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Background

e Haemoglobinopathies are a heterogeneous group of more than 1,000 mutations.

e Characterised into 2 main groups

1. Haemoglobin variants, arise from an alteration in the globin protein structure
e.g Hb S, HbC

2. Thalassaemias, arise from inadequate production of structurally normal globin
e.g alpha thalassaemia, beta thalassaemia

There are also thalassaemic haemoglobinopathies that are produced when a
structurally abnormal haemoglobin is synthesised at a reduced rate e.g. HbE



Haemoglobin

* haemoglobin is a tetramer

* haemoglobin is the oxygen binding protein of
red blood cells and is a globular protein.

* haemoglobin consists of four polypeptide
subunits; 2 a chains and 2 non



Adult Hb (Hb A) 2 o and 2 3 subunits

*HbA, is the major form of Hb in adults and in
children over 7 months.

*HbA, (2 o, 2 9) 1s a minor form of Hb in adults.
[t forms only 2 — 3% of a total Hb A.

Fetal Hb (Hb F) =2 o and 2 vy subunits
in fetus and newborn infant,

After birth, Hb F 1s replaced by Hb A during the
first few months of life.




Workload at UHB NHS Foundation Trust

= Perform total of 18,000 haemoglobinopathy screens per year

* 11,000 antenatal haemoglobinopathy screens (HGS)

e 7,000 non antenatal screens i.e. GP’s, OPD, In Patients (HGS and QEH)
* Preop
e Family history of haemoglobinopathy
e Unexplained anaemia

* FBC results suggestive of a haemoglobinopathy — no reflex testing.



Antenatal screening

* High prevalence — Trusts are considered high prevalence if 2% or more of the
booking bloods are screen positive. The high prevalence algorithm is used for
interpretation.
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Low prevalence - Trusts are considered low prevalence where <1% of the booking

bloods received by the laboratory are screen positive. The low prevalence algorithm
is used for interpretation.
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Laboratory Investigations.

1) Full Blood Count

Presumptive HPLC Diag Hb (g/dl)+SD MCV (fl)+SD MCH (pg)+SD MCHC (%)#SD  RBC count (x106/W/)+SD ~ RDW#SD
B-Thal trait 9.812.4 68.516.2 213126 28.311.8 5.0610.9 15.416.1
B-Thal major 5.611.5 54.916.5 16.813.6 26.312.9 2.510.8 31.515.3
B-Thalintermedia 8.611.7 62.214.5 18.212.3 27.012.2 2.910.7 30.714.3
Sickle cell trait 11.611.8 84.913.4 273121 317123 4.4510.54 16.214.4
HbS/p-thal 7.8115 70.2£5.0 21,5123 30.512.1 3.6710.6 17.113.8
Sickle cell disease 8.311.7 91.210.9 28.911.1 321117 34115 20.412.1
HbE-trait 11.811.4 84.212.6 26.812.1 32.511.2 41122 12.4
HbE/p-thal 7.211.1 64.515.2 18.912.1 29.211.5 3.110.8 15.5
Homozygous HbE disease 10.511.2 70.210.8 20.211.0 32.110.8 41109 10.2
HbD-Punjab trait 10.312.6 85.514.5 224114 29.212.1 3.811.9 15.9
HPFH 112421 743133 23.811.5 32.712.2 4.5912.2 12.1
Hb Q India trait 11.611.6 81.313.1 26.810.6 32.410.9 4.610.3 13.2

MCV-Mean corpuscular volume; MCH- Mean corpuscular hemoglobin
Indian Journal of Pathology and Microbiology
Year:2013 | Volume :56 | Issue:2 | Page:109-113



2) Haemoglobin Electrophoresis (Alkaline/Acid gel Electrophoresis)

 Haemoglobin electrophoresis is the movement of haemoglobin proteins in
an electric field at a fixed pH.

e Since different types of haemoglobin molecules are comprised of different
combinations of globin chains (normal or abnormal), they will
demonstrate different degrees of mobility.

* Typically, an alkaline electrophoresis is performed which may be
confirmed with acid electrophoresis as several Hb variants comigrate

together.

* The proteins are visualized by the application of a dye.



Hemoglobin
Electrophoresis
Equipment

Alkaline Electrophoresis (pHI8.6) Acid Electrophoresis (pH6.2)




Alkaline Electrophoresis
* pH8.6
e Cellulose acetate is support medium

e Hemoglobin molecule is negatively charged and will migrate from the cathode
toward anode

e Method is based on charge differences




Acid Electrophoresis
e Citrate buffer- pH 6.2
e Agar is support medium, “Citrate Agar”

e Agaropectin combines with some variants to alter mobility compared to Hb A

e Useful for confirmation of Hb S, C, E




Advantages

* Inexpensive, user friendly systems available

e Satisfactory to confirm Hb’s S, Cand E

Disadvantages
e Specimens must be batched, long run times
e Hb A2 quantitation is imprecise

e Many variants show similar mobility, or do not separate from Hb A



3) Isoelectric Focussing

» Utilizes carrier ampholytes to establish a pH gradient throughout the medium
(agarose)

e pH range usually 6-8

e Hb fractions will travel to their isoelectric point and stop
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Hb O-Arab trait
Hb Ao trait
Hb Constant Spring
Hb Hasharon trait
I] Hb H disease
Hb | trait
I Hb N-Baltimore trait
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Methemoglobin

1 Gilycerated hemogiobin
1 Hb A,c




Advantages

e Better separation of Hb variants that show similar mobility's on alkaline
electrophoresis, but still many variants have similar mobility's

e Better separation of rarer variants from Hb A

e Minor bands may be seen more easily (Hb H, Hb Bart’s, and delta chain variants)

Disadvantages

e Long run times, samples must be run in batches
e Many minor bands (degradation, aging, glycosylated)

e Difficult to quantitate off IEF



4) HPLC (High Performance Liquid Chromatography)

* Allows Haemoglobin separation using a cation exchange non porous polymer
column (stationary phase),

 Hbis +ve charged and adsorbs onto —ve charged column.

* The elution buffers (mobile phase) is a liquid with an increasing concentration
of cations flowing through the column that cause the elution of the Hb’s off the
column at a rate related to their affinity to the stationary phase.

* The eluted Haemoglobins are detected optically and provisionally identified by
the retention time and quantitated by computing the area under the
corresponding peak.



Ion-exchange HPLC




Parameter Value %o Time min. Area Total Area

POD 0.6 0.36 T3 1,169 6
PO1 0.8 0.57 8.8 Normal Patient
F 0.5 0.69 5T
P02 0.1 1.09 1.3 (TOSOH G7)
PO3 0.4 125 43
P04 7.5 1.88 ar3
POS 3.8 238 44 3
Al 823 313 Q628
POG 0.1 3T 1.7
A 27 4 01 226
POT 0.9 516 10.3
POS 11 6.1 12.6
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Parameter Value % Tinme min. Area Total Area
FOO0 0.5 0.43 6.6 1,370.2
PD1 0.4 0.57 5.2
F 0.6 0.78 8.3
POz 0.3 1.23 47T . .
PO3 5.1 1.88 69.4 Sickle Cell Carrier (TOSOH G7)
P4 2.4 237 332
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AD 51.8 3.16 T 7
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Advantages

* high precision

* high throughput

* automation

* short run times (6 mins)
e computer controlled

* small volume of blood required (4ul whole blood)

Disadvantages

e Hb A2 cannot be quantitated in the presence of Hb E

e Many variants show similar retention times



5) Sickle Solubility Test.

Based on the relative insolubility of sickling haemoglobin when exposed to a
reducing agent ie sodium hydrosulfite.

Limitations include
e not able to detect Hb S levels below 10% often seen in neonates

e False negatives seen when reducing agent is not mixed correctly or
expired, or low Hb or transfused patients.

e False positives seen when excess paraproteins found in sample (ALWAYS
WASH RED CELLS)

« Does not distinguish Hb S trait from Homozygous HbS.






6) Capillary Electrophoresis (CE)

Instrumentation has been around since early 1990’s

Utilizes very long thin capillary (100 um diameter)

Excellent dissipation of heat so can use very high voltages (10,000V), thus
greater resolution

Multiple capillaries can be run in parallel (12), this reduces run times.



Charged molecules are separated by their electrophoretic mobility at a specific pH
in an alkaline buffer. Separation occurs according to the electrolyte pH and electro
osmotic flow.

Each sample is diluted in a dilution buffer and the capillaries are filled with the
separation buffer; samples are then injected by aspiration into the anodic end of
the capillary.

A high voltage protein separation is then performed ; direct detection and
guantification of the different haemoglobin fractions is performed at a specific
wavelength at the cathodic end of the capillary.

Post analysis, the capillaries are immediately cleaned with a wash solution and then
refilled with buffer in preparation for the next samples.



- -
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* Thessilica capillary has a negative charge on its inner surface
e Electro-osmotic force (EOF) — flow of the buffer solution towards the cathode

e Haemoglobin fractions will separate out based on their affinity for the positive or
negative pole, but overall are still carried towards the cathode due to the EOF

CAPILLARY ELECTROPHORESIS

Cathode - Anode +

9y 31>
EOF Force Protein migration
e
Electric field forc
» 3 » 9
'% % . € € €

Y Positive charges The Electro Osmotic Flow (EOF) is a stronger
of the buffer solution force than the Electrical Field.

3 Negative charges of As a result, all proteins are carried towards the
the capillary walls cathodic end of the capillary.

Sebia®



Normal e-gram (Sebia CE)

Sample No. 12
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Advantages

e Good quantitation of Hb A2 and Hb F
e Hb E separates from Hb A2
e Detects minor variants very well

e Easy to use system, specimens may be run individually or in batches

Disadvantages

e Many variants have similar mobility, but fewer are similar to Hbs S, Cand E

e Rare variants may not separate from Hb A

e If Hb A is not present (e.g. Homozygous Hb S, C, or E), no zones will be produced.
Must mix specimen with normal in order to see zones



7) Mass Spectrometry (MS)

Around for decades in clinical laboratories

Drug identification

e Hormones

Metabolites — inborn errors of metabolism

Applied to analysis of proteins

* MS detects mass to charge ratios (m/z) of ionized molecules



Three stage process

* Intact globin chain analysis — determines the mass change and the globin
chain involved.

* Digest analysis — narrows down the area of the globin chain under
investigation, by digesting into tryptic fragments

* MSMS — uses ‘collision induced dissociation’ to generate product ions and
pinpoint the exact amino acid residue at which the mass change occurs.

Mr Jason Eyre.
Lead BMS, Haemolysis Lab
Sheffield Teaching Hospitals NHS Trust
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Advantages

* In most cases definitive identification of Hb variants by a single
method

* Very fast analysis times, can analyse relatively small amounts

e (Can screen for silent variants

Disadvantages

* Instruments are expensive, require high degree of expertise

e Variants with small mass shift may be difficult to detect



Case 1

K L-R, White Caucasian female, 28 yrs of age, 7 weeks gestation at testing

Full Blood count

Rbc  4.59 x10712/I
Hb 132 g/l

MCV 83 fl

MCH 28.8 pg
MCHC 346 g/l

RDW 13.3%



TOSOH G8 HPLC

Parameter Value % Time min. Area TJotal Area
P00 0.3% 0.33 18.28 48538
PO 0.5% 0<8 25.30
E 0.8% 0.71 25 01
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Sebia Capillary Electrophoresis

=] S) ZE 2(c)
Names %
| HbAl s

I Hb Dﬁ 37.5

S
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HbA =59.2%
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BIORAD beta thal short

* Hb D = 35.8%
* RT 4.15

* Note A2
compromised by
close eluting D
peak

Calibrated Retention Peak
Peak Name Area % Area % Time (min) Area
1.18
otgl Are
F Concentration = %
A2 Concentration = 1.8 %




Sickle solubility test — negative
Results consistent with a Hb D carrier

Testing of babys biological father recommend.



Father of baby

E.R, 27 year old, African-Caribbean

Rbc  5.36 x10712/I
Hb 148 g/l

MCV 86 fl

MCH 27.6 pg
MCHC 321 g/l

RDW 114 %



TOSOH G8 HPLC

Parameter  VMalue % Time min. Area Total Area
FOO 0.4% 0.33 1501 4.209.5
Fl1 0% 0.47 2405
F 1.1% 0.72 3074
2 0.0% 0.1 0.1
FO3 0.3% 1.00 10,54
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Sebia Capillary Electrophoresis
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Sickle Solubility screen — positive.

Results consistent with HbS carrier.

At risk pregnancy — antenatal screening coordinator informed

Both parents counselled and permission obtained for DNA analysis.

DNA report.

K L-R (mother) was found to be heterozygous

for the beta globin gene mutation Codon 121 (GAA>CAA)
[HBB:c.364G>C] which gives rise to the haemoglobin variant Hb D-
Punjab.

E R (father) is heterozygous for the mutation in Codon 6
(GAG>GTG) of the beta globin gene [HBB: c.20A>T] which gives
rise to the haemoglobin variant Hb S . He is also

heterozygous for the 3.7Kb single alpha globin gene deletion
(genotype: -a3.7/aa). This deletion results in alpha plus
thalassaemia which is a common and benign condition



Both Hb D-Punjab and Hb S are benign in the carrier state but
they can interact to produce a severe sickling disorder.

Therefore, this couple are at 1:4 risk of having a child
affected with Hb S/D disease.

Prenatal diagnosis is available if required.



Case 2

C.G, white Caucasian , 9 weeks gestation at testing

Rbc  5.30 x10712/I
Hb 139 g/l

MCV 88 fl

MCH 28.6 pg
MCHC 311 g/I

RDW 11.6%
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TOSOH G8 HPLC
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Sebia Capillary Electrophoresis

raction values

Names %
HbA| 953 ¢

Hb A2 48>

LOT: EXP:
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Ratio 1 Ratio 2
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Read time : 14:28
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* Results consistent with possible beta thalassaemia carrier

* Testing of baby’s biological father recommended.

Acquired causes of an increased percentage of HbA2

* Hyperthyroidism
* HIV treatments

* Megaloblastic anaemia



Case 3

A.B. , 23 year old Bangladeshi lady, 6 weeks gestation at testing

Rbc  5.20 x10712/I
Hb 104 g/l

MCV 59 fl

MCH 20.0 pg
MCHC 295 g/l

RDW 16.2 %



TOSOH G8 HPLC

Parameter Value % Time min. Area Total Area Y=(Ax+B)
P00 1.4% 0.21 25.66 1,770.3
::01 366'6:; ?g? ;;2'92’; Element Factor-A Factor-B
st o :‘% : '59 5 21‘ 1 1.1438 0.0000
PO3 3.2% 1.92 57.46 - 12008 80000
P04 1.9% 2.02 33.67
POS 5.6% 2.13 98.38
AO 8.0% 2.49 141.94
A2 51.2% 3.26 655
PO6 0.7% 3.78 11.8
PO7 0.3% 388 5.11
PO8 0.5% 3.97 8.07
PO9 0.9% 425 16.2
P10 0.3% a6 4.48
P11 0.2% 473 3.9
P12 0.6% 494 11.36
P13 0.8% 527 14.87
Analyzer: B Thal
Serial Nb.: 13433704
Soft. Version: 5.24
B-Thalassemia UIN: 30451
RS o S .—,ﬁk‘?ﬁ(‘@ oS ,&&Q S S Sy r{’\&@
: N e v o ’\? - 3 S
Lt gl ST N e e
N
- S S <« S B e R B £ N
147
13 ]
423
113
10
o
8
X3
63
55
43
a2
e
O—f . : = : . I vrv T 1‘—[—“ I
0.01 ) ) g - ; : : : g 433 473 513 553 593




T - Beta Thal
DaTE-—e8e6-89-12

Short S8sS58 & ¥>3=3ei=

TIME-IG@82 5552

TECH ID=s =

ViAai s 15

SaMMPLE IDs2 8000092000800 00900a8939=

ANAL YTE 1D == TIiMmME

F - a3, 1 -1

Uni<rmosom 1 1 .3 1 .67

-3 3.1 1 .82

Ao e S 2.22

2 =1 .6 S.71
TOTETAaL. arREns

= <33 . 1= ~2

A P TP S S T e L e

i

=

A

!

e

AL L

33313

&

131,
1104

!

T

¥
¥

ST32aGa39
s8a97
2T4a8s1
S57aa
2096aA7TT

sSee79sS

S1 .65

4
O\ﬁ

VNN Gl




Sickle solubility test — negative

* Results consistent with HbE/beta zero thalassaemia compound
heterozygosity

* Testing of baby’s biological father recommended.

e Will require DNA analysis for confirmation

Hb E/ Beta zero | HbE

thalassaemia Homozygosity
(Hb E Disease)
% HbE 40-60 85-99
% HbF 30-60 <15 (often <5%)

Haemoglobinopathy Diagnosis, Barbara Bain, 2" edition 2006
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