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How malaria escapes 
effective immunological 

responses 

P falciparum exports PfEMP1 proteins 
and concentrate them in knob-like 
protrusions on the surface of their host 
RBCs. This enables a large mass of 
parasitized RBCs to sequester in venous 
microvessels thereby avoiding splenic 
clearance from the bloodstream. 

Silent alpha-thal carriers show an 18% 
reduction in PfEMP1 on the surface of 
the parasitized erythrocyte relative to 
wild type RBC’s.  Hemoglobin H disease 
carriers show a 43% reduction. 

Data suggests that α-globin deletions 
also ameliorate the pro-inflammatory 
effects of cytoadherence. 

Epidemiology 

• Estimations suggest that in excess 300 000 children are born 
each year with a severe inherited disorder of hemoglobin  

• Approximately 80 % occur in low- or middle-income countries 

• These pathologies present an uneven distribution in high-
frequency populations 

• Complex population genetics 

• The epidemiological burden is still unknown 

 

Weatherall D.J. Blood.2010. 115: 4431-4336 

Hemoglobin (Hgb) 
Components 

• Epsilon and Zeta-globins are 
found in embryonic Hgb’s 

• Fetal Hgb (Hb F) comprises two 
alpha-globin chains and two 
gamma-globin chains. 

• After the 1st year of age the Hgb 
that accounts for 96% of the 
hemoglobin of an RBC is 
typically Hb A--two alpha-globin 
chains and two beta-globin 
chains. 

• A post-natal Hgb that typically 
comprises not more than 3.5% 
of the total RBC hemoglobin is 
Hb A2—two alpha chains and 
two delta-globin chains 

 

Encompass all genetic diseases of hemoglobin   
 Qualitative abnormalities: 

Hemoglobinopathies 
• Structural abnormalities, mutation or 

substitution of one or more amino acids, 
often leading to a charge modification of 
the hemoglobin molecule 

• Frequent Hb variants: β-globin : S, C, 
DPunjab, E 

• Rare variants :a,  chains 
 Quantitative abnormalities: Thalassemias 

• Synthesis or regulation abnormalities : 
↓β-globin  β Thalassemias 
↓ α-globin  α Thalassemias 
↓ δβ-globins  δβ Thalassemias 

Combinations: people can inherit both a 
qualitative and a quantitative abnormality 

 

Abnormalities of hemoglobin                    

 Clinical symptoms  

• Highly variable clinical 
manifestations ranging 
from mild hypochromic 
anemia to severe anemia 
with multiorgan 
involvement. 

• Lifelong transfusion is 
used as supportive 
treatment in cases of 
sever anemia  
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Globin production as a 
function of gestational 

age 

The differences as to when 
alpha-globin and beta-globin 

production becomes prominent 
explains why a fetus with no 
working copy of the alpha-

globin gene is in trouble by the 
2nd trimester of gestation.  In 

contrast, the fetus with no 
working copy of the beta-globin 
gene* is in difficulty postnatally 

once the gamma-globin 
production decreases. 

            

            

• Objective #1  To develop an understanding of                   
the advantages of Capillary Electrophoresis over                   
other technologies in assessing hemoglobin 

 
• Objective #2  To review the effect of alpha globin 

deletions on HbE and HbA2 levels 
 
• Objective #3  To acquire knowledge regarding                 

globin variants not routinely identified by hospital 
laboratories 

Objective #1   
To develop an understanding of the 
advantages of Capillary Electrophoresis 
over other technologies in assessing 
hemoglobin 
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Methods available for Hemoglobin analysis 

- Gel electrophoresis (alkaline, acid) 

- Methods for detection of specific hemoglobins (sickling test 
for HbS, isopropanol denaturation for unstable hemoglobins) 

- IsoElectric Focusing (IEF) on gel (time-consuming; requires 
experienced interpreter; qualitative) 

- HPLC 

- Capillary electrophoresis (CE) 

 

 
Due to the existence of more than 1000 variants and that 
some rare variants co-migrate with normal hemoglobins 
and/or common pathological variants, several methods must 
be used in combination for diagnosis.  

 

 - HbA, HbA2 & HbF   

are detected                  
automatically  

 - Relative 
quantitation of the 
different fractions 

- Centered pattern 

 - Variant separation 
in a specific zone  

(Z1 to Z15) 

  

Hemoglobin electrophoresis on CE systems 

Hb A 

Hb A2 

21 yr old pregnant woman: Hgb 13.1 g/dl, Hct 
38.6% 

Hb A 95% 
Hb F 2.1% 
Hb A2 2.9% 

Normal pattern, Hb F slightly increased due to the pregnancy 

Hb F 

Hb A 

Hb A2 

Comparison of HPLC to Capillary Electrophoresis 
HPLC 

• HPLC cannot separate HbE and 
HbA2 or E and Hb Lepore 

• In presence of HbS, HbA2 is 
falsely elevated given HbS1C 
elutes with HbA2.  The common 
delta-globin variant in Blacks 
HbA2’ also elutes with HbS 

• ↑HbA1C makes HbF 
quantification inaccurate 

• Detection of low levels of Hb 
Barts is unreliable and 
unreproducible using HPLC 

• ↑ bilirubin may mascaraed as 
HbBarts 

• Using HPLC, Hb New York 
cannot be differentiated from 
HbA.  They elute together. 

Capillary Electrophoresis 

• HbE and Lepore can easily be 
differentiated from HbA2 

• HbA2 is accurate regardless 
HbS presence or absence 

• Despite glycation, HbA1C 
migrates with HbA and 
HbS1C migrates with HbS 

• Uses higher voltage so run 
times are shorter 

• Smaller sample size thus 
better for neonatal/pediatric 
cases 

• ~10,000 samples per 
automated run 

• More operator friendly 

 

http://findicons.com/files/icons/1963/colorcons_blue/128/exclamation.png
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HPLC cannot separate HbE and HbA2  

Sickle cell 
Using HPLC, when HbS is present HbA2 is  

falsely elevated given HbS1C elutes with HbA2 

 

• HbA1C is produced by nonenzymatic  
addition of a glucose molecule to the 
N-terminal valine residue of the β-
globin chain 

• This glycation changes β-globin’s 
structure and decreases the positive 
charge of HbA  

• HbS1C is also produced by adding a 
glucose molecule to the N-terminal 
valine residue of the βS-globin chain 

 

              Sofronescu, Williams, et al., Clin Chem, 57(2) 153-7, 2011   
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In contrast to HPLC, CE has no interference  
of glycated Hb S1c on the Hb A2 level 

HPLC 

CAPILLARY ELECTROPHORESIS 

Glycated Hb S1c 
+ HbA2 

Elevated Hb A2 

Accurate Hb A2 
  measurement 

No risk of falsely elevated Hb A2 with 
CE technologies in case of Hb S presence  

 Consequences of 
alpha-thalassemia  

With a relative shortage of 
α-globin chains, γ-globins 
form a tetramer named    
Hb Barts.  If the α-globin 

chains are more  
significantly scarce the      

β-globins form a tetramer 
named Hb H.  These homo-

tetramers do not deliver 
oxygen. 

α-thalassemia trait with Hb 
Bart’s 

(Infant’s blood)  

Hb F 

Hb A 

Hb Bart’s 
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HbH inclusions can      
be seen when three 
alpha-globin genes 
are deleted. 

• 2nd most common β-globin variant among those                
Americans of Chinese ancestry 

• Using HPLC, Hb New York elutes with HbA 
• Hb New York has been found in combination with                              

β-thalassemia and HbE with no clinical consequence 
• Sickle crises, splenic infarct, acute chest syndrome reported           

in compound heterozygotes for HbS / Hb New York 

Hemoglobin New York 
 

 HBB c.341T>A       aka Val113Glu 

HPLC Disadvantages 

• HPLC cannot separate HbE and HbA2 

• In presence of HbS, HbA2 is elevated due to HbS1C 

• ↑HbA1C makes HbF quantification inaccurate 

• HPLC's detection of low levels of Hb Barts is 
unreliable and unreproducible. 

• ↑ bilirubin may mascaraed as Hb Barts 
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Is Capillary Electrophoresis a suitable  
tool for Hemoglobinopathy diagnosis? 

 
 

 

Requirements for a good method of Hemoglobinopathy diagnosis: 

 

Accurate and precise separation of hemoglobin types, together      
with reliable quantitation, are essential for differential diagnosis        
of diseases. 

Ability to separate an quantitate Hb A2, Hb F, Hb H, Hb Barts,        
HbS, HbC, HbD and HbE which are important parameter requires     
for diagnosis of thalassemias and hemoglobinopathies 

 

• Capillary electrophoresis separates ions based on their 
electrophoretic mobility with the use of an applied 
voltage.  

• The electrophoretic mobility is dependent upon the 
charge of the molecule, the viscosity, and the atom's 
radius.  

• If two ions are the same size, the one with greater 
charge will move the fastest.  

• For ions of the same charge, the smaller particle has 
less friction and overall faster migration rate.  

• Capillary electrophoresis is used most because it gives 
faster results and provides high resolution separation.  

• Capillary electrophoresis separates ions based on their 
electrophoretic mobility with the use of an applied 
voltage.  

• The electrophoretic mobility is dependent upon the 
charge of the molecule, the viscosity, and the atom's 
radius.  

• If two ions are the same size, the one with greater 
charge will move the fastest.  

• For ions of the same charge, the smaller particle has 
less friction and overall faster migration rate.  

• Capillary electrophoresis is used because it 
gives faster results and provides high resolution 
separation.  
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HbC crystal 
CE is able to use a small aliquot of blood so 
that even an umbilical cord sample can be 
analyzed   

Clinical context 
 

11 yr old Palestinan child  

Hematological parameters 

- WBC 7.71   G/L 

- RBC 5.18   T/L 

- Hb 9.5     g/dL  (11.5 - 15.5) 

- Hct 29.6    %    (35 - 45) 

- MCV 57.1    fL    (77 - 95) 
 

Iron status 

- Iron         15 µmol/L   

- Transferrin      2.13 g/L   

- Ferritin         95 µg/L  

Hb A2 

Hb A 

β-thalassemia trait 

Elevated HbA2, anemia and microcytosis indicate 
a beta-thalassemia  

Advantages of CE 

1. Allows clear separation of HbC, HbE, and Lepore from A2 

2. Migration difference between HbS and HbD enabling more accurate 
measurements 

3. A perfect focalization of HbF between HbA and HbS allowing precise 
quantification of F 

4. A very good focalization of HbA2 allowing automatic identification and 
quantification 

5. Excellent separation of A2 variants 

6. CE has the fewest number of variants that can be confused with the most 
common variants HbS, HbC, and HbE   [American Society of Pathology, 2011] 
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Information required for interpretation 
 

• Correct interpretation of a result requires both hemoglobin 
electrophoresis profile and other blood indices & information: 
 

• Hgb, Hct, mean red cell volume (MCV),                                                                   
mean corpuscular hemoglobin (MCH) etc.                                                                     
to assess anemia, microcytosis, and/or                                              
hypochromia 

• Iron status (in particular for the decrease                                                          
of Hb A2 and MCV in iron deficiency) 

• Patient’s age, geographical /ethnic origin                                                      
and family history  

• Transfusion history of the patient  

Objective #2   
 
To review the  
    effect of  
    α-globin  
deletions on  
    HbE and  
 HbA2 levels 
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Alpha-globin Deletions account for  
the majority of Alpha Thalassemias 

 

 

 

 

 

 

 

 

      

     Non-Allelic Homologous Recombination 
       Thompson & Thompson  Genetics in Medicine, 2007 

Alpha-Thalassemias 

The number of working 
copies of alpha-globin 
genes that are present 

in a given person is 
typically four.  But there 

are individuals with 
more than four and 

those with less.  
Whenever less, this is a 

type of alpha-
thalassemia. 

NEJM 371: 1909, 2014 

Common Alpha-globin Deletions 

Cerner | Clinical Bioinformatics Ontology www.cerner.com 

Review α-globin deletion locations 

https://www.cerner.com/about_cerner/clinical_bioinformatics_ontology/
https://www.cerner.com/about_cerner/clinical_bioinformatics_ontology/
https://www.cerner.com/about_cerner/clinical_bioinformatics_ontology/
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α-Thalassemia major Hydrops Fetalis 
HbE is a qualitative beta-globin 
variant that is also thalassemic  

Thompson & Thompson  Genetics in Medicine, 2007 

E trait:  The % HbE lowers as the number  
of α-globin genes present goes down 

Ann Hematol (2003) 82: 612-

616           
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The effect of α-
globin deletions on 

HbA2 %: 

α-globin deletions    
lower the HbA2%. 

The % A2 lowers as 
the number of α-

globin genes 
present lowers 

 

HbA2:  The % HbA2 lowers slightly as the 
number  

of α-globin genes present goes down 

          

Hb Constant  
  Spring, -α3.7del  

  and δβ-thal  
trait in a 33 y.o.  
male of Chinese 

ancestry 
 

Malaysian J Pathol 2012 34(1): 57-
62 

Objective #3   
 
     To acquire knowledge regarding globin                
variants not routinely identified by 
hospital laboratories. 
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Why are globin variants complicated? 
• Sheer number                                                                                         

http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3  
     HbVar: A database of Human Hemoglobin Variants and Thalassemias       

     tallies: 
• 418 α2 variants 
• 331 α1 variants 
• 855 β variants 
• 111 δ variants 

• Patient ethnicity, globin variant stability, and status of the remaining      
loci need to be considered when evaluating presence of a variant 

• Also important in interpretation is the % variant out of the total 
hemoglobin 

• While most do not, several variants have thalassemic properties:                
Hb E, Hb Lepore, Hb Constant Spring, and Hb Quong Sze    

 

 

Number of variants… 
 

 

 

 

 

 

 

 

 

 
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3  

HbVar: A database of Human Hemoglobin Variants & Thalassemias: 

  111 δ variants 

Hb A 

Hb A2 

variant of the β chain 

Hb F 

α2β2* 
  

http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
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Globin production as a 
function of gestational 

age 

In general, delta globin 
variants are clinically 
insignificant.  Yet the total   
Hb A2 is a vital piece of 
information for assessing  
beta-thalassemia status, so 
presence of a delta globin 
variant need to be added to 
the traditional delta globin’s  
A2 to get the total Hb A2. 

Although CE has the fewest number of 
variants that can be confused with the 
common variants…  
it is not a panacea 
  

Most Common Globin Variants in Guangdong  

Alpha Variants 

• (1) Hb Constant Spring  A2 c.427T>C 

• (2) Hb Q Thailand          A1 c.223G>C 

• (3) Hb G Honolulu         A2 c.91G>C 

• Hb Quong Sze            A2 c.377T>C 

 

 

Beta Variants 

• (1) Hb E   HBB c.79G>A 
• (2) Hb New York    HBB c.341T>A 
• (3) Hb J-Kaohsiung   HBB c.179A>C 

 
Laotian Beta Variants 

• (1) Hb E   HBB c.79G>A 
• (2) Hb Minneapolis-Laos             

   HBB c.356T>A 
• (3) Hb Hope          HBB c.410G>A 
• (4) Hb Phou Bia    HBB c.295G>C 
 

                           Lou, Wang, et al. Hemoglobin, (38)4: 282, 2014 

                           Sanchaisuriya, et al. Euro J Haematol, (74)3: 221. 2005 

 
 
 
 
 
 
 
 
 
 
 

Hb Quong Sze Globin Variant in Chinese 
a highly unstable α-globin chain    

                                                                                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                     Chui, et al. Blood (101)3: 791, 
2003 
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 Chui, et al. Blood (101)3: 791, 2003 

Hb Q Thailand 

 
 
 
 
 
 
 
 
 
 
 
 

Hb Q Thailand 
                                                                                               

 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                       

Hb Q-Thailand 
                                                        Hb 

 
 
 
 

       
        

                                                                                                                Sanchaisuriya, et al. Euro J 
Haematol (74): 221, 2005 

 

   

 

 Singsanan, et al. BCMB (45): 210, 2010 

Hb Q Thailand 
Most Common Globin Variants in Blacks  

Alpha Variants 

• Hb G-Philadelphia    A2 c.207C>G 

often in cis with the –α 3.7 (A1) 
deletion              A2 Asn68Lys 

• Hb Evanston      A2 c.43T>A          
more often in cis with the –α 3.7 
(A1) deletion      A2 Trp14Arg  

 

Delta Variants 

 

 

Beta Variants 

 

• Hb A2’ (HbB2)  HBD c.49G>C     
      Gly16Arg 

 

• Hb S  

• Hb C 

Worth mentioning: 

• Hb C Harlem /Hb C Georgetown 
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The % of the Variant also  
assists in interpreting which  

globin chain is involved 

• Delta globin variants comprise about ½ of the total HbA2 

 

The % of the Variant suggests  
which globin chain is involved 

• Beta globin variants typically comprise between 30-50% of what would 
otherwise be HbA 

• It can be less than 30% if it is unstable or if it has decreased transcription 
efficiency 

 

α-globin Variants 

• Each upstream Alpha2 
gene produces about 
twice the amount of 
mRNA than does 
Alpha1.  Alpha 2 thus 
codes for about 30% of 
the total alpha globin 
made inside the red 
blood cell. 

• That leaves about 20% 
being made by each 
Alpha1 gene. 

 

The % of a Variant is not always helpful 
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The % of the α-globin Variant 

• The % of an alpha globin variant is somewhat variable: 

 

The % of the α-globin Variant 

• The % of an alpha globin variant is somewhat variable: 

 

 

• Sheer number of identified variants 
• Which globin has the nucleotide change? 
• If an α-globin variant, is it α2 or α1? 
• What is the affinity of the variant globin to its 

paired globin?  e.g. Is the β-variant more 
positively or negatively charged than normal β-
globin? 

• What is its stability? 
• What is its rate of synthesis? 

Variant interpretation variables: Practice Case:  Which globin Variant? 
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Practice Case:  Which globin Variant? 
  

Practice case:  This CE result is on a full-term 
gestation neonate.  What is the suspected dx? 

Practice Case:  HbA = 72.7%   Is the unidentified 
variant an α-, β-, or δ-globin variant? 

  


