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CFU-E (Colony forming unit-erythroid):

Clonogenic progenitors that produce only one or

two clusters with each cluster containing from 8
to approximately 100 hemoglobinized
erythroblasts. it represents the more mature
erythroid progenitors that have less proliferative

capacity.

BFU-E (Burst forming unit-erythroid): The
size of the colony can be described as small (3
to 8 clusters), intermediate (9 to 16 clusters), or
large (more than 16 clusters) according to the
number of clusters present. These are primitive

erythroid progenitors that have high proliferative

capacity.

CFU-G (Colony forming unit-
granulocyte): Clonogenic progenitors of
granulocytes that give rise to a
homogeneous population of eosinophils,
basophils or neutrophlls.

CFU-GM (Colony forming unit-
granulocyte, macrophage): Progenitors
that give rise to colonies containing a
heterogeneous population of macrophages
and granulocytes. The morphology Is similar
to the CFU-M and CFU-G descriptions.

CFU-M (Colony forming unit-
macrophage): Clonogenic progenitors of
macrophages that give rise to a homogenous
population of macrophages.

CFU-GEMM (Colony forming unit-
granulocyte, erythrocyte, macrophage.
megakaryocyte): Multi-lineage progenitors
that give rise to erythroid. granulocyte,
macrophage and megakaryocyte lineages.
as the name Indicates.
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(Frosn Boddak BE Thagioatis Hematology
iladelphia, WE Saunders, 1995,)

] Figure 1-2  Well-made peripheral blood smesr

Prepare blood films within 4(3) h of the blood collection in K EDTA.

Stain the film within one hour of preparation with a Romanowsky stain,

containing fixatives; or fix within one hour with "water-free" (i.e., <3%
= water) methanol for later staining.
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Peripheral Blood Smear

Polycythemia Normal Anemia Gammopathy

Figure 8.1. Macroscopic appearance of blood films. The color of blood smears can reflect severe
underlying abnormalities in hematocrit and the presence of abnormal circulating immunoglobins.
The smear on the left, from a patient with polycythemia vera and a hemoglobin of 20 g/dL,
appears noticeably darker than the normal (hemoglobin = 14 g/dL) and pale anemic sample (hemo-
globin = 7). The blood film on the right, from a case of myeloma, is blue because circulating
monoclonal immunoglobins take up the basophilic stains used in blood smears.
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feathery end

Subfeathery area

&9@5}:}5

Figure 8.2. Microscopic approach to blood films. Selecting the correct area to examine is essential
in properly assessing blood films. Regions where red blood cells are well-spaced and almost touch
each other are optimal for examining erythrocytes (right upper panel). Erythrocytes, when examined
too closely to the edge of the slide, appear misshapen and falsely hyperchromic (left lower panel),
whereas those too distant often appear shrunken and agaregated (right lower panels).

Thick area
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a blood film showing an area that is too thin for
examination




a blood film showing an area that is too thick
for examination
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Phosphate Buffer, Iso-osmotic

(A) NaH,P0O,-2H,0 (150 mmol/l) 23.4 g/l
(B) NaH,P0, (150 mmol/l) 21.3 g/l
pH Solution A Solution B

5.8 87 ml 13 ml

6.0 83 ml 17 ml

6.2 75 ml 25 ml

6.4 66 ml 34 ml

6.6 56 ml 44 ml

6.8 46 ml 54 ml

7.0 32 ml 68 ml

1.2 24 ml 76 ml

7.4 18 ml 82 ml

7.6 13 ml 87 ml

v Y 4 9.5 ml 90.5 ml

Normal human serum has an osmolality of 289 4
4mmol. Hendry’ recommended slightly different
concentrations of the stock solution, namely,
25.05 g/l NaH,PO, 2H,0 and 17.92 g/l Na,HPO, for
an iso-osmotic buffer.

Phosphate Buffered Saline

Equal volumes of iso-osmotic phosphate buffer and

9 g/l NaCl.

Phosphate Buffer, Sorensen’s
Stock solutions:

66 mmol/l 100 mmol/l 150 mmol/l
(A) KH,PO, 9.1 g/l 13.8 g/l 20.7 g/l
(B) Na,HPO, 9.5 g/l 14.4 g/l 21.6 g/l
or Na,HPO, 119 g/l  18.0 g/l 27.1 g/l
2H,0

To obtain a solution of the required pH, add A
and B in the indicated proportions:
pH A B
5.4 97.0 3.0
5.6 95.0 5.0
5.8 92.2 7.8
6.0 88.0 12.0
6.2 81.0 19.0
6.4 73.0 27.0
6.6 63.0 37.0
6.8 50.8 49.2
7.0 38.9 61.1
7.2 28.0 72.0
7.4 19.2 80.8
7.6 13.0 87.0
7.8 8.5 91.5
8.0 5.5 94.5

This buffer is not iso-osmotic with normal plasma
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RDW-SD
RDW-CV
Macro-Oval
HS-Neut
B12/B9
Diet/GI

Megaloblastic changes/crisis Megaloblastic Anemia
Normal
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RP| = RET [%]
- RET maturation time
in blood in days
Example:

Patient values; HCT= 0.25 L/L, reticulocytes = 20

20[%] 0.5

RPI= — 0.45

=55

Group 1l Group Group IV RBC
HCT [L/L] (patient) Bone Marrow : Peripheral Blood
0.45 (standard HCT) A3 ~ W
I
35 3.0 ?ffﬁ%%
25 2.5 ;
bk sk ik bl e LTl alaS a2l B sl s 4 --~:1:5-u Bob il F ol il o 19 s

Maturation stages according

Morphological description

Quantification according to Seip

to Heilmeyer

Stage O
Stage |

Stage Il
Stage |l

Stage IV

Nucleus

Reticulum consists of dense clots
Loosely arranged reticulum
Diffusely arranged reticulum

Some scattered granulae

(normal %)

<0.1
7.0
32.0

61.0




Anemia

CBC, reticulocyte
count
| |
Index < 2.5 Index = 2.5
Red cell Hemolysis/
morphology hemorrhage
1
&
Normocytic Micro or
normochromic ic - Intravascular
hemolysis
- Metabolic defect
Hypoproliferative Maturation disorder U
abnormalit
- Marrow damage ~ Cytoplasmic defects %
* Infiltration/fibrosis » Iron deficiency -~ Hemoglobinopathy
* Aplasia * Thalassemia
- lron deficiency » Sideroblastic - Immune destruction
anemia
- 4 Stimulation - Fragmentation
* Inflammation ~ Nuclear defects hemolysis
* Metabolic defect * Folate deficiency
* Renal disease = Vitamin B, deficiency
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Reticulocyte count

in blood (%)

I
2
5
10
20
50

Number of cells to be countad

to achieve a CV of 5%

39,600
19.600
7,600
3,600
1,600
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100% |
Frequency In which MATH-1SD = 1 SD = width of the histogram, in
a certain MCV value femtoliters, at approximately the 68.2% frequency
appears In the analysed
erythrocyte population /
15D
68.2% - = RDWLV
m’
20% — /I |\< RDW-SD = histogram Index at the 20% frequency level
| I |
50 100 150

MCV (1)
Otiainment of ROW-CY, MATH- 1SD and ROW-SD from erytbrocyle 1olume distribution bisiogram (1 80)
ROW-CV: coefficent of varsation of red cell distribution widih; ROW-SD: siandard deviation of red call distribution widlth; SD: stavderd deviatson; MCV: mean corpuscular
rolume
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Grading scale

1(+) 2(++) 3(+++) 4(++++)

1-6 per oil 7-10 per 11-20 per OIF | > 20 per OIF
Imm. field OIF




Hypochromia (correlate with MCHC)

1+ :area of central pallor is 72 of cell diameter

2+ : area of central pallor is 2/3 of cell diameter

3+ : area of central pallor is % of cell diameter

4+ : thin rim of hemoglobin



Morphology Grading Table

Morphology Grading Table

Cell Name Few/1+ Mod/2+  Many/3+
WBC
Dohle bodies N/A 24 >4
Vacuolation N/A 4-8 >8
(neutrophil)
Hypogranulation N/A 4-8 >8
(neutrophil)
Hypergranulation N/A 4-8 >8
(neutrophil)
Platelets
Giant Platelets N/A 1120 >20

Cell Name Few/1+ Mod/2+  Many/3+
Schistocytes <1% 1-2 >2
Sickle cells N/A 1-2 >2
Bite cells N/A 1-2 >2
Blister cells N/A 1-2 >2
Irregularly N/A 1-2 =2
contracted cells

Howell-Jolly bodies N/A 23 >3
Pappenheimer bodies N/A 23 >3
Oval macrocytes N/A 2-5 >5
Polychromasia N/A 5-20 >20
Acanthocytes N/A 5-20 >20
Echinocytes N/A 520 >20
Elliptocytes N/A 5-20 >20
Ovalocytes N/A 5-20 >20
Spherocytes N/A 5-20 =20
Stomatocytes N/A 5-20 >20
Target cells N/A 5-20 >20
Teardrop cells N/A 520 >20
Basophilic stippling N/A 5-20 >20
Anisocylosis N/A 1120 =20
Macrocytes N/A 1120 =20
Microcytes N/A 11-20 >20
Hypochromic cells N/A 1120 >20
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Bun=10 Bill-T=9.6 Ca=9.3 CRP=2.1 Urin Blood=Neg | PT=14.1" Antl-1TG=4.9

Urea=22 | BilkD=05 | Phos=3.5 TSH=5.1 Urin Pro=Neg | PTT=30.2" Ferritin=339
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LDH=32 | SGPT=16 | AkP=132 | B812=340 uUrin PH=8 . Vit-D=30.6 | TIBC=255
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Stomatocytosis ( Hydrocytosis) Stomatocytic Xerocylosis
Xerocytosis
Hemaolysis Severe Mild Moderate
Anemia Severe None Moderate
Blood film Stomatocytes Stomatocytes Targets,
echinocytes
MCV (B0O-100 fI)® 110-150 91-98 100-110
MCHC (32-36%) 24-30 33-39 34-38
Unincubated osmotic Markedly increased Decreased Markedly decreased
fragility
RBC Na™ (5-12)° 60-100 10-20 10-20
RBC K™ (90-103) 20-55 75-85 60-80
RBC Na“+K™ (95-110) 110-140 87-103 75-90
Phosphatidylcholine Normal Normal Narmal
content
Cold autohemolysis No No ?
Effect of splenectomy® Good 7 ? Poor
Inheritance Autosomal dominant?, autosomal |Autosomal dominant Autosomal
recessiva deminant

*Values in parentheses are the normal range.
byalues for sodium, potassium, and sodium + potassium are mEqg per liter REC.

Esplenectomy may be contraindicated in these syndromes; ses text for details.



& . c
® % ‘30.'-: o0 ‘0.:'o.° .
L €] o ©O » )
e, *2"% " S0 .0 YO, ¢

P s dl plell (s Fgled se VPV S

e 42U S5 mha 95 Jlail el bty o)l (GSwlgtow <05 5 JUSTL 9 Ly 5 WT gla gyl Ogamlio ponlss b 4255 F] O)1>
ilabd 4 Ldshe phw 03) Glsz Sl > 3lg5 g0 2208 &)l 3k ge 055,55 It ) bicumws )l $5olsdsse 5 005 par bCumy )l
Vged Joo (o2 -2igoee O Il 5 008 SdsS Jlzs Job Jlses plSis Dlabd Gl 55l idshe (035 (55,5) gdls Ogmwly il 5 5305 S255
SBdsbs | g sy sSn 3 s Sy SLaLlg> 3 522 5 <G gl (n 3o Jolie 3 32D 5o Jlie 3 Ule) 13 VU ples Bulpd 43 05
23 .83 00 0L 1) s3uad o8 RDW 5 el MOV @ous )3 aaigh o0 0aalle 095 o8 U5 ((Ruwy (Sawgiwed JBII 9 i S50

s S )T 5 9% g0 30l0s huzme U35 3 (il 8 )bk S5 Sl g shSinng 5 (St By S S 5

..33"" o

8
°%.' 61“9‘..%

g n3a8) S J,-n»n-l Lol u9\~ 3 (el 3 q-“a- 23] (S g U s sl S V-FA S5

ew‘ o‘t rw
Q.‘ v

o ,..ph "'

".‘ D99
$° 2o,

o."




Lol comied RBC
ghos:


















Nuclear changes

* Pyknosis - shrinking & condensation
* Karyorrhexis - rupture of nuclear membrane

» Karyolysis - basophilia gradually fades

KARYOLYSIS PYKNOSIS KARYORRHEXIS
Nuclear fading Nuclear shrinkage Nuclear fragmentation

chromatin dissolution due to
action of DNAases & RNAases basophilic mass

I—B Nuclear dissolution <

ANUCLEAR NECROTIC CELL

undergoes fragmentation

DNA condenses into shrunken Pyknotic nuclei membrane ruptures & nucileus

Nuclear Changes in Necrosis
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Normal Pyknosis Karyorrhexis Karyolysis
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Table 2. Confidence limits ol an observed percentage of
schistocytes when the total number of events varies
[rom 1000 to 10 000 (adapted from Riimke, 1979)

Schistocytes (%) 100 RBC 1000 RBC 10 000 RBC
0 0.0-3.6 0.0-0.4 0.0-0.1
1 0.0-5.4 0.5-1.8 0.8-1.3
2 0.2-7.0 1.2-3.1 1.7-2.3
3 0.6-8.5 22-43 2.6-3.4
4 1.1-9.9 2.9-5.4 3.6-4.5
5 1.6-11.3  3.7-6.5 4.5-5.5
6 2.2-12.6  4.6-7.7 5.5-6.5
7 2.9-13.9  5.5-8.8 6.5-7.6
8 3.5-15.2  6.4-9.9 7.4-8.6
9 4.2-16.4  73-109  8.4-96
10 4.9-17.6  82-120  9.4-10.7
15 8.6-23.5 12.8-174 14.3-15.8

RBC, red blood cells.
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Figure 1. The RBC deformity (arrow) shown in this image is referred to as a "bite" cell
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How Target Cells Are Formed

As a result of artifacts, air-drying and hemoglobin precipitation:
Examples: High humidity, slow drying. and hemoglobin G

Humid condilions
andfor guick drying
Hemoglobin collects in Target cell
thicker areas of cell
As a result of decreased volume:
Examples: Iron deficisncy, thalassemia, and hemeglobinopathies (Hb S E)
Lose of hamoglobin Target call
leads 10 an increass of
surfaca valume ratio
As a result of increased surface membrane:
Examples: Liver diseass {obstructive jaundice), LCAT deficiency, and asplenism
.=
Rare LCAT deficiency: §
-accumulation of cholestarol
Liver disease:
-gxcess cholesterol in plasma
Decreased rale and extent Target cell
of membrane lipid loss
or After splenectomy, reticulocyles
Plasma conlains ratain extra surface membrana
increased free cholesterol relative to hemoglobin content

in the mature RBC.
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Figure 2. Acanthocytosis may be seen in severe malnutrition or lipid depreviation




Schistocytes




IS PH tulidl i oS 9 sotmugtlagicl jo st ey (e figth igdS izt s PH 15 sgmapl] b T 088 <o ) g U SopmyicS) e85 ol JoSlech gt V2P S0
gy e eS| 3t ey 2 i 0 gt | linden g (pmandT



Ll e ) g ST el 45 (U ) g1 gl JPBS g V-1 S5



:(Keratocyte) jls lib Jobw § cawgilys (g
5 33,8 il uset e aelsl s Js gt e pausb | L imds g 83 JSB JoU b bl g0 4 Jsl dg 43 S sites odshe Boawss] S
Sgge L OME 2l Joe 4 L abg e 23U 5 200 3k W SUU Sl 4Bl 20l b 4 T Ol s e alea b ed slaet, Layss
axt 020 35 | olya) Ll Slaer | ol 38 a8l e dlos T 35 il o o Casiagil ) S MOV cusmagtunct GUS 51098, o 0333 43LA5 b 4518 9o
oS s Jobo 3 200 Cwls Sail Usho HuslS sen Sl pl )3 358 ConngilS (gJglsduge sl 2ilgh co i L2z Jl 4l S5 Lo (282 b
9 8330 ULl 45 255 0 LSS ae (3 JigSTe sh12) Jow sl 5 000 Joog o2 4 Comegil S wlg) glesl 90 Sl (pl Lo (2B 255 e
s3lgils 3 Olgi o b Ll S 0)5S3e Sulse 4 4253 b 39500 Ja3d Commgi)S 4 pud oy 5 B9 0ol320 b 3)s5 0 51 s Toame
39 Canwgil S (Sialsdige el 2ilgT o sVl Lol N b nslio b Jlo i Jshw pglone In VITo Julpd 53 365 (60480 jui b Cammw g

Dge Jow ptamnals JuST 2agly 2ilgT g0 i 4200 FA (gles 13 Conwgi] S OgamlpSUl

i
bln oS e iy S (s sbeon by A g Uphs) oo sl <S5 9 opogil slaidgls 1 SEM gt V- | S



L




(Dacryocyte or Tear Drop Cell) cuangssis b ¢,Sibl ayhd slaJolw (s

Ylycael b g Sl wd T Kol o b8 o jlite 5 00 230 lS Canwg 2l b3 Sy 4 &5 (ST L sxl) SO b ates oladshe g S1s
J9pdske b plgi s3dske (silhlie) adsl jgmdshe )3 (SO 0 b8 ladsho 355 o0 €S jui I3 p3 CunshSlss Jgho (ul 4 23,5 0 355
o b8 sladshw . 20s oo s3alin al 88 T jl (302l 3)lse 4> 9 (GoVs3el ST (Giluiss W SU sidele sla T (b U I S 0 o MMM
IS o Iy i il oal & T i gaual U hwgts pySsea O SLbI ladsbe b dake oul jS113 0350 pg Sama SO
-Jsbo a0l MMM U PME @ 2Mal o s 3ilgi o JBeslinlaiba 5 2 om0l oSty o )laSd (S T9 LS ) (SOl o b8 slad gl ) a>
Siolsd g0 ol 5 30T co 392 sl JSET o3 5 a8l jaia oLis CdSul 45 (5 Vg0l j2nS| Kgs9 3 SwaleSui ) > po 4> Sbl ok gla
O8> S uwsgs ST olaei JalS el (g Vg0l 2uST (giluiss 3 e Olaiedts b Sl g poa Sl Ll SLF 0 (LB us s 05> 0
39 huis  Slo b8 (65s)sd s il 2ilg o i BM I o sdsSii) 9,5 13 w3 U Ololew Jl 4 ol 43 385 g0 shae

(g S15) Sl s b cla ol JISEM 3 PBS s iv-FY JS&



ws5)ladl slaciSlly 8333y § IS b 351 pew5)Sig)Sre

e 398 50 g0l (5 25 Ggad 1SS b 4 Cansl cnslials Sl 1 03kl b s 13U (6 S Wi 1 (3 ST JUis o 25Uy Ognld STg See
31IB g5 b Uy olews J2o (5030 2,050 3liilas L Gg> SIS G350 bglons igs @ dlirilas Cond SRals ((Dlailas Gyn) clSlm v
9 8L Sals alies axd h)led cSW shawd el opl 43 3isdie ez S GsenlS Sl Ss bl o I bl slisilas g TTP
Ol S Sl Nigdige Pled CawsS) Sy Olgied GBS sk 4 ond hate on 4 SAESYy paeme <5 i 35800 0358l WBC slass
2l g (§ 8 Bged JST aly e s JSie > 51w 9 0350 (il oY () 0 5 e 093 5 28 4pi S0y

3 (. s TTP. TTP. DIC o) T 0 jLi (a3l 5 LoShy B s b g o0 plin 5 035 (359,21 93 45 CmglgSid) Uolae lacSly il
bl Wil o 45 503 929 3 (ET) pwlel celugaes i 3 (BSS) g )b praiw Jlo (W 2liis b slagilow 20k oo (rul 81 0g>
b Gl e 093 slacSYy

ol 235 315 g LdlaRils 4 bgsse Juad 43 45 355 g 03000 EDTA 5 e 5 b8 s e e b (ulel (glacSl o0,

WS ESYy 5 Sy Sl gt 51y Son JPBS yguss V-FF JS



ez
el Qveh'JJ?

4"

‘ "8 &\J‘ Ko

: ’. s 3 *r..,-‘
o ) "”

b\‘ “8
Sy o ; J :b';}f '( "’
P LD

e -\"—-JdJ-iurU‘)h-Uu )ﬁﬁww’m‘zd‘ ) 02 u»-'--,'ﬂu!»ﬁl’B’S»w Y—“‘J‘-*



oe
a®
RBC-Histogram
100 L W E‘”/ IfL]

Results

RBC RU*
HGB

HCT RuU*
MCV RU*
MCH RU*
MCH( RU*
RDW .

NO.
DATE:
MODE:

Q
83/ 1725 18242
WHOLE BLOOD

WL+ 17.4503/u0
- l .06)(!!5/}!0
8.6 g9/d!
10.2 %
96.2 f1
81.1 P
84.3 gsdi
33103/ 48

i

++

2.23x10%1L
14.4g/d|
24.9%
111,71
64.6pg

57 8gidl
25.4fl

Incubation 30 min

No. 6
DATE: 837 1,25 19:00
MODE: WHOLE BLOOD

wBC WL  6.7xi03-ul

RBC - 2.67x<108/u0
HGB - 8.4 9sdn
HCT - 25.3 %

MCcy 94.8 fo
MCH 31.5 Pa
MCHC 33.2 9rdo
PLT 360xin3 /ug

WMELC

100 200 300 [§0]
LYMPH%Z WL- 22.0 %
MXD % WL- 3.2 %
NEUTZ WL 74.8 %
LYMPH# WL 1.5x103 7 u0
MXD # WL 0.2x108.7u1
NEUT# WL S5.0xI03 /ul

100 200 0]
RODW-CVU  + 15.0 %

10 20 30
PDW 11.3
9

Py 2.
P-LCR 25.2

NH»
E=E—

RBC-Histogram Results

RBC
HGB
HCT
MCV
MCH

= i h MCHC

10 20 |[f1] RDW

a5V ool 50 (MEIS Y v GawebeSil Jams g bS ol alS T 30aS 1) —FF ISA

4.35x10"L



3.
S.
1.

S

0.4x103/78L
0.8x102/2L
12.5x10874L

RBC

RDW_SD
RDW_CV

200 1)

420270
+ 179Q%

6.5xm$/PL
1.58,m6/Pb
8, Aa/dl—
15, 7%
99, 4fL
53.2FP2
53, 58/dL
274,103/"—

~

80.

0.9xWS/ »L
SEZ2x0S /A




:(Howell-Jolly Bodies) ¢Jga - Jola plaa)

b Sl )5 3598 ssalie (Multiple) Uiz L (Single) (SO &g 4 alsd co 45 3ud gl (pileg ;S 3,5 3 Slo 5L plu ol
BM (515 5 Suidged ool aSomallyslSis aiT s ol (Ses 3500 92 - J3la plurl 2595 g0 B3> 5008 Sty Jlzs Jlowb bugd pluz
CdYs Vgere 3350 Joz Jols plucrl J5 3igd 0303 (owld (Sledsh oiT J AU g0 5Siluslgil 4 5 21,2 09Kkl 43) (5213 wdlnb jl 225 5
Jsla (iul381 ol sen & N-RBC saalie 3,05 MDS 5 CDA (g)les Jio (g2ub i d59,550) omad JESI K5 5 0 b SiwlbglBe oiT
pY 43 035 K5y sadshe 13 1) Joz Jsls pluc! .ol €8l SawllghBe poiT o Vs Sl e s biawslsSsy Sl 0sn Jy Jo>
Jsko 93 52 )3 5 3d 0,8 (ol 5 liE @ Juate ik (phite 9 3,5 03 it il (©3bjuls BUS 0 plucrl (ul 3ge5 03alie Olgi o s gb e
i Pex ol plurl i )ls B3 09,50e | 393> 5059 seslainl plul I 25,50 s oo Jals o1l ais saalie LB oy 2l 5 CanplsSos
gdige Cale s (Fulgen) (SUs8 S5, b 6500 T, 53 13 3 5163 S 3 G iz J1 6 ol

9 Ya Y. |
(Sedilagy) eol) S5, boad S5 Ghusa Gs3 43 Jam-Jsla soalia V-FV JS&




(Pappenheimer bodies) (eg)g)saw) yayls 730 elusl
opate S50, )3 S sd uyswged iz i (JTpk 2T gladsil S sl el BM 5 e Olgz o8 $adslS 5 iiwlige s
3 o Bl 3 (Fuwy )l J51s S ssumsed s paalie LB o,d 0T € Gl Sy S)sots (U el S0u L us 2T J2o) T
P393 S35 g )l 4 ipsigsses BUSLS il 4 5 Mglie B 5030 g 4 ewllsen sadilS JB15 )3 Sujslsi sl
b Soty b Olsz SlacunslsSs) )3 35250 Slapsigsee Ll 20sd o €S Cuillis) i p3gsdnm (531> Slacawllse)gi 4 3 st
(gosamgen ) puisileg Seen Sty smm oil Jlo Julib 5 Js 2sd 0 saalie @b SLRBC > 13 5 3 e B3> LRBC I
U 23 Cawl (Ses By daw 358 0o (IOL) aT JL Glal s 03 < (sle ool J2e) 035 ) S 32055 5 Jlnb SIS b oSilowsl
o2l 23 6 Nghipe el s Sty s, K05 5 oly S, L pesigssew SUPLS bl il iz 43 x5S saalie ju e
53 reald (gl plierl 3lxms o Sradoial Skl BUS s 3283 0 LS 55 T 6 oo S Sy 8 39800 S susls ( plual 5T & g0
»oglle TSy sleil 9 Jle it Bulad 3 il S35 @ o) 355 0 0303 30 & e 033 43 5 (U5 1-V) oo a8 e 8 JpdS S5

9o S T b ailliga, o b (5aale enllizes sl dadgho (ol 4045 30l o0 pomad b Cawnllise) i i SIbl cla 55555 50e )3 P99 s

\ | .
\ .
- -\ \ Y &>
™ o £
)
J'/ -
- — q vy
= ) & ,
> 4
- =
|
|
o
T
L3
s
.
h | g b .

BM 5 hoe 095 lacms jime b s o)l U315 )0 Gadmmses 3 (o 8 3l $W028)5 0 V-0A JS4



S35 5 1P ) e & aunlig)sem 2oy3 (MDS:RARS 5 MDS:RCMD-RS «Seulligysuw goil J2) goab et bulpd 45 3558
Ssil> ©p0 4 s Sbl slagaSsie S5 s oaT s Joe agsaSste 4o ool B a8l Jiul381 U3 0 1 i @ psisssew
i gb 35 e S (Ring Sideroblast) ggils glacanllbs i acwoligiduw jl g5 ool 4 25 o)L S5 sb0les 45 35 o Ligwy
315 3529 Sl dos £55 w03l

3313 (52953030 S5l iS5 B I eS8 oS situn o aiuwlyg e ol £ ol ey s

=JsilS 3035 p93d) sbe JS15 5 T (SS1 0 Jg 3305 095930 Uil S O (Soluws b 2l oS s glacunllgsqw 1 £oi unllg)sa
g soi sitime Cand BLubl 3 L

2y oo il S O ol &S st 299030 JLS B U S S siua pbbcualls)dew sgails slaciills) s LI goi coillg )
D10 ey ST 5 3058 jiume Ll SLbI I paw oSG o L g wtuas Bl 4ab S5 o iis 990

surround the localized to portions  Gover al least one third
entire nucleus of the perinuciear area of the nucleus

No siderotic granules  type 1 sideroblast (1 granule) type 3 sideroblast (numerous granules)
BM 5 e gs> slacails jomw wiline glail =09 JS=




gh VLS S LBHSTURS L O NS 241

.)-'-'m-lu.bT bl UJL: \SL‘{)'.‘.S,H (a) Uf-‘:'-'-')'HT GLQM.,H oot S 6,.:3& S g G@hﬁ‘)ﬁﬂ]” \l‘-'-:i-)'j Jl u.‘a’):SJI Jl;,,&:.- ol ) s gaas B O o S
Sl S e S iy a3 e 2wl Lot s =) by s sl .(f)w:._o;.i JuSt s g ol g U.ATJ).; NS L e coulonds o (Bl S)) U.AT i e LT bwe
Jl S .,.,S....,)S.,. )2 e (v_'g M ead RO | DA—ZJQSAJ')).&. Uﬂ:'-'-‘)" Sl olass I f,j,)).gdw R U olds oS w.'.'._wn.!,).‘;_o_ﬁ ;U—'c%-gd.-.:of,j,).g.m Sl U‘.")S'"

el 925 (5 3a T S5y s g 2T L 4 s )] s Cwlloga) i J315 53 AT slbes s

118



:(Heinz Body) juls plual

B R R B T L R e e e
Ll s ooy Gletegss Joo) Sl (500 50, Jl oozl 4 jls OT saalie (sl (Jy 2mes gy LU S LacunslsSd) (25 5 by 22l (5392
Slos 1 go VB WT Joo 3500 55190 (> 0 52 5 35 0 €l 3 033l LB Olaiz  Sniileg) Joere saSi, b g 025 (LU 2T 5 5k J S
oz Jols Sl 25 5 phinel sizus  celuarl Lagsob juls ol 13 ssalie 3550 Culy §iue TS0, 13 1 630 jula Olg o i 3038 pun sl g Hb-H
1305 3558 oo tLEE Of po Camns 4 Stz o S0 anl 2LE 4 Jlail Jome 43 90350 L2 T 5L (uiip oy 0 Juate il 48 508 ST 5w wlu b s
Cedlad alS (e sl8) GOPD 03 53T 35005 U3 $2bjasle Ul -abl 2225 b 3 k% 3153 0o O (iglandl 4t Comwn il p2 03 ol jula
Jo) o GlsiuslSsen )3 5 b pewlli s pepSiluwl Blate (rilisd b 5 Opuals J) OlamS] lag,ls Bouae LRBC Slawst T
s (530 sl slonl 4 ol JLS Dlg ey 8 Joe Sl JoIs ATP 55008 5 355 0 nsalie (iUl HuslS sen 5 )Ll slagyslS 5o

B [ o vemogesin | [ Unstebemogeti

{Dxidg:t drugs = E o
£.g. Dapsone or pontaneous
Fhﬂﬂﬂm‘jfdf&}ﬂm Denatured = = breakdown
& :
wﬂh\'ﬂfﬂﬁﬂm o) hemoglobin . . ::; url:a'zl-tll:il":ﬂ:’l_?.I
G-6-PD deficiency Mo

0 -3
S

Heinz bodies Heinz bodies
WSl slagle e § gl bl ol g Bl o sla gl LSUAS s Tl il VR0 S0



oy 55 peS sl sl B Saiileg) S, bavgi b (6515, L oxd S, 055 b wS de) vy (50 155) b Ugilie b 0gemlasis
2l il JS1a5 eal ol (Sos 9 5355 Sy BB Sl 55aTS) (b 93 5 sl iuls 5 acunsdsSs) < 1T jlg 555 juls plusl 032
3o 133300 953,5 uSd Ugilis b ) i pmed nunglsSy (ke Sl 30 <5 (5,5b% 393 oalinul LT SUS& (gl canl (S g (ol J1 13
S 33l 3 ol gSii s bl ol 43> 4l 3598 031> SUSE RewgdsSid ) saielled b bidgil S I ool glagabiula b sans e 13 o)
3ig e e Lagolinls Je Jy Nigd, o i suS

$Y D Ll oss 1Y e il jshize cpl sl 388 o saliul (Brilliant Green) juw cild o S5, jl 3l plusl colais] (5515, (sl 4
23310 U g () o 1 55,) 93938 OT 0 70 /0 s il 1o 133V D0 109l aSSl 4835 0 Jjl sy 9 .b,&h(NeutralRed) Lo /D oo e 8 S5
2 el jle (el Ky opl 03 < b oo SIS s 0 3550 O5Sas SSuw a5 13 9 9390d 4td O Il pudud (B2 (323 s S 52 43S0l
Nigdiyge 038l 05 e 5 S0y 4 Ja= dsla p'mz' 3 eeglsSs gl S 5 s SOy

(Wf’ﬁ)uuh'n,) \S')’(hﬂ,’wb _p’.dv') U’L’G)"’T &,)a )u“ rl-.’l.ﬂ‘n-‘ V-1 Jgu









358i0m 3L FUsiuslSsan £o S ol T Coalismsl 4 o il 4 53593 Juate (s 3tnsd g (BO3: His—Arg) puss) ouslS goa )3
el 9 035 OT 1 55550 I (530500 4l & a3 e GLis 355 J51 13 1 oledgil S cisie b g)ls 30 b 355 0 s il sbadshe <
95 g0 S 35 7055 ST ipluzl (] 4 3igd go 1nCumn 3l sut 8IS

855 53 G adgil Sl dsd e Sy Sl 55T, b S 35,05 3525 i Hb-H sadgil S usss sdsl S 5 Sy plast issb il o
b aipls L SVsb 0bej 5 4203 PY led 4 i Jlo Sy b 5500180, (gl 5 9350 g BB 0als ) B 3 4 g Swiileg) (§jmel
AY=FF JS2) ans e 1) 5 Lo o bte 0T 4 9 033l8g, 1) Jshs b JS 815 9 5392 3L J Jluas WSS ol sawi 558 Sy (95 4 UsS
P4 sla pol 5 9 (02Prslon) ol L (las puzei ) O3 6 ju pal 5 acb WT o ) 303 pals T o o ol WT ol (o6 H GuslS sen (5kon
Jskw J51s 4> o s o392 JIabb 0T JI (A6 Gdgl S 3 H uslSgen 3igd o 09,80 ¢ /F=+/F o130l & Hb-H sladgil & LSS el
SLlE 0o 9 o jiuw JolS Jghy 1 00050 jein 45 Oblew cnl $30ig8 OLiga 13 9 xialss Cug) LB Sl S5y > € 338 o Lgey
135 1) Jb QIS o bz sloul o Uley Hb-H S5 0 45 3200 L (74) 350U arslS san JoSE5 9 008 00 el 15 1 0 i sl (2

Sl G 1) 4o QIS g i 5 sula ples] i iS5 ) slacialld Gla ses 2aalia V-FF JS4



Basophilic Stippling) bgdis (ladeily L Siabuiw] Salabe)ly

Sliguwy LS cpl 358 00 padie 3w mite (COArSE) i U (fine) b 5l 45 bl (K 2T) Sildsib sladgil S Jgi> L 390 ol
Do ce 03 Sy 2] K38 Sladls D geds ((Smisles)) uly s b € e ewlygiw Slapsisus s RNA juis I Sujalesly
p s Ol ) ladsiley )S s S0y cCumglsS ) siilen <SUTL 5 Al €A and SU) L Cenl (Siee 3 BS (g5l & glacany )l
pA 9 oxb saalis jo 8 GadsdS adss SRl plsi 5 UptewslsSis)) (hdsiles S ss o 9 BM ()5, plin Sodocul Sibdsgjly i b
5 Lodle @ 2l SeaullyglBs ol U3 JIaislS 55 5 (prdam sy o] (AR (GuslS ped w43 A (pammanhy) i b Cagens 43 0T 25
23 Olg¥ieo 1 BS Oline G ptten el Ol 5o 5 SlasalS )3 RNA (ob sk ()1bl 6L (IS Jshy 5 355 00 230 308 el JIS 1505
9 Lpisns ©io b cunllgess Soldgiles Seissl jl s z3,5 s 05T ol 3ged naalie JlaislS e 5 e m il (G pali
BS &g (o3 90 Sblis 3 53ibe (a8 35 T8 ol 0T Gaill 43 45 3580 @URBC 4 Su5) Jiad el omglsSd) 3 o3ile U SRNA
il 530l BB 35 Sl (550 TeKi) )3 BS adl . xigh 0 s38la

OI AN . -

&) ),-s, }o)“shw,ﬁ_)l))ww’)b Y—’Y&



{Alls padigas b pailas (slaail) (b)ls oribs alaks alks

(lgsl 5 4 Ve polandl) Lapgidgemlly S5 L (w8159 p23gamlly sBaLy & ooy il )3 Cusl (See (23 L b boiis gladgil S
lsEsl jo,8 Sp 4 iculy Kb 650, U3 550 gl b dgil S gl 5 uSlars slapssgemlly b (SoolT 3 3ish alb 5 sctes
posdsenlly J1 U 5e Ul | isd ey BUS b Ly ea L LUSIH (g9, Ly i 45 55k 35 a8 OT cunl See bli ol 5T 000
Gy ab i) g 4 et Sl 3len o5 4l pedsewlly I U e (SLEIs 3ad e 303 840 JRaD 9 (S pasud g lbslld
b o3l 8,55 Uaelh gl opl acawslsS) & do (sl wSlesg pardgemlly Jiled Juds & 2igh o 393 Jhan © (ble jo 3 S5,
$ Gl Cwols s 4 oLVl glacsy il ) S5sS 5 s acaws 2l @ dex 4 bl Vb paidgenlly 1S g aalss
i3IS Lg 9l Olilems cnl 3 30 ol M disd oo Sholed Jden sl Oleirs ooy 5 CowsSd Oloims IS Joo slaalBows o il iyl
BB puleds o Bl €5 X5 0 093 3Uly (595 5565 Ao e b JSOI slacelS acudsisds b g acug il Jl Slaz s B 250 e 0 0alls
& el g UGl 053 U5 i Wy m 9 b dds ;Se (g Liletd ey sl 5 Joe (a5 S dSSl b saalie sl o Sioled <SWy Olsioe
el 028 0315 s uwardl 4 (S35 UK 4 b o Juad )3 (G35 GOSN g 3B 3L L oS Nilg e dilrie 3 OT pond 4 s

. W "U"’O v
x Oo 0% °0 &:3;»°°°° 3
O O oa.qg ocoo ' 'C
-~ 9 9 9_ o 0ha

g e 028liu a3 sadelS m)ls g JS1s ) bedie n.i._.l,.o,ll._p PRIy ‘,tlum. _"‘1...! savh g cull S, v-FF S8




30 S 5k o el b J3E gl Ly
BM 5 Ao Sa3 855 o o6 S s K1l galams V-FF JSA



}0)8 slaJguls )l gild g Jbls iuglSeas (sleJBmy)S

HB-C (olews sl 31,81 15 €5 szs Silo (gloged 4 Jile jo,8 S55 0 p 8 owl b (JUpS 158 L JUsS1) 2k F-F gladlins S b )lbe (ol
ANV a9 (el 9 35,055 L8 LRBC jl g s b J51s 1o sdlyd o ladlins S ol cdisd e 0303 cegSilonl b plgd bulud 45 joguase o
Bolpd 3 b ;5§81 8 45 1)z oxigh po o3alie s & gl )5 ool 3013 aub Jlxb &8 (63181 45 3 jbege 555 |y syl
9 03,5 Iay bl HB-SC oS 5 bl b )5 dbgs pe gladlins ;S (S BUS 1) 35500 C Jliws ;S 33 B> 5 0ad Jo decl Jlnb S gpn
gd e JS& wls Sl

L) Sigiped hume S5 3 dshe (508 S8 L Gl PP ise (gl HB-C Oliles (53085 5001 sk Ugawlilyams In Viro bylus o
s Gl See Ol TYD w08 jgen Hb-C (gilow 13 588 SwalSsen Jlivn S L8205 del ailgs oo cacl F-1F e o (NaCl 3%
saalis Hb-C glacilly julow s HB-CS (glagiles )3 b Jlaw S Somly glasoss s ol 5 1) ghaddlze glacaws o)l il S
Sigi e Bl p o By ladsle 508 L S ST deel silgS e Sigi s bl s Hb-Setif (sl sen )3 Hb-C jow €l 250
Wl )3 353 go Sl S 4il2s 9 S5oS WalS Jghos 9 2398, 0 Juae ,S5 38 4 RBC 315 (e bl y0he (glaciond 5 538 535953 <33 1S 00 13
eslSsen 23,5 L 4 358 0 ualSsen ()lads 9,5 5 (100A7) | enm Wil is byl Gl (Vgemlgen) Sigigns byl )5 Jsha 5 1518

Mgl oo 35 duns il i 15 3os Jdael j5 08



w0k Al sl § B oS b € Jloss .S GUS o 2igd 0 20l HD-C (55l cisS jgan pA 25 S ek )5 9 U3 429 F 3 5 sladlin Sl aline glas V-5V JS2

2300 Vo 02 TYA URDW (5 )b (ol o i e sl ()l () )2 )85






00 @006 00"%: S >¥

» Q 0@(&) Q N“f,, e a™®
% nungqa nL? e @

o 5 oo JS8) Sl aeb 2 GWN-RBC L T wnglis 5 azis covandl 5 ls cna Uls 45 ((bab) 330 5 &0 a3 sladsdS (o) V-V« 52

JUIS 5 () o @l a2 3) Jdgil JUIS (5930 )3 pols ooy bl Advia 5 0aSuSS (g omw 3lS Jw slaal8aws ;5 LN-RBC
sale bl SaanS1 0 JUES 3 5 355 4s) ST s UL o510 pubel o J355L JUK )3 &5 s (ush 5 Samsdd (o 5oy 43) JlaanSTy
WBC ol ooled 252 oSy JUIS N-RBC o 2 43 39250 sladshe Ghiled €l 3555 40 031 jaiid MPOX o 55T 0lais 3 S8
plel N-RBC>2% uslia 45 Vgare 5l Jow (saolSiws 398 oo sul WN-RBC hle Sioles jl 30 OIS jgtunssSd 13) 5 5225 wguuns

= NRBC = 2.0% to 4.9% of WBCP
++ NRBC=35.0% to 16.0% of WBCP
+++ NRBC > 10.0% of WBCP

Advia-2120 Jos b JUS 5 jlaeeS1 o JUS 55 5 Sl e o2 GWN-RBC v-v) 54



> M
Ub,a-u,,;a(quun-,.uaJal;p O ;;M&L,u,;,)LE¢hJ,L. V-V\"J(.&

-



59 ¢slaJglw

23 2% paalie 3ad o 48,5 a8 Us> Jl D aL b ClSTl S Gigei jl 45 Je 0 k8 sl oo Sl Ses Je S JWigss! slad sk
G35 =z 23 2ph bl (e sl Sshe b blamgiuns b Sl (Sas 9 5350 (Silta) JUsSI) Spgo 4 (ailey S (55501 @LU sladgha (]
O3> 13 Congy b Jl (5 1S53 e amal (S i Gy Sl sadshe Uys5 )0 3925 33,2 4> paaliasil s3alie Jlazol jus o gSiuly 3
Digh s dalis




E-Pl10x

T®?709 Fo0

F.00"00a 0900
O T8, T Oo%06
s 00 Dy H°2 0’3" ' \,j)w";z}:.o
¢ 53
,u./(% () L (=)
2 = ’

8BS 9g 0y :
2900,0

- nD0" .
7V»Oo7\‘,x (

NC(_\, '.: >
o0 o 8%
Dgoo 6% Ly
OO Q’;‘)OCT QG'\-"
Poo "C00 00
‘_;‘,‘.0339 ()
8 0% 0% g
p®0 %0 © Oo

2O @ ) Q

%80 ¢ 05¢

000 o
1000 /"_) g o
b o090

e



C | @ Secure | hitps)/icsh.erg

INTERNATIONAL COUNCIL FOR

STANDARDIZATION IN HAEMATOLOGY

HOME ASGUT | MEETINGS | PARTICIPATION GUIBELINES IMASEBANK | ARCHIVES
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SUMMARY

These guidelines provide information on how to reliably and con-
sistently report abnormal red blood cells, white blood cells and
platelets using manual microscopy. Grading of abnormal cells,
nomenclature and a briel description of the cells are provided. It is
important that all countries in the world use consistent reporting of
blood cells. An international group of morphology experts have
decided on these guidelines using consensus opinion. For some red
blood cell abnormalities, it was decided that parameters produced
by the automated haematology analyser might be more accurate
and less subjective than grading using microscopy or automated
image analysis and laboratories might like to investigate this fur-
ther. A link is provided 1o show examples of many of the cells dis-
cussed in this guideline.




Table 1. Morphology Grading Table

Grading System

Mod/2+, Many/3+,
Cell Name Few/1l+ % %
RBC
Anisocytosis N/A 11-20 >20
Macrocytes N/A 11-20 >20
Oval macrocytes N/A 2-5 >5
Microcytes N/A 11-20 >20
Hypochromic cells N/A 11-20 >20
Polychromasia N/A 5-20 >20
Acanthocytes N/A 5-20 >20
Bite cells N/A 1-2 >2
Blister cells N/A 1-2 >2
Echinocytes N/A 5-20 >20
Elliptocytes N/A 5-20 >20
Irregularly N/A 1-2 >2
contracted cells
Ovalocytes N/A 5-20 >20
Schistocytes <1% 1-2 >2
Sickle cells N/A 1-2 >2
Spherocytes N/A 5-20 >20
Stomatocytes N/A 5-20 =20
Target cells N/A 5-20 >20
Teardrop cells N/A 5-20 >20
Basophilic stippling N/A 5-20 >20
Howell-Jolly bodies N/A 2-3 >3
Pappenheimer bodies N/A 2-3 >3
WBC
Dohle bodies N/A 2-4 >4
Vacuolation N/A 4-8 =8
(neutrophil)
Hypogranulation N/A 4-8 >8
(neutrophil)
Hypergranulation N/A 4-8 >8
(neutrophil)
Platelets
Giant Platelets N/A 11-20 >20

(Saindl giglsilen) e O 8 28 olul o Buws )l $Saladiss JEIUS Sl IS 3)se lalme V-5 Jgao

Morphologic Characteristic
Macrocytes > 9 um diameter
Microcytes <6 um diameter
Hypochromia

Poikilocytosis (generalized variations in shape)

Burr cells

Acanthocytes

Schistocytes

Teardrop poikilocytes (dacryocytes)
Target cells (codocytes)
Spherocytes

Ovalocytes

Stomatocytes

Sickle cells (drepanocytes)

Polychromatophilia
Adult
Newborn

Basophilic stippling
Howell-Jolly bodies
Siderocytes (Pappenheimer bodies)

WNL#t

0-5
0-5
0-2
0-2
0-2
<1
<1
0-2
0-2
0-2
0-2
0-2
Absent

<1

1-6
0-1
Absent
Absent

14

5-10
5-10
3-10
3-10
3-10
2-5

2-5

2-5

2-10
2-10
2-10
2-10

z*

10-20
10-20
10-50
10-20
10-20

5-10

5-10

5-10
10-20
10-20
10-20
10-20

30'

4’*

>50
>50
>75
>50
>50
>20
>20
>20
>50
>50
>50
>50

Report as 1" to indicate pres-

ence; do not quantitate

2-5
7-15
1-5
1-2
1-2

5-10
15-20

5-10
3-5
3-5

10-20
20-50

10-20
5-10
5-10

>20
>50

>20
>10
>10




Table 2. Common red cell synonyms

Recommended Common cinical conditions
Nomenclature Synonym associated with
Acanthocyte acanthoid cell, astrocyte, burr cell, prickle cell,  Liver disease; vitamin E deficiency,
pyknocyte. star cell, spur cell, thorn cell postsplenectomy, abetalipoproteinaemia,
McLeod RBC phenotype
Basophilic punctate basophilia Lead poisoning. haemoglobinopathies,
stippling thalassaemia, abnormal haem synthesis
Bite cell keratocytes GOFD deficiency
Blister cell puddle cell, eccentrocyte Oxidative haemolysis, G6PD defidency
Echinocyte berry cell, burr cell, crenated cell, Liver and renal disease, pyruvate kinase
mulberry cell, poikilocyte, pyknocyte, defidency, storage artefact
spiculated cell, spur cell, sputnik
cell, star cell
Elliptocyte badllary cell, cigar or rod shaped cell, Hereditary elliptocytosis, iron defidency

Howell-Jolly body

Hypochromic cell
Trregularly
contracted cell
Macrocyte
Microcyte
Ovalocyte

Pappenheimer
bodies
Poikilocyte

Polychromatic cell
REC

Schistocyte

Sickle cell
Spherocyte

Stomatocyte
Target cell
Teardrop cell

ovalocyte, pencil cell

anulocyte, pessary form, ring form

macronormocyte, megalocyte
MiCoNnormocyte
badllary cell, cigar or

rod shaped cell, elliptocyte

burr cell, irregular shaped
cell, irregularly contracted
cell, pyknocyte, spur cell

polychromatophilic cell

crythrocyte, normocyte,
discocyte

burr cell, helmet cell,
horn cell, keratoschistocyte,
pincer cell, poikilocyte,
prickle cell, red cell
fragment, schizocyte,
thom cell, triangular cell

drepanocyte, holly leaf cell

spherical cell

cup cell, knizocyte, slit cell
codocyte, leptocyte
dacrocyte, pear-shaped cell

Hyposplenism, postsplenectomy, haemolytic
anaemia, megaloblastic anaemia

Tron deficiency, thalassaemia

G6OPD deficiency, haemoglobinopathies

Bl2/folate deficiency, liver disease, MDS
Iron deficiency, thalassaemia
Hereditary elliptocytosis, iron defidency

Sideroblastic anaemia, haemoglobinopathies,,
hyposplenism

Haemolytic anacmia, haematinic treatment

Microangiopathic haemolytic anaemia,
TTP, HUS, DIC,
renal disease

Sickle cell anaemia and other sickle cell diseases
Hereditary spherocytosis, ABO and warm ATHA,

Clostridinm perfringens sepsis, burns

Alcohelic liver disease, hereditary stomatocytosis
Liver discase, haemoglobinopathies, thalassacmia

myelofibrosis
















Peripheral blood film of a patient with a MDS showing two
neutrophils. Both are macropolycytes and one shows a defect of
nuclear segmentation resembling myelokathexis. The size of the cells
and the amount of nuclear material suggests that they are tetraploid

cells.




Macropolycytes

Is about twice the size of a normal neutrophil ,15-25 pum

Analysis of its DNA content shows that it is tetraploid rather than diploid, the
number of lobes present being increased proportionately.

Some macropolycytes are binucleated .
Occasionally seen in the blood of healthy subjects.

Increased numbers are seen in an inherited (autosomal dominant) condition in
which 1-2% of neutrophils are giant with six- to 10-lobed nuclei, or with twin
mirror-image nuclei .

Increased numbers, together with rather non-specific dysplastic features, have
been described in DiGeorge’s syndrome



Macropolycytes

Macropolycytes, including binucleated cells, have been observed
following the administration of G-CSF and are present in
increased numbers in megaloblastic anaemia.

In megaloblastic anaemia they have a DNA content varying
between diploid and tetraploid

In contrast to hypersegmented neutrophils, they are derived
from giant metamyelocytes.

They have also been reported in chronic infection, CML and other
myeloproliferative disorders, and following the administration of
cytotoxic drugs and antimetabolites.



Peripheral blood film of a patient with a Peripheral blood film of a patient with

MDS showing a macropolycyte, CLL and reversible chlorambucil-
which is twice the size of the adjacent induced myelodysplasia showing a
normal, neutrophil. The nucleus is also binucleated tetraploid neutrophil.

twice normal size and shows increased
nuclear segmentation; it is likely that this is
a tetraploid cell. In addition the film shows
anisochromasia.
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Dense t_ubul:;r' system
Mitochondrion (platelet Ca2+ store)

Lysosomal Open canalicular
granules system (OCS)

" a-Granules
Glycogen stores Dense granules
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Morphology Grading Table

Cell Name Few/1+ Mod/2+ Many/3+
WBC
Dohle bodies N/A 24 >4
Vacuolation N/A 4-8 >8
(neutrophil)
Hypogranulation N/A 4-8 >8
(neutrophil)
Hypergranulation N/A 4-8 >8
(neutrophil)
Platelets
Giant Platelets N/A 11-20 >20

* If P-LCR, MPV and PDW increase togader.
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* Due to schistocytosis, PLT count Corrected from 253000/ul to 76000/ ul.
* Schistocytosis can increase MPV, PDW and P-LCR Value Falsely.

* Due to n-RNC presence (135n-RBC/100WBC), WBC count corrected from
185000/ul to 8500/ ul.



The curve does not start at the
‘baseline possible cause:
» High blank value
» Cell fragments.
* High number of bacteria
Comanﬂnated reagents

Possible causes

The curve does not end at the base
line. Possible causes:
* Platelet dumps
" Ll LI . EDTA mmpaﬁbmty
2 e Clotted sample
* Giant platelets

/’E M _
sl Fragmamed or dysplastic RBC's as.

in hemolytic anemia
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