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ANALYSIS OF THE BLOOD CELLS AND
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PARAMETERS OF CBC

o WBC (white blood cell count, Giga/l) 5-10 G/1
o NEU%, NEU# (neutrophil granulocyte) 40-70%
o LY%, LY# (lymphocyte) 20-40%
o MO%, MO# (monocyte) 4-8%
o EO%,EO# (eosinophil granulocyte) 2-4%
o BAS%,BAS# (basophil granulocyte) 0,5-1%



Relative lymphocytosis

Vérkép automatawval:

Fehérvérseijt 2,300
Neutrofil 27,4
Neutrofil (abks) 0,68
Limfocita 85,5
Limfocita (abs) 1,65
Monocita 4,8
Monocita (abs) 0,120
Fozinofil 1.3
Fozinofil (aks) 0,030
Bazofil 0,6
Bazofil (aks) 0,010
Virdswvertest 2,66
Hemoglokin BE
Hematokrit 24,1
MOV a0, &
MCH 2,3
MCHC 356
RDW 16,1
Trombocita 36,0
MEV 6,55
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PARAMETERS OF CBC

WBC (white blood cell count, Giga/l) 5-10 G/1
o NEU%, NEU# (neutrophil granulocyte) 40-70%
o LY%,LY# (lymphocyte) 20-40%

o MO%, MO# (monocyte) 4-8%

o EO%, EO# (eosinophil granulocyte) 2-4%

o BAS%,BAS# (basophil granulocyte) 0,5-1%
RBC (red blood cell count, Tera/l) 4,1-5,1/4,5-5,9T/1
HGB (haemoglobin, g/1) 123-153/140-115 g/1
HCT (haematocrit, %) 35-43/38-49 %

MCYV 80-95 fl

MCH 26-33 pg

MCHC 310-360 g/1

RDW-CV 11,6-14,4%

PLT (platelet, Giga/l) 150-400 G/1

MPV (mean platelet volume)-fl



CALCULATED PARAMETERS

MCV=HTC/RBC (mean volume of red blood cells in fl)*
MCH= HGB/RBC (mean corpuscular hemoglobin in pg)
MCHC= HGB/HTC (mean corpuscular hemoglobin

concentration in g/1)-the hemoglobin concentration of 11

red cell mass
RDW -CV% (11,6-14,4)
RDW-SD (fl)
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PREANALYTICS

K3-EDTA, lavender tube, mixing well

= posture (getting up: HGB, HCT increase by

10% or more)

must be measured within 4 hours, but as fast
as possible except for: reticulocyte (within 24
hrs in room temp., 72 hrs if stored at 4°C)

peripheral smear procedure:

= capillary blood from fingertip, or from EDTA-tubes
within 2-3 hours







BLOOD CELLS

white blood cells: /
1. neutrophil granulocyte (10-12 ym){
2. eosinophil granulocyte (10-12 pm).
3. basophil granulocyte (10-12 um)
4. lymphocyte (9 ym) 4 -
5. monocyte (15-30 ym) ’
red blood cells: w. 5
» diameter: 7-8.5 pm
» thickness: 2 ym ey ! -
platelets: |

» diameter: 2-5 ym



HAEMATOLOGICAL
INSTRUMENTS: PRINCIPLES 1.

Coulter-principle (Wallace Coulter-1953) I |
: l‘&
N S

detection of changes in electric impedance

orifice, between its sides DC (direct electric
current)-gradient is present

the sample is diluted with a good conductor
liquid, when a cell passes through the orifice
electrical resistance increases— current
intensity decreases( U=IxR)

the size of the current change is related to
the size of the cell, the number of it related  |_ . .i3cnce
to the number of the cells (volume- [ e
distribution histogram)

Sources of error:



HAEMATOLOGICAL
INSTRUMENTS:
PRINCIPLES 2.

hydrodynamic focusing

to eliminate coincidence and
recirculation

the created laminar flow (sheat fluid)
permits an unilinear pass of the cells
through the site of measurement

v
Pl
o ‘

the constant flow decreases the chance
of clog formation (proteins)




HAEMATOLOGICAL
INSTRUMENTS: PRINCIPLES 3.

optical principal
the refracitve index of cells differs
from the diluent solution
argon/helium laser beam

1. forward scatter detector (1-3°):
size/volume of cells (scattering light)

2. low angle scatter detector (7-11°):
indicator of cells’ complexity

3. side scatter detector (70-110°):
lobularity of the cells (refraction and
reflexion of the light)

other specific prospects

special stains (fluorescent,
cytochemical)

special characteristics of cells
(selective lysis, depolarization, etc.)

ureo( I1ose|
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# " Red cell and platelet
o measurements
sl (L' ELT-F )

T-F[2]

@ Coulter-principle (impedance)

supplemented with optical method RBC volume/haemoglobin
content histogram and dot-

FSC: volume (MCV) plot based on light scatter

SSC: haemoglobin content

WBC-do we have to
remove them for
measuring RBC-s?

RBC Volu...
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PLT-RBC vo;um’e distribution histogram




COUNTING RETICULOCYTES

= last stage of premature RBCs (no nucleus, contains RNP)

RET scattergram

m 1-1,5 days in periphery before

ight

d scattered |

becoming mature RBC
= using supravital stain
(brillant cresyl blue, methylene-blue

FSC : Forwar

= analyser:
= nucleic acid stain (fluorescent)
= [RF (immature reticulocyte fraction)
= CHr (haemoglobin content of reticulocyte)-iron deficiency

= reticulocyte crisis (anaemia of vitamin B12, folic acid
deficiency 24 hours after treatment)-IRF increases

SFL : Side fluorescent light

= Information about bone marrow function



HAEMATOCRIT MEASUREMENT

= the past

LW

Scientific
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EZ Reader

Microhematocrit Reader
for 40mm and 75mm capillary tubes

TO USE:

1. Place centrifuged tube in slot with interface
of sealant and packed red cells intersecting
the “0%’ line.

2. Slide the tube holder until the top ¢ e—
plasma layer intersects the "100%’ &—

3. Read the percentage height of the
red cell column from the scale. (Lo

Lines are in 2% increments, therefore
estimate to the nearest 1%.

For in vitro diagnostic use.



HAEMATOCRIT, HAEMOGLOBIN
MEASUREMENTS

=z haematocrit: the present
= analyser: PCV=MCVxRBC
= haemoglobin:
= photometric detection

= stabile hemoglobin complex (SLS, (cyanid))
= interfering factors:

- lipaemic samples

- increased bilirubin
- (cold-agglutinins)
+ (hemolysis)




Transfusion,
pseudothrombocytopaenia, plt
aggregates, cold agglutinin

= transfusion/recovery from pernicious
anaemia, or iron deficiency anaemia:
two populations of rbc-s

m pseudotrombocytopenia: when plt - ,;..:;?i..’-
count~0 from EDTA tube, normal from . {Q;,,:’ R
citrate tube, blood smear: tct VRN
aggregates i

= glant platelets (impedanc
= cold agglutinin:

repeat measurement at 37°C



RBC-do we have to
remove them for
measuring WBC-s?

WBC COUNT

site of measurement: optical flow cell
dot-plots COMPLEXITY
S part diff
6 part diff:

= IG (immature granulocites)

M N & [

Abnormal lymph
Blast

Atypical lymph

Abnormal lymph
Blast pmoNO

Left shift

SFL : Side fluorescent light

LYMPH
NEUT+BASO

NRBC EO
Debris

SSC : Side scattered light



FLAGS (notifications)

E suspicious population of cells because
of inadequate separation (DIFF)

= cells at abnormal site at the dot-plot
(IG/BAND, BLAST/VARLYMPH)

= plt aggregates (PLTR), nucleic rbe-s
(NRBC)

= smear should be examined:

suspicion of presence of malignant cells,
Or measuring error

= nucleic RBC-s



Nucleic red blood cells - O
.

=z normally they are in the bone marrow D ‘0

E common in newborn

adults

can falsely determined as
lymphocites (high WBC, high ly % s
and abs. count)

= 1n some disease it can be found in Q (u.»
©

fn

methods to count them:

= nucleic acid stain
(e.g.propidium-iodide)




ANAEMIAS

= definition: reduced red cell mass

= according to red cell morphology or MCV, MCH:
= normochrom normocytic
= hypochrom microcytic
= hyperchrom macrocytic

= based on etiology:
= decreased production (bone marrow)
= deficiency anemias

= shortened lifespan (hemolysis, inherited diseases, kidney
failure...)

= 1Increased loss (occult bleeding, acute bleeding)
= dilution (pregnancy)
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VErkéqp automataval:

Feh&érvérs=jt 2, 340 Ligasl 4, 000-10,00
Heatrofil 69,2 % 34,2-71,1
Heatrofail [(ab=) 2,81 Gigafl 1,56-6,13
Limfocita Zh, 0 03 15,3-51,7
Limfocita (ab=) 1,52 eigasl l,18-3,7<
Monocita = 0y 4,712,595
Monocita {abs=] 0,320 Eigafl 0, 240-0, 8&C
Eosinofil 1,4 - J,0-5,8
Eosinofil (aba=a) 0,06 Ligasl 0, 000-0, 2&0
Bazofil 0,4 oy J,0-1,2
Bazofil (ab=] 0,020 Gigasl 0, 000-0, 080
_GéEp Sltgl pnem goonosithgtd U 1700 u <o, 000
RBC 5,77 H T/l d,80-5,20
HGB 124 gfl 120-157
Haematocrit 40,0 3 34, ,1-44,49
MV ) L £l 80,0-95,0
MCH 21,5 L pg 26,0-23,0
MCHC 2110 g/fl 310-3&d
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Frotrombin IHNR 1,7E H . 0, 90-1,135
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DIAGNOSING ANAEMIAS

CBC (RBC, HGB, HTC, MCV, MCH, MCHC, RDW)
reticulocyte

iron parameters (iron, ferritin, transferrin, transferrin
saturation, soluble transferrin receptor, bone marrow iron
storage-Prussian-blue)

CRP
blood smear
deficiencies: serum vit. B12, folic acid

in the case of haemolysis: LDH, indirect bilirubin, urine
UBG, haptoglobine

special investigations: haemoglobin elpho, genetical
investigation, Coombs-test



THROMBOCYTE DISORDERS

= thrombocytopenia:
= under 50 Giga/l risk for bleeding

= decreased production: inherited (Fanconi anaemia, May-
Hegglin anomaly)/acquired (drugs, tumours, hematological
malignancies, radiotherapy)

= increased destruction: ITP, TTP, HUS
= hypersplenia (increased storage)

= thrombocytosis:
= ET, MDS

= after splenectomy transiently, chronic inflammation, tumor, iron
deficiency, hemolytic anaemia

= qualitative disorders:

= acquired (ASA, uraemia, liver disease)/inherited (Bernard-
Soulier syndrome, Gray platelet syndrome)



Dlitra=zgensgitivr CEP 18,72 H mg/l <5, 00

Ultraszenzitiv CRP 8,217 H mg/sl <o,00
Dltrassensitiv CRF 4,58 mg/l <o, 00
=

VErkép sutomatdval:

Fehérvrérsejt 2,520 L Gigasl 4, 000-10,000
Heutrofil 25,2 * 34,0-€7,3
Heatrofil (abs) 1,24 L Gigasl l,78-5,38
Limfocita 4€,. 2 * 21,8-53,1
Limfocita (abs) 1,E5 Gigasl l,32-3,57
Monocita 12,6 H * S,3-12,2
Mpnocita {ak=] 0,478 Gigasl 3, 300-0,820
Eominofil 2,5 * 0,0-7,10
Eosinofil (abs) 0,13 Gigasl 3, 000-0,540
Bamofil 0,4 * J,0-1,2
Bazofil (ab=] D,01lé Gigasl 0, 000-0, 080
Vortsvirtast 4,54 T/l 4,506, 00
Eemoglobin 120 g/l 127-175
BEematokrit 4.2 * 40,1-51,0
MV ES, Ll £l g0,0-95,0
MCH 28,0 Pg 26,0-33,0
MCHC 220 g/l d10-260

ELW lé,2 H M) 11,6-14,=2
Trombocita 127,0 UL Giga/Sl 140, 0-440,0
MEV o, 58 L 3 | G,=20-12,210
Betikulocita HG tartalom 4 25,3 L Pg 28,0-35,0



NEUTROPHILIA, LEUKAEMOID
REACTION

=z neutrophilia: stress, adrenaline, corticosteroids,
pregnancy, infection, inflammation

@ leukaemoid reaction: present in inflammation,

important to differentiate from CML (granulocyte
alkaline phosphatase=GAPA)

[ )
toxic granules
B L AppE i ‘
.‘ .‘. \ .
: A ia> ':. w :

left shift, younger stages of maturation appear in periphery



Maturation of granulocytes

myeloblast promyelocyte myelocyte metamyelocyte band neutrophil

&
neutrophilic- || division || maturation
eosinophil-
basophilic-
myelocyte




MONONUCLEOSIS INFECTIOSA

[« [ [ [ [

caused by EBV @ "yu

fever

adenomegaly (usually in the neck),
hepatosplenomegaly

elevation of liver enzymes, because of
hepatitis

presence of atypical mononuclear cells
(usually lymphocytosis, maybe monocytosis, when
measured with the analyser)



LEUKAEMIAS

@ =higher numbers of abnormal WBCs

@ blast cells (stem cells present normally in the

bone marrow, less than 5%)

the clonal expansion of the cells results from
mutations in the mother cell’s DNA
depending on origin it can be lymphoid or
myeloid

depending on the number of blasts it can be
acute (more than 20%) or chronic



CHRONIC MYELOID LEURRBMIE
(CML)

@ high WBC
(more than 50 Giga/l)

= in the periphery all the
maturation stages present

m decreased GAPA activity,
Philadelphia chromosome
(BCR-ABL fusion gene)

m can transform to acute
leukaemia




ACUTE MYELOID LEUKAEMIA
(AML)

in the bone marrow or in the periphery the rate
of blast cells increase up to more than 20%

= hiatus leukaemicus

= in the blasts Auer-rods can be present

= usually positive with MPO stains (except for the
completely immature blast cells) | "

exact diagnosis: flow cytometry =




CHRONIC LYMPHOID
LEUKAEMIA (CLL)
= the appearance of small mature

lymphocytes in the peripherial blood
(having heterochromatic nucleus)

= cells are fragile, when spreading the
smear

@ typical phenotype analysed by flow
cytometry

(positive with both CDS5 a
@ can transform to (PLL)

e

a" S

prolymphocytic 1eu1<aem1




ACUTE LYMPHOID LEUKAEMIA
(ALL)

E lncrease in number of

lymphoblastic cells (from
bone marrow or
extramedullar organs)

E most common type of
cancer 1n children

= classified based on
immunophenotyping and

genotyping (low risk/high ‘
risk)



Flow cytometry 1.
BASICS:

individual CD-marker pattern
(surface and intracytoplasmic)s— o

= adding the sample different ( ) ( )
monoclonal antibodies e
conjugated with different " ——— "
coloured fluorescent dyes result
in specific binding of
antibodies by the cells

@ then the fluorophores are
excited by a laser beam, after it
the intensity of emission will be

measured

CD34

A
r _H"“\_

@ every type of cell has its own \

Stem cell
:
1
CD45 CD45 CD45
A AT A
o &Y &Y
b /. -l'z .\'\. - i
CD3 CD19 CD61

mphocyte B-lymphocyte Thrombocyte

A Antigen

Fluorochrome
conjugated
Primary antibody




Flow cytometry 2.

OPERATION:
Optic System N ’

Fluidic System
" Electronics

Laser(s)



EVALUATION:
FSC/SSC.001
1000 -
800 1 ' Granulocyte'g 57 =

SSC-H

Flow cytometry 3.
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CASE STUDY

& S y.0. boy

= somnolent, exhaustible for a week,

[ [ & [

subfebrility

started to vomit and had fever from a few
days (38,2 °C)

from that he cannot be fed, vomited again
stool and urine was ok

practitioner: hepatosplenomegaly

requesting blood test
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VErkfép automataval:
Pena&rirérss=qt L, o i | LEET: FI o UU=-12, S0
WOC=1182 &/1
Vortsvértest 2,81 L T/l 3, 60-3, EOQ
Eemoglobin 113 g/l 108-156
2
B

Hematokrit

MY

MCH 10,

MCHC 481 H g/l a20-360
A magas fehérvérsejtassdim miatt nem é&rcékelhetd

Dy 18 F H < Mk B ™

cita 28,0 L Gigasl 2E6.0D-508.0
MEV 8,20 L £ o, 40-12, 40

Fenet £ : =
HMET: 4% LY: 20% MO: 0% EO: 0% EASO: 0% EGYEEB: 2% E:amyelucyt;:l?i% Elast I
karaktrfi sejt, Becrocyta 25-30/100 fus.

A kenet leclvasdst neheziti 2 rendkivil magas fos. segdm, a megadott i-o=

fus. ssdimok megkbzelitfelk.

EllenfSriste: A
Vassné Lakatos Agnes 2012.02.29 10:05



Vizsgalt sserv: Minta tipusa:

periférids wé Hativ Anyag, Benetek
Klinikai diagnozisok:
AlL in obs

Klinikai adatok:

Hiziorvosdnal (02.27-én jelentkesett subfebrilitas és firadékonysdg miatt, hepatosplencmegaliat
réleményesett &3 laboratériumi wizsgalatot kérkt, mely eredméynének tdkrében { fvs: 1,0 millid,
HgB: €6, Htk: 15, tct: 26000) kéri osstdlyos felvételst .

Panaszai 1 hete sserdan kesdidtek (2012.02.21-én). Tiradékonysdgot, alussékonysdigot é&ssleltek
nila. HBemelkedése jelentkesett. Pénteki napon hianyt elfsztr. Hétwvégén panascai fokosbdtak,
vasirnap belisasodott (28,2°C). Hinyis i=mét jelentkesett, mai napon nem wvolt per os tiéplilhatd
r az elfogyasstott f&l liter folyadékot is kihdnyta. Jsfkletet scombaton liritett utoljara, kis
mennyisfglit, normal allagit. Mai napon 1 alklaocmmal tritett kevés vizeletet, mely nem véres,

nem barna, nem csip.

HMakroszkopos lelras
A: 3ml EDTAs wvér, B: Sdb perif kenet (sajat), C: l3db perif kenet (knldott]

Mikroszkopos leiras

A kenetekben extrém leukocytosis figyelhetd meg, a sejtek 98%-a lymphoblast, melyek tdbbaége
kbzepes méretfl, a sejtek peroxidiz negativ cytoplasmival rendelkezsnelk.

A minta dramldsi citometrial wvizsgalata sorin 4% myeloid &s 2% lymphoid sejt mellett 94% blast
karakterfi sejt mutatkosott. A blastok CDSH, CD23, CDS%8, CDlYS expresszidt mutattak, 30%-ban CCA4
jeldlidés, €3¥-ban minimdlis intensitd=d cytoplasmicus IgH expresgsid mellett. A seqtek CD20,
CD1] é&s TdT negativak, a sejtfelssinen kfnnyhlincok nem mutatkostak, myeloid, illetve T-sejtes

markersk nem voltak jelen.

ACUT LYMPHOBLA3TO3 LEUBAEMIR
CD19+, CD3d+, CDS8+, CD9S+, CDZ20-, TdT-, CD10-, CCA4-/+
EHC: C5100 Heveny ljymphoblastos leukaemia
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