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CBC (Complete blood
count)
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CBC wlicxo Sl uol,UL

RBC count
Hghb

Het

MCV
MCH
MCHC
RDW-SD
RDW-CV
NRBC%
NRBC#
RET%
RET#
IRF-Immature Reticulocyte Fraction
RET-He

« WBC count .

« NEUT% .

« LYMPH% .

» MONO% .

« EO% .

« BASO%

« NEUT#

« LYMPH #

« MONO# .

L] En#

» BASO#

»  [G%—Immature Granulocyte
Count

+ IG#—Immature Granulocyte
Count

PLATELET count

MPV

Pct

PDW

IPF-Immature platelet  fraction
(measurement of reticulated plate-
lets) to monitor thrombopoietic
activity of the marrow
HPC-Quantitative  hematopoietic
progenitor cell count as a screen for
the optimal presence of hematopoi-
efic progenitor cells in peripheral
blood and cord blood samples

(#=Absolute count, % = percent count)
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IZed Blood Cell

Sensing Zone

The Coulter Principle

A red cell passes
through RBC
aperture
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Neutrophil
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Discriminations thresholds

Platelet- with a volume of 8-12 fl are counted from 2-30 fl.
RBC- with volume of 80-100 fl is detected from 30 -250 fl.
BC- RBC are lysed by lytic reagent .

the different WBC discriminator set at different levels
between the ranges of 30-450 fl.



» Before adding lysing reagent After

-» Cell diameter in um fl
= Neutrophils 10-15 150 - 250
= Basophils 9-14 /0-130
» Eosinophils 11-16 90 - 140
®» Monocytes 12 -20 90- 150
®» | ymphocytes /=12 30 - 90
/
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oulter WBC Histogram

Monos
Neuts
S aupis 90 -160 fL 3
o ity 160 - 450 fL

30-90 fL B y.
. I s i:
. ' Baso :

- LT . A




WL: Abnormal height at

lower discriminator of
WBC Histogram (LD) o g 7¥
R ‘ Neutrophils
= WU: Abnormal height at L
upper discriminator of
WBC Histogram (UD)
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NORMAL WBC HISTOGRAM
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Flag “ WL “, Curve does not begin at the basis line

LD T1 T2 ubD

Large numbers of particles
are detected in front of
lower WBC discriminator

Possible causes:

= Platelet aggregation as in
EDTA incompatibility

Possible causes :

= Nucleated RBC

= Unlysed RBC

= Platelet clumps as in
EDTA incompatibility and
coagulated sample

= Cold agglutinins

= |[mpedance noise
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Possible causes :

® Extreme leukocytosis
= WBC aggregation as in
satellite phenomenon




<WBC Histogram>  <meas

Case | G
! LY M=
WBC 2.3 x 109/L | MXD%
LYM% 39.7% | | NEUT?
MXD% 32.2% Nl
NEUT% 28.1% | )
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Case -

WBC +23.8 X 109/L

LYM% 8.1%
MXD% 7.9%
NEUT% 84.0%




T1orT2

Discriminator are set
but there is no clear
separation between
the different population




Case -

WBC 7.9 x 109/L
LYM% + 64.7%
MXD% 15.8%

NEUT% - 19.5%
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Case

» WBC 7.7 x 109/L

» LYM% F1*13.2%

» MXD% F2 * 37.7%

» NEUT% 49.1%
<WBC Histogram >
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Case

WBC 4.3 x 109/L
LYM% 18,3%
MXD% + 62,2%

NEUT"// 19.5%

< WBC Histogram >
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C HISTOGRAM

RBC Hiztogram

The floating area in the range of 60 fL to 125 fL depending upon
the peak and location of histogram MCV and RDW are calculated

RU

<+«—RBC

' If macrocytes are
Z> Z> present the peak will

i shift to the right

Relative number of cells

NORMAL

If microcytes are
present the peak
will shift to the left

«— v  Cellsizein «—>

PLT 25-751L mcy femtoliters 200 — 250 fL

RBC volume histogram



Index male Female
Red cell count 4.5-6.5 3.9-5.6
Hb (gr/dl) 13.5-17.5 11.5-15.5
Hct (%) 40-52 36-48
MCV (fl) 80-96 78-96
MCH (pg) 27-34 27-34
MCHC (% 32-36 32-36
Question 1: Does my patient
have anemia?
Vi RBC-Hb- HCT
m Grading of anaemia Question 2: What type of
* Mild: Haemoglobin from lower limit of normal to 10.0 g/dl anemia is there if there is
* Moderate: 10.0-7.0 g/d| anemia? MCV-MCH-RDW
*» Severe: < 7.0 g/d| ’
m “Rule of 3" Question 3: Does my patient
* Red cell count in millions/cmm x 3= Haemoglobin in g/dl with anemia have other
B cellular disorders such as
Rule of 3 is used as a mathematical check by clinicians and technologists .
Rule of 3 applies mainly to normocytic normochromic specimens white blood cells and WBC and PLT count

\\ platelets?



No. 22

Date 11 723022023
Time 13:33
Mode wB

wBC 8.2x103/ 1L
RBC 4.69x108 /1L
HGB 14.09/dL
HCT 40.7%

MCV 86.8fL

MCH 29.9pP9
MCHC 34.49/dL
PLT AG 276x108/ 1L

. wBC
i

I‘l\ e (\
NAR/A
ol B, N,

100 200 300 [fL
LYMZ 29.47%
MXDX% 8.3%
NEUTZ% 62.3%
LYM# 2.4x103/741L
MXD# O.7x103/71L
NEUT# S.1x108/740L
. RBC

l {

v i
| /‘ ‘

——100 200 [fL]
RDW_SD 43.8°fL
RDW_CUV 13.1%

. PLT
PDW 11 .8TL
MPVU (= = il I
P_LCR 21 .77%

NO . 469
Date
Time
Mode wB

wBC
RBC
HGB
HCT
MCV =

MCHC =
PLT PL %

20,-07,2024
03:20

6.4x103/ 1L
S.33x10S8 /1L
10. 79-7dL
3S5.2%
66.0fL

20. 1pPeo
30.49/7dL
209 x103/ 1L

wBC

300 [fL]

LYMX% 44 .,3%
MXDX% 9.0#%
NEUT X% 46.7%
LYM# 2.8x1083/7 411
MXD# O0.6x1083 /711
NEUT# 3.0x103 /7101
RBC
| /\
i \
A
L2 ; i |
100 200 LfL1
RDW_SD 3I8.8TL
RDW_CUVU 15 7%
. PLT
/\ g
E \
— 10 20 30 (L3
PDW Pl 15.5fL
MPUV PLX 10.0°fL
P_LCR PLX 28.7%

No. 1534623

Date
Time
Mode wB

wBC
RBC

HGB -
HCT =
MCUV -
MCH -
MCHC -
PLT +

2070772024
01:40

S.3IxWB/ 1L
4.34x108/ 1
6.1s/dL

25. 1%
S7:.8fL
14.1pPe

24 .3a/dL
704 x108/ 1L

wBC

100 200 300 [fL]

LYMZ +
MXD~%
NEUTXZ
LYM#
MXD#
NEUT#

67.4%
8.0%
24.6%
6.3x108/ 1L
O.7x108/7 1L
2.3x108/71L

RBC

RDW_SD
RDW_CV +

200 [fL1

41.6°fFL
19.6%

PLT

PDW

P_LECR

[fL1

1.6..9FL.
8 1°FL
13.8%



1394999
12062023
10:50
wB

7.7x1037 10
3I.69x1068 71
7« BasdlL

26 .6%

B2 - 1 FL

21.1prs

29 .3s-7dL
71 x103-- 1L

wBC

100 200 300 [fL1

+ .07

———. -
-———. -
.9x103 - 1l

- x108 -7 1L
-x103 -7 1L

RBC

100 200

RDW_SD 38.
RDW_CU 14.
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RBC » 10%mI Red cell distribution width
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RDW = 80th percentile — 20th percentile (L2 — L1) « constant (100}

80th percentile + 20th percentile (L2 + L1)

Size variation - Anisocytosis

RED CELL DISTRIBUTION WIDTH (RDW)
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RED CELL DISTRIBUTION
WIDTH (RDW)
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Case

= RBC = 4.15x1012/L
= HGB = 14.0g/dl

= HCT = 40.8%

» MCV = 98.3f

= MCH = 33.7pg

= MCHC = 34.3g/dl

= RDW = 22.7%




’ ot Advanced Iron Deficiency
‘ T !

r) | 'k) ' \

| el
Anemia is present, MCV ) 80' 0 1(",“4: :
is very low, and the DY g :
smear is very abnormal S)‘% ' 60 -
RDW is abnormally ov M 4
9 ; .@ @20— ol
Histogram remains 00 OOO Qve W
abiormal, 0 90,0 Onn noli iz
R A a

The diagnosis is easily




The red cell count is
increasing,

MCYV is not yet normal, and

Two populations of red cells
are

microcytes, and newly
formed normocytes.

The two populations are
distinguished easily on the

d cell histogram but not so
easily on the peripheral blood
smear.

Recovery from Iron Deficiency
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= RL: (LD)

o Giant Platelets

o Micro-Erythrocytes
o Platelet Clumps

= RU: (UD)
Cold Agglutinins(check MCHC > 40 g/dl)
o Erythroblasts / Normoblasts

=» MP: Multiple peaks:

o Iron deficiency in therapy
o Infection or Tumor Anemia

o Transfusions




Case

» RBC » 223 x1012/L
» HGB » 14.4g/dl

»/ HCT » 24.9%

» MCV » 111.71fl

» MCH » 44.6pg

» MCHC = 578g/dl

= RDW » 25.4fl

Cold Agglutinins




Incubation 30 min

= RBC = 4.35x1012/L

= HGB = 14.5g/dl

= HCT = 43.5% 0 m (L]
= MCV = 100.0fl

» M » 33.3pg
» MCHC » 33.3g/dl
»/RDW » 14.7fl




PLT HISTOGRAMS

PLT Hiztogram

10 210

S0

20 PLT 61

21 MPV 106

2 PDW 176

23 PCT  0.065

% PICC 19

25 PLCR 306
£1.

NORMAL

L 10/l 117-420

L 65-120
H 15017
L%  0108-0282
L 1030l 30-90

% 110-450



PL: Abnormal height at lower discriminator

NO . 4693
Date 20072024
Time 03 :20

Mode wB

wBC 6.4x103 1L
RBC S.33x10S8 1L

HGB 10. 7s-dL
HCT S0 .2
MCUV = B6..07TL
MCH - 20.1pFrs
MCHC 30.4s-dAd

wBC

N

&*___7//,\\\

1

1

1

1

n

z i
PLsT Pl 209 x103 - 1L ;
!

1

i

1

!

1

1

3 ) T
100 200 300 [fL1]
LYMx 44.3%
M><D % S.0x
NEUT X% 46. 7%
LYM# 2+ 8x10= 711
M>D# O.6x102. 1L
NEUT# 3.0x103 2L
R RBC
'E\
L]
fof g L L 2 I
100 200 [FL1 O ngh blank Value
RDW_SD 3I8.8FL
RDW_CU 1S.7=
o Cell fragments
— PLT
'ﬂ\ - |
10 20 30 ‘ [FL1
PDW PLX 1S5.5-fL
MPU PL% 10.0-FfL

P_LCR PLX 28.7X%




521 i | .
2024,08,27 I i r
10:46 4
wB i |
8.5x103/ 1L | |
3. 75x106/ 1L )
10.99-/dL | ;
30.5% | | i
- 81.3fL =5 i ]
29.1pFre I | SN
35. 79-/dL 1
PUX 336x103/ 1L
! , wBC i
| | | |
‘5 A — - j
e 0 20 30 [f
100 200 300 [fL] 1 . .
_¥YM% 28.
MXD% ra
NEUTZ 63.
_YM# 2.
MXD# O.

NEUT# S.

o* PLT Clumps
o+ Giant Platelets
O
Microerythrocytes

200

RDW_SD SO.
RDW_CV + 19.




PLT
PDW
MPV
P-LCR

6.0 x109/L
27.5%
7.9%
64.4%

86 x109/L
18.6fl
12.8fl
43.7%

< PLT Histogram >

10 20 30

[fL]

<mea

PLT
PDW
MPV
P-LCR



MP

LT

» P|atelet Transfusions

_,/ » Platelet Aggregation
10 20 30 » Chemotherapy




16.9 pg
29.4 g/d
380 0%/

54.3 9
12.5%
3, 2w
2.4 x|/
0.6 0%/
1.5 <08/






Cell Name Grading System: minimum of 1000 RBC should be evaluated to provide a precise percentage of the
cells having a particular morphological abnormality.

Few/1+ Mod/2+ % Many/3+, % Few/1+ Mod/2+ % Many/3+, %
=  Anisocytosis N/A % 11-20 >20 ™  Ovalmacrocytes N/A 2-5 >S5
L Macrocytes N/A 11-20 >20
=  Microcytes N/A 11-20 >20 ™ Bitecells N/A 1-2 >2
= Hypochfomic N/A 11-20 >20 » Blister cells N/A 1-2 >2
- Schistocytes <1% 1-2 >2

- Polychromasia N/A 5-20 >20 it Sickle cells N/A 1-2 >2
- Acanthocytes N/A 5-20 >20

Echinocytes N/A 5-20 >20 » Howell-Jolly bodies N/A 2-3 >3
= Elliptocytes N/A 5-20 >20 - Pappenheimer bodies N/A 2-3 >3
» 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




RBC Histogram
|

ABN / INDICATOR PROBABLE CAUSE COMMENT
Left of curve does  Schistocytes and Review smear CBC
not touch baseline  extremely small red and Platelet

) cells histogram
Bimodal peak Transfused cells, Review Smear
therapeutic response
Right/portion of Red cell Review CBC &
\curve extended autoagglutination Smear
eft shift of curve Microcytes Review smear &
CBC
ight shift of curve  Macrocytes Review smear &
CBC

\




WBC Histogram

ABN / INDICATOR PROBABLE CAUSE

Trail extending downward NRBC, PIt clumping,
at extreme left, or lymph  unlysed RBC,

peak not starting at cryoproteins, parasites
baseline

Peak to the feft of lymph ~ NRBC
peak or widening of

lymph péak towards left

Widening of lymph peak | Atypical lymphs, blasts,
to right plasma cells, hairy cells,
\ cosinophilia, basophilia
ider mono peak Monocytosis, plasma
cells, eosinophilia,
basophilia, blasts

\

COMMENT

Review smear and correct
WBC for NRBC

Review smear & correct
WBC for NRBC

Review smear

Review smear



WBC Histogram

ABN / INDICATOR PROBABLE CAUSE COMMENT
WBC histogram Giant platelets, Review smear,
(lymph peak) does  NRBC, Plt clumping correct WBC for
not start at baseline NRBC
Elevation of left Left Shift Review smear
portion of
‘grahulocyte

vation of right Neutrophilia, Review smear
rtion of Hyperseg,

anulocyte peak

\




Platelet Histogram

|

ABN / INDICATOR = PROBABLE CAUSE COMMENT

!Peak or spike at left Cytoplasmic Review smear
end of histogram (2- fragments

3y

Spike towards right ~ Schistocytes, Review smear + CBC
end of/histogram microcytes, giant (v MCV & N RDW)

Bl et (N MPV & A PDW)
Wnodal peak Cytoplasmic Review smear

fragments




Known interfering substance

RBCs
* High WBCs esp if RBCs is low —
TRBCs
*  Agglutinated RBCs — ! RBCs
b

Turbidity of the blood sample — T Hb
* Elevated WBCs

* Elevated lipids
 Fetal bloods




MCV
*Red cell agglutination
*T number of large platelets

HT
*Red cell agglutination

RDW
* Agglutination of RBCs
* Nutritional deficiency
*Blood transfusion




WBCs interferring subs.
* Normoblasts > T WBCs
* Unlysed RBCs —» T WBCs

* MM — T WBCs (ppt protein)
Hemolysis — T WBCs (red cell stroma)

* Leukemia — ¥ WBCs (T cell fragility)

— In CLL small lymph not

counted

* Cryoglobulin — T all parameters of blood




Platelets

* RBCs fragments — T plat (microcytes)

* WBCs fragments — T plat (microcytes)

L }Zhemotherapy — 4 plat (T plat. fragments)
Hemolysis — T Plat (red cell strom)

* ACD blood > ¥ plat (plat. Aggregation)

* RBCs inclusion — T plat. (Malaria, H.j
bodies)

* Plat. agglutination —  plat




Lymphocytes
* Nucleated RBCs — T lymph
* Parasites > T lymph
* Resistent RBCs — T lymph

onocytes

* T in large lymphocytes, atypical lymph, blasts
and basophils

Granulocytes

* T in eosinophilia, blasts, promyelo, myelo,
metameyl and plasma cell




Histogram in conjunction with absolute
counts give valuable information about
the abnormality of the sample & the
need for follow up peripheral blood
examination.Histogram should be used
as quality check but not diagnostic for
any pathological condition.The manual

blood film remains the definitive tool for
complete haematological analysis.
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