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Human Erythrocyte.

• Normal Size (7.2 – 7.9µm).
• Biconcave shape.
• Normal . [Hb] area of  Central pallor <one third.
• No inclusions
• No Nucleus. 



Normocytic Normochromic



The PBF:

• An examination of native blood or blood collected 
in an appropriate anticoagulant spread on a 
microscope slide and stained with Romanowsky 
stains

• Important component of a haematological 
examination in conjunction with relevant clinical 
information

• Confirms or suggests a possible diagnosis to the 
clinician



Abnormality of  red Cell Picture

Due to:
• Abnormal erythropoiesis
• Inadequate Hb formation. 
• Damage to, or changes affecting rbc after they leave 

the marrow in addition to splenic function which may 
be reduced or absent.

• Attempts by BM to compensate for anaemia by 
increasing erythropoiesis.



Defects I Anisocytosis.

• Variation in size
Macrocyte large rbc >8.0µm diameter
well haemoglobinized usually lacks area of  central 

pallor oval macrocyte(megaloblastic 
anaemia)(round)(liver disease).
Microcyte small rbc <6µm diameter

• Usually increased area of  central pallor. Due to  
decreased [Hb].

• Cx of  iron deficiency, Thalassemia.



Microcytic Hypochromic



Microcytic Hypochromic



Macrocytic



Macrocytic



Defects II Poikilocytosis.

• Variation in shape of  rbc. 
• Acanthocytes (spur, thorn, spiculated cells)5 – 10 

spicules
(Alcoholic liver disease, postsplenectomy, 
(abetalipoproteinemia)).
Bite cell – half  circle taken from edge of  the cell 

due to pitting action of  spleen.
• (G-6-PD deficiency, drugs e.g. dapsone).



Acanthocytes



Acanthocytes



Defects II Poikilocytosis.

Echinocyte - (burr cell) 10-30 short spicules
- (uraemia, pyrvvate kinase deficiency, PUD 

with bleeding, Ca of  stomach).
Helmet Cell – loses part of  it’s membrane as it

squeezes through fibrin strands
of  arterioles. Has 2 or 3 pointed ends

- found in MAHA (microangiopathic 
haemolytic anaemia).



Echinocytes



Echinocytes



Helmet Cells



Defects II Poikilocytosis.

Rouleaux – aggregates of  erythrocytes assembling as a 
stack of  coins.                      ( paraproteinemias 
myeloma, chronic infection)

Schistocyte- injured cells(helmet, fragment triangular 
cell with 2-3 pointed ends (seen in MAHA, burns).



Rouleaux



Fragments



Fragments



Fragments (Schistocytes)



Defects II Poikilocytosis.

Sickle cell – (drepanocyte). thin elongated erythrocyte 
with a point at each end no central pallor L, S, V 
shapes. Seen in sickle Hb.

Spherocyte – spherical cell with dense appearance (no 
area of  central pallor)thick cell with decreased 
diameter. (found in hereditary spherocytosis, acquired 
haemolytic anaemia, after           transfusion, burns 
venoms, chemical injury immune haemolytic 
anaemia).



Poikilocytosis (sickle cells)



Poikilocytosis (sickle cells)



Sickling Test preparation



Spherocytes



Spherocytes



Defects II Poikilocytosis.

Stomatocyte – mouth or cuplike area of  central pallor 
seen in hereditary stomatocytosis, alcoholism, liver 
cirrhosis, obstructive liver disease.



Defects II Poikilocytosis.

Target cell – target with central spot of  Hb surrounded 
by a pale area and then a peripheral rim of  
haemoglobin (haemoglobinopathies, liver disease post 
splenectomy).



Stomatocyte



Target Cells



Tear drop forms (dacryocyte)



Tear drop forms (dacryocyte)



Defects II Poikilocytosis.

Tear drop cell – tear shaped.(megaloblastic anaemia, 
myelodysplastic,  myelofibrosis).



Tear drop forms (dacryocyte)



Tear drop forms (dacryocyte)



Elliptocytes



Elliptocytes



Defects IV Anisochromia.

Variation in color of  rbc due to unequal hb content.
• Hypochromia – increased pale central area

with only a small thin peripheral rim of  Hb
- poor haemaglobinization.

• Hyperchromia - lack area of  central pallor (macrocyte, 
spherocyte).



Defects IV Anisochromia.

• Polychromasia – bluish central pallor due to 
presence of  reticulin material (RNA remnants) usaully 
larger than rbc. Refered to as reticulocyte when 
stained with methlyne blue. Matures un circulation 
after two days. Adult blood contains less than 2% of  
reticulocytes,

• Increased in 
• Haemorrhage
• Haemolysis
• Response to haematinics
Decreased in hypoplastic marrow states. 



Polychromasia



Basophilic stippling



Basophilic stippling



Red Cell Defects. Inclusions.

Basophilic stippling.
- precipitation of  ribosomes of  varying 
size and number appear deep blue
with wright stain.

(lead and other heavy metal
intoxication, nutritional deficiencies 
and after use of  drugs eg cytotoxics).



Red Cell Defects.

• Cabot ring – dark blue ring. (wright stain) or blue 
granules in a linear array originate from spindle 
material or figure eight form, in abnormal mitosis, 
megaloblastic anaemia.



Red Cell Defects.

Heinz Body – are denatured Hb. round blue 
precipitates or inclusions in rbc (after supravital 
staining) seen after drugs (phenylhydrazine, 
primaquine  (drugs which cause oxidative 
dematuration of  Hb.), G6PD deficiency ,unstable 
haemoglobinopathies (Hb zurich).



Red Cell Defects

Howell Jolly Body.
- small round dense nuclear fragment

composed of  DNA 0.5µm



Howell-Jolly bodies



Howell-Jolly bodies



Pappenheimer Bodies

• Iron (siderotic) granules found near periphery of rbc 
membrane. (appear basophilic with wrights stain).



Pappenheimer bodies



Siderocyte

• Mature rbc with one or more siderotic (iron) 
granules. (usually demonstrated by prussian blue 
stain)



Malaria Parasites 



Malaria Parasites
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RED CELL  CHANGES

• 1.MICROCYTIC
• 2.MACROCYTIC
• 3.NORMOCTIC



Normocytic

MCV normal

Microcytic

MCV <76fl
Macrocytic

MCV <96fl

Morphologic classification



OBJECTIVES
• Introduction review –haemopoiesis , 

haemoglobin structure, its functions, synthesis, 
the normal red cell values and indices, 
classification of red cell  changes.

• Morphological classification of red cell changes
• The causes of the red cell changes
• The laboratory features and investigations 

associated with the morphological changes



A 27yr old pregnant lady presents with the following blood results

• Haemoglobin 4.4g/dl

• Hematocrit 14.0%
• MCV 62 ft

• MCH 17pg

• MCHC 23g/dl
• RDW 22%cv

• Platelets 550x 10/9

• Wbc  7x10/9  

• As the doctor, comment  on the above results, suggest  further 
tests to confirm your  diagnosis



Morphological based on indices
• Microcytic anaemia:

• MCV <76fl

• Macrocytic anaemia:
• MCV <96fl

• Normocytic anaemia
• MCV normal (76 – 96 fl)

Dimorphic anaemia - combination of the above 



MBCHB 3 lecture series 6yrs 2015

Dr OKINYI

1 microcytic red cell 
changes



Lecture outline
• Microcytic anaemias

• Aetiology
• InvestigationsT
• Epidemiology of iron deficiency

• Iron overload
• Sideroblastic anaemias
• Laboratory features of Iron overload



Normocytic

MCV normal

Microcytic

MCV <76fl
Macrocytic

MCV >96fl

Morphologic classification



Microcytosis/microcytic  chages:
• Red cells that are smaller than normal.
• MCV reduced to below lower normal limit.
• Normal MCV 76 -96 fl



Differential diagnosis of microcytosis.

Iron deficiency.

2.  Thalassaemias and haemoglobinopathies:
β−thalassaemias, δβ−thalassaemia, thal minor, Hb 
E, Hb Lepore trait etc

3.  Blockade of haem synthesis:
Lead poisoning, Pyridoxine deficiency, Pyrazinamide, 

Isoniazid,



4.  Sideroblastic anaemias

5. Chronic inflammatory states (usually NN)
(Some anaemias of chronic disease) 

6. Others e.g. Congenital atransferrinemia (rare)

Differential diagnosis of microcytosis cont..



Iron deficiency anaemia (IDA)

• The commonest form of nutritional deficiency 
worldwide  – especially in the Developing world

• Several factors, often acting together contribute 
to its development



EPIDEMIOLOGY OF IRON DEFICIENCY:
Factors to consider:
• Prevalence associated with dietary, tradition practices, 

physical environment, agricultural practices and 
tropical diseases.

• Socioeconomic status, education affects nutrition.
• Age, gender factors
• Prevalence varies from locality to locality in a given 

country.
• Iron deficiency predominant in agricultural 

communities, coastal belt, irrigation schemes, lake 
region, Kavirondo, Kiambu, Kilifi.



Iron deficiency anaemia (IDA)

Iron deficiency develops when intake and absorption 
(assimilation) cannot meet the requirements

Assimilation = Requirements

STATE OF NEGATIVE 
BALANCE



Increased 
physiologic 
requirements

Pathology 
causing 
increased 
requirements

Iron deficiency anaemia (IDA)

Increased 
requirements

Development of iron deficiency:



STAGES OF DEVELOPMENT OF IRON 
DEFICIENCY.

Depletion of iron stores in hepatocytes, 
macrophages of liver, spleen and BM 
Reduction in plasma iron content
Iron deficient erythropoiesis

⇒Abnormal erythropoiesis : Microcytic 
hypochromic cells, a fall in Hb

⇒ Abnormal levels of cytochromes
⇒ Epithelial cell changes



Stages of development of iron 
deficiency
• Prelatent – Stores depleted but serum iron levels 

normal
• Latent iron deficiency – Exhausted stores but the Hb is 

within normal reference values
• Overt iron deficiency anemia – Hb low, microcytes 



Aetiological factors for IDA
• Usually <1 implicated
Impaired assimilation:

• Nutritional deficiency
• Defective absorption



Nutritional deficiency

• Due to iron-poor foods, factors reducing bio-
availability of iron

• Especially in children and women (reproductive ages)
• In women poor iron intake compounded by  

menstrual losses, losses related to reproductive 
function

• Poverty, war, poor agricultural practice, social and 
religious factors may be implicated as causes of iron 
deficient diets



Impaired absorption

• Achlorhydria
• Gastric surgery
• Malabsorption in Coeliac disease, sprue, steatorrhoea 

(intestinal blood loss may also be present)



2. Increased physiological requirements
• Growth – Esp. preterm, neonate, childhood, 

adolescence
• Menstruation (30-80ml blood loss/period)
• Pregnancy
• Lactation
• Frequent blood donation (250mg iron/unit)

Aetiological factors for IDA cont….



3. Pathological causes of iron loss
• Blood loss (haemorrhage) - Chronic

- Acute
a) Overt loss- e.g. epistaxis, haemorrhoids,  

haematemesis.
b) Occult loss- Peptic ulcer, helminths, chronic 

NSAID ingestion, Hiatus hernia etc.
c) Unusual - P.N.H., prosthetic heart valves, 

idiopathic pulmonary  haemosiderosis.



CAUSES OF GASTRO-INTESTINAL BLOOD 
LOSS

• OESOPHAGUS- Varices, hiatus hernia
• STOMACH- Varices, ulcer, carcinoma, gastritis
• S.I.- Ulcer, Helmenthiasis, enteritis, polyps, 

meckel’s diverticulum, vascular abnormalities, 
volvulus, intussusception,  e.t.c.



• COLON- ulcerative colitis, amoebiasis, 
schistosomiasis, cancer, diverticuli, vascular 
abnormalities

• RECTUM- haemorrhoids, ulceration, cancer
• BILIARY TRACT- Trauma, cholelithiasis, neoplasm 

e.t.c.

Causes of  GI blood  loss cont…..



CAUSES OF BLOOD LOSS FROM 
RESPIRATORY TRACT

• Recurrent haemoptysis
• Chronic infection e.g. P.T.B.
• Lung cancer
• Valvular heart disease
• Idiopathic pulm. haemosiderosis
• Goodpasture’s syndrome, etc



CAUSES OF GENITO-URINARY BLOOD LOSS

• Menstrual bleeding (menorrhagia etc)
• Uterine fibroids
• Neoplasm’s
• Renal stones
• Inflammatory renal disease
• Parasites (urinary schistosomiasis- bilharzia)



INTRAVASCULAR HAEMOLYSIS, 
HAEMOGLOBINURIA

• PNH, mechanical RBC damage, vascular 
prosthesis

WIDESPREAD BLEEDING DISORDERS
• With chronic bleeding E.g. chronic 

thrombocytopenia,  
• (Self induced bleeding)



Clinical Features of Iron Deficiency

Clinical features of:
• Anaemia
• Effect of chronic iron deficiency
• Underlying/causative disorder



Epithelial tissue changes:

• Nails- Koilonychia
• Tongue - Atrophic glossitis
• Angular stomatitis
• Oesophageal webs- Kelly Patterson syndrome 

(middle aged females with chronic severe IDA)



Koilonychia is a dystrophy of the fingernails, sometimes associated with iron 
deficiency anaemia, in which they are thin and concave, with the edges 
raises. 



Deficiency Signs

Koilonychia
“Spoon Nails”

Glossitis

Angular Stomatitis



LABORATORY FEATURES OF IDA.
1. FBC 
- Hb 

- HCT 
- RBC counts 
- MCV 
- MCH 
- MCHC 
• WBC – Usually N
• PLTs – N or 



Microcytic hypochromic cells.  Small lymphocytes arrowed for 
comparison

2. PBF appearances:



3.  Biochemical Features

• Serum iron levels < 14 mol/l (n= 14-29 
mol/l)

• Serum ferritin reduced < 15 g/l
• N average male 100 g/l
• N average female 30 g/l

• Transferrin saturation reduced < 33%
• TIBC 
• Red cell porphyrin 
• Transferrin receptors 



4. B.M.A
• Iron stain (Perl’s reaction) – Absent stores 
• Iron deficient erythropoiesis (micronormoblastic)

5. Investigate appropriately for the cause
(guided by Hx/PE)

• Stools exam - O/C, occult blood
• Urine examination
• Endoscopy
• Pelvic examination   
• U/S etc.



Summary of laboratory findings:
•Red cell indices:
Low Hb conc.
MCV, MCH, MCHC* 
•Blood film:
Hypochromic microcytic Picture.
Occasional Target cells.
Pencil shaped poikilocytes.
Normal reticulocyte count.
•Bone marrow iron:
Normal to hypercellular.
RBC precursors are increased in number.
Iron stain negative.
•Chemical testing on serum:
Serum iron   Decreased 
Transferrin/TIBC Normal to High
Serum ferritin  Decreased (Very low)



part 2: Later, additional tests were done  and  
these were the findings in the lab report.

• Serum  10 mol/l    
• Serum ferritin  15 g/l

• Transferrin saturation reduced < 33%
• TIBC increased
• Red cell porphyrin increased
• Transferrin receptors increased
• Comment on  the results,  and final diagnosis



DIFFERENTIAL DIAGNOSIS:

• Distinguish between the other major differentials:
• Anaemia of chronic disorders
• Thalassaemias
• Sideroblastic anaemias



IRON OVERLOAD STATES
• Ineffective erythropoiesis e.g. thalassaemias
• Hereditary haemochromatosis

• High incidence in Europeans – HLA type 1 gene - HFE 
gene, other genes also involved

• High incidence in Black South Africans associated with 
increased iron consumption in alcoholic beverages and 
genetic factors 

• Transfusion related siderosis - Iron deposition 
initially mainly in the RE cells then later in 
parenchymal cells.  

Cause Increased absorption of iron from the  gut. 



SIDEROBLASTIC ANAEMIAS.
• Characterized by ringed sideroblasts (RS) in bone 

marrow
• RS are developing erythroblasts with iron granules 

arranged in ring around nucleus (usually < 6 granules 
per cell)

• Iron contained in the mitochondria.
• Disordered porphyrin and abn. haeme synthesis is 

common 



Sideroblastic anaemias

Hereditary:

Sex-linked tmt

Acquired:

Drugs

Lead poisoning

Alcoholism

Some haematol 
dx



Lab features of iron overload

• FBC PBF
• BM - iron stores, ringed sideroblasts
• BIOCHEMICAL

• Serum iron 
• Serum ferritin 
• Transferrin saturation 100% 
• TIBC 
• Increased storage iron in tissues



Factor   Fe def   Chronic Dx                  

sFe     

TIBC     

Transferrin sat.   

Sideroblasts   N/
RE iron                          N/
Serum Ferritin    N 
Rbc protoporph   



A 57 year old farmer presents with the following  
laboratory  results

• Hb 4.3g/dl
• HCT 12%
• MCV 125fl
• MCH 40pg
• MCHC 34g/dl
• Platelet 236 x10/9
• Comment on the results  and suggest further tests



Definition: Macrocytic Anemia

MCV 96fL
Impaired DNA formation due to lack of:
B12 or folate in ultimately active form
use of antimetabolite drugs

Macrocytosis also caused by 
Liver disease with inadequate cholesterol esterification
Alcohol abuse independent of folate (MCV <96)
Myelodysplasia
Post-splenectomy
HIV drugs
Dilantin



Morphologic classification cont.

Macrocytic anaemias 

Megaloblastic
Vit B12 deficiency
Folate deficiency

Non megaloblastic
Liver disease
Hypothyroidism
Drugs
Aplastic anaemia



Biochemical test

• Serum vit B12 = 180-914 ng/L
• Serum folic acid =.<4 mcg/l
• Serum homocystein levels
• Serum  methylmalonic acid 



Causes of  B12 Deficiency: 
Pernicious Anemia

• Autoantibody to Intrinsic Factor detectable in <70%
• Highly specific, but insensitive
• 2 types of anti-IF antibody

• Blocks attachment of Cbl to IF
• Blocks attachment of Cbl-IF complex to ileal receptors

• Chronic atrophic gastritis
• Autoantibody against parietal cells (H-K-ATPase) though 

pathology indicates destruction by CD4+ T cells
• Increased risk of gastric cancer (carcinoid and intestinal- type)



• Gastrectomy surgery
• Ileal resection or bypass
• Ileal disease (TB, lymphoma, amyloid, post-radiation, Crohn’s)
• Enteropathies (protein losing, chronic diarrhea, celiac sprue
• Fish tapeworm (Diphyllobothrium latum) infection
• Bacterial overgrowth
• HIV infection
• Chronic alcoholism
• Sjogren’s syndrome
• Pancreatic Exocrine Insufficiency
• Strict vegan diet
• Inherited 

• Trans-Cbl II or IF deficiency
• decreased uptake of IF-Cbl (Imerslun-Grasbeck’s or juvenile megaloblastic anemia) -

also presents with proteinuria
• Homocysteinuria, severe abnormalities of methionone synthesis, abnormal lysosomal 

exporter
• Decreased absorption from medication

• Neomycin
• Metformin (biguanides) up to 10-25%
• PPI
• Nitric oxide (inhibits methionine synthase)



B12 Lab findings

 Macroovalocytic anemia with 
elevated serum bili and LDH
Increased red cell 

breakdown due to 
ineffective hematopoiesis

 Retic, WBC & platelets normal 
to low

 Hypersegmented neurophils 
Also occur in renal failure, 

fe deficiency, inherited



Schilling Test
1. PART 1: Oral labeled B12 and IM 

unlabeled B12 at the same time to 
saturate tissue stores

2. 24h urine to assess absorption

<5% normal

<5% impaired

3. PART 2: Repeat w/oral IF

if now normal =PA

if abnormal = malabsorption

4. Can continue with antibiotics to 
look for bacterial overgrowth, 
pancreatic enzymes for exocrine 
insufficiency

Part 1 test result Part 2 test result Diagnosis

Normal - Normal or vitamin 
B12 deficiency

Low Normal Pernicious 
anemia

Low Low Malabsorption



Folate
• Animal products (liver), yeast and leafy 

vegetables
• Normal requirement 400mcg/day
• Pregnancy/Lactation: 500-800mcg/day
• Increased requirement in hemolytic anemia and 

exfoliateive skin disease
• Body stores: 5-10mg



Lab testing for diagnosis
Serum B12 Serum Folate MMA Homocysteine

Normal <300 <4 70-270 5-14
Deficiency <200 <2

Confirm B12 200-300 High High
Confirm folate 2-4 Normal High

High amount of seaweed in the diet can interfere with the B12 assay as 
can a single meal.  It is best to add-on tests to blood already in the lab, 
particularly for inpatients due to the variability of the test. 

Intrisic factor antibody assay can be falsely positive if pt has recently 
received a B12 shot with B12 <800, thus important to add-on.



LAB STUDIES
TBC & PBF(macro ovalocytes,hypersegmented neutrophils)
Reticulocyte count
ASSAYS
(a) Microbiological assays (L.gracilis,L.leischmanii, E. coli, L. casei) 
(b) Radiolsotope Dilution Assays
(c) Automated nonisotopic assays eg fluorometric ELISA 
4. Deoxyuridine suppresion test (DU) – specific and sensitive test.
(suppression less in B12 & folate deficiency)    
5. Serum Methylmalonic acid & urinary methylmalonic acid 

excretion 
Serum homocysteine (Increase in urine in B12 def.  sensitive marker for B12 

depletion) Urine – colorimetric measurement,Serum – gas chromatography and mass  
spectophotometry,,High liquid chromatography.



• Additional testing with homocysteine and 
Methylmalonic acid(MMA) determinations may help 
distinguish between B12 and folate deficiency states. 

• In folate deficiency, homocysteine levels are elevated 
and MMA levels are normal. 

• In vitamin B12 deficiency, both homocysteine levels and 
MMA levels are elevated.



Figlu Assays in Urine –Increase in Folate def.
Investigation for cause. 
Malabsorption- Schilling test(give physio dose of labelled B12)

Assay feacal or urinary excretion.  <5% of test dose in deficiency 
Normal <10%

IF Assays
Ab demonstration 
- Parietal cells
- IF Factor



part 2 :Additional biochemical test were as 
follows

• Serum vit B12   , 120 ng/L
• Serum folic acid  8 mcg/l
• Serum homocystein levels eleveted
• Serum  methylmalonic acid  eleveted
• Comment on the results   and suggest further tests



3.Normocytic normochromic

• causes
• Anaemia of chronic disease (usually)
• Acute blood loss
• Haemolytic anaemias



Anaemia of Chronic Diseases.

• Common (52%)
• Anaemia observed in patients with chronic infections; 

inflammatory conditions, neoplastic diseases.
• Pulmonary infections, TB
• P. I. D
• Osteomyelitis
• H.I.V.
• Inflammatory Diseases: RA, Rheumatic fever, SLE, Severe 

trauma, Burns.



MECHANISMS.

• Decrease in erythrocyte survival (decreased red cell life 
span)

• Mediators of erythropoiesis suppression:
- Tumor necrosis factor (TNF)
- Interferons
- Interleukin 1, 6

• Impaired marrow response (decreased Burst forming Unit 
Erythroid). reduction in erythropoietin levels.

• Abnormal iron metabolism, deregulation in iron
Block in macrophage release of iron.



MECHANISMS.

• Malignancies. 
- Marrow Replacement
- Tumor induced marrow fibrosis
- Tumor induced marrow necrosis
- Tumor treatment effects: Cytotoxics, nutritional.



Anaemia of Chronic Diseases.

• Malignancies 
• Miscellaneously: Heart Diseases, alcoholic diseases, 

Renal failure.



CAUSES.

• PCM, PEM – Food security
• Others:- Cultural 

- Religious
- Food Faddist
- Anorexia Nervosa



CLINICAL.

• Underlying disorder
• PEM, PCM – Marasmus

- Kwashiorkor
• Vitamin deficiencies
• Anaemia - late sign



CAUSES.

• PCM, PEM – Food security
• Others:- Cultural 

- Religious
- Food Faddist
- Anorexia Nervosa



DIAGNOSIS.

• History
• S & S of underlying Diagnosis
• Laboratory.

- TBC
- PBF: Normocytic, Normochromic, Microcytic hypochromic
- Decreased MCV
- Decreased MCH

• Decreased Serum iron-hypoferrniaemia
adequate Fe stores – FERRITIN 

• Decreased or Normal Serum Transferrin levels



MULTIPLE DEFICIENCY ANAEMIAS.

• Nutritional factors for erythroid production and function.
- Proteins AA and Calories
- Vitamin B12 and Folic acid
- Vitamin B6
- Riboflavin
- Nicotinic Acid
- Ascorbic Acid
- Vitamin A
- Vitamin E



LABORATORY.

• TBC – moderate anaemia WBC, PLTs
• PBF – dimorphic picture

- normocytic normochromic
• Retic count N (nb. Increased Vitamin E)

acanthocytosis
leucopenia                        Anorexia nervosa
thrombocytopenia



LABORATORY.

• BM – Slightly hypocellular
- Combined features of iron def.+megaloblastic

Biochemistry
- Decreased serum transferrin levels
- Serum Fe levels                                   in kwashiokor

- Specific assays
- CHO deficiency in anorexia nervosa. 



3.Normocytic normochromic





Laboratory evaluation of 
red cell defects



• Full blood count and examination of the peripheral 
blood film

• FBC  Haemoglobin level
Red cell indices  
White cell count and differential
Platelets



• Low haemoglobin for age/sex/physiological state   
ANAEMIA

• Red cell indices : red cell count
• haematocrit (Packed cell vol)

mean corpuscular volume
MCH
MCHC



• Anaemia MCV <76 fl   microcytic
MCV 76-96fl  normocytic
MCV >100fl   macrocytic

Examination of the PBF important for looking at the 
morphology of red cells



The PBF: Introduction

• An examination of native blood or blood collected 
in an appropriate anticoagulant spread on a 
microscope slide and stained with Romanowsky
stains

• Important component of a haematological
examination in conjunction with relevant clinical 
information

• Confirms or suggests a possible diagnosis to the 
clinician



The PBF: Applications
Examination of PBF is important for the 
following reasons:

• Assessment of RBC, WBC and Platelet morphology –
may point towards specific diagnosis

• Morphological classification of Anaemia
• Monitoring of treatment of haematogical disorders
• Identification of Parasites
• Differential white cell count



The PBF: RBC Morphology

• Normocytic Normochromic
• Microcytic Hypochromic
• Macrocytic: Megaloblastic/Non-megaloblastic

• Aniscocytosis (size)
• Poikilocytes (shape)
• Inclusions
• Others: Rouleaux, Agglutination, Polychromasia



Normocytic Normochromic



Microcytic Hypochromic



Macrocytic



Poikilocytosis (sickle cells)



Tear drop forms (dacryocyte)



Tear drop forms (dacrocyte)



Target cells





Parasites



Basophilic stippling



Howell-Jolly bodies



Reticulocyte count

• Young red cells, newly released from the marrow
• Contain ribosomal RNA
• Supravital staining e.g brilliant cresyl blue or new 

methylene blue stain RNA
• Enumerated and reported as  absolute count or a 

percentage of the red cells
• Adults  0.3 -2 %      (50-100 x 109/l)



• Reduced in bone marrow failure
• Increased in Haemolytic anaemia, haemorrhage, 

haematinic response
•



reticulocytes



Bone marrow examination

• Aspiration of marrow 
• Sites: sternum from adults (aspirate only)
• posterior superior iliac spine (aspirate
• and biopsy) in children and adults
• tibial tuberosity in children less than 6 

months
• Needles Klima/Salah for aspiration
• Jamshidi needle for biopsy



Bone marrow

• Evaluate haemopoesis



• Haematinic assays
• iron levels
• Transferrin levels
• total iron binding capacity (TIBC)
• serum ferritin
• serum B12 levels
• serum folate assays
•
•



Miscellaneous tests

• Osmotic fragility
• Haemoglobin electrophoresis
• Direct  antiglobulin test 
• Glucose 6 phosphate dehydrogenase deficiency
• Red cell life span studies (radionucleotides)


	Introduction to Red Cell Defects. �Morphological Changes and Relevance.
	Human Erythrocyte.
	Normocytic Normochromic
	The PBF: 
	Abnormality of red Cell Picture
	Defects I Anisocytosis.
	Microcytic Hypochromic
	Microcytic Hypochromic
	Macrocytic
	Macrocytic
	Defects II Poikilocytosis.
	Acanthocytes
	Acanthocytes
	Defects II Poikilocytosis.
	Echinocytes
	Echinocytes
	Helmet Cells
	Defects II Poikilocytosis.
	Rouleaux
	Fragments
	Fragments
	Fragments (Schistocytes)
	Defects II Poikilocytosis.
	Poikilocytosis (sickle cells)
	Poikilocytosis (sickle cells)
	Sickling Test preparation
	Spherocytes
	Spherocytes
	Defects II Poikilocytosis.
	Defects II Poikilocytosis.
	Stomatocyte
	Target Cells
	Tear drop forms (dacryocyte)
	Tear drop forms (dacryocyte)
	Defects II Poikilocytosis.
	Tear drop forms (dacryocyte)
	Tear drop forms (dacryocyte)
	Elliptocytes
	Elliptocytes
	Defects IV Anisochromia.
	Defects IV Anisochromia.
	Polychromasia
	Basophilic stippling
	Basophilic stippling
	Red Cell Defects. Inclusions.
	Red Cell Defects.
	Red Cell Defects.
	Red Cell Defects
	Howell-Jolly bodies
	Howell-Jolly bodies
	Pappenheimer Bodies
	Pappenheimer bodies
	Siderocyte
	Malaria Parasites 
	Malaria Parasites
	 
	     RED CELL  CHANGES
	Slide Number 58
	OBJECTIVES
	A 27yr old pregnant lady presents with the following blood results
	Morphological based on indices
	 
	Lecture outline
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Iron deficiency anaemia (IDA)
	Slide Number 69
	Iron deficiency anaemia (IDA)�
	Slide Number 71
	Slide Number 72
	Stages of development of iron deficiency
	Aetiological factors for IDA
	Nutritional deficiency
	Impaired absorption
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Deficiency Signs
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	IRON OVERLOAD STATES�
	Slide Number 96
	Slide Number 97
	Lab features of iron overload
	Slide Number 99
	 A 57 year old farmer presents with the following  laboratory  results
	Definition: Macrocytic Anemia
	Morphologic classification cont.
	Biochemical test
	Causes of  B12 Deficiency: �Pernicious Anemia
	Slide Number 105
	B12 Lab findings
	Schilling Test
	Folate
	Lab testing for diagnosis
	                         LAB STUDIES
	Slide Number 111
	Slide Number 112
	  part 2 :Additional biochemical test were as follows
	3.Normocytic normochromic
	Anaemia of Chronic Diseases.
	MECHANISMS.
	MECHANISMS.
	Anaemia of Chronic Diseases.
	CAUSES.
	CLINICAL.
	CAUSES.
	DIAGNOSIS.
	MULTIPLE DEFICIENCY ANAEMIAS.
	LABORATORY.
	LABORATORY.
	3.Normocytic normochromic
	Slide Number 127
	Laboratory evaluation of red cell defects
	Slide Number 129
	Slide Number 130
	Slide Number 131
	The PBF: Introduction
	The PBF: Applications
	The PBF: RBC Morphology
	Normocytic Normochromic
	Microcytic Hypochromic
	Macrocytic
	Poikilocytosis (sickle cells)
	Tear drop forms (dacryocyte)
	Tear drop forms (dacrocyte)
	Target cells
	Slide Number 142
	Parasites
	Basophilic stippling
	Howell-Jolly bodies
	Reticulocyte count
	Slide Number 147
	reticulocytes
	Bone marrow examination
	Bone marrow
	Slide Number 151
	Miscellaneous tests




ACQUIRED RED CELL DEFECTS: 


Acquired causes of hemolysis: 


 They are due to extracorpuscular causes of hemolysis 


 Due to abnormal environmental factors acting on normal RBCs 


 Main categories 


o Immune 


o Non-immune 


*notable exception – PNH 


Immune hemolytic anemia: 


 Due to antigens produced against red cell antigens 


o Alloimmune 


 Warm antibody type: IgG mediated 


 RBC destruction predominantly extravascular in the spleen 


 Cold antibody type: IgM mediated: 


 Hemolysis predominantly intravascular 


o Autoimmune 


 Antibodies against red cell antigens are from different individuals: 


 Hemolytic transfusion reaction 


 Hemolytic disease of the newborn 


 Transplantation-associated hemolytic disease 


o Drug-induced: 


 Include: 


 Cephalosporins 


 Levodopa 


 Methyldopa 


 Penicillin 


 Quinidine 


 Some NSAIDs  


 Drug may induce true autoantibodies against RBCs or induce 


specific antibodies against a drug and red cell damaged as a result 


of drug-antibody complex – red cell interaction (e.g. penicillin, 


cephalosporins etc.) 


 Mechanisms of RBC destruction: 







o Cell-mediated immune (CMI) destruction leading to extravascular 


destruction 


 RBC sensitized by IgG is destroyed by cells of the RES 


 Tissue macrophages express receptors binding Fc portion of the 


IgG molecule 


o Complement-mediated destruction – may lead to intravascular hemolysis 


 


Non-immune mechanisms: 


 Microangiopathic hemolytic anemia (MAHA) 


o Red cell fragmentation syndromes 


 Abnormal vasculature associated with RBC fragmentation and 


hemolysis: 


 Hypertensive disease 


 Fibrin clots in vasculature (DIC) 


 March hemoglobinuria/long distance runners 


 Synthetic heart valves 


 Pregnancy 


 Infectious agents: 


o Malaria, babesiosis 


 Invade the red cell 


o Bartonellosis 


 Intracellular bacteria 


o Clostridial sepsis and other bacterial infections 


 Cause direct injury to the red cell and cause subsequent 


destruction. 


 Chemical agents, drugs, venoms: 


o Drugs cause oxidant damage to the red cells, e.g. oxidant drugs such as 


dapsone and sulfasalazine in G6P-DH 


o Chemicals – oxygen, arsenic, lead, copper, water 


o Venoms – spider bites, snake venoms, bee stings etc. 


 Physical agents: 


o Thermal injury 


o Ionizing radiation 


 Hypersplenism: 


o Spleen sequesters RBCs and destroys abnormal and aged cells 







o Hypersplenism associated with increased sequestration and destruction, 


and splenomegaly 


 Paroxysmal Nocturnal Hemoglobinuria (PNH): 


o Uncommon acquired disorder due to an acquired somatic mutation 


o Acquired membrane defect of RBC rendering cell sensitive to 


complement-mediated lysis: 


 Deficiency of glycophosphatidylinositol leading to absence of 


protective proteins on the membrane. 


Lab Workup: 


 Initial investigations: 


o FBC: 


 Hb, Hct, RBC, MCH, MCHC 


 WBC, Platelets 


o Reticulocyte count: 


 Raised indicates increased erythropoietic activity 


 Blood film: 


o Important morphological changes, e.g.: 


 Spherocytes 


 Red cell fragments (fragmentation anemias) 


 Polychromasia 


 Nucleated red cells 


 Parasites 


 Biochemical tests for hemolysis: 


o Bilirubinemia (increased indirect bilirubin) 


o LDH increased 


o Haptoglobulin decreased 


o Hemopexin decreased 


o Urinalysis: 


 Hemosiderin 


 Hemoglobin 


 Urobilinogen 


 Specific studies: directed by history, PE and preliminary tests 


o Direct antiglobulin test (immune mediated hemolysis) 


o Antibody identification 


o Test for drug-mediated hemolysis 







o Hams-Dacie/Hams test (serum acidified lysis test) – PNH (sugar or 


sucrose lysis test) 


o Flow cytometry 


o Red blood cell survival (51Cr survival) – rarely used; can demonstrate 


shortened RBC life (hemolysis) 
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Lecture Outline

		Definition of microcytosis

		Pathogenesis

		Classification (pathogenetic)

		Laboratory evaluation
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Lecture Objectives

		By the end of this lecture you should be able to:

		Define red cell microcytosis and describe the pathogenesis of microcytosis

		Outline the laboratory tests done in the evaluation of microcytosis
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Definition

Microcyte:



		Red cells that have a MCV less than the lower normal limit (< 76fl in adults)



		Microcytes are cells that will be smaller than normal
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		Microcytic anaemias are linked by morphologic and pathogenetic feature of deficient Hb synthesis (often associated with iron deficiency or impaired iron utilization)



		Hallmark of microcytic anaemias is microcytosis and hypochromia
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		Degree of microcytosis and hypochromia relate to the severity and duration of underlying disorder







		Microcytic anaemias are very prevalent and clinically important
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Pathogenesis

			Biosynthesis of Hb 









		All should be provided in optimal amounts in developing erythrocyte







IRON



GLOBIN



PROTOPORPHYRIN
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		Microcytic anaemias are characterized by deficient HB synthesis and impaired iron metabolism



		Classified into 3 main groups depending on the deficient component
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Pathogenetic classification of microcytic anaemias

Disorders of iron metabolism



Disorders of globin synthesis



Disorders of porphyrin and heme synthesis
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Disorders of iron metabolism

		Iron deficiency anaemia

		Anaemia of chronic disorders





Above two are amongst the most common causes of microcytiosis

		Others (more rare):



Atransferrinaemia (AR trait)

Rare familial microcytic anaemias

Gallium administration, etc



*











Disorders of iron pathway

		Transferrin iron main source of iron for Hb production in red cells







TRANSFERRIN        SATURATION

    













IRON DEFICIENCY

REDUCED HB                                 PRODUCTION

MICROCYTIC HYPOCHROMIC CELLS
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Disorders of  globin synthesis

		Thalassaemias



		Unstable haemoglobin diseases





		Hb E disease, Hb E trait



		Hb C disease
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Disorders of globin synthesis

Thalassaemias

		Group of inherited disorders in which synthesis of one of the normal polypeptide chains of globin is deficient



		Hb deficient due to:



Defective synthesis of a polypeptide chain e.g. b thal – b chain deficiency

Complimentary chain formed in excess and precipitates and removed in spleen 
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Disorder of globin synthesis cont









Unstable Hb disease:

Abnormal Hb precipitates (Heinz   body) and is removed by spleen leading to pronounced hypochromia
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Disorders of porphyrin and heme synthesis

		Sideroblastic anaemas



Defective ALA synthesis (e.g. Vit B6 deficiency/abnormal metabolism, drugs, toxins)

Lead poisoning

Some haematological conditions

Deficiency of heme synthetase

Deficiency of coporphyrinogen oxidase

Unknown causes
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Sideroblastic anaemias



		Characterized by ringed sideroblasts in bone marrow

		RS are developing normoblasts with pathologic iron deposition (in mitochondria) around nucleus

		Several types of sideroblastic anaemias
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Sideroblastic anaemias

HEREDITARY

Sex-linked inheritance 

ACQUIRED

		Lead poisoning

		Drugs

		Alcoholism

		Haematologic  disorders
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Laboratory Evaluation

1.	Tests to detect and define a   	microcytic anaemia

2.	Tests to distinguish between the 3 major disorders of the group:

ANAEMIA OF CHRONIC DISORDER

THALASSAEMIA



IRON DEFICIENCY
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Full blood counts:                          

	Reduction in HB, Hct/PCV , RBC no.                                               Reduction in MCV, MCH, MCHC 

	WBC, Plts (Variable)



2.  Blood film:

	 Red cell morphology - microcytes, hypochromia, anisocytosis, poikilocytosis

	(WBC, Plt morphology normal)
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Biochemical features:  



Serum iron 

Serum ferritin 

Transferrin saturation 

Total iron binding capacity (TIBC)  

Serum Transferrin receptors 

 Erythrocyte (zinc) protoporphyrin 
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Bone marrow examination 

	- Iron stores in bone marrow

	 - Absent in deficiency(Perl’s stain)

	 - sideroblasts (SA).
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5.  Tests for abnormal haemoglobin/globin chain: 

  Hb electrophoresis

  HPLC

  Globin synthesis studies

  Others









Further tests to determine cause:

		For cause of iron deficiency

		Genetic studies

		Lead levels

		For chronic disorder
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