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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,- 11.9 g/l 18.0 g/l 27.1 g/
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
72 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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1 2 4 8 16
! Erythron '
| Progenitors ' Precursors |
HSC CFU-GEMM BFU-E BFU-E CFU-E Pro Bas Early Late Retic RBC
Early Late Pol Ort
Frequency per 104 4-10 1000
nucleated bm cells
% cells in cycle Low  15-20 30-40 60-70 60-70 80 0
CD34 ++ +++ ++ - - - - - =
CD71 (TfR) + + + ++ +++ 4+ At ++ +
EpoR - - - + ++ ++ ++ + + -
GPA - - + + e e = A = s = 2
Globin mRNA - - - - - + + +4++ At ++
Hb - - - - - + + +4+4+ A
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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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RBC Maturation Series

Dysplasia in Myelodysplastic Syndrome

Dysgranulopoiesis g

S Rl RGN

Cytoplasm size shape color

R ~e — A ‘

Normal Pseudo-Pelger- Macrocytosis Chromatin Hypo-, agranulation Asynchr. maturation
segmented neutrophil  Hiet anomaly clumping of cytoplasm nucleus - cytoplasm )-‘
Dyserythropoiesis i ——

. Nuclear size shape color
.0 ..a’. L
Normal Nuclear bridging Nuclear Multiple  Cytoplasmic Macrocytic / megalo- ; @ O
erythroblast lobulation nuclei granules blastic changes R L b33

Dysmegakaryopoiesis ) ’
Chromatin pattern with nucleus

RN

\

| |
‘ ‘ o o ‘ e @
Normal Separated single Mikromega- Small binucleated Rund, non-lobulated
megakaryocyte Nuclei karyocyte ~ megakaryocyte  megakaryocyte

Cantu Rajnoldi et al. Ann Hematol 2005;84:429-33

rubricyte

-
7]
8
£
e
Ne]
=]
L

prorubricyte
basophilic
erthrocyte
erthrocyte
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ROROROX®

Group Il Group Il Group IV
, [
RP = RET [%] ) HCT [L/L] (patient) Bone Marrow | Peripheral Blood
RET maturation time 0.45 (standard HCT) I as 3s
in blood in days ] i

Example: 33 3.0 {f %77'////

Patient values: HCT= 0.25 L/L, reticulocytes = 20 >
.25 -5 ;
20 [%] . 0.25 " .15 T

=55 N

RPI =

2 0.45 bk iy ikl T 1 plaSa S5l ol 4 S slSed) Eols G5 F ol i) o1 Jgar
Maturation stages according Morphological description Quantification according to Seip
to Heilmeyer (normal %)
Stage O Nucleus
Stage | Reticulum consists of dense clots <Q.1
Stage Il Loosely arranged reticulum 7.0
Stage IlI Diffusely arranged reticulum 32.0

Stage IV Some scattered granulae 61.0




Anemia

count

CBC, reticulocyte

Index < 2.5 Index > 2.5
Red cell Hemolysis/
morphology hemorrhage
- Blood loss
N :
nonnodwm:ic I :’"‘ml :
~ Metabolic defect
Hypoproliferative L s
abnormality
- Marrow damage ic defects
* Infiltration/fibrosis « lron deficiency - Hemoglobinopathy
* Aplasia * Thalassemia
- Iron deficiency « Sideroblastic - Immune destruction
J Stimulation Fragmentation
— m - 3
* Inflammation Nuclear defects hemolysis
* Metabolic defect * Folate J
* Renal disease » Vitamin B, , deficiency
* Drug toxicity
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Reticulocyte count

in blood (%)

(¥

10

20

50

Number of cells to be counted
to achievea CV of 5%

39,600
19,600
7,600
3,600
1,600

400
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Reticulocyte




Reticulocyte




ilocunglgSaT) ¢ Tws ghylad g s)aeTed) sy culmygld by

23 45 Gl SigilS il yals 55 AO 3,8 asliw] CawglgSuis 2o Shled Sl siws Sugee 0 ' 20l 030 ST 5l 0lgs ge 9 el
JUail Loy 3 (3 23S o gblw 295 I DY ONM gge Jgb 13 1y (S5 Cainghd Jgi e 9 032 graagd O« PN g0 Jpb U DNA 4 Jlail Oy
- 5o CrawslgSii) Ao 43 23S e @bl FO TN gge Jgb 43 L 2000 508 Gl ysld 455 s 5 535 et (1) Fo ST 750 Jb b RNA &
L oo Sl P339 sd 03 olizl 5 00 CansSB O ga s AD L35l 0313 GBI JJ U5l plurl 1 Sy s 9 BumsS'sl 3 N-RBC I il
313 3,8 5 S5 )85 jl Swigu s | sdshu Lol 5l 9, o2l S 23S go @bl (205,06 Cilw gl 355 1 9 838 s 2T s

=
&H

HG 3
Acridine Orange

plonil (s Cugeo 4 Olxiz OT UL Gl Juds 40 45 ol jLS Sy 30 (SO 359 1S W AD (g, b sl sSis Jiuled 5 ($jue 1S, 1
oS 4B Pl a9 03,8 balsee (b Jle i 43 Jglows) SOME/AL 26,6 (030 STl poea SO L 1 055 Jl poem SO Jshiie ol 10 055 g
0 @b GBRBC 5 diwd DNA Js o0l je 3 S5y 4 BlumslsSos 5 09900 SIS RNA (s5ueT S5) (pl 03 208 o Jiled pl,T
-5 9313 SLSE sl eSSl 1 90025 Koy pesd b pluzl 5 H uslS sod (63l uly (s jee TS0 ol 03 30T e 03 Cissls s S5,

g



aje ﬁgm

Dig ce 0303 FL3 )5 e jl (3L S L g adaT 3 o3 )l e 8 ) € BEuwglgSI ) § jaw S, © BRBC o )5 5 (AO) 26U (230 5STL gl sSs ) (5 50a TS0, ¥ P-¥ + JSa



LFR

Low-Fluorescence Reticulocytes
Little content of RNA

Mature reticulocytes

Reference range: 86.5-98.5%

MFR

Medium-Fluorescence Reticulocytes
Medium content of RNA
Semi-mature reticulocytes

Reference range: 1.5-11.5%

HFR g MFR LFR (5o )5S ) g 4o deaslin 1) = —F¥ Jga

HFR

High-Fluorescence Reticulocytes
High content of RNA

Immature reticulocytes

Reference range: 0-1.4%

FSC

Forward scatter

RET

,)‘-“q"

.

L

SFL

Fluorescence

FSC

SFL

forward scatter

Erythrocyte Reticulocyte

>4

< >
REC LFR MFR LFR
C— G 7o 2 E—

)

fluorescence from RET Search (I1)

BLL Gl sl 555 4 € 25 e Dy i) s 4 2Vl o 13 5 22,5 i (5 R a5l S0 RNA (VL ol 28l S €0 00l SELL e olsSis) 4 a0 0] ¥ ) 5 U8
=10/9 i) T U T AL sla s 3055 ) £omie 4 58 0 23l LFR @bz o IV Qb S8 lacasdsSs) 4 s MFR @)L ITT (b slacmsdsSes) « HFR @)l 151 s



Normal Range

RET 0.5-2
LFR  86.5-985
MFR  1.5-113
HFR 0-1.4

IRF 1.1-15.9

15: 46

- : NO. 596925
- : -
' : - VBET %  11.52 (%]
M H : +RET % 29951x1071 ]
- - - -RBC 260 [x10"/5 |
: : : LR 66.0 (%]
' - +MFR 25.7 %]
' - +HFR 8.3 (%)
' ) .
- : PLT DISCRIMINATION ERROR
.
N

9 30y B 3)sS5 ) (HRF) YU i)l Olise b o )b Sl 0 2emslsS5 ) 0T 13 € (W g 905) R-3000 poSiomnns S S g885 ) 6105 g 10l ) S jygai 2] =P A JSC2
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I,WF,'?AE,‘?FA,?;‘P?%JWPW?V,’ _Autn. | Marus ! c!@",f#,l Upper | Lower

Name | Comment |
Main |Graph |WBC/NRBC|RBC/PLT |Cumulative|Q-Flags|Service | HPC

Items Extended RET
Item Data Unit Item Data Unit
RBC 1.70| - [10A6 fuL RET-He| 31.0 pPg
2RC.0 1 A1 1OAR Zu RBC -He 32.1 pPg
HGB 5.8|-|g/dL D-He -1.1 aYe
- . RET-Y | 170.4 ch
MCV 108.2| |fL RBC-Y | 173.7 ch
MCH 34.1 pga IRE -Y 65.01 Ich
MCHC | 31.5| |[g/dL
RDW-SD 93.5 |+ |fL
RDW-CV| 24.5|+ (% :
PLT 110| |10A3/uL Itzm OD;‘;:( ](*U/\T :
PLT-I 110 1C|A3,/UL. |FRE? ‘.lﬁ) 8( }/ '/Ul
PLT-0 | 105| [LoA3 uc JIFRER 1 Ml 18
POW 11.3) L Normal Ranges at
MPV 10.3| |fL

P-LCR | 26.4| |% PDHNH

PCT | 0.11|-|%

Reticulocyte %

o J /0
LFR 83.7| |%
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Grading scale
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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

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
[rregularly N/A 1-2 >2
contracted cells

Howell-Jolly bodies N/A 23 >3
Pappenheimer bodies N/A 2-3 >3
Oval macrocytes N/A 2-5 >5
Polychromasia N/A 5-20 >20
Acanthocytes N/A 5-20 >20
Echinocytes N/A 5-20 >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 5-20 =20
Basophilic stippling N/A 5-20 =20
Anisocytosis N/A 1120 =20
Macrocytes N/A 11-20 =20
Microcytes N/A 11-20 =20
Hypochromic cells N/A 11-20 =20

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
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MCH MCHC Hb H-RBC Anoulocyte | Leptocyte &
(fl) (pg) (g/dl) Target Cell
Hypo 1+ 22-28 >32 11-12 5-10% - -
Hypo 2+ 18-21 29-21 8-10 11-20% - +/-
Hypo 3+ <18 <29 <8 >20% - -










MCV

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 /
18D
68.2% - = RDWLV
MCV
20% — /‘ |\< RDW-SD = histogram index at the 20% frequency level
I l l
50 100 150

MCV ()
Obiainment of ROW-CV, MATH-1SD and RDW-SD from erytbrocyle volume distribution bistogram (1 S)

ROW-CV: coefficient of variation of red cell distribution widsh: ROW-SD:- standard deviation of red cell distribution width; SD: standard deviation; MCV: mean corpuscular
volume
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RBC x 10°/ml Red cell distribution width
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@ 75 80 85 90
RDW-GV = (L2-L1)/ (L1+L2) X 100% | orar M) row = -S0th percentiie - 20th percentile (L2 - L), c;etant (100)

L1 L2 80th percentile + 20th percentile (L2 + L1)
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a n=100 n =200 n =500 n = 1000 n=10000
0 0.0-3.6 0.0-1.8 0.0-0.7 0.0-0.4 0.0-0.1
1 0.0-5.4 0.1-3.6 0.3-23 0.5-1.8 0.8-1.3
2 0.0-7.0 0.6-5.0 1.0-3.6 1.2-3.1 1.7-2.3
3 0.6-8.5 1.1-6.4 1.749 2.043 2.6-3.4
4 1.1-99 1.7-7.7 2.5-6.1 29-54 3.6-4.5
5 1.6-11.3 2.4-90 3.3-7.3 3.7-6.5 4.5-5.5
6 2.2-12.6 3.1-10.2 4.1-8.5 4.6-7.7 5.5-6.5
7 2.9-139 3.9-115 49-9.6 5.5-8.8 6.5-7.6
8 3.5-15.2 4.6-12.7 5.8-10.7 6.4-9.9 7.4-8.6
9 4.2-16.4 5.4-13.9 6.6-11.9 7.3-10.9 8.4-9.6
10 49-17.6 6.2-15.0 7.5-13.0 8.2-12.0 9.4-10.7
15 8.6-23.5 10.4-20.7 12.0-184 12.8-17.4 14.3-15.8
20 12.7-29.2 14.7-26.2 16.6-23.8 17.6-22.6 19.2-20.8
25 16.9-34.7 19.2-31.6 21.3-290 223-278 241-259
30 21.2-40.0 23.7-36.9 26.0-34.2 27.2-329 29.1-31.0
35 25.7-45.2 28.4-420 30.8-394 32.0-38.0 34.0-36.0
40 30.3-50.3 33.2-47.1 35.7-44.4 36.9-43.1 39.041.0
45 35.0-55.3 38.0-52.2 40.6-49.5 41.948.1 44.0-46.0
50 39.8-60.2 42.9-57.1 45.5-54.5 46.9-53.1 49.0-51.0
55 44.7-65.0 47.8-62.0 50.5-59.4 51.9-58.1 54.0-56.0
60 49.7-69.7 52.9-66.8 55.6-643 56.9-63.1 59.0-61.0
65 54.8-74.3 58.0-71.6 60.6-69.2 62.0-68.0 64.0-66.0
70 60.0-78.8 63.1-76.3 65.8-74.0 67.1-72.8 69.0-70.9
75 65.3-83.1 68.4-80.8 71.0-78.7 72.2-77.7 74.1-759
80 70.8-87.3 73.8-85.3 76.2-83.4 77.4-82.4 79.2-80.8
85 76.5-91.4 79.3-89.6 81.6-88.0 82.6-87.2 84.2-85.7
90 82.4-95.1 85.0-93.8 87.0-925 88.0-91.8 89.3-90.6
91 83.6-95.8 86.1-946 88.1-934 89.1-92.7 90.4-91.6
92 84.8-96.5 87.3-95.4 89.3-94.2 90.1-93.6 91.4-92.6
93 86.1-97.1 88.5-96.1 90.4-95.1 91.2-945 92.4-93.5
94 87.4-97.8 89.8-96.9 91.5-95.9 92.3-95.4 93.5-945
95 88.7-98.4 91.0-97.6 92.7-96.7 93.5-96.3 94.5-95.5
96 90.1-98.9 92.3-98.3 93.9-97.5 94.6-97.1 95.5-96.4
97 91.5-994 93.6-989 95.1-98.3 95.7-98.0 96.6-97.4
98 93.0-99.9 95.0-99.4 96.4-99.0 96.9-98.8 97.7-983
99 94.6-99.9 96.4-99.9 97.7-99.7 98.2-99.5 98.7-99.2
100 99.6-100.0

96.4-100.0

98.2-100.0

99.3-100.0

99.9-100.0
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Severe Iron Deficiency Anemia
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Nuclear Changes in Necrosis
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Nuclear changes

Pyknosis - shrinking & condensation
Karyorrhexis - rupture of nuclear membrane

Karyolysis - basophilia gradually fades

Normal Pyknosis

KARYOLYSIS PYKNOSIS KARYORRHEXIS

Nuclear fading Nuclear shrinkage Nuclear fragmentation

Pyknotic nuclei membrane ruptures & nucleus

chromatin dissolution due to DNA condenses into shrunken
undergoes fragmentation

action of DNAases & RNAases basophilic mass

I—m Nuclear dissolution <

ANUCLEAR NECROTIC CELL







Sickleshaped erythrocytes occasionally form
spontaneously,but sickling is consistently induced by
oxygen withdrawal in the sickle cell test .

It signifies a common hemoglobinopathy,

HbS disease (sickle cell anemia), which affects blacks almost
exclusively.

* Red cell sickling also occurs in the less common HbC
disease
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Table 2. Confidence limits of an observed percentage of
schistocytes when the total number of events varies
from 1000 to 10 000 (adapted from Riimke, 1979)

Schistocytes (%) 100 RBC 1000 RBEC 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 2.2-473 2.6-3.4
4 1.1-99 29-54 3.6-4.5
5 1.6-11.5 3.7-6.5 4.5=5.5
6 2.2-12.6 4.6-7.7 3.5-6.5
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 7.3-10.9 8.4-9.6

10 4.9-17.6 8§.2-12.0 9.4-10.7

15 8.6-23.5 12.8-17.4 14.5-15.8

RBC, red blood cells.




0.2 dbaj Jle i
1.4-1.9 1p 55 2 )
4.9-5.5 1p i o 3 )5
0.6% S (b )l Je yi e
0.45% : 28 5y
0.48 % =5 (= i 4nq )0
4% 2 s 2z
1.1-9.4% :MAHA



Table 1. International Council for Standardization in Haematology recommendations for schistocyte counting

. Schistocytes should be evaluated on peripheral blood smears using an optical microscope at medium magnification
and estimated as a percentage after counting at least 1000 red blood cells

. A schistocyte count should be requested and carried out when a diagnosis of thrombotic microangiopathies caused
by red cell mechanical damage is suspected, usually in patients with thrombocytopenia

. Schistocytes should be identified by specific positive morphological criteria. Schistocytes are always smaller than
intact red cells and can have the shape of fragments with sharp angles and straight borders, small crescents, helmet
cells, keratocytes, or microspherocytes*®

. A schistocyte count should be considered dinically meaningful if schistocytes represent the main morphological red
blood cells abnormality in the smear (other than signs of erythropoietic regeneration)

. A robust morphological indication for the diagnosis of thrombotic microangiopathic anemia in adults should be
recognized when the percentage of schistocytes is above 1%

. Fragmented red cell enumeration by automated blood cell counters should be considered a useful complement to
microscopic evaluation, as it provides rapid results with a high predictive value of negative samples. A microscope
check is needed for positive and macrocytic samplest

*Microspherocytes only in the presence of other mentioned RBC shapes.
tMacrocytic samples are at risk of underestimation or absence of flag (‘false-negative’ test).







Figure 1. The RBC deformity (arrow) shown in this image is referred to as a "bite" cell

American Society of
Hematology
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Lazarchick, J. ASH Image Bank 2008;2008:8-00151
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Schistocytes




 Schizocytes (fragmentocytes) result from the
fragmentation of erythrocytes, consisting

e either of a fragmented red cell or a fragment

e detached from such a cell.

* They resemble bits of broken egg shell. They may be
caused by increased mechanical hemolysis (turbulence
from artificial heart valves) or by increased intravascular
coagulation (e.g., in hemolytic uremic syndrome) as fast-
flowing red cells are sliced apart by fibrin filaments
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Stomatocytosis (Hydrocytosis) Stomatocytic Xerocytosis
Xerocytosis
Hemolysis Severe Mild Moderate
Anemia Severe None Moderate
Blood film Stomatocytes Stomatocytes Targets,
echinocytes
MCV (80-100 f1)= 110-150 91-98 100-110
MCHC (32-36%) 24-30 33-39 34-38
Unincubated osmotic Markedly increased Decreased Markedly decreased
fragility
REBC Na™ {5—12]"r 60-100 10-20 10-20
RBC K™ (20-103) 20-55 75-85 60-80
RBC Na™+K™ (95-110) 110-140 87-103 75-290
Phosphatidylcholine MNormal Normal Normal
content
Cold autohemolysis No MNo ?
Effect of splenectomy® Good ? ? Poor
Inheritance Autosomal dominant?, autosomal |Autosomal dominant Autosomal
recassive dominant

*values in parentheses are the normal range.

byalues for sodium, potassium, and sodium + potassium are mEqg per liter RBC,

tSplenectomy may be contraindicated in these syndromes; see text for details.
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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 C

Humid conditions

and/or quick drying

Hemoglobin collects in Crystal Target cell
thicker areas of cell precipitation

As a result of decreased volume:
Examples: Iron deficiancy, thalassemia, and hemoglobinopathies (Hb S E)

Decreased hemoglobin
content in
hemeglobinopathies

Loss of hamoglobin Poorly hamoglobinized Globin chain Target call
leads 1o an increase of cells (IDA) imbalance
surfaca volume ratio in thalassemia

As a result of increased surface membrane:
Examples: Liver disease (obstructive jaundice), LCAT deficiency, and asplenism

o
.O
Rare LCAT deficiency: O
-accumulation of cholestarol
Liver disease:

-excess cholesterol in plasma

Decreased rate and extent
of membrane lipid loss
ar
Plasma contains
increased free cholesterol

Target cell

After splenectomy, reticulocytes
retain extra surface membrane
relative to hemaglobin content

in the mature RBC.
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Figure 2. Acanthocytosis may be seen in severe malnutrition or lipid depreviation
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Maslak, P. ASH Image Bank 2005;2005:101405



* by their jagged surface, which usually is deeply clefted.
Acanthocytes are seen in a rare hereditary anomaly, A-b-
lipoproteinemia. They are also a feature of uremia and
hepatic coma,where large numbers of these cells are
considered a poor prognostic sign. Acanthocyte
formation has also been linked to the use of alcohol and
certain drugs
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Siderocytes are erythrocytes that contain iron granules detectable with iron
staining.

They are a common feature of severe hemolytic anemias, lead poisoning, and
pernicious anemia.

Siderocytes containing coarse iron granules,which may encircle the nucleus are
pathognomonic for sideroachrestic anemias.

Normal blood contains 0.5— | siderocyte per 1000 red cells.

Left: At the center is a siderocyte containing several

large iron granules and two sideroblasts also
containing coarse iron granules, which normally
are very small and difficult to see.

Right: At the center are three erythrocytes with
numerous gray-violet granules that contain

iron (Pappenheimer bodies). This is a clear-cut
pathologic finding that is rarely observed
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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 brief 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 to 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/1+ % %o
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 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

(Sl S Tglglen) aume 095 8 S ubsl 32 Camwg sl STslsdse IS S0 il 2050 Sl )leme V-5 Jgaz

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)

WNLt

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

11-

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

2-5

2-5

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

2+

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

5-10

5-10

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

40

>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 1. Abnormal samples and potential interfering substances that should be incduded in the evaluation of the

haematology analyser

Interfering
WBC RBC Platelets substances
Extreme leucocytosis Sickle cells Giant platelets Haemolysis
Extreme leucopenia Target cells Platelet clumps Cryoglobulins
Neutrophilia
Lymphocytosis
Monoctyosis
Eosinophilia
Basophilia
Blast cells Fragmented cells Immature Platelets Paraproteins
Atypical lymphocytes Microcytic cells CDé61 labelled platelets High bilirubin
Smear/smudge cells Macrocytic cells Lipaemia

Immature granulocytes
Left shift/band neutrophils
CD3/CD4/CD8 Lymphocytes

Spherocytes

Extreme polycythaemia
Extreme anaemia
Nucleated red blood cells
Reticulocytosis

IRF

Low Retic Hb Conc/Content
Howell-Jolly bodies
Heinz bodies
Pappenheimer bodies
Malarial parasites

WBC, white blood cell count: RBC, red blood cell count: IRF, immature
reticulocytes; Conc, concentration.

reticulocyte fraction; Hb, haemoglobin; Refic,




Table 2. Common red cell synonyms

Recommended Common clinical 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
Blister cell
Echinocyte

Elliptocyte
Howell-Jolly body

Hypochromic cell
Irregularly
contracted cell
Macrocyte
Microcyte
Ovalocyte

Pappenheimer
bodies
Poikilocyte

Polychromatic cell
REC

Schistocyte

Sickle cell
Spherocyte

Stomatocyte
Target cell
Teardrop cell

keratocytes

puddle cell, eccentrocyte

berry cell, burr cell, crenated cell,
mulberry cell, poikilocyte, pyknocyte,
spiculated cell, spur cell, sputnik
cell, star cell

badllary cell, cigar or rod shaped cell,
ovalocyte, pencil cell

anulocyte, pessary form, ring form

macronormocyte, megalocyte
micronormocyte
badllary cell, cigar or

rod shaped cell, elliptocyte

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

polychromatophilic cell

erythrocyte, 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

G6PD deficiency

Oxidative haemolysis, G6FD defidency

Liver and renal disease, pyruvate kinase
defidency, storage artefact

Hereditary elliptocytosis, iron defidency

Hyposplenism, postsplenectomy, haemolytic
anaemia, megaloblastic anaemia

Iron deficiency, thalassaemia

G6PD deficiency, haemoglobinopathies

B12/folate deficiency, liver disease, MDS
Iron deficiency, thalassaemia
Hereditary elliptocytosis, iron defidency

Sideroblastic anaemia, haemoglobinopathies,,
hyposplenism

Haemolytic anaemia, haematinic treatment

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

Sickle cell anaemia and other sickle cell diseases

Hereditary spherocytosis, ABO and warm ATHA,
Clostridium perfringens sepsis, bums

Alcoholic liver disease, hereditary stomatocytosis

Liver disease, haemoglobinopathies, thalassaemia

myelofibrosis







uﬁbﬁ\uﬂg&.ﬁ e cle G ) Jgd UJBUJJLA
uSA ) e e al ) <is|  Crenated Burr cell
AL JealS s @jglae [ G S cell /
i gl o4 L s sk
(EDTA) i speculated
cell
S paS Aall g9 | e (is: a2 | Torocyte RBC
) @S ) (Al | Jba e Gl agag /| ( donought Hypochrom
1) (Coag s 2808/ S0 s cell)
B dlde b olgine | I Ul g
S lies [ asds | 4 e Cogh)
Sy Jilia

o ﬁ&b ‘\.'A.AU
i giia




uﬁ\ﬂ\uﬂg&ﬁ e cle Sy ) J gl UJBUJJLA
A1 gl | 0sd Nk aysaa|  Sphroid | sphrocyte
o4 (i AS slgdl | (EDTA)enilaa L form

SRS 95 (] a SQilSa Ay i
o Aldbna a4 e s

L Jo s S O SHlsa 4 ua| Selenoid | Sickle cell

3 gab A gil s (dsS | body or

by (s i€ slgti) cresent cell

Ul 9 Mgl .4
AL 09 S gk




A padin | s el | asisl dela | Bl Jsla
s s G S 4a) Psudoelipt| Eliptocyte
L u&d& S alal J:\AM‘ OJ,yCLS ocyte
oA oS S S
o4 YQAM 9 A3
o (sl (slgd)
Al g (o
eulia Glaj aall | yd s & yglae (Crenated & | Normal
9§ sl At g | (EDTA)xlaa b (giant plat & | platelet
612 885 micro plat

Qs




uﬁbﬁ\uﬂﬁm e cle G ) J gl uaﬁ\jdju
A (fudly b J| Nskaysae| Disrupted|  Normal
Ugsl 5 e e Lo cell WBC
O3 8 5alkisSlg 9| (EDTA) N Eailaa
S Hhe dsla | | o a il aae
o G AT Jslu | (EDTA) b0
E R
Ao L Jela ol sk a,saa|  Pycnotic Apoptotic
ad Al Clla g0 Loss cell neutrophil
Al g 035 (EDTA):\ixi) s

1-10 )12 o) i
LAl (o4 (5500 0350

B el e L .ﬁe
O &R




2 A8 Landlds e cle G ) J gl @3\3&3&&:
Sl Al @& gagu | (a8 SR 2 i | Psudo Target Target cell

NAS G K as | Lo Sagh) pau
3 5088 1) a8 Jshus (<o
Ao S8 Jgbes 300 | SilSa Ay pua

an) GAuiS
23 QIS Gl sl o088 3| Psudo tear | Tear drop
A O g S drop
A g

BAPRIKT O Sda e | Stomatocyt | Stomatocyte

i g gila gl i il oid cell
N gara CSdl )

(R g g oS jlw
Ll




age| NRBC, age| Retici age| Band

cell

birth 500/ mm3 birth 3_70/0 1 day 150/0
10%

1day| 200/ mm3 | upto 1 week 1_30/0 mature <40/0
4%

2 day 25/ mm3 mature 0.5-1.5%

0.5%
3 day 0.5/ mm3
0.1%
1 week ra re
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Hierarchical Blood Film Evaluation

Examiner Differentiation

Analyzer Flagged ‘Normal

Routine ? Abnormal RBCs -Common RBC abnormality
Technician Bl 7Ll LR 165 -Left Shift
-Lymph, variant forms
-Nrbcs

Senior ELELESS -Myelocytes
Technician E{l:EIHUE -Plasma Cells
-Dohle bodies
-Targets
-Auer rods

cells




What Is your dlagn05|s'?

PBS of a patient with persistent pancytopenia after intensive
chemotherapy for AML. After many weeks of platelet dependency the
‘platelet’ count suddenly rose. Inspection of the film showed that
platelets continued to be very sparse; the particles that were counted

as platelets were fungi, subsequently identified as Candida glabrata,
originating from the patients indwelling central intravenous line




Leukoerythroblastic
reaction




What is your interpretation?

Peripheral blood film showing storage artefact a crenation
(echinocytosis), a disintegrated cell and a neutrophil with a
rounded pyknotic nucleus.




What is your interpretation?

Peripheral blood film from a blood specimen that has been

transported in a hot motor vehicle, showing red cell budding
and fragmentation.




What is your interpretation?

' J -~ CH

Peripheral blood film from a patient with hyperlipidaemia
showing misshapen red cells with fuzzy outlines and blurring of
the outline of the lobes of a neutrophil consequent on the high

concentration of lipids.



What do you do misshapen red cells with fuzzy

* Erroneo

outlines ?

us results from hyperlipidaemia may be

suspected

* This error can be confirmed by examining the plasma,

after eit
noting t

her centrifugation or red cell sedimentation, and
ne milky appearance.

* The pro

olem can be dealt with by performing a

microhaematocrit and a blank” measurement using the
patient’s plasma

e A correction is then as follows:

True

Hb = measured Hb —["Hb’ of lipaemic plasma

x (1 —Hct)]



Hypersegmented Neutrophils

- R

More than 3 cells Eaving 5 lobes or a single cell with 6
lobes found in the course of a 100 cell differential is
evidence of hypersegmentation. Hypersegmentation is

sometimes referred to as a







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.



Cryoglobulinaemia

¥
’ =
— v a m

Peripheral blood film of a patient with cryoglobulinaemia
showing cryoglobulin that has been ingested by neutrophils and
appears as: (a) small round inclusions; and (b) large masses
filling the cytoplasm and displacing the nucleus. Some
extracellular cryoglobulin is also present.




Peripheral blood film of a patient with
cryoglobulinaemia showing
cryoglobulin within a monocyte.
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Figure 1. Dacryocytes (tear drop poikilocytes) are seen in the peripheral blood of a
patient with idiopathic myelofibrosis

American Society of
Hematology

imageée ,

bank

Maslak, P. ASH Image Bank 2002;2002:100453

Copyright ©2002 American Society of Hematology. Copyright restrictions may apply.



shows MDS with anisocytosis, poikilocytosis, macrocytes, stomatocytes, and an
erythrocyte with prominent Pappenheimer bodies (arrow); the smear is also

dimorphic, showing both well-hemoglobinized macrocytes and hypochromic
microcvies




Specimen storage

At room temperature, reticulocyte counting should be
done within six hours after blood collection.

Apparent in vitro maturation and subsequent
disappearance of some of the reticulocytes.

Maturation is both time and temperature dependent

This loss can be up to 20% per 24 hours at room
temperature

Specimens stored at 2 to 6 °C may be stable for up to 72
hours



Retic. count

* The film is examined with an oil immersion lens moving
from field to field in a battlement pattern.

* Normally ,500 erythrocytes will be counted on each of
two slides.

* If the number of reticulocytes on these two slides do not
agree within 20%,a third slide of 500 rbc must be
counted.



Retic. Count

* If no retics are seen in 500 cells, both slides should be
scanned for retics.

* If a retic is found on scan report retic count as <0.1%.

* If no retics are seen, set it up again, and if no retics. are
seen on the new slides then report as no retics seen on
smear.



Bone Marrow Peripheral Blood

24-72 hr

Reticulocyte Reticulocyte _24hr | Mature RBC

»
»

So Retic. count is a simple, low cost & reliable test for
evaluation of effective erythropoiesis.



Reticulocyte Counts

Rule of thumb: uncorrected reticulocyte count > 5%
suspect hemolysis; > 10% hemolysis very likely

Differential diagnosis:
blood loss and recent treatment of a megaloblastic anemia



Heinz Body

Peripheral blood smear, BCB stain, 1000x




Heinz Body

Peripheral blood smear,1000x
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Polychromatic erythrocytes Cabot rings. Polychromasia occurs when

mature erythrocytes show increased staining with basic dyes (violet stain) in
addition to hemoglobin staining. It is usually associated with
reticulocytosis.

Polychromasia occurs in red cells that still have a relatively high RNA

content and in which hemoglobin synthesis is not yet Complete

It is especially common in chronic hemolytic anemias. The variable staining
of the erythrocytes is also termed anisochromia.

Cabot rings are remnants of spindle fibers and are a product

of abnormal regeneration







* huclear remnants in the form of Howell-Jolly

bodies, which are observed after splenectomy and in

cases of splenic atrophy. Chromatin dust, like the Howell-
Jolly bodies, consist of nuclear remnants






 Target cells (Mexican hat cells) are distinguished from
anulocytes by the deeper staining of their central zone and
peripheral rim.

* They are particularly common in hemoglobin
abnormalities,occurring also in other hemolytic
anemias,severe iron deficiency, and after splenectomy












