparinized blood to 45 per cent
1f necessary using the patient s own plasma

(2) Place 2 0 m! volumes of the blood 1n 80 X 10 mm tubes and add
four glass beads of 4 mm diameter to each tube

{3) Stopper the tubes with rubber bungs and rotate on the suspenston
muxer at 33 r pm for 60 minutes at room temperature

{4) Pool the contents of two of the tubes and make 1 100 drlutions
of the blood in saline and ammonrated water (N/150 ammoma)
respectively

(5) Centrifuge the saline tube and read both tubes 1n the photo electrnic
colorimeter using usual haemoglobin filter

The 100 per cent haemolysis as a standard agamst
which the saline tube 1s estimated Narmal by thus techmque 2-5 per
cent haemolysis
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AUTOHAEMOLYSIS (DACIE)

Method
(1) Collect venous blood and delmer wathout frothing 10 ml
amounts into several 80 X 10 mm tubes Allow to clot undisturbed
at room temperature
(2) When the clots have started to retract, place one tube in the refrige
rator at 4 C and the others n a water bath at 37°C  Leave 2
hours and examine

If autohaemolysts 1s taking place haemoglobin diffuses into the serum
at 37 C but not 1n the control tube at 4° C

RED CELL SICKLING

Method

(1) Mix a drop of cap:liary blood the size of a pin head with a similar
sized drop of freshly prepared 2 per cent sodium metabisulphite

(2) Seal the mixture on a shde under a coverslip and incubate at 37 C

(3) Set up normal blood as a control and examine both after 15 munutes
30 minutes 1 hour and 2 hours

Sickhing occurs very rapidly i the homozygote but 1s slower m the
heterozygote with not so many bizarre forms

ACID SERUM TEST (HAM)

Method

(1) Collect venous blood and defibrinate with glass beads Treat
normal controls simtlarly

(2) Separate the cells and wash three times with salme finally making
a 5 per cent suspension n saline

(3) Place 1 0 ml of test cells in each of four tubes and sumilarly treat
control cells

{4y Acdify the serum® of patient and control by adding 005 ml
N/SHCl to 0 45 m! serum

(5) To the control cells add 1 0 ml of unacidified test serum

(6) To the first tube of test cells add 1 0 ml of unacidified test serum
To the second tube of test cells add 10 ml of unacidified control
serum
To the third tube of test cells add 1 0 ml of acidified test serum
To the fourth tube of test cells add I 0 m! of acidified control serum

(7) Mix the contents of all tubes and allow to stand 1 hour n a water
bathat 37 C

(8) Mix agamn centnfuge and examne for haemolysis  In paroxysmal

Serum der: ed from clotted blood may already she
ly show haemolysis 1 paro:
baemoglobinursa. It 15 recommended that the serum be obisimed from the dertrrmig curoal
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nocturnal haemoglobinuria none of the control cells with un
acidified test serum show evidence of haemolysis  Lysis 1s present
m the third tube of test cells but not i any of the others The
first tube of test cells may show a trace of haemolysts
N B If marked spherocytosis 1s present 1n a positive test repeat the
test with serum nactivated at 56 C for 30 munutes

PAPER ELECTROPHORESIS OF HAEMOGLOBINS

The followmg 1s the techmque for paper electrophoresis of
haemoglobins

(A) Preparation of haemolysate

(1) Collect venous blood into oxalate

(2) Wash the cells once with 0 85 per cent saline

(3) Shake the packed cells for 5 mmutes with 1 2-1 8 volumes of dis
tilled water (depending on the degree of anaemia) and 0 4 volume
of toluene

(4) Centrifuge at 3000 r pm for 20 munutes and discard the two upper
layers of supernatant

(5) Falter the clear red solution and store at 4 C until ready for use

(B) Electrophoresis
Reagent (i) Barbitone buffer pH 8 6 of wonic strength

M =005

Barbitone sodium 50g
Hydrated sodim acetate 333g
0 1/N sulphurnic acid 342ml
Hydrated copper sulphate 10mg

Distilled water to 1 000 ml

Reagent (1) Naphthalene black solution

d solution of hal, black mn methano!l contfamng
10 per cent glacial acetic actd

Reagent (ni) Differennator

Methanol 660 ml
Glacial acetic acid 60 ml
Normal hydrochloric acid 10 m]
Distilled water 330 ml

Reagent (n) Clearing agent
Equal parts of Iiquid paraffin and 1 bromonaphthalene

Method

(1) Dilute haemolysate with buffer to a concentration of 100 g per
cent
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(2) Saturate the haemolysate with carbon monoxide 1
(3) Fill troughs of tank with buflfer and equalize levels
(4) Draw pencil Iines across the filter paper stups (9 em X 234 cm
Whatman No 1 or 3 MM) halfway between the centre of the paper
and the cathode end, and mark with ident:fication number
(5) Ditp the papers 1n buffer and blot between blottng paper sheets
(6) Rest papers across the supporting framework with therr ends
dipping 1n the troughs ensunng that the starting pont 13 at the
cathode end
(7} Allow a current of 240 volts at 4 milhamps per stnp to flow for
1 hour
(8) Turn off current and apply hacmolysates with a camel hair brush
or applicatar along, pencilled Iines to within 2 few nullimetres of
each edge of the strps
(9) Re apply potential for 16-20 hours
(10) Remove the strips and dry 10 air at room temperature
(11) Fix 1n hot atr oven at 110° C for 10 minutes
(12} Stain § munutes in naphthalene black solution
{13) Rinse free of excess dye 1n stawn solvent {methanol acetic acid)
(14) Dufferentiate 1n many changes of differentiator until background 15
white
(15) Rinse 1n water and dry at room temperature
(16) Place in clearing agent until strips are translucent
(17) Scan and estimate areas enclosed by curves with a planimeter

ALKALI DENATURATION
Spectrophotometric method (Jonxis and Visser)

(1) Prepare haemolysate of concentration 10 g per cent and wash
01 ml into 10 ml of water to which 2 drops of 10 per cent
ammomna have been added

(2) Measure the extinction of this sol
at 576 mu (Eq)

(3) Wash 0 I ml of the same solution mto 10 ml of 0 06 N NaOH
and 2 drops of 10 per cent ammonia

4) Measure the extinction (Er) of this solution every munute for
15 minutes

(5) Place the solution 1n a water bath at 37 C for 15 munutes
(6) Caol to room temperature and measure the extinction (Eg)

{7} The p of h bin at a certamn tume 1s cal
culated from

m a spectrc

Ey —Eg
BT X 100
(8) Plot the loganthms of the ges of h jobin
aganst time By extrapolation to zero time the percentage of alkal

resistant haemoglobin in the ongmal sample can be calculated

Add
o & ﬁ:ﬁ: “:T:eu sv‘.’:n:l;n B& :D}{u:’em mn)x,xe c 2c1d s0lu on ta concentrated sulphunic acid a
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ONE MINUTE DENATURATION METHOD (SINGER)
Reagent
() 1/12 N NaOH kept i refrigerator mn paraffin ined bottle
(1) Precipitating solution
Half saturated ammonium sulphate solution 800 ml
10N hydroch]onc acxd 2 ml
(w) Toluene h d to ly 10 g per cent
(1) Determme exact haemoglobin of dlluted toluene haemolysate mn
photo-electric colonmeter using spectrum yellow green filter 625
and dilution of 1
(2) Place 1 6 ml of the alkaline reagent 1n a small test tube at 20 C
(3) Add 01 ml of haemolysate nnsing pipette six times and gently
shake the tube for 10 seconds Start stop-watch as haemoglobmn
15 added
(4) Atexactly one minute add 3 4 m! of the precipitating reagent myert
the tube six tumes and filter through a double layer of filter paper
(5) Deternune haemoglobin value of filtrate and express as a percentage
of the 1nitial amount of haemoglobin

NB The reaction on which ths test 1s based 15 influenced by pH
temperature and ttme At pH 12 7 and 19 C-21 C all pon resistant
haemoglobins are denatured to the brownish pigment alkaline globn
haematin within one mmute The one minute denaturation value of

Singer the of foetal h lobin mn the sample
but a small amount s destroyed within the first nunute making the
of small bl

SOLUBILITY OF REDUCED HAEMOGLOBINS
Reagent
{1) Phosphate buffer
Potassium dihydrogen phosphate (KH,PO,) 169 g
Disodium hydrogen phosphate (Na,HPO,) 177 g
Dissolve the salts in distiled water and make up to 100 m!
{u) Sodrum hydrosulphite reducing agent (Na,S,0,)

Method

Solubihty 1n 2 24 M phosphate

(1) In a volumetnc flask mix 8 0 ml of phosphate buffer and 100 mg
sodium hydrosulphute  Over thus layer 1 ml of water

(2) Add a volume of h 1 solution 50 mg haemo-
globin taking care to avord prec:puanon at this stage

(3) Immerse the flask 1n a water bath at 25

(4) Add water to the 10 0 ml mark and completc]y mix contents by
1nverting the flask several times
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(5) If a precipitate appears centrifuge the mixture at 17000 ¥ g for
20 nnutes
(6) Determine the hacmoglobin value of the supernatant solution

NB At phosphate concentration of 2 24 M spcaimens contaiung
h lobin 8, pre while lobin D remarns m solution
Haemoglobin H has a low solubility but 1s differentiated on is clectro
phoretic mobility

HAEMOLYTIC ANAEMIAS DUE TO AUTO ANTIBODILS
ANTIGEN ANTIBODY REACTIONS

An antigen! 1s a substance usually protemn m nature which when
injected 1nto 2n amimal lacking that substance, will stimulate the
production of a neutralizing substance with which 1t will react 1
some observable way The neutralizing substance produced in
tesponse to the stimulus of an antigen and which will react with it 15
known as an antibody A specific antibody will react only with the
antigen which called 1t into being but the injection of a pure antigen
may on occastons gie mise to antibodies Which react with alhied
antigens  Such antibodies are termed non specific or group antt
bodies

Antibodies react 1n many different ways and are named according
to their action on cells contamning the antigen Agglutinins cause
the cells contaiung the antigen to agglutinate or clump together
Lysins are antibodies which hberate haemoglobin from the cells
containing the specific substance by causing multiple lestons of the
cell envelope  Agglutinins in the main exert their effect without the
assistance of other sernm factors, but lysins always require part of
the complement complex for thewr action However agglutinins and
lysins often run together and in fact may be the same antibody
reacting 1n a different manner, or two closely allied forms of the
same antibody

Antibodies may be naturally occurring that 1s they have a place
tn the normal scheme of things and may be expected 1n normal ind1
viduals lacking the antigen, or they may be immune, produced by
parenteral administration of the antigen 1nto similar indviduals
There are physical and chemical differences between the two types
ofantibody Thus under normal circumstances a naturally occurnng
antibody reacts best at 4° C and thss 1s termed 1ts thermal optimum
Immune antibodies of the same series react best at 37° C , & reversed
thermal optinum  Not all immune antibodies react best at Erag o)

SecbayfuEEsted that 1hus 56t.0n be read w conjunction with the approprate chapiers n
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ONE MINUTE DENATURATION METHOD (SINGER)

Reagent
(1) 1/12 N NaOH kept 1n refngerator 1n paraffin lined bottle
(11) Precipitating solution
Half saturated ammomum sulphate solution 800 ml
10N hydrochlonc acid 2 mI
(u1) Toluene h d to apprc 10 g per cent
(1) Determune exact haemoglobin of diluted toluene haemolysate m
photo-electric colonmeter using spectrum yellow green filter 625
and didution of 1 50
(2) Place 1 6 ml of the alkaline reagent 1n a small test tube at 20 C
(3) Add 01 ml of haemolysate rnsing pipette six times and gently
shake the tube for 10 seconds Start stop-watch as haemoglobin
15 added
(4) Atexactly one minute add 3 4 m! of the precipitating reagent unvert
the tube six times and filter through a double layer of filter paper
(5) Determine haemoglobin value of filtrate and express as a percentage
of the mitial amount of haemoglobin

N B The reaction on which ths test 15 based 1s influenced by pH
temperature and tume At pH 127 and 19 C-21 C all non resistant
haemoglobrns are denatured to the brownish pigment alkaline globin
haematin within one minute The one munute denaturation value of
Singer represents the percentage of foetal haemoglobin in the sample
but a small amount 15 destroyed within the ﬁrst mnute making the

of small

SOLUBILITY OF REDUCED HAEMOGLOBINS
Reagent
(0] Phospha(c buﬂ'er

(KH,PO) 169 ¢
Dlsodlum hydmgen phosphate (Na,HPO,) 177¢g
Dissolve the salts 1n distilled water and make up to 100 ml

(1) Sodwm hydrosulphite reducing agent (N2,5,0,)

Method

Solubility 1n 2 24 M phosphate

(1) In a volumetnc flask mix 8 0 m! of phosphate buffer and 100 mg
sodum hydrosulphite  Over thus layer 1 m! of water

(2) Add a volume of I solution 50 mg haemo
globin taking care to avoid precipitation at this stage

(3) Tmmerse the flask 1n a water bath at 25 C

{4) Add water to the 10 0 ml mark and completely mix contents by
mverting the flask several times
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ox albummn These antibodics m consequence are often termed
1n albumin antibodies  Other antibodics may have no visible cffect
1 erther saling or albunun but cclls 1n albumn are blocked  Such
antibodies are termed cryptagglutinoids  The cffect of blocking
antibodies can be demonstrated by Coombs test (see below)

Description of antibodies

Chemical terms are used to describe the antibodies a saline or
complete antibody being smd to be bivalent and an albumin anty
body or cryptagglutinoid univalent  Antigen antibody reactions are
explamed dugrammatically in Fig 32

ACQUIRED ABNORMAL HAEMOLYTIC MECHANISMS

Landstener s rule states that  the antigen and 1ts corresponding
antibody cannot exist in the same blood , but under some conditions
this law does not hold true ‘The charactenstic feature of the acquired
haemolytic anaemuas 1s the development of antibodies against the
patients own red cells These auto antibodies are rarely specific
but on oceasions a speaifioity for certan of the blood group antt
gens may be demonstrated  The cause of the abnormal development
of auto antibodies 15 1n many cases obscure, such haemolytic
anaemias bemng grouped together as idiopathic The haemolytic
process 1n a second group seems to be initiated by virus infections,
particularly virus pneumonta, but infectious mononucleosts, in
fluenzae and measles have also been indicated  Paroxysmal cold
haemoglobtnurta 15 a syndrome forming a thied group most cases
having a background of untreated or partly treated syphilis but a
non syphilitic form with the same type of antibodv has been
deseribed A fourth group 1s a heterogenous one associated with
advanced cancerous growths leukaemias collagen disorders and
diseases of lymphoid tissues  Finally a fifth group 1s formed by a
seif fimiting haemolytic anaema, the acute cases of which seem to
be cured by blood transfusion The collective name for this group 1s
Lederer s anaemra but 1t 1s not certain that all cases should be in-

cluded since antibody production has not been shown to occur
consistently

Blood picture

4 The acquired haemolytic anaemias have no inherited red cell
efect and m fact blood from such a case can be transfused to a
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since there are immune substances reacting best at other tempera
tures, but as a rule such antibodres do not occur naturally

CELL

CELL CELL

ELL

Fi6 32 —Antigen antibody reactions A complete (in
salme) anubody B antt hum,;n globuln  C mcomplcte

annbody R albumm F insaline agglutmauon G mn
albumin agglutination H Coombs test agglutnation
with cryptagglutinord sensitization The final drawing
shows agglutination by anti human globulin of albumin
anltllbody sensttized cells and cryptagglutinord sensitized
cells

Cold antibodies and blocking antibodies

Those anttbodies which react best at 4 C are termed cold anti
bodies and group antibodies among the cold agglutinins are com
mon Immune agglutinins may react 1n saline, or may not exert
their effect at allin this medium  In the latter case the cells used may
be affected by the antibody 1n such a way that a good saline acting
antibody no longer has any effect on them The cells are then said
tobe blocked and the antibody 1s called a blocking or incomplete
antibody Such an antibody however may show its agglutinating
power 1f the cells are suspended 1n a high protein medium such as
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the extremities Raynaud s phenomenon 1n which the affected
parts become first wlute and then purple 1n colour, 15 often exhibited
by patients  Actual agglutination of the red cells takes place m the
chilled region

The antibody associated with virus pneumonia 1s a cold aggtutinin
sometimes of very high titre  Haemolysis, howener, docs not always
occur seeming to be a function of tugh thermal amphtude rather
than titre

THE NATURE OF AUTO ANTIBODIES

Chemically these antibodies are globulins, warm antibodies
behaving as y globulins and cold antibodies mamly as 8 and
o globulins Sera contaimng cold antibodies do not sensitize cells
if heated first but warm antibodies will still affect red cells even
after mnactivattion of the sera at 56° C  Unfortunately these eriteria
do not always hold good some cold anubodies for instance behaving
as y globulns It 1s useful to examine the reactions of cold anti
bodies at different pH levels although this procedure may produce
results which vary from serum to serum even from patients suffering
from the same type of anaemia

Coombs® reagent

Since globulins are protein n nature an antibody can be produced
agamnst them and Coombs reagent or anti human globulin serum
15 a very useful toolin this work  Human globulins are injected into
the rabbit or goat to produce anti human globulin serum which
1s absorbed to remove naturally occurring red cell antibodies The
ant: serum 1s then standardized by testing agamst cells which have
been sensitized without agglutination The anti human globulin
acts as an agglutinin clumping red cells which may have adsorbed
antibody onto therr surface  Anti globulin sera are not specific for
any type of globulin reacung with alpha, beta and gamma globulins
A specific antiserum cannot be prepared by using only a spectfic
globulin as an antigen

Antr human globulin serum 1s easly inactivated by traces of serum
or dirty equipment It 1s essentral that the cells under mvestigation
be washed so that the washings tested with salicyl sulphonic acid
show no turbidity  The reagent may be used in three ways First
to testcefls for the presence of adsorbed antibodies Thus 1s known a;
the direct Coombs test Secondly, a suspected serum 15 allowed to
react with appropriate cells which are then tested  This 1s the ndirect
Coombs test Thurdly, the reagent may be treated with purified
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normal reciprent when 1t will be found that apart from an mtial
small loss the red cells survive normally  Spherocytes target cells
and schistocytes may, however be seen 1n the staned blood film
which may also show actual clumping of the red cells This 1s par
ticularly noticeable if cold shdes are used to make the blood films
The osmouc fragility may be increased but this depends on the
number of spherocytes present and this also apphes to the incubaton
fragiity The patient 15 usually jaundiced but mn severe cases quite
a large amount of direct serum bilirubin may be present because of
lIiver damage Anaemia 1s invariable and the blood prcture one of
regeneration An unusual appearance sometimes seen n stained
films 15 erythrophagocytosss the red cells being mngested usually by
e tes The ph 1s made more obwvious by making
films from the buffy coat of defibrinated blood thus concentrating
the leucocytes

Antibodies i haemoly tic anaenna

The auto antibodies of haemolytic anaemia may have a thermal
optimum of 4 C 20 C or 37 C They may have a high thermal
ampltude that 1s they react well at different temperatures but are
broadly divided into cold and warm antibodies The majonty of
diopathic acquired haemolytic anaemas exhuibit a warm antibody
reacting, bestat 37 C Inthus group some specificity has been demon
strated particularly with the Rh blood group system (see Sectron II)
A smaller number of idiopathic acquired haemolytic anaemias
exhubit cold auto antibodies

1 arm antibodies —These circulate m the blood and sensitize the
red cells the antibody being of the incomplete or albumin type
Most of the sensitized cells lose the antibody and survive normally
but those which become loaded with antibody are destroyed mn the
blood vessels

The Donath Land: antibody responsible for paroxysmal
haemoglobinuna 1s adsorbed onto the red cells in the cold together
with complement but the cells are not lysed until more complement
15 adsorbed 1n the warmer parts of the body Stagnation of the cells
1n a chilled part of the body 1s sufficient to preciprtate a haemolytic
episode

Cold antibodies —These with a small thermal range causing
haemolytic anaemia are sometimes albumn anttbodies which may
need acidification to show their full effect i vitro  The patient does
not have a severe anzemia and attacks of haemoglobinura are
directly related to chuling of some parts of the body particularly
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water bath The blood 1s allowed to clot 1t 37°C and serum
pipetted off at this temperature  1f cold antibodies are present some
blood 1s delnered to warm saline and the cclls washed m warm
saline immediately, 1f a direct antt globulin test 1s to be done The
patient s serum s titrated aganst normal and trypsinized Group O
cells at different temperatures and an mdirect anti globulin test
performed on the 37° C titration  The Wasserman renction and
Donath Landsteiner arc also performed on the serum

Should an antibody be detected either free 1n the serum or attached
1o the cells an attempt should be made to classify 1t and if possible
to determme sts specificty The anti globulin test at different
ditutions and y globulin neutralization will assist 1n classifving the
antibody as cold or warm but the specificity 15 often impossible to
demonstrate 1t may be necessary to remove antibody from sens
tized cells by elution 1n order to obtamn a potent matenal with which
towork This process 15 also of great value in separating mixed anti~
bodies The antibody must be tested at the appropriate temperature
agamst cells of known antigenic components and anti globulin tests
pesformed on the cells exposed to the action of the serum

The haemolytic activity of cold or warm anttbodies 15 determmed
using fresh normal serum as a source of complement to dilute the
serum The tests are carried out at the appropriate temperature
and acidification of the serum might occastonally help the reaction
Cells of paroxysmal nocturnal haemoglobinuria are very sensitive
mdreators of haemolytic activity but 1f not available normal Group
O cells and trypsimzed Group O cells shonld be used

The haemolytic anaema produced as a result of foetal sensitiza-

tion of the mother (haemolytic disease of the newborn) 15 dealt
with i Section I of this book

OTHER HAEMOLYTIC ANAEMIAS

Many drugs and chemcals weluding phenylhydrazine hydro
chloride sulphonamides organic arsenicals manv hypnotics and
analgesics can cause a haemolytic anaemia but 1n most cases there
appears to be a personal idiosyncrasy  In haemolytic disorders
due to benzene compounds Heinz bodies may be demonstrated in
the red cells These actually consist of denatured globin called
verdoglobin which 15 an mtermediate compound between haemo
globin and bilitubin - Any substance capable of producing verdo
%lobm 41 vitro 15 capable of producing Heinz bodies 11 3no  The

lood from a haemolytic anaemia of this type 15 often brownssh in
colour and the 1solated Heinz bodies green and refractile  Hemnz
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gamma globulin so that 1t no longer reacts with the warm antibodies
In this way 1t can be used to differentiate between warm and cold
antibodies and the test 1s termed the anti human globulin (A HG)
neutralization test  An indication that the antibody 1s of a particular
type may be obtained by testing sensttized cells against dilutions of
AHG Cells sensitized with cold antibodies are always agglu
tinated most strongly 1n relatnvely strong concentration of reagent
whilst those sensitized with warm antibodies are usually agglu
tinated best i hughly diluted A H G

Controls —These are essential when using antt human globulin
serum and should consist of cells deliberately sensitized by a weak
complete cold agglutinin and others sensitized with an incomplete
warm antibody Unsensitized cells are also included to ensure that
anti species agglutinins are not active at low dilutions

ENZYME METHODS

If certain cells are exposed to the action of a broth culture of
Vibro cholerae they become agglutinable by incomplete antibodies
Enzymes such as tryspin papamn and ficin also have this effect, it
being assumed that parts of the red cell envelope are digested off
thus exposing further receptors Such procedures are mnvaluable
m the detection of antibodies but sometimes an antibody 1s
encountered which sensitizes so that a positive antr globulin reaction
1s obtamned but does not react visibly with enzyme treated cells
On the other hand enzyme treated cells may themselves be sensitized
so that a positive ant: globulin reaction 1s obtamed Non specific
agglutination may occur on over mcubation with trypsin and
naturally occurring cold agglutimins can interfere with enzyme
methods by causing positive results unless the reagents are kept
warm

SEROLOGICAL INVESTIGATION OF HAEMOLYTIC
ANAEMIAS

Since sufferers from haemolytic anaemia are often more capable
of making antibodies than normal individuals one of the first
mvestigations must be to determme as far as possible the blood
group genotype (Section II) to avord further sensitization by
compatible transfusion and to assist in determuination of specificaty
of the antibody Blood 1s collected from the patient under con
ditrons which make 1t difficult for cold antibodies to be adsorbed
onto the cells The syringe 1s warmed and the blood discharged into
a tube set 1 a thermos flask of water at 37° C acting as a portable
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INDIRECT COOMBS TEST (TO DEMONSTRATE ANTIBODY
IN SERUM)

(1) Place two volumes of suspected serumin a tube and add onc volume
of 50 per cent suspension of Group O cells of appropriate antigenic
structute to  catch  the antibody

(2) Incubate at 37 C for 2 hours Additional tests must be set up at
20 C and +4 C

3) micro 1ty for

(4) Wash the cells and perform direct Coombs test

Control with the selected cells and a serum known to react with them
and the same cells without serum  Aggl 1on at Stage 3 ind

the presence of saline antibody

GAMAMA GLOBULIN NEUTRALIZATION TEST

{I) Make fourfold dilutions of a 4 per cent solution of human y globulin
1n saline dilutions from 1 4to1 4096

(2) Dilute a potent ant1 human globulin serum 1 4 1 saline and add
equal volume to each of the y-globulin dilutions

(3) Leavc all tubes at room temperature for 10 minutes

(4) Perform direct Coombs tests on cells which have been sensitized
by the test serum using the neutralized or partially neutralized ants
human globulin serum

Controls

() Group O Rh positive cells exposed to an incomplete anti D
serum  {B) cells coated with the normal incomplete cold antibody
(¢) Group O unsensitized cells

PREPARATION OF ANTI GLOBULIN SERUM (COOMBS
REAGENT)

Alginate method (Slaviny

(1) Mux thoroughly 4 ml of 4 per cent sodium alginate solution with
1ml of stenle human serum of blood Group O

(2) Pour this material 1nto a syringe with a wide bore needle and nject
intraperitoneally into a rabbit

(3) With another syringe 1nject into the same site 2 5 ml of stenle | per
cent aqueous solution of caletum chloride

g)) _ll\_Lassage the injection site gently but firmly

ree weeks later inject 1 ml of stenle Group O

peritoneally up serum mtra

(6) The following day myect 02 ml of sterile human Group O serym
diluted to 0 5 ml with normal saline into the penpheral ear ven

(7) Nine days after this jection bl
the ear vein ’ eed the rabbut for 3040 m! from
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body haemolytic anaema has been described ansing without the
administration of drugs

Lead porsoning may produce a haemolytic anaemia but the
punctate basophilia 1s vsually a good 1ndication that lead 1s the toxic
agent Toadstools Felix mas and other vegetable agents may cause
a haemolytic process Baghdad spring anaemia 1s caused by the
susceptible individual inhaling pollen  Favism 1s a sumular condition
induced by eating the bean Vicia fava

Clostridium welchi mfection can cause a hacmolytic process but
the cause 1s obvious Blackwater fever 1s a haemolytic anaemia
whose aetiology 1s bound up with the administration of qumne to
patients who are mfected with malara and are therefore already
undergomng a haemolytic process Bartonella the cause of Oroya
fever can also cause an aniemia of haemolytic type

March haemoglobinuria 1s caused by a postural defect and 15
allred to adolescent albuminuria

TECHNIQUE

DIRECT COOMBS TEST (FO DEMONSTRATE ANTIBODY
COATED CELLS)

(1) Wash the suspected cells three times with Jarge quantities of normal
saltne and make a final 50 per cent suspension 1n saline

(2) Make up diutions of anti human globulin serum from 1 2 to
1 500*

(3) Scrub an opal tile with soap and a nail brush finally washing with
hot water  Dry on a towel kept only for that purpose and with a
grease pencl mark the tile 1 squares

(4) In each square place a drop of the appropriate dilution of Coombs
reagent and one drop of the cell suspension

(5) Mix with a plastic rod and read after 6 minutes

Controls

() Group O Rh positive cells exposed to a weak incomplete antt D
serum {6) Group O cells exposed to an 1ncomplete cold antibody
(c) Group O cells which are unsensitized

These controls should be washed three times and tested at the dilu
tions found by experiment to give good results

Xer d [ut ons should not be doubl gd1 ton b_tshould be rather closer D lut ons
:ugg-lc-sh!ee::‘r:{ P T TS 56T 18 ™00 1 S0 p 300 1 350
1400 1 450 1 500
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STANDARDIZATION OF ANTI HUMAN GLOBULIN
SERUM

Farst step with unabsorbed serum
(1) Male doubling dilutions of the secum from 1 2to 1 512
(2) With each dilution carry out a direct Coombs test against known
Group O Rh positive cells sensitized with incomplete antt D serum
and Group O Rh positive unsensitized cells

1f the titre with the sensitized cells 1s more than twenty times as great
as that with the unsensitized cells proceed to the next step 1If the
itre 15 too low rest the ammals for a few months before giving another
course of injechions

Absorption of anti numan species agglutinns
(1) Wash Group O cells until the washings fail to show turbidity with
25 per cent salicyl sulphonic acid
(2) Add an equal volume of anti human globulin serum to the final
packed cells mix and allow to stand at + 4°C for 1 hour
(3) Centrifuge remove the supernatant and repeat the procedure with
well washed cells of blood Group A,B

Deternunation of optunum titre

(1) Sensitt atwon of cells by warm tncomplete antibody

(1) Make doubling dil of a weak plete antt D serum 1n
saline to gnve 1 0 ml amounts of dilutions from1 2to 1 512

(2) Add 0 5 mi of 50 per cent suspension of washed packed Group O
Rh positive cells to each tube

(3) Incubate all tubes at 37 C for 30 minutes

(4) Wash the cells of each tube three times with large volumes of saline

{5) Prepare SO per cent suspensions 1n saline of the washed cells

() Sensutr~ation of cells by incomplete cold antibody

(1) Obtan six different samples of blood which have been allowed to
stand m the refngerator overmght and discard the serurm in the cold

(2) Wash the loose cells of the clots three times 1n cold normal saline
and make up to S0 per cent suspensions 1n salne

(3) Test the cells with a known potent anti human globulin serum by
direct Coombs method

Usually one or more specimens will prove to have adsorbed incom
plete cold antibody

() Turation of anti human globulin serum

m Scrubl clean a large opal tile and mark n squares with a grease
penct]

(2) Prepare doubling dilutions of the ant: human globulin serum from
1 2tol 51250 that 10ml of each dilution 1s available
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(8) When the blood has clotted separate with the aid of a plastic rod
and allow to stand overmight at room temperature

(9) Separate the serum and inactivate complement at 56 C for 30
minutes

Alum precipitate method (Proom)
Reagent (1) Stock merthiolate solution

Merthiolate (Lilly) 025¢
Borax 035g
Stenle distilled water to 25 ml
This keeps well in the dark for one month
Reagent (2) Merthiolate saline
Stock merthiolate solution 1 part
Stenle normal saline 99 parts
Reagent (3) Alum solution
Potassium alum (KA1 (SO,) 12 H,0) 25g
Stenle distilled water to 250 m!
Reagent (4) 5N sodum hydroxide
Sodium hydroxide (NaOH) 0g
Stenle dustilled water to 50mi

Reagent (5) BDH Universal Indicator

Method

(1) Dilute 25 ml of sterile Group O serum with 80 m! distilled water

{2) Add 90 ml of 10 per cent potassium alum solution

(3) Adjust reaction to pH 6 5 with SN sodium hydroxde using BD H
Unaversal Indicator  Add alkalh drop by drop since the pH changes
suddenly The test 15 done on a tile

(4) Centnfuge the mixture and remove the supernatant

(5) Wash the preciprtate twice with 200 ml of 1 10 000 merthiolate
saline

(6) Make up the final washed precipitate to 100 ml with fresh merthto
late salme The matenial may be stored at 4 C for at least 14 days

(7) Imject 5 ml of antigenic material mtramuscularly into each buttock
of selected rabbits and repeat 14 days later

(8) Bleed for 30-40 ml from the ear vein 9-10 days Iater

(9) Separate serum overmght at room temperature and mactvate at
56 C for 30 minutes

NB Since not all rabbits produce good antibodses six animals
should be ngected at the same tume when producmg antt human glo
bulin serum by any method Anaphylactic shock may kill the ammals
and adrenalin should be at hand to counteract such ill effects of the
mjections
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(3) After 30 munutes place all tubes m the water bath at 37 C and
resuspend the cells
(4) After one hour inspect for haemolysis

COLLECTION OF DEFIBRINATED BLOOD

(1) Collect blood into a small flask equipped with a wooden applieator
to which 1s attached several paper clips bundled together

(2) Rotate the flask so that the blood 1s swirled agaist the paper clips
until the fibrn clot 1s seen firmly attached

(3) Remove the clot carefully Ieaving the free cells and plasma

This techmque may be used for many investigations including
examnation for lupus erythematosus cells (Chapter 11) and prepara
tion of cells for elution

ELUTION OF ANTIBODIES (WEINER)

(1) Collect defibrinated blood and measure volume of cells remaiming
after removal of clot

(2) Wash the cefls three times with normal saline pack and remove
supernatant

(3) Cork the tube and place in refrigerator at — 20 C until cells
are Jysed

(4) Thaw the preparation and when just thawed add ten times the
ongmal volume of 50 per cent (3/v) ethanol pre cooled to at
least -6 C

(5) Mix thoroughly by inverting the tube at once several times

(6) Return to refrigerator for 2 hours

(7) Centnfuge at 3000 rpm for 10 minutes remove supernatant as
completely as possible and replace with distilled water

{8) Break up sediment with a pownted plastic rod and mix thoroughly

(O] C:‘mnfuge again remove distilled water and replace with normal
saiine

(10) Mix sediment with saline and incubate
A SoCment it 1n water bath at 37 C

a1y Ccn;nfugde :':'nd rcm(:[\_; supernatant which 1s kept frozen sohid
untl! ready for use ¢ eluate 1
b shoulgbe e s often brown with haemoglobin

Normat serum may be used instead of saline for the fi

nal solution
the antibody The eluates keep well frozen solid and may be used l:f
stead of serum 1n any of the usual techmques
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(3) Place one drop of each dilution 1 each of the twelve vertical squares
on the tile

(4) In the top row of squares place one drop of red cell suspension
sensttized with anti D diluted 1 2 Repeat the procedure i the
next row with dilution I 4 then1 8 1 16 1 32 1 64and
1 128

(5) In the eighth row place one drop of cells sensitized with cold anti
body and repeat 1n the minth row with cells sensttized with another
cold antibody

{6) In the tenth eleventh and twelfth rows place the appropriate drops
of unsensitized A B and O cells

(7) Mix each suspension with a plastic rod ninsing with saline between
each square  Allow to stand one minute

(8) Rock the tile gently and allow to stand a further minute

(9) Rock and read after 4 minutes

AGGLUTININ TITRATION

The method of determming agglutinmn utratron 1s as follows
(1) Make doubling dilutions of the suspect serum 1n saline
(2) Add an equal volume of 2 per cent cell suspenston and mcubate

2 hours

(3) Read macr Iy and mucr

{4) Perform direct Coombs tests on cells 1f 1ncomplete antibody 15
suspected

The tests should be performed at4 C 20 C 30 C and 37 C
The patient s own cells normal Group O cells and trypstnized normal
Group O cells should all be tested agamst the serum

DONATH LANDSTEINER PRESUMPTIVE TEST

(1) Warm two tubes to 37 C and deliver the same amount of blood
nto each

(2) Place one tube 1 the water bath at 37 C and the other 1n crushed
ice for 30 minutes

(3) Replace the cold tube m the 37 C water bath without disturbing
the clot

(4> When the clots have retracted examine the serum for haemolysis

In paroxysmal cold haemoglobinuria the chiled sample shows haemo
Iysis but the other sample 1s clear

Tutration of Donath Landsteiner antibod)

(1) Make doubling dilutions of the suspect serum 1n fresh normal
serum

(2} Add an equal volume of 4 per cent suspension of washed Group o
cells to each tube and immerse the tubes in crushed 1ce
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Reagent (2) Buffer pH 73 o
0947 per cent disod hydrogen 7

(Na,HPO,) 3 parts

0507 per cent potasstum dihydrogen phosphate

(KH,PO) 1 part
Reagent (3) Buffered saline

Buffer pH 7 3 1 part

Normal saline 9 parts

Method —Details of the papain method are as follow
(1) Dilute papam with nine volumes of buffered saline
(2) Add one volume of washed packed cells to two volumes of buffered
saline papain
(3) Incubate in water bath at 37° C for 30 munutes
(4) Wash the cells twice 1n saline and make up to strength of § per cent
1 saline
The cells are used as for the trypsin method
An alternative method 1n which papam 1s combined with an activator
1s gnen 1n Chapter 17 Pre of cells 1s y 1 this
technique

Ficin method
Reagent (1) Ficin suspension?

Ficin (Merck) 25 mg
Iso osmotic phosphate buffer pH 7 3-7 5§ 25ml
Reagent (2) Buffer -

234 per cent sodium dihydrogen phosphate

(NaH,PO, 2H,0) 0 parts
163 per cent disod hydrogen phosp
(Na,HPOy) 80 parts

Method —Details of the ficin method are as follow
(1) Wash the red cells three times 1n saline and make up to 2 per cent
suspension 1n saline

(2) To nine parts of cell suspension add one part of ficin suspension
(3) Allow to stand 15 minutes at 37°C
(4) Re wash cells twice with saline

The cells must be made up daly subsequent treatment being as for
the trypsin method

HAEMOLYSIN TECHNIQUE

(A) (1) Make doubling dilutions of the suspect serum in fresh acidified
normal serum (add one tenth part of N/4 hydrochlonic acid)

v
’l“‘l"&u reagent will destroy the mucous membranes of the mouth af scidentally sucked up by
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ENZYME TECHNIQUES
Trypsin method

Reagent (1) —Crystallne trypsin (Armour) Olg
N/20 hydrochloric acid 10 ml
or
BDH trypsin powder 25¢g
N/20 hydrochloric actd 10ml

Shake at intersals and after 24 hours at 4 C centrifupe and use
supernatant as reagent

Reagent (2) ~—M/10 phosphate buffer pH 77
1 63 per cent disodium hydrogen phosphate
(Na HPO,) 90 5 parts
2 34 per cent sodium dihydrogen phosphate
{NaH PO, 2H,0) 9§ parts

Method —Details of trypsin method are as follow

(1) Dilute trypsin with nine volumes of buffer

{2) Add one volume of well washed packed cells! to four volumes of
diluted enzyme

(3) Incubate 1n water bath at 37° C for 30 mmutes

(4) Wash the cells twice 1n saline and make up to a strength of 5 per
cent 1n salne These treated cells may be kept up to 48 hours

[&)] Ma31<e c(i;luuons of suspected serum from 1 1 1 to [ 1n 256 and warm
to 37

(6) Warm cell suspension to 37 C and add an equal volume to each
serum difution

(7) Incubate one hour at 37 C and examine macroscopically and
micr for aggll

N B Agglutination 1s usually quite obvious macroscoprcally but
non specific agglutinatton may occur 1f 1ncubation 1s prolonged beyond
the stated ttme It 15 essential that the reagents are kept warm since
cold agglutinins may give false results

Papam method

Reagent (1) Papain suspension
Papain 10g
Normal saline 100 m!
Shake frequently and allow to stand overmight at4 C
Decant the supernatant and keep frozen solid at — 20 C
The reagent may be kept one month

For screening purposes cells of Group OR R (CDe/cDE) s¢ used (see Ch pter 17)



CHAPTER 9
THE HAEMORRHAGIC AND PURPURIC DISORDLRS

INTRODUCTION

THE CIRCULATORY SYSTEM 1n man consists of the heart and a series
of artenies capillaries and vems the intimal coats of which are
non water wettable Inherited or acquired abnormalities of the
vessels or the blood itself can give nise to uncontrolled haemorrhage
from mucous membranes or nto the skin and solid organs with
shight or no obvious trauma  Bleeding disorders are due to a failure
of one or more (commonly 2 combination) of the mechanisms which
normally control haemorrhage

SHOCK

The actions of the two sides of the heart are so synchronized that
the sudden lowering of input which occurs 1 acute haemorrhage
can cause severe cardiac fallure To maintain an adequate input
the body reacts to haemorrhage by contracting surface and smaller
vessels 5o that only the larger vessels are blood filled This has the
addional effect of cutting down the blood supply to the bleeding
pomt The patient suffers from oligaemic shoeck varying n
sevenity from a famt to profound collapse The condition may be
transient but usually lasts long enough for other mechanisms to
function 1n the control of haemorrhage Profound shock may pass
nto coma and death, the amount of blood loss not always being the
prime factor

The vasoconstrictor effect of shock 1s produced locally when
capilfanies are damaged by a needle puncture the cut vessels con
tracting for a period of 15-30 seconds thus preventing blood reach
ing the injured part The ability of normal capillaries to react to
trauma n this way has an effect on the time taken for bleeding to
cease from a needle puncture This 1s known as the bleeding time

and depends on many other factors
CAPILLARY ABNORMALITIES
Tnability of the capillaries to contract may result n severe
haemorrhage from trivial inunies Von Willebrand s disease (sn
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(2) Add one volume of 2 per cent suspension of normal Group O
cells to each tube

(3) Repeat the titrations and incubate one set at 37 C and the other
at 15 C for 2 hours

(B) (1) Make doubling dilutions of the suspect serum in fresh normal

unacidified serum

(2) Add one volume of 2 per cent suspenston of Group O cells from
a patient suffering from paroxysmal nocturnal haemoglobinurza

{3) Incubate 2 hours at 20 C

DEMONSTRATION OF HEINZ BODIES

(1) Mix equal volumes of O 5 per cent methyl violet 1n saline and blood
obtained from a finger prick

(2) Allow mixture to stand 1n a small tube 10 minutes at room tem
perature

(3) Make films from the muxture

(4) Expose to formalin vapour 5-10 minutes

(5) Wash thoroughly 1n distilled water

(6) Counterstain one munute 1n 0 I per cent saframn  Heinz bodies are
stained 1ntense purple

PNH cellsa e very senst ¢ to haemolysis
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CHAPTER 9
THE HAEMORRHAGIC AND PURPURIC DISORDERS

INTRODUCTION

THE CIRCULATORY SYSTEM 1n man consists of the heart and a series
of arteries capiifanes and vans, the mtimal coats of which are
non water wettable Inherited or acqwired abnormalities of the
vessels or the blood itself can give rise to uncontrolied haemorrhage
from mucous membranes or nto the skin and solid organs with
shight or no obvious trauma  Bleeding disorders are due to a failure

of one or more (commonly a combination) of the mechamsms which
normally control haemorrhage

SHOCK

The actions of the two sides of the heart are so synchromzed that
the sudden lowering of 1nput which occurs 1n acute haemorrhage
can cause severe cardiac fadure To mawntain an adequate mput
the body reacts to haemorrhage by contracting surface and smaller
vessels so that only the larger vessels are blood filled This has the
additional effect of cutting down the blood supply to the bleeding
point The patient suffers from oligaemic shock varymg n
severity from 2 faint to profound collapse The condition may be
transient but usually lasts long enough for other mechamsms to
function in the controf of haemorrhage Profound shock may pass
inta coma and death, the amount of blood loss not always beng the
prme factor

The vasocanstrictor effect of shock 1s produced locally when
capillaries are damaged by a needle puncture the cut vessels con
tracting for a period of 15-30 seconds thus preventing blood reach
ing the injured part The ability of normal capillaries to react to
trauma in this way has an effect on the time taken for bleeding to

cease from a needle puncture  This 1s known as the bleedimg ime
and depends on many other factors

CAPILLARY ABNORMALITIES
Inability of the capillanies to contract may result 1 severe
haemarrhage from trvial wjuries  Von Willebrand s disease (syn
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constitutional thrombopathy, vascular pseudohaemophilia) 15 an
mhented condition which 1 part 1s due to such a dysfunction
Transmutted as a sex linked dommant charactensstic 1t produces
bleeding from nose gums vagina and other mucous membranes
but haemorrhage into joints 1s uncommon The capiilaries are
often brzarre and distorted but factors other than vascular abnor
malities are also mnvolved

Hereditary haemorrhagic telangiectasia 1s another nherited
anomaly of the capillaries transmitted as a simple Mendeltan
dorminant The telangiectases consist of groups of dilated capillanies
the lesions appeaning bright red or purple and varymng in size from
1to 3 mm 1 diameter They are found early in lfe but increase
m numbers with age the haemorrhagic tendency often not appeanng
until middle age The lesions are found on the face but are more
common on mucous membranes The twisted capillary loops may be
studied by rendering the skin sem transparent with cedarwood oif
and using a microscope with vertical dllummation The bleeding
time 15 not increased unless an actual leston 1s punctured when 1t
will be found that the cut vessels fail to contract normally

THE PURPURAS

The capillary endothelum can be damaged by toxins viruses
bacterta allergy drugs and so on so that 1t can no longer hold
blood under any increased pressure The patient suffers from
purpura which manifests itself as numerous haemorrhagtc spots 1m
the skin due to effusion of blood from the junction of capillary
loops and artertoles This symptom may be present alone or be
accompanied by other abnormalities

A deficiency of vitamins C and P such as occurs n scurvy results
in faulty synthests of cement substance of the capillary endothelium
Purpura 1s produced by the increased permeability of the capillary
wall

Semle and orthostatic purpura

In old age confluent browmish patches may be found on the back
of the wrists and hands This 1s termed sendle purpura and 1s due to
ncreased fragihty of the vessel walls The same appearance may be
seen on the lower Iimbs especially 1n those sufferers from varicose
vemns and 1s then sometimes termed orthostatic purpura In
mfectious diseases especrally smallpox the rash may become
haemorrhagic because of the damaged capillary endothetum A
purpuric condition has also been described 1n diabetes uraema
hypertenston and other conditions
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Henoch and Schonlem purpuras

Henoch and Schinlen purpuras are allergic conditions with
mereased capillary permeabiity  Henoch's purpura occurs in
children and adolescents and 1s associated with gastro intestinal
symptoms while Schonlen s purpurt oceurs 1 young adults and
15 assoctated with joint effusions  Swnce the climical distinction
between allergic purpuras 1s shght, the group 1s commonly hnown
as anaphylactoid or Henoch Schéalem purpuras

CAPILI ARY RESISTANCE TEST

To uncover capillary disorders use 1s made of the capillary
tesistance test also hnown as Hess Rumpel Leede Weil Grocco-
Frugont or tourmquet test The intracapillary pressure 1s raised by
constriction of the yveins with the production of purpuric spots where
capilfary psrmeability 1s increased The lestons produced result
from exudation of blood from the arteniolar end of the capillary
loop where the arterzole dilates to form the loop (Fig 33) The type
of lesion seen microscopically varies with the disorder but 1t 1s not
possible to make a diagnosis on ths test alone

F16 33 —Skin capillaries
(modified from Humble) A
termmnal arteriole B col 8

lecting venul> C artenole V(

capillary junction
A

THE PLATELETS

ha’{r}r‘:; ";;:a‘elels aref ntimately concerned with the control of
age one cf the functions b
Ay o oL ns being to reinforce the inherent

to contract This 1s done by means of the
l(:})z’;!;;): of serotonin a physiological vasoconstrictor The effect
for oot m‘nbm:l) last 30 minutes or longer allowing sufficient time
mal blood to clot  Another function 1s the mechanscal one
sty
133 10



HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

of pluggmg small wounds which the platelets are enabled to do by
reason of stickiness causing them to adhere together on flowing
over a water wettable surface A third property of the platelet 1s
concerned with the production of clotting factors and acceleration
of the reaction and yet another function allows healing of a wound
or recanalization of a vessel to take place by causing retraction of
blood clot This occurs when the platelets enmeshed n the clot
send out fine fibrils which attach themselves to strands of fibnm
and then contract literally pulling the clot 1n on itself and allowng
clear serum to exude This phenomenon of syneresis or clot retrac
tion 1s 2 function of platelet numbers retraction being poor with 2
soft friable clot 1f platelets are deficient

Thrombocytopenia may be primary (idiopathic) or secondary
differentiating those conditions 1n which megakaryocytes are present
m the marrow from those i which they are absent Prymary
thrombocytopenta may even show increased production of mega
karyocytes but usually there 1s some defect of maturatton evidenced
by lack of cytoplasm granulanity Thrombocytopenia 1s often
assoclated with a positive Hess test

latelet defi

ne p
Idiopathic thrombocytopema (ssn  Werlhof s disease essential
thrombocytopenia) 1s characterized by petechiae or ecchymoses it
the skin as well as haemorrhage from mucous membrane There
may be spontaneous remusstons and relapses The bleeding time 18
increased clot retraction poor and Hess test positine The mega
karyocytes often show a maturation defect which s due to splemc
inhibition the spleen inducing a  hormonal  effect on the cells
Such hypersplentsm may occur 1n a variety of disorders splenectomy
producing temporary or permanent cure  The marrow may show
eosmnophilia 1 addition to faulty megakaryocytes About 50 per
cent of cases show ant1 platelet antibodies
Many drugs produce a primary thrombocytopema and some
cases of this condition can be shown to be associated with antibodies
actee agawnst platelets It has been suggested that the drug confers
antigenic properties on the platelet which 1n contact with the antt
body formimg tissues of the spleen gives nise to a spectfic antibody
which attaches itself to the platelet The antibodies can be demon
strated as agglutinins or by the anti human globulin reaction
A rare form of thrombocytopema is associated with multple
thromboses Thrombotic thrombocytopema purpura 1s a disease
of unknown aetiology platelets being almost completely absent
from the peripheral blood yet the thrombt contam platelets It 15
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believed to be pnmanly a vascular condition 1t s associated with
haemolytic anaemm and nervous disturbance

Secondary thrombocytopenias arc found as part of many bloed
disorders The leuhacrmas permcious and aplastic annemias, bone
martow metastases and storage reticuloses can all produce the
condition

Qualitative platelet deficiencies

Hereditary haemorrhagic thrombasthenia (Glanzmann) a dis
order transmtted as a Mendehan domnant, 1s charactenized by
purpura prolonged bleeding time poor clot retraction but no
reduction 1n platelets The platelets may be abnormal large and
wrregular forms being seen m the penipheral blood The haemorrhagic
defect 15 1n the platelets themselves which fail to take part in the
clotting mechanism by reason of deficiency of one or more factors

THE BLEEDING TIME

This test depends upon four factors (@) Ability of capillaries to
contract on imjury (b) number of platelets (c) ability of platelets to
clump and adhere closely (d) health of the capillary endothelium

Depending on so many factors the test alone does not yield a
great deal of information but taken in conjunction with a platelet
count and capiifary resistance test 13 of pnmary value mn the invest-
gation of the haemorrhagic disorders It 1s difficult to standardize
a techmique for the bleeding tme the mam bines of standardization
bewng 1n type and size of needle and depth of puncture Whatever'
techmique 1s used should be stated 1n the report and the normals for
the method also reported

BLOOD COAGULATION

Coagvlation 15 the process by which fluid blood becomes a firm
jelly hike matenal which occludes the bleeding point  The clot con
sists of a mesh of fibrin 1 which 15 caught up most of the red and
winte cells and platelets  Numerous theories of blood coagulation
exist and probably the simplest 15 that of Morowitz

Prothrombin 4 calcium 1ons ++ thromboplastin = thrombin

IT;hrohmbxn =+ fibrinogen = fibrin -

rothrombin 1s a white amorphous glycopro
present in the plasma to a strength of 20 mgg }pcrpcer:fm hn:r:‘al:g
produced 1n the liver from vitamin k which 1n turn 15 synthesized b;
putrefactive bactena n the gut or alternatively the vitamin X maf'
be merely stored tn the liner the prothrombin being produced 1n the
reticulo-endothelial system outside the liver
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Thromboplastin 1s the name given to complex substances which
can be extracted from many tissues, particularly lung and brun
The blood makes 1ts own thromboplastin when it 1s shed nd 1t 15
avery potent thromboplastin indeed

Thrombin 1s a very active enzyme which 1s c1pable of converting
many hundred times 1ts own weight of fibrinogen to fibrin  During
the clotting process 1t 1s produced quantitatively from prothrombin

Fibrinogen 15 one of the plasma proterns normally present to a
concentration of 0 2-0 5 g per cent 1n plasm?

Calcium tons occur normally m all tissues including the blood

The theory of Howell went one stage further i an attempt to
explain the presence of heparn n the blood Heparin 1s a physio-
logical anticoagulant produced in the liver, lungs and elsewhere and
acts by reason of its ant: thrombin activity Howell postulated that
prothrombin and calctum produced thrombin but when heparn
was present no thrombrn was formed His view was that thrombo
plastin neutralized hepanin thus allowing thrombint to be formed

The modern theory or aggregation of theories (Fig 34) assumes
that several factors must first react together to produce thrombo
plastin, deficiency of one or more of the factors producing an m
efficient thromboplastin ~ Clotting still takes place but 1s prolonged
and prothrombin 1s not fully uttlized The clotting time measures
the speed of thromboplastin formation and subsequent conversion
of prothrombimn to thrombin then fibrinogen to hbrin

THE COAGULATION MECHANISM (Table VII}

In the present state of knowledge of the subject 1t 1s not possible to
be dogmatic regarding the clotting process Blood coagulation
occurs 1n a series of steps the mtermediate factors so produced
being necessary for subsequent stages but since many coagulation
experiments are capable of different mnterpretations the exact func
tion of some factors 15 at present unknown It must be stressed
therefore that the explanatory notes below comprise an attempt to
present the process for study rather than a confirmed exposition of
the coagulation mechanisms

Intrinsic (blood) thromboplastin generation

(@) On contact with a water wettable surface Factors VIII and IX
react with calcium to form an itermediate product of thrombo
plasin  The exact nature of the contact phenomenon 1s unknown

" ivut Hageman factor and PTA would also appear to be involved

(b) In the presence of calcium 1ons the intermediate product of the
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TABLE VIl
SYNONYMS USED FOR FACTORS INVOLVED IN

BLOOD COAGULATION
A PREPARATIONS OF THROMBOPLASTIC ACTIVITY
Intrinsic Extrinsic Platelet Russell

thromboplastin thromboplastin extract Vviper yenom
Thromboplastin Tissve Thrombokimn RVYV
Blood N b T .
Plasma thromboplastin thromboplastin

thromboplastin
Complete

thromboplastin

B PLASMA AN]

D SFRUM FACTORS

Factor V (Owrer)

Factor VI (holler)

Prothrombin
Nance)

Pro-accelerin — accelenn (Owren)

Ac globulin (Ware and Seegers)

Thrombogen (Nolf)

Prothrombin A (Quick)

Labule factor (Quick)

(Font! and

factor (Owren

and Bollman)
Serum prothrombin conversion accele
rator (Alexander and de Vrres)
SPCA

Pro-convertin ~> convertn (Owren)
Co-thromboplastin {Mann)
Co-factor V (Owren)

Stable factor (Stefanini)

Factor VIII (Koller)

Factor 1Y (Koller)

Ant1 haemophilic globulin (Lews and
and his colleagues)
A

Anti haemophilic  globulin A (van
Cramer)

Thrombocytolysmn (Brinkhaus)

Thromboplastinogen (Quick}

Plasma thromboplastic factor
(Stefaniny)

PTF
Platelet co factor I (Seegers)

Christmas factor (Biggs)

Plasma thromboplastin component
(Aggeler)

PTC

Anti haemophihic globulin B (van

ramer,
Platelet co factor II (Seegers)

Factor X (koller)

P T A (Rosenthal)

Stuart factor (Hougie and his col

leagues’
Prower factor (Telfer and his col
leagues)

Plasma thromboplastin antecedent
(Rosenthal)

Hageman factor

| Prothrombin

‘ Thrombozyme (Nolf)
[ Prothrombin B (Quick)
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preceding step actnvates platelets to Liberate several factors four
of which are hnown to be tvohved in the clotuing process

Platelet Factor I and Factor V of the plasma which resemble one
another 1n activity combrne with the oniginal intermediate product
1n the presence of calcium 1ons the process possibly being 1mitiated
by the thromboplastic Platelet Factor 111 Factor X may also be
mvolved mn this step the final product of which s intrinstc thrombo
plastin

«

o)

Prothrombm comersion

(a) In shed blood prathrombin 1s converted Iy into throm
bin by the action of intrinsic thrombopl 1n the of
calcium tons  Accelerating factors are not required 1n this reaction

(b) Using extrinsic {tissue) thromboplastins the speed of prothrombin
camverston depends upon the plasma concentrations of Factors V
Vil and X Thssue thromboplastins lack Factors V. VIl and X and
Russell s viper venom lacks Factor X

Fibrinogen comerston

The comversion of fibrinogen to fibnin 15 an enzymatic function of
thrombin with the aid of Platelet Factor 11

Thromboplastin ilubttors

(a} Interference with the early stages of the clotting process results in
d thrombopl Defi of Factors VIII
at IX can sometines be shown to be accompared by intubitors
of the reaction between these factors  Such inhibitors are termed
crrculating anticoagulants
(b} Anticephalins have the property of being able to neutralize smal}
amounts of thromboplastin  This 15 probably due to the Lipoid part
of tissue thromboplastin being related to cephalin

Inhibitors of the prothrombmn thrombn reaction

(a) Heparin 1nterferes with the prothrombin thrombin reaction but
requires a co factor which 1s present m plasma albumm  The co
factor may actually be present together with heparin 1n basophils
The activity of hepann 1s rmmmized by the Platelet Factor IV

(5) A natural antithrombin exists in the plasma albumin  Its effect 1s
enhanced 1n any condition 1n which hepann 15 increased

(e} Some thrombin 15 absorbed on to fibrin and can be eluted stll 1n
an actne form

(d) Hyperprotenaemuas can aterfere with this stag
process possibly by adsorption on to thrombin
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The fibrinogen fibrin reaction

A normal fibrinolytic process 1s essential to remove deposition of
fibrin from vessel walls but pathological processes can mcrease the
circulating fibrinolysin titre to haemorrhagic levels

THE CLOTTING FACTORS

The factors involved m the clotting process have been described
by different workers under various names A hst of these names 1s
shown 1n Table VII It will be noted that there 1s a tendency to
identify the factor by the name of the pattent suffermg from the
deficiency

Factor ¥V 1s a plasma factor which deterjorates on storage hence
1s often known as the labile factor (Quick) It 15 necessary for the
production of thromboplastin 1 1130 but then takes no further part
in the reaction It 1s derived from an mactive precursor m the
plasma

Factor VI was the original name given to a thromboplastin mter
mediate product but since the descriptions were so vague the term
1s no longer used

Factor VII 1s an accelerator of the prothrombin conversion usmg
tissue thromboplastin  Its function m wno would appear to be
connected with bleeding control i tissue since 1t 1s not needed m
the clotting of shed blood

Factor VIIT 1s a plasma globulin which has been punfied and 1s
avatlable commercrally It 1s the factor deficrent 1n haemophilia

Factor IX or Christmas factor 1s defictent 1n the haemophiloid
like disorder  Christmas disease  and 1s present 1 serum

PTA or plasma thromboplastin antecedent 1s found in serum and
plasma and a few families have been described as affected by an
haemorrhagic disorder due to 1ts deficrency

Hageman factor was named after two sisters who were affected
by an haemorrhagic disease

Factor X 1s deficient 1n some patients who exhibit a prolonged
clotting time but no evidence of bleeding into tissues It may be
1dentical with Stuart and Prower factors which agan were named
after afected patients

THE CLOTTING TIME
Since the clotting time measures the speed of several reactions 1t 15
not diagnostic of a spectfic deficiency Where thromboplastin com
ts are d the time 15 prol d but very few platelets are
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required to initiate the clotting process, hence 1n all but complete
thrombocytopenas the clotting time 15 within normal limits  The
time 15 unaflected by deficiencies of the prothrombin-Factor V and
VII complex but prolonged with msufficient fibrinogen Shight
deficrencies of the essential factors may not greatly affect the test
but can be made more obvious by using siliconed glassware By
this means the normal clotting time 15 prolonged and times of
abnormal bloods greatly prolonged To obtamn consistent results
standardization of clotting time techmiques 1s essential

FIBRINOPENIA

A deficiency of fibrinogen may be inhenited or acquired  Inherited
possibly as a stmple Mendehan recessive the disorder 1s rare and
unaccompanted by other deficencies Blood so affected will not
clot or 1f 1t does the clot 1s thin and wispy

A constitutional fibunopema has been described 1n women but
only 1n a few cases and I have seen 2 woman with an apparent
cyclical fibrinopenia associated with the onset of menstruation

Acquired fibrimopenia 1s usually only partial and 1s associated
with severe liver disease carcinoma and infections The fibrino
pema may be due to madequate production excessive utilisation or
destruction by fibrinolysis (see below)

An acute defibrination syndrome associated with surgical pro
cedures and more commeonly obstetrical abnormalittes has been
described by many authors Tt would seem that during surgical
operations and where the placenta 1s pecrosed actual tissue frag
ments enter the circulanon where they act as thromboplasting
The slow coagulation which occurs results in fibrin being deposited
upon the cell walls with a compensatory merease i fibninolysins
Thus fibrinogen 15 both used excessively and destroyed resulting 1n
an haemorrhagic tendency which s often fatal

FIBRINOLYSIS

Fibrin itself can be lysed by fibrinolysins normally present i the
crrculation where they fulfil the important function of emoving
fibrin deposited upon vessel walls Fibrmolysis can be increased in
anxiety states by severe exercise or the mjection of adrenahn  The
active fibninolysin 1s termed plasmin and 1s derived from a globulin
precursor termed plasminogen This conversion 1s mhibited by an
antl plasmin i the albumun fraction of the serum It would appear
that some matenals are capable of removing the inhubitory effect of
ants plasmimn thus allowing the formation of active plasmin i wno

Various bacterial filtrates (streptokinase staphylokinase) are
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The fibrinogen fibrin reaction

A normal fibrinolytic process 1s essential to remove deposition of
fibrin from vessel walls, but pathological processes can increase the
circulating fibrinolysin titre to haemorrhagic levels

THE CLOTTING FACTORS

The factors involved 1n the clotting process have been described
by different workers under various names A list of these names 1s
shown 1n Table VII It will be noted that there 1s a tendency to
wentify the factor by the name of the patrent suffering from the
deficiency

Factor V 1s a plasma factor which deteriorates on storage hence
15 often known as the labile factor (Quick) It 15 necessary for the
production of thromboplastin 1 o but then takes no further part
in the reaction It 1s derived from an nactive precursor m the
plasma

Factor VI was the origmal name given to a thromboplastin nter
mediate product but since the descriptions were so vague the term
1s no longer used

Factor VII 1s an accelerator of the prothrombin conversion using
tissue thromboplistin  Its function 7 wno would appear to be
connected with bleeding control in tissue since 1t 1s not needed 1n
the clotting of shed blood

Factor VI 15 4 plasma globulin which has been punfied and 15
available commercally It 1s the factor deficrient 1n haemophilia

Factor Y ot Christmas factor 15 deficient 1n the haemophilord
like disorder  Christmas disease  and 1s present 1n serum

PTA or plasma thromboplastin antecedent 1s found n serum and
plasma and a few families have been described as affected by an
haemorrhagic disorder due to 1ts defictency

Hageman factor was named after two sisters who were affected
by an haemorrhagic disease

Factor X 1s deficient 1 some patients who exhibit a prolonged
clotting time but no evidence of bleeding into tissues It may be
1dentical with Stuart and Prower factors which again were named
after affected patients

THE CLOTTING TIME
Since the clotting time measures the speed of several reactions it 1s
not diagnostic of a specific deficiency Where thromboplastm com
ts are deficient the time 1s prol d but very few platelets are
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CLOT RETRACTION
(1) Withdraw venous blood nto a dry syringe and place in the special
tube 1 the water bath at 37 C
(2) Note the time taken for the blood to clot and exactly one hour
afterwards carefully free the clot and remose on the glass rod
(3) Drain the clot into the tube and measure the volume of serum
The lower limit of normality 1s 44 per cent of serum The tube 15 a
centrifuge tube with a glass rod set 1n the cork The rod 1s roughened
with projections to hold the clot so that it can be lifted from the tube

FIBRINOLYSIS
Reagent (a) Veronal buffer pH 7 35
0 1/M sodium diethy] barbiturate 570 m!
0 1/M hydrochloric acid 430 ml
Sodum chlonide $67g

Reagent (b)) 09 per cent sodium chloride 1n distlled water
Reagent (¢) Thrombin topical (Parke Davis) 20 umits/ml 1n saline
Reagent (d) Buffered saline prepared by mixing equal parts (a) and (8)

Method
(1) Collect venous blood and mux 9 parts with 1 part 3 8 per cent
sodwm citrate
(2) Prepare a dilution of 1 16 of the citrated plasma by addmng
04 ml plasma to 6 ml of buffered saline
(3) Prepare the following tubes 1n duplicate
(@) 16ml plasmal 16
(1) 08 ml plasma1l 16 + 08 ml buffered saline
() 04 ml plasma 1 16 + 1 2 ml buffered saline
and to each tube of one set add one drop of thrombin and to each
tube of the second set 0 1 ml M/20 CaCl, Mix the tube by i
verting once
(4) Place all six tubes m water bath at 37° C together with control
tubes prepared from normal plasma
(5) Note the clotting times and leave for 24 hours observing degree of
lysis 1f any at intervals
N B The fibrinolytic enzyme 1s not stable on storage and the test
should be performed at a standard tume after collection of blood for
this reason

PLATELET ANTIBODIES (KISSMEYER AND NIELSEN)
Reagent (a) Platelet extract
(1) Coliect 9 parts of blood nto 1 part of 10 per cent disodium citrate
from a Group O donor
(2) Centnifuge 15 munutes at 1 500 r pm and take off the supernatant
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(3) Centnfuge plasma 30 nunutes at 3 000 r pm and resuspead plate
lets 1n saline to give concentration of 600 000 per ¢ mm
(4) Freeze and thaw three times and finally centrsfuge 30 minutes at
3000 rpm
The supernatant constitutes platelet extract

Reagent () Buflered platelet eatract
To platclet extract add equal volume of buffered saline pH6S

Reagent (¢) Tanned cells

(1) Collect defibninated blood from a Group O donor and wash the
cells three times 1n neutral saline

(2) Make up 2 per cent suspeasion i buffered saline pH 7 2 and add
an equal volume of freshly prepared 1 40 000 tanmic acid

(3) Incubate at room temperature 10 minutes wash once in buffered
saline and make up to 2 per cent 1n normal saline

Reagent (d) Coated tanned cells

(1) To the tanned~ell suspension add an equal volume of buffered
platelet extract

(2) Incubate 10 minutes at room temperature
{3) Centnfuge 5 minutesat 1 000r pm and wash twice 1n normal saline

contuning 1-2 per cent normal human serum to protect aganst
haemolysis

{4) Make up to I per cent suspenston in normal sahne

Reagent (¢) Buffered saline pH 72

Mix 4 volumes O 8 per cent saline and 1 volume of M/15 Sorensen
Buffer pH72
Reagent (f) Buffered saline pH 6 5

Mix equal volumes saline and Sorensen Buffer pH 6 5

Method

(1) Make doubling dilution of patient s mactivated serum

(2} Add one volume of tanned coated cells shake and leave at room
temperature 30 minutes

(3) Shake 1gain and Jeave 2 hours at room temperature

(4) Read on agglutinate pattern and shake agamn

(5) Read agam after 18 hours at — 4°C

Control with non-coated tanned cells and normal sera with coated
tanned cells

v

THE PROTHROMBIN COMPLEX

Although some workers have shown that purified prothrombin may
be converted #1 vitro without the assistance of other blood factors
tests of clotung efficiency demonstrate an mtimate relationship
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between prothrombin and certain plasma and serum components
It 1s convement therefore to consider the conversion of prothrombin
as a reaction involving a number of such factors and to regard them
as a prothrombin complex

THE ONE STAGE PROTHROMBIN TIME

Prothrombin activity may be measured by the single stage method
of Quick and mvolves the addition of tissue thromboplastin to
decalcified plasma with subsequent recalcification  The time taken
for a clot to appear 1s termed the prothrombin time and 1t 1s essential
to control the reagents with normal plasmas The test may be
reported as an index or a ratio for example, normal prothrombmn
time 15 seconds test plasma 45 seconds

Prothrombin Index i—: x 100 = 33} per cent efficiency

Ratio4s 15=13 1

The recommended method 1s to report the times of both test and
normal plasmas in seconds but many authonties calculate a per
centage of prothrombin from a dilution curve This 1s prepared by
making a series of dilutions of normal citrated plasma m physio
logical saline and performing the test on each diution By plotting
prothrombin times agamst plasma percentages a curve (Fig 35) 15

Saline dilution curve
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Fic 35 —Saline dilutton cune (Thrombo
plasin  Stayne )
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obtamed from which prothrombin percentages are read as a dilution
of plasma Tius assumes that prothrombin 1s a pure substance
acting without assistance but regarded as a complex 1t will be seen
that allicd factors are also diluted  The 1deal diluent for such curves
has not yet been demonstrated The end point of the weaker dilu
fions 1n this test 1s difficult to determine since fibrinogen is also
diluted
The one stage prothrombin time actually measures the speed of

prothrombin conversion and fibrinogen conversion  Antt thrombins
also take part prolonging the time by nactivation of thrombim
The test therefore depends upon concentration of prothrombin the
associated Factors V and VII, fibnnogen and possible ant-
thrombins

TISSUE THROMBOPLASTINS

Preparations of thromboplastic activity obtained from tissue
(lung brain etcetera) differ from that produced by shed blood
Tissue thromboplastin needs caleium and Factors V and VII for
rapid prothrombin conversion  Factor V 1s essential for efficient
thromboplastin generation by shed blood but after such thrombo
plastin 1s produced neither Factor V nor VII 1s needed for pro
thrombin conversion In yno the importance of Factor VII in
prothrombin conversion seems to be n mnyury where incomplete
thromboplastins are released from the tissues  Russell viper venom
plus lecithun (ipoid factor) has thromboplastic activity but 1s not
complete since it does not possess Factor X (Stuart or Prower
factor) However hnowing in what respects such thromboplastin
preparations are deficient mahes them useful tools i the mvestiga
tion of haemorrhagic disorders

PROTHROMBIN CONSUMPTION

Dunng coagulaton of shed blood prothrombin 18 converted
quantitatnvely into thrombin the process depending upon an efficient
thromboplastin generation system  Failure to generate efficient
thromboplastin results 1n poor utihization of prothrombin which can
then be demonstrated in the serum  The test 15 good for screening
purposes since it indicates an_haemorrhagic disorder due to 2
deficiency of one or more of the factors necessary for thromboplastin
generauon Al that 1s required 15 a one stage prothrombin time
on both plasma and serum  The result 1s expressed as an index the
normal being from 0-40 per cent  Standard conditions for the pro
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between prothrombin and certain plasma and serum components
1t 15 convenient therefore to consider the conversion of prothrombmn
as a reaction tnvolving a number of such factors and to regard them
as a prothrombin complex

THE ONE STAGE PROTHROMBIN TIME

Prothrombin activity may be measurcd by the single stage method
of Quick and involves the addition of tissue thromboplastin to
decalcified plasma with subsequent recalcification  The time taken
for a clot to appear 1s termed the prothrombin time and 1t 1s essential
to control the reagents with normal plasmas The test may be
reported as an index or a ratto for example, normal prothrombin
time 15 seconds test plasma 45 seconds

15

Prothrombin Index 5 < 100 = 33} per cent efficiency

Ratiods 15=3 1

The recommended method 1s to report the times of both test and
normal plasmas n seconds but many authonties calculate a per
centage of prothrombin from a dilution curve Thrs 15 prepared by
making a sertes of dilutions of normal citrated plasma i physio
logical saline and performung the test on each dilution By plotting
prothrombin times aganst plasma percentages a cunve (Fig 35) 15
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INTRAVASCULAR THROMBOSIS

Venous or arterial thrombosis 1s not an uncommon post operative
complication and may occur 1n a susceptible individual over middle
age without surgical interference  Modern treatment of the con
ditton s by means of anticoagulants, such therapy being controlled
by the laboratory to ensure that clotting factors are not depressed
to dangerously low levels

Hepann, the physiological antt thrombin, 15 used at the start of
treatment since 1its effect administered 1ntravenously 15 very rapid
Coumann denvatives are slower and more varable in their effect
but are given orally and possibly assist recanahzation of the affected
vessels  Heparin therapy 1s controlled on the clotting time, and the
admnistration of dicoumarol by the one stage prothrombin time
which 15 very sensitive to the decreased concentration of Factor VII
caused by the drug  Overdosage with salicylates results mn a pro-
longed one stage prothrombin time and 1t 1s interesting to note that
dicoumarol can be denatured quantitatively to salicylic acid
Salicylates plus dicoumarol are clinically dangerous, the danger of
such deugs being haemorrhage In lung disease or congestive heart
farlure the prothrombin time 1s hikely to lengthen very rapidly on
small doses of dicoumarol and even without a partly healed wound
or raw surface haemorrhage may occur into kidneys, bowel or
brain  The action of hepann can be reversed immediately by giving
pro Ipk but d ol overdosage needs transfusion
with fresh blood or plasma to check the haemorrhagic tendency
Natural vitamin K, and 1ts homologues also reverse the effect but
they are much too slow 1n their action for emergency use

Tolwidine blue inhbits the action of heparin so that the so called
heparin effect that 18 prolongation of prothrombm time due to
heparin can be nulhfied and the true effect of dicoumarol estimated
Probably the best techmque for the control of dicoumarol therapy
1s that of Owren n which the plasma 1s diluted to enhance small
differences 1n clotting times and Factor V and fibrinogen supphed

in large amounts by the addition of normal plasma adsorbed with
banum sulphate

TRUE PROTHROMBIN

Prothrombin may be deficient m severe hiver discase and a con-
gemtal absence of the factor has been descnibed Newly born
mfants are deficient 1n prothrombin gross deficiency resulting
haemorrhagie disease of the new born This condition 15 treated
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duction of serum must be followed rigidly and since serum 1s deficient
1n fibrinogen this must be provided mn the test

FACTOR V DEFICIENCY

Factor V 1s the symbol used for the inactive precursor of a plasma
component essential for blood thromboplastin  The activated factor
1s termed Factor VI Factor V 1s the labile factor of Quick (pro
thrombin component A) bemng destroyed on storage at 4 C for
14 days but it keeps much betier at an acid pH and lower tempera
tures The factor 1s produced mn the liver and 1s reduced 1n severe
hepatic disease An nherited or congenital deficiency has been
described  The one stage prothrombin time 15 abnormally pro
longed and prothrombin consumption poor Treatment of normal
plasma with morganic adsorbents such as BaSO, Cay(PQ,); or
AlOH), results 1 a prothrombin free plasma which contams
Factor V. PTA Factor VIII and fibrmogen This product can be
used as a source of Factor V and used to correct the prothrombin time
thus confirming the diagnosis

FACTOR VIl DEFICIENCY

Factor VII 1s a serum factor which 1s not used up during the
cloting process A congenital deficiency has been described and
production by the liver 1s depressed by carcrnoma tuberculosis
polycythaemia and severe sepsis  An haemorrhagic disease of sheep
and cattle caused by eating spoiled sweet clover 1s due to the presence
1n the foodstuff of dicoumarol a drug which depresses the formation
of Factor VII and to a lesser extent prothrombin  In Factor VII
deficiency the one stage prothrombm time 1s prolonged but 15
corrected by the addition of normal serum to the test Prothrombin
consumption i the disorder 1s normal

FACTOR X DEFICIENCY

It 15 convenient at this stage to consider defictency of Factor X
stnce the one stage prothrombin time 1s prolonged The component
may be 1dentical with Prower and Stuart factors which have been
described as defictent 1n rare haemorrhagic disorders in families
where there 1s some evidence of consangmmity The factor 15
differentiated from Factor VII by the fact that thromboplastin
generation 1s impaired 1 its absence and the one stage prothrombin
time greatly prolonged when Russell viper venom 1s used as a source
of thromboplastin
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from the dilution curve, the units having no real sigmificance, being
used only to compare with the normal From a typical curve
(Fig 37) 1t can be scen that the prothrombin level can be estimated
on the peak of the curve, that 1s, the greatest amount of thrombin
formed ot on the sum of the peaks, that1s the total number of umts
By far the most accurate method however, 1s to estimate the arca
enclosed by the curve either by the laborious method of counting
the squares or by using a planimeter
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Fic 37 —The two stage measurement of pro
thrombin = A Normal curve B Dindevan
plasma C hypoprothrombinaerma (By

courtesy of Dr Rosemary Biggs and the Edit
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DISORDERS OF THROMBOPLASTIN GENERATION

A deficiency of any of the factors necessary for efficient production
of thromboplasun may produce an haemorrhagic disorder of lesser
or greater seventy  Many of these disorders are wnhented, some
of them acquired and combined disorders are possible
Haemophiha

Haemophilia has been known from the earliest times but the term
now 15 restricted to disorders i which there 1s a deficiency of antt
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with vitamin K but overdosage has been reported as a cause of
haemolytic anaemia

A true measurement of prothrombin 1s made by means of the
two stage method of Biggs and Douglas i which all available
prothrombin 1s converted to thrombin which 15 assayed by 1ts action
on fibrmogen Since prothrombin 1s converted quantitatively to
thrombin the test also measures prothrombin It 1s assumed for the
purposes of the test that the antithrombin strengths of test and
normal plasma are simular

Two stage method

It 15 necessary 1n the two stage method to construct a reference
curve derived from experiments with pure thrombin and fibninoges
Freshly prepared dilutions of thrombin topical (Parke Davis) are
added to fibnnogen clotting times recorded and plotted agawnst
thrombm umts The thrombin fibrinogen dilution curve (Fig 36)
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Fic 36 —Thrombin fibrinogen dilution curve
(By courtesy of the author (Dr Rosemary
Biggs) and publishers (Blackwell Oxford) of
Prothrombin Deficiency )

can be expressed as a straight Imne by plotting the clotting times
agamnst the reciprocals of the concentrations of thrombm In the
test proper plasma 15 mixed with diluted brain thromboplastin and
caleium chloride and the clotting mixture subsampled at ntervals
nto fibrinogen The clotting times are converted to thrombin umts
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manner and the factor 1s concerned with plasma activation by con
tact with glass There seems to be some relationship between PTA
and Hageman factor 1n this respect

Haemorrhagic disorders and pregnancy

Haemorrhagic disorders associated with pregnancy have been
shawn to possess an antibody which has the cffect of inhibiting or
destroying anti haemophilic globulin  Siular antibodies having
the effect of a arculating anticoagulant have been produced 1n
haemophulics by transfusion of fresh blood or the purified globulin,
since this matersal being protein acts as an antigen  Bridge anti-
coagulant 1s an anti Factor VIII substance present in the blood of
haemophilics from birth It 1s relatnvely stable, whereas anti-
haemophilic globulin 1s very labile

Thromboplastin generation 15 disturbed by a qualitative defect of
platelets 1n thrombasthaema An abnormal thromboplastin genera
tion may also appear 1n conditions where the platelets are increased
beyond the normal numbers

CIRCULATING ANTICOAGULANTS

Many cases of plasma factor deficiencies can be shown to be
d by thromboplastin inhibitors which act as circulating
anticoagulants The presence of circulaung anticoagulants may be
demonstrated by the thromboplastin generation test or by mixing
tests on recalaified plasma

Hepanin may be increased 1n amount 1n certain conditions par-

ticularly irradiation  In such cases an haemorrhagic tendency may
develop

CALCIUM CLOTTING TIME

Clotting factors mvolved in thromboplastin generation may be
wdentified by mixing tests using the calcium clotting time which
mvolves the recalcification of fresh citrated plasma The addition
of plasma from Christmas disease corrects the caloium time of
haemophilic plasma and the addition of haemophilic serum corrects
the calcium time of Chnistmas disease plasma  PTA deficiency 1s
corrected with either serum or plasma from these conditions, tests
using serum sometimes giving peculiar answers  The normal calcium
clotting time 15 90-250 seconds but results are affected by platelet
numbers and the time plasma 15 hept 1n contact with glass

THE THROMBOPLASTIN GENERATION TEST
The TGT hterally consists of a scries of one stage prothrombin
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haemophic globulin The disorder 15 transmutted as a sex linked
charactenistic for which there 1s a high mutation rate The mn
heritance 1s shown 1n Fig 38 It was ongmally assumed that 2
prolonged clotting time was a pnme cnterion of the disease, but
some cases show genetic and medical evidence of the disease with a

Ft F2
X ¥ X ¥
x x x X o[
X XX Xy X XX Xy

Fic 38 —The inheritance of hacmophiha  Two families are
1lustrated  F I shows the possible progeny of the carrier
female and normal male  F 2 the carner female and affected
male the symbol X indicates the gene carried on the
female (x) chromosome

clotting time normal or only shightly prolonged The recalcification
time of plasma however and prothrombin consumption may be
abnormal even when the clotting time 1s normal  Such cases are
termed mild haemophiba and breed true

Chrisimas factor deficiency

Christmas factor deficiency was first discovered when 1t was found
that the clotting deficiency of haemophilic blood was corrected by
the addition of serum from another patient with stmilar symptoms
The factor 1s normally present n serum and 1s readily absorbed by
morgantc absorbents Christmas disease and haemophilia have a
ratio of 1 10 among bleeders 1n England The inherrtance of the
disorder 1s sumilar to that of haemophiha but there may be a
difference between the penetrance of the genes since in the former
disorder muldly affected females are more frequently encountered

PTA deficiency

Plasma thromboplastin antecedent (PTA) deficiency was first
described by Rosenthal1n 1953 It appears to be mhented by means
of a doymnant gene  The factor 1s present in both serum and plasma
1s stable and 1s not absorbed by morgamc adsorbents

Hageman factor deficiency
The defect in Hageman factor deficiency does not result i an
haemorrhagic diathesis  The deficiency 1s inherited 1 a recessive
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(5) Ampoule n03 g and seal n here of dry nitrogen
The dried brain may actually be hept in bulk in a glass stoppered
bottle at room temperature for months without loss of potency
Reagent (b) Reconsututed extract
Suspend 0 3 ml dricd brain 1n 5 0 ml normal saline and activate at
37 C for 30 nunutes
Reagent (¢)  M/40 calcium chloride
Reagent (d) Citrated plasma
(1) Collect venous blood mnto 3 8 per cent sodium citrate 1n the propor-
tions of 9 parts of blood to I of anticoagulant
(2) Repeat the procedure with at least two normal bloads

Test proper

(1) Place 0 { ml of plasma in 3 inches X § inch test tube in the water
bath at 37 C together with a quantity of brain thromboplasiin
and M/40 CaCl,

(2) Allow the reagents to warm to 37 C and add 0 1 ml saline brain
suspenston to the plasma

(3) Add0 1 m! CaCl,to mixture and start stop watch Note time taken
for clot to form

{4) Repeat the procedure with normal plasmas Normal 12-15
seconds

N B 1ts useful to have a strong hight and a black background fo
facilitate reading

SALINE DILUTION CURVE

(1) Dulute fresh citrated plasma from a normal subject to 9¢ 80 70
60 50 40 30 20 and 10 per cent wath normal physiological saline

(2) Perform one stage prothrombin time on each dilution

(3) Plot times 1n seconds against plasma percentages

CORRECTION OF PROTHROMBIN TIME FOR FACTOR V
AND VII DEFICIENCIES

Reagent (g} Prothrombin time reagents
Reagent (b)) Normal serum
Reagent (¢) Normal adsorbed plasma (see below)

PRESUMPTIVE TEST FOR FACTOR V DEFICIENCY
(1) Perform one stage prothrombin time on patient s plasma
(2) Repeat the procedure on a mixture of 9 parts of patient s plasma
and 1 part of normal adsotbed plasma

If the hrombin time 15 sub lly shortened b
p y the addition
of normal adsorbed plasma a deficiency of Factor V 1s proven
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times but nstead of using tissue thromboplastin that produced by
blood 15 used and the essential components from the patient sub
stituted one by one for the normal to decide which s actually
deficient 1n activity Normal platelets, serum and absorbed plasma
are mxed together with calcium and the rate of thromboplastin
generation measured by subsampling at intervals nto a substrate of
platelet free normal plasma as a source of prothrombin and fibrt
nogen This constitutes a normal run  and companson 1s made
by substituting in turn reagents from the patient  Since prelmunary
mvestigations will have demonstrated any deficiency of Factors V or
VII this test 15 used to reveal deficiencies of Factors VIII IX and
platelet factors and also the presence of circulating anticoagulants

Preparation of reagents for the TGT 1s tedious but a screemng
test has been evolved (Hicks and Pitney 1957) which utilizes whole
plasma from the patient and it some respects s even more sensitive
than the standard thromboplastin generation test To obviate the
preparation of platelet suspensions a lipoid extract of bram
thromboplastin may be employed with the same reaction but only
3f a platelet factor 1s not at fault

ASSAY OF AHG

The thromboplastin generation test can be modified to assay the
amount of AHG present 1n samples of normal and haemophilic
plasma The amounts of thromboplastin generated by a normal
system grossly deficient 1n AHG to which 1s added dilutions of the
test and normal plasmas may be compared assummg the standard
normal plasma to contatn 100 per cent AHG  In haemophilics the
range 1s from 0 to 25 per cent

TECHNIQUE

The following are the details of test techmiques appertaming to
the prothrombin complex

ONE STAGE PROTHROMBIN TIME (QUICK)
Reagent (@) Dried brain powder
(1) Collect fresh human bratn from the post mortem room and remove
all superficial vessels and membranes
{2) Macerate the brain with 34 tunes 1ts volume of acetone
(3) Pour off acetone and replace with fresh repeatng the process 4

times
{4) Dry the crumbly matenal on a suction filter
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(3) Repeat with plasma from the patient
(4) If plasma clotting ttme from patient 18 ncreased above the normal
replace the saline addition with 0 1 ml toludine blue or protamine

sulphate
If the clotung time of plasma returns to normal on addition of
lurdine blue or p 1 then the lant 15 hepann
m nature

OWRENS PROTHROMBIN AND PROCONVERTEN
METHOD OF CONTROLLING THERAPY WITH
DICOUMAROL

Reagent (a) Fresh brain extract

(1) Obtain human brain from the post mortem room and free it from
superficial vessels and membranes

{2) Macerate the whole brain for 2 nunutes 1 a blender with 1 500 m}
of normal saline heated to 37°C

(3) Centrifuge the emulsion for 25 minutes at 2000 r p m and discard
the sediment

(4) Use the supernatant in the one stage prothrombin time of normal
plasma diluting the thromboplastin 1/2 1/3 and 1/5 with saline

(5) Select the dilution which gives the shortest clotting time and dilute
1t approximately with saline

(6) Add 10 per cent of Owren s buffer and dispense 1n small amounts
Store frozen sold at — 20 C

Reagent (b)) Owren s buffer

Sodium dicthylbarbiturate Nisg
Sodium chlonde (AR) 1467¢
N/10 hydrochlonc acid 430 mi
Dastilled water 1570 ml

The final solution should be pH 7 35
Reagent (¢) Banum sulphate
(1) Suspend 1 1b of x ray BaSO, 1n 4000 ml of 0 005 M trisodium
atrate (NayC,H;07 2H,0) and allow to stand overnight
(2) Draw off supernatant and discard  Repeat the procedure with a
further 4000 ml of citrate solution and allow to settle

(3) Collect the sediment on strong filter paper and dry n the oven at
100 C

(4) Powder the dried tmaterial thoroughly

Reagent (d) Adsorbed ox plasma

(1) Collect ox blood mto 2 S per cent potassium oxafate mn the propor
tion of 1 part of oxalate to 9 parts of blood

(2) Centnfuge and take off plasma

(3) Treat the plasma with BaSO,, allowing 2g BaSO, for each 100 ml
of plasma

(4) Sur the mixture mechamcally for 30 runutes at room temperature
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PRESUMPTIVE TEST FOR FACTOR VII DEFICIENCY
(1) Perform ope stage prothrombin time on patient s plasma
{2) Repeat the procedure on a mixture of 9 parts of patient s plasma and
1 part of normal serum
If the prothrombin time 15 substantially shortened by the addition
of normal serum a defictency of Factor V1L s proven

PROTHROMBIN CONSUMPTION INDEX

Reagent (@) Prothrombin time reagents

Reagent (5) Fibnnogen 100-200 mg per cent

Reagent () Citrated plasma

Reagent (d) Serum

(1) Collect venous blood into clean dry tubes 3 inches X j-mch i
10 ml amounts

(2) Allow the blood to clot at 37 C and exactly 1 hour after coagula
tion has taken place centnfuge and remove serum

Test
(1) Place of bramn th citrated plasma fibnnogen
and caleium chloride m water bath at 37°C for a few munutes 10

warm up

(2) In a clean 3 inches x § nch test tube place 0 I ml brain thrombo
plastis 01 ml plasma and after the addition of 01 ml. M/40
CaCl, start a stop watch A clot will form rapidly and must be
removed with an applicator

(3) Exactly one munute after the addition of calcium chionde rapidly
add 0 2 ml fibrinogen

(4) Repeat the procedure using patients serum mstead of plasma
No clot forms on the addition of CaCl, because of absence of

fibrinogen
PCI = Plasma cloting tume 1 seconds
Serum clotting time in seconds
Normal 0-40 per cent

HEPARIN ACTIVITY
Reagent (@) Thrombin topical (Roche)
Reagent (b) 0 05 per cent tolurdine blue 1n normal physiological saline
Reagent (¢) 0 25 per cent protanune sulphate 1n saline

x 100

Method
(1) Prepare two dilutions of thrombwn solution which will clot normal
plasma 1n 8 seconds and 20 seconds respectively
(2) Add 01 ml of each thrombin dilution 0 0 I mL of normal plasma
plus 0 1 ml saline  Note clotting tumes
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(3) Repeat with plasma from the patient.
(4) If plasma cloting time from patient 15 rireased 350 T Laf o T
replace the saline addition with 0 1 ml tolu.dne b e or pretemze

sulphate
If the clotting time of plasma retums to nommal ca 282w <f
luidine blue or pr Iphate then the anticoezulr 3 oepana
n nature

OWRENS PROTHROMBIN AND PROCONVERTEMN
METHOD OF CONTROLLING THERAPY WITH
DICOUMAROL

Reagent (a) Fresh brain extract

(1) Obtain human bramn from the post mortem room and free it from
superficial vessels and membranes

(2) Macerate the whole brain for 2 minutes i a blender with 1,500 ml
of normal sahine heated to 37° C

{(3) Centnfuge the emulsion for 25 minutes at 2000 r pm and discard
the sediment

(4) Use the supernatant in the one stage prothrombin time of normal
plasma diluting the thromboplastin 12 1/3 and 1/5 with saline

{5) Select the dilution which gives the shortest clotting ime and dilute
1t approximately with saline

(6) Add 10 per cent of Owren s buffer and dispense mn smalf amounts
Store frozen sobd at — 20°C

Reagent (b) Owren s buffer

Sodwum diethylbarbiturate 1175g
Sodium chlonde (AR) 1467¢
N/10 hydrochlonc acid 430 mt
Distilled water 1570 ml

The final solution should be pH 7 35
Reagent (¢) Barum sulphate
(1) Suspend 1 1b of x ray BaSO, 1n 4000 ml of 0005 M tnsodium
cartrate (Na,CH,07 2H,0) and allow to stand overnight
(2) Draw off supernatant and discard  Repeat the procedure with a
further 4000 ml of citrate solution and allow to settle
3) (12(%\:8 the sediment on strong filter paper and dry 1n the oven at

(4) Powder the dried matenal thoroughly

Reagent (d) Adsorbed ox plasma

(1) Collect ox blood 1nto 2 5 per cent potassium oxalate 1n the propor
tion of 1 part of oxalate to 9 parts of blood

(2) Centnifuge and take off plasma

(3) Treat the plasma with BaSO, allowing 2g BaSO, for each 100 m|
of plasma

(4) Str the mixture mechamically for 30 minutes at room temperature
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PRESUMPTIVE TEST FOR FACTOR VII DEFICIENCY
(1) Perform one stage prothrombin time on patrent s plasma
(2) Repeat the procedure on a mixture of 9 parts of patient s plasma and
1 part of normal serum
If the proth bt time 1s sub ially shortened by the additon
of normal serum a deficiency of Factor VII 1s proven

PROTHROMBIN CONSUMPTION INDEX

Reagent (a) Prothrombin time reagents

Reagent (b) Fibrnogen 100-200 mg per cent

Reagent (¢) Citrated plasma

Reagent (d) Serum

(1) Collect venous blood 1nto clean dry tubes 3 inches X § mch
10 ml amounts

(2) Aliow the blood to clot at 37 C and exactly I hour after coagula
tion has taken place centrnifuge and remove serum

Test
(1) Place of brain thr citrated plasma fibrinogen
and calcum chlonde 1n water bath at 37°C for a few munutes to
warm up

(2) In a clean 3 inches < § inch test tube place 0 1 ml brain thrombo-
plastin 01 ml plasma and after the addition of 01 ml M/40
CaCl, start a stop-watch A clot will form rapidly and must be
removed with an applicator

(3) Exactly one nunute after the addition of calcium chlonde rapidly
add 0 2 ml fibrinogen

(4) Repeat the procedure using patients serum instead of plasma
No clot forms on the addition of CaCl, because of absence of
fibrinogen

PCI - Plasma clotting ttme 1t seconds % 100
Serum clotting tune 1 seconds
Normal 0-40 per cent

HEPARIN ACTIVITY
Reagent (@) Thrombin topical (Roche)
Reagent (b) 0 05 per cent tolwidine blue 1 normal phystological saline
Reagent (¢} 0 25 per cent protamune sulphate 1n saline

Method
(1) Prepare two diutions of thrombm solution which wall clot normal
plasma 1 8 seconds and 20 seconds respectively
(2) Add 0 1 ml of each thrombin dilution to 0 1 mi of normal plasma
plus 0 1 ml salne Note clotung times
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(5) Repeat the tests using CaCly concentrations of M/10 M/20 and
M/30 sclecting as optimal concentration that which gives mimmum
clotting times

Interpretation of test
Read plasma concentration from clotting times on dilution curve
h 1c range using d. 1 lics between 10 and 20 per cent
of normal

THROMBIN FIBRINOGEN DILUTION CURVE

(1) Dilute thrombin to contan 20,15 10 8 5 3 2 1and 0 5 unuts of
thrombin per m}

(2) Place a series of tubes contaning 0 4 m! amounts of fibnnogen in
the water bath at 37 C

(3) Add 0 1 ml of thrombin solutions to the fibrinogen tubes and record
clotting times

{4) Plot cloiting times agamst thrombin concentrations

NB Thrombin solutions must be freshly prepared

TWO STAGE PROTHROMBIN

(1) Dilute brain thromboplastin with saline to give a one stage pro
thrombin time with normal plasma of 20-25 seconds

{2) Mix 04 m! normal citrated plasma with 04 m! diluted brain
thromboplastin

(3) Add 04 ml M/40 CaC), and start stop watch

(4) At intervals of 30 seconds 1 2 3 4 5 and 6 minutes subsample
01 ml nto 04 ml amounts of fibnnogen and record clotting
times

(5) Continue test until cloting tine exceeds 180 seconds and repeat on
patent s plasma

(6) Interpret clotting times in terms of thrombin umits from thrombin
fibrmogen dilution curve and draw a curve relating thrombin units
to incubation time

(7) Compute the areas enclosed by the two cunes and express result as
percentage of the normal

NB When clotting occurs tn the incubation mixture remove 1t
with a wooden applicator

RECALCIFICATION FIME (CALCIUM CLOTTING TIME)*

(1) To0 1 ml citrated plasma add 0 1 ml 0 85 per cent saline and place
n water bath at 37 C
(2) Add 01 m! M/40 CaCl, and start stop watch Note time taken
for clot to appear
Normal by this method 90-250 seconds
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(5) Centrifuge to remove the banum sulphate
(6) Test the adsorbed plasma by (a) and (6)

(@) Mix 0 I mL adsorbed plasma Clotting
01 ml saline ume should
01 ml bramn extract exceed
01 ml M/20 CaCl, 30 munutes
(6) Mix 0 ! m! adsorbed plasma Clotung
0 1 mi 1/10 dilution of fresh normal serum { time should
01 ml bramn extract exceed
0 I ml M/20 CaCl, 90 seconds

(7) Store the adsorbed plasma frozen sohd at — 20 C
Reagent (¢) Diluting solutions

(a) 3 13 per cent tnsodium Citrate 100 ml
0 9 per cent sodium chlornde 600 m!
(b) Owren buffer 200 ml
0 75 per cent trsodium Citrate 200 ml
0 9 per cent sodium chlonde 600 mi
Reagent (f) Anticoagulant for collection of blood
3 13 per cent trisodium citrate 250 m}
Hepann 25mg
Sodwim merthiolate 25mg

The heparin prevents alterations m clotting time of samples seat by
post
Collect 9 parts of blood to 1 of anticoagulant

Reagent (g) Normal control plasma
(I) Pool plasma from ten donors and mix
(2) Store in small amounts frozen solid at — 20 C

Test proper
(1) Dalute the test plasma 1 10 with diluting fimd (@)
(2) Mix 01 m] duuted plasma with 0 | ml BaSO, treated ox plasma
01 ml brain extract and 0 1 mi CaCl; of optimal concentration
(see below)  Start stop-watch on addition of calcium chlonde
Normal clotting time 35-45 seconds

PDILUTION CURVE

(1) Make dilutions of normal pooled plasma 1 2 1 4 1 8 and
1 16 using diluting flwid (@)

(2) Further dilute these dilutions and undiluted plasma 1 10 using
diluting flud (4) to give final dilutions of 1 10 1 20 1 40
1 80and! 160 the dilutions having a constant 1onic strength

(3) Carry out the test in duphcate on each dilution

(4) Plot the cloting times against plasma concentration Oft double
loganithmic graph paper A straight line should be obtained
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(2) Centnfuge at 2000 rpm for 15 munutes and decant the treated
plasma

(3) Test the plasma by the one stage prothrombin method  Time
shauld excced 1 minute but be less than 4 minutes

Reagent (¢) Qitrated plasma

(1) Mix 9 parts of venous blood with 1 part of 3 8 per cent sodium
citrate

(2) Separate plasma by centnifuging at 2000 r pm for 15 munutes

Reagent (d) Platelet suspension

(1) Using a siliconed syninge collect 9 m! of venous blood nto 1 ml of
3 § per cent sodium aitrate in a sihconed tube

(2) Centnfuge at 10001 p m for 10 minutes and remove plasma with a
sihiconed pipette 1nto another siliconed tube

(3) Centnifuge at 3000 r pm for 30 munutes and decant the high spun
platelet free plasma  This constitutes substrate plasma

(4) Wash the platelets twice with saline breaking up the clump with an
applicator

(5) Resuspend 1n saline to ong third of the ongmnal plasma volume
The suspenston mantains its activity 1~6 weeks 1f kept frozen solid
at—20 C

Reagent (¢) Serum

(1) Collect 3-4 ml venous blood 1nto small tube containing 4 small
glass beads

(2) Incubate at 37°C to clot imverting the tube several times just
before clotting occurs  Leave at 37° C for 3 hours

(3) Allow to stand overmight and centnfuge

Reagent (f) Owren veronal buffer pH 7 35

Test proper

(1) Add 0 1 mi normal high spun plasma to each of s1x 3 inches x 3
nch tubes 1y the water bath at 37°C

2) In anotber tube place 02 ml of adsorbed normal plasma diluted
U 5 with buffer 02 ml of serum diluted 1 10 with buffer and
02 ml platelet suspension and allow the muxture to warm

(3) Add 02 m! M/40 CaCl, and start stop watch

(4) At one munute mntervals subsample 0 1 ml of the mixture together

with 01 mt M/40 CaCl, from different pipettes into fibnnogen
and note clotting times

NB The mixture clots within 2-3 minutes and the clot must be
removed with an applicator

(5) Repeat substituting 1n turn patient s platelets serum and plasma
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MIXING TESTS WITH RECALCIFICATION TIME

(1) Perform test as before but replace saline with normal plasma
fibrinogen fraction haemophilic plasma Christmas disease plasma
and normal serum The clotuing time of haemophlics 1s corrected
by normal or Christmas disease plasma while clotung ume of
Chnstmas disease 1s corrected by normal or haemophilic serum
PTA deficiency clotting time 1s corrected either with serum or plasma

THROMBOPLASTIN GENERATION TEST (Table VIII)

Reagent (@) Alunmnmum hydroxide gel

(1) Dissolve 22 g of ammonium sulphate m 600 ml of distilled water
and bring to 63° C

{2) Add 100 ml ammonia solution (S G 0 88 diluted one half} and
bring temperature rapidly to 58 C

(3) Stir the mixture vigorously and pour rapidly 1n one lot mnto a solu
tion of 76 7 g ammonium aluat w1000 ml distilled water at a
temperature of 58 C The temperature nises to 61 C

(4) Stir the muxture for 10 nunutes keeping the temperature above
58 C and then centnifuge

TABLE VII

TYPICAL RESULTS OBTAINED WITH THE
THROVIBOPLASTIN GENERATION TEST

Clotung tune seconds

Disorder Platelets | Adsorbed| Serum after ncubation

plasnia 1213 %
nun | miit | nan | min

516
un |

Normal Normal | Normal | Normal {30 | 18 j 10| 8 &( 9
1

Normal | Normal | Patient {18 1 gl 81 71 9
Hacmophilia < | Normal | Patient | Normal | 44 | 40 | 30 | 28 | 28| 22
Chnistmas Normal | Normal | Patient |36 |30]26}20( 323
disease Normal | Patient | Normal {34 (18 [12] 8 9] 9
Circulating Normal | Normal | Pahent | 40 1 20 | 16| 16} 17| 16
anticoagulant Normal | Patient | Normal | 70 | 58 | 57 | 57 | 42 (42

t

(5) Wash the precipitate five times with 1500 ml distilled water
separating cach time by centrifuging Add 0 44 ml of ammonia
(S G 0 388 diluted one half) to the first washing water and 0 88 m!
to the second

(6) Suspend the precipitate in the least amount of water required to mahe
a gelatinous suspenston which can be pipetted

Reagent (b) Alumuna treated plasma

(1) Add 005-0 1 ml alumunium hydroxide suspension to each ml of
plasma and incubate at 37 C for 1-3 minutes
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(2) Centnfuge mmediately at 3000 rpm for 15 minutes
(3) Store plasma frozen sohd at — 20° C s small volumes
(4) Test by one stage method for Factor V activity 1t should not be
deficient 1n this factor
(5) Before use adsorb with 0 1 m! alununa gel
Reagent (b) Normal scrum
(1) In a small tube contaimng 4 glass beads place 3-4 ml of blood
and allow to stand Invert the tube several times Just before the
blood clots
(2) After the blood has clotted allow it to stand at 37 C for 24 hours
(3) Separate the serum and store frozen at — 20 C
(4) Three to four hours before the test dilute I ml of serum with 9 ml
of veronal buffer and heep diluted reagent at 4 C before the test
Reagent (¢) Platelet P prepared as for the thrombopl
generation test
Reagent (d) Normal plasma
Adsorb normal citrated plasma with aluruina ge! and difute in
veronal buffer to gne concentrations of 1 20to1 2000 Thel 20
dilution 1s the standard 100 per cent AHG
Reagent (¢) Patent s plasma
Adsorb patient s plasma with alumina gel and dilute with veronal
buffer to gne dilutionsof 1 51 10t 201 40andl 80

Test proper

(1) Toa small tubeat 37°C add 0 1 ml of 1 5 adsorbed haemophilic
plasma 01ml of I 10 normal serum 0 1 ml platelet suspension
and 01 ml of one of the dilutions of adsorbed normal plasma
Allow to warm to 37 C

(2) Add 0 1 ml warm 0 025 M CaCl, and start stop watch

(3) After 4 minutes incubation subsample 0 1 m! together with 0 1
ml of 0 025 M CaCl, to 0 1 tugh spun normal plasma

(4) Plot the cloting times agawnst the corresponding percentage of
AHG (dilution of normal plasma)

(5) Assay the test plasma using three dilutions of plasma  If AHG 1s
grossly deficient use the 1 5 1 10and 1 20 dilutions if not so
severethel 20 1 40and 1 30 didutions

(6) Read off AHG concentration from clotting times on the calibration
curve and ay crage
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DEMONSTRATION OF CIRCULATING ANTICOAGULANT
ACTIVITY
(1) At theb of the thrombopl: test place equat
volumes of normal absorbed plasma and patient s adsorbed plasma
1n water bath at 37 C  Leave at least 15 minutes
(2) Use incybated plasma in test 1n usual way
Plasma anticoagulant activity will be shown by even marked abnor
mal thromboplastin generation

SCREENING TEST (HICKS AND PITNEY)
Reagent (@) Citrated plasma obtaimned by centnfuging at 3000 rpm
for 10 mmutes
Reagent (b) Platelet substitute (Bell and Alton)
(1) Treat 1 g of bram thromboplastin with two successne 20 ml
amounts of acetone and dry the residue
(2) Add 20 ml chloroform to the dried powder and extract for 2 hours
at room temperature on the suspension mixer
(3) Filter and dry off chloroform extract 1n a flat dish
(4) Before the preparation 1s completely dry scrape off and suspend
1n 10 ml of saline
(5) Make dilutions 1 S0 1 100 1 150 and 1 200 and test with
normal plasma Use dilution with shortest clotiing time
This reagent keeps very well
Reagent (¢) Substrate plasma
Collect normal venous blood 1nto 3 8 per cent sodium citrate and
centrifuge at 3000 r pm for 10 minutes
Reagent (d) Owren veronal buffer pH 7 35

Method

(1) Dilute patient s plasma with 9 parts of veronal buffer

(2) Add 05 ml diluted plasma and 0 5 ml platelet substitute to a
3nches X § inch tube 1n a water bath at 37 C

(3) Add 05 ml of previously warmed calcium chloride and start stop
watch

(4) At one minute intervals subsample 0 1 ml amounts together with
0 1' ml M/40 CaCl, 1nto 0 1 ml amounts of substrate plasma

The pattern of resuits 1s sumilar to the thromboplastin generation test
proper mummuin clotting times being produced in 3~-5 munutes varying
between 6 5 and 11 seconds

ASSAY OF ANTI HAEMOPHILIC GLOBULIN (PITNEY)
Reagent (@) Haemophulic plasma
(1) Obtan venous blood from a severely affected haemophiltac and
add to one tenth volume of 3 8 per cent sodium citrate
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bacteria  viruses and protozoa, coll disorders, p g and

\rradiation, often with no obvious reason, and with more reason n
haemopoietic disorders It may be that infections volving the
spleen (such as malana, hala azar, and so on) produce hypersplenism
resulting n leucopema  Infectious hepatitis, portal circhosis of the
Iiver and those cases of glandular fever with iver damage may show
a leucopena agam for reasons which are obscure, but it 1s probable
that the lencopema of anaphylactoid shock 1s due to sequestration
of leucocytes in.the internal organs  Irradiation and certain drugs—
particularly the mitrogen mustards—act as mutotic poisons preventing
cell division at some stage  Such treatments usually act i the
begmmng more severely on cells of the lymphocyte series

Drugs causing maturation defects

Drugs which act on granulocyte precursors causing maturation
defects include thiouracil, amidopynine sulphonamides and organic
arsemicals A temporary agranulocytosis may be produced and Jf
treatment 15 continued other marrow elements may be affected with
subsequent aplasia  Differentiation between the agranulocytosis of

a maturation defect and that of hypersplemism 1s made on bone
marrow appearances

Other characteristic variations

The condition termed cyclhical neutropema 1s characterized by a
reduction 1n circulating neutrophuls at regular intervals  The total
white cell count may not drop too dramatically duning relapses and
in such cases atypical monocytes may appear to replace the absent
neutrophuls ~ Splenectomy has no curative effect in these cases

Antibodies active agamnst leucocytes can sometimes be demon
strated 1n agranulocytosss particularly where there 1s a history of
exposure to drugs  An antigemic complex of drug and leucocyte 1s
formed which in contact with antibody forming tissue causes the
production of agglutinins or lysins The leucocytes become loaded
with antibody and 1n the presence of complement are clumped and
destroyed

An increase n the number of airculating Jeucocytes above 12 000
per cmm 1s termed leucocytosts and may be due to an increase in
any one or more of the leucocyte elements  Infections with pyogenic
oerganisms usually produce a neutrophil leucocytosts providing the
pus has a free outlet  Should the pus be locked up the total count
may not be greatly raised but a left shift can often be demonstrated
by a nuclear lobe count  Injury produces a neutrophit leucocytosis
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CHAPTER 10

DISORDERS OF LEUCOPOIESIS

INTRODUCTION

THE LEUCOCYTES are concerned with body defence and 1t has been
suggested that they are not really blood cells but merely use the
blood stream to get to that part of the body where they are needed
The fairly constant numbers and ratio of leucocytes wn the circulation
1s an 1ndication of the healthy controlled production of these cells
Many leucocytes remain sequestrated m the internal organs where
they act as a strategic reserve, being constantly replaced as the cells
become semle In health the release of leucocytes from the marrow
15 governed to a large extent by the endocrine system Over activity
of the control system such as that produced 1 hypersplenism can
result 1 a low white cell count 1n spite of a hyperplastic marrow
Cortical stimulation of the normal adrenal causes a decrease 1
circulating eosinophils, a phenomenon of value mn the diagnosis of
Addison s disease since the admmistration of ACTH has no such
effect 1n this condition (see Chapter 3) Although the leucocytes are
produced in different sites their production may be regarded as a
tissue like the erythron and 1s known as the leucon

PHYSIOLOGICAL VARIATIONS

Individual normal white cell counts vary from 4-12 000 per c mm
Strenuous exercise may release sequestrated cells from the spleen, 2
process which can also be mitiated by the mjection of adrenalint
A daily rhythmic fluctuation of leucocyte numbers occurs and
together with a post prandial rise provides good reason why com
parative counts should be performed at the same hour of each day
Normally eosinophil values are lower in the morning than in the
evening

VARIATIONS IN DISEASE

A reduction 1n numbers of circulating leucocytes 1s termed leuco
pema and 1 most cases 1s due to reduction n neutrophuls  This 18
then termed neutropema the rarer cases of lymphocyte reduction
being termed lymphopenia  Leucopema occurs in infections due to
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the condition bung termed leuhaemia or leucosis Sometimes the
winte-cell count 1s within normal imits or even lower than normat,
the abnormal cells remaimning loched 1 the marrow  Thus s termed
aleuhaeruc leukaemia and may termunate as a frank leuhacmia

Since the leukaenuas are disorders of the reticulo cndothcelial system
they are classified as reticuloses and grouped as medullary reticu

loses Although the sumulus which seems 10 instiate the leuhacmic
process can be mfection drugs or irradiation the mode of action 1s
unknown An mhenited predisposition has been descnibed and 2
iral cause of leuhacmia n fowls proved but the exact actiology of
leukaemia 1s a mystery

Chronie iy eloid leuhaenua

In chronic myelord leuhaema the white cell count ranges from
100 000 to 300 000 or more wsth a marked left shift The differential
leucocyte count may show as much as 30 per cent of myelocytes with
a few pro myelocytes and mycloblasts There 1s a progressive
anaemia and thrombocytopema the blood showing anisocytosis
polychromasia basophilic stippling and a varying number of normo-
blasts The marrow shows a great preponderance of myeloid pre
cursors with polyploid cells and mitoses The serum B, level in this
condition 1s very high sometimes being fifteen times the normal

Acute nyeloblastic leukaenua

In the acute form of myeloid leukaemia total white cell count
ranges from 5000~50 000 per c mm  Most of the circulating cells
are myeloblasts which may present difficulty in differentiation from
other blast cells Micro myeloblasts particularly may resemble
Iymphocytes to the mexpenienced since the nucleolt may not be very
obvious  Feulgens reaction demonstrates the nucleol very well
Acute myeloid leukaemia 1s charactenized by haemorrhage due to
capillary damage and thrombocytopema contributing to an anaemia
which rapidly becomes severe  The marrow is hyperplastic, most of
the myelord series being myeloblasts  Red cell production 1s
depressed and megakaryocytes often completely absent The
By level 1s vamable 1n this condition

Eosmoplulic neutroplulic and basophilic leukaennas

A chronic eosinophilic leuhaemia has been described with a pro
gressnve anaemia and thrombocytopenia and a total white celt count
of less than 100 000 per c mm the majonty of the cells being mature
cosinophuls The bone marrow 1s said to be hyperplastic with a pro-
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haemorrhage contributing to this effect  Burns produce a neutro
phul leucocytosis roughly proportional to the degree of burmng
Certamn porsons mncluding carbon monowxide, some anaesthetics
salicylates digitahis and benzol derivatives may produce a neutrophul
leucocytosis but their effect 1s not predictable
A true lymphocytosis may occur in infants in response to infectrons
which 1n the adult produce a neutrophil leucocytosts  Whooping
cough produces an mvanable lymphocytosis, and many wirus
diseases mcluding mumps measles smallpox and chickenpox m1y
also exhibit this sign  Over exposure to solar radiation can produce
a lymphocytosis even accompanied by lymphadenopathy
Eosimnophiha of more than 400 per c mm 15 regarded as significant
Allergic and skin disorders worm infestations Hodghin's disease
Loeffler s syndrome rradiation and some poisons may produce an
eosmophilta  Trichinosis and filanasis produce a marked costno
philia of as much as 70-80 per cent of all circulating leucocytes
Basophilia of over 200 per c mm 15 regarded as signsficant but the
appearance 1s not often seen except n some true blood disorders
Monacytosts above 500 per c mm 3s found 1n some virus mnfec
tions tuberculosis malania typhoid and sometimes 1n cyclical
neutropenia  Some posons also may produce this appearance
Plasma cells are not normally seen 1n the peripheral blood but
are found n measles German measles and myelomatosis  Sincé
they are concerned with antibody production the presence of large
numbers of plasma cells 15 associated with an increased serum
globulin

MATURATION ANOMALIES

Alder s granulation anomaly 15 associated with coarse and plentt
ful granulation of neutrophils cosmnophils basophils and lym
phocytes There 1s no defintte connexion with disease, but the
phenomenon ts seen 1n cases of gargoylism

Hegghn s inhented anomaly of maturation 1s associated with
megakaryocyte defects but 1s also charactenized by the presence of
Dohle bodies 1n the neutrophils

THE LEUKAEMIAS

The leucocytes are derived from persisting mesenchyme and under
normal circumstances production 1s strictly controlied  Pathological
stimuli however apphed to the hyme result 1n a plastic
type of proliferation of one or other of the white cell clements The
number of circulating leucocytes may nise to extremely high levels
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tenzed by haemorrhage and a rapidly progressive anacmia  The
total leucocyte count varies from 10 000-500 000 per c mm but 15
usually 50 000-70 000 per cmm  The predominant cell 1s the carly
Iymphocyte which may comprise 90 per cent or more of the total
true lymphoblasts are rare The blood film shows anisocytosis
poikilocytosis polychromasia with numerous normoblasts  Plate
lets may be entirely absent from the peripheral bloed The marrow
consists almost entirely of leukaemic cells

The aleukaemic form of lymphatic leuhaemia 1s often difficult to
diagnose  In the medullary type the spleen and lymph nodes are
apparently not 1nvolved but marrow puncture reveals lymphocytic
mfiltration ' Where lymph nodes are involved a biopsy may be in-
conclusive since the picture closely resembles that of lympho-
sarcoma 1n which disease the blood may show a typical leukaemic
picture

Monocy tic leukaenua

Two types of leuhaemia are recogmzed as mvolving monocytes
A purely monocytic type ansing from the reticulo endothelial system
1s known as the Schilling type In this type the cell count 1s not
diagnostic but anaemia haemorrhage and oral infection with gum
hypertrophy are commonly seen Most of the cells are monocytes
and their precursors but myelocytes may be present mn the blood
A rapidly progressive angemia and thrombocytopema quickly ter-
minates the disease In the Naegeli type the leukaemuc cell 1s
derived from myeloid tissue  Tlus so called mixed leukaemia may
present difficulties in diagnosis The marrow 1n both types of the
disease shows monocytes and their precursors the Schilling type
tending to show more reticulum cells than the Naegeli type An
aleukaemic form of monocytic leukaemia has been described

Plasma cell leuhaenua

A leukaemic process mvolving plasma cells 15 a ranty (evhlch
probably does not exst as a clinical entity Although a described
case had a total white cell count of 60000 per ¢ mm many of
them being plasma cells and was associated with deposits of plasma
cells 1n spleen lymph nodes and marrow 1t would seem that the
cases should be classified as myelomatosis

Mjelona

Myelomatosis 1s a condition of single or multiple reddish tumours
of the marrow The tumours consist of myeloma cells which have
morphological charactenistics in commeon with the plasma cell series
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gressive left stuft of the pluls A philic and a basophil
leukaemia have also been described but the evidence would seem
capable of other mterpretation

Chloroma

Sometimes 1n children a myeloid leuhaemia blood picture may be
associated with greemsh tumours of the bone, the tumours consisting
of myeloblastic cells The green colour fades on exposure to air but
can be returned to the tumour by the addition of reducing agents
such as sodum hydrosulphite to the mounting medium The pig
ment 15 a dervative of choleglobin one of the intermedate products
between haemoglobin and bilirubin - The blood and marrow picture
15 usually that of acute myeloblastic leuhaemta

Aleukaenc leukaema

Both acute and chronic leukaemia can present with a normal or
low white cell count the condition being termed aleukaemic leuk
aemia of myeloid type A progressive anaemua and thrombo
cytopenia may cause the disease to be misdiagnosed as an aplastic
anaemua but marrow puncture reveals the true diagnosis A useful
procedure 15 to concentrate the white cells by making films from the
buffy coat In this way small numbers of abnormal cells may be
demonstrated

Chronic lymphatic leuh.aenua

Chronic lymphatic leukaemia 1s characterized by a slower develop
ing anaemia than myeloid leukaemia and the predominant cell 1s 2
medium sized lymphocyte comprising 90 per cent of a total count of
20-100 000 per ¢ am  The count may be even tugher than the Jatter
figure Owing to the fragile nature of the cells smudge or smear
forms are common and there 15 a marked degree of thrombo
cytopenia  In the terminal stages the blood may become flooded
with lymphoblasts The marrow 1s infiltrated with lymphocytes the
myelord tissue depressed and there 1s some erythroid hyperplasta
erythropoletic tissue being affected later than 1n myeloid leukaema
Clusters of lymphocytes seen n the marrow are an early sign of this
disorder A rarer type of chronic lymphatic leuhaemia shows the
same blood and marrow picture but the predominant cell 1s a large
lymphocyte

Acute hmphatic leukaena
Acute lymphatic leuk 15 the of the acute
feukaemuas It occurs 1n children and young adults and 1s charac
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The cells occur 1n clumps are oval or polyhedral with basophilic
cytoplasm Typical plasma cells may be seen and other cells which
probably belong to the same series It 1s not necessary to actually
penetrate 1mto a myeloma when performing marrow puncture since
the excess of lymphocytes and nests of typical myeloma cells
makhe the diagnoss certain  The blood usually shows a desaturated
microcytic anaemia with a few normoblasts present There may be a
slight leucocytosis due to lymphocytes and a few plasma cells

A characteristic of myelomatosis 1s the production of abnornial
globulins, which 1n the case of cryoglobulin may crystallize out in the
cold appearing as needle like crystals mside the myeloma cells
Cryoglobulin also occurs in kala azar trypanosomiasis and other
conditions The mcrease m globulin shown by a reversed A/G ratio
causes clumping of red cells 1n the counting chamber when Hayems
flwid 15 used as a diluent

Macroglobulingerma

A condition of middle and old age which may at first be mustaken
for alenkaemic leukaemia 1s termed macroglobulinacmia since 1t 18
characterized by the production of large amounts of abnormal
globulin  There 15 a slight anaemia complicated by an haemorrhagic
tendency and there may be a shight lymphocytosts in the peripheral
blood The marrow shows an excess of lymphocytic cells which may
be fragile so that they appear cracked A few plasma cells may also
be seen 1n association with the clumps of lymphocytes The presence
of euglobulins 1n large amounts can be demonstrated by the formol
gel test or more sumply by dropping the viscid serum 1nto water
Normally only a slight haze develops but with macroglobulmaemia
a thick precipitate occurs which rapidly sinks

M eg(ZI\ aryoc) tic leukaemia

Fragments of megakaryocytes may appear m the peripheral blood
m many of the leuhaemias but it would not appear that a true
Jleukaemia of platelet formmg tissue exists  Such cases as are
described fit very well with the disorder myelosclerosis 1n which there
1s an wcrease of fibrous tissue 1n the marrow causing a progressne
anaemia  The platelet count may rise to 2 000 000 per ¢ mm and
actual megakaryocyte fragments be found in perpheral blood
Immature red and white cells are also found 1n the blood 1n numbers
out of proportion to the degree of anaemia  The marrow 15 hypo
plastic but megakaryocytes are present in large numbers The spleen
and liver become active centres of haemopoiesis i this condition
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The cells occur m clumps, are oval or polyhedral with basophilic
cytoplasm Typical plasma cells may be scen and other cells which
prabably belong to the same senes It 1s not necessary to actually
penetrate mnto a myeloma when performing marrow puncture since
the excess of Iymphocytes and nests of typical myeloma cells
make the diagnosis certain  The blood usually shows a desaturated
mucrocytic anaermia with a few normoblasts present There may bea
shight leucocytosis due to lymphocytes and a few plasma cells

A charactenstic of myelomatoss 1s the production of abnormal
globulins which i the case of cryoglobulin may crystallize out n the
cold appearing as needle lihe crystals nside the myeloma cells
Cryoglobulin also occurs in kala azar trypanosomuasis and other
conditions The increase 1n globulin shown by a reversed A/G ratio
causes clumping of red cells 1n the counting chamber when Hayems
flud 15 used as a diluent

Macroglobulinaenua

A condition of middle and old age which may at first be nustaken
for aleuhaemic leukaemia 1s termed macroglobulinaemia since 1t 18
charactenized by the production of large amounts of abnormal
globulin There 1s a slight anaemia complicated by an haemorrhagic
tendency and there may be a shght lymphocytosis in the penipheral
blood The marrow shows an excess of lymphocytic cells which may
be fragile so that they appear cracked A few plasma cells may also
be seen  association with the clumps of lymphocytes The presence
of euglobulins 1n large amounts can be demonstrated by the formol
gel test or more sumply by dropping the viscid serum 1nto water
Normally only a shght haze develops but with macroglobulimaema
a thick precipitate occurs which rapidly sinhks

Megakary oc tic levukaenna

Fra\gments of megakaryocytes may appear in the perspheral blood
in many of the leukaemuas but 1t would not appear that a true
leukaerua of platelet forming tissue exists  Such cases as are
descnibed fit very well with the disorder myelosclerosis in which there
1s an ncrease of fibrous tissue 1 the marrow causing a progressie
anaemua The platelet count may nise to 2 000 000 per c mm and
actual megakaryocyte fragments be found n peripheral blood
Immature red and white cells are also found in the blood 1n numbers
out of proportion to the degree of anaemia The marrow 1s hypo
plastic but megakaryocytes are present in large numbers  The spleen
and Iiver become active centres of haemopotesis 1n this condition
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DISORDLRS Of LLUCOPOILSIS

Leukacmord reactions

Some conditions although not Jcukacnua produce a blood picture
which strongly resembles one of the types of leukacsmia the man
onc being myclowd This leukacmoid reaction 1s scen 1 myclo
sclerosts (sce above) and n other conditions  Whooping cough
often produces a blood picture resembling chromic lymphatic
leuhacmia and other diseases of cinldren may do the same  Acute
sepsts tuberculosis and some poisons produce 4 mycloid leukaenua
blood picture  Probably the commoncst leuhacmoid blood picture
15 the leuco erythroblastic anaema of metastatic deposits in the
bone marrow  There 1s anaemia with signs of blood regeneration
normoblasts and myelocytes 1n the peripheral blood The platelet
count 15 reduced and the marrow shows & normoblastic reaction
with early haemoglobimization  Clumps of malignant cells may be
seen 1 the marrow but 1t 15 not possible to be dogmatic about the
primary growth from their morphological characteristics

THE STORAGE RETICULOSES

A group of famlial diseases characterized by hepato splenomegaly
found most commonly 1n Jews are termed storage reticuloses since
an inborn error of metabolism causes ipoid matenial to be stored 1in
the reticuloendothelial system

Gaucher s disease

A mild hypochromic anaemua leucopema and thrombocy-
tonaenua associated with the presence of hipotd matenal (kerasin)
i the cells of spleen liver lymph nodes and m any part of the
reticuloendothelal system characterizes Gauchers disease The
typical Gaucher cell seen n marrow or spleen puncture 1s 20-80p
mn size with a network of fine fibrils running lengthwise 1n the cyto

plasm The decply staiming nucler single or multiple are often
found at the edge of the cell

Niemann Pick disease

In this condition also there 1s a muld hypochromic anaemia but
associated with a leucocytosis  Some cells 1n the penpheral blood
may show hpowd matenal  Bone marrow puncture reveals myelord

hyperplasia and masses of yellowish foam cells 30-60u 1 diameter
The nucleus 15 reticular and the foamy structure of the cytoplasm
due to fine droplets of phosphatide material
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Hand Schuller Christian disease

This condition otherwise known as essential xanthomatosis 1s
characterized by bony defects exophthalmos and diabetes insipidus
Anaema 1s rare but there may be lencopena and thrombocytopeniz
Sternal or spleen puncture reveals the characternistic cell very similar
to that of Niemann Pich disease but contamning cholesterol esters
The cells may be found by puncture of the bony lesions

Infectious "/ and glandular fever

The terms infectious mononucleosis and glandular fever have been
used synonymously for many years It would appear, however that
there are differences between the glandular fever descnbed by
Pfeiffer as an infectious disease of children characterized by
generalized lymphadenopathy and the infecttous mononucleosis
of Sprunt and Evans a disease of young adults of low mfectivity
and Iymphadenopathy ~ Glandular fever produces a lymphocytosis
with few abnormat cells and often no heterophile antibody Luver
damage does not usually occur 1n this conditton  Infectious mono
nucleosis on the other band produces a lymphocytosis with more
than 10 per cent of abnormal cells heterophile antibody 15 present
1 the serum in most cases and hiver damage almost invariable  The
abnormal cell resembles a primitive monocyte often with an oval of
horseshoe shaped nucleus with bluish grey abundant cytoplasm
with a fenestrated appearance The edges of the cell are irregular and
deeper staming than the rest of the cytoplasm The heterophile antt
body 1s an agglutinin for sheep cells

In the vasive stage of the disordess there 1s a neutrophil leuco
cytosis of 20-30 000 per ¢ mm  but the cells are the stab cells of
Schlling and disappear to be replaced with Iymphocytes The general
picture has only one recognizable charactenstic apart from the
mononuclear cells and that 1s pleomorphism of the lymphocytic
nuclet As a comphcation thrombocytopenia has been reported
and haemolytic episodes have also been recorded

Paul Bunnell test —The presence of heterophile antibodies m the
serum of sufferers from infectious mononucleosis 1s an important
diagnostic feature  Heterophile antibodies react with antigens
totally unrelated to those which called them into being  Agglutinins
for sheep cells are heterophile agglutinins and may be present to low
titre normally 1n human serum or can be produced by sensitization
with horse serum or by the causative agent of mfectious mono
nucleosis  Differentiation between the three antibodies 1s possible
because the antibody of serum sickness 1s a Forssman antibody, the
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antigen for which 1s widely distributed 1 nature Living things are
dnided mto the guinca pig group which possess the antigen and the
rabbit group which do not Treatment of a suspect serum with
guinea pig or horse hidney suspension results 1n the antibody being
absorbed if 1t 15 of Forssman type If ox cells arc used for the
absorption both Forssman antibodics and those of infectious mono-
nucleosis are removed  The patients serum must be inactivated
before the test to ensure destruction of complement

Infectious Iy mphocy tosis

An acute and chronic form of lymphocytosis has been described
which may have a total white count of 100 000 per c mm It occurs
1n children and rarely in adults and although appearing in bloed and
even marrow to be leuhaemic the blood picture and marrow revert
to normal with complete recovery  The Paul Bunnell test 1s negative
n these cases

DIFFERENTIATION OF ABNORMAL LEUCOCYTES

Alkaline phosphatase activity may be used to differentiate leukae
moid and infective states from the leukaemias  Alkaline phosphatase
activity 1s confined to the more mature granulocytes in normal blood
and 1s greatly diminished 1n chronic myeloid feukaemia  In infective
states leukaemord reactions and myelosclerosis the alkaline phos-
phatase level 1s very high The demonstration of the enzyme
depends on the formation of an mnsoluble coloured precipitate where
hydrolysis of a switable substrate has occurred

Culture of blood and marrow 1s a certain methad of identifying
blast cells which are morphologically mdistinguishable A simple
culture medium 1s used and the behaviour of the cells observed by
phase contrast the development of myelocytes from blast celis
being sufficient to label them myeloblasts The techmque 1s also
used to differentiate normoblast and megaloblast

TECHNIQUE
LEUCOCYTE AGGLUTININS
Method

The method for demonstrating leucocyte agglutinates 1s as follows

(1) Defibriate normal blood which 1s ABO compatible with the
patient

(2) Add one fifth volume of 6 per cent Dextran solution (M W 150 000)
and allow to sediment 30 munutes at 37 C in a tube tilted at
45 degrees
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(3) Draw off the supernatant serum which should contamn 6-10 000
white cells per ¢ mm
Should the count be low the cells may be concentrated by centni
fuging at 1000 rpm for 3 minutes and discarding some of the
serum before resuspending the cells

(4) To 01 ml of serum mactivated at 56 C for 20 mmutes add
005 m! of leucocyte suspension  Repeat with normal serum

(5) Incubate both test and control 1 hour at 37 C

(6) Add 01 ml leucocyte diluting flind and examune for aggluttates
1n counting chamber

PAUL BUNNELL TEST

Details of the Paul Bunnell test using three reagents arc gnen
below

(@) Guinea pig kidney emulsion

(1) Remove capsules and fat from at least two pairs of kidneys and
wash well with runnmng water

{2) Place the kidneys 1n a small sieve and force through by rubbing
with a pestle into a small quantity of saline

(3) Autoclave at 15 Ib for 20 mmutes and re sicve to obtamn a fine
suspension

(4) Wash the kidney suspenston twice tn sahne and resuspend the depostt
mn four times 1ts volurne of 0 5 per cent phenol in saline

(b) Ox red cell suspension

{1) Denbrinate ox blood and wash the cells in several changes of saline

(2) PrepAre a 30 per cent suspension of cells in saline and autoclave at
151b for 20 munutes

(3) Stran tbe cooled suspension through mushn and on the packed
cell volume adjust to 20 per cent wrth salne

{4) Add an equal volume of 1 0 per cent phenol saline to give a final
10 per cent suspension tn 0 5 per cent phenol saline

(¢) Sheep cell suspension
(1) Wash sheep red cells three times with saline
(2) Adyust to 0 4 per cent suspension m saline The sheep blood should
be less than 7 days old

Method
(1) Dilute guinea pig hidney suspension on pached cell volume 50 as
to obtamn a final 1 6 suspension 1p phenol saline
{2) Dilute ox-cell suspenston to 4 per cent in phenol saline
{3) Inactivate patient s serum at 56 C for 20 minutcs
(4) Place 025 mi amounts of mactivated serum m three tubes
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(5) To the first tube add 1 0 ml sakine to the sccond 0 75 ml saline and
025 ml gutnea pig hidney suspension and to the third 1 0 ml of
ox-cell suspension

(6) Mix the contents of the tubes and place in refgerator at 4° C for
at least 2 hours

(7) Centnfuge and retain the supernatants which constitute absorbed
serum diluted 1 5 and a salne dilutien of 1 5

Test proper

(1) Make senal dilutions of the three supernatants in saline to 9 tubes

(2) To each tube add one volume of 0 4 per cent sheep cell suspension
and mix

(3) Incubate 2 hours at 37 C and read results macroscopically by
gently flicking the tube with the finger and examiming the agglutin
ates 1n the concave microscope mirror

N B Glandular fever antibody 1s not absorbed with kidney but 1s
partially absorbed with ox cells

Screening test

(1) Absorb 1nactinated serum with gumnea pig kidney for 1 hour at
room temperature

(2) Centnfuge remove the supernatant and to 1t add an equal volume
of 0 4 per cent sheep cell suspension

(3) Leave the test at room temperature for 15 nunutes then centnfuge
for 2 mmnutes at 1000 rpm

(4) Gently tap the tube and exammne with a concave mirror The test
15 regarded as neg: if no i ton 1s seen but should
agglutination be present at this stage a full absorbed technique 1s
used

N B Known positive sera should always control the reagents in
the Paul Bunnell test

LEUCOCYTE ALKALINE PHOSPHATASE (HAYHOE AND
QUAGLINO)

The following are details of the leucocyte alkaline phosphatase
test using the three reagents shown

(a) Subsirate
Sodwm a naphthyl phosphate

35 mgs
Brentamune Fast Garnet 35mg
Working 0 05 M propanediol buffer 35ml
(5) 0 2 M propanediol buffer
2 amino 2 methyl propane (1 3)-diol
Distilled water ;(()X)Slgl
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(3) Draw off the supernatant serum which should contamn 6-10000
white cells per ¢ mm
Should the count be low the cells may be concentrated by centr
fuging at 1000 rpm for 3 munutes and discarding some of the
serum before resuspending the cells

(4 To 01 m! of serum inactivated at 56 C for 20 munutes add
005 ml of leucocyte suspenston  Repeat with normal serum

(5) Incubate both test and control 1 hour at 37 C

(6) Add 01 m! leucocyte diluting flurd and examuine for agglutinates
1n counting chamber

PAUL BUNNELL TEST

Details of the Paul Bunnell test using three reagents are given
below

(@) Guinea pig kidney emulsion

(1) Remove capsules and fat from at least two pawrs of kidneys and
wash well with running water

(2) Place the kidneys 1 a small sieve and force through by rubbing
with a pestle into a small quantity of saline

(3) Autoclave at 15 Ib for 20 mnutes and re sieve to obtam a fine
suspension

(4) Wash the hidney suspension twice 1n saline and resuspend the deposit
1n four times 1ts volume of 0 5 per cent phenol 1n saline

(b) Ox red cell suspension

(1) Defibrinate ox blood and wash the cells 1n several changes of saline

(2) Prepare a 30 per cent suspension of cells 1n saline and autoclave at
151b for 20 minutes

(3) Stramn the cooled suspension through muslin and on the packed
cell volume adyust to 20 per cent with saline

(4) Add an equal volume of 1 0 per cent phenol saline to give a final
10 per cent suspenston 1n 0 5 per cent phenol saline

(¢) Sheep cell suspension
(1) Wash sheep red cells three times with saline
(2) Adjust to 0 4 per cent suspension 1 saline  The sheep blood should
‘e less than 7 days old

Method
(1) Dilute gumnea pig kidney suspenston on packed cell volume so as
to obtain a final 1 6 suspension 1n phenol saline
(2) Dulute ox ccll suspension to 4 per cent in phenol saline
(3) Inactivate patient s serum at 56 C for 20 minutes
(4) Place 025 ml amounts of nactivated serum in three tubes
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Sol 2 I dihydrogen phospl (KH, PO 06g
Disodium hydrogen phosphate

(Na,HPO, 2H,0) 06g

Dextrose i00g

Stock phenol red solution 100 mi

Make up to 400 ml with deminerafized water  Add the salts in the
order shown and when dissolved add to Sol 1

Sol 3 Calcium chlonde anhydrous (CaCly) 14¢g
Demineralized water 200 ml

Dissolve the salt and add to Sol 1 then filter through Seitz EXK
sterihzing disc and tube aseptically in 10 ml amounts

(b) Stoch phenol red solution

Phenol red 02g
‘N/10 sodium hydroxide (NaOH) 282 ml
Demneralized water to 100 ml

Mix the dye and alkalt in a mortar and grind  Add the water and
filter through Whatman No | paper

(¢) Bicarbonate solution

Sodium bicarbonate (NaHCO;) l4g
Demineralized water 100 m}
Distribute n 2 5 ml amounts and autoclave at 10 1b for 10 minutes

(d) Hanh s solution—norinal strength
Hank s solution 10N 10 ml
Stenle demunerahized water 90 ml

Mix and discard 2 S ml then add 2 § ml sterile bicarbonate solution
Then add penicilin and streptomycin to a final 100 umts per ¢ mm

(e) Culture medium

Hank s solution normal strength 90 ml

Patient s sterile serum 10 ml

Bacto yeast extract 0lg
Method

Collection of material —~Puncture marrow and expel aspirate mto
approximately 10 ml of patients own serum contaimpg 1 drop of
heparin (5000 1 ufml)

Siide preparation —The shdes are machined from Perspex and consist
of 5 mm thick Perspex The centre of the shde 1s dnlled to provide a
cavity 35 mm deep and a central pilar of Perspex 3 mm 1n hesght 1s
sealed 1n the cavity The pillar 15 lipped the edge being 075 mm m

height Two holes from the edge of the shide are dnlled to the base of
the cavity
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(¢c) Working buffer

0 2 M solution (b) 25 ml

0 1 N hydrochloric acid 50ml

Distulled water 100 ml
Method

(1) Fix fresh air dried blood or marrow films for 30 seconds m 10 per
cent formahn 1 absolute methanol at 0 & 5°C

(2) Prepare substrate and within 3 minutes filter directly on to the slides

(3) Incubate 5-10 minutes in substrate at room temperature

(4) Runse the slides with tap water for 10 seconds

(5) Counterstain the dry shdes for 15 minutes with methyl green

(6) Wash with tap water dry and mount 1n glycerol

(7) Counterstain  Methyl green 2 per cent solution n distilled water
The stain must be free of methyl viclet

GLAND BIOPSY
(1) Cut the fresh gland across and place a cut surface on a shde and
press gently
(2) Remove the tissue and dry the impression smear in air
(3) Stain by any of the approved methods

BUFFY COAT PREPARATIONS

(1) Collect defibrinated blood and centrifuge in a tube 3 n 1n diameter
at 3000 rpm for 15 minutes

(2) Remove the top layers of sedimented cells and pipette into haema
tocnt tubes

(3) Centnifuge at 3000 r pm for 30 minutes

(4) Make ;;nears from the buffy coat and stain by any of the approved
methot

FORMOL GEL TEST

(1) Place a small drop of patient s serum 1n the centre of a shide

(2) Invert the drop of serum over the mouth of a formalin bottle

(3) After 2 minutes exanune the serum for evidence of gellification
SLIDE CELL CULTURE OF BONE MARROW

Slide cell cultures of bone marrow are obtamed by the following
methods using the five named reagents

(a) Hank s balanced salt solution (10 N)

Sol 1 Sodium chlonde (NaCl) 80g
Potassium chlonde (KC1) 4g
Magnaesium sulphate (MgSO, 7H,0) 2g

Dissolve 11 400 ml denuneralized water
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CHAPTER 11

THE INVESTIGATION OF RHEUMATISM AND
ALLIED CONDITIONS

TESTS
INTRODUCTION
iT Is convement to nclude the investigation of dissermnated lupus
eryth under this heading although the condition 1s regarded

as an allergic reaction and 1s not related to rheumatism  Tests
described n this Chapter are the erythrocyte sedimentation rate,
the Rose Waaler test and the demonstration of L E cells

ERYTHROCYTE SEDIMENTATION RATE

Blood collected 1nto anticoagulant and allowed to stand undis
turbed shows the phenomenon of sedimentation of the red cells
the rate of fail depending on many vanables Primanly sedimenta
tion 15 caused by rouleaux formation the weight of the cell aggre
gates causing them to sink at increasing speed until a constant rate
of fall1s reached  This 1s mantained for a short while then packing
of the sedimented cells begins and the rate slows until 1t finally
ceases

The sedimentation rate 15 subject to a sex variation, mncreasing
duning pregnancy and often duning menstruation It 15 increased
m any case of tissue destruction in acute and chromic mfections
carcinomatosis operations, fractures irradiation and after injections
of vaccines and foreign protemns The rate 15 also increased n
theumatic conditions but not 1 osteoarthnitis It 15 slowed m
polycythaermia and congestive heart faldure increased blood
viscosity probably playing a part

Value of test

The test 15 of value 1n the differentiation of organic disease from
the symptoms produced 1n neurouic conditions and prognosis 1n
the treatment of tuberculosis and rheumatism  In the latter case
successful treatment 1s indicated by a reduction 1n the sedimentation
rate but 1t 1s essential that the same techmique be used throughout
treatment since results by different techmqucs are not comparable
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

(I) Melt 3 0 per cent New Zealand agar in demmneralized water and
add 03 ml agar to 09 ml of warmed culture medum  Mix
thoroughly and add a drop to the central pillar of the shide

(2) Cover with a cover slip so that the agar sets and produces a flat
upper surface at the correct level Remove the cover ship carefully
disturbing the agar as kttle as possible

(3) Pour the marrow 1nto a watch glass select suitable fragments and
transfer to the surface of the agar with the aid of a Pasteur pipette

(4) Replace the cover slip and seal with white beeswax

(5) The side holes may be used to mtroduce fluid medium either im
mediately or at some future date 1n which case they are also sealed
with beeswax

(6) Incubate the shdes at 37 C or place on a roller device at 37 C
Observation 1s made by phase contrast of a warm stage
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THE INVESTIGATION OF RHLUMATISM AND ALLIED CONDITIONS

mumnutes  The normal sedimentin index 15 0 5 or less  Della Vida
makes use of Day s sedimentin mdex to correet for anaenua by
anthmetic proportion taking 45 per cent as the normal pached ccll
volume

100 — 45
Sedsmentin index = log (SR x 100) m

antilog S 1
Corrected ESR = 100

The techniques principally used 1 this country are those of
Wintrobe and Westergren  The Wintrobe method uses Heller
and Paul's mixture as an anticoagulant and has the advantage that
the pached-cell volume can be deternmined on the same sample

Correction for apacrma 15 made from the chart of Whitby and
Hynes based on dilution of normal blood Westergren uses sodium
aitrate solutron as an anticoagulant and a higher column, this having
value in lugh sedimentation rates

Since anaemas vary so much n relation to thewr sedsmentation
rates correction by dilution charts would not scem to be of consistent
value It 1s suggested that using Wintrobe s method the test be
reported normally plus the packed celi volume and the corrected
rate  The chmcian on s own hnowledge of the type of anacmia
can then decide if the correction 1s valid

THE ROSE WAALER TEST

Rheumatoid arthritis sera are capable of agglutinating to high
titre sheep red cells which have been sensiized with a sub
agglutinating dose of homologous antiserum prepared 1n the rabbit
The sensitized cells are added to the serum dilutions and results
read on the pattern of agglutinates The patient s serum must be
nactivated at 56° C for 5 minutes only since overtreatment leads to
negative results

Most cases of rheumatoid arthritis give positive results, early
ones often being negative  Positive results are sometimes found n
disserminated lupus erythematosus, scleroderma and pulmonary
fibrosis

The Rose Waaler test can be modified by setting up a control
titration with unsensitized cells the result being expressed as the
ratio between the two tires  This 15 the differential agglutination
utre or DAT (Greenburg)  Another modification uses sheep serum
s a diluent instead of saline a process which enhances the titre of
Positive sera and may even produce a positive result where the saline
ttration 15 negatine  Sheep sera vary in their smtability the best
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

Factors influencing sedunentation rate

The sed 10n rate 1s nfl d by the anticoagulant citrate
solutions causing retardation when compared to solid anticoagutants
and dry potassium oxalate causing red cell shrinkage thus making

correction  for anaemua difficult by alteration of the packed cell
volume Hepann Heller and Pauls double oxalate mixture and
EDTA used 1n the same techmque give comparable results The
red cell shape and size alter the rate considerably cells failing to
rouleaux by reason of their shape (sickle cells) causing retardaton
and marked amsocytosts producing much the same effect A
hypothetical plasma factor termed sed 1n has been postulated
which 1s said to govern the size of rouleaux and hence rate of fall
This substance loses 1ts effect as the cells age so that clumping does
not take place 1n blood over a few hours old with retardation of the
sedimentation rate  The effect 1s much less marked »f Sequestrene
15 used as an anticoagulant It 15 also assumed that the greater the
red cell the more sed: m 1s lable per cell but all
anaemias do not behave as 1f this were true  Temperature affects
the rate of fall considerably and to ensure comparable results over a
period of chmatic change the tests should be performed n an
mcubator at 18-20 C  Certam considerations affecting the appara
tus must also be mentioned  The tubes must have an internal bore
of more than 2 5mm to obviate capillary action they must be kept
vertical With high sedimentation rates the column of blood should
be as ngh as possible otherwise paching begins before a constant
rate of fall can be determmed

Methods

Many techniques have been elaborated for what must be regarded
as a test having imited value  The techmiques vary 1n respect of the
anticoagulant the height of the column and the method of reporting
the results from one method not being comparable with those of
another

Linzenmeier uses a column of 50 mm and sodium citrate solution
as the anticoagulant reporting the time taken for the cells to fail to
the 18 mm mark  Cutler also uses a column of 50 mm and sodium
citrate but measures the sedimentation rate at 5 munute mtervals
and plots the readings on a graph The method of reporting 15
interpreted 1n terms of actvity of a tuberculous lesion the steeper
the curve the more active the disease Day also plots readings at
mtervals and calculates a sedimentin index which 1s defined as the
logarithm of the maximum rate of fall expressed ;n mm  per 100
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mmutes  The normal scdimentin index 15 0 5 or less Della Vida
makes use of Days sedimentin mdex to correct for anacrmsa by
anthmetic proportion taking 45 per cent as the normat pached cell
volume

100 — 45
Sedimentin sndex = log (SR 100) (oe—HEy
_antlog ST
Corrected ESR = 00

The techmques pnncipally used m this country arc those of
Wintrobe and Westergren  The Wintrobe method uses Heller
and Paul s mixture as an anticoagulant and has the advantage that
the packed-cell volume can be determined on the same sample

Correction for anacmua 1s made from the chart of Whitby and
Hynes based on dilution of normal blood  Westergren uses sodium
citrate solution as an anticoagulant and a higher column this having
salue 1n high sedimentation rates

Since anaemias vary so much in relation to their sedimentation
rates correction by dilution charts would not seem to be of consistent
salue It 1s suggested that using Wintrobe s method the test be
feported normally plus the pached cell volume and the corrected
rate The climeian on lus own knowledge of the type of anacmia
can then decide if the correction 1s vahd

THE ROSE WAALER TEST

ttRhcumalmd arthniis sera are capable of agglutinating to high
a”? sheep red cells which have been sensitized with a sub
Tghg utinating dose of homologous antiserum prepared in the rabbit
reafj sensttized cells are added to the serum dilutions and results
macx:/:z::geafzg"eg ?f agglutinates  The patient s serum must be
or 5 mnutes only sinc

Begatie ses ly since oyvertreatment leads to
onl::o;; cas;.s of rheumatoid arthritis give positive results, early
dlSSeml:le;edm?g negative  Positive results are sometimes found 1n
Hoee upus erythematosus, scleroderma and pulmonary
m'rl;l::éoRoscl:Vaalcr test can be modified by setting up a control
ool br:lmt unsensitized cells the result being expressed as the
B D“‘:;n the two titres  This 1§ the differential agglutination
as g ] (Greenburg)  Another modification uses sheep serum
pormie s;alns(tiead of saline a process which enhances the titre of
ration nan may even produce a positive result where the saline

o egative  Sheep sera vary in their suitability the best
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

having the property of producing a 2-8 fold enhancement m titre
of test sera but no enhancement of agglutimation by the sensitizing
rabbit serum

DEMONSTRATION OF LE CELLS

Lupus erythematosus cells (Frontispiece) are neutrophils in the
cytoplasm of which 1s an ingested spherical mass of nuclear matenal
which has pushed aside the neutrophil nucleus The mngested
matenal shows no structure and appears as a smooth homogenous
mass staimng purple with Romanowsky stams  Sufferers from the
disease possess a plasma factor which on incubation with cells
releases desoxyribonuclease from combination with an nhibitor
This enzyme 15 normally present 1n leucocytes and 1s capable of
causmg depolymenzation of the desoxyrbonucleic acid of neu
trophils  The nucle:r thus affected are mgested by other neutrophuls
thus producing L E cells  Preparations may be made ether from
incubated clotted or defibrinated blood anticoagulants seemung to
be miubitory  The cells cannot be demonstrated 1n fresh blood or
marrow and are only found in incubated blood or marrow of
dissemunated lupus erythematosus but the Tart cell may be
found 1n health Thus 1s usually a monocyte which has phagocytosed
another nucleus but without lysis  The mgested material 15 either
defimtely lymphocytic with no evidence of lysts or 1s small dense
and pyknotic  Phagocytes may sometumes be scen surrounding
masses of nuclear debris and are then termed rosettes

3

TECHNIQUE

ERYTHROCYTE SEDIMENTATION RATE

Methods of determining the erythrocyte sedimentation rate are as
follow

Wintrobe method

(1) Collect venous blood 1nto Heller and Paul double oxalate muxture
(2) Mix thoroughly and fill Wintrobe haematocnit to 100 mm marh
(3) Set the haematocnt vertically 1n a rack at 18-20 C
(4) At the end of 1 hour read the height of clear plasma m mm
Normal levels by this method
Males 0-9 mm n 1 hour Females 0-20 mm 1n 1 hour

Westergren method

(1) Collect venous blood nto one fifth of its volume of 3 8 per cent
sodum citrate
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THE INVESTIGATION OF RHEUMATISM AND ALLIED CONDITIONS

(2) Fill the Westergren (ube to the 200 mm miark

(3) Set the tube veruically in a rack at 18-20° C

(d) Read the height of the clear plasma at 60 minutes and again at
120 munutes

‘Normal levels by this method

Males 3-5 mm 1n | hour 7-15 mm 1n 2 hours Females 4-7 mm
m 1 hour 12-17 mm n 2 hours

The Westergren tube is a pipette 30 cm 1n length calibrated from
0t0200mm Itis filled by suction and the finger held to ihe top unul
the end of the pipette 15 firmly resting on a rubber foot in the rack
The top of the tube 1s secured with a spring chip

Micro sedimentation method
Reagent
Sodmm citrate 5 per cent aqueous solution
Apparatus  Micro sedimentation apparatus (Hawhsley & Sons Ltd )
{a) Stand
(b) Celluloid plate 1 inch square
(c) Pipettes of 25 mm bore marked C and B and graduated 0 to
25 mm To mark C the pipette contans 0 04 m! and from C to
B 016 ml
Method
(1) Full pipette to mark C with sodium citrate solution
(2) Allow blood from a freely flowng ear prick to flow into pipette
until 1t reaches the B mark
(3) Discharge contents of pipette on to celluloid plate and mix
thoroughly with the pipette pont
(4) Let mixture flow up pipette to the 0 mark by holding pipette
horizontally
(5) Close flat end of pipette with the finger and place 1n rack
(6) Take reading at end of 1 hour

Normal by thus method 6-8 mm for children and adults  8-10 mm
for wnfants

ROSE WAALER TEST

Details of the Rose Waaler test are as follow
Reagents
(a) Sheep cefls washed three tumes with normal physiological saline
() Rabbit anti sheep red cell serum of high titre prepared by giving
intravenous injections of 5 per cent sheep cells at 5 day inter
Vvals and bleeding a week later Commercial preparations are
available
(c) Patient s inactivated serum (3-10 minutes at 56 C)
(d) Small round bottomed tubes or Perspex agglutination trays
() Normal physiological saline
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having the property of producing a 2-8 fold enhancerent 1n titre
of test sera but no enhancement of agglutination by the sensitizing
rabbit serum
J

DEMONSTRATION OF LE CELLS

Lupus erythematosus cells (Frontispiece) are neutrophils m the
cytoplasm of which 1s an ingested spherical mass of nuclear material
which has pushed aside the neutrophil nucleus The ingested
matenal shows no structure and appears as a smooth homogenous
mass stainmg purple with Romanowsky stams  Sufferers from the
disease possess a plasma factor which on ncubation with cells,
releases desoxynb 1 from bination with an inhit
This enzyme 1s normally present mn leucocytes and 1s capable of
causing depolymerization of the desoxynbonuclerc acrd of neu
trophils  The nucle: thus affected are mgested by other neutrophils
thus producing LE cells  Preparations may be made either from
mcubated clotted or defibrinated blood, anticoagulants seermug 1o
be mhibitory The cells cannot be demonstrated mn fresh blood of
marrow and are only found n icubated blood or marrow of
dissemunated lupus erythematosus but the Tart cell may be
found in health  This 1s usually a monocyte which has phagocytosed
another nucleus but without lysis  The mgested matenal 15 either
defimtely lymphocytic with no evidence of lysis or 1s small, dense
and pyknotic  Phagocytes may sometimes be scen surrounding
masses of nuclear debrs and are then termed rosettes

TECHNIQUE
ERYTHROCYTE SEDIMENTATION RATE

Methods of determinmng the erythrocyte sedimentation rate are as
follow

Wintrobe method
(1) Collect venous blood into Heller and Paul double oxalate mixture
(2) Mix thoroughly and fill Wintrobe haematocrit to 100 mm mark
(3) Set the haematocnt vertically in a rack at 18-20 C
(4) At the end of 1 hour read the height of clear plasma 1n mm
Normal levels by this method
Males 0-9 mm n 1 hour Females 0~20 mm 1n 1 hour

Westergren method
(1) Coliect venous blood 1mnto one fifth of its volume of 3 8 per cent
sodium citrate
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DEMONSTRATION OF LUPUS ERYTHEMATOSUS CELLS

LE cells are demonstrated by the following method

(1) Colleet defibrinated blood by taking 10 ml senous blood into a
flask equipped with a wooden applicator to which are attached
several paper clips  Rotate flash continually until fibrin clot 1s
attached to paper chips

(2) Remonve clot attached to paper clips and incubate the red cells in
plasma at 37° C for 2 hours

(3) Centnfuge at 3000 rpm for 10 munutes 10 tubes measurning 4
wches by } inch

(4) Using a capillary pipette remove the buffy coat together with some
plasma and red ceils and transfer to two hacmatocnit tubces

{5) Centnfuge at 3000 r pm for 20 minutes

(6) Make films from the buffy coat plus a little plasma and stain by a
Romanowsky method

Note E of several is necessary before the
test 1s regarded as negatine It 15 recommended that negative cascs
should be repeated a further two times since experience has shown that
L E. cells may not be present at all stages of the disease
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Tutration of sensitizing serum (rabbut anti sheep red cell serum)

(1) Make two sets of doubling dilutions one starting at 1 50 and the
other at 1 75 This 1s the easiest way to prepare a series runmng
from1l 50 1 75 1 100 1 150 1 200 etcetera to 1 2000

(2) To cach dilution add an equal volume of 2 per cent washed sheep
cells and mix

{3) Incubate at 37°C for 1 hour

(4) Read by pattern of agglutinates on the bottom of the tubes

The first tube 1n which the cells have sedimented in a neat button of

cells (negative reaction) indicates the dilutions at wiich serum should
be used

Sensitization of sheep cells
Mix equal volumes of 2 per cent sheep cells and rabbt serum at the
dilutton ob d by fc L Sensitization takes place
within a few minutes

Test proper

(1) Make two sets of double dilutions of the mactivated serum

(2) To each tube of one set add one volume of sensitized cells and to
each tube of the second set add one volume of unsensitized cells as
a control

(3) Incubate at 37 C for I hour and then place i refrigerator at 4 C
until cells have sedimented

(4) Read by pattern of agglutinates

The end pomnt 1s taken at 50 per cent agglutination and 15 a pattern
intermediate between the ! i and pletely nega
tive appearances The mtial dilution of the test serum showing thts
appearance 1s reported as the titre of the serum  Should the titre of the
test containing unsensitized cells be eight or more the test serum should
be absorbed with an equal volume of washed packed sheep cells and the
test repeated

Result —Serum titres of 16 or more are regarded as positive

Note Known positive controls should be sct up with each batch of
tests

Differential agglutination titre

The te 1s performed as before and ratio calculated from end ponts
for example first row sensitized cells 1 2048 second row unsensitized
cells1 16 DAT =1 128(16 2048)

Resuls —Differential agglutination ttre of 1 16 or more 15 regarded
as positive 1 8 15 a bordertine result and should be repeated a week
Tater 1 4 or less is negative but should be repeated later if clincal
signs and symptoms warrant it
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imvades the red cells and monocytes assuming odd shapes and
appearing to have pointed ends  The discase 1s transmitted by sand
flies and an acute and chromic form exist

FUNGI

Histoplasmosts 1s a rare condition caused by infection with
Histoplasma capsulanum  1n the tissucs the organism appears 1o be
a yeast, the bodies having a saucer appearance and being phago-
cytosed by the large cells of the spleen, bone marrow and [ymph
glands It may be demonstrated n the peripheral blood m the cyto-
plasm of monocytes and ncutrophils  In cultures at 37°C the
orgamsm grows as a yeast but at room temperature produces
myceha with acrial hyphae The disease mamfests stself by enlarge
ment of lymph glands, liver and spleen anacmia and leucopenia

PROTOZOA

The protozoan infecttons of man include those due to plasmodia,
flagellata and leishmamia causing malara sleeping sichness and
kala azar and Oniental sore

Plasmodium

Four species of plasmodia have been found i man and are
differentiated by the type of pyrexia produced and on morphological
grounds  Plasmodmim ynax causes bemgn tertian (B T) malara
and P falciparum causes malignant tertian (M T ) malaria  Quartan
malaria 1s caused by P malaniae and ovale malara by P ovale

A mnise 1n temperature every third day gives the name tertian to
the disease and 15 produced by infection with P wnax P ovale and
P faleiparum although the last named often gives nise to an irregular
fever P imalarige infection produces a fever every fourth day and
1s known as quartan malana

The malaria parasite undergoes three cycles of development two
of which occur 1n man The sexual cycle (sporogony) occurs n an
anophelene mosquito and culminates 1 the formation of mature
sporozoites which migrate to the sahvary glands  When 1t bites, the
mosquito injects into the host saliva contaminated with these para
sites which enter the general circulation and make their way to the
Iiver 1n the cells of which the exo erythrocytic cycle begins  In the
liver cells the parasites grow developing numerous nucler which
become merozoites and are released nto the blood stream  The
peniod of time during which the parasites are developing constitutes
the incubation period of the disease and should not all the merozostes
enter the bload stream at once the hver may remain the seat of the
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CHAPTER 12

BACTERIAL AND PROTOZOAN INFECTIONS

INTRODUCTION

WHILE bacteral mfections and their 1nvestigation are properly the
province of another branch of laboratory technology certam
orgamsms and protozoa by the very fact of their demonstration
blood and blood formimg tissues must be regarded as within the
realm of haematology The orgamsms thus classified mclude bac
teria fung, protozoa and the larvae of certain helmnths

BACTERIA

The bacteria which can be demonstrated 1n the blood or blood
forming tissues of mfected man mclude types of spirochactes and
Bartonella the latter being related to the Richettsiae

Borrela recurrentis 1s the causative organism of European relaps
g fever, a disease transnutted by lice The spirillum 15 10-20p
length with four or more spirals They may be seen bent in the muddle
1n stained preparations and 1n fresh preparations sometimes turnna
arcle  The orgamsm 15 demonstrated m the peripheral blood
Borrela duttomt 15 morphologically indistingwishable from B re
currentis and 1s the causative organism of African relapsing fever
which 15 usually transmitted by tichs Blood films suspected of
containing the parasites are best stained by a long Giemsa method

Leptospira icteroh rhagiae 15 the causatnve organtsm of
Weil s disease and 1s carried by the water rat whose infected urine
contaminates the water The organism 1s a very fine filament 5-25¢
1n length with very tight coils and the ends often curved giving the
appearance of a walking stick  Since the organism is only demon
strable 1n the blood early 1n the disease 1t 1s often missed Dark
ground illumination 1s the most suitable method of demonstration

Spirsllum munus the cause of rat bite fever of the Far East 15 2
very small spirochaete 2-4u in length with two or three curves
‘The ends of the parasite tend to be ponted

Bartonella bacillifornus 1s the causative agent of Carrion s diseasc
It 1s seen as small rods 1-2 1n length or coccal forms  The orgamsm
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

exo erythrocytic cycle with consequent relapses of the disease even
after many years This 1s particularly the case with quartan malana

On entering the blood stream the merozoites start the erythrocytic
or asexual cycle which 1s sometimes termed schizogony The para
sites attach themselves to and penetrate the red cells, appearing as
small spherical bodies with a dot of chromatin Ths rapidly
develops 1nto the early trophozoite or signet ring form which grows
mto an amoeboid form or late trophozoite Pigment derived from
the parasite and haemoglobin breakdown may appear at this stage
The parasite then grows mto a schizont 1n which the chromatm 1s
shared among the cytoplasm formig merozoites which eventually
cause rupture of the infected red cell and on hberation restart the
erythrocytic cycle The gametocytes or sexual forms of the parasite
also develop from the trophozoite but no fertilization takes place
m the blood stream

The gametocytes are taken up by the mosquito during biting and
exflagellation of the male parasite (microgametocyte) occurs in the
vector s stomach The gametes produced by this process fertilize
the female parasite (macrogametocyte) and an odkmete 1s formed
capable of movement like a cihate This form of the parasite pene
trates the stomach wall and forms an oocyst which when 1t ruptures
hiberates numerous thread like sporozoites into the body cawity
from where they make their way to the salvary glands

The types of malania parastte are differentiated on morphological
grounds In man the mfected red cell 1s enlarged with P viiax and
delicate red dots known as Schuffner dots appears early in the para
site Fine yellow brown pigment granules also appear n the
amoeboid form of the trophozoite The schizont contamns 18-24
merozoites and the large gametocytes are heavily pigmented In
common with other varieties of the parasite the chromatin of the
macrogametocyte 1s aggregated into one piece while that of the
microgametocyte 1s dispersed throughout the cytoplasm  All forms
of P ynax are commonly seen 1n peripheral blood

LEGEND TO PraTe HI

A Plasmodium snax (1) early trophozoite (1) male gametocyte () female
gametocyte (1) schizont B Plasmodian malariae (i) eatly trophozoute
(1) late trophozoite (band form) l(m) female gamelo)cy(c \ (1v) schizont

F di e early h male g
(i) female gametowyte (n) schizont D Plasmodium evale (i) late tropho
zotte () male gametocyte () female gametocyte (1) schizont
Plasmodum muris (i} Plasmoduen gallinarum  F (s) Borellia recurrentis in
blood (i) Trypanosoma cra i i blood (i) Lesshmama donosani in spleen
smear (n) Microfilaria bancroftt n hydrococle fluid
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BACTERIAL AND PROTOZOAN INFLCTIONS

P avale mnfection results n symptoms indistinguishable from in
fection with P 1nax but the parasites are recogmzed by the fact
that the infected red ccll 1s not enlarged although 1t develops an oval
shape with fringed ends  Pigment granules develop carly and the
mature schizont contains few merozoies than P yonax  All forms of
P ovale are found m penipheral blood

P falciparum 1s charactenized by lack of enlargement of infected
red cells multiple mfections of red cells with a finer ning form than
other types  Margmal forms of the carly trophozoite may be scen
appeaning 1o adhere to the nner surface of the red cell  Double
dots of chromatin on the signet rings are common  Red dots and
streaks of material termed Maurer s dots or clefts may be seen
parasitized red celis  Usually the carly trophozotte 1s the only form
of P falciparum seen in the peripheral blood but a search will
usually reveal the charactenstic crescent shape of the gametocytes
The presence of the schizont containing 8-24 small merozoitcs
the blood stream 1s regarded as a bad sign, this form of the parasite
usually being found in nternal organs such as bone marrow spleen
Inver idneys and bram capillaries

P malariae infection does not cause enlargement of the infected
-ed cells and the band form of the late trophozoute 1s characteristic
as 15 the schizont with its 8-12 merozoites arranged as a rosette
The gametocytes closely resemble those of P 1nax but completely
fill the cell and are found 1n the marrow more often than n the
penipheral blood

Blood picture

Leucopenia due to depression of the myeloid elements occurs and
signs of blood regeneration are obvious 1n the stained film  Since
fection results 1n red cell destruction a severe attack produces the
picture of a haemolytic anaemia  The actiology of blackwater fever
1s bound up with the admmistration of quinine to patients infected
with P falciparum the disorder behaving as an acute haemolytic
anaemia with passage of unine contamnmng haemoglobm prgments

Driagnosis

A fever of regular thythm shivening attacks and splenomegaly 1n
a malarious area 1s almost sufficient for the diagnosis which 15 con
firmed by the demonstration of the parasite 1n the blood Capillary
blood taken while the temperature 1s nsing shows the parasites best
in some cases scaréity of the parasite makes
Owing to shrninkage m thick films the morp
differs from that seen in thin films
in Chapter 4

thick films a necessity
hology of plasmodium
Staining methods are discussed
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THE TRYPANOSOMES v

Trypanosome infection causes African sleeping discase and
Chagas disease of South America  Sleeping sickness 1s transmtted
by the bite of the tsetse fly and 15 caused by Tr) panosoma gambiense
or Trypanosoma rhodesiense Chagas disease caused by Trypano
soma cruzi 1s transmitted by a bug of the genus Triatoma  Natural
reservours of infection exist for the trypanosomes among Afnican
game marsupials cats and dogs

It 1s necessary for a reproductive cycle to occur 1 the vector before
1t can transmit the disease to man which 1t does by biting A sore
at the site known as the trypanosome chancre yiclds the parasite
early i the disease and puncture of adjacent lymph glands also
provides smears showing trypanosomes From the sixth to the
twelfth day after infection the parasites may be found in the blood
and later n the disease m the cerebrospinal flud

Morpholog)

It 1s difficult 1n blood films to differentiate between T gambiense
and T rhodesiense although far more parasites may be found mn the
latter mfection The trypanosomes are fish like m shape 2-3 times
as long as a red cell and contam a nucleus and a smaller structure
called the blepharoplast from which extends a flagellum forming an
undulating membrane  Volutin granules are scen 1n the cytoplasm
of the parasite  Reproduction of T gambiense and T rhodesiense
1s by bmary fission T cru.t 1s smaller than the other types and the
blepharoplast much larger In the tissues 1t assumes a leishmania
form (see below) and reproduces by mitotic division It may be
difficult to demonstrate since the numbers 1 blood are small but
they may be concentrated by a simple technique

The trypanosomes may be cultured and inoculated mto laboratory
amimals  [n culture they assume a leptomonad form similar to the
Leishmania

Thick or thin films of blood taken during the fever are best to
demonstrate the parasites stained by any of the Romanowshy stamns

THE LEISHMANIA

Leishmania are the causative agents of hala azar, onental sore
and cutaneous and mucosal leishmaniasis The vector 1s a sand
fly of the phlebotomus family and cats and dogs act as reservoirs of
mfection  Kala azar 1s a grave disease of tropical and sub tropical
regions characterized by irregular fever and hepato splenomegaly
Leucop and m leosts are md of the condition
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together with a severc anacmia  The disease 1s fatal if untreated
The vamant of leishmania responsible 1s Letshmama donosam
Oriental sore 1s a localized form of cutancous leishmaniasis

1zed by the develog from a papule of a pamless uleer,
which heals after a prolonged period It 15 caused by infection with
Leishmama tropica  South American cutancous and mucosal
leishmamasis 15 a mutilating disorder caused by Lewshmama
bra.iliensis

h

Morphology

The three vanants cannot be distinguished from one another in
films They appear 1n tissue as ovoid bodies about one third the size
of red cells and are usually intracellular the host cell being a mono
cyte or endothelial cell  They contain a spherical nucleus and a rod
bke blepharoplast and are non motle In culture they assume a
lep d form hike tryp omes with which they are related

Diagnosis

Kala azar may be diagnosed by the demonstration of the parasites
1 bone marrow or by spleen puncture They do not appear n the
blood The uleer of orental sore and lesions of cutancous leish
maniasis may be punctured using a syringe and the fluid from the
ulcer base aspirated This avoids contamunation with pus and
bacteria usual in these lesions The smears may be stamned by any
of the Romanowsky methods the cytoplasm appearing blue and the
nucleus and blepharoplast reddish violet

The formol gel test (Chapter 10) 1s often positive 1n trypano
somiasis and kala azar

HELMINTH INFESTATIONS

Many worm infestations produce haematological signs such as
cosinophilia but only two can actually be demonstrated n the blood
Filaria

The mature helmunths hive m conncctive tissue or lymphatic
channels and liberate embryos termed mucrofilaria mto the blood
stream  The nsect vector 1s a mosquito a reproductive cycle being
necessary before the bite becomes nfective to man
Wuchereria (Filaria loa)

The causative agent of Calabar swellings 1s the Filaria loa the
adult form of which migrates 1n the tissues and has even been seen
traversing the conyunctiva  The parasite 1s 30 mm or more 1n length
the female being longer than the male
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Wuchereria bancrofts

This filana, Wuchereria bancroftt, 1s the cause of elephantiasis
due to obstruction of lymph channels by the adult worms The
adult worm 1s 3-4 nches 1n length, the female being longer and
thicher than the male After death the helminth becomes calcified in
lymph glands and vessels

Acanthochetlonema perstans

This parastte, Acanthocheilonema perstans appears to exist with
out symptoms 1n those infected It has been reported as causmg
subcutaneous ¢ysts

Diagnosis

The condition of filariasis 1s diagnosed mamnly on the presence of
microfilaria 1n the blood stream W bancroft: embryos are seen
1n greater numbers during the night and may even not be seen at all
during the day They seem to have a colourless sac or sheath around
their length 1Wuchereria loa (Filaria loa) 1s very similar m size and
shape and 15 also sheathed There 15 no nocturnal periodicity
Acanthocheilonema perstans 1s a much smaller embryo and 1s not
sheathed The parasites are demonstrated in wet preparations or
stamed with Giemsa A dotted staming down the length of the
embryos 15 characteristic  Filariasts always shows a high eosino
phiba

TRICHINELLA SPIRALIS

The wfestation 1s contracted by eating measly pork 11 which
the larvae lie encysted  Mature worms appear in the mntestine within
48 hours of ingesting the infected meat Embryos are rapidly pro
duced and migrate via the lymphatics to the tissues A high eosino
philia results and the embryos are occasionally demonstrated 1n
blood They measure 100u by 6u and are thus easily differentiated
from other embryos

TECHNIQUE

The following are details of test techniques relevant to bacteral
and protozoan imfections

CONCENTRATION OF MICROFILARIA

Reagent 5 per cent formalin 95 ml
Glacial acetic acid Sml
Sat alcoholic sol crystal violet 2ml!
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Merhod
(1) Collect venous blood 1n 3 8 per cent sodium citrate
(2) T the blood add fise tumes its volume of reagent
(3) Centnfuge and discard supernatant
(4) Examune deposit wet under a covership

CONCENTRATION OF TRYPANOSOMES
Reagent

Normal physiological saline contamming 6 per cent sodium citrate
Meqhod

{1) Collect 9 m! of venous blood into 1 m! of reagent as an antt
coagulant
(2) Centrifuge at 1,500 r pm for 5 munutes

(3) Remove buffy coat with a capillary pipette and make films as
for blood

{4) Stain by a Romanowshy method

STAINING OF SPIROCHAETES
(1) Prepare Giemsa staimng solution of 1 part Giemsa to 19 parts of
distilled water buffered to pH 7 2
(2) Fix films i methy] alcohol 5 minutes
(3) Pour on stamn heated until 1t steams

(4) Replace with fresh hot stain after 15 minutes and leave 30 minutes
(5) Wash with distilled water dramn and dry
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CHAPTER 13
THE USE OF RADIOISOTOPES
THEIR APPLICATION IN HAEMATOLOGY

INTRODUCTION

IT 15 NOT POSSIBLE to deal with the many applications of radioisotope
techniques 1n a single chapter  What follows 15 a condensed version
of atomic theory a description of some of the apparatus used and a
discussion of the use of radiowsotopes particularly 1n haematology
For fuller details the mterested reader 15 referred to the excellent
text books on the subject

ATOMIC STRUCTURE

The atom consists of a central nucleus surrounded by orbital
electrons The chemical identity of the atom 1s determined by the
number of electrons each one of which carmes a umt negative
electrical charge  The nucleus consists of positively charged protons
and uncharged neutrons Normally the atom possesses equal
numbers of protons and electrons so that 1t 1s electrically neutral
The atomic number of an element 1s given by the number of protons
or orbital electrons but a ginven sample of the element may contam
atoms carrymng a greater or a lesser number of neutrons These
vanants are termed 1sotopes and are designated by therr atomuc
werghts for example O8

RADIOISOTOPES

Chemucally the 1sotopes of an element behave stmilarly but some
of them known as radioisotopes are unstable They attain stability
by gamng or losing a umt of electric charge and radiating away
any excess energy The change of nuclear charge means that the
element moves one place 1n the pertodic table Such a nucleus 1s
said to be radioactive and the form of the element a radioisotope
1t 1s possible to measure the radioactivity since the number of dis
integrations per second 1s directly proportional to the number of
radioactive atoms 1n the sample at that tme The unit of radio
actvty 15 the Cune defined as 3 700 < 10'° disintegrations per
second the mullicurie 37 « 107 and the nucrocune 3 7 X 10*
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dwintegrations per second  The rate of decay of a radioisotope 13
usually described by the time taken for radiactivaty to be reduced
by onc half This 15 termed the half hfe of the 1sotope and 1s impor-
tant when plannimg cxperiments with these materrals

RADIATION v

The radioisotopes of present interest decay by emutting a 8 particle
(fast electron) accompanicd (n some cases by y or electro magnetic
radiation  All radiation 15 injunious especially to rapidly growing
nssues such as the bone marrow and the sex cells Damage to
haemopoletic tissue can be permanent and the effect on the gonads
can only be assessed by mutations appearing in later generations
The type of material used i clinical tracer work 1s not dangerous to
the patient but the operator must avord overexposure  Stringent
regulations govern the use and disposal of radioactive matenals
since problems of pubhic health are involved  Several publicatons
dealing with radiation hazards are available from HM Stationery
Office and the Radiological Protection Service will provide further
wformation on request

PRODUCTION OF RADIOISOTOPES

Most tracer radioisotopes are produced by neutron irradiation
m a nuclear reactor the process forming either an 1sotope of the
same element or a different chemical element  Other 1sotopes are
prepared by bombardment of the target materal with protons or
@ particles m a cyclotron  Purnfication of the 1sotopes and synthesis
of compounds to nclude the radioactive element ;n a desired position

1 the molecule constitutes a special branch of chemustry with 1ts
own problems

DETECTION AND MEASUREMENT OF RADIATION

Three methods of detecting and measuring radioactivity are
available  The Geiger Muller counter 1s primanly a B ray detector
but y radiation 15 also detected A circle of eight Geiger counters 1s
termed a nng counter and s swtable for measunng radioactive
samples in large bottles The scintillation counter 1s used for ¥ ray
detection the property of producing a secondary electron n an
radiated absorbing medium being utihzed The absorbing medium
1S a sunable optically transparent crystal and the excited electrons
radiate thewr excess energy as hight quanta switable electronic equip
ment measuring the impulses The tonization chamber 15 the third
‘;\:‘:‘lj\sd do( :elcclmg radiation and measures the small current

ced when y rays pro S

The g 11 Chtmb};r produce fast moving electrons which 1onize
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

Complicated electronmic equipment 15 necessary to record the
mpulses detected by the counters  Background radiation due to
cosmic rays or radiation from building matenials must be noted and

hielding fixed where y and due allowance must be made

for background counts in all tests It 1s desirable for standard
preparations to be measured at the same time as the test material
The physics mvolved in the construction and matenance of the
apparatus are outside the scope of this book

THERAPEUTIC APPLICATIONS

The radiosotope of phosphorus, P?, 1s a pure 8 emutter with 2
half life of 14 3 days Since it 15 selectively taken up by rapudly
metabolizing tissue, including haemopoetic tissue, it has been used
to treat polycythaemia by irradmation i suu  The cobalt 1sotope
Co%°, with a half life of 5 3 years, 15 used 1 the treatment of malig
nant conditions exther by means of wire mntroduced into the tumour,
or by external teletherapy

RESEARCH PROJECTS

The radioisotope 15 a valuable research tool used 1n brological
and physiological research The radioactive material may be
incorporated 1n physiological compounds and their breakdown
followed 1n the body, thus adding enormously to our hnowledge of
these processes

DIAGNOSTIC PROCEDURES

Since 1ron enters mto the composition of haemoglobm radio
1sotopes can be used to measure its absorption storage and excretion
The 1sotope Fe®? 15 used 1n such studies because of its relatively long
half life of 45 days Normal mdividuals absorb very little of a test
dose of radioiron polycythaemic patients no more than a trace
while 1ron-deficient states show very much greater absorption The
absorbed 1ron stored m body organs 1s detected by means of a
directional (lead stuelded) Geiger or scintillation counter and that
taken up by red cells measured by the activity of blood samples in a
scntillation counter Radiorron excreted m the facces 1s measured
1n a ring counter

The plasma volume plasma iron turnover and red cell utilization
may be determined by incubating Fe® in the form of ferric chlonde
with 8 globulin n the patients own plasma The resultant ron
bound protein 15 injected nto the patient and several blood samples
taken 1 the next few hours and subsequently daiy for 2 weeks
Radioactivity 1n the plasma samples 1s measured 1n a scntillation
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counter aganst a standard of the matcnial mjected  In aron
deficiency anaemia the plasma 1ron turnover 1s either normal or
greater than normal with complete utihzation of the mjected ron
Red-cell survival studies tn the haemolytic anacimas are under-
takenby tagging the red cells with a radioisotope - The technique
15 also of value n assessing the red cell preserving properties of new
anticoagulants The cells are labelled with Cr® by exposing them to
a solutton of the 1sotope 1n the form of sodium chromate and then
re mjected 1nto the subject from whom they were obtamed The
red cells take up a considerable amount of the radioisotope but some
1s eluted from the cells on re mjection  Due correction must be
made for this loss  The actinity of a blood sample taken 20 minutes
after mmjection and daily samples after that 1s measured m a
santillation counter the standard being a sample of the onginal
chromium preparation  Normally the blood radioactivity drops
to less than one half 1n 28-36 days due to the physiological destruc
tion of cells which have reached their allotted hfe span  An abnormal
rate of red cell destruction 1s shown by a reduction of this time
The radiotsotope P® 1s also used for red-cell survival studies
Vitamin B, labelled by the incorporation of Co®® 1s used for the
dragnosts of megaloblastic anaemias  Radioactive By, is given orally
together with carbachol intramuscularly to stimulate intrinsic factor
secretion, and all faeces collected until no longer radicactive The
radioactivity 1s measured using the ring counter the normal amount
excreted bemng two thirds of a test dose of 1 ug  If the excreted B,
13 Jarger 1n amount than this a further dose 1s given together with an
mntonsic factor preparation  Again the faeces are collected and
radioactivity determined In Addisoman pernicious anaemia and
gastrectomy syndrome less than two thirds of the test dose 1s
excreted because failure to absorb B, 1s due to lack of mtrinsic
factor In other malabsorption syndromes the mtrinsic factor 1s
available
The excretion of By, in the urine (Schilling test) 1s also used 1n the
diagnosis of the megaloblastic anagmuas 1f it 1s not posstble to collect
facces  Radioactive By, and carbachol are given followed by non
radicactive B,  All the urine passed 1n 24 hours 1s pooled and activity
measured with the ring counter  The normal absorption of B, 15
up 1o 90 per cent of the test dose  If less than 10 per cent 1s excreted
radicactive By, 15 given together with mtrinsic factor and followed
by non radicactive B, The urine 15 collected as before and radio
activity measured In pernicious anaemia and gastrectomy syn-
g:ﬁn:: less than 10 per cent of the test dose 1s excreted 1 the urme
steatorrhoea and other loop syndromes more than 10 per
[T
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Complicated electronic equipment 15 necessary to record the
impulses detected by the counters Background radiation due to
cosmuc rays or radiation from building materials must be noted and
shielding fixed where necessary, and due allowance must be made
for background counts n all tests It 15 desirable for standard
preparations to be measured at the same time as the test matersal
The physics mvolved in the construction and maintenance of the
apparatus are outside the scope of this book

THERAPEUTIC APPLICATIONS

The radioisotope of phosphorus P?, 1s a pure 8 enutter with a
half Iife of 14 3 days Since 1t 1s selectively taken up by rapidly
metabolizing tissue 1ncluding haemopoietic tissue, 1t has been used
to treat polycythaemra by irradiation i situ The cobalt isotope
Co®® with a half ife of 5 3 years 1s used 1n the treatment of malig
nant conditions either by means of wire introduced ito the tumour,
or by external teletherapy

RESEARCH PROJECTS

The radioisotope 15 a valuable research tool used m biological
and physiological research The radioactive material may be
mcorporated 1 physiological compounds and their breakdown
followed 1n the body thus adding enormously to our knowledge of
these processes

DIAGNOSTIC PROCEDURES

Since iron enters mto the composition of haemoglobm radio
1sotopes can be used to measure 1ts absorption, storage and excretion
The 1sotope Fe *1s used 1n such studies because of its relatively long
half life of 45 days Normal individuals absorb very little of a test
dose of radioiron polycythaemic patients no more than a trace,
while 1ron-deficient states show very much greater absorption The
absorbed on stored in body organs ts detected by means of a
directional (lead shielded) Geiger or scintillation counter and that
taken up by red cells measured by the activity of blood samples 1n a
scintillation counter  Radiorron excreted m the facces 15 measured
n a nng counter

The plasma volume plasma tron turnover and red cell utihzation
may be determined by incubating Fes® in the form of fernic chloride
with 8 globulin m the patients own plasma The resultant iron
bound protein 1s mmjected into the patient and several blood samples
taken 1n the next few hours and subsequently daily for 2 weeks
Radioactivity 1n the plasma samples 1s measured 1n a scmtillation
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counter agamnst a standard of the matersal mjected  In iron-
defictency anaenua the plasma sron turnover is cither normal or
greater than normal with complete utihzation of the njected 1ron
Red-cell survinal studies 1 the hacmolyuc anaemuas are under-
takenby tagging the red cells with a radioisotope - The techmque
15 also of value i assessing the red cell preserving propertics of new
anticoagulants  The cells are labelled with Cr+! by exposing them to
a solution of the 1sotope mn the form of sodium chromate and then
re njected 1nto the subject from whom they were obtained The
red cells take up a considerable amount of the radioisotope but some
1s eluted from the cells on re injection  Due correction must be
made for this loss  The activity of a blood sample taken 20 minutes
after jection and daily samples after that 1s measured 1n a
santillation counter the standard being a sample of the ongnal
chromwum preparation  Normally the blood radicactivity drops
to less than one half 1n 28-36 days due to the physiological destruc-
t1on of cells which have reached their allotted Iife span  An abnormal
rate of red cell destruction 1s shown by a reduction of this time
The radioisotope P* 15 also used for red cell survival studies
Vitamin B, labelled by the incorporation of Co%8 1s used for the
diagnosis of megaloblastic anaemias  Radioactive By, 1s given orally
together with carbachol intramuscularly to stimulate intrinsic factor
secretion, and all faeces collected until no longer radioactive The
radioactivity 1s measured using the ring counter, the normal amount
excreted bemng two thirds of a test dose of 1 pg  If the excreted B,,
1s larger 1 amount than this a further dose 1s given together with an
intnnsic factor preparation  Agamn the faeces are collected and
radioactivity determined In Addisoman pernicious anaenua and
gastrectomy syndrome, less than two thirds of the test dose 1s
excreted because failure to absorb B, 1s due to lack of ntrinsic
factor In other malabsorption syndromes the ntrinsic factor 1s
available
The excretion of By, 1n the unine (Schitling test) 1s also used 1n the
g of the megaloblastic a if 1t 15 not possible to collect
facces  Radioactive By, and carbachol are given followed by non-
radioactive B,  All the urine passed 1n 24 hours 1s pooled and activity
measured with the ring counter The normal absorption of By, 1s
up to 90 per cent of the test dose  If less than 10 per cent 1s excreted
radioactive By; 15 given together with intrinsic factor and followed
by non radiactive B, The unne 1s collected as before and radio-
acuvity measured In pernicious anaemma and gastrectomy syn
:rumc less than 10 per cent of the test dose is excreted 1n the urine
ut 1n steatorrhoea and other loop syndromes more than 10 per
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cent 1s still excreted  Plasma radroactivity may be measured 8 hours
after the test dose using a iquid scintillation counter and liver
radioactivity after 7 days using a shrelded scintillation counter over
the Iiver

CONCLUSION

The use of radroisotopes 1n haematological diagnosis requires the
close co operation of haematologist and physicist, since the appara
tus used 15 both unfamiiar and complicated The mclusion of the
uses of radioisotopes i1n the laboratory technologist s currtculum 1s
an mdication of this harmonious partnersiip
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CHAPTER 14
BLOOD GROUP ANTIGENS AND ANTIBODIES
GENERAL

CHEMISTRY

MucH has been wntten about the chemustry of the blood group
antigens and antibodies and for full details the interested reader 1s
referred to the appropmate publications  Recent work by Morgan
and Wathins (1959) suggests that the blood group substances are
muco polysaccharides specificity bemng closely connected with cer
tan component sugars It 1s possible that basic matenals are
available which are enzymatically modified to produce spectfic blood
group substances the enzyme processes being genetically deternuned
The blood group antibodies are globultns behaving mamly as
v globulins

The antigens are located on the red cells at hypothetical sites
termed receptors and by appropriate means other receptors may be
uncovered or donated The enzyme methods (see Chapter 8) are
extremely useful m thus respect but ficin and papain have the
property of almost completely destroying some antigens Blood
group antigens may be present i a water soluble form 1n which
case they are present 1 the body fluids or in an alcohol soluble
form when although not found 1n body fluids they may still be
demonstrated 1n extracts of the organs

ANTIGEN ANTIBODY REACTIONS

The blood group antibodies act by attaching themselves to the
red-cell receptors An optimal amount of antibody 15 required
smaller amounts resultmg 1n sensitization of the cells while the visible
effect 15 delayed and weak Although antibodies react n many
different ways the end result to be of value must be visible there-

fore no matter what techniques are used 1 blood group serology
the final process 15 one of agglutination or lysis

Agglutimins

Agglutinins act by deposition of anubody on the cells until actual
clumping occurs It will be obvious from the foregomng con
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(Chapter 15) 15 principally wvalved but possible anubodies
other systems have been described where no ymmunization can be
shown to have occurred  Usually the naturally occurring anubodies
have a thermal optimum of 20° C but may react better at 4° C and
sometimes at 37°C  The antibodies are usually saline acting and
not of high titre  Except under pathological conditions an antibody
cannot exist with its corresponding antigen in the same blood
naturally occurning antibodies ansing in the absence of the antigen
It 1s not known why these antibodies occur some authonities holding
that they are genetically determined while others believe that they
are really produced n response to immumzation the process
diffening from artificial immunization resulting 1n a modified anti-
body

IMMUNE ANTIBODIES

Immune antibodies may be produced by imjection which includes
transfusion or by pregnancy The response to the introduction of a
foreign antigen vanes greatly m individuals and depends upon
whether or not the antigen has been encountered before If the
antigen 1s new to the host there may be hittle or no production of
antibody but the body defences are put on guard Ths 1s termed
the primary response A second or repeated imjections of the antigen,
however, may result in rapid production of antibody Some dis-
orders cause greater liability to antibody production lupus erythe-
matosus being well known 1n this respect  The so called anamnestic
reaction 1s a response to an apparent unrelated antigen causing
other antibodies to increase m tire  Investigations usually show
that such antigens have a definite relationship to those specific for
the affected antibodies

The means by which pregnancy causes antibody producton 1s stull
obscure It has been shown many times that foetal red cells can
cross the placenta and should they possess an antigen donated from
the father and foreign to the mother 1t 1s possible that they may be
the immunizing agent It 15 also possible that soluble group sub-
stances or even fragments of embryonic tissue may also act mn the
same manner 1n heterospecific pregnancies

Immune antibodies may be saline acting or albumin antibodies
Prozone phenomena due to muxtures are common and antibodses
of very high titre may be produced by immunization The immune
anubodies of those systems which possess naturally occurnng antt
bodies differ 1n their thermal optimum and often develop haemolytic
properties
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siderations that the strength of the red cell suspension 1s of para
mount 1mportance 1n such reactions too strong a suspension result

g 1n absorption of the anttbody with minimal agglutination
Agglutination may be intense and easily visible to the naked eye or
may consist of small clumps mn a sea of free cells The latter appear

ance although only mucroscopic has the same wmportance and
significance as macroscopic agglutination A serum contaimng antt

bodies which react speedily 1o form large tightly packed red cell
clumps, 1s said to be avid but a serum of high titre 1s not necessarily
of good avidity

Lysins

Lysins do not destroy the cells but cause Liberation of haemo
globsn by multiple punctures of the celf envelope presumably at
receptor sites  Complement 1s necessary for such reactions agamn
an optimal amount being essenttal The lysin sensitizes the red cells,
which on becomung loaded with complement are damaged thus set
ting free the haemoglobin  Fresh serum must be used for investiga
tions nvelving lysins or a source of complement such as fresh
guinea pig serum provided

Precipitin reactions

Precipitin reactions have a limuted use 1n blood group serology,
their principal value being 1n medico legal work  Using the appro
prate antt species precipstin sera 1t 1s possible to determme the
ammal from which a blood stamn 1s derived  The antigenic material
from the red cell stroma precipstates out of solution on combination
with the antibody

Prozone phenomenon

It sometimes happens that a serum fails to give a visible reaction
at low titre but does so on further dilution This effect 15 termed 2
prozone phenomenon and 1s due to the action of an accdmpanying
albunun antibody acting faster than the saline antibody In effect
the two antibodies are competitors for the same receptors but the
salie antibody betng present in higher titre 1s revealed by dilution
of the serum

NATURALLY OCCURRING ANTIBODIES

Certain of the blood group systems are associated with the
presence of naturally occurnog anttbodies The ABO system
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techmque using optimal mncubation times for the antibodics con
cerned  Precipitin tubes 50 mm % 11 mm are used for this pur-
pose, they may be capped by short flat bottom tubes to prevent
evaporation and to heep dust free  Using tube techmques with rare
antisera often 1nvolves working with very small quantities of material,
a contingency which ntroduces handhing difficulties  Considerable
expenience 1s needed to handle an ordmary glass capillary pipette
using volumes of the order of 0 01 ml and less, but control may be
attained by the use of a throttle luted into the stem, or a fitted sintered
glass disc (Fig 39)

(q)
Fie 39—A) Pp ={ﬂ:
ette  fitted with
sintered glass disc
(@  (B) pipette
with throttle (w)
(W) luted into stem
with sealing wax 8 _____./_7-__

Microscopic agglunnation

Care must be taken when reading microscopic agglutination In
order that small clumps are not broken up and to ensure proper
observation the sedimented cells should be laid gently m a nvulet
across the width of a slide  In this manner clumps of cells may be
seen rolling free and therr true nature determuned The criterion of
true red celi agglutination 1s that 1t occurs 1n three planes The

stickiness  which 1s sometimes seen involving small numbers of
cells will be found on close nspection to be only m two planes
Rouleaux formation occurs m ndividuals who have high sed:
mentation rates or who have receved dextran and might cause
confusion but the appearance of red cells looking like a pile of coins
15 typical and 1n many cases can be dispersed by gentle mixing with
saline  An nteresting pseudo agglutination occurs m individuals
with a reversed albumin/globulin ratio  This appearance often seen

1n myelomatosis 1s not due to an agglutimin since the direct ant:
globulin test 15 negative

Pan agglutination

Bacteriogenic pan agglutination 1s a phenomenon caused by the
action of certamn bacteria which uncover a latent Teceptor on the
red cell  This T receptor acts as an agglutinogen the corresponding
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INHERITANCE

The blood group antigens are inherited mainly as simple Mendelian
dommants Some closely linked genes are inhenited as co
domunants and 1 two blood group systems some doubt exists as to
the mode of mhentance There is no sex hinkage, and linkage
between blood group genes 1s close so that crossing over can occur
but 1s rare  This accounts for the unexpected appearance of rare
chromosomes There 35 some linkage with other inhertted charac
tenistics such as the ability to taste and smell certain compounds
and this property makes the blood group genes useful as ethnological
markers The inheritance of some blood group systems 1s on such
firm ground as to make 1t useful 1n law and 1n fact 1s accepted
cases of disputed parentage in many parts of the world

Many mteresting genetic phenomena are observed 1n the study
of blood groups In addition to crossing over examples of chro
mosome deletion are found where a prece of chromosome carrymg
the gene or genes 1s lost resulting in a puzzling phenotype  Such
cases manifest stronger reactions with the remainmg antigens of the
group seeming to be able to utihize all the basic substance available
for the complete group Chromosome deletions breed true, that s
the loss of the chromosomal materral when acquired becomes an
mhented charactenistic The actvity of modifying genes causing
partial or complete suppression of some blood group characteristics
1s accepted today and apparently nert phenotypes are sometimes
explained by an allelomorph which 1s devord of activity  Such an
allele 1s termed an amorph

TECHNICAL CONSIDERATIONS

Macroscopic agglutination may n some blood group systems
occur so quickly and be so obvious that a simple tile techmque wll
be adequate for its demonstration  The glazed white tile 15 merely
marked with grease pencil and rocked to mix the reagents Such
preparations dry rapidly and cannot be mcubated but the Murray
shide, which consists merely of a heavy glass shde of alternate
troughs and platforms 1s free from these objections The reagents
are applied 1o the platforms and rocked to mix Breathing on the
shde facilitates muxing and the shde 1s then incubated 1 a moist
chamber easily contrived from a Perspex museum box contamng a
layer of damp Lint  The shde has the added advantage that it may be
examined microscopically

Tile and shide techmques however should be confirmed by a tube
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The scores for all tubes are summed and compared with the
scores of known cells contaiming single and double doses of antigens
Dosage tests also have other applications since they can be used to
mdicate whether or not a serum contains more than one anubody

Preparation of apparatus

Special cleaning of apparatus 1s necessary, simce agglutinins are
absorbed or nactivated by a vanety of unrelated materials Washing-
soda preparations are prefcrable to detergents which may produce
Iysis and mhibition of agglutination 1f not removed entirely from
the glassware Tubes which are not sparkling clean when viewed 1n
2 good hight must be rewashed It 1s recommended that used pre-
cipitin tubes be made up i bundles held by rubber bands and allowed
to stay ymmersed 1 water overmght They are then placed 1n a2 bowl
of a strong solution of Brylanz (G Gurr Ltd) ensuring that the
tubes are filled, and boiled for 10 minutes After thorough rninsing
1n tap water they are then transferred to a weak solution (5-10 per
cent) of hydrochloric acid for one hour After further thorough
nnstng with tap water the tubes are rinsed n distilled water and dried
mouth downwards 1n the hot air oven  Blotting paper should cover
the bottom of the crates to prevent the tubes falling out

REAGENTS

The reagents used 1n blood transfusion work are cells soluble
antigenic material and sera  Some of these are rare and yet must be
on hand when needed for which reason they must be capable of
storage  Soluble antigemic materials such as saliva are stored frozen
solid at — 20° C m small amounts as also are sera  Under these
conditions they retain their properties for a considerable trme but
red cells kept at + 4° C 1n dextrose salne lyse after a few wechs
and lyse immedsately on thawing from the frozen stage However
by suspending the cells i a glycerine citrate muxture cells may be
frozen solid without damage so that rare genotypes can always be
available Dried sera are used occasionally having the advantages

of muxing with cells without caustng dilution and of bewng stored
at+4 C

TECHNIQUE

The following are details of the techmques to wh
tch reft
made 1 this Chapter e retbrence s
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agglutinin anti T being present 1n all adult human sera  This 1s the
Hubener Thomsen phenomenon and cells which have been modified
by the action of the bacteria are agglutinated by all adult sera The
antibody can be specifically removed from sera with the altered cells

Another type of bacteriogenic pan agglutination 1s caused by
sera nfected with various skin diphtheroids This causes the sera
to develop an anti h agglutinin which reacts with an h antigen on
all red cells This must not be confused with the anti H of the
ABQ system (see Chapter 15)

Estunate of agglutmation strength

The strength of agglutination 1s best estimated by using a scoring
system and that used at the MR C Blood Group Reference
Laboratory 1s standard 1n Britatn

Grades of agglitination
C (complete} Clumps of cells in clear surrounding flmid visible to naked
eye
V (visual) Rather weaker clumpmg directly visible but wath sur
rounding flmid not clear
+ 4 Very big clumps under microscope (granularity just visible
to the unaided eye some unagglutinated cells seen under
mIcroscope)
+ Not such g clumps (no macroscopic agglutination
numerous unagglutmated cells under microscope)
(+) Less than + clumps of 8-12 cells (many frec cells)
w (weah) Weak reactions with uniform distribution of small clumps
of 4-6 cells
? Uneven distnibution of cells with no very definite clumps
— All cells separate and evenly distributed

Some sera possess the property of reacting more strongly with a
double dose of the homologous antigen This ability to distingush
the heterozygote 1s very valuable especialty in cases where only the
one antibody 1s available The strength of the reaction 1s estrmated
on the titration score according to the amount of agglutination
The system of Dunsford and Bowley 1s given below

C=12
V=10
++ =8
4 =
(+)= 3
gw= 2
w= 1



BLOOD GROUP ANTIGENS AND ANTIBODIES

The scores for all tubes arc summed and compared with the
scores of hnown cells contamning single and double doses of antigens
Dosage tests also have other applications since they can be used to
indicate whether or not a serum contans more than one antibody

Preparation of apparatus

Spectal cleaning of apparatus 1s necessary since agglutimns are
absorbed or mnactivated by a vanety of unrelated matenals Washing
soda preparations are preferable to detergents which may produce
lysis and inhibition of agglutination if not removed entirely from
the glassware Tubes which are not sparkling clean when viewed in
a good Iight must be rewashed It 15 recommended that used pre
cipitin tubes be made up 1n bundles held by rubber bands and allowed
to stay smmersed 1n water overmight They are then placed 1n a bow!
of a strong solution of Brylanz (G Gurr Ltd ) ensuring that the
tubes are filled, and botled for 10 mmutes After thorough rinsing
1 tap water they are then transferred to a weak solution (5-10 per
cent) of hydrochloric acid for one hour After further thorough
nnsing with tap water the tubes are ninsed in distilled water and dried
mouth downwards 1n the hot air oven  Blotting paper should cover
the bottom of the crates to prevent the tubes falling out

REAGENTS

The reagents used 1n blood transfuston work are cells soluble
antigenic material and sera  Some of these are rare and yet must be
on hand when needed for which reason they must be capable of
storage Soluble antigenic matertals such as saliva are stored frozen
solid at — 20° C in small amounts as also are sera Under these
conditions they retamn their properties for a considerable time but
red cells kept at + 4 C 1 deatrose saline Iyse after a few weeks
and lyse immediately on thawing from the frozen stage However
by suspending the cells 1n a glycenine citrate mixture cells may be
frozen sohid without damage so that rare genotypes can always be
available  Dried sera are used occasionally having the advantages

of muxng with cells without causing dilution and of being stored
at+4 C

TECHNIQUE

The following are detatls of the te

chniques to which referenc
made 1n this Chapter o

207



HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

aggluttnn anty T being present 1n all adult human sera  This 15 the
Hubener Thomsen phenomenon and cells which have been modified
by the action of the bacteria are agglutinated by all adult sera The
antibody can be specifically removed from sera with the altered cells

Another type of bacteriogenic pan agglutination 1s caused by
sera mfected with various skin diphtheroids This causes the sera
to develop an anti h agglutinin which reacts with an h antigen on
all red cells This must not be confused with the antt H of the
ABO system {see Chapter 15)

Estimate of agglutination strength

The strength of agglutination 1s best esttmated by using a scorig
system and that used at the M RC Blood Group Reference
Laboratory 1s standard in Brtain

Grades of agglutination
C (complete) Clumps of celis 1n clear surrounding flusd vistble to naked
eye
V (visual) Rather weaker clumping directly visible but with sur
rounding fluid not clear
++ Very big clumps under microscope (granulanty just visible
10 the unaided eye some unaggiutinated cells seen under
microscope)
+ Not such big clumps (no macroscopic agglutination
d cells under
(+) Less than + clumps of 8-12 cells (many free cells)
w (weak) Weak reactions with umiform distribution of small clumps
of 4-6 cells
? Uneven distribution of cells with no very defimte clumps
— All cells separate and evenly distributed

Some scra possess the property of reacting more strongly with a
double dose of the homologous antigen  This abthty to distmguish
the heterozygote 1s very valuable especially n cases where only the
one antibody 1s available The strength of the reaction 15 estimated
on the titration score according to the amount of agglutination
The system of Dunsford and Bowley 1s given below

C=12
v =10
++ =8
+=35
()= 3
gw = 2
w= 1
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CHAPTER 15
THE ABO BLOOD GROUP SYSTEM
GENERAL

HISTORY

IN 1900 Landstemner described the agglutination which occurred
when red cells of one individual were exposed to the action of serum
from another and so discovered the ABO blood group system

Using the naturally occurning antibodies i the serum he was able
to 1dentify three blood groups and m 1902 his pupils Decastello and
Sturh described a fourth The groups were classified independently
by Jansky 1n 1907 and Moss 1n 1910, but unfortunately their numert

cal systems were the reverse of one another To avoid confusion

the international nomenclature based on the antigenic content of
the cell 1s used today (Table IX)

TABLE IX
THE LANDSTEINER BLOOD GROUPS (ABO SYSTEM)

Jansky | Moss | International

4 1 AB
3 2 A
2 3 B
1 4 o

The ABO groups are differentiated by the use of naturally occur
rng antt A and anti B agglutinins which are normally present 1n
the absence of the corresponding antigen Thus the serum of group
A ndividuals contains anti B sometimes termed beta (8) and that of
group B individuals contains anti A or alpha (x) group AB blood
exhibits neither antibody while serum from group O blood possesses
both ant1 A and anti B

In 1911 von Dungern and Hirszfeld described a weaher reacting
A antigen which brought the number of groups 1n the system to six
these being A, A B A,B A.Band O In Britam approximately

20 per cent of A and AB bloods possess the weaker antigen A, and
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STORAGE OF CELLS IN GLYCEROL

Reagent (a) Buffered tripotassium citrate

Tnpotassmm cxtrate (K;C,H,O H,0) 325¢g
hate (KH POy 47g

D hydtogen hospl (K,HPO,) 60g
Dlslllled water to 1 litre

Reagent (b)) Laying down solution
Glycerol 40 m!
Buffered tripotassium citrate solution 60 ml

Reagent (¢} Recovery solutions
(1} Prumary 16 per cent solution
Glycerol 256ml
Buffered tripotassium citrate solution 174 4 ml
(2) Prepare 8 4 and 2 per cent solutions by doubling dilution

Reagent (d) Anti coagulant (A CD solution)

15 per cent solution anhydrous dextrose 100 ml
2 per cent solution disodium citrate
{Na,H(C:H;0,) H,0) 500 ml

LAYING DOWN CELLS
(1) Collect venous blood mto A CD solution (4 parts of blood to 1 part
of anticoagulant)
(2) Centrifuge and remove the supernatant
(3) Gradually add the laymng down solution muxing between each
addition until an equal volume has been added
(4) Freeze the cells soltd at — 20 C

RECOVERY OF FROZEN CELLS

(1) Allow the cell mixture to thaw at room temperature

(2) Centnfuge remove the supernatant and resuspend the cells in an
equal volume of 12 per cent aqueous solution of tnisodium citrate
at room temperature (20 C)

(3) Leave for 10 minutes at this temperature

{4) Centnifuge at 1 000 r pm for 10 munutes

(5) Remove supernatant and wash cells 4-6 times with normal saline
or until washmngs are clear



THE ABO BLOOD GROUP SYSTEM

1952 appeared to be group O 1n that they were unaffected by antt A
and ant B and exhibited the appropriate antibodies, yet they were
the bloods of children descended from normal B and O parents and,
moreover, the mdividuals so affected passed the B antigen on to
their progeny ‘This phenomenon was explained by Levine and s

[e}] 2)

o o Ar o
A A0 A0 Ay Ay 2,0
A A0 A0 I Aty A0

FiG 40 —(1) The possible progeny from a mating of two
homozygotes A,A, and OO results 1 a typical Mendelian
wnheritance that 1s 100 per cent heterozygotes Using only
ant; A and ant: B there s apparent dominance of A, over
O (2) The possible progeny of a mating of two hetero
zygotes with a ratio of 3 1 in favour of heterozygotes
All however group as A, except A,0 which groups as A

associates in 1955 as the effect of modifying genes (the Xx system),
the very common modifying gene X being necessary for the proper
expression of the B and O genes It 1s assumed that the very rare
allele x 1n double dose prevents the expression of the genes as ant1
gens Such a mating would occur only 1n small communities where
consanguinity s hikely A similar system of modifying genes (the
Yy system) affects the A antigen and may be responsible for the
rare A, bloods Suppression of the effect of genes by other genes 15
well known 1 genetics

Human blood chimeras present another problem volving other
blood group systems in addiion to the ABO blood groups
Chimeras of this type are umovular twins whose red cell formimg
tissues have become ntermixed during the early stages of embryonic
hfe  This unplies that although each twmn will be only capable of
passing on their own genotype their bloods will contamn cells denved
from both mesenchymal element and therefore both sets of antigens
The cases reported have been A and O mixtures the true O failing
to develop ant1 A in the presence of the A antigen dersved from the
mesenchyme of the other twin
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2 per cent of A, and 25 per cent of A,B specimens of blood exhibit
an antibody active aganst Ay cells Normally, sera from group B
mdividuals possess both anti A and antt A, capable of agglutina
ting A, and A, cells but the ordinary antit A can be removed by
absorption with A cells leaving a specific anti A; serum  Bloods
with antigenic properties mtermediate between A, and A, have been
descnibed mainly among Negroes

In 1937 Friedenreich described an agglutinogen which was even
more feeble than A, cells 1n 1its reaction with anti A This was
designated A, the groups A; and A,;B bemng quite rare The
agglutination with potent anti A sera 1s charactenstic, consisting of
small clumps 1n a sea of unagglutmated cells The groups almost
mvaniably exhibit ant1 A; behaving as a true cold agglutinin

Another extremely rare type of blood was first described by Fischer
and Hahn 1n 1935 Although unagglutinated by ant1 A and ant1 B
the cells reacted with O serum (« + f) Different workers have
given different names to the group (A; A; A A and Ao) smceitis
not clear that they are all the same The group A; for example,
absorbs ant1 A but the cells are not agglutinated by O serum

INHERITANCE

In 1924 Bernstem established that the ABO blood group system
was mhented m a Mendelian manner He postulated three allelo
morphic genes one for each of the antigens A B and O The
theory which implied that no child could possess an ABO antigen
which was not present in either of the parents blood has been
amply proved by a companison of expected and observed blood
groups If further genes for the antigens A, and A, are postulated
the theory 1s 1n no way mvalidated but merely extended

Testing with antt A and anti B establishes the phenotypes but
the genotypes 1n most cases must be established by pedigree studies
Using the available antisera the genotype AO s not recognized
nerther 1s BO and 1t would appear that the genc A, 1s domnant to
A, Agand O The alleles A, A; and B would also appear to be
dommant to the O gene In actual fact if specific antisera were
available 1t would probably be shown that the genes were all co
domants

Two familics are illustrated below (Fig 40) to demonstrate the
inhentance of the ABO blood group system It will be noted that
1n blood group genetics antigens and genes arc designated by the
same symbol

Another rare vanant of the ABO system must be mentioned here
The Bombay bloods described by Bhande and his co workers 1n
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are dertved from ammal sources eel serum or serum of goats injected
with the somatic antigen of Shigella shigae being good sources
A very good anti H may be obtained from the sceds of Lotus
tetragonolobus 1t 15 of nterest that the Bombay bloods exhubit
anti A ant1 B and a powerfu) ant1 H

The literature descnibes several so-called ant: O sera denwved from
human and animal sources but their properties are not altke They
may be differentiated from anti H since they are not whibited by
saliva from ABO secretors  The group specific substances present i
body fluids provide the material for these mhibition tests since they
absorb sera specifically Combined with protemn, the group sub-
stances may also be used to stimulate the production of high titre
antisera 1n volunteers

PLANT HAEMAGGLUTININS

Haemagglutinins denved from plants were first descnibed 1n 1888
by Sullmark and have since been shown to be valuable research
tools The agglutinins found principally 1 seeds are often specific
and may behave as red cell aggluttmins or as precipitins with anti-
genic matenal such as saliva

The seed of Dolichos bifforus 1s mamly A, specific and 1s therefore
of great value in the differentiation of the subgroups of A Bird and
Morgan m 1958 showed that a punified dolichos extract used as
a precipitin made a sharp distinction between A; and A, salvas
Other seed extracts are specific with salme suspenstons of A cells
but cross react with B and O bloods 1n protein media

No specific agglutimin for B cells has yet been discovered but
muxtures of ant1 A and ant1 B are relatively common  Crotalaria
stricta and usraemonensis extracts provide such mixtures which are
more active agamnst A than B cells while Sophara japonica extracts
agglutinate B cells more than A cells

Seed anti H agpglutinins from Lotus tetragonolobus and Ulex
europaeus are extremely useful since they react better with the
Alsubgroups and also distinguish between secretor and non secretor
saliva

AnttN agglutinmns have been described 1n the seeds of Vicia
graminge and other plants The extracts cross react weakly with

M cells but this 15 also a fault of some antisera and may be eliminated
by dilution

THE DIFFERENTIATION OF A SUBGROUPS
The A antigen vanes 1n 1ts reaction with antisera which recognize
A, and the weaker A and Ajzantigens Although the differentiation
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THE SECRETION PHENOMENON

About 78 per cent of white people possess water soluble forms of
the ABO antigens demonstrated m body flmds, such as saliva tears
sweat semen and gastric juice  The water soluble form of the antigen
15 @ hapten which being devoid of protem 1s non antigenic and 1s
termed a group spectfic substance Individuals in whose body fluids
the substances can be demonstrated are termed secretors and the
remainder non secretors It has been suggested that the secretion
phenomenon 1s yet another manifestation of a modifymng gene
termed Se the allele se in double dose resulting 1n failure to form the
water soluble substances The genes segregate independently of the
ABO and other blood group genes but secretion 1s not confined to
the ABO system the Lewis system (see Chapter 18) also bemng
nvolved

ANTIGENS AND ANTIBODIES

The A and B antigens can be detected 1n the carly embryo and
mcrease 1n strength as judged by agglutmability from birth to puberty
the reaction then tending to get weaker as age advances The
naturally occurring antibodies are not detectable at birth any ants
bodies present bemng denived from the maternal circulation by
passive transference The ABO antibodies may take up to 6 months
to develop and normally increase 1n strength and dimimish m old age
like the antigens

Immune ant1 A and ant1 B have a reversed thermal optimum
that 15 they react better at 37 C and they sometumes exhbit
zomng and a  blocking effect The immune antibody can fix
complement and also can be 1dentified by partial neutralization with
A or B substance  If increasing amounts of A substance are added
to immune antt A serum the haemolytic property disappears first
before the power to agglutinate cells 1n saline  Although the power
of agglutmating cells 1n saline also disappears on partial neutraliza
non the serum can still agglutate cells 1 serum or albumin

A true ant1 O serum has not been descnbed the O gene bemng
generally accepted as an amorph  Group O cells however are
agglutinated by ant1 H serum H sub gtobea
antigen found 1n the body flurds of all ABO secretors The amount
of H substance present seems to be greatest in group O mdividuals
and least mn the fully mutated A,B person The exact relationship
between O and H antigens 1s unknown Ant: H occurs naturally in
ndwiduals lacking the antigen and may be called into being by the
injection of group O cells into such a person  Most potent antisera
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of the subgroups of A 15 mamnly of academic nterest, 1t 1s of import
ance 1n blood transfusion since the subgroups may exhibit an alpha
agglutinin of igh tire The techmques used to differentiate the
subgroups are many and vared including cell reactions with
naturally occurring and immune antibodies with extracts of seeds
and with partially absorbed and fully absorbed sera The use of
serum from a group O individual to pick up the weaker A antigens
1s capable of two alternative explanations It 1s postulated that a
third antigen C exists individuals who are A, B and AB possessing
this antigen and O serum containing the corresponding anttbody
Such an antibody would enhance the agglutination of weak A cells,
but the theory 1s not accepted by most authorities The second
eaplanation, that alpha and bera antibodies are present on the same
molecule 1 group O serum, seems to be proved by the fact that A
cells exposed to O serum (« -+ ) and then washed, can be shown
to have absorbed both alpha and beta agglutimns although the
amount of ant1 B1s small  Similarly B cells after simular treatment
can be shown to have absorbed a small amount of alpha

RELATIONSHIP TO DISEASE

Statistically there would appear to be a relationship between the
ABO blood group system and certain diseases Group A mdi-
viduals are more likely to suffer from gastric carcinoma than group
O mdividuals who however, have a greater tendency to duodenal
uleer  Permicious anaemia seems to occur more 1n Group A persons
and an association between this group and diabetes mellitus seems
probable It s conceivable that hability to many diseases 1s genetic

ally determimned the genes showing linkage with the blood group
genes

MEDICO LEGAL ASPECTS

Since the mheritance of the ABO blood group system rests on
such sure ground 1t would seem that patermty disputes could 1n
many cases be settled by reference to a blood group laboratory
The subgroups tmpose some limtations on the value of the pro-
cedure since 1t 15 not possible to distinguish such a heterozygote as
AjA,; from the homozygote AA;,  Moreover some authonties
would believe that the observed but unexpected appearance of a
heterozygous sub p should not 1y be conclusive evidence

assumung that it might be produced 1 some way fi
Tom
non subgroups Y & vmono
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TUBE TITRATION

(1) Collect venous blood into a dry sterile bottle and allow to clot

(2) Allow the clot and serum to remain n contact at 4 C overnight
to remove cold agglutiuns

(3) Remove serum 1 the cold and wactivate complement at 56 C for
30 mmnutes

(4) Make doubling dilutions of the serum m saline starting at 1 2

(5) Add an equal volume of 5 per cent suspension of appropriate cells
to each tube and mx

(6) Incubate at room temperature for 1 hour

(7) Read macroscopically and microscopically recording the titre as
the reciprocal of the greatest serum dilution showing no macroscopic
agglutination but small clumps of cells microscopically with
numerous free cells (4 reaction) Control the test with cells of the
other ABO groups

Note All tube titrations should be set up 1n duplicate

PREPARATION OF ANTI A; SERUM

(1) Remove all traces of plasma from fresh A cells by washing three
times with large volumes of saline at room temperature

{2) M1x 1 volume of a suitable high titre ant1 A serum with one third to
one quarter of 1ts volume with washed packed A cells

(3) Stand at 4 C overnight

{4) Centnifuge remove the supernatant serum and titrate aganst A,
and A, cells

Note (a) If the serum after absorption 1s specific or can be made
specific by dilution for A, cells determune the optimum dilution for
economic use by titration aganst A\B cells

Note (b) If the absorption 1s insufficient as shown by no distinction
between A, and A, cells being posstble repeat with fresh A cells
Mote (¢} Not all ant1 A sera are suitable for absorption

Note (d) All absorbed sera tend to lose specificity on storing as
absorbed agglutimins reappear 1n low titre so all tests should be
controlled with A,B and A, cells

PREPARATION OF ANTI H SERUM

(1) Soak seeds of Lotus tetragonolobus 1 an excess of distilled water
for 12-18 hours at room temperature

(2) Decant the remaining water and macerate the seeds

(3) Add 3 volumes of 0 85 per cent saline to 1 volume of macerated
seeds and leave 1 hour at room temperature

(4) Centnfuge and remove the supernatant

(5) Falter the supernatant through Whatman No 1 filter Paper and store
1n small quantities frozen sohd at — 20 C
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Forensic work

The rdentification of blood groups from dried stamns 1s an accepted
procedure 1n forensic work as 1s the recogmtion of blood groups
by the substances present m saliva or semen Absorption technigues
are used throughout, but the reactrons are mhibited by some
materals used m dressing cloth urine nasal secretion and so on
Should the suspect matensal be from a non secretor 1t 1s not posstble
to decide the blood group from body flurds

TECHNIQUE

The following are detals of the techniques relevant to tests men
tioned 1n the earlier part of tius chapter

SELECTION OF ANTISERA
Antt A {2) 15 provided by a group B donor
Anti B (8) 15 provided by a group A donor
O serum (« -+ B) 1s provided by a group O donor

TEST FOR AVIDITY
(1) Take an equal velume of capillary blood durectly 1ato 3 8 per cent
sodwm citrate and centrifuge immediately
(2) To 1 drop of the supernatant on a white tile add an equal volume of
20 per cent suspension of A, or B cells prepared from washed
packed cells
(3) Start a stop watch and rock the tile gently

If macroscopic agglutination shown by a  graimness  appears
within 35 seconds then scrum from the donor will react powerfully at a
dilution of 1 4 and 1s generally suitable as a high titre grouping serum

SCREENING TEST FOR HIGH TITRE DONORS
(1) Cut a strip 2 inches wide of Ford s white blottg paper (428 mil)
and place across a Petr1 dish id so that the centre 1s unsupported
(2) With a pipette defivering 25 drops per ml place 2 drops of undiluted
serum on the blotting paper and allow to spread
{3) With a pipette dehvenng 40 4rops per mt hield 5-6 mm above e
centre of the serum drop udd ! drop of the appropriate 5 per cent
cell suspenston and allow to spread for 30-45 seconds
(4) Assist the spreading of the cell suspension by dropping 2 drops of
sahne at mtenvals of 2-5 seconds in the centre of the serumecell
mixture using the larger pipette  Control the test with a known
potent antiscrum against the same ceils
The less the extent of spread by the cell suspension the higher the
anubody utre  Sera comparning fasourably with the controls are tested
by a tube titration
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(4) Tocolumn A n block 1add I drop of A, cells 5 per cent suspension
to column B 1 drop of B cell suspension and to the others 1 drop of
the patient s cell suspensions

(5) Into the first column of tubes 1n block II pipette 2 drops of the first
patient s serum and repeat with the sera from the other patients

(6) To the first row of tubes 1n block 11 add 1 drop of 5 per cent suspen
sion of A, cells to the second row add I drop of B cell suspenston
to the third 1 drop of O cells and to the back row 1 drop of cells
from the appropnate patient

(7) Mix by flicking each dube with the finger cap and allow to stand
2 hours at room temperature

(8) Read lly and mucr 11

This techmqug, should pick up the Jower grades of the A antigen and
differentiate them The auto control mn the serum agglutimn block
eliminates pan agglatination errors

DETERMINATION OF SECRETOR STATUS

(1) Rinse mouth of donor with water -

(2) Collect a mummum of 0 5 ml sahva With babies collect saliva on
a cotton wool swab and squeeze saliva nto a tube

(3) Heat saliva 1n boiling water bath for 10-20 munutes to destroy
inactivating enzymes

{4) Centrifuge for 5 mmnutes at 2000 y pm and pipette off the opales
cent supernatant

(5) Store supernatant frozen solid at — 20 C until required

(6) Dilute saliva1 2 with saline and add to an equal volume of diluted
ant1 serum (anti A antt B or ant: H) to titre of 1 8 or to give just
good visual agglutination with the appropnate cells

{7) Leave at room temperature 30 minutes

(8) Add 1 volume of 2 per cent suspension of appropriate group red
cells and leave at room temperature 13-2 hours

(9) Read results microscopically  Inhabition of agglutination indicates
that the saliva 15 from a secretor

Note (@) Control with 1 volume of diluted antiserum and 1 volume
of saline
Note (b)) With anti A use A, cells as a more sensittve ndicator

TITRATION OF SALIVA

(1) Make doubling dilutions of salna to five tubes

2) Into each tube place 1 volume of diluted antiserum (see above)

(3) Allow to stand at room temperature 30 minutes

(4} Into each tube place { volume of the appropriate cell suspension
muix and aflow to stand 1-2 hours at room temperature
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ABO GROUPING—TILE METHOD

(1) Mark off a clear whte tile in squares with a grease pencil and label
the first honizontal row  anti A and the second anuB  Mark
the first vertical column A cells and the second B cells
Subsequent vertical columns bear the names of pattents

(2) Place 1 drop of ant1 A m each square of the first honzontal row and
1 drop of ant1 B n the squares of the second honizontal row

(3) Place 1 drop of 5 per cent suspension of A, cells in the two squares
of the first vertical column and 1 drop of a sumilar suspension of B
cells n the squares of the second vertical column  These constitute
known agglutinogen controls

(4) Place the patient s cell suspension in the squares allocated and gently
rock the tile

(5) Read macroscopically after 3-5 minutes

The patient s serum 1s tested sumularly for agglutinins using A, and
B cells but if they are weak the preparation may dry up before agglutina
tion 15 obvious

ABO GROUPING WITH THE MURRAY SLIDE

(1) On the first platform of a Murray shde place a drop of ant1 A serum
and on the second a drop of anti B serum  Miss one space and
repeat the procedure for as many groups as are being tested and
two controls

(2) On the first two platforms place 1 drop of 5 per cent suspension of
A, cells on the sccond pair of platforms ! drop of sumlar suspension
of B cells and on sub: paurs cell of the patients
mn alphabetical order

{3) Breathe on the shide and rock to mix the reagents

(4) Place in a moist chamber at room temperature for 15-30 munutes

(5) Read lly and muc 11

Serum agglutinins are determined 1n a stmular manner
It 15 recommended that tle or shide techmiques always be confirmed
by a tube techmique

ABO GROUPING—TUBE TECHNIQUE

(1) Place four rows of precipitin tubes in a wooden block and label each
column of four with a paper flag placed n the fifth hole Label
the first two columns A and B and subsequent columns with the
names of the pattents

(2) Place a second senes of tubes in another block and label sumilarly
omitting A and B

(3) Into the first row of tubes n block I pipette 1 drop of antt A into
the second row 1 drop of ant1 B nto the third row 1 drop of O
serum and mto the back row 1 drop of ant1 A serum
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The antiserum used 1n the next part of the test 1s that which has had
the least amount of saliva added and no evidence of residual saline
antt A

(1) To 2 volumes of incomplete ant1 A neutralized as above in a small
tube add 1 volume of test cells 1n saline 50 per cent suspension
(2) Incubate 2 hours at 37 C
(3) Wash the cells three imes with large volumes of saline
(4) Perform Coombs test on final packed cells
Control with standard A, and A, and O cells similarly treated

The Coombs serum must be diluted to optunum titre for such senst
tized cells  Varying dilutions may need to be tried

INVESTIGATION OF A SERUM FOR « or § HAEMOLYSINS

(1) Make doubling dilutions of the serum in saline

(2) Add an equal volume of fresh human serum (free of A or B sub
stance and « or § haemolysins) as a source of complement

(3) Add an equal volume of 5 per cent suspension of cells of appro
priate group

(4) Tap to mux cap and incubate 1 hour at 37°C
Note (a) Control non specific lysins with the unknown serum -+
complement + O cells
Note (b) Control complement with A, or B cells to show that 1t
15 lysin free
Note (¢) Serum from group A or B mdividuals may contain free
A or B sut 1n quantity suffi to neutrahze a weak lysin
Therefore serum from a group B individual 1s unswitable as a source
of complement when testing for g lysins and serum from Group A
individuals 1s unsuitable when testing for « lysins

DIFFERENTIATION BETWEEN ANTI H AND ANTI O

{1) To 1 volume of the serum add 1 volume of saliva from a known
ABO secretor  Group O secretors are most reliable for this purpose
since those of group A or B are not always strong secretors

(2) Leave at room temperature for 1 hour

(3) Add an equal volume of 2 per cent suspension of Group O cells to
each tube leave 2 hours at room temperature and read
Note (a) Control with 1 volume of serum and 1 volume of saline
Note (b)) The antibody 15 anti H 1f 1ts action 1s inhibited by saliva
but a mixed Lewis antibody (see Chapter 18) 1s also inhibited
Note (¢) The antibody 1s ant1 O 1f 1t 15 not inhibited by sahva but
most antibodies reacting with high frequency antigens (see Chapter
18) also agglutinate O cells and are not nhibited
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(5) Read mucroscopically and report titre as that tube tn which inhibition
15 complete
Note (@} Control with diluted serum and saline
Note (b) The test may be altered by tiirating the serum and adding
a constant amount of saliva to each tube but this 1s not a measure
of the group substance

ABO SUBGROUPING-—SCORING OF TITRATION RESULTS
WITH ANTI A O SERUM ANTI H, IMMUNE ANTIA
{1) Make doubling diutions of the antsera n trplicate
{2) To the tubes of one set add [ volume of 2 per cent suspension of test
cells 10 the second set add 2 per cent suspenston of known (standard)
A, cells and to the third set add a sumular suspenston of known
{standard} A, cells
{3) Incubate for 2 hours at room temperature for ant: A O serum and
anti H and 2 hours at 37 C for the mmmune antt A
(4 Read sconng cach tube numerically and total the scores for each
tration

USING O SERUM ABSORBED WITH B CELLS
(1) ToOserumadd I 4-1 3 volume of washed packed B cells
(2) Allow to stand overmight at4 C
{3) Centrifuge and take off serum
(4) Test agamst B cells to ensure absorpton 1s complete
{3) Titrate the serum and score as 1 previous techmique using the
standard cells for companson

USING O SERUM NEUTRALIZED WITH B SUBSTANCE
(1) To O serum add an equal volume of boiled saliva from a B secretor
(2) Allow to stand at 4 C for 1-2 hours
(3) Treat as serum titrate and score as in previous techmques

USING INCOMPLETE ANTI A
Notz Incompleie antt A serum aiways contains salme agglutinns
which must be neutralized since they will cause false posiives 1n this
test As a corollary immune antr A or anti B may be detected i the
same ypanner by neutral saling body and sub: ly testing
for the ability of the serum to sensttize standard cells
(1) Place 0 5 m} of the incomplete ant: A serum in ¢ach of three tubes
(2) To the first tube add 0 5 m) to the second 1 0.m! and to the third
15 mi of boiled salna from a Group A secretor
(3) Leave at room temperature for 1 hour
(4) Ppette 002 ml_of the mixtures nto scparate precipitin tubes and
to each add 0 02 m! of a 2 per cent suspension of fresh A, B cells sr

sahpe
(5) Leave for § hour at room temperature and read
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The antiserum used 1n the next part of the test 1s that which has had
the least amount of saliva added and no evidence of residual saline
antt A

(1) To 2 volumes of ncomplete ant1 A neutralized as above 1n a small
tube add 1 volume of test cells 1n saline 50 per cent suspension
(2) Incubate 2 hours at 37 C
(3) Wash the cells three times with large volumes of saline
(4) Perform Coombs test on final packed cells
Control with standard A, and A; and O cells similarly treated

The Coombs serum must be diluted to optimum titre for such senst
tized cells Varymng dilutions may need to be tned

INVESTIGATION OF A SERUM FOR « or 8 HAEMOLYSINS

(1) Make doubling dilutions of the serum 1n saline

(2) Add an equal volume of fresh human serum (free of A or B sub
stance and « or 8 haemolysins) as a source of complement

(3) Add an equal volume of 5 per cent suspension of cells of appro
priate group

(4) Tap to mix cap and incubate 1 hour at 37 C
Note (@) Control non speaific lysins with the unknown serum -+
complement + O cells
Note (b)) Control complement with A, or B cells to show that 1t
1s lysmn free
MAote (¢) Serum from group A or B individuals may contain free
A or B substance 1 quantity sufficient to neutralize a weak lysin
Therefore serum from a group B individual 1s unsuitable as a source
of complement when testing for 2 lysins and serum from Group A
individuals 1s unsuitable when testing for « lysins

DIFFERENTIATION BETWEEN ANTI H AND ANTI O

{1) To 1 volume of the serum add 1 volume of saliva from a known
ABO secretor - Group O secretors are most rehable for this purpose
since those of group A or B are not always strong secretors

(2) Leave at room temperature for 1 hour

(3} Add an equal volume of 2 per cent suspenston of Group O cells to
each tube leave 2 hours at room temperature and read
Note (@) Control with 1 volume of serum and 1 volume of saline
Note (b)) The antibody 15 anti H if 1ts action 1s mhibited by salva
but a muixed Lewss antibody (see Chapter 18) 1s also inhibited
Note () The antibody 15 ant1 O 1f 1t 15 not inhibited by saliva but
most antibodies reacting with high frequency antigens (see Chapter
18) also agglutinate O cells and are not inhibited
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CHAPTER 16
THE MNSs AND P BLOOD GROUP SYSTEMS
GENERAL

HISTORY

IN 1927-28 Landstemner and Levine described the MN blood groups
and postulated that the antigens were imhented by means of two
allelomorphic genes without dominance producing three genotypes
In Britain the genotypes have the following frequencies MM 28
per cent MN 50 per cent and NN 22 per cent The mode of 1t

hentance was confirmed by pedigree studies and the discovery of
weaker agglutinogens explamed by further allelomorphs In 1947
Walsh and Montgomery described another antibody related to the
MN system The reactions were nvestigated by Race and Sanger
and the antibody was termed ant1 S An antibody gwving antt

thetical reactions has since been described by Levine tius confirming
the hypothesis that S and s form another pair of genes closely limked
with M and N The linkage must be very close since crossing over
has not been shown to occur

THE MN ANTIGENS

The MN anugens do not easily provoke antibody formation i
man but do 50 1o some amumals so diagnostic sera are usually
produced 1n rabbits  The subgroup N 15 a weaker antigen not at all
affected by some antt N sera and a weaker M antigen has been
descnibed - An intermediate form having characteristics between
M and N s termed M¢

THE MN ANTIBODIES
Naturally occurring anu M and antt N reacting best at 4 C
have been described but are rare  As a result of trapsfusion 1m
munzation antibodies having a thermal optunum of 37 C may be
produced m susceptible mdniduals and have occasionally been
reported 1n the sera of pregnant women The antibodics produced n
rabbits usually react best at 18-20 C  but the means of production
1s not a sure guide to the thermal optimum A simple tile techmique
may be used to MN type red cells agglutination usually being rapsd
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and mtense  Dried antisera which merely need stirring into the
red-cell suspenston, are commercially available

THE Ss ANTIGENS

The Ss antigens are potent 1n man and have caused both trans
fusion reactions and haemolytic discase (see Chapter 17) The
antigen S 15 nhed more with M than N i Europeans The four
possible chromosomes of the MNSs system give rise to 10 possible
genotypes shown m Table XI  Using the three avalable sera
antt M, antt N and ant1 S the presence of the antigen s 1s assumed
i the absence of S Of the Bntish people 55 per cent are §

" positsne

THE Ss ANTIBODIES

Naturally occurring anti S reacting at 37° C has been described,
but most sera are denved from transfusion immunization or cases
of haemolytic disease  Ant1 s1saranty butsiceanti S m common
with other antibodies of the group, possesses dosage properties
1t 1s not really needed for typimng  An antibody with dosage proper-
ties reacts much better with homozygous than heterozygous cells
Ant1 S occurs often as an immune antibody 1n contrast with anti M
and antt N which are nearly always saline antibodies Ant1 S has
caused haemolytic discas¢ and has been deltberately produced by
mmmunizing volunteers Although the reacting temperature of the
antibodies varies most ant1 S sera have a thermal optimum of
37°C as do the few antis sera It may be necessary to employ

the antt globulin reaction to demonstrate the presence of the antt
bodies

ASSOCIATED ANTIGENS

Certain blood group antigens of low wcidence are associated with
the MNSs group system The factors Mi* (Miltenberger) and Vw
(Verweyst) are related to one another and wnhented with the MNSs
system Vw travelling with N5 Although the antigens are not
common antt Mr® 1s of more frequent occurrence and has been
found as a naturally occurring antibody

Two antigens termed Hunter and Henshaw related to the MNSs
system have been described 1n Negroes They appear to be inhented
as Mendelian domunants and are not obvious allelomorphs A
further very common antigen termed U 1s also related and 1t 1s

suggested that U negative cells should be called S°S¥, 1mpl
115 an allelomorph of § and s > el that
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It will be seen from these considerations that the MNSs blood
group system 1s one of great complexity with many problems still
to be mvestigated

TABLE XI
THE MNSs BLOOD GROUP SYSTEM

Phenotype | Possible genoty pes
- MsS MSMS or MSMs
Ms MsMs
MNsS MSNS or MSNs or
MsNS

MsNs [ MsNs
NS NSNS or NSNs
Ns NsNs

THE P BLOOD GROUP

At the same time that they were elucidating the MN system
Landstemer and Levine described another blood group unrelated
to the ABO system The P antigen 15 inhenited as a Mendehan
dommant and appears m graded strengths according to the geno
type The strength of the reaction indicates individuals who are Py
P, and p (P negative) but potent antisera might react with ndi
viduals apparently negative with other sera In Brtain about 80
per cent of people are P positive

A further antigen belonging to the P system has been described
A speaific antibody exists for this antigen which 1s designated P*
but the gene does not express itself mn the presence of P, and P,

THE P ANTIBODY

The agglutizin ant1 P occurs commonly as a naturally occurring
antibody 1n P negative individuals and reacts as a cold agglutimn
The pig and the horse often possess anti P of good titre m their
serum and are a good source of supply Immune anti P capable of
haemolysing P positive celis at 37 C has been described as produced
by transfusion tmmumzation and ant1 P in the blood of P negative
pregnant women 1s very common Transfusion reactions however
are uncommon and there 15 no evidence of the association of anti P
with haemolytic disease

ASSOCIATED ANTIGENS
‘There 15 a definite relationship between the P blood group system
and the Jay system The antigen Tj? is found on almost all red cells
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and the antibody anti T)* 1s probably naturally occurning, but the
antisera consist of a mixture of ant1 P and an antibody reacting
with all P, P and p cells except those of p individuals who are
Ty* negative and whose sera contain antt Tj

MEDICO LEGAL ASPECTS

The MNSs blood group system has been used mn medico legal
work and 1s of value 1 cases of doubtful patermity Together with
the ABO system  blood tests ™ become a potent factor i such cases

TECHNIQUE

The following are details of techmques allied to data of the first
part of this chapter

PROVISION OF ANTISERA
Rabbit anti-M and anti N

(1) Select six rabbits on a full protein diet for each antiserum

(2) Take blood into acid-citrate dextrose solution from OMM and
ONN donors

(3) Wash the cells at least three times with saline to remove all traces
of plasma

(4) Gnve 0 5 ml of washed pached OMM cells intrapentoneally to six
rabbits and the same amount of ONN cells to the other six animals

(5) On the next day and the following 4 days give each animal 0 5 ml
of the appropriate packed cells intravenously

(6) 10-14 days after the last injection bleed each ammal for 3040 ml
from the ear vein

(7 Allow blood to clot overmight at 20 C

(8) Separate serum and heat at 56 C for 30 minutes to destroy com
plement

The naturally occurring antt A and human species agglutinins must
be removed from the rabbit serum  For anti M sera use A,NN cells
and for ant1 N use A;MM cells both washed free of plasma

(1) Prepare two sets of tubes each of 2 ml of serum diluted with saline
1 101 20and1 40 respectively

(2) Tooneof thel 10 dilutions add 0 5 ml of washed packed Agcells
and to the other I mI' Mix and leave 4-6 hours at 1§ C

(3) Treat the other four tubes of diluted serum 1n a similar manner

(4) Gently mix centnifuge and remove supernatant serum

(5) Titrate each supernatant against A;MM A,MN and ANN cells
at 18 C The serum which gives a positive reaction at 1 8 with
MN cells and little or no reaction with the negative control indicates

the suitable combination of dilution factor and volume of cells for
optimal absorption
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(6) Dilute the bulk serum as wndicated and add the requisite amount
of washed packed cells Absorb 4-6 hours at 18°C

(7) After absorption titrate with MM MN and NN ¢ells at 1§ C To
ensure absorption complete and obtain optimal titre

Note Ensure that the serum 1s free of ant1 B agglutinins suace
occastonally rabbits have a naturally occurning anti B
Store m small amounts frozen sohd at — 20 C

(B) Annt P serum

(1) Inactivate pig or horse serum at 56 C for 30 minutes

(2) Dilute the serum with an equal volume of saline

(3) Mix the diluted serum with an equal volume of washed packed
P negatne cells of groups A B and O to remove unwanted agglu
timns

(4) Allow to stand overnight at 4 C and separate the serum at thus
temperature

(5) Test the serum against P negative cells of all ABO groups to ensure
that absorption 1s complete

{6) Thtrate aganst P, and P, cells using control of P negative cells
Select sera which ginve clearcut reactions with P; and P negative
cells and have a uitre of 1 8 or more with P cells  The titratons
may be left at 20 C for 2 hours or overnight at 4 C

MNSs AND P TYPING
Using antt M and antt N sera
(1) Place 1 drop of appropnately diluted antiserunt on an opal tile and
add an equal volume of a 5 per cent suspenston of cells
(2) Rock the tile and observe for agglutnation  Use OMN cells as 2
positnne control and the appropniate cells as negative  Absorption
controls are neessary since absorbed antibodies tend to  creep
back 1n stored sera It 1s also necessary to use more than oo
antiserum to detect variants which react with one antiserum but not
with another

The tile technique given above 1s con t but 15 not ded

for MN typing In any event results obtained by tile techmques should
always be confirmed by a tube method

(1) Dilute three different ant M and anti N sera to the optimal strength
to give no reactions with fresh ONN and OMM cells respectively

(2) Place 003 ml of antisera 1n precipitin tubes and add 0 03 ml of
2 per cent suspension of test cells to each

(3) Control each serum with fresh OM ON and OMN cells

(4) Leave at room temperature for 2 hours

(5) Gently flick the tubes with the finger and take off the cell suspension

(6) Examme mucroscopically discarding results obtained wath a serum
giving more than a weak reaction wath the negauve control
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Usmg anti S sertum
(1) Place 1 volume of antiserum diluted to optimum titre 1n a precipitin
tube and add an equal volume of 2-5 per cent saline suspension of
washed cells
(2) Incubate 2 hours at 37°C and read microscopically Control with
known S positive and S negative cells and absorption control of
A;BS negative cells

Note Ant1S1s a rare serum  Use small volumes

Using antt P serum
(1) Place 1 volume of anti1 P serum 1n a precipiin tube and add an
equal volume of 2-5 per cent suspension of washed red cells
(2) Leave at 20 C for 2 hours or overnight at 4 C depending on ther
mal optrmum of serum and read microscopically on chilled shides
Control with P, P and P negative cells and A,BP negative cells
to ensure absorption 1s complete
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CHAPTER 17
THE Rh BLOOD GROUP SYSTEM
GENERAL

HISTORY

In 1940 Landstemer and Wiener injected ved cells of the monkey
Macacus rhesus mto guinea pigs and sabbits, stmulating the pro
duction of an antibody actwve against the monkey cells The anti
body also agglutmated the cells of 85 per cent of the winte popula
tion tested and smce such individuals obviously possessed the
monkey antigen they were termed rhesus positive and the remander
thesus negatve  For chnical purposes this distinction s still
made today

This was not the first desciption of a rhesus antibody since
Levine and Stetson had already reported in 1939 the discovery of an
atypical antsbody n the serum of a woman who had been delivered
of a sullborn child  The antibody which was actve at 37 C
agglutinated the red cells of 83 of 104 group O donors tesied and
was shown to be sndependent of other blood group systems

The two antibodies were shown to be rdentical by Wiener and
Peters 11 1940 and a year later Levine and his colleagues demon
strated that blood group incompatsbility between mother and child
could result 1n a haemolytic disorder m the wfant Thus also was not
anewidea foetal iImmunization of the mother having been suggested
by Dienst tn 19053 and agawm by Ottenberg in 1923 as bewng respon
sible for some disorders of pregnancy Darrow m 1938 even
suggested that haemolytic disease of the mewborn resulted from
foetal immunization of the mother avoiding blaming the red cells
directly by suggesting that the causative agent was the red celfs or
some component of them

INHERITANCE
‘The present day theory of the nature of the rhesus bloed group
system 35 due to S Ronald Fisher who postulated six antigens
wmhented by closely linked pairs of allelomorpine genes The
discovery of another antibody raised the number to four paws and
subgroups have added to this number The main genes and antigens
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are designated C D, E, Fand ¢, d, ¢, f; a caputal and a small letter
indicating a pair of alleles  Only one of cach pair can be carried
on a chromosome the possible number of chromosomes with
pars of genes bemng calculated from the square rule, that 1s,
2 x2x2x2 (four paws) =16 A number of these chromo-
somes will be rare and some will appear i matings of heterozygotes
when they are not expected Thus 1s due to crossing over which,
however 1s relatively infrequent so that 1t 1s assumed that linkage
15 very close

The subgroups are mhented by separate allelomorphs and when
esttmating total genotypes must be calculated separately and added
to those of the main genes A third gene allelomorphic to C and ¢
1s termed C¥, a fourth C* a fifth C*and yet another ¢¥ Third and
fourth allelomorphs at the E¢ locus are hnown as E* and E¥

\
RHESUS ANTIGENS
The onginal rhesus antibody recogmized the antigen D m those
mdividuals who were Rhesus posiive The antigen D 1s the most
potent of the rhesus antigens and probably C 1s the next potent
but dviduals vary greatly mn therr ability to make anttbodies
Theoretically an individual lacking three of the antigens can make
antibodies agamnst them but although combmations of antibodies
occur, most cases of rhesus immunization are due to the antigen D
This antigen exists 1n vanious grades of strength from the low grade
subgroup D® to a stronger reacting form  Most D antigens are inter
mediate between these two  Cells giving some but not all the reac
tions expected of D are termed D® and presumed to be of genotype
D d, the homozygote being very rare in Britain and the available
sera not recogmzing D'D  The D* antigen 1s recogmized by its
behaviour with different anti D sera, the very lowest grades only
being detected by the use of the strongest incomplete antisera
followed by Coombs test The higher grade D* cells are agglu
tinated by some but not all sane ant1 D sera  The antigen D¢ 15
potent and 1n the absence of D can stimulate the production of ant;
D a D' mdividual can also make anti D It 1s possible that
30 per cent of cells apparenily Cdejede are really CDY/cde and 10
per cent of apparent ¢dE/cde are really ¢cD¥Efcde A rare form of
the rhesus antigen exists 1n which owng to a deletion of part of
the chromosome, all the available antigemc matenal 1s used by D
In such cases the amount of D antigen 1s so great the cells are
agglutiated 1n saline suspension by ncomplete antt D sera The
genotype s whitten ~D-/-D- and such an mndividual 1s capable of
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making multiple antibodtes the genotype being onginally recognized
by this phenomenon

The antigens C and C¥ are equally potent but immunization with
C often produces antt C + ant1 C* The ¢¥ antigen 1s so called
because although 1t reacts with some anti ¢ and ant1 C sera c ccells
give stronger reactions than ¢'C cells  C* gwves some but not all of
the reactions expected of C with pure antt C and cells contamng
the antigen C" are affected by ant1 C without agglutination

The e antigen 1s present mn the cells of 98 per cent of the Bntish
population hence immunization ts uncommon but the auto anti
body 1s found 1n some haemolytic anaemtas

The f antigen 1s associated with the antigens cde and cDe 1n these
combinations on the chromosome The antigen F cannot be recog
nized except as the absence of

The ¢ antigen 1s quite potent but d would appear to be a very
weak antigen indeed

The rhesus antigens are not secreted m the body fluids but may
be detected n extracts of the organs

RHESUS ANTIBODIES

Naturally occurring antibodies of the rhesus system have been
described espectally antt E Immune antibodies are found
heterospecific pregnancies and transfusion immunization, and may
be deliberately made by immumzation of volunteers Albumin
antibodies are common with this group indeed 1t 1s rare to find a
pure saline antibody without some trace of albumm antibody
Mixtures are common anti E + antr ¢ anti C + ant1 D and so on,
as might be expected from the genotypes of this group Pure anti C
antt D and anti C* ant1 E and ant1 ¢ have all been described but
anti e 15 qite rare and ant { even more rare  No speafic ant1 D
exists neither does ant1 C* and ant1 ¢ A specific ant1 E 15 known
but ant1 E* does not exist

Many of the rhesus antibodies show a dosage effect in that they
react better with the cells of the homozygote This 1s very uscful
1n genotyping particularly if the alternate antibody 1s not avatlable
Thus E/E cells can be differentiated from E/e without the usc of
ant1 ¢ 1f antt E serum with dosage properties is availlable Anti C
ant1 C* anti¢c anti E antie and anti f have dosage propertics
some of them quite marked Ant1 D has no real dosage propertics

Some rhesus antisera have another effect 1n that they can dis
tinguish between genotypes such as CDe/cDE and CDe/fcde 1n that
the latter reacts better with ant1 C sera It 1s known that a double
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dose of D has a depressing effect on C and knowledge of such
serological propertics 1s nvaluable m genotyping

NOMENCLATURE

The Fisher nomenclature describes the antigens present but 1s
cumbersome 1n speech  Shorthand notations arc easier to usc but
the Wiener notation although being different for phenotypes and
genotypes changes from time to time and has not yet reached
stability

TABLE XII
THE Rh SYSTEM NOMENCLATURE

The Rh chromosomes The Rh antibodies
Fisher l Short symbol | Wiener | Fisher | Wiener
CDe | R; R anu C | anurh
cde T r antic | antihr
c¢DE R, R? antt D | anti Rh,
cDe | Rs R? antsd | anti Hr,
Cde R T ant E | antith
cdE R r antie | antthr
CDE R: R* anti C¥| antith™
CJdE Ry o
Cwde Rw r oorr¥
C"De Ry R?or R%

RHESUS GENOTYPING

The rhesus group 1s determined using ant1 D serum thus dwading
ndwviduals into Rh positive and Rh negatine A better term for the
procedure 1s D typing and this 1s done n all cases needing trans
fuston and n pregnancy since 1t 1s possible to produce damaging
antibodies under such conditions It 1s necessary to genotype all
rhesus negative sndividuals since such donors should be cdefcde
Usmng only ants D serum a donor of genotype Cdefede would be
termed rhesus negative but would be a dangerous donor for a
recipient cdefede since the C antigen 1s very potent

Rhesus genotyping using all the sera gives complete results but
1 most laboratories only four antisera are available and one or
more of these may be of the albumuin type The sera must be con
trolled with positive and negatve cells the posinve bemg of cells
which will give a weak reaction 1n order to detect minor deteriora
tons in the anusera  For negative controls cells which can detect
serological contamunants  are chosen  Such contammants may
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be traces of other rhesus antibodies or ABO or other antibody
which has been inadequately absorbed To cover these eventualities
two sets of controls are needed one for the ABO system and the
other for the rhesus system

TABLE XIII
Rh GENOTYPING CONTROLS

Absorption
Antiserum | Positive control Negatue control eontrol

Antic | CDefcde (R,r) | CDe/CDe (R,R;) | AB RiRy

Ant1 E | CDe/cDE (R,R,) | CDe/CDé (R,Ry) | AB RiR;
Anti D | CDe/cde (R;r) | Cdefede (RT)* | ABrr
Ant1 C | CDe/cDE (R,R,) | ¢cDE/DE (R,R,) | A,Brr
Antrre | CDe/cDE (R, ) | ¢CDE/cDE (R:R;) | AB R:Ry

cdefede (1t} 1s a more eas Iy obtained alternat ¢

Where genotypes cannot be assumed from the phenotypes using
only four sera dosage tests may be mvaluable but controls are very
essential m such examimations

Results of testing with the rhesus antisera are scored i the
manner described in Chapter 14

Reactions of (+)and W should be investigated further Table XIV
shows results obtamned using the four generally available antisera

TABLE X1V
Rh TESTING WITH FOUR ANTISERA

Conumonest genof) pe

CDej/cde
CDc/CDe
cdejcde

Antt C | Ant D ‘ Anit E ? Anti ¢

i
cDE/cde or ¢cDE/cDE
Requires testing with anti-¢
| or dosage test with anu E
| ‘ + CDe/cDE

i
P4+
LA

R

+1+
R
I+

i
- ! | Cdefede?

In view of the frequen y of DU n¢h  gc otypes they sh 1d be tested wth b ttery of
ant D sel

IDENTIFICATION OF RHESUS ANTIBODIES
As a general rule antibodies giving strong reactions 1 albumin
are rhesus antibodies  To idenufy the antibodies 1t 1s necessary to
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test the sera agamst a panel of group O cells selected to mclude as
many antigens as possible  Antibodies of othier groups may also be
present 1 the sera, genotyping of donor and recipient or parents
being an inaluable lead 1n this invesugation  The tests should be
done 1 salme and albunun at 37°C and also 16°C since very
occasionally rhesus antibodies are found with this thermal optimum

REMOVAL OF UNWANTED AGGLUTININS

It 1s not always possible to remove rhesus antibodies from rxtures
but sometimes success 1s obtained by absorbing the serum with an
equal quantity of packed cells of the approprate group at 37°C
for 2 hours

The antibodies 1dentified by a panel of cells are shown i Table XV

TABLE XV
IDENTIFICATION OF THE Rh ANTIBODIES
e | Re | Re | Ry | Rr | Rr | RR, | RR,
cde/ | CDel { cDE[ | ¢Def | cdF] | Cde] | CDe] |cDF}
ode ede cde ede | cde ede | CDe eDE
AnuD - + + + — - + +
AnutDC| — + + + - + + +
AnuDE| — + + + + - + +
Anu E - - + - + - - +
Anti-c + + + + + + — +
Ant: C - + — - - + + —

TITRATION SCORES

Where a suspected serum contans another anttbody m addition
to one 1n the rhesus system 1t 15 tested by titration with those cells
with which 1t reacts and some with which it does not react as con-
trols The titrations are scored by applymng a numencal vatue to the
agglutmation mn the manner described 1 Chapter 15

Inspection of the titration scores will reveal a higher score for a
double dose of reacting antigens and sometimes a still higher score
for a single dose of each of two reacting anfigens for example

Cells Seore Redacting antigens
CDefcde hk 20 c
cde/ede kL 26 [
CDejcde KL 30 cK

Such a serum seems to contain anti ¢ and anti K
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The same scoring system 1s used for dosage tests as mdicated
the first two lines of the example, the homozygote producing a
higher score than the heterozygote

A RARE RHESUS ANTIGEN

A rare antigen m white people was described by Rosenfeld in
1953 and termed V  Its precise place 1n the Rh system 1s not known
but 1t 15 assoctated with cde and cDe Negro bloods tested gave
positive reactions m 50 per cent of cases so that 1t 15 possible that
transfusion of Negro blood to white people and mixed matings may
cause immunization against the antigen

TRANSFUSION IMMUNIZATION

Indviduals vary enormously 1n their ability to produce rhesus
antibodies In the author s experience 2 D negative woman recened
70 pints of D positive blood over a period of 5 years before develop
g antibody  As an old woman suffering from a chronic bleeding
condition 1t was considered wasteful to give D negatve blood
but 1n such cases a low titre antibody could by bad techmique be
overlooked The patient might take the blood without untoward
effects but would recetve no lasting benefit since the cells would
disappear rapidly from the circulation  Inspparent haemolysis of
this sort 1s shown by a failure of the haemoglobin level to rise m the
absence of further bleeding

Stnce the sensitization produced by one dose of rhesus antigens
persists for many years and perhaps for Iife 1t 1s essential especially
1n females under menopausal age that the correct rhesus blood group
15 given

HAEMOLYTIC DISEASE OF THE NEWBORN

It 1s convenuent at ths stage to discuss haemolytic disease of the
newborn  Sensitization of the mother by an incompatible foetus
results 1n the production of antibodies which circulate 1in the growing
fant and may cause death 1 utero or a haemolytic anaema of
greater or lesser seventy in the infant after bith The haemolytic
triad termed erythroblastosis foetalis consists of (a) hydrops foetalis
1n which the oedematous foetus 1s born dead at or about full term
(b) 1cterus gravis neonatorum 1 which the mnfant born apparently
healthy becomes jaundiced within 2 few hours and dies quickly of
kernicterus (poisoning of the basal ganglon of the bramn by the
products of hacmolysis) or after a period of 7-21 days of profound
anaema (c) haemolytic anacmua of the newborn 1n which the child
may be only muldly affected having what appears to be a physto
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logical jaundice Which takes some time to clear up, and remaming
pale for some months

The manner yn which sensitization occurs 1s not certam but 1t
would appear that soluble antigenic material or actual tissue frag
ments are the agent rather than red cells  Such antigemc material
passes from the placenta into the maternal circulation causing the
primary response  Subsequent pregnancies are affected, the first one
escaping unless there has been prior sensiization by transfusion
The nhentance 1s shown i Fig 41 and 1t will be noted that every

d d

cDe cDe cDe cde

9 cde | cDe/cde | cDe/cde ? cde cDe/cde | cde/cde

cde |cDe/cde |cDe/cde cde |cDe/cde | cdefcde

(a) 18)

FiG 41 —(A) Mating of homozygotes (B) mating of heterozygous
father with homozygous mother

child of the homozygous father 1s incompatible but only 50 per cent
of possible progeny of the heterozygous father are incompatible
It 1s possible 1n such cases to advise the parents about further
children simply by genotyping

Erythroblastosis 1s not a constant feature of the disorder and
may occur 1n nfants born of diabetic mothers, 1n congemtal heart
disease and even i normal mfants but severe cases may have as
many as 200 000 erythroblasts per cmm (Fig 42) In any case
more than 20 erythroblasts per 100 white cells seen 1 a stamned
film1s abad sign  There may be 50-60 per cent of reticulocytes and
polychromasia macrocytosis and other signs of blood regeneration
present in the blood film  Even the apparently healthy born mfant
who 15 gomng to be affected may have some anaerma resultng from
red-cell destruction m utero, although 50 per cent of cases have a
cord haemoglobin of 14 5 g per cent or more Kernicterus 1s far
more likely when the cord haemoglobin 1s between 10 and 15 8 g
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FiG 42 —Penipheral blood m haemolytic discase of the newbomn
h g the erythr D ble for the popular and
nusleading term erythroblastosis foetalis

per cent than when 1t 1s over this latter figure Mortality increases
as the bilirubin level goes above 2 mg per cent but smee the bilirubin
cycle 1s not well established 1n infants the Jevel 15 no measure of the
haemolytic process although the more anaemuc the mfant the higher
the bilirubin usually

Haemolytic disease of the newbom due to rhesus incompatibility
occurs 1 1-200 of all pregnancies and 95 per cent of cases are due
to ant D ABO patibil result 1n H lytic disease
1-2 000 to 3 000 of pregnancies and 1s usually mild n character
Other blood groups are also mnvolved and are discussed in the
appropriate chapters

It seems clear that only the incomplete antibody 1s capable of
passing the placental barrier hence the relative mfrequency of ABO
incompatible pregnancies Immune antt A and anti B do pass the
placenta as do immune anti M and anu N The very infrequent
mcompatibilities due to MN antigens are due to the lack of potency
of these antigens 1n man  When the maternal serum contains pre
domunantly mncomplete antibody 1t passes the placenta readily but
saline rhesus antibodies do not pass it at all It follows from this
that the Coombs test on the mfant s cells 1s the surest method of
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detecting whether the child 1s going to be affected This may be
very weak 1n cases of heterospecific pregnancies due to the ABO
system but the lytic property of the maternal serum can be utihzed
to detect such cases The fresh maternal serum mcubated with the
infant s cells failing to lyse makes the diagnosis of haemolytic discase
due to the ABO group unhkely

Jaundice 1n the newborn nfant 1s not necessanly due to haemo
Iytic disease Congemital obliteration of the common bile duct,
hepatitis and even hereditary spherocytosts can cause jaundice, but
usually later than 48 hours after birth and the Coombs test 1s
negative 1n these conditions

Treatment of the infant affected by haemolytic disease depends
upon the seventy of the condition assessed on the haemoglobin value
and serum bilirubin level, but usually mvolves replacement trans
fusion wath cells which will not be affected by the antibody The
process which 1s carried out via the umbilical vemn also removes
some of the free antibody Since the ABO agglutinins are not
present at this early stage mn cases of rhesus mcompatibility blood
compatible with the mother should be used for transfusion It
may be necessary for transfusion to be repeated at mtervals

ANTENATAL TESTING

In the normal course of events the ABO and D groups of pregnant
women should be determined early in pregnancy For practical
purposes only those women who are D negative are considered
further Previous history of pregnancies or transfusion 1s very
important and since sensitization may take place early m Ppregnancy
abortions must count as previous pregnancies The blood must be
examned for antibodies at the earliest opportunity and certainly at
28 weeks and agam at 36 weeks Many cases only develop ant
bodies late m pregnancy and the true titre 1s not seen until after the
Ppuerpenium  Weak antibodies detectable only by papam techmques
and very weak Coombs test may be just as dangerous to the foetus
as stronger antibodies hence every available method should be

used for their detection
TECHNIQUE
The following are details of techmques relevant to data discussed
w the first part of this chapter
PROVISION OF ANTISERA

(1) Collect blood from the donor nto a dry stenile bottle and allow to
clot at room temperature
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(2) Store the bottle overmght at 4 C with the clot 1n contact with the
serum to remove nion specific cold agglutinins and next morning
remoze the serum 1n the cold

(3) Should the serum show any tendency to hacmolyse the cells agamst
which 1t 1s to be used 1nactivate it at 56 C for 30 minutes to destroy
complement

(4) Absorb the serum at 4°C for 6-8 hours muixing every 2 hours
with an equal volume of the appropnate red cells *

(5) Centrifuge the muxture to pack the cells and carefully remove the
serum

(6) Test the serum at 20 C for 2 hours agamst 2 per cent suspension of
A; and B cells of appropriate rhesus groups to ensure complete
absorption and repeat absorption if necessary

(7) Finally dispense the serum in small amounts and store at — 20 C

Note Serum stored for months 1n small amounts tends to detenoratf
faster than that stored 1n bulk It 1s suggested that scra are disp
m small amounts only sufficient for a month s work

RHESUS GROUPING (D ANTIGEN) — SCREENING
METHODS
Murray slide method saline antt D
(1) Wash cells twice with normal physiological saline and make up to
25 per cent suspension
(2) Place 1 drop of ant1 D on one end of platform of shde and 1 drop
of cell suspension at other end of platform
{3) Mix by tlting shide and breathing on 1t to make drops run more
easily
(4) Incubate 30 mnutes at 37 C 1n moist chamber made of Perspex
box with layer of moist lint at bottom
(5) Read macr 1ly and 1

Murray shde method mcomplete antt D

Exactly the same techmque except that 1 drop of 20 per cent oX
albumun 1s also added to mixture

Chown capillary method saline anti D
(1) Wash cells twice 1n normal physiological saline and make up to 25
per cent suspension
(2) Dip end of capillary tube (bore 0 4 mm cnitical) into salne anti D
and allow serum to run halfway up the tube
(3) With finger over end of tube to prevent bubble of air at nterface
of two flurds dip end 1n ccll suspension and allow to run up tube

R dcells f rabsorption retah 10 ACD not more thand4d y 1 rth tmeof se
andshould begroup A and Bor A Ba d houldla kth  1gen to the ant body to be lefi tn the
serum
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(4) Tnvert tube and stick i Plasticine at angle of 45°

(5) Incubate at 37°C

(6) Read after 5-15 minutes  Positives show aggregate of cells along
length of capillary negatives as smooth unbrohen pink hine

Note Serum must be of titre as to watk d threcfold
dilution with saline prior to use  Neat scra or incomplete sera are not
suitable

@

RHESUS GROUPING (D ANTIGEN)—TUBE METHODS

(1) Wash cells twice with normal physiological saline and make up to
2-5 per cent suspenston

(2) To precipitin tubes add 1 drop of saline anti D and to each tube
add 1 drop of cach patient s cells

{3) Mux by flicking with the finger and cap tubes

(4) Incubate at 37 C for 2 hours and cxamine macroscopically and
microscopically

Note Controls of O CDe/cde +
O Cde/cde —
A,B D negative

Absorption control should be set up each time and where possible
routine D typing should be done with more than one anti D serum to
pick up D antigen

ALBUMIN REPLACEMENT TECHNIQUE

This technique can be adapted for use with incomplete ant1 D by
using stages I 2 and 3 and mcubating for 14 hours only At the end
of this time carefully remove the supernatant serum and replace with
an equal amount of 20 per cent ox albumin without disturbing the

d d cells Then t for a further half hour and examine

lly and micr 1y

Note The use of alburmin creates an apparent haemolysed suspension
but this 1s due to refractive indices and 1s not haemolysis at al

ALBUMIN ADDITION TECHNIQUE

Some sera are very suitable for this techmique which avoids the
laborious pipetting of the supernatant  Instead of removing the serum
an equal amount of albumun 1s carefully added to the tubes and the
tests rewncubated for a further 30 minutes  Read 1n the usual manner

EMERGENCY RHESUS GROUPING
Tube centrifuge techmque

(1) Wash the cells twice 1n normal physiological saline and make up to
25 per cent suspension 1n saline or n albumin 20 per cent
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(2) Add 1 drop of saline antt D or albumun anti D to the tubes and
1 volume of cells 1n salme or albumn

{3) Incubate the tubes at 37 C for 15 minutes

(4) Centnfuge the tubes for 2-3 minutes at 2000 rpm

(5) Read mucroscopically taking care not to mustake pached cells for
agglutination

Note Controls are even more essential wath this method

THE SANDWICH TECHNIQUE (STRATTON)

(1) Place 1 volume of anti D serum 1 volume of 30 per cent albumin
and 1 volume of once washed packed cells on a microscope slde

{2) Mix the reagents and place a second slide on top wiping away any
excess flud from the edges

(3) Incubate at 37°C for 10 nunutes and read microscopically

Pressing the shides with a finger allows the clumps to move ensunng
that they are really agglutinated This techmique works well with sera
which are not potent enough to use 1n the tube or other techniques

b¥ TYPING

{1) Wash the cells twice with salme and resuspend to 50 per cent and
2 per cent 1n saline

(2) Test the 2 per cent suspension with a mimtmum of five strong salne
ant1 D sera  Should some of the sera react and others not the cells
are classed as High Grade D

(3) Expose the 50 per cent suspension to several powerful incomplete
ant1 D sera for 2 hours at 37 C

(4) Perform Coombs test m treated and untreated cells Positive
reactions with some or all the albumin antibody treated cells
classify the cells as Low Grade DY if they have not reacted with the
saline antibodies The High Grade cells usually react with alburmn
antibodies also  The untreated cells are tested by direct Coombs
test to exclude false positne due to cold incomplete auto
agglutinins

RHESUS GENOTYPING

{1) Wash the unknown cells twice 1n saline and resuspend to mahke a
2~5 per cent suspension

(2) Deliver 0 008 ml volumes of the appropriate sera to the bottom of
precipitin tubes and add equal volumes of the cells

(3) Firck the tubes to mux incubate 2 hours at 37 C and if saline anti
sera have been used read directly  If albumin antiscra have been
used the h 18 ded

The tests are read by transferring the deposited cells to a shide and
read microscopically
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IDENTIFICATION AND TITRATION OF ANTIBODIES
WITHIN THE Rh SYSTEM

(1) Titrate the serum 1n saline and albunun against a panct of group O
cells to nclude as many antigens as possible

(2} Add 1 volume 2 per cent suspension of cells to each tube and
ncubate 2 hours at 37°C

(3) Read mucroscopically

PAPAIN TECHNIQUE OF LOW
Reagent
(1) Grind 2 g of papain 1n a mortar with 100 ml of M/15 phosphate
buffer pH 5 4 and filter

(2) Add 10 ml of 0 § M cysteine and dilute with the buffer to 200 ml
(3) Incubate 1 hour at 37°C

The incubated enzyme can be stored at — 20 C for many months

Vethod

(1) Mix 3 volumes of enzyme solution with 1 volume of serum

(2) Place 1 volume of muxture 1 a tube with 1 volume of 3 per cent
suspension of appropniate red cells mix and mcubate at 37 C for
2 hours

{3) Read macroscopically and microscopically

The technique can be used for rhesus typing with weak antisera or
for the detection of weak antibodies

HAEMOLYSIN TECHNIQUE FOR ABO HAEMOLYTIC
DISEASE

(1) To 1 volume of fresh maternal serum add 1 volume of once washed
infant s red cells 2-5 per cent suspenston

(2) To another tube add 1 volume of fresh maternal serum and once
washed adult cells of the same ABO group as the mfant 2-5 per
cent suspension

(3) Incubate both tubes at 37 C for 2 hours Failure to lyse the
infant s cells makes diagnosis of haemolytic disease due to the
ABO group unlikely Failure to lyse the adult cells excludes
haemolytic disease due to ABO incompatibility
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CHAPTER 18
OTHER BLOOD GROUPS
THE LEWIS BLOOD GROUP SYSTEM

HISTORY

Tue LEwis blood group system was discovered by Mourant 1n 1946
using a naturally occurnng antibody which reacted better at room
temperature than at 37 C The antibody differentiated those tested
mto Lewis positive and Lewis negative but peculianties of the group
soon became obvious Andreson noted that Lew:s posttive children
were produced 1 matings of Lewis negatives, and that the frequency
of Lewis positive was much higher i children than 1p adults  To
explain these observations he suggested that in adults the group was
behaving as a recessive characteristic that 1s not expressing atself
n single dose while in the infant 1t was behaving as a dommant
It follows that n the adult the Lewis positive individual 1s homozy
gous for the characteristic

A second peculianty of the group described by Grubb in 1948
was 1ts assoctation with the secretion of ABH substances, Lewis
positive mndividuals being non secretors

Another antibody defining a second Lews antigen was described
by Andreson 1n 1948 The reactions with most sera were almost the
oppostte of the origmal serum so the two antigens were termed
Lewis(a +) and Lewis (b 4) A specific notation for the system was
agreed upon 1n 1949 and 15 shown in Table XVI

THE ANTIGENS

The Lews antigens have been termed plasma or serum antigens
This stems from the observation by Sneath and Sneath (1955) that
when Le (8 + b —) cells were incubated 1n Le (a — b +) plasma for
24 hours they reacted as Le (a + b+) On the other hand Le
(a + b —)orLe(a — b ~+)cells incubated in Le (a — b —) plasma
donated their antigens to the plasma Lewis antigens have always
been regarded as  tender n that repeated washings in salne
remove the antigens  The antigens are not very potent and in mfants
are weakly developed cord blood groupmng as Le (a — b —) 1Itis
reported that during pregnancy the Lewss phenotype may alter
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THE ANTIBODIES

The ongmal Lewis antiserum, antt Le was naturally occurring
and most anusera smce described are of this type  They react in
saline suspenson at room temperature producing a type of agglutina
tion aptly described as strngy  Potent Lewis antisera cause haemo
lysis of the appropriate cells at 37 C the effect being increased if
the cells are previously treated with enzymes such as trypsin - In
complete Lewts antisera can sensitize red cells without agglutination
but with some sera a positive anti globulin reaction cannot be
obtaimned unless the sera are fresh  The sensttizing agent 1s often not a
y globulm so that dilutions of Coombs reagent other than those used
for Rh work may be necessary

TABLE XVI
THE LEWIS BLOOD GROUP SYSTEM

Auatibodies 22:: ﬁ:,
Phenotypes| Le (@ + b —)
’ Le (a ~b+)
Le(a—b-—)
Le (a +b+)*
Genesor | Le

annigens Le'

Genotypes | Le Le
Le Le
Leb Let

Mo t cells of Group O and A, appear to belong to phenotype Le (a + b +) the charactenstic
A aterfe iog w th the e p ession of Le 1n hicterozygotes

Anti Le' 15 a less well understood antibody Many sera give
reactions antithetical to ant1 Le but only if the tested cells are of
Group O or A, Cells of Group A are eitber not agglutmated or
only weakly affected Thus 1s said to be due to epistasis a genetical
phenomenon m which the charactenistic A nterferes with the
development of Le'

Sera contaimng a mixture of the two Lewss antibodies are some
tumes found and 1n such cases will react with the cells of most
people  In this case they have to be differentiated from anti H and
ant; O
THE LEWIS GROUP AND SECRETION

About 30 per cent of the English population are non secretors of
ABH substances and these are all of phenotype Le (a -+) With few
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HISTORY

THE 1ew1s blood group svstem was discovered by Mourant m 1946
usmg a naturally occurnng antibody which reacted better at room
temperature than at 37 C  The anubody differentiated those tested
1to Lewis-positnve and Lewis-negative but peculianties of the group
soon became obsious  Andreson noted that Lewis-positne children
were produced 1 matings of Lewis-negatnes and that the frequency
of Lewss-positie was much higher mn chidren than 1 adults To
explamn these obser ations he suggested that i adults the group was
behaving as a recessive charactenistic that 15 not expressing itsell
i single dose wiile m the infant 1t was behaving as a dominant.
It follows that 1o the adult the Lewis-positine 1ndnidual 1s homozy
gous for the charactensue

A second pecuhanty of the group descnbed by Grubb m 1948
was its association with the secretion of ABH substances Lewns-
positn e wndividuals being non secretors

Anotber anubody defining a second Lewts antigen was described
by Andreson 1 1948 The reactions with most sera were almost the
opposite of the ongnal serum so the two antigens were termed
Lewis(a +)and Lewis (b —) A specific notation for the system was
agreed upon 1 1949 and 15 shown in Table XVL

THE ANTIGENS

‘The Lewts anuigens have been termed plasma or serum antigens
This stems from the obsenation by Sneath and Sneath (1955) that
when Le(a — b —) cells were incubated in Le (a — b <) plasma for
24 hours they reacted as Le (a — b +) On the other hand Le
(a—b -)orle(a —b ~)cells incubated in Le (@ — b —) plasma
donated therr antigens to the plasma  Lewis antigens have always
been regarded as “tender in that repeated washings o saline
remote the antigens  The antigens are not very potent and 1n infants
are weally developed cord blood groupmngas Le(a — b —) Itss
reported that dunng pregnancy the Lewss phenoty pe may alter
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THE ANTIBODIES

The onginal Lewss antiserum, antt Le was naturally occurring
and most antisera since described are of this type They react in
saline suspension at room temperature producing a type of agglutina
tion aptly described as stnngy  Potent Lewis antisera cause haemo
lysis of the appropnate cells at 37° C  the effect being increased 1f
the cells are previously treated with enzymes such as trypsin - In
complete Lewis antisera can sensitize red cells without agglutination
but with some sera a positive ant: globulin reaction cannot be
obtamned unless the sera are fresh  The sensitizing agent 1s often not a
7 globulin so that dilutions of Coombs reagent other than those used
for Rh work may be necessary

TABLE XVI
THE LEWIS BLOOD GROUP SYSTEM
Antibodies 2::: t:,‘
Pherotypes| Le (a +b =)
Le(a—~b+)
1 Le(@a- b-)
Le (a+b+)t
Genesor | Le
antigens Le!

Genoty pes 'Lc Le
| Le Le
{ Le' Le
i

A ooz of G oup O and A appear to belong to phenotype Le 4 + b +) the characteristic

Anti Le' 1s a less well understood antibody Many sera give
reactions antithetical to ant1 Le but only if the tested cells are of
Group O or A Cells of Group A are either not agglutinated or
only weakly affected  This 1s said to be due to epistasis a genetical
phenomenon 1n which the charactenistic A interferes with the
development of Le'

Sera contaning a mixture of the two Lewis antibodres are some-
umes found and 1n such cases will react with the cells of most
ge:)pg In thus case they have to be differentiated from anu H and

nt
THE LEWIS GROUP AND SECRETION

About 30 per cent of the English population are non secretors of
ABH substances and these are all of phenotype Le (a +) With few
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HISTORY

THE Lewis blood group system was discovered by Mourant i 1946
using a naturally occurring anttbody which reacted better at room
temperature than at 37 C The antibody differentiated those tested
mto Lewis positive and Lewis negative but peculianties of the group
soon became obvious Andreson noted that Lewss postinve children
were produced 1n matings of Lewts negatives and that the frequency
of Lews positive was much higher 1 children than n adults  To
explain these observations he suggested that n adults the group was
behaving as a recessive charactenstic that 1s, not expressmg tsell
m single dose while m the infant 1t was behaving as a domunant
It follows that 1n the adult the Lewis positive indivadual 1s homozy
gous for the characteristic

A second peculianty of the group described by Grubb i 1948,
was its association with the secretion of ABH substances Lewis
positive individuals bemng non secretors

Another antibody defining a second Lewis antigen was described
by Andreson 1n 1948 The reactions with most sera were almost the
opposite of the ongmal serum so the two antigens were termed
Lewis (2 +) and Lewss (b +) A specific notation for the system was
agreed upon mn 1949 and 1s shown in Table XVI

THE ANTIGENS

The Lewss antigens have been termed plasma or serum antigens
This stems from the observation by Sneath and Sneath (1955) that
when Le (a + b —) cells were incubated 1n Le (2 — b +) plasma for
24 hours they reacted as Le (a + b +) On the other hand Le
(a + b —)orLe(a — b +) cells incubated in Le (a — b —) plasma
donated their antigens to the plasma Lewis antigens have always
been regarded as tender n that repeated washings m saline
remove the antigens  The antigens are not very potent and 1n infants
are weakly developed cord blood groupimg as Le (2 —b ) 1Itis
reported that durmg pregnancy the Lewis phenotype may alter
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OTHER BLOOD GROUPS

THE KELL BLOOD GROUP SYSTEM

HISTORY

The ongmal antibody which recogmzed the Kell antigen was
descnibed by Coombs, Mourant and Race n 1946 The antibody,
which was of the plete type, was obtained from the serum of a
woman who had been delivered of an infant affected by haemolytic
disease The antigen K which was defined by the antibody 15
possessed by only 9 per cent of the English population, who are
termed Kell positive  Wath the discovery of the antibody Cellano
by Levine and his associates in 1949 the mhentance of the group
by means of two allelomorphic genes without dominance was proved
and 1ts independence from other blood group systems also shown

THE ANTIGENS

The antigens K and k are both potent and 1t has been suggested
that they are tender 1n the same manner as the Lewis antigens  Stnce
the phenatype k — has a frequency of 91 per cent 1t 1s essential that
mdwviduals suffering from disorders where antibodies are easily
produced should be Kell typed and blood donated accordingly
Haemolytic anaemuas particularly are liable to form anti K

THE ANTIBODIES

No naturally occurring Kell antibody has yet been described, all
examples being derived from transfusion reactions or haemolytic
disease  Most of the antisera are mcomplete behaving as crypt
agglutinords, but saline antibodies have also been described The
antisera possess dosage properties although not well marked but
swce antik can distinguish between the homozygote KK and the
heterozygote KX 1t 1s not mmportant Anti K 1s often a serological

contamunant of ant1 D sera, hence D negative K positive cells must
be used for its demonstration

CLINICAL EFFECTS

Anti Kell can cause severe haemolytic transfusion reactions and

haemolytic disease of the newborn Anti Cellano has caused muld
haemolytic disease

THE DUFFY BLOOD GROUP SYSTEM
HISTORY

"{lﬁe %uﬂ'y blood group system takes 1ts name from the patient
o developed an immune antibody 1 response to transfusion
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

exceptions the phenotype Le (a —) are secretors of ABH substance
Strangely however non secretors of ABH substance do secrete
Lewss substance and the saliva of the phenotype Le (2 +b —)
may whibit some anti Le® sera

CLINICAL EFFECTS

Transfuston reactions due to Lewis antibodies are rare but have
been described  Therr rarity may be due to the general weakness of
the antibodies or Jack of potency of the antigens Haemolytic
disease due to the antibody does not occur even though the 1n
complete antibody may cross the placental barrier since the antt
gens may take several wecks to develop after birth

THE LUTHERAN BLOOD GROUP SYSTEM
HISTORY

The Lutheran blood group system was discovered by Callender
and Race 1n 1946 using an antibody found 1n the serum of a patient
who had multiple transfusions The patient suffered from lupus
erythematosus a condition m which antibodies are readily produced
and the Lutheran antibody was formed after the transfusion of
blood from a donor of that name The antiserum agglutmated the
red cells of 8 per cent of the English population tested and these
were termed Lutheran posiive The antigen was shown to be
mhented as a Mendelian d and to be mdependent of other
blood group systems A notation system simular to the Lewis system
1s used so that the anubody becomes anti Lu and phenotypes
Lu(a +)and Lu (a —) The gene Lu' was only recognized as the
absence of Lu untd 1956 when anti Lu® was described by Cut
bush and Chanarin

THE ANTIGENS

The Lutheran antigens have not been described as causing erther
transfusion reaction or haemolytic disease From deliberate 1m
mumzation experiments 1t would appear that the antigens are not
particularly potent

THE ANTIBODIES
The Lutheran antibodies react in saline at room temperature
the type of agglutination bemng charactenstic—consisting of fairly
large compact clumps 1 a sea of unagglutinated cells  Cells can be
sensitized to react with Coombs reagent
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OTHER BLOOD GROUPS

had been delvered of an nfant suffering from haemolytic disease
The group was shown to be snhented by two allelomorphuc genes,
the other antigen being identified by a serum discovered in 1953 by
Plaut Ihin Mourant Sanger and Race What has become the
accepted notation 1s followed the antigens being Jh and JK* and
antibodies anti JA* and anti J&'  The phenotype JN {a —~b—)
has been described but 1s rare in white people  Jk(a +b ) hasa
frequency of 25 per cent in England, Jk (a + b +) 50 per cent and
Jh(a — b -+) 25 per cent

THE ANTIGENS

The Kidd antigens seem to be well developed mn infants and
potency 15 vanable

THE ANTIBODIES

1t 15 mecessary to use the anti globulin techmque to demonstrate
the anttbodies and some sera will only react 1if the cells have been
enzyme treated When Kidd typing this techmque 1s recommended

CLINICAL EFFECTS

It seems possible that transfusion reactions can occur as a result
of immumzation with the Kidd antigens and haemolyuc disease
associated with antt Jk and other antibodies has been reported
A few cases of haemolytic disease due entirely to anti Jk* appear 1n
the Wteragure

LOW INCIDENCE BLOOD GROUP ANTIGENS
PRIVATE FAMILY ANTIGENS

Several blood group antigens have been described apparently
confined to particular families The antibodies are ranities because
the chances of sensitization by a single blood donation are small and
the possibility of a second dose quite remote ‘The antigens Levay

Jobbiis M1 Ven Ca Vw Be, Wr* By* and Rm are all private
antigens but 1t 15 possible that such an antigen although rare 1n one
face may be more common 1n another  Thus 1s well illustrated by
the Diego blood group system which was first classified as a family
anligen 1n a Venezuelan of Canbe Indian ancestry Investigations
have since showa that the antigen 1s not at all uncommon 1n South
American Indians although it 1s a distinet ranty m white people

The anubody defintng the antigen Di* 15 termed antt Di* the nota

tion following that of Duffy and swular groups although anti Di*
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

The antibody descnibed by Cutbush, Mollson and Parkin 1 1950
behaved as a cryptoagglutinoid—being detected by the antt globuln
reaction An antibody giving antithetical reactions was described
by Ikt and his colleagues 1n 1951 It was shown that the antigens
were iherited by two allelomorphic genes without dominance and a
form of notation adopted Itke the Lewss and Lutheran systems

THE ANTIGENS

The antigens appear to develop carly m Lfe and have a racual
distribution  Quantitative differences in the antigens have been
demonstrated In the English population Fy* has a frequency of
66 per cent The antigens are potent but individuals vary greatly
11 thetr ability to react to the stimulus

TABLE XVIl
THE DUFFY BLOOD GROUP SYSTEM

Antibodies ﬁ::: }_-:g,'.
Phenotypes| Fy (a + b —)
Fy(a+b+)
Fy(@a—b+)
Fy(a —b—)

Genes or Fys
antigens Fyt

Genotypes | Fy Fy
Fys Fy®
Fy’ Fyh

Des 1bed in Negroes 68 per cent

THE ANTIBODIES

The ongnal anti Fy was an mcomplete antibody reacting only
by the indirect Coombs test However m salme anttbodies have
since been described and dosage properties demonstrated Anti
Fy" 1s a much rarer antibody but both antibodies have been found
assoctation with transfusion reactions and haemolytic disease

THE KIDD BLOOD GROUP SYSTEM

HISTORY

The Kidd blood group system was d ed by Allen D d

and Niedziela 1z 1951, using a serum obtamed from a woman who
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OTHER BLOOD GROUPS
(2) Incubate 2 hours at 37 C
(3) Wash three times with saline and test with anti globulin serum

NB Include known controls Sensitization time vanes with anti
serum and must be found by tnal and crror

DUFFY TYPING USING ANTI Fy* SERUM

(1) Using the same techmque as for Kell typing incubate for the appro
pnate ume for the batch of scrum at 37 C
(2) Perform Coombs test on seasitized cells
N B Include known controls

Test negatives with another batch
of serum

KIDD TYPING USING ANTI Jk* SERUM
(1) Trypsimze unknown cells and known Jk positive and negative cells
(2) Incubate with anti Jh serum for 30-45 munutes 1n proportion of

2 volumes of antiserum to one half volume of washed pached
trypsimized cells

(3) Wash three times and perform Coombs test on cells
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has not been described The antibodies of the private antigens react
marnly by the ant1 globulin technique but saline antibodies have also
been described

HIGH INCIDENCE BLOOD GROUP ANTIGENS

PUBLIC ANTIGENS

The converse of a private antigen 1s one which 15 very widely
distributed  Such antigens are termed pubhc antigens and the rare
reciprent who lacks the antigen has a very good chance of becoming
smmunized The antigens H Ty Vel and Yt are regarded as public
antigens the antibodies being antt Ty, ant1 Vel and antt Yt
ordinanily active at 37 C and some samples having hacmolytic
properties

TECHNIQUE

The following are details of the techniques appertaining to the blood
group systems tabulated 1n the earlier part of this Chapter

LEWIS TYPING WITH ANTI LE SERUM
(1) Plact equal volumes of antiserum and 2 per cent suspension of red
cells 1n precipitin tubes

(2) Incubate 2 hours at room temperature and read microscopically
NB Wash cells three times with saline since although the cells are
tender the antigens are also present mn the serum and may cause

whibition of the testing serum
Use at least two different anti Le sera
Include known Le positive and Le negative cells as controls

.
DIFFERENTIATION OF MIXED ANTILE 4 ANTILE'
FROM ANTIO OR ANTI H
Using standard techmique for Lews typing test the serum agamnst
several cells of group O Le (2 —b —) If reactions are positive the
serum 13 not ant1 Lewis mixture

LUTHERAN TYPING USING ANTI LU SERUM
Using the same technique as for Lewis typing mcubate at the known
optimum temperature (usually 18-20 C) for 2 hours
N B Include known controls Handle deposited cells gently

KELL TYPING USING ANTI K SFRUM
(1) Mix 2 volumes of antt K serum with one half volume of washed
packed fresh cells
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USES OF BLOOD GROUPING

system with elliptocytosis 1s proved but not enough markers are
available for other characteristics to be labelled with certainty
The ability to taste phenyl thio carbamide (PTC) 1 a dilution of
1 20000 1n tap water 1s a non blood group marker used 1n linkage
studies The gene for tasting the compound, an unpleasant bitter
matenial 1s called T and 1s domunant to its allele t for non tasting
1t 15 not a clear cut marker since there appears to be a sex difference
but linkage with the blood group systems has not been demon-
strated However with the mine major blood group systems it
provides us with ten marker genes

THE DISTRIBUTION OF THE BLOOD GROUPS

Knowledge of the blood groups of different races and nationalities
18 of great value 1n ethnology  Study of the frequencies has enabled
conclusions to be drawn regarding migrations of populations n the
past although some cases would seem to conflict with other evidence
The ABO frequencies m Iceland Scotland and Northern Ireland
(not English settlers) are very sumlar and two conclusions may be
drawn from this fact  Furstly 1t may be suggested that the Icelandic
settlers ongnally came from Scotland or Ireland but history tells
us that the first colonizers were Vikings The modern Scandinavian
ABO frequencies may however result from dilution with an Asiatic
phenotype 1n which case the onginal settlers may have been Scandi-
navian  Evidence for the mvasion of Europe by an Asiatic race 1s
gleaned from a study of ABO and especially Rh frequencies To
explain the ligh frequency of the d gene when there 1s constant
selection against the heterozygote exerted by haemolytic discase, 1t
1s suggested that the present frequencies result from dilution of the
predommantly Rh negative oniginal Europeans with an Rh positive
invader The high frequency of D among Negro and Chinese
populations accords with this theory of an Asiatic mvader As a
further example of blood groups n ethnology 1t 15 surpnsing to
find that the Polynesian tribes resemble South American peoples m
their ABO frequencies whereas they are believed to have onginated
from SE Asia It may be that the use of blood groups 1n this
instance may alter theories of migration 1n this part of the world

RED CELL SURVIVAL

The Ife span of normal red cells has been established by many
methods the modern one of tagging with a radioisotope having
already been descnibed (see Chapter 13) However by transfusing
compatible cells of different blood group to a normal individual
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CHAPTER 19
USES OF BLOOD GROUPING
GENERAL

INTRODUCTION

ALTHOUGH the most obvious use of blood grouptng 1s m blood
transfusion to save life 1t 15 of great value n other directions
Medico legal aspects have alieady been mentioned, both in respect
of disputed patermity and 1dentification of blood stams and to this
must be added the 1nvestigation of haemolytic disorders by sed-cell
survival studies  Less well known 15 the use of blood grouping 1
human genetics applied to ethnology and anthropology

MARKER GENES

Some characteristics can be shown to be mnhernited together 5o
consstently as to leave no doubt that the genes are on the same
chromosome Where such Iinkage can be established the genes are
known as markers and the more marked genes there are available
the easter 1t 1s to prove further linkage Much work has been done
with the frmt fly Drosophila with the production of maps showing
the actual order of genes on the chromosomes In humans the sex
chromosomes are better known in this respect but the blood group
genes are valuable as autosomal markers since they are not sex
linked Unlike many physical charactenistics whose inhentance 18
multigenic the blood group genes also possess the advantage of
controlling single antigens  Although crossing over disturbs
linkage studies 1t can be used to determine the closeness of the
linkage

LINKED CHARACTERISTICS

Most of the blood group systems segregate independently but it
would seem that the Lewis and Lutheran systems are inherited by
genes showing autosomal linkage  Attempts to show linkage
between blood group systems and other mhented charactenstics
snclude elliptocytosis Mediterranean anaemia sickle cell anaemia
and acholunic jaundice as red cell defects but normal charactenstics
such as red hair have also been investigated Linkage of the Rh

250



CHAPTER 20
BLOOD TRANSFUSION
GENERAL

HISTORY

ALTHOUGH the onginal suggestion came from Andreas Libavius 1n
Italy as early as 1615 there 1s no record of a successful attempt at
blood transfusion untit 1666 when Lower, having almost completely
excanguinated a small dog resuscitated the ammal with blood from
another dog A year later Denys 1 Panis transfused blood from a
calf to a dog and later stll reported the transfusion of a small
amount of sheep blood to a human being Domestic ammals were
frequently used as donors after this, particularly in cases of post-
partum haemorrhage butit was not until 1818 that Blundell reported
a successful human blood transfusion having first shown that the
blood of one species was harmful to another

The greatest difficulty 1n the early days of blood transfusion arose
from clotting 1n the apparatus used At one time defibninated blood
was used but was eventually rejected mamly 1t would seem because
its protagonists were also exponents of the use of animal donors
Sodium phosphate oxalates peptone and hirudin were tested as
anticoagulants but were found to be toxic or frankly poisonous
Sodum citrate regected as toxsc by Lespinasse i 1908 was success
fully used for the first ime by Agote 1n 1914

The danger of transfusion within human bemngs was appreciated
by Higgnson 1 1857 but the nature of the danger was only fully
understood with the discovery of the blood groups by Landstemer
(1901, Jansky (1907) and Moss (1910)

ABO TRANSFUSION POSSIBILITIES
With the discovery of the ABO blood group system 1t became
obvious that transfusion between the groups was limited by reason
of the naturally occurning antibodies The possible donors and
reciprents within the system are shown in Fig 43 Unfortunately,
Group O blood because of 1ts apparent safety became known as that
of a Umwversal Donor and was used for recipients of all ABQ groups
S practice, 1n addition to being a wasteful misuse, also caused
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HAEMATOLOGICAL AND BLOOD TRANSFUSION TECHNIQUE

1t 15 possible to determine the hfe span of the transfused erythro-
cytes by blood grouping methods In hacmolytic anaemus the
techmque has been used to decide whether a red cell defect or a
plasma factor 15 responsible for the haemolytic process Ashbys
(1919) techmque of ndirect differential agglutination consisted of
transfusing Group O blood to recipients of other groups The
muxture of cells was then treated with the appropriate agglutmating
serum leaving the donor cells free  The darect differential agglutima
tion technique aimed at the donor cells leaving the recipient s cells
unagglutinated

1t 15 essential that very potent antisera are used 1n thus technique
which can be extremely accurate withm the lints of error of a red
cellcount The available sera limut the method to the ABO and MN
groups but work with the Rh system has been described

TECHNIQUE

DIFFERENTIAL AGGLUTINATION (DACIE AND
MOLLISON 1943)
The following describes differential agglutination techmque
(1) Add 01 ml venous blood to 4 9 ml of 3 per cent sodm citrate
and mix well making a dilution of 1 50
(2) To 1 volume of this suspensionn a 75 X 10 mm tube add 1 volume
of the approprate potent agglutinating serum mux well and stoppet
with a well fitting rubber bung  The dilutton1s now 1 100
{3) Allow to stand at room temperature 2 hours and then centrifuge at
1500rpm for 1 mmute
(4) Shake vigorously so that the large agglutinate 1s broken 1nto smaller
fragments and allow to stand 1 munute
(5) Remove the upper three quarters of the suspenston consisting of
free cells and small clumps and centrifuge this mixture 1 miute at
1500rpm
(6) Well mix by the standard procedure of 50 wnversions threugh an
angle of 90-120 degrees at the rate of one per second
(7) Ful chamber from the upper layer of this suspension and after
allowing the cells to settle count the free cells
N B Pre transfusion sample should show a blank of no more
than 10 000 free cells per c mm when blood contamning 5 mulls fc mm.
15 agglutinated by thus technique
The test 15 repeated at intervals post transfusion and the number of
unagglutmated cells present reported either i absolute numbers or as
a percentage of the number present 24 hours after transfusion
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BLOOD TRANSFUSION

Extensive operations are possible with modern techmque 1n
anaesthesia and such procedures require  cover * with compatible
blood The demands 1n some cases may be very large as n operations
using a heart lung machine, or small when designed to counteract
surgrcal shoch rather than actual blood loss

Burns which involve plasma loss are best treated with the appro
pnate fluid but there may be indications for blood transfuston 1f
burming 15 extensive and haemolysis results  Loss of fliid by vomt
g diarthoea or exudation into the bowel duning obstruction does
not require transfusion of blood

Blood 1s not a tonic and although some conditions may require
treatment with blood or 1ts products in the absence of actual blood
loss there seems to be no vahd reason for blood to be given to the
moperable cancer m extremis  Blood 1s a dangerous substance and

although 1t 15 a most valuable one should not be prescribed ndis
crimmately

HAZARDS OF TRANSFUSION

Avoidance of transfusion hazards 1s properly the responsibility
of the cimcian and the dangers are mentioned here only briefly
Local reactions such as haematomata thrombosis and sepsis at the
site of transfusion can 1n great measure be avoided by the correct
techmque  Circulatory overloading 1s 2 problem which can atise
from a wrong assessment of the needs of the patient Citrate
mtoxication can theoretically ensue 1if a great amount of citrated
blood 1s transfused very quickly and this has been reported i infants
Interference with the coagulation mechamism 15 unlikely since the
concentration of citrate necessary would probably cause death
Potassium mtoxication theoretically can anise from the use of stored
blood simce the potasstum quickly diffuses out from the red cells
but this is unlikely to occur unless the patient s blood potassium level
1s already raised and several pints of more than ten day-old blood
transfused

Simple febrile and allergic reactions to transfusion are very com
mon and are usually controlled by the admimstration of antipyretics
and antihistamine drugs

Two other chinical considerations must be mentioned here
Firstly the possibility of air embolism a condition which should
never occur despite the ability of the body to withstand small
amounts of air ntravenously The positive pressure 1s usually
produced by means of a Higginson syrnnge but a pump using pres
sure outside the apparatus and literally rolling the blood forward 1s
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many recipients to become sensitized to other blood group antigens
It 15 to be regretted that the practice still survives 1 a modified form
blood of Group O Rh negative betng regarded as that of a unwversal
donor This 15 even more wasteful because of the comparative ranty
of the blood concerned and the dangers of sensitization still apply

[¢]
[¢]
/ \\ Fic 43 —Transfuston
A e possibilities within
A\ /

8 B the ABO blood group
system
AB
AB

Individuals of Group AB are still referred to as Umiversal Rect
pients but this 1s also a misnomer because of the possibility of
sensitization to antigens outside the ABO system In addition to
this danger 1nadequate grouping technique nught wrongly Iabel
blood of Group A,B as that of AB  The transfusion of A; or A;B
blood to such an wmdividual could be dangerous since the plasma
of the reciptent might contamn a high titre alpha agglutinm

INDICATIONS FOR TRANSFUSION

Loss of blood from any cause 1s sufficient reason for transfusion
providing the loss 1s great enough A loss of 500 ml from a healthy
donor 1s rapidly made up without assistance but the trauma attend
mg an accidental loss of the same amount could cause symptoms of
severe shock which mught be considered grounds for transfusion
As the volume of blood loss increases above 500 m! so the shock
becomes more severe and the necessity for transfusion more urgent
A sudden loss of 2 500 ml —which 1n a ten stone man 1s equivalent
to half the normal blood volume—will mevitably be fatal unless
transfusion 1s mitiated quickly

Simple anaemia 1s not an indication for transfusion unless treat
ment with haematinics fails The haemolytic and haemorrhagic
anaermas requrre transfusion depending on the extent of the anaenia
and the marrow actvity Aplastic conditions require pertodical
transfusions since the marrow 1s incapable of producing blood cells
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A cunious transmitted disorder has been recorded 1n that allergies
of the donor may appear temporanly 1 the recipicnt - Although this
seems a short hnved effect 1t 1s best not to use donors who suffer
from allergic disorders

SELECTION OF DONORS

Apart from considerations of disease already mentioned the donor
1s selected on Ius gencral health, haemoglobin level, ABO and Rh
group and for special purposes his blood genotype for other ant
gens The donor should not have been 1 contact with any mfectious
disease and should have a haemoglobin level of at least 12 4 g per
cent At the time of donation blood should be taken to check the
blood group and for serological testing for syphilis The serum of
the donor must be checked for high titre naturally occurning anti
bodies since such donors can be dangerous Immumzation by
foreign proten can cause a nise 1n titre of naturally occurring anti-
bodzes, a potnt to be cheched carcfully 1 Service personnel who
recerve moculations against tetanus and typhoid

RED CELL SURVIVAL

In spite of the fact that no obvious haemolysis 1s present 1 a bottle
of stored blood, many of the red cells have fost their power to survive
in o so that on transfusion they are rapidly removed from the
crculation  One of the factors governing post transfusion survival
of red cells 1s their content of orgamc phosphate and dextrose that
Erovnde energy for the synthesis of such compounds, particularly

phosphoglycerate and ad triphosphate  The ACD mixture
used as an anticoagulant today 1s very satisfactory for 14 days
storage of blood but the post transfuston survival of red cells
diminishes progressively so that, at 4 weeks about 30 per cent are
destroyed within 24 hours and the others survive for a much shorter
period than fresh cells

New anticoagulants are compared for red cell preservation by the
Ashby (see Chapter 19) or similar techmque An ancillary tech-
nique used 1s osmotic fragility but cells apparently fragile 1n saline
solutions often survive quite well on transfusion

COLLECTION APPARATUS

The apparatus used for collection of blood from donors consists
of a stenle bottle containing 120 ml of acid aitrate dextrose (ACD)
solution fitted with a perforated alumunum cap and rubber lzer
Some bottles have a pilot bottle fixed by a metal bracket to the neck

The talung set 1tself consists of 18 wmches of 3 mch diameter rubber
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preferable since bactersa may be sntroduced into the bottle by the
Higginson syringe

Secondly, the rate of transfusion 1s arbitranly fixed at 40 drops per
nunute but this can be markedly increased mn case of need The
blood may even be given intra artenially 1f necessary, and 1t must be
rare that reactions occur due to blood being given too fast 1n cases
of blood loss  Blood given by this method must be under pressure
Septic conditions and severe anaemuas, however may requre the
blood to be given slowly since reactions may occur due to fast trans
fusion The aetiology of the reaction i many of these cases 13
obscure

Haemolytic reactions may be due to the admimstration of meom
patible or infected blood or to blood which has undergone haemoly
sis  Chnrcally the picture 1s the same 1n all cases although properly
only the first should be termed a haemolytic reaction  The investiga
tion of such reactions 1s discussed under the appropriate section

The transnussion of disease via the transfusion needle 1s a very real
danger  Although it 1s unlikely that donors with bacteraemra would
present themselves theoretically any such condition could be trans
nmutted to the recipient The great dangers are syphilis malaria and
homologous serum jaundice, but cases have been recorded of
typhoid typhus smallpox and measles followng transfusion of
blood donated during the mcubation period

The transnussion of syphilis 1s avoided by testing the donors
serum and storage of the donated blood at 4 4° C for a pertod of
6 hours Testing of the donor s serum by Kahn or a sumlar tech
mique 1s not always a certain method of ehmmating the undesirable
donor since cases of primary syphilis are often sero negative The
storage of blood however scems to kill the spirochaete

Opunons differ as to the viability of the malana parasite 1n stored
blood and by far the safest course 1s to reject as donors not only those
who have suffered from the disease but also those who have lived
1n a malarious area without showing signs of infection

Homologous serum jaundice (virus hepatitis) 1s a disease which
ranges 1 seventy from a nuld inflammatory liver disorder to actual
lwver necrosis It would appear that the virulence of the virus 1s often
enhanced by what 15 1n effect amimal passage that 1s direct trans
fusion of the virus duning the incubation pertod from an apparently
healthy donor to the recipient  Under these circumstances a certan
mcidence of the disease 1s to be expected among transfused patients
but this can be decreased by questioning the donor Any donor
giving a hustory of contact with a jaundiced individual must be
rejected 1f the contact was within a period of 3 months
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Needles after soaking are ninsed through with a strong jet, the
inside of the butt cleaned with an appliecator and cotton wool and
the lumen cleared with a suff wire They are then washed agamn
dried and resharpened  Finally they are soaked overnight m tnt
chlorethylene to remove o1l remaning from the sharpemng drained
and polished with a cloth and nnsed through several times with
methylated spinit. Adapters and screw clips are soaked overmght
cleaned, rinsed 1 distilled water and dried

The sets are assembled, taking sets pached 1 tin boxes in dozens
and steniized at 20 1b for 30 munutes The giving sets are assembled
wrapped 1 Cellophane and sterilized mndividually 1n tin boxes at the
same pressure and for the same time

TECHNIQUE

The following techniques are those applicable to blood transfuston
as detailed 1n the first part of this Chapter

PREPARATION OF KAHN ANTIGEN

(1) Obtan fat free beef heart muscle and runce finely

(2) Spread the matenal on a tray to dry grind to a powder as it dries

(3) Extract with 400 m! ether for each 100 g dried heart powder

{4) Repeat extraction with 300 ml ether three times removing ether
by suction filtration and using a fresh filter paper each tume

(5) Dry the powder unt:l no smell of ether remains

(6) Add 5 ml 90 per cent ethanol for each gramme of powder and
shake for 10 minutes

(7) Store at room temperature 1n the dark for 3 days without shaking

(8) Shake for 10 muinutes and filter

© Qdd cholesterol to make a final 1 per cent aiding solution by gentle

eat
(10) Cool and refilter

(11) Store 1n a stoppered bottle 1n the dark at room temperature

STANDARDIZATION OF KAHN ANTIGEN

(1} Prepare six mixtures of antigen and saline by pounng the saline
rapidly mto the antigen and pouring back and forth twelve tumes
Use09 11 13 15 17and19ml of salne to 1 m! of antigen

) After 10 minutes standing place 00125 0025 and 005 ml of
¢ach antigen mixture 1n the appropnate tubes and add to all tubes
015 ml of saline Deliver the antigen to the bottom of the tubes

(3) Shake to mix then in shaking machine for 3 munutes

(4) Add 1 ml of saline to each tube with 0 05 ml antigen and 0 5 ml
salne to the others

(5) Shake to mux and examine with a hand lens for undispersed floc-
culation
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tubing with an olnve mount ncedle at each end The takung needle
15 14 S G, sharpened to a mediwm bevel and having cutting edges
1t 1s fitted with a sulette and mounted 1n a glass tube The other
needle 15 of the same size but 1s blunt and again 15 protected with a
glass tube  Although not all taking sets are so equipped 1t 15 useful
to have a glass *window let mnto the tubing at the taking end
A third needle 15 set 1n rubber tubing attached to a glass air filter
consisting of a plug of cotton wool This 1s the standard MR C
taking set

THE GIVING SET

The standard gnang set consists of a 16 S G needle protected
with a stilette and enclosed 1n a glass tube The needle 15 st m 2
short length of rubber tubing at the other end of which 1s a metal
male adapter The female adapter 1s fitted to 7 nches of § mch
diameter rubber tubing which jomns the drip chamber The dnp
chamber 1tself 1s attached by 40 inches of rubber tubing to 2
short length of glass tubing set in a rubber bung Also sct m the
subber bung 1s a long prece of glass tubing fitted with a small rubber
collar The gas mantle filter ties m place above this collar and
around a groove 1n the rubber bung Both thus set and the taking
apparatus will soon be superseded by plastic disposable sets having
the added advantage of lightness

CLEANING AND STERILIZATION OF APPARATUS

After use blood bottles are washed, preferably on a machme of
the type which cleans muk bottles They are cleared with strong jets
of warm water nside and out automatically brushed mside with
the assistance of 2 detergent and then several jets of warm water
Fmally they are treated with steam under pressure and dnied upside
down The caps are soaked 1n tap water overnight scrubbed to
remove dned blood and boiled mn distilled water for 10 minutes
Finally they are rinsed 1n distiled water and dried 1n an oven The
rubber liners are discarded since they have been punctured dunng
use
The rubber and glass components of giving and talung sets after
use are soaked in tap water overmght the gas mantle filters bemng
discarded  All glass parts are then rinsed i tap water and boiled for
10 minutes 1 distilled water and soap powder They are then
thoroughly rinsed 1n tap water ninsed 1n distilled water and dnied m a
hot arr oven The rubber parts are treated similarly except that no
soap powder 1s used They must however, be scrubbed to remove
dried blood tubing being cleaned with a burette brush
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The titre to use 1s indicated by the Ieast amount of saline with com
plete dispersal of the floc

KAHN TEST PROPER

(1) Inactnate test sera for 30 nunutes at 56°C

(2) Prepare antigen according to titre and allow to stand 10 munutes

(3) Use three tubcs for each test In the first place 005 ml 1n the
second 0-025 and in the third 0 0125 mL of antigen delnenng to the
bottom of the tubes

{4) Add 0 15 ml of serum to each of the three tubes

{(5) Shake for 3 munutes 1n the mechanical shaker

(6) Add 1 0m] of saline to that tube containing 0 05 m! of antigen and
05 ml of saline to the other tubes

(7) Shake to mux and read with a hand lens

Reading results
Aliot a number 1o each tube according 1o the degree of flocculation
Large flocs complete cleanng of solution  ++++4 (4)

Large flocs fluid opalescent +++ Q)
Flocs not readily scen by naked eye but

easily with x 5 lens ++ Q)
Flocculation only visible with lens + @

No flocculation Uniform opalescent fluld ~ Negative (0)

The results may be reported as the mean of the three readings on the
numbers separated as a senes eg +—++ +++ L4 =-+++
or4 3 2 =432 The latter method 1s preferable 1n that 1t can indicate
a falling titre level uitre or nsing utre

PRICE PRECIPITATION REACTION (PPR)
Preparanion of antigen
(1) Select fat free beef heart muscle and munce finely Gnnd with
sand or broken glass
(2) Add 50 ml of absolute ethanol to each gramme of ground heart
mn a dark glass bottle and shake thoroughly
(3) Store at room temperature for 3—4 days shaking two or three tumes
a day
(4) Fulter contents mnto another glass stoppered bottle and keep at
4 C for 24 hours
(5) While sull cold re filter to a dark glass stoppered bottle The
antigen 15 stored at room temperature

STANDARDIZATION OF ANTIGEN
(1) Into four tubes place 1 0ml of antigen add04 06 08and | Oml
of saline muxing sahine rapidly wnto antigen pouning back and forth
six times
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(2) Allow the to stand 30 then centrifuge at 2 000
rpm for 10 minutes

(3) Discard the supernatants by msversion and allow to drain upside
down on to filter paper for S minutes

(4) Dry the mnside ims of the tubes and add 0 6 ml of saline mixing
thoroughly with a pipette  This antigen is stable for 4 days if kept
at 4° C. when not 1n use

(5) Set up five sets of three tubes and 1 one of each set put 0 11 ml
of saline n another 0 11 ml of negatnve serum, and in the third
011 ml of moderately positive scrum

(6) Using one set of three tubes to cach antigen preparation place
0022 m! of antigen 1n cach tube

(7) Shake for 5 mnutes

(8) Add 1 mL of saline to each tube and read with a hand lens The
tutre for use 1 the least showing no residual floc 1 either the saline
or negative serum tubes  This 1s almost always 0 6 ml

PPR TEST PROPER

(1) Inactivate test sera for 30 minutes at 56 C

(2) Use two tubes for each test In the first place 0 055 ml of salne
and 0055 ml of serum and n the other 0 11 m! of serum  Add
0022 ml of antigen to cach tube

(3) Shake the tubes for 5 minutes

(4) Add 1 0 ml of salne to each tube and read against a strip lamp or
O\er a concave mirror

Reading results
Flocs visible to the naked eye flud clear + (strong)

Flocs yust visible to naked eye + (weak)
Flocs Just visible with lens = (trace)
Umform opalescent fld Negative

The Price Precipitation Reaction 1s the method of choice because of

the ease of reading results stabihity of antige:
n and greater specificity than
the Kahn test y 8 gl D! Yy

Rapid haemoglobmn estimation

(1) From a height of 1 cm allow a drop of donor heparimized blood
(or blood from a finger prick) to fall into copper sulphate solution
. 5 G 1052 (see Chapter 2)
)s?nl;(sser;e action of copper protemate sac for 15 seconds If drop
e aemoglobin 1s over 124 g per cent which 1s equivalent to
per cent on the Haldane scale
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PREPARATION OF ACD SOLUTION

Disodwum citrate (Na,H(CH;0,) H,0) 2g
Dextrose anhydrous 3g
Disulled water pyrogen free 120 ml

(1) Falter first through filter paper and then through sintercd glass
(2) Bottle and screw caps on Iightly Cover with small brown paper

bags
(3) Autoclave at 20 1b for 30 minutes and leave overnight i stertlizer
(4) Screw caps down tightly and secure paper bags with elastic bands
The solution shows slight evidence of caramelization  This 1s ot 2
disadvantage since 1t indicates that the solution has been stenlized
Should the bottle show any sign of scaling 1t 1s discarded

TEST FOR PYROGENS (see Chapter 23)
The A CD solution must be tested for its pyrogenic actvity (power
of producing a rise 1n temperature) and a brological test 15 used for this

(1) Obtamn threc healthy rabbits of cither sex cach weighing not less
than 1 5 kg and having a rectal temperature not exceeding 39 8
The ammals should not have been used for previous tests 1 he
preceding 3 weeks and not at all if its temperature nse i a pre
cedng test was significant since exposure to pyrogens reduces the
ammal s response

(2) Imject the amumals mtravenously with 10 ml per kg body weight
of 0 9 per cent pyrogen free sodium chlonide 3 days before the test
Ammals showing undue nise 1w rectal temperature must not be
used for the test

NB Food 1s withheld from the rabbits overnight and water with
held during the test

(3) Two hours before wmjections start taking rectal temperature at
wtervals of 20 minutes
(4) Inject mntravenously 10 ml per kg body weight of A CD puxture
(5) Take rectal temperatures at 20 mimute mtervals for 3 hours after
jection
The mean mitral temperature of each rabbit 1s the mean of the
temperatures 1ecorded for the rabbit in the 40 munutes immediately
q

p The of each rabbat 1s the
highest temperature m the 3 hours after mjection The difference
between the mean mitial and the 1
its If the d does not exceed 1 15 C the

matenal 1s passed as pyrogen free but if the summed response exceeds
265 C 1t 1s discarded and investigations started to discover the
cause
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CHAPTER 21
BLOOD AND BLOOD PRODUCTS
GENERAL

FRESH BLOOD

UseD 1n this context the term fresh blood 1mplies modified blood
which has been stored not more than 24 hours  Such blood 15 often
credited with properties dented the usual stored blood although in
many cases there would appear to be little ground for this

The haemorrhagic diatheses are the conditions m which fresh
blood or plasma 1s of the most value Stored blood 1s just as
effective as fresh in controlling the haemorrhage of Christmas
disease but anti haemophlic globulin disappears rapidly on storage
It 15 necessary to decant the plasma rapidly from fresh blood and
store 1t frozen sohd to provide the cover necessary for operative
procedures 1n haemophiia  The plasma should be prepared not
cather than 24 hours before use Many fibriogen preparations
contamn ant; haemophilic globulin but 1n amounts too small to be of
value Hypoprothrombinaemua 1s another indication for treatment
with fresh blood and 1n infants the haemorrhagic tendency 1s also
treated with vitamin K The depletion of Factor VII produced by
the admmistration of dicoumarol may be rapidly made good by
fresh blood transfusion although this factor also survives 1 stored
blood However since the haemostatic defect 1n the prothrombin
and allied deficiencies may be more than a simple one 1t would seem
that fresh blood 1s the treatment of choice i haemorrhage associated
with these conditions The bleeding which occurs 1n hypofibrino
genaemua either due to severe liver disease or the acute defibrination
syndrome following lung surgery or obstetric conditions 1s treated
with whole blood plasma or injections of fibrinogen

PLATELET TRANSFUSION

The transfusion of whole platelets 1s indicated 1n those conditions
n which platelet production 1s impaired but where platelet antt
bodues are present 1t may be a waste of time and labour Platelets
survive m citrate plasma but qualitative changes occur and 1t 15
preferable that the blood be collected mnto sequestrene (20 ml
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4 5 per cent EDTA 1n 0 7 per cent NaCl per 500 ml blood) Either
siliconed collectng apparatus 1s used or alternatively blood 1
coliccted into specal plastic bags which can be centnfuged  Using
the plastic sets the platelet rich plasma ss transferred to another bag
by merely squeezing so that 1t 15 forced through an outlet tube
Either the plasma 1s transfused or the platelets, packed by centnt
fuging and resuspended in saline are given alone

CONCENTRATED CELL SUSPENSION

The patient with a severe red cell anaemia does not need the
plasma of modified blood and mn such cases a concentrated cell
suspension ss used This 1s simply prepared using the apparatus {Fig
44} described near the end of this Chapter, whereby the cells of two
bottles are mixed ensuring that some plasma-citrate 18 left to gnve 3
final pached cell volume of about 70 per cent Stnce there 1s always
the possibility of infection 1n any process nvolving openng the
bottles concentrated cell suspensions must be used within 12 hours

To vacuum
pump

Ptasma
level

Sedimented
cell tevel

Fic 44 —A for the of d cell sus
pension  a=aur filter & =screw cip ¢ =nylon filter from
standard giving set
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PLASMA FREE TRANSFUSION

1t 15 not possible without a great deal of trouble to produce a
completely plasma free cell suspension, but in some conditions
washed cells are necessary  Sufferers from paroxysmal nocturnal
haemoglobinuria may experience transfusion reactions unless well-
washed cells are used and the rare plasma reactor also requires such
apreparation  Wheret s desired to give blood free of 1soagglutimins
the cells must also be washed A refrigerated centrifuge able to
take the M R C bottle 1s very uscful for this process Once again
aseptic conditions must be observed during the washing and the
cells finally resuspended 1n stenle salne

EXCHANGE TRANSFUSION

In haemolytic disease treatment 1s aumed at removing the child s
affected red cells and replacing with cells which will not be affected
by the particular antibody concerned  Efficient transfusion of 60
ml blood per b of body-weight should leave not more than 500 000
per cmm of cells which are liable to be affected by the antibody
Exchange transfusion at the same time removes a constderable
amount of the free antibody from the plasma  The cell content of
the bottles 1s concentrated by removing 200 m! of plasma citrate
from each bottle This avoids citrate toxicity and overloading with
flud  Caleum gluconate 1s somettmes mjected to counteract the
Citrate effect which of course 1s avoided completely 1f heparinized
blood 1s used

The blood to be transfused should not contamn the antigen corre-
sponding to the antibody causing the disease and should as far as
possible be of the same ABO group as the mnfant unless an ABO
incompatibility 15 responsible for the condition The cross match
should be performed agamnst the maternal serum 1f ABO compatible
since there may be bttle or no free antibody present in the child s
plasma  The antibody may be eluted from the cells of the nfant,
and the eluate (see Chapter 8) used wn the cross match but there
1S no practical advantage 1n this techmque

In a very small percentage of cases of haemolytic disease due to
rhesus mcompatibility 1t 1s not possible to use the maternal serum
because of ABO mcompatibihty  In such cases the ABO ant
bodies of the maternal serum may be neutralized by the addition of
Secretor saliva or even a potent serum of the same specificity as
the maternal serum used  If these techmques or an eluate of the
wfant s cells are used the cross match can be further checked by
using the chuld s serum
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Exchange transfusion 1n haemolytic disease due to ABO incom
patbility presents spectal problems  Group O blood 1s used, of the
same rhesus group as the infant, and the cells washed to remove 150~
agglutimins  To replace the protein the cells are re suspended 1
reconstituted pooled plasma or plasma of the same group as the
recipent

The routcs chosen for the adminstration of the blood depend on
the chimician but 1n the first few hours of Ife the umbilical vemn 1s
usually the choice a catheter being passed mnto the vessel ~ Alterna
tively the internal saphenous vemn or scalp veins are used although
both these routes are usually reserved for transfusions necessary
after the first 48 hours Blood 1s withdrawn 1n 10-20 ml amounts
discarded and an equal quantity of modified blood ntroduced by
means of a syringe with a four way tap The process 15 repeated
until the two bottles have been used or until the chnician 1s satisfied
that sufficient has been done for the ime being  The technique aums
at providing the infant with a haemoglobin value of 17 g per cent
the concentration of transfused cells having a depressing effect on
the marrow  This 1s important because 1t allows fewer red cells to
enter the circulation to be destroyed  If the haemoglobin value c2n
be maintained above 9 g per cent for 8 weeks, the antibody will have
almost disappeared and the nisk of further lysis dinumshed accord
ingly The most obvious danger of the syringe techmque 15 air
embolism which however 1s easily avoided by heeping the syrnge
piston uppermost and discarding bubbles as they are seen

CROSS MATCHING

Complete cross matching implies that the donor blood 1s tested
agamst the recipient serum i such a way that all possible antibodies
are included This means that the test 1s put up m saline and
albumin at room temperature and 37 C and indirect Coombs
test wncluded  Under these conditions the 1so agglutinins and
other lower teniperature antibodies are detected in saline at room
temperature and the albumin test at this temperature will detect
cold pl antibodies Tud: the rare ! Lewis
antibody These of course are also detected by the indirect
Coombs test The warm antibodies are detected m saline and
albumin at 37 C  Naturally occurring cold agglutinms that 15
active at 4 C  are not mportant but 1f they are of wide thermal
amplitude can cause trouble Such antibodies will be detected at
room temperature and even at 37 C  Enzyme methods are often
used 1 comjunction with other bility tests Tryp

266




BLOOD AND BLOOD PRODUCTS

cells constitute the most sensiive indicator of weak rhesus anti
bodies but papam techmques which fail to detect some Duffy and
Kell antibodies are not recommended

Emergency cross matching presents difficulties but the albumin
centnfuge techmque 15 satisfactory especially if combined with
Coombs’ test Shde cross matchung mn emergency 1§ dangerous, a
tube test for as little as 30 minutes being more satisfactory  Should
the emergency be even greater, blood of Group O Rh negative 13
used without cross match on the responsibility of the chnician
With plasma expanders available such emergencies should be rare

It1s wise to snclude an auto agglutinin control, that s, the patient’s
serum agamst his own cells  If agglutination occurs 1t wiil usually
mean incompatibilty 1n the tests aganst donor cells since such
antibodies are often pan agglutinins

THE USE OF BLOOD PRODUCTS

The use of fibrmogen 1 the acute defibnnation syndrome has
already been mentioned but 1t 15 possible that it might be valuable
1 other conditions Plasma fibrinogen 15 decreased in the second
week of virus infections and remams low for as long as 6 months
It 13 very low m acute yellow atrophy and hepatic disturbances
following severe burns, but plasma rather than fibrimogen 15 usually
gven 1n such cases

Varations 1n total serum proteins are not of chinical importance
unless they are very large and also qualitative Chronic diseases
especially wasting d such as tub losis, ulcera
tive colitss and hver cirrhosis are associated with an absolute reduc-
lion 1 total protein but the most marked hypoprotemaemia 1s
found 1 the nephrotic syndrome  Treatment with serum albumn
has not however, been found to be of much value in these conditions,
the albumin being passed 1n the urine

The serum globulins are ncreased 1 many conditions usually
due to an increase i y globulins which are antibody carriers  Hypo
gammagiobulinaemia however 15 not common but occurs as an
whented and sometimes an acquired condition 1t 1s usually dis
covered 1 cases of recurrent infections and 1s assoctated with a
fallure to form the expected 1s0 antibodies The amount of ¥
globulin present may be determined by cleetrophoresis or more
simply by its ability to inhent ants human globulm serum  Punified
Y globuh‘n s free of the virus of hepatitis and 15 used to treat hypo
;_' 1 or globul Leeping the patient
tee of mfection  Adult » globulin contaimmng antibodies against
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virus infections such as measles German measles and poliomyelifis
1s used as a prophylactic measure sometimes but 1t should be noted
that the protection conferred by such preparations is only temporary
since the transferred antibody soon disappears from the circulation

TECHNIQUE
Details of the techniques relevant to blood and blood products
discussed 1n the first part of this Chapter are as follows

STANDARD CROSS MATCH
(1) Stenihize cap of blood bottle with 10dine 1n propyl alcohol and
withdraw blood 1 a 2 ml synnge If the bottle suppled 15
equipped with a pilot tube use blood from the tube !
{2) Transfer the blood to a labelled tube and wash well with saline
(3) Set up two wooden blocks the first containing two precipitin tubes
one behind the other labelled with the name of the patient and
number of the bottle by means of a paper flag nserted i the
third hole  Behind this flag place two titre tubes (50 mm X
11mm) Inthe second block place two tubes as before and at the
back of the block two precipitin tubes labelled clearly the first
with patient s name and bottle number and the second Coombs
control
(4) Place a button of packed washed cells 1n each of the two titre
tubes and the back row tube of the second block
(5) To the first titre tube add sufficient saline to make a 5 per cent
suspension by eye and stmlarly 20 per cent albumin to the second
titre tube
(6) With a fine dropping pipette place 1 drop (003 ml) of salme
suspension 1n the front tube of the first and second blocks
(7) Runse the pipette and place 1 drop of albumun suspension 1 the
second tube of first and second blocks
(8) Add 2 drops of patient s serum to each of the precipitin tubes and
5 drops to that contammung a button of pached cells
(9) To the Coombs control add a button of washed packed Group O
Rh positive cells and 5 drops of a weak incomplete ant: D serum
(10) Mix all tubes by flicking with the finger cap with short flat
bottom tubes and mcubate 2 hours the first block at room tem
perature and the second at37 C
(11) Read and mucr
NB (1) Auto agglutinin control 1s set up in the same manner at
room temperature and 37 C (2) The indirect Coombs test may be
read after 1 hour at 37 C (3) For special work the cells are trypsumzed
and then the same procedure followed
e e et s

sted r the use of the pilot bottle docy prevent infect on bemng tntroduced 1nto the mai
bmlle of blood lnd thus 18 B major ¢onsideration.
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As an added precaution a smear 1s made from the blood and stained
by Grams method Only blood containing very large numbers of
bactena shows evidence of nfection by this means and the use of the
pilot tube imvalidates the procedure completely

ALBUMIN REPLACEMENT TECHNIQUE
This technique differs from the standard cross match already

descnbed only 1n respect of the albumin tube

(1) Set up the cross match as i previous technique except that two
saline suspension tubes are used tnstead of one saline and one
albumin

(2) Incubate 1% hours at 37 C then gently remove supernatant from
one of the saline tubes

(3) Gently add 30 per cent ox alburmmin 1n a volume equal to the dis
carded supernatant without disturbing the sedimented cells

(4) Incubate a further 30 minutes and read

ALBUMIN ADDITION TECHNIQUE

This method 1s more swmitable for some sera and avoids the removal of
salne serum muxture

(1) Proceed as in the pl technique but 1nstead of
removing the supernatant gently add an equal volume of 30 per
cent albumin

(2) Incubate a further 30 minutes and read
NB These two d 1ons of the standard cross match are

recommended for two reasons Firstly they are undoubtedly more
sensitive and secondly they avord rouleaux formation

CROSS MATCH WITH NEUTRALIZED MATERNAL
SERUM

(1) To 1 volume of maternal serum add an equal volume of the appro
priate boiled saliva

{2) Leave at room temperature 30 munutes

(3) To 003 ml volumes of the treated serum 1n two tubes add an equal
volume of 2-5 per cent suspension of A,B cells 1n saline

(4) Leave for 14 howrs at room temperature and add } volume of 30
per cent albumin to one tube

(5) Leave a further 30 minutes and read

NB Should this treatment fail to neutralze the ant:bodies as
shown by agglutination n stage (5) repeat with 2 volumes of saliva and

test again
EMERGENCY CROSS MATCH

(1) Wash cells and set up saline and albumm tests as N previous
technique
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(2) Set up indirect Coombs test
(3) Incubate saline and albumn tubes at room temperature and 37 C
for 30 nunutes
(4) Leave indirect Coombs test as long as possible, certainly ot less
than 20 minutes
(5) Centrifuge saline and albumin tubes at 1500 rpm for I munute
(6) Read microscopically
N B Agglutinauon may only be minimal after 30 minutes centn
fuging 1s of great assistance but agglutinates may break up easily

CONCENTRATED CELL SUSPENSION
The apparatus consists of two long needles connccted by rubber
tubing to a Y picce and thence to a nylon filter set in a 6 inches < 1
inch tube A shorter tube 15 set 1n the filter and connected to a shost
needle  Three air filters attached to short needles complete the
apparatus which 1s sterilized 1n one contarner
(1) Without disturbing the sedimented cells stenhze the bottle caps
with 10dine 1n propyl alcohol and make entry with the two long
needles one to each bottle taling the needie to the bottom of the
bottle
(2) Pierce the stenlized cap of a dry stenile bottle with the short needle
attached to the nylon filter
(3) Pierce each bottle cap with an air filter and attach that on the dry
bottle to a suction pump
{4) Aspurate the cells from each bottle 1n turn chipping off the first by
means of the screw clamp when aspiration 1s complete

N B The two bottles should be of the same ABO and Rh group and
a sample of the mixture and d for Iysis and
clumping The latter may occur shnuld one bottle contain a rarer ant
body for an antigen 1n the second

ESTIMATION OF y GLOBULIN
[¢)] Prepzu'e erght dilutions of normal serum in saltnc over the range of
000 to 1

) Prepare ddutions of patients serum 10 saline over the range of
1 50tol 1000

(3) Dilute ant: human globulin serum to optimum titre and add an
equal volume to each tube of serum dilution

(4) Test the contents of each tube against red cells sensitized with a
strong albumn ant1 D serum on a ule

The concentration of normal serum y globulin 1s assumed to be
1000 mg per 100 ml Then unk ¥ globulin 1s found
from the equation

fx1000=7globulmmmg per 100 ml
3
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where x 1s dilution of paticnt s scrum which inhibits the reaction and y
15 dilution of normal scrum which inhibits the reaction

FRACTIONATION OF HUMAN PLASMA (KEKWICK AND
MACKAY 1954)

The fractionation procedure 15 carrnied out aseptically and solutions
of the final products filtered by Seitz ampouled and freeze dnied

TREATMENT OF PLASMA
(1) Collect blood into trisodium citrate (100 m! 3 per cent trisodium
citrate made up to 540 mf with blood) The blood must be not
more than 24 hours old
(2) Separate by centnifuging and syphon off the plasma
(3) Cool to 0-2 C and filter through paper pulp at this temperature

Separation of fibrinogen

(1) Reeping the plasma at 0 C add 1 voiumes of ethyl ether

(2) Centnifuge so that the sludge which 1s precipitated 1s packed firmly
(see product (A) below)

(3) Suspend the precipitate 10 a swtable volume of citrate saline to
which has been added 8 volumes per cent of ether and centrifuge
agan (see product (B) below)

The first product analyses as 50 per cent fibnnogen the mam con
taminant being albumin  The seccond product analyses as 85 per cent
fibrinogen

Separation of prothrombm and thrombm

(1) Adjust the supernatant from the fibnnogen separation to pH 5 35
at0 C using 0 5 M acetic acid

(2) Centnfuge and suspend the precipitate at 0 C 1 a volume of dis
tilled water equal to 40 per cent of the volume of supernatant

(3) Recentrifuge This process removes antithrombin

(4) Suspend the washed precipitate in citrate sakine (10 per cent of the
onginal volume of fibrnogen supernatant)

{5) Adjust to pH 7 0 with 02 M NaOH and convert to thrombin by
tl;e addition of optimal amounts of calcium chloride and thrombo
plastin

(6) Sur the muxture vigorously at 27 C
() Centnfuge and discard the small amount of sedimented fibrin
The supernatant contains thrombin to the extent of 200x/ml and
actaty of the order of 20p#/mg protein
Ganuna globulin

(1) Adust the supernatant from the prothrombin precipitation to
PH 55 with 0 5 M NaHCO,
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(2) Set up indirect Coombs test
(3) Incubate saline and albumun tubes at room temperature and 37 C
for 30 munutes
(4) Leave indirect Coombs test as long as possible certamnly not less
than 20 mimutes
(5) Centnfuge saline and albumun tubes at 1 500 rpm for I minute
(6) Read mucroscopically
N B Agglutnation may only be nummal after 30 mmutes centn
fuging 15 of great assistance but agglutinates may break up easily

CONCENTRATED CELL SUSPENSION
The apparatus consists of two long needles connected by rubber
tubing to a Y piece and thence to a nylon filter sct in a 6 inches X 1
mch tube A shorter tube 15 set 1n the filter and connected to a short
needle Three awr filters attached to short needles complete the
apparatus which 1s stenilized 1n one container
(1) Without disturbing the sedumented cells stenlize the bottle caps
with 1odine 1n propyl alcohol and make entry with the two loog
needles one to each bottle taking the needle to the bottom of the
bottle
(2) Prerce the sterilized cap of a dry sterile bottle with the short needle
attached to the nylon filter
(3) Pierce each bottle cap with an air filter and attach that on the dry
bottle to a suction pump
(4) Aspirate the cells from each bottle 1n turn clipping off the first by
means of the screw clamp when aspiration 1s complete
N B The two bottles should be of the same ABO and Rh group and
a sample of the mixture withd and d for and
clumping. The latter may occur should one bottle contamn a rarer anu
body for an antigen 1n the second

ESTIMATION OF y GLOBULIN

(1) Prepare eight dilutions of normal serum 1n saline over the range of
1 3000to1 10000

(2) Prepare diutions of patients serum 1n saline over the range of
1 50to1l

{3) Dilute anti human globulin serum to optimum titre and add an
equal volume to each tube of serum dilution

(4) Test the contents of each tube aganst red cells sensitized with a
strong albumun antt D serum on a tile

The concentration of normal serum y globulin is assumed to be
1000 mg. per 100 ml  Then unk ¥ globultn 1s found
from the equation

;XIOOO=1glubulmmmg per 100 m1.
270




BLOOD AND BLOOD PRODUCTS

where x 1s dilution of patient s scrum which inhibits the reaction and y
1s dilution of normal serum which inhibits the reaction

FRACTIONATION OF HUMAN PLASMA (KREKWICK AND
MACKAY 1954)

The fractionation procedure 1s carned out ascptically and solutions
of the final products filtered by Seitz, ampouled and freeze dned

TREATMENT OF PLASMA
(1) Collect blood nto tnsodium citrate (100 ml 3 per cent tusodium
citrate made up to 540 ml with blood) The blood must be not
more than 24 hours old
(2) Separate by centnifuging and syphon off the plasma
(3) Cool to 0-2 C and filter through paper pulp at this temperature

Separation of fibrinogen

(1) kecping the plasma at 0 C add 11 volumes of cthyl ether

(2} Centnfuge so that the sludge which 1s precipitated 1s packed firmly
(see product (A) below)

(3) Suspend the precipitate 1n a swtable volume of citrate saline to
which has been added 8 volumes per cent of ether and centnfuge
again (see product (B) below)

The first product analyses as 50 per cent fibrinogen the mamn con

tammnant being albumun  The sccond product analyses as 85 per cent
fibrnogen

Separation of prothrombin and thrombm

(1) Adjust the supernatant from the fibnnogen separation to pH 5 35
at0 C using 0 5 M acetic acid

(2) Centnfuge and suspend the precipitate at 0 C 1n a volume of dis
tilled water equal to 40 per cent of the volume of supernatant

(3} Recentrifuge This process removes antithrombin

4) Suspend the washed precipitate in citrate saline (10 per cent of the
ongmal volume of fibrinogen supernatant)

() Adjust to pH 70 with 02 M NaOH and convert to thrombin by

“;c addition of optimal amounts of calcium chloride and thrombo
plastin

(6) Stir the mixture vigorously at 27 C
(7) Centnfuge and discard the small amount of sedimented fibrin

The supernatant contains thrombin to the extent of 200p/ml and
actity of the order of 204/mg protemn

Gaming globulin
() Adjust the from the £
PHS55with0S M NaHCO,
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(2) Reduce the 1onic strength by diluting each volume of adjusted
supernatant with 3 volumes of distilled water at 0 C

(3) Rase the ether content to 18 § volumes per cent and lower the
temperature to — 4°C

(4) Centnfuge and dissolve the precipitate which contams £ and ¥
globulins 1n a volume of acetate phosphate buffer pH 4 0 at 0 C
The volume used 1s equal to 45 per cent of the volume of super
natant taken

(5) Adjust to pH 5 0 & 0 02 with acetate phosphate buffer pH 6 0

(6) Add distilled water to lower 1onic strength to 0 010 and ether to
9 volumes per cent at 0 C

(7) Centnifuge and discard sediment

(8) Adjust the pH of the supernatant to 6 7 4 0 05 and raise ether level
to 18 volumes per cent with simultaneous coolingto —3 5 C

The final precipitate analyses as 93-95 per cent y globulin (see (C}
below)

Albumin

(1) Precipitate the total protemn 1n the supernatant resulting from the
crude separation of globulins by adjusting to pH 5 0-4 8 with
05 M aceuc acid followed by the addition of SO per cent ethanol
to a final concentration of 25 per cent and lower temperature to
—4C

(2) Extract the precipitate with a volume of distilled water at 2 C
equal to 25 per cent of the volume of plasma from which the
precipitate was obtained

(3) Centnifuge and dilute the clear supernatant with an equal volume
of water

{4) AdjustpH to 5 1 with 0 5 M NaHCO; and bring ether concentration
to 10 volumes per cent at 0 C

(5) Remove the supernatant from the tacky precipitate wathout cen
trifuging and adjust to pH 4 8 with 0 5 M acetic acid

(6) Bring ether level to 18 5 volumes per cent at 3 54 C

The precipitate formed analyses as 98 per cent albumin

(A) This product s used for fibrin foam

(B) This fibninogen fraction contains AHG and 1s used for the
treatment of haemophihia and together with thrombin for shin
grafting and nerve sutures

{C) This v globulin 1s pure enough for the treatment of measles
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CHAPTER 22
BLOOD SUBSTITUTES
TYPES, USES AND PROPERTIES

INTRODUCTION

IN TIME OF WAR large scale civil disaster or even simple emer-
genctes blood supplies may be nadequate to treat the casualties
and a substitute must be employed  Perfusion of crystalloid solu-
tions to maintain blood volume results 1n the tissues becoming
oedematous, since a colloid osmotic pressure to balance blood
pressure 1s necessary to control the passage of flid across the
capillary membrane  Such an osmotic pressure 1s provided by the
plasma proteins hence plasma and serum are sutable blood volume
expanders However, even physiological products such as these are
not perfect although they have a spectal place mn therapy

HISTORY

Many matenals have been tested as blood substitutes some under
field conditions where undesirable effects were not immediately
observed Gum acacia 10 saline was used for many years after its
wntroduction 1n 1917, but eventually 1t was shown that the gum was
stored by reticulo endothelial tissue  Methyl cellulose and pectins
also share this undesirable property being stored in lwer, spleen,
kidneys and lungs Isinglass 7 per cent 1n saline was used at one
tme but traces of fish protemn in impure preparations rendered the
matenal antgenic  Gelatin although valuable by reason of its
Protemn nature 1s not used because of the difficulty of heeping the
matenal flud  Some gelatin samples have proved actually dangerous
In use  Penistan a German preparation contamng 2-3 per cent
of a synthetic colloid was extensively used durmg World War II
but uts use declmed for no published reason The plasma volume
expander 1 use today 15 dextran, which 1s a collective name for a
sertes of polyglucoses having a high dextrorotation

PROPERTIES OF BLOOD SUBSTITUTES

The 1deal blood substitute has yet to be discovered and no plasma
volume expander yet known possesses all the attnibutes necessary
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for 1t to replace plasma  The perfect substitute should exert the
same osmotic pressure as plasma and preferably be of the same
viscosity It should be fluid at low temperatures and be stable under
conditions which would cause denaturation of protems so that it
can be sterthzed by autoclaving  After stenhzation the product
should be clear so that any deterioration 1s vistble to the eye  The
material should be non antigenic exert no toxic effect and transmit
no discase or allergy It 1s important that 1t 1s only slowly destroyed
n the body so that it 1s retained 1n the blood stream until its place
1s taken by normal plasma protems Once destroyed however, the
r;m;enal should be rapidly and completely ehnunated from the
ody

DEXTRAN
Most dextran 1s produced by fermentation of sucrose by Leuco
nostoc iotdes and Le dextramcum  The cultures

are moculated mnto large tanks of medium contaimng sucrose and
after 48 hours the viscous dextran 1s precipitated as a gum by the
addition of alcohol ~ The dextran 15 then hydrolysed with sulphunc
actd and heat to break the molecules down to the same size as the
plasma proteins

Dentran 1s used as a 6 per cent solution 1n saline  In many ways
it 1s a sutable plasma volume expander restoring blood pressure
and airculatory volume the effect declining slowly over a period of
days The material disappears completely from the body bemng
metabolized although the exact manner of metabohism 15 tn doubt
Allergic reactions have been reported after 1ts use and some types of
cluucal dextran have been shown to be antigemc The bleeding
tune may be prolonged if large quantities of dextran are nfused
although this effect varies with the recipient It should also be
noted that excessive quantities of dextran have an antt coagulant
effect The erythrocyte sedimentation rate 1s sharply mncreased
since dextran has the property of causing mtense rouleaux formation
This effect may cause difficulty in grouping and cross matchmng
Dextran 1s easily removed from red cells by washing but sera con
tamung a large concentration of the matenal used for cross matching
may cause errors  An anti globulin technique should be used in
such cases

FLUID PLASMA AND SERUM
Plasma and scrum 1n their natural state are rarely used today
However fresh plasma and serum are sources of anti haemophilic
globulin and Christmas factor respectively and may be used to
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cover operatve procedures on patients affected by the disorders
associated with deficiency of these factors

Fluid plasma not required for special purposes heeps well for 12
months 1 a dark room at 14-20°C  Dircct sunlight causcs de-
naturation of the protemns and refnigeration encourages clotting
Citrated plasma 15 normally a ycllow or orange tinted clear fluid
but on storage a deposit of fibrin flakes appears and sometimes actual
cloting occurs It s not easily transportable since shaking encourages
cloting and bottles should be well filled to avod this difficulty
Clotting occurs duning and after Seitz filtration unless the plasma
has been treated with cther at — 25° C or repeatedly adsorbed with

0

Fluid serum may be taken from clotted blood, or obtaned by
recalcifying citrated plasma It 1s stored as fluid plasma or may be
refrigerated It has the advantage of not clotung and may be
sterthized by Seutz filtration without trouble

DRIED PLASMA AND SERUM

The difficulties inherent 1n the production and storage of fluid
plasma and serum are avoided by the use of dried materral  Desicca
tion by heat causes denaturation of the protemns and the use of
chemical desiccants results 1n the production of a large crystal
matenal hable to denaturation and difficult to reconstitute  Low-
Pressure evaporation produces a coptous frothing which 1s avoided
by drymg i vacuo from the frozen state

Serum and plasma for drymg are pooled from time expired
blood and donors bled especially for the purpose  The pools (see
below) are carefully arranged to avoid spreading of homologous
Serum jaundice and to avoid high titre antibodies  The sterile
matenal 1s dispensed 1n standard M R C bottles 1n 400 m! amounts
and shell frozen by spinning the bottles on their vertical axes at

S0 rpm m a current of air m 3 cold room at — 21 C This
Process leaves a thin layer of serum or plasma frozen agamst the
wall of the bottle Drying 1s carnied out m two stages, firstly by
Placing the frozen matenial 1n a drying chamber which 1s evacuated
10 a pressure below 0 2 mm Hg  Individual heating of each bottle
electrically provides the latent heat of evaporation, the water being
Condensed on refrigerated cols 1n the drying chamber  The bottles
are capped with gauze and cotton wool allowing the passage of
“hal?.r vapour but preventing the access of bacteria  After 48 hours
the bottles are transferred to a secondary desiccator containing
Phosphorous pentoxide and after a further 24 hours the bottles are
capped with the usual perforated metal tops A hypodermic needle
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the febrile attack may be only transient and yet be a sign of a more
severe possibly haemolytic reaction The patient s temperature
therefore should be recorded every half hour dunng the transfusion
and for 3 hours afterwards In the typical febrile reaction the
temperature starts to nise during the transfusion or shortly after
wards and may reach 104° C  but latent cases in which the tempera
ture nise 15 delayed for 24 hours have been recorded The speed of
transfusion 1s ummportant provided the blood does not contam
pyrogenic matenial but should 1t do so the time at which pyrexa
occurs may be affected Thus a rapid rate of transfusion of such
blood produces a nise n temperature within 60 mmutes of the end
of transfusion while a slow rate may delay the nse to occur 2-3
hours afterwards  Febrile reactions 1n children are unaccompared
by nigor and anaesthetized patients may undergo severe reactions
unnoticed during the operation

The matenals responsible for febrile reactions are mitrogenous
products of bactenia and are termed pyrogens They seem to behase
as living cells 1n that they increase 1n amount on storage but this
15 due to breakdown to more potent pyrogemic materal Pyrogens
are adsorbed on to activated charcoal or asbestos s0 they may be
removed from a flurd by shaking with the charcoal with subsequent
filtration through sintered glass or preferably by Seitz filtratton
which both removes pyrogens and also stenlizes To avoid con
tamination with pyrogens 1t 1s essentral that distilled water 1s pre
pared 1n a stull fitted wrth splash head run nto scrupulously
clean glassware and stenilized by autoclaving immediately ~ Should
water be allowed to splash over into the condensing system pyrogens
wil be carried over and if not sterihzed immediately the distilled
water will allow the growth of bacteria with resultant pyrogen
formation

The presence of pyrogens ts shown by the r1se mn rectal temperature
of rabbits produced in response to ntravenous njection of the
suspect matenial  Distilled water under test 1s rendered 1sotonic
with sodium chloride It is not easy to provethat the giving apparatus
1s responsible for a pyrogenic reaction so that in the absence of 2
suitable method of testing 1t should be ensured that all glass and
rubber parts are thoroughly cleaned rinsed with distilled water
dried and sterilized immedzately Only m this way can the set be
said to be non pyrogenic

Pyrogenic reactions are usually controlled by keeping the patient
warm durng the transfusion and the admumistration of aspurin
Sometimes anti histamunes are effective 1 reducing the temperature
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HAEMOLYTIC RCACTIONS

The signs and symptoms of hacmolytic shock are produced by
the transfusion of antigens for which antibodses alrcady cuist in the
recipient s plasma, by transfusion of anubodies for which antigens
are already preseat, or by the use of hacmolysed blood  Grossly
wnfected blood without hacmolysis may produce the same clincal
picture  The patient complains of a feeling of heat throbbing in the
bead, gencral ingling, breathlessness and Jumbar pain - Abdomunal
pamn, nausca and vomiung are less common symptoms In the
beginning the face 15 flushed and the pulse full and bounding but
these symptoms soon disappear to be folloned by nigor and pro-
found collapse  Jaundice of nuld degrec may develop after 24 hours
and the patient may become anuric, a condition which 1f not relieved
m 10-14 days will cause death in uraemua  This 1s the chnical
picture of a gross hacmolytic reaction but munor degrees of haemo-
Iysis may pass undetected The so called mnapparent haemolysis
due to a weak antibody 15 only recognized by a failure of the hacmo-
globmn level to nse after transfusion  Investigations will then reveal
the true nature of the red-cell destructive process

Haemolyuc reactions following blood transfusions follow the
pattern of the episodes of hacmolytic anaemia  Haemoglobin 1s
Diberated 1nto the plasma becomes bound to plasma albumin to
form methaemalbumin  broken down to bilirubin or excreted 1n
the unine where 1t often presents as methaemoglobin  The plasma
from a case of haemolytic reaction taken within a few hours will
show free haemoglobin and perhaps clumped red cells and after
24 hours methagmalburmn and an increased amount of bifirubm
If any urnne 1s passed 1t may contam red cell casts and free haemo
globin and methaemoglobin  The alpha band of methaemoglobin
Wil not be seen 1f the unne 1s alkahne

INVESTIGATION PROCEDURE

The mvestigation of a blood transfusion reaction (Fig 45)
begins with the immediate termination of the drip  If 1t can be
shown that the reaction 1s allergic or febnle due to the patients
condstion rather than a fault 1n the blood then the transfusion can
continue with appropriate medication  Should the evidence suggest
a haemolytic reaction the drip 1s discontinued and the remainder of
Lhe blood and the set sent to the laboratory At the same time venous
blood 1s taken from the patient nto heparmn and also a dry stenle

ottle It 15 essential that care be taken to ensure that the blood 15
ot haemolysed by rough handling The site for venepuncture
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Repeat cros, match

Regroup ABO and Rh
PRE TRANSFUSION BLOOD
Titration of proved or Spectroscopy for
suspected antibodres free haemogybm
Surewal of Microscopy for
urvival c??"rsrans!used clumping

Z
Ourect Coombs test
Repeat cross match
Repeat group ABO and Rh

FIRST POST TRANSFUSION BLO0Y

POST TRANCFUSIOX BLOOD 10 DAYS

Survival of
transfused
ceils

POST TRENIUSIOR
BLDOD AT 24 HOUR,
Serum _, Schunm s
bitirubin test

Check reported
group
Cross match and
bottie label

Open rubber parts and Check expiry date
check needle butts for

Iture aerobrc and
old dried blood Culy nar

erobic
Centrifuge sample for
haemolysis
Group celt agglutino
gensand titrate
agglutinins
Microscopy for red cell casts

Spectroscopy for haemoglobin
methaemogiobin and urobilin

Fi16 45 -—Scheme of 1nvestigation of a blood transfusion reaction The
plan details the order 1 which investigations should be carried out
It 15 assumed that the reaction 1s febnle or haemolytic allergy having
been excluded the only other investigations necessary being pyrogen
check on same batch of ACD (inconclusive) and chech of grouping
sera
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should be away from the dnp site a large ncedle used and the
mummum of suction cxerted  The ward must be wstructed to send
all unine to the laboratory and cnquinies made regarding the treat
ment recenned by the blood since 1t left the blood bank It may be
found that the blood has been hept in contact with the freezing
chamber in the ward refnigerator, left at room temperature for a
considerable ime or even  warmed up ' before being adminis-
tered Difficulty in setting up the drip may have resulted i the
bottle being opened, then scaled up agan and left for some hours
before another attempt has been made  Any nformation which
can be gleaned from the nursing and medical staff may be valuable
1 deaiding the actiology of the transfusion reaction

The repeat group and cross match on the pre transfusion blood
sample excludes technical and clenical errors when combined with
those results shown 1n the daybook ~ Apparent compatibility with
the post transfusion sample s not definite proof that a haemolytic
reaction has not taken place since the antibody may have been
absorbed by the transfused blood or that the methods used are
farling to detect the antibody ~ All methods including enzymes must
be included 1n the repeated cross match A negative cross matching
could also be given if Iigh titre antibodies donated by the transfused
blood have caused lysis of the recipient s cells  The direct Coombs
test 1f positve indicates sensitization of the cells by antibody and
microscopical clumping of a 2 per cent suspension of the first post-
transfusion sample 15 added confirmation of the serological nature
of the reaction  In a very carefully taken sample of blood haemo
1ys1s visible to the naked eye may be obvious but if not spectro
scopreal examunation at this stage 1s of value

Since most transfusion reactions of a haemolytic nature are
clencal 1t 15 essential that human errors are cheched  The daybook
entries must be checked with the pre transfusion reports and the
labels on the bottles examined to ensure that the correct details of
the patient are gnen The expiry date of the blood 1s also re
checked The finding of free haemoglobun 1a the supernatant of the
centnfuged sample from the blood bottle indicates damage to the
red cells since leaving the laboratory It has been known for blood
1o be grossly mustreated 1n operating theatres and wards a classical
;"a’lnple being that of a nurse who  sterthzed  the blood 1n a fish
blm ¢ sterihzer  The usual type of orgamsm found 1n contaminated

0od 15 a coliform which can utilize citrate and exist and even
muluply at 4° C Although haemolysts of the blood 1s usual 1t 1s
not imvaniable even when the blood 1s teemung with orgamisms It
must be rare indeed that a bottle of blood 1s sent from the National
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Blood Transfuston Service wrongly grouped but the possibility
must be borne 1n mund when investigating a reaction The posst
bility of high titre antibodies particularly where Group O blood 1s
used for a recipient of another group must also not be overlooked

The presence of red-cell casts 1 the urine 15 not conclustve evidence
of a haemolytic reactton  Such an appearance may be seen 1n acute
nephritts and 1t 1s worth remembenng 18 this connexion that 2
positive Schumm s test on the urine can be obtained 1n a haemolytic
reaction 1n a subject who has severe renal discase Excess of uro-
bilmogen 1s shown by means of Ehrlich s reagent and also shown
spectroscopically as urobilin after oxidization with 10dine

Small dried clots from previous transfusions can by their pyrogen
content cause a febnle reaction  The usual sies for such matertal
are i the rubber tubing and the needle butts  The tubmg must be
cut longstudinally and laid open to detect the dried crusts and the
needle butts scraped

Serum bilirubin reaches its highest level 24 hours after a hacmo
Iytic reaction and methaemalbupun instead of haemoglobin 15
present 1n the plasma  The second post transfusion blood sample 15
therefore of the greatest importance 1 deciding that such a reaction
has taken place Dufferentiation should be made between direct
and indirect bilirubin especially where there 15 hiver disease  The
survival of transfused cells can only be estimated if there 15 a knnown
:lood group mcompatibiity and Ashby s techmque can be used

ere

The final sample of blood from the patient taken 10-14 days post
transfusion may be used to titrate the antibody responsible for the
reaction or to check on any nise 1 titre of antibodies known to be
present thus tending to prove which one was responsible The
survival of transfused red cells 1f of a different blood group from the
patient may be estimated on this sample and at further intervals

IDENTIFICATION OF ANTIBODIES

If the full blood group genotype of the patient 1s hnown the
dentification of the anttbody responsible for the transfusion reaction
may be a simple matter swce 1t 1s possible to state what antibodies
he can make In the majonty of cases however all that 1s known
1n the ABO and D groupings and n such cases a wider mvestigation
15 often ry Gross ibilities are usually ABO but
there are exceplions—some cases being muld and severe reactions
occurring with other groups It may be necessary in order to prove
ABO 1ncompatibility to show that the antibody present 1s immune
10 nature
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Immune anti A and ant1 B differ from the naturally occurring
antibodies mn several ways First, immune anti A and ant1 B have
a hugher titre at 37° C than at 16° C so that 1if duplicate titrations
are set up at these temperatures and the titre 1s the same or higher
at 37° C the antibody 1s regarded as immune  The titre of immune
ABO sera 1s enhanced by serum but depressed by ox albumin so
that if the immune titre 1s higher than the natural agglutimn titre
1t can be made obvious by titration 1n AB serum

If fresh serum 15 used the presence of complement causes Iysis
with the immune antibody and this charactenstic may also be used
to differentiate the antibodies  Finally the serum may be partially
neutrahized by group specific substance  Persistence of agglutinating
power 1n the serum diluted 1n compatible serum 1s regarded as
mndicating an immune antibody

Prelminary screening with O R,R, cells will give an mdication
that an Rh antibody 1s the cause of the reaction the identity bemg
established by the procedure detarled 1n Chapter 17

Further identification of antibodies stmply involves using a panel
of cells Group O rr but contarming the other blood group antigens
between them  Thus the other antigens represented should mclude
those of the MNS; P Lutheran Lewss Kell, Duffy and Kidd
groups and tests should include saline and albumin tests and antt
globulin reactions It may be necessary later to extend the scheme
to include enzyme techmques but the possible causes of the reaction
should have been whittled down to a very few suspects by this time

A typical result of using a panel of cells 1s shown m the protocol
(Table XVIII)
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CHAPTER 24

SEROLOGICAL LABORATORY AND BLOOD BANK
ORGANIZATION

ESSENTIAL REQUIREMENTS AND
RECOMMENDATIONS

GENERAL CONSIDERATIONS

It 15 an unfortunate fact that blood transfusion techmque has
grown up as a part of laboratory work gencrally, rather than a
separate subject This means that i many hospitals serological
work has to be carried out 1n confined and generally unsuitable
surroundings  The 1deal blood bank and serological laboratory
should be a self-contained umt 1 reasonable proximity to the
casualty department theatres and wards The rooms should be
deliberately arranged so that access to the laboratory and blood
bank 1s through the office ensunng that unauthorized visitors are
checked before they can invade the privacy so essential for the
mental concentration needed 1 this work  In this respect the
secretary must be fully cogmzant of what 1s bemg done at any
particular moment since all telephones should be n the office where
also specimens are receved The umit should consist of the office
blood bank cold room serology laboratory and stenle room and
wash up and sterihzing department  If large scale bleeding of
donors 15 contemplated reasonable provision must be made for
this but as a rule only the individual donor attends the laboratory
In this case st 15 useful to have a small exammation room where the
donor may be bled and allowed to rest after the donation

THE SEROLOGY LABORATORY

The general requirements of a serological laboratory conform to
those of other medical laboratories  There should be good natural
light along the benches which may be of hardwood or plastic sur-
aced  Since little staming work 1s done only one small sink 1s
required for this purpose It 1s useful however to have one larger
sink where a supply of hot water may be obtained and also where a
Bater pump can be installed A wash hand basm 1s a normal
fequirement of all laboratories The lighting 1f of the strip variety
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should be at opttmum height over the benches which should also be
equipped with lamps of the Anglepoise type Large water baths
one each at 37° C and 56° C, should be on the bench and a smaller
portable type 1s useful

It 15 recommended that each techmical worker should have a
microscope and small centnfuge for his own work A larger
centrifuge should be on 1ts own small bench to avoid any vibration
disturbing microscopical observations The height of the working
benches 15 a matter of individual chorce but 1n the author s expen
ence table height benches and comfortable chairs are much pre
ferable to the lgh benches and stools of other types of laboratory

Incubators at 16°C and 37°C are necessary n this laboratory
but should not occupy bench space It would be convenient if such
fittmgs could be fixed to the wall at a reasonable height rather hke
katchen cupboards Three refrigerators are essential one bemg of
the 1ce-cream conservator type thermostatically controlled at — 20°
to ~—30 C The other refrigerators should be of household type
at 4°C but without a freezing chamber The first 1s necessary for
reagents (cells sera etcetera) for day to day working and opened
bottles which are under investigation  The other refrigerator 1s for
blood which 15 bemng cross matched and freshly collected blood
which has yet to be checked for 1its group and other details

Storage of tubes

It 1s recommended that tubes be kept i tinned boxes which are
dust free and stored 1n the bench cupboards rather than i drawers
‘Wood blocks and other test tube racks are also stored i the cup
boards  Pipettes should be kept 1n the tins normally used for the
purpose

Use of benches

The benches should always be clear of apparatus and matenals
except that actually being used The only other materals necessary
on the bench should be a discard tray and a deep bowl of tap water
m which to immerse 11 bundles the tubes no longer required
Syrmges 1f used for puncturing blood bottles should be kept m a
top drawer on the working bench

THE STERILE ROOM
A small part of the serology laboratory should be completely
partitioned off by a glass wall - The door should be close fitting and
ventilation produced by a means which includes a filter The bench
should be equipped with a sink and gas taps ~ Also 1n this room 15
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the refngerated ceninfuge which can take MRC bottles  The
bench should preferably be plastic topped so that it can be cleaned
down with antiseptic, and a means provided of spraying the room
with a bacteniocidal acrosol  This room should be used only for
stentle procedures such as packing cells, washing cclls and removalof
plasma for processing

THE BLOOD BANK

The blood bank should consist of a small room adjoumng the
serology laboratory, agamn being accessible only through the office
It should contain a refngerator of houschold type or open top ice-
cream type operating at + 4°C and planly marked to the effect
that 1t contains only blood which has been cross matched  On the
wall or even on the refrigerator door should be a board like a letter
rach In the rach there should be a card for every bottle of blood
m the refnigerator The card must have the pame ward ndex
number, group, numbers on blood bottles and date of cross match
A space shauld be Ieft for the signature of the person receving or
removing the blood from the refnigerator together with the date
and time 1t was taken After sigmung the card the responsible person
should then * post 1t 1n a box provided It should be a rule that
after hours only a medically qualified individual should have access
to the blood bank

A stmifar card system should be attached to another refrigerator
contaming O Rh negative blood and plasma  This refrigerator
should be marked plamnly Emergency Only and only the gravest
emergency should requite the blood stored here

A thid refnigerator at — 20° C should also be available for the
Storage of fresh frozen plasma and the only other matenals m this
Toom need be stocks of giving sets

COLD ROOM

The ?u\k of the blood supphies should be 1n an actual cold room
3t +4°C  Access to such supphes should of course be dented to
all but the staff of the umt Bulk stocks of alburmnin and other
refrigerated reagents should also be kept n this room

WASH UP AND STERILIZING ROOM
mThe functsons of the wash up room are rather more complicated
m"’" simple washing of glassware since 1t should also be a preparation
lhgl;[ Distilled water m bulk should be prepared here 1 a still of
anesty type fitted with baffles to prevent carry over and a
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bench should be available for the preparation of pipettes packing of
gving and taking sets and dispensing of anticoagulant m blood
bottles A dryingoven hot air stenlizer and autoclave are essentsals
The washing up should be done 1n large sinks and the bottom of the
sink and draining boards covered with plastic to mumimize breakages
Large gas nings should be available for boiling bowls of precipitin
and titre tubes

RECORDS

Blood transfusion records begin with the arnval of blood from
the NBTS centres A book should be kept 1 which the group
and index number of each bottle 1s entered together with its disposal
and comments regardmg reactton A card index system arranged
alphabetically must be kept of all patients, but the only entry on the
card should be dates of Iaboratory tests Tius file 1s hept m the
office and the relevant card brought to the serological laboratory
by the secretary together with specimens of blood when they arrive
The record book kept by the techmcians contans columns for the
patient s details together with details of all reactions obtamed when
grouping and cross matchmg  The last column 1s for the signature
of the technician concerned who should also enter the date on the
patient s card  This daybook 1s the most essential record of the
department and should never leave 1t Details of results of tests
must be entered straight into the book and not copted from scraps
of paper

REQUEST FORMS

Requests for blood or serological investigatsons should be made
on a form which includes full obstetric details and history of trans
fusions and should not be accepted unless thesc details are given or
a reason for not being able to obtan them Ne report on the blood
group or cross matching should leave the laboratory since these
details together with a signature should be on the Iabel attached to
the blood bottle Ordinary blank report forms may be used for
details of serological investigations and blood groups which do not
require transfuston that 1s ante natal cases and so on

ALARM SYSTEMS
Blood 1s a drug which quickly deteriorates and becomes dangerous
to use 1if storage requirements are not met To avord disaster 1t 1S
essential that all refrigerators are fitted with alarms which will
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ndicate if the temperature 1s t0o hugh or too low  Lights as alarms
are usless since they may be unnoticed or ignored  Bells or buzzers
which will nng continually until the fault 1s rectified should be
placed i the porter s lodge with mstructions that a responsible
person be immediately notificd The more strident the bell the
more speedily will the individual be called
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CHAPTER 25
USES OF STATISTICS
APPLIED MATHEMATICS IN BIOLOGICAL
SCIENCE

INTRODUCTION

THE SCIENCE of statistics 15 a branch of applied mathematics used to
extract information from numerical data It 1s of great value wmn the
biological sciences where 1t 1s used to estumate errors ansing i
apparatus and techmque, and to determine whether a series of expen
mental results are significant or due to chance In ths latter respect
1t 1s not always possible to bg dogmatic but to be able to state that the
probability of the results being due to chance 1s less than 1 1n 1,000
1s almost as good as a certain answer  The application of some
statistical methods requires considerable mathematical knowledge
but a few valuable techmques may be learned with a minmum of
thus skall

Data

Data for analysis must be reliable and to make handling easier
1s arranged 1n classes but it must be remembered that much 1s lost
if the classes are too wide 1n scope  The data 15 expressed m equa
tions using symbols usually letters of the Greek alphabet but these
are always used by defimtion or have meanmgs which are accepted
by other workers

DEFINITION OF TERMS

Statistics treats of an infimtely large sertes of measurements
termed a population but for practical purposes smaller numbers
or random samples are taken The analyss of these samples yields
results which bear a relattonship to the whole but since vanable
chance factors operate it will be obvious that the larger the sample
the more representative the results The data may deal with the
presence or absence of an attnibute for example haemoglobin S 1
Turks or a vanable for le red cell d In the simplest
case of an attribute only two classes are formed but an attnbute
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can become a vanable 1f, for example, the abnormal haemoglobin
mvestigation treats of the amount of sichle hacmoglobin in Turks
The number of obscrvations sn a class 1s termed the class frequency
or simply frequency, and the difference between classes, the class
wtenal

Calculation of mean value
If a mean value 1s calculated for a biological random sample, the
chance factors operating equally 1 a positine and ncgauve fashion
produce ndnsdual values distnbuted about the mcan in such a
manner as to mahe a symmetnieal bell shaped curve—this 1s termed
the normal distnbution  Other ty pes of distnibution are hnown and
all are defined by constants termed parameters The normal
distibution 15 characterized by the parameters mean and variance
The mean (arthmetic mean) 1s the sum of all individual values
divided by the total number (N) and the vanance 1s the sum of the
squares of the deviation of the individual values from the mean
dwided by the total number of individual values The standard
deviauon (mean quadratic deviation) 1s the square root of the
¥anance Where vanation 1s to be expeeted the mean has no real
value wathout the standard deviation  The deviations from the
Mean are squared 1n the caleulations to eliminate minus signs which
}\ould tend to produce zero where positive and negative chance
da°'°fs are operating equally The shape of the curve m the normal
istabution 15 a function of the standard deviation a smaller
standard deviation producing a steeper narrower curve and a larger
Producing a flatter curve with a spreading of the base
chln a normal dstribution frequency curve, 95 5 per cent of all
ance vanation fall within the range lumted by M & 20 The
Probability that a value outside the hmuts represents a normal
fvxanon which has been included by chance 15 100-95 5 per cent
P:n: g Per cent A greater percentage than this outside the Jimts
oWn indicates some factor other than chance operating

TESTS OF INDEPENDENCE

OF]tfe::i g ertments are planned correctly statistics provides a method
and thuf the agrecment between the observed and expected results
Qalcula(edp;wf that the hypothests 1s correct Probability can be
great dea| rom other distributions but the x2 distrtbution 15 used a
of y2% in blood group serology for this purpose  From the table

X*" we obtain the value P which 1s the probability that random

Stattuical T,
%D, F Gbles for B ological dg ic lw land Af d cal Res ach  3ded Ry A Fusher
RS and Frank Yates Sc [ Edinburgh and London  Olver & Boyd Ltd Y
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USES OF STATISTICS

APPLIED MATHEMATICS IN BIOLOGICAL
SCIENCE

INTRODUCTION

THE SCIENCE of statistics 1s a branch of applied mathematics used to
extract information from numencal data It 15 of great value 1n the
brological sciences where 1t 1s used to estunmate errofs ansmg 1
apparatus and technique and to determine whether a senes of expen
mental results are significant or due to chance In ths latter respect
1t 15 not always possible to be dogmatic but to be able to state that the
probability of the results being due to chance 1s less than I 1 1 000
1s almost as good as a certamn answer The application of some
statistical methods requires considerable mathematical knowledge
but a few valuable techmques may be learned with a mimmum of
thus skaft

Data

Data for analysis must be reliable and to make handhng easier
15 arranged m classes but 1t must be remembered that much 1s lost
if the classes are too wide 1n scope  The data 1s expressed m €qua
tions using symbols usually letters of the Greeh alphabet but these
are always used by defition or have meamngs which are accepted
by other workers

DEFINITION OF TERMS

Statustics treats of an infimtely large series of measurements
termed a population but for practical purposes smaller numbers
or random samples are tahen  The analyss of these samples yields
results which bear a relationship to the whole but since vanable
chance factors operate 1t will be obvious that the larger the sample
the more representative the results The data may deal wath the
presence or absence of an attnbute for example haemoglobis S 1o
Turks or avanable for example red-cell diameter In the sumplest
case of an attnibute only two classes are formed but an attnbute
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Example
Counning 500 cells Counting 1 000 cells
o =1/500 = 22 approx o = 4/1000 = 31 approx
n 31
-:3%=44pcrccnl p o= L—OOO—JIpcrccnt
Counting 2 000 cells
a =1/2 000 = 44 approx
43
v = m—Zchrccnt
SUMMARY

1t 15 not possible 1n these few pages to give more than a shght
mtroduction to a subject which 1s of increasing importance i medical
science  The techniques most valuable to the technologist can be
learned quite easily and with practice the classification of expert
mental results for analysis can be done correctly  The remainder of
the work 15 calculations and reference to tables It must not how
ever be imagined that the study of statistics 1s easy  For those with
mathematical ability 1t 1s a fascinating subject which will fully
repay the time spent reading the appropriate textbooks
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sampling will give a value of 52 as great as or greater than the value
actually obtained A companson of 1wo samples with two or more
classes 15 presented m tabular form and termed 2 2 X 2 table x®1s
calculated and P read from the table, entry being made at the line
of the appropriate degree of freedom For 2 X 2 tables the degree
of freedom 1s equal to 1 An example will make this more clear
The figures 1n the 2 X 2 table are those of Race and Sanger for the
results of grouping known members of the MN group with aot §

M+MN N
+ 93 15 108

e O I
135 45 190

(93 x 30) — (52 < 15) X 190
2 P2 o) mWs 1)) XD
X 135 % 45 X 108 X 82 13 for I degree of freedom
This value of x2 1s not on the table for 1 degree of frecdom which
means that P 15 fess than 0 001 that s that the probability that the
assoctation between MN and S 15 due to chance 1s less than 1 11
1,000

RED CELL DIAMETER DISTRIBUTION CURVE

The statistical method of Price Jones has already been mentioned
(see Chapter 5) but 1t 1s relevant to recall some of the features The
total number of red cells in the body comstitutes the population
under mvestigation and the actual number of red cells measured
15 the sample The red cell diameter distribution curye 1s an example
of the normal distribution and the standard deviation 1s a measure
of anisocytosis

COUNTING CHAMBER ERROR

The error nherent m counting cells 1 a haemocytometer has
been dealt with in Chapter 3 but must be clanfied herc The dis
tribution of cells 1 a counting chamber follows that of a Poisson
series that 15 a distibution charactenized by the mean being equal
to the vanance (%) The calculations enable the error to be found
with great accuracy and show quite clearly that the only way to
minmmuze 1t 18 1o count more cells
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Hypogammaglobulinaemia 267

Hypoprothrombinaemia  fresh
blood transfuston in 263

1
Icterus gravis neonatorum 234
Incubation fragiity 103-104 118
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antibodses 1n 203 222 224 230
haemorrhagic disorders and 153
immune antibodies and 203
MN antibodies 1 222
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260-261
Properdin 102
Prophase 90 91
Prothrombin 135 138
consumption of 147-148
separation of techmgue 271
true 149-151

blood

!

Prothrombin—continued
two stage measurement of 150-
151

technique 159
Prothrombin complex 145
Prothrombin consumption mdex
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|
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