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2. Wintdaauavilaviataniazsdsivladsna

MCV < 80 fl, Hb conc. < 12 mg%
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Jaundice

Acute cholangitis
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1. iinnsra2dde (3-Thalassemias)

1.1 fiensradddiauiaas (p-Thalassemia major)
1.2 iionsradddadudininaiud (g-Thalassemia
with HbE)
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2. uaaws1asla (a-Thalassemias)
2.1 sl Aiiaddttnaduusm (Hb Bart's
hydrop fetalis)
2.2 Tsndtuinaiiutde (HbH disease)
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thalassaemia
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1. msaansaauavmamuaauwmvmamnmumsm
Iluadas (Carrier screening and diagnosis)

2. AN565ANARUTISASIA gL LT INaNITSNEN

3. A9 UIRANIIATUAISA
(Prenatal diagnosis)

4. N1956952AUAFANAUNITHIAD
(Pre-implantation genetic diagnosis)



Thalassemia laboratory
investigation

; Diagnostic tests

: DNA analysis



381 ldns1ansav (screening test)

- Complete blood count (CBC)

- One tube osmotic fragility test (one
tube OF test) 1ai’ 0.36% NaCl

- Screening test for HbE

-  DCIP precipitation test asranznauuas HbE
uaz HbH 62ad DCIP (in-house, KKU-DCIP)

-  Ion exchange chromatography (E-sure; CMU-

HbE microcolumn)

- IC strip for alpha -1 detection

_______________________________________________________________________________________________



381120 ms13311asdn (diagnostic test)

- Cellulose acetate Hb electrophoresis

microcolumn chromatography

cellulose acetate strip

- Column chromatography

Automate HPLC

Automate LPLC

- Capillary electrophoresis



od Count

« Automate principle:

— Electrical impedance

— Flow cytometry, laser focusing

« Blood indices: Hb, Hct,

MCV, MCH, MCHC, RDW

« QC/calibrator/IQC




Automate analyzer

. Flow Cytometry
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RBC morphology & histogram




test

Principle Procedure
0.02 ml blood
in 0.36% NaCl b
Normal red cell .
85-100% hemolysis m S
Thal red cell pw  0.36% l'
< 85% hemolysis NaCl 3000 rpm
(hypochromia, polychromasia, OD 540 nm
target cell) 1

% hemolysis
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Principle

Unstable hemoglobin
(HbE, HbH)

=+

DCIP reagent

:

Brown precipitant

itation test

Procedure

control

l 0.02 ml

atient
J p

q 379,11 hr
1

Brown
precipitant

DCIP 5 ml



itation test
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Conventional method (in-house, PSU)
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KKU-DCIP precipitation test



Figure 1. Presenting the results of hemoglobin E carrier testing. The uncolored solution in the top row
read as negative results, which interpreted as Non-HbE trait (top row). The reddish-pink colored solution
in the bottom row read as positive results and interpreted as HbE trait (Tatu and Kasinrerk, 2012).

E-sure; lon exchange chromatography
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Principle
Hb H

+ supravital stain
(1% methylene blue)

. B

Inclusion bodies
Light microscope 100X

Procedure

BIOV

37 %
l 1 hr
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Screening criterions

MCV <80 fl
and/or
OF < 85%
and/or
DCIP positive

Inclusion body staining

1._

Diagnostic tests




- tests for thalassemias

AsuasdautNadiadadiias 1 ddd el

* Hb typing — cellulose acetate electrophoresis
 Hb quantitation

- Microcolumn chromatography

- Cellulose acetate strip elution

e Automated HPLC

« Automated capillary electrophoresis (CE)




-e electrophoresis
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Wiavnafiguay Hb

Tazii hemolysate'lil3v
TunszualWih v pH 8.5
way Hb waasdinaguwen
ANANNAU

Carbonic anhydrase (CA)



Cellulose acetate strip electrophoresis
and elution technique
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Automated Hb typing and Hb quantitation
(HPLC)
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Automated Hb typing and Hb quantitation
(Capillary electrophoresis; CE)




Capillary Electrophoresis
Anode Cathode

Detector

HV Power Supply
+/-30kV

Electrophoretic Flow -

Electroosmotic Flow =

http://what-when-how.com/nanoscience-and-nanotechnoloqy/single-walled-carbo
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Haemoglobin Electrophoresis

Fractions % Mormal Values %
Hh A 973 96.5-97.8
EEE

P w  m m we w e m w0 o
Haemoglobin Electrophoresis
Name % Normal Values %
HbF 1.0
Denature Hb E 1.0
HbE 921
Hb A2 5.9

20 400 60 180 100 11200 4D §80 1180 (200 230 1240 260 280 1300

Haemoglobin Electraphoresis

Name oo Normal Values %
Hb A 93.2 = 96.8-97.8
Hb F or Hb variant 1.2 =

Hb A2 5.6 =

b F or Hb varian

Haemoglobin Electrophoresis

Name %o Normal Values %
Hb F or Hb variant 58.9
Hb E 38.9

Hb A2 2.2
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Haemoglobin Electrophoresis

Name Yo Normal Values %0

Hb A 69.9

Hb E zone 26.1

Hb A2 4.0
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Haemoglobin Electrophoresis

Name %o Normal Values %
Hb H 16.5
Hb Bart's 0.7
HL A 784
Hb A2 0.6
Hb C or Hb variant 3.8




ANV ATLNE 1

Hb conc. 10-12 g/dL
MCV <80 fl

MCH <28 pg

OF test <85%

Anisocytosis Ha& Poikilocytosis
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B-thal trait :
- HbA, > 3.5 %

o, +8, = 010, (HbA)

HDbE trait :
- DCIP +ve, Hb typing : AE,
- HbE ~ 20-30 %

o, + [3E2 = HbE



Y- v A A

TsasNagaNg | Hb typing

B%-thalassemia major FA,
B*-thalassemia major AFA,
B%-thalassemia / HbE FE
B*-thalassemia /HbE AFE

HbH HAA,

Hb Bart’s Hydrop fetalis Hb Bart’s and

Hb Portland




EDTA Blood

One Tube OF test DCIP test
OF +ve DCIP
<85 Positive
I I | I I
AA2 AA2 AFA2 AE AE
A2 > 3.5% A2 <3.5% F 10-30% E <25% E > 25

I
<[3-thal trait

.-<m >

9
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o laan VU Flum D Hodewnes1aa 5 e

Ol-thal 1 trait*® E)-thal trait HbE trait HbH disease
MCV (1) <80 <80 <80 <80
OF (%) <85 <85 < 85 or normal <85
DCIP negative negative positive Weakly
positive
RBC Hypo, Micro Poikilo, Poikilo, Aniso, | Hypo,Micro,
morphology Aniso Target Target
Hb type AA, AA, AE AHA,
HbA (%) or <3.5 > 3.5 15-30 <3.5
HbE (%)
I5M599UEY | DNA analysis (PCR ERRLY USues HHE | 1Su1es HbH
for Ol-thal 1) HbA >3.5% =15 -30%

% ] % T 9 Y 1 P < o 05/ Aa o v A A Y
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Aaa o < % i
Qu@ﬂm!ﬁﬂﬂTJ&‘ﬂ”ﬂ!Wﬁﬂﬁ?ﬁ !!ﬁ&‘ﬁ)7ﬂWﬁ¢753?]¢7\7ﬂﬁ7'31/531/7ﬂJ 66% ?ﬁWﬂU?ﬂ -thal 1 PCR




Wssumeuif3ana HbA, uaz HbF lusnvesiaadiiss Hani

Mutation %HbA2 %HDbF

B-thal trait

- Point mutation 35-6.0 Normal
- Deletions 5.0-8.0 5.0-10.0
O3-thal trait 2.0-3.0 15.0 - 30.0

YO [3-thal trait 1.5-2.5 20.0 - 30.0




ANTAILANAATN
Pre-analytical process

« Specimen:
— Patient identification
— Anticoagulant

. ldasduldaaudedia K3EDTA azvinlvifinisuinuasidalfaauaatdniiae

i lviadsun GI’SLNG\LE\]BG]LLGNLQQEI ]V AN TARTAULA aﬂLL“I.I\‘)?juG\
K,EDTA

+ Bnasidandaaninunmsgiu azvinilfialdanunatiien (crenated) uan
gnndiu > OF AakawInlaa

— Transport and storage
. vinviud Winarigneasusiuenign
« MCV ua OF \Auii RT >4 2., 4°C > 24 2u. §aanivinaauilaay
- DCIP 1ffui vAut RT >48 2., 4°C > 1 §laf 1daadirWvinawiniaay
- Hb typing >\fuiiaaunndi 4°C lauu 7 3u



ANTAIUANAUATIN
Analytical process

» Reagent preparation:

— In-house OF amﬂﬁaﬁau?}"o, DCIP tAuTundusiuuay
— Reagent kits: asagauaiglaeu

« Instrument:
— Autopipette, tips, waterbath 37+1°C

— Preventive maintenance (automate CBC) seivnisnsuldannauls
12NLA%ay

— Automate Hb typing:
« calibrators vs reagent lot
. asuldaurtinenienalvinausiugn
o ffusreiaadaln NSS Wawuiidiunisuad Hb AanaLAday
. wauLdandu normal control Wiagavnfinuas Hb

« Work instruction/procedure
« IQC, EQA



1QC

Control materials OF -ve  MCV >85 fL, MCH >28

— In-house, commercial ~ pgHb>12-13g/dL
— Normal, abnormal OF +ve MCV <75 fL, MCH <25

— Qualitative (Hb type, DCIP +/-) pg, Hb < 10-11 g/dL
— Quantitative (%A2, %F, %E,

RT-time, ODmax) DCIP -ve  Normal (A,A)
-] chart DCIP +ve Hb E trait (EA)

Westgard rules

Hb typing AA, A, 2-3%
% CV normal

Hb typing A,FA, A, >3.5%
Sigma abnormal ES,C E



Biorad
KU
CMU
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PSU

EQA; proficiency test

Coefficient of Variation {CVR)

The CVR allows you to evaluate your imiprocision
relative to your consansus group. The CVR s
expressad mathematically by the formula:

Your CV
Consensus Group CV

CVR =

if your test imprecision is equal to the impracision
of your consensus group, your CVE will be 1.0. Tha
following guidelines are suggested for interprating
this statistic:

CVR =1
Accaptable performance

1<=CVR<1.5
Accaptable to marginal parformance; may need to
imvestigate test system impracision

CVR=>1.56
Marginal performance; may need to parform
comactive action

Standard Deviation Index (SDI)

The 50 is a useful parameter for evaluating your
bias relative to your consansus group. The 30 s
expressad mathematically by the formula:

Your Mean -
Consensus Group Mean
SDI =

Consensus Group SD

The targat S04 is 0.0, which indicates that your
mean is idantical to the consansus group mean.
A positive or negative devistion from this target
statistic may indicate a bias compared to the
consensus group mean. The following guidslines
ara suggested for intorpreting this statistic:

-1 =5DI <1

Accaptable parfiormance

[1=8DI<15| or [-1>SDl>-15]
Accaptable to marginal parformance; may nead to
investigate test systemn bias

|SDI>1.5| or (SDI<-1.5]
Marginal parformance; may nead to perform
comective action




PT program : KKU
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Six Sigma Approach in LAB.

Estimate the quality of process clinical laboratory
1. DPM (Defect per million)

+6 SD  the defect rate would be only 0.002 DPM

+4 SD  the defect rate would be less than 63 DPM




Six Sigma Approach in LAB.

2. Sigma quadlity level (6-sigma, 5-sigma, 4-sigma)
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Allowable imprecision (%CV)

http://iwww.aacc.org/publications/cin/2013/september/Pages/Total-Analytic-Error.aspx




TEa

Desirable Analytical Quality Specifications for Imprecision, Bias and Total Error Upon Biological Variation

The following values are provided as a service to Bio-Rad Customers and are based upon desirable performance. The values are
derived from Ricos C, Alvarez V, Cava F, Garcia-Lario JV, Hernandez A, Jimenez CV, Mininchela J, Perich C, Simon M. “Current
databases on biologic variation: pros, cons and progress” Scand J Clin Lab Invest 1999;59:491-500. These values are updated/
modified with the most recent specifications made available in 2014. *(denotes updated values)

S = serum; U = uring; P = plasma; B = blood
CV,_, = within-subject biological variation; CV, = between-subject biological variation; Imp = imprecision; TE_ = total allowable error

* Hematocrit 27 6.41 14 1.7 40 49

B

B | * Hemoglobin 2.85 6.8 1.4 1.8 42 5.2
B | * Hemoglobin A1C (IFCC) 1.85 L 09 1.5 3.1 i 574
B |* Hemoglobin A1C (JDS) 1.85 3o | 0.9 1.9 3.0 3T
B | * Hemoglobin A1C (Mono-S) 1.85 5.4 0.9 1.5 3.0 3.7
B | * Hemoglobin A1C (NGSP) 1.85 a.l 09 1.5 3.0 3.1
B |* Hemoglobin A2 0.7 Vil 0.4 1.9 2.5 2T




Six-sigma

Sigma = (TEa - %bias)/%CV




ANTAILANAATN
Post-analytical process

« Turn around time:
« Report:
« Interpretation:
— B-trait 69 %A, > 3.5 — 4..0%
— E-trait with/with out a-thall trait §ai %E-> <21-
25%
— Abnormal hemoglobin?
— Blood transfusion



Delta variant

Hb A2... high or normal?

Actual %HbA2 = %HbA2 + %HbA2’
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Hb A
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Hb A2
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fa1mu HEN1TIATIR Hb typing mrulana MUANBITIRFTINE
OF DCIP | MCV (L)IMCH (pg)
Normal Hb typing or Beta
3. A A HO A, 3.5% - 8% | Thalassemia trait with or | Positve | negative [ <80 | <27
i without alpha thalassemia
negative < B0 <27
4. EA, Hb E > 25% Hb E trait o (FPOSIVE! | Sap or Hb E traft
positive normal | normal
Hb Ay
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Hb A2...high or HbE contaminate?

Blood Transfusion

' 27 26 I5 24 I3 22 29

R

| % | s

Electrophoresis

Fractions % Ref. %
Hb A 94.7
Hb F 0.3
Hb E 2.4

th
Hb A2 2.6 50 b
ANNIVERSARY



Hb A or F or ???
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Hb E or other abnormal hemoglobin?

ANALYTE 10 %  TIME AREA  ANALYTE ID % TIME AREA ANALYTE ID %  TIME I
_: P2 5.9 1.31 188962
4 P3 4.3 1.64 73299
q; . Ao 75.1 2.52 1281592
27 ~: A2 13.6 3.78 256434
£b.8 Unkrnown
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Screening test Diagnostic test
:‘...‘ ..................................................................................................... .'...%
: » Blood indices « CA electrophoresis + A2/E quantitation :
« OF/DCIP « Automate HPLC/LPLC
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“
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Thalassemia laboratory investigation

* Inclusion, RBCmorph « Automate CE

accuracy, precision, reliable

D

...IlIlIIIIIIIIIIIIIIIIIIIIIII“

DNA analysis
Prevention and control thalassemia in thailand ‘."
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