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Morphology: Bone marrow morphology should not be undervalued.



The nucleated differential count

• To assess haemopoietic activity 
• To compare the proportion of the different cell lineages 

with known reference ranges
• To quantify abnormal cells, if present

• Should be performed 
– In the cellular trails of the BM smear behind the particles 

(minimally diluted with PB)
– In an area where the cells are well dispersed with good cytological detail
– Where there is the least number of smudged cells
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ICSH guidelines for the standardization 
of bone marrow specimens and reports

• One first scans the marrow film under low power (100X or 200X)
• à looking for irregularities in cell distribution
• number of megakaryocytes
• the presence of abnormal cells

• The differential count is performed at 400X or 1000X.

• Percentage of an abnormal cell type is required for diagnosis
• à At least 500 cells should be counted in at least 2 smears

• Not essential to the diagnosis
• à At least 300 cells should be counted

Int. Jnl. Lab. Hem. 2008, 30, 349-364



The nucleated differential count 

Should comprise Should not include

Blast cells Promonocytes Megakaryocytes

Promyelocytes Monocytes Macrophages

Myelocytes Lymphocytes Osteoblasts

Metamyelocytes Plasma cells Osteoclasts

Band forms Erythroblasts Stromal cells

Segmented neutrophils Smudged cells

Eosinophils Non-haemopoietic cells

Basophils Metastatic tumour cells

Mast cells Lymphoid aggregates

Int. Jnl. Lab. Hem. 2008, 30, 349-364
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Hematopoiesis



Granulopoiesis



Normal neutrophils (2-5 lobed)

Normal band form neutrophils

Normal metamyelocytes



Normal myelocytes

Normal promyelocytes

Normal blasts

Variable size

Appearing like atypical lymphocytes

정확한 분류가 어려운
경우
à 정상적으로 더 많이
분포하는 세포의 종류
로 분류!



Mature eosinophils

Immature eosinophils

Secondary eosinophilic granules:
Orange-red color

Immature eosinophil 
à eosinophil로 감별계산!



Mature basophils

Immature 
basophils

Secondary basophilic granules:

Course, dark blue-black, and 
often overlay the segmented 
nucleus

Immature basophil
à basophil로 감별계산!



Mast cell production

Mast cell precursor -> Mast cell, Basophil

Mast cell: reside in tissues
play a role in initiation of allergic responses, 
activating during parasitic infections,
protective immune responses to microbial pathogens

nuclei are round, 
granules impart a dense purple-black appearance to the cytoplasm
often obscuring the nucleus



Monopoiesis

MonoblastPromonocyte
Monocyte

- Gradual nuclear folding 
- the acquisition of cytoplasmic granules 

(Esterase stains +) 



• Monocyte & histiocytes (macrophages and dendritic cells)
- Phagocytic activity
- Produce a plethora of cytokines (regulatory activities in hematopoiesis, 
inflammatory states, and diverse immune reactions)
-> migrate to all organs of the body

• Macrophages
– Within bone marrow,  macrophages are in particles on BM aspirate smears

Diff. count X



• Dendritic cells
- Potent antigen-presenting cells (APCs), 

capable of initiating a primary innate 
immune response

- Inconspicuous on morphologic review
- Immunohistochemical techniques are required 

for cell ID (CD1a, S100, CD123, CD23, and 
CD35)

Dendritic cells Plasmacytoid dendritic cells



Erythropoiesis
• The earliest morphologically recognizable cell in the erythroid lineage à

Pronormoblast (Erythroblast)

• Nucleus
- Progressive nuclear condensation
- Extrusion of the pyknotic nucleus at the end of the orthochromic normoblast stage
- Extruded nuclei à subsequently undergo phagocytosis (macrophages)

• Cytoplasm
- Adequate hemoglobin production 
- Gradually changes from deeply basophilic to pinkish



Pronormoblast

Basophilic Normoblast

Polychromatophilic Normoblast

Orthochromic Normoblast

- PB에서 관찰X

<BM 감별계산 시>

- Cluster 부위에서는 감별계산 X

- 정확한 분류가 어려운 경우
à 정상적으로 더 많이 분포하는
세포의 종류로 분류!



Megakaryocytopoiesis

Megakaryocytes

Promegakaryocytes Megakaryoblasts

High nuclear-to-cytoplasmic ratio
Non-lobulated nucleus
Cytoplasmic blebbing may be evident

Progressive nuclear lobulation with 
increasing DNA content
Greater increases in cytoplasm

• ID of immature megakaryocytes generally requires 
immunophenotyping
CD31, CD41, CD42b, CD61

Diff. count X



Lymphopoiesis
• The stage of maturation of 

both B and T lymphocytes 
ß generally defined 

by the surface antigen profile 
rather than by morphologic features

Normal lymphoid precursors (Hematogones):
ü Highly condensed nuclear chromatin
ü Inconspicuous nucleoli
ü Scant cytoplasm

- Account for a very low percentage in adults



Normal lymphocytes Prolymphocytes & lymphoblasts

Not recognized in normal bone marrow

Lymphoblast, Prolymphocyte
-> neoplastic cell

Lymphocyte precursor cell 
-> non-neoplastic cell

Small lymphocytes

Large lymphocytes

Granular lymphocytes



Plasma cells
Humoral immune 
response

<5% of BM cells

Eccentric round nuclei, 
abundant basophilic 
cytoplasm, 
a paranuclear hof

Reside adjacent to 
vessels &
dispersed in the 
medullary space

Myeloma cells



Age-related normal values in bone marrow

Age % Cellularity % Granulocyte % Erythroid % Lymphocytes Comments

Newborn 80-100% 40-50% 40% 10-20% High EPO birth
Hematogones* may be 
prominent

1-3 months 80-100% 50-60% 5-10% 30-50% Erythroid precusors ↓
Abundant lymphocytes 
with many 
hematogones*

Child 60-80% 50-60% 20% 20-30%

Adult 
(30-70 years)

40-70% 50-70% 20-25% 10-15% Cellularity fairly stable

Elderly
(>70 years)

≤25% 50-70% 20-25% 10-15% Cellularity ↓

Bone marrow pathology 3rd, Vol. 1, p32

* Hematogones are normal B-lymphocyte precursor cells

Bone marrow cellularity and 
differential counts



The nucleated differential count (Adult)

Bone marrow pathology 3rd, Vol. 1, p34



The nucleated differential count 

Henry’s 23rd, p537Myeloid: granulocyte, monocyte와
그 precursor cells



Other cell types within bone marrow 
stroma and adjacent to bone

Macrophages & 
fat cells (adipocytes)

Osteoblasts:
A single, markedly 
eccentric nucleus and 
abundant blue-gray 
cytoplasm
Can be seen from young 
children

Osteoclasts:
Multiple discrete small, 
round nuclei and 
abundant cytoplasm 
containing finely granular, 
variably eosinophilic
material
Pediatric samples

Diff. count X



Artifacts
Excessive pressure 
à Excessively crushed!

Small clots on aspirate smears

Overstaining or understaining of smears
Water contamination
Aspirate smears too thick

Slide QC is very               
important!
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