
C A S E  S E R I E S

The Characteristics of Compound Heterozygosity 
for Hemoglobin G-Makassar with Hb E in Malaysia

Video abstract   

Point your SmartPhone at the code 
above. If you have a QR code reader the 

video abstract will appear. Or use: 
https://youtu.be/3yaQkIspot4  

Roszymah Hamzah 1, Ahmad Sabry Mohamad 2, Norafiza Mohd Yasin3, 
Ezalia Esa3, Guo Chen4, Veena Selvaratnam1

1Hematology Department, Ampang Hospital, Ampang, Selangor, Malaysia; 2Medical Engineering, Universiti Kuala 
Lumpur-British Malaysian Institute, Gombak, Selangor, Malaysia; 3Institute for Medical Research, Ministry of Health, 
Shah Alam, Selangor, Malaysia; 4Beam Therapeutics Inc., Cambridge, MA, USA

Correspondence: Ahmad Sabry Mohamad, Medical Engineering, Universiti Kuala Lumpur-British Malaysian Institute, 
Bt.8, Jln Sg. Pusu, Gombak, Selangor, 53100, Malaysia, Email sabry@unikl.edu.my 

Background: Human hemoglobin of G-Makassar and hemoglobin E (Hb E) are hemoglobin variants that 
affect Beta (β) globin. Hb G-Makassar is a very rare variant while Hb E is estimated to affect at least one million people worldwide. 
Both Hb G-Makassar and Hb E can be inherited in the heterozygous, homozygous or compound heterozygous state. This case series 
describes the characteristics of four individuals with compound heterozygosity for Hb G-Makassar/Hb E cases in Malaysia. To the best 
of our knowledge, these are the only four individuals with this genotype reported in the literature.
Case Series: We present four cases of compound heterozygosity for Hb G-Makassar/Hb E identified from October 2014 to 
January 2021. All the cases were incidental findings whereby the screening Hb analysis showed the presence of peaks in both Hb 
S and Hb E zones on capillary electrophoresis (CE) and cation-exchange high-performance liquid chromatography (HPLC). Molecular 
analysis confirmed the findings of compound heterozygous Hb G-Makassar/Hb E. Two cases had a history of anemia secondary to 
unrelated conditions that resolved with treatment of the underlying cause. The other two cases were asymptomatic individuals who 
were detected through Malaysia’s National Thalassemia Screening program. On the last follow-up, all the individuals were well, non- 
transfusion dependent, and had no reported history of chronic anemia, bleeding, hemolysis or thromboembolism complications.
Conclusion: The cases reported here highlight the possibilities for rare compound heterozygous states in multi-ethnicity populations 
such as Malaysia. Compound heterozygous Hb G-Makassar/Hb E individuals are clinically silent with laboratory values suggesting 
microcytic and hypochromic red blood cells. Further local epidemiology or population studies with genotyping tests are required for 
a better understanding of the diversity of its clinical phenotype.
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Introduction
Thalassemia and hemoglobinopathies are the most prevalent genetic disorders and one of the major public health problems in 
Malaysia. About 4.5% of Malaysian populations are heterozygous carriers for beta (β)-thalassemia.1 Βeta-thalassemia major 
is the most significant thalassemia with severe anemia requiring life-long blood transfusions for survival.2,3 Among β- 
thalassemia, Hb E (β26; Glu-Lys) is the second most common abnormal structural variant of hemoglobin in the world after 
sickle cell hemoglobin (Hb S) and the most common variant in Southeast Asia.4,5 Hb E is prevalent in Malaysia, accounts for 
76.0% of the β-thalassemia mutations,6 whereas Hb G-Makassar (β6; Glu-Ala) is very rare. Hb G-Makassar affects the same 
codon as Hb S (β6; Glu-Val), thus indistinguishable from Hb S by routine Hb analysis methods such as high-performance 
liquid chromatography (HPLC), capillary electrophoresis (CE), or isoelectric focusing (IEF).7,8

Case Presentation
We describe a total of four individuals with compound heterozygous Hb G-Makassar/Hb E diagnosis from the various 
states of Malaysia.
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Case 1
The first case was a 45-year-old male with a history of lower gastrointestinal bleeding secondary to haemorrhoid. This 
case was reported by Mohamad et al.7 He presented with anemic symptoms and complicated with iron deficiency anemia 
as a result of frequent bleeding haemorrhoids that required blood transfusions. His initial hematological parameters 
showed severe anemia with hypochromic microcytic red blood cells (RBCs) with Hb 5.7g/dl, mean corpuscular volume 
(MCV) 68.9fl and mean corpuscular hemoglobin (MCH) 20.2pg. During hospitalization, an incidental finding of 
a compound heterozygous Hb S/Hb E was suggested from CE (Figure 1). However, the genotyping of the β-globin 
gene had identified a compound heterozygous Hb G-Makassar/Hb E. His anemic symptoms improved after receiving iron 
therapy and haemorrhoidectomy. The blood count parameter during the Hb analysis is shown in Table 1. On follow-up 
evaluation at 57 years of age, he remained clinically well with no bleeding recurrence since his haemorrhoidectomy with 
normal hemoglobin concentration of 13.9g/dL and normal serum iron and ferritin level.

Z15 Z14 Z13     Z12    Z11  Z10 Z9   Z8     Z7    Z6   Z5   Z4  Z3 Z2 Z1

Fractions % Ref.% Ref. g/dl

Hb A 4.6
Hb F 2.1
Hb S 63.0
Hb E 25.7
Hb A2 4.6

Figure 1 Hb-electrophoresis chromatogram of Case 1 shows the presence of the Hb variant suggestive of Hb S and Hb E with their percentage.
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Case 2
The second case was a 12-month-old boy with underlying congenital hypothyroidism who was found to have a borderline 
low Hb during admission for fever. He had mild microcytic hypochromic anemia with a normal serum iron level (Table 1). 
The Hb analysis for both CE and HPLC were suggestive of compound heterozygous Hb S/Hb E, nevertheless the β-globin 
deoxyribonucleic acid (DNA) analysis confirmed compound heterozygous Hb G-Makassar/Hb E. He was euthyroid after 
treatment with L-thyroxine for three years. At the latest follow-up at the age of 6 years in 2019, he was well with Hb 12.6g/ 
dl, RBC 5.5 × 1012/L, MCV 68.1fl, MCH 22.8pg, MCHC 33.5g/dL and RDW 14.8%. He has normal development for his 
age and no longer on the follow-up during the phone interview in early 2022. He also has a family history of hemoglobin 
variants whereby the father and the brother are heterozygous Hb E. Hb analysis using the automated HPLC revealed raised 
Hb A2 that is suggestive of Hb E (Figure 2A and B). His mother is heterozygous Hb G-Makassar. Automated HPLC showed 
a peak at S-window suggestive of Hb S, but DNA analysis confirmed the diagnosis of heterozygous Hb G-Makassar 
(Figure 2C). Unfortunately, the HPLC chromatogram for Case 2 is not available.

Case 3 and Case 4
The third and fourth cases were a 16-year-old female and a 16-year-old male, respectively. They were noted to have 
microcytic hypochromic features although the Hb was within the normal range during Malaysia’s National Thalassemia 
Screening program. Hb analysis screening for both CE and HPLC were suggestive of compound heterozygous Hb S/Hb 
E. However, the β-globin DNA analysis identified compound heterozygous Hb G-Makassar/Hb E. Further history in year 
2022 at the age of 20 and 19 years old, respectively, revealed they were asymptomatic and denied any symptoms of 
anemia, history of transfusion-dependence, or features of hemolysis or thrombosis. The third case had normal renal and 
liver function tests while these tests were not done for the fourth case.

At the time of the study, all the individuals with compound heterozygous Hb G-Makassar/Hb E were alive, 
asymptomatic, and well. None has any complications such as chronic anemia, hemolysis, transfusion-dependency, 
thromboembolism, bleeding, severe infections, or hematological malignancy.

Laboratory Investigations
The definitive diagnosis for all the cases was done by direct DNA sequencing analysis of the HBB gene using ABI 
3730XL DNA Analyser (Applied Biosystems, Foster City, CA, USA) to detect β-globin variants including Hb 
G-Makassar and Hb S simultaneously. The laboratory characteristics of compound heterozygous Hb G-Makassar/Hb 
E individuals are detailed in Table 1. DNA analysis for Alpha (α) mutation was performed by multiplex Amplification 
Refractory Mutation System polymerase chain reaction (ARMS-PCR) and multiplex gap-PCR to detect the common 

Table 1 Demographic, Haematological Parameters, Iron Level and Alpha Mutation Study in All Cases with Compound Heterozygous 
Hb G-Makassar/Hb E in Malaysia

Subjects 
number 
(Case)

Age, year Sex State Hb  
(g/dL)

RBC 
(1012/L)

Hct 
(%)

MCV 
(fl)

MCH 
(pg)

MCHC 
(g/dL)

RDW-SD 
(fl), RDW- 
CV (%)

Iron level 
(umol/L)

Alpha  
(α)-globin 
DNA 
analysis

1 45 Male Selangor 13.9 5.18 38.3 73.9 26.8 36.3 47.3, 17.5 2.4 NMD

2 1 Male Putrajaya 10.9 5.20 - 61.0 20.6 33.8 33.2, 15.6 9.6 NMD

3 16 Female Negeri 
Sembilan

12.3 5.54 35.9 64.8 22.2 34.3 45.9, 12.6 Not done NMD

4 16 Male Terengganu 15.4 6.08 43.7 71.9 25.3 35.2 38.8, 14.7 Not done NMD

Notes: Normal ranges for adults: Hb - male 13.5–17.4g/dl, female 11.6–15.1g/dl; Hct – male 40.1–50.6%, female 35.1–44.9%; RBC - male 4.53–5.95 x 1012/L, female 3.87–5.21 x 1012/L; 
MCV 80.6–95.5fl; MCH 26.9–32.3pg; MCHC 31.9–35.5g/dL; RDW-SD 37.5–48.1fl; RDW-CV 12.0–14.8%. Normal ranges for paediatrics aged 6 months to 2 years: Hb 11.1–14.1g/dl; 
Hct 30.0–40.0%; RBC 3.9–5.1 x 1012/L; MCV 75.0–87.0fl; MCH – 24.0–30.0pg; MCHC 31.0–37.0g/dL. Bold values are outside the normal range. Iron < 7 umol/L is iron deficient. 
Abbreviations: Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean cell hemoglobin concentration; MCV, mean corpuscular volume; 
NMD, no mutation detected; RBC, red blood cell count; RDW, red cell distribution width; SD, standard deviation.
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non-deletional and deletional α-gene respectively. The test was performed in view of lower value of presumptive Hb 
E fraction, low MCV (median 68.4fl, range 61fl - 73.9fl) and MCH (median 23.8pg, range 20.6pg–26.8pg) for all the four 
individuals but did not reveal any mutations. Among them, only MCV and MCH showed persistently lower than 
reference ranges. Case 1 had a normal Hb (improved after the treatment given) and a low iron level at screening. He 
was then asymptomatic with normal blood parameters after undergoing surgical repair for hemorrhoids and correction of 

Peak Name
A

Calibrated Area % Area % Retention Time (min) Peak Area
Unknown --- 0.1 0.99 1,748

F 0.5 --- 1.09 14,655
Unknown --- 0.9 1.24 26,166

P2 --- 3.2 1.37 91,046
P3 --- 5.4 1.85 155,357
Ao --- 59.7 2.45 1,710,573
A2 27.2* --- 3.72 864,124

Total Area: 2,863,669
F Concentration = 0.5 %
A2 Concentration = 27.2* %

*Values outside of expected ranges

Analysis comments:

HbA2

3.
72

Hb F

1.
85
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24
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09
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99

HbAo

Figure 2 Continued.
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Peak Name Calibrated Area % Area % Retention Time (min) Peak Area
Unknown --- 0.0 0.99 1,093

F 0.7 --- 1.10 15,051
Unknown --- 0.9 1.25 19,444

P2 --- 2.7 1.37 60,185
P3 --- 4.5 1.85 100,739
Ao --- 60.2 2.48 1,358,267
A2 28.0* --- 3.72 700,904

Total Area : 2,255,684

F Concentration = 0.7 %
A2 Concentration = 28.0* %

*Values outside of expected ranges

Analysis comments:

HbAo
HbA2

HbF

2.
45

3.
72 5

1.
09

B

Figure 2 Continued.
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iron deficiencies (except MCV persistently < 80fl). All of them showed microcytic hypochromic red cells but absent of 
sickle cells or features of hemolysis on the peripheral blood smear that would be seen in people with Hb S. We noted that 
the RBC was normal in Cases 1 and 2 but high in Cases 3 and 4. We postulated that Case 1 and Case 2 had iron 
deficiency anemia on presentation while Case 3 and Case 4 were normal leading to this discrepancy. Reticulocytes and 
total bilirubin were not raised in Case 1, 2 and 3 but not tested in Case 4.

Peak Name Calibrated Area % Area % Retention Time (min) Peak Area
Unknown --- 0.0 1.01 646

F 0.2 --- 1.10 4,853
Unknown --- 0.5 1.26 11,032

P2 --- 2.4 1.37 49,112
P3 --- 2.3 1.77 48,015

Unknown --- 0.6 2.19 12,640
Ao --- 47.6 2.51 978,701
A2 3.6* --- 3.68 81,121

S-window --- 42.3 4.41 868,225

Total Area : 2,054,345

F Concentration = 0.2 %
A2 Concentration = 3.6* %

*Values outside of expected ranges

Analysis comments:

HbAo

S-window

HbF

1.
10

HbA2

C

Figure 2 High-performance liquid chromatography (HPLC) analysis of family members of Case 2. (A) Hb E heterozygous father; (B) Hb E heterozygous brother; (C) Hb 
G-Makassar heterozygous mother.
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As shown in Figure 3, Hb G-Makassar level was high within this cohort with a mean of 66.6% ± 3.7. The Hb E level 
ranged from 22.7% to 25.7% of the total hemoglobin with a mean of 24.4% ± 1.2 and 27.0% ± 1.9 on CE and HPLC, 
respectively. We assumed the Hb A (4.6%) level in case 1 was from the donor as he received transfusion prior to the 
screening. There was no concomitant α-thalassemia in these individuals.

Discussion
Hb G-Makassar is a nonpathological β-chain variant characterized by a single nucleotide substitution GAG-> GCG at the β6 
or A3 position that changes normal glutamyl residue to alanyl residue (β6 Glu→Ala). This rare mutation was first identified in 
Makassar, Sulawesi (Celebes), the Republic of Indonesia in 1969.9 Hb G-Makassar heterozygotes and homozygotes are 
asymptomatic with normal complete blood count parameters though its structural change occurs at the same position as that in 
Hb S.10 Furthermore, Hb G-Makassar appears to have the properties of normal Hb A and does not polymerize or lead to 
hemolysis like sickle cells.11,12 In contrast, the Hb G-Makassar/β0-thalassemia compound heterozygote has hematologic 
features of thalassemia trait.8

Hb E gene is a mutant form of the β-globin gene that encodes lysine instead of glutamate at position 26. This β-E 
chain is inefficiently produced because of a novel cryptic messenger RNA splicer site, leading to thalassemic RBC 
indices such as microcytosis.13,14 Individuals with homozygous Hb E (Hb EE) and Hb E trait are clinically normal but 
compound heterozygous Hb E/β+ or Hb E/β0 thalassemia may have clinical manifestations of thalassemia, including 
compound heterozygosity for Hb E and Hb S (Hb SE).15–18 Hb SE may result in sickle cell crises such as vaso-occlusive 
pain crises and hemolytic anemia, particularly during exposure to stress conditions or deoxygenated states such as 
infection or hypoxemia, unlike compound heterozygous Hb G-Makassar/Hb E, which is essentially asymptomatic. It is 
important to distinguish Hb E disorders diagnostically as it has different clinical courses amongst different genotypes. 
For example, Hb E beta-thalassemia (Hb E/β) has a wide phenotype that ranges from mild anemia to severe transfusion- 
dependent thalassemia major.19 Compound heterozygous Hb G-Makassar/Hb E in our cohort can be considered mild 
phenotype of β-thalassemia as they are clinically normal though having some thalassemia trait red cell indices.

In Malaysia, Hb E/β-thalassemia (34.4%) is the most common form of β-thalassemia and majority in Malay ethnicity, 
followed by β-thalassemia major (33.5%), hemoglobin H (Hb H) disease (18.3%), β-thalassemia intermedia (9.4%), and 
‘others’ (4.5%). The ‘others’ group includes other forms of Hb H disease, Hb Lepore Hollandia, α-thalassemia syndrome, 
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Figure 3 Hemoglobin fractions by capillary electrophoresis of four individuals with compound heterozygous Hb G-Makassar/Hb E. We assumed the Hb A (4.6%) level in 
case 1 was from the donor as he received a transfusion prior to the screening.
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δβ-thalassemia, and other thalassemia disorders requiring regular blood transfusions.20 However, the prevalence and 
incidence of Hb G-Makassar including compound heterozygous Hb G-Makassar/Hb E remain less elucidative. The 
incidence of both Hb E and Hb G-Makassar could be underrepresented as they are usually asymptomatic and red cell 
indices are commonly unremarkable on a routine blood counts check-up, hence are not likely to be sent for screening. 
Nevertheless, Hb E can be easily detected on Hb electrophoresis screening but the incidence of Hb G-Makassar may be 
underestimated as DNA molecular analysis is required for diagnostic confirmation. Therefore, in asymptomatic indivi-
duals with borderline or lowish MCV/MCH levels who are suspected to have Hb E and Hb S peaks on HPLC or CE, we 
suggest they also undergo genotyping.

Some genetic modifiers and prognostic indicators affect the severity of phenotype, including type of β-chain mutation, Hb 
F levels, concomitance of α-thalassemia, age of presentation and splenomegaly. Thromboembolism risk is high in post- 
splenectomised thalassemia patients due to a hypercoagulable state.21 Morbidity from iron overload in non-transfused patients 
is also commonly seen, secondary to increased gastrointestinal iron absorption.22 Hb E/β and Hb SE patients require regular 
monitoring because of risk of cardiopulmonary disease such as pulmonary hypertension and cardiac failure secondary to iron 
overload, chronic thromboembolism, and hemolysis-induced nitric oxide deficiency.14,23–25 The laboratory characteristics and 
the phenotypic variability in compound heterozygous Hb G-Makassar/Hb E individuals are not widely reported. As opposed to 
Hb Eβ and HbE/S, all our cases of compound heterozygous Hb G-Makassar/Hb E were well with no clinical symptoms and did 
not show any complications during individual follow-up. None were on any treatment or needs regular follow-up. Our cases 
clearly show that compound heterozygous Hb G-Makassar/Hb E is a mild phenotype of hemoglobinopathy and asymptomatic.

For the laboratory tests, our compound heterozygous Hb G-Makassar/Hb E individuals showed unremarkable 
haematological parameters except for low MCV and MCH. The low MCV < 74fl, MCH < 24pg and lower Hb E < 
25–26% are likely suggestive of Hb E concomitant α-thalassemia trait26,27 and Hb E level <24% was reported superior to 
MCV and MCH for differentiating the heterozygous Hb E with or without α0-thalassemia trait.28 Interestingly, none of 
our cases had α mutations. Hb E percentage also can be reduced by iron deficiency. However, we could not conclude 
coexisting iron deficiency as not all individuals did iron studies. The high level of Hb G-Makassar (>60%) could explain 
the mild phenotype in our cohort as there is preferential binding of α-globin chain subunit to Hb G-Makassar than Hb 
E (range 22.7% to 25.7%). The Hb E level on CE was lower than HPLC and is consistent with the study by Hafiza et al. 
This is due to the Hb E and HbA2 coeluted at the same retention time on HPLC meanwhile CE measured the actual level 
of Hb E in the sample.29 On alkaline Hb electrophoresis, Hb E migrates with C, O Arab and A2 whilst in acid pH 
electrophoresis testing, it migrates with Hb A2.

Hb G-Makassar has been reported as a promising new treatment target that may assist in gene editing therapy in sickle cell 
disease patients based on installing the Hb G-Makassar variant to replace the pathogenic Hb S allele.30–32 The potential for this 
approach to be used to treat sickle cell disease (SCD) in humans is an area of active investigation. Recently, non-clinical 
studies in homozygous Hb S cells showed that gene editing of the pathogenic Hb S allele into Hb G-Makassar with an adenine 
base editor led to normal hemoglobin function in vitro and rescued mice with sickle cell disease in vivo.

Therefore we suggest a local epidemiology or population studies with genotyping tests to elucidate the status of Hb 
G-Makassar in the future for a better understanding of the diversity of its clinical phenotype.

Conclusion
The cases reported here highlight the possibilities for rare compound heterozygous states in multi-ethnicity populations 
such as Malaysia. Individuals with compound heterozygosity for Hb G-Makassar and Hb E had laboratory values 
demonstrating microcytic and hypochromic RBCs but were clinically asymptomatic without evidence of chronic anemia, 
hemolysis, bleeding or thrombosis. These findings may provide a valuable reference for prenatal diagnosis and genetic 
counseling as well as data to support sickle cell disease therapy based on installing the Hb G-Makassar variant to replace 
the pathogenic Hb S allele.
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Abbreviations
Hb, Hemoglobin; CE, Capillary electrophoresis; HPLC, Cation-exchange high-performance liquid chromatography; IEF, 
Isoelectric focusing; RBCs, Red blood cells; MCV, Mean corpuscular volume; MCH, Mean corpuscular hemoglobin; 
MCHC, Mean cell hemoglobin concentration; DNA, Deoxyribonucleic acid; RDW, Red cell distribution width.
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