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Fig.1.2 Diagrammatic representation of the bone marrow pluripotent stem cell and the cell lines that arise from it.

Various progenitor cells can be identified by culture in semi-solid medium by the type of colony they form. Baso, basophil;

BFU, burst-forming unit; CFU, colony-forming unit; E, erythroid; Eo, eosinophil; GEMM, granulocyte, erythroid,
monocyte and megakaryocyte; GM, granulocyte, monocyte; Meg, megakaryocyte; NK, natural killer.
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Figure 15 Growth factors may stimulate prolferation of early bone marow cell, direct diferentiation to one or other celltype, stimulate
cell maturation, suppress apoptosis or aflect the function of mature non-dividing cells, as flustrated here for granulocyte colony-stimulating
factor (G-CSF) for an early myeloid progenitor and a neutrophil
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Table 2.1 The blood cells.

Cell Diameter (um)  Lifespaninblood ~ Number Function

Red cells 6-8 120 days Male: 4.5-6.5x 10/ Oxygen and carbon
Female: 3.9-5.6x 10°/L dioxide transport
Platelets 0.5-3.0 10 days 140-400x 10%L Haemostasis

¥

L0

Phagocytes

Neutrophils 12-15 6-10h 18-75x10°1L Protection from bacteria,
@ fungi

Monocytes 12-20 20-40h 0.2-0.8x10°L Protection from bacteria,
fungi

Eosinophils 12-15 Days 0.04-0.44x10°1L Protection against
parasites

Basophils 12-15 Days 0.01-0.1x10°1L

Lymphocytes 7-9 (resting) Weeks or years 15-3.5x10°L B-cells: immunoglobulin

12-20 (active) synthesis
@ T-cells: protection
against viruses; immune
B T

functions
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Figure 2.1 Automated blood cell counter. Source: Mehta AB
& Hoffbrand AV (2014) Haematology at a Glance, 4th edn.
Reproduced with permission of John Wiley & Sons.
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Figure 2.3 The amplification and maturation sequence in the development of mature red cells fromihe pronormoblast.

MNormoblast Reticulocyte Mature
RBC

O
Muclzar DNA MNo
AMNA in cybtoplasm Yeas Mo
In marrow Yes Yes
In blood Mo Yes Yes

Figure 2.4 Comparison of the DNA and ANA content, and marmoww
and peripheral blood distribution, of the erythroblast (normoblast),
reticulocyie and mature red blood cell (RBC).
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Table 2.3 Normal haemoglobins in adult blood.

Hb A Hb F Hb A,

Structure o, oL, o,9,

Normal (%) 96-98 0.5-0.8 1.5-3.2



Olaba 30 (50 Haematology adl) i ) ale

Methaemoglobinaemia  adll (sl sasgina

(Fe+3) 338 pal) Allall & aoall aa puinall (o sha sasel) e a5 A 5 pas Als o34
sl saadl) a3 el (8 (s el s Wity 8 Fet2, saliad)l A e Y
Hb Ms ¢ssiss (Hb M), 4Ssel) Lalil) (o azadall s (o sla sangl 8155 51 J sl
Cmsle g Giany Gulall Alula (A mell cua e Jin i) palead din e
oSl oAl Al sale Sl elga gas Ledie (aall Gusle sasile si/5) alull Al
A8 el e seday o s all (e VAl oda maes LGl sangd)

Anaemia  adl) g

bl Jaxall e B adll (8 Gl sangd) 3 5 8 pmleas) 4l e @lld oy g S
O AT O (S Apmlall aill o (e a2l e (2.4 Jaall) Guially eall dually
15k aall 8 ) s SVl s 110 Ge J8 o Sl Ga g i) e (el sl
A/ pa 140 o) by sl sasel) (o a8 e (5 sina agaal 33V 51 Jhas JubY) Y
oaliadl G sl e aall 3 jeday Y ocala IS aall (lags axy 32V 6l die ol aag
Ay L3P paa Jaid 4 (Fs o ) dear Lo sad) Gty (MaaY) ol a2
S skl G5 G la gasel) ABS5 o) pand) LAY maad (3 paian pall 58 da jy el
D8 Gl g ol aas alddsy Aagi oa Sl aall 0681 A0 0Y1 Ay paall alladl) Gl Ml

P



Sabs 23 (380, Haematology pdll Ll al ple

Figure 2.15 Pallor of the conjunctival mucosa (a) and of the nail bed (b) in two patients with severe anaemia (haemoglobin 60 g/L).
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Table 2.4 Classification of anaemia.

adll (il yaf ale

Microcyic, bypochromic ~ Normacytic, ormachvomic Macrocytic
MCV Q0L MCV 809511 MCV>%1L
MCH QT pg MCH227 pg Megaloblastc.vitamin B, or
Iron deficiency Many haemolyticanaemias folate eficiency
Thalassaemia Anaemia of chronic disease (some cases)  Non-megaloblastcalcohol,
Anaemia ofchronic Afteracute blood loss iver disease, myelodysplasia,
disease (somecases) ~ Renal disease aplastic anaemia,etc (Tabled 1)
Lead poisoning Mixed deficiencie
Sideroblagticanaemia  Bonemartow falure (eg; post-chemotherapy,
(some cases| infilration by carcinoma, lc

MCH, mean corpuscular haemoglobin; MCV, mean corpuscular volume,
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Causes

Microspherocyte  Hereditary spherocytosis,

Fragments

Elliptocyte

Tear drop
poikilocyte

Basket cell

Sickle cell

Microcyte

autoimmune haemolytic
anaemia,
septicaemia

DIC, microangiopathy, HUS,
TTP, burns, cardiac valves

Hereditary elliptocytosis

Myelofibrosis,
extramedullary
haemopoiesis

Oxidant damage-
e.9. G6PD deficiency,
unstable haemoglobin

Sickle cell anaemia

Iron deficiency,
haemoglobinopathy

Fig.2.16 Some of the more frequent variations in size (anisocytosis) and shape (poikilocytosis) that may be found in
different anaemias. DIC, disseminated intravascular coagulopathy; G6PD, glucose-6-phosphate dehydrogenase;
HUS, haemolytic uraemic syndrome; TTP, thrombotic thrombocytopenic purpura.
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Table 4.1 Causes of megaloblastic anaemia.

Vitamin B,, deficiency

Folate deficiency

Abnormalities of vitamin B,, or folate metabolism
(e.g. transcobalamin deficiency, nitrous oxide, antifolate
drugs)

Other defects of DN A synthesis
congenital enzyvme deficiencies (e.g. orotic aciduria)
acquired enzyme deficiencies (e.g. alcohol, therapy with

hydroxyurea, cytosine arabinoside)

(OYLsS ¢12<) 12 (palish

oo bl gal) L€ Aadall dall CISH 5y 5k e Aaglall 3 il 138 aiad S5
L) LSl e Jall LY Gash e ) gAY Al pall daaka) J4l (5 5k
Aaxda¥1 8 Caaliadl) aa gy L iSOl 6 gl AaadaY) J sl 1k e sl (Ll (8 Gl )
aS) gl 8 o g Y Al Y1 Clatia g @l 5 o galll g 2l e S galdl Qi) il
Y il 5 BI2 J48aall cail ) 4.2 Jsandl ¢y lcaddl sl casaal)
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Table4.2 Vitamin B,, and folate: nutritional aspects.
Vitamin B,, Folate
Normal daily dietary intake 7-30pg 200-250 g
Main foods Animal produce only Most, especially liver, greens and yeast
Cooking Little effect Easily destroyed
Minimal adult daily requirement 1-2pg 100-150 g
Body stores 2-3mg (sufficient for 2-4 years) 10-12 mg (sufficient for 4 months)
Absorption
Site [leum Duodenum and jejunum
Mechanism Intrinsic factor Conversion to methyltetrahydrofolate
Limit 2-31g/day 50-80% of dietary content
Enterohepatic circulation 5-10pg/day 90 ug/day
Transportin plasma Mostbound to haptocorrin; Weakly bound to albumin
TCessential for cell uptake
Majorintracellular Methyl-and Reduced polyglutamate derivatives
physiological forms deoxyadenosylcobalamin
Usual therapeutic form Hydroxocobalamin Folic (pteroylglutamic) acid

TC, transcobalamin.

ERFRPEIN

(LS yall (e 8 a8 e sanal LY oS4l 4 (pteroylglutamic) <l sl e
I osaling UL Wl s piai e (ppdE e il ade AL (Y )
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Table43 Causes of severe vitamin B,, deficiency.

Nutritional
Especially vegans

Malabsorption

Gastric causes

Pernicious anaemia

Congenital lack or abnormality of intrinsic factor
Total or partial gastrectomy

Intestinal canses

Intestinal stagnant loop syndrome—jejunal diverticuloss,

blind-loop, stricture, etc.

Chronic tropical sprue

[leal resection and Crohn's disease

Congenital selective malabsorption with proteinuria
(autosomal recessive megaloblastic anaemia)

Fish tapeworm

Causes of mild vitamin B,, deficiency; other causes of
malabsorption of vitamin B,, (e.g. malabsorption,
atrophic gastritis, severe pancreatitis, gluten-induced
enteropathy, HIV infection or therapy with metformin)
donotusually lead to food vitamin By, deficiency
sufficient to cause anaemia or neuropathy.

Haematology adl) i ) ale

Table4.5 Causes of folate deficiency.

Nutritional .
Especially old age, institutions, poverty, famine, special
diets, goat’s milk anaemia, etc.

Malabsorption

Tropical sprue, gluten-induced enteropathy (adult or
child). Possible contributory factor to folate deficiency
in some patients with partial gastrectomy, extensive
jejunal resection or Crohn's disease

Excess utilization
Physiological
Pregnancy and lactation, prematurity

Pathological

Haematological diseases: haemolytic anaemias,
myelofibrosis

Malignant disease: carcinoma, lymphoma, myeloma

Inflammatory diseases: Crohn’s disease, tuberculosis,
rheumatoid arthritis, psoriasis, exfoliative dermatitis,
malaria

Excess urinary folate loss

Active liver disease, congestive heart failure
Drugs

Anticonvulsants, sulfasalazine

Mixed L e
Liver disease, alcoholism, intensive care
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Table 4.4 Pernicious anaemia: associations.

Female Vitiligo

Blue eyes Myxoedema

Early greying Hashimoto's disease
Northern European Thyrotoxicosis
Familial Addison’s disease
Blood group A Hypoparathyroidism

Hypogammaglobulinaemia
Carcinoma of the stomach
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The patient may be mildly jaundiced (lemon yellow
tint) (Fig. 4.6) because of the excess breakdown of
haemoglobin resulting from increased ineffective
erythropoiesis in the bone marrow. Glossitis (a
beefy-red sore tongue) (Fig. 4.7), angular stomatitis
(Fig. 4.8) and mild symptoms of malabsorption

Fig. 4.7 Megaloblastic anaemia: glossitis—the tongue is
beefy-red and painful.

Fig. 4.6 Megaloblastic anaemia: pallor and mild icterus in

a patient with a haemoglobin countof 7.0 g/dL and a

mean corpuscular volume of 132 fL. Fig. 4.8 Megaloblastic anaemia: angular cheilosis
(stomatitis).

Laboratory findings 4 il gl
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Table4.7 Laboratory tests for vitamin By, and folate deficiency.

Resultin
Test Normal values* Vitamin B, deficiency Folate deficiency
Serum vitamin B,, 160-925ng/L 120-680 pmol /L Low Normal or borderline
Serum folate 3.0-15.0pg/L 4-30 nmol /L Normal or raised Low
Red cell folate 160-640 pug/L 360-1460 nmol/L Normal or low Low

* Normal values differ slightly with different commercial kits.

Haemolytic anaemias (M) aal) aé
Normal red cell destruction 4l £) yeal) LMAY jaaxi
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Table 2.2 Normal haemoglobins in adult blood.

Hb A Hb F Hb A,
Structure ao,p, 0yY, a9,
Normal (%) 96—-98 0.5-0.8 1.5-3.2
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Fig.6.17 Molecular pathology of sickle cell anaemia.
There is a single base change in the DNA coding for the
amino acid in the sixth position in the 3-globin chain
(adenine is replaced by thymine). This leads to an amino
acid change from glutamic acid to valine. A, adenine;

C, cytosine; G, guanine; glu, glutamic acid; pro, proline;
T, thymine; val, valine.
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Figure 24.1 The involvement of blood vessels, platelets and blood coagulation in hasmostasis. ADF, adenosine diphosphats.
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Figure 24.2 Simplified diagram fo illustrate platelet production from megakaryocytes.
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Table 8.1 White cells: normal blood counts.

Adulis Blood count Children Blood count
Total leucocytes 4 00-11.0x10°L° Total leucocytes

Neutrophils 18-75x 109" Neonates 10.0-25.0x 1071
Eosinophils 0.04-0.4x10°%L 1 year 6.0-18.0x 1081
Monocytes 0.2-0.8x109L 4-7 years 6.0-15.0x 1081L
Basophils 0.01-0.1x 10°9L 812 years 45-135x109L
Lymphocytes 15-35x10°9L

* Normal black and Middle Eastern subjects may have lower counts. In normal pregnancy the upper limits are: fotal leucocytes
14.5x109L, neutrophils 11 x 1091
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Figure 8.1 White blood cells (leucocytes): (a) neutrophil (polymorph); (b) eosinophil; (c) basophil; (d) monocyte; (e) lymphocyte.
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Figure 8.2 The formation of the neutrophil and monocyte phagocytes. Eosinophils and basophils are also formed in the marrow in a
process similar to that for neutrophils.
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Figurs 8.6 Reticuloendothelial system: distribution of
macrophages.
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Figure 87 Phagocyiosis and bactenal destresction. On entering
thee meewrophil, the bactemum is surrounded by an invaginated
surface membrane and fuses with a primary lysosome o form a
phaposome. Encymes from the ysosome atack the baciermme
Secondary gramses aleo fuse with the phagosomes, and new
enzymes from these granules including laciofemin atteck the
organism. Vanous types of acivaied mopgen, generaied by
glucose membolzm, alsoe help to kall baciena. Undigesied residwal
bacternial products are excreded by exocyiosis.
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Figure 8.8 Abnormal white blood cells. (a) Neutrophi leucocylosis: toxic changes shown by the presance of red-purple granules in
the band form neutrophils. (b) Neutrophdl leucocytosis: a Dohle body can be seen in the cyloplasm of the neutrophi. (¢) Megaloblastic
anaemia: hypersagmented oversized neutrophil in peripheral blood. (d) May-Hegglin anomaly: the neutrophils contain basophific
inclusions 2-5mm in diameler; there is an associated mild thrombocylopenia with giant platelets. (e) Pelger-Hugt anomaly: coarse
clumping of the chromatin in pince nez configuration. (f) Chédiak-Higashi syndrome: bizame giant granules in the cytoplasm of a
monocyte. (g) Alder's anomaly: coarse violet granules in the cyloplasm of a neutrophil.
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Figure 9.1 Lymphocytes: (a) small lymphocyte; (b) activated lymphocyte; (c) large granular lymphocyte; (d) plasma cell.
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Table 8.1 Functional aspects of T and B cells.

Tcells B cells
Origin Thymus Bone marrow
Tissue distribution Parafollicular areas of cortex in nodes, Germinal centres of lymph nodes, spleen, gut,
peri-arteriolar in spleen respiratory fract; also subcapsular and medullary
cords of lymph nodes
Blood 80% of lymphocytes; CD4 = CD8 20% of lymphocytes
Membrane receptors TCR for antigen BCR (= immunoglobulin) for antigen
Function CD8+: CMI against intracellular organisms Humoral immunity by generation of antibodies
CD4*: T-cell help for antibody production
and generation of CMI
Characteristic surface cD1 CD19
markers co2 cD20
cD3 cD22
CD4ord CDA (pre B cells)
CD5 CD10 (precursor B cells)
CD6 CD79aandb
co7 HLA class | and Il
HLA class |

HLA class Il when activated
Genes rearmanged TCRa,B, ¥, 8 IgH, Ik, Igh

BCR, B-cell raceptor; C, complemant; CMI, cell-mediated immunity; IFN, interferon; Ig, immunoglobulin; TCR, T-cell recaptor; TNF, fumour nacrosis factor.



Sl 2y (380 Haematology adl) il yal ale
Natural killer cells dugal) 4Lilal LAY

SV s cytotoxic CD8+ cells isbs +CD8 LA & Lapdall A&l LA
Glws @) 3 08 WIS a5 T-cell receptor (TCR) 4xlll LIAN <Bliiig
.CD57 5 CD56 5 «(FC Jives) CD16 Aunaws il Ja G e La ke 5 Fpa 350 siam
Dl (e midia (5 sine Leal Sl ddagiuall UAY JiE] dpdal) AHED LAY apecai o
A L8 e A g il (g aal) ol Cuaay o8 LS oY1 A e HLA @il s e
e HLA Sl il Gl (e 220 (e @b ool dpaplal) ABEN LA o 55
) Aade 3L Ju Ll ddagiudl LA e HLA (o padll ab Ladie lgadaw
pda S Abrginall A0AN (e Wil HLA Cliyja 08 Laie doalall 4B 440
el elly ) ALl Lgdan Ji o)) @lld aay daglal) BN 21l Sy g Adadiall 5 LY
Lii 3 4 (ADCC) sabcaal abual) o aaiad 4518 dpans dpnglal) ABEN LAY
e S Aanall AL LAY L 55 o Adagieal) A sl o avmiaally sl aval

Adsgiuaall AN 555 Jas yal) sl aniall (e F

Lymphocyte circulation 4 stell LMAL 4 gasl) 3 ) gl

) A seal) il i) Cala 5yl 335V e sl aall 4 el LAY el
o) ahiial ) 4ol UIAN aatiy alaedl glas o Jakall )l 4 slaaill) a3a)) sale
ey s (358l Aamall 3hliall) d5liadll sall 4558 shliall 3 Gl jaly
(U IS Al Lo o) 355 Jladall 438 jall Gl 5l ddagaall Gl 5l ddaaall
Dl e sl aall ) A el WA 3 gaiy Jladall 5 4 slaill) adell COuay 8

Ayl 3Ll 5 jaliall 5 slaayll



Olabes 200y 30 Haematology adl) Ll jal ale
Immunoglobuling 4ssliall cilis g glal)

L i Al 4 il LA 5 T 300 LA Leatits il cilisi s jal) (g0 e sane
«(1gG) G oo liall cal s stall 15 yudas Ll 5l e b i uad () Baniia (25 asally
sai e i SV s ¢ Guelid) (ol pslall aabugIgE. 5 <IgDs <IgMs <IgAs
¢ 1gGlAe A clid )i ) pudiyy Jomdl) (8 ol eliall (s glall (00 9680
gl o sl s e 58 N A eeliall Cpl s slall andi 5 19G 4.5 <1gG 35 <1gG 25
sl 5 GaY G elial) (g glall ) 25 o3 cacaionall laind Yl M e liall ol 53 slal
3¢ Guelial (g glall ) M e liall Gl s slal) (e J s () Lgeasd 080 oSy Jshal
A =lall (plgslall aahs B eliadl galslall 5F A eliall cplsslall alas )

IgE 5 gD .oncael) Sleall 8 ald s« SR B mitll el Gl il
sar padli o3 bl Ole sa lea (3alidl uulual) b cdlels 8 ola ) siall)
Ol sr oy At ) AN Ao ) ) Aegall A sl 5 AilaasS sl ailiadl)
9.2 dsaall b eliall



Sabs 23 (380, Haematology pdll Ll al ple

Table 9.2 Some properties of the three main classes of immunoglobulin (Ig).

lgG lgh IgM
Molecular weight 140000 140000 900000
Normal serum level (g)  6.0-16.0 1545 0.5-15
Present in Serum and extracellular fluid ~ Serum and other body fluids ~ Serum only
(e.g. of bronchi and qut)
Complement fixation Usual Yes (alternative pathway) Usual and very efficient
Placental fransfer Yes No No

Heavy chain 1) (o, ore, !



