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ABSTRACT

Objective: To determine the clinical and molecular pattern of Hemoglobin D in patients presenting at tertiary care hospital.
Study Design: Cross-sectional study.

Place and Duration of study: Department of Hematology, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from Jul
2020 to Mar 2021.

Methodology: An automated cell analyzer was used to determine the whole blood count and red cell indices. D-10 BIORAD
HPLC was used for quantitative assessment of Hb A, Hb F, Hb D and Hb A2. Where D-10 BIORAD HPLC showed an
abnormal Hb D, capillary electrophoresis was performed using Sebia Capillary 2 Flex Piercing. Chelex DNA Extraction
method was used. Molecular analyses for the confirmation of homozygosity and heterozygosity were done using Polymerase
Chain Reaction (PCR) amplification. The clinical symptoms of the patients such as anemia, jaundice, pallor, weakness,
hepatomegaly and splenomegaly were also noted

Results: Among 90 patients, Hemoglobin D trait was found in 78(80.4%) of the patients out of which HbD-Punjab was seen in
57(73%) and HbD-Iran was found in 21(27%). Compound Heterozygotes (HbD/p) was found in 17(17.5%) and Compound
Homozygous HbD/D was found in 02 (2.1%). All HbD-Punjab and HbD-Iran traits patients were asymptomatic, and few
clinical symptoms were found in Compound Heterozygotes (HbD/) and Homozygous HbD/D.

Conclusion: Collective clinical history records, full blood count and electrophoresis and molecular results allow for the
conclusive detection of the variant of Hemoglobin D. More multicenter, organized and detailed studies with larger sample

size are required to draw concrete conclusions.

Keywords: Hemoglobinopathies, HbD-Punjab, HbD-Iran, Heterozygous, Homozygous.

How to Cite This Article: Sardar A, Robert HM, Akhter F, Mehmood A, Latif A, Jalil S. Molecular and Clinical Spectrum of Hemoglobin D: An
Experience at a Tertiary Care Diagnostic Center. Pak Armed Forces Med | 2024; 74(5): 1260-1263. DOI: https.//doi.org/10.51253/pafimj.v74i5.6996

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Hemoglobinopathies are hereditary globin
disorders, with the protein component of hemoglobin
(Hb) variants typically derived from specific amino
acid substitutions generated by point mutations in
globin encoding genes.! Many hemoglobin variations
may not cause symptomatic clinical symptoms but
may be correlated with specific pathophysiology in
some cases, such as hemoglobin S (HbS),? the most
widespread variant of hemoglobin globally, with
serious clinical consequences, such as beta thalassemia,
HbD or HbC.? Hemoglobin D is a beta chain variant
which occurs mostly in Northwest India (Punjab),
Pakistan and Iran.* HbD was first discovered in the
early 1950s, and it was given the name HbD-Los
Angeles, but it was later discovered to be similar to
HbD-Punjab. HbD-Punjab or Los Angeles differs from
standard HbA structurally at 121 beta chain locations,
where glutamine replaces glutamic acid.> Hemoglobin
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D-Iran (HbD-Iran) (HBB: c.67G>C) is an unusual form
of Hb and it is caused by a codon 22 mutation in the
globin gene involving a transition of GAA to CAA
corresponding to glutamine replacement of glutamate.®
There are three types of HbD: Heterozygous HbD
(trait), Compound Heterozygous (HbD-thalassemia,
HbSD) and Homozygous HbD, and they typically
present as mild hemolytic anemia and mild to severe
splenomegaly.” HbD is still largely unexplored,
especially in Pakistan, where recent literature on its
incidence, clinical attributes and diagnosis are limited.
In addition, HbD has a significant geographic range
and can be related to HbS, creating a compound
heterozygous.® Heterozygous and homozygous
conditions are typically asymptomatic in clinical terms
and Compound Heterozygous form with another
hemoglobin variant, including HbS, HbE, alpha and
beta-thalassemia, are rare and associated with a
chronic hemolytic disorder.® Though not curable,
population screening, genetic therapy and prenatal
diagnosis can avoid these disorders.l® Therefore, the
purpose of this study was to add knowledge to the
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current limited range of data on Hemoglobin D in
order to raise attention to its significance in Pakistan.

METHODOLOGY

The study was conducted after approval of the
Ethics Review Committee [Ref#FC-HEM17-35/READ-
IRB/21/264] of Armed forces Institute of Pathology
(AFIP), Rawalpindi, was carried out over a period of
eight months, from July 2020 to March 2021. The
sample size was calculated by using the WHO sample
size calculator, with prevalence of HbD trait as 6.7%.1!

Inclusion Criteria: Patients of either gender, of any
age, with Hemoglobin D were included.

Exclusion Criteria: Patients with hemoglobinopathies
other than Hemoglobin D and having a history of
blood transfusion during the past one month before
test were excluded.

After signing informed consent, a total of 97
patients of Hemoglobin D were enrolled in the study
via non-probability sampling technique. An automated
cell analyzer (XN-3000) was used to determine the
whole blood count and red cell indices. Red cell
morphology was investigated using Leishman-stained
peripheral blood smears. D-10 BIORAD HPLC was
used for quantitative assessment of HbA, HbF, HbD
and HbA2. The cases where D-10 BIORAD HPLC
showed an abnormal Hb D, capillary electrophoresis
(CE) was performed wusing Sebia capillary
electrophoresis. Genomic DNA was extracted using
Chelex DNA extraction method. Molecular analyses
for the confirmation of homozygosity and
heterozygousity were done using Polymerase Chain
Reaction (PCR) amplification. Clinical symptoms of the
patients, such as, anemia, jaundice, pallor, weakness
hepatomegaly and splenomegaly, were also noted.

The data was analyzed using the Statistical
Package for Social Sciences (SPSS) version 21.
Quantitative data was presented as mean and standard
deviation, whereas qualitative variables were
presented as frequency and percentage. The molecular
and clinical profile of the patients was analyzed and
compared using independent t-test and the p-value of
<0.05 was considered significant.

RESULTS

A total of 97 patients with Hemoglobin D variant
were found, ranging in age from 1-61 years, with mean
age being 34.0+26.7 years. 54(55.6%) were male and
43(44.4%) were female. All the patients with HbD were
clinically asymptomatic except 18(18.5%) patients, who
were symptomatic and presented with jaundice,

anemia, pallor, weakness, and hepatosplenomegaly, as
shown in Table-I. Hemoglobin D trait was found in
78(80.4%) of the patients out of which HbD-Punjab was
in 57(73%) and HbD-Iran was found in 21(27.5%).
Compound Heterozygotes (HbD/B) were found in
17(17.5%) and Homozygous HbD/D was found in
2(2.1%) cases, as shown in Table-II. All HbD-Punjab
and HbD-Iran trait patients were asymptomatic, and
few clinical symptoms were found in Compound
Heterozygotes (HbD/p) and Homozygous HbD/D, as
shown in Table-III. The hematological profile of both

symptomatic and asymptomatic patients was
compared. Hb A2 was found in 18 HbD patients with
low mean Hb  (8.4%£29g/dl), serum iron

(35.9+3.1pg/dl) and red cell indices. HbF and Hb A2
were among their hematological characteristics. The
remaining 79 individuals' levels were all within the
normal range, and they were all asymptomatic. The
detail hematological profile is shown in Table-1V.

Table-I: Clinical Profile of the Patients with Hemoglobin D
Variant (n=97)

Clinical Profile n(%)

Symptomatic Patients 18(18.5%)
Pallor 6(33.3%)
Hepatomegaly splenomegaly 4(22.2%)
Weakness 4(22.2%)
Anemia 2(11.1%)
Jaundice 2(11.1%)
Asymptomatic Patients 79(81.5%)

Table-II: Molecular Profile of the Patients with Hemoglobin
D Variant (n=97)

Hb Electrophoresis and Molecular Analysis | n(%)
Hemoglobin D trait
HbD-Punjab 78(80.4%)
HbD-Iran 57(73%)
Compound heterozygotes 21(27%)
HbD/p 17(17.5%)
Homozygous HbD/D 2(2.1%)

Table-III: Comparative Analysis of Clinical Profile and
Hemoglobin Electrophoresis and Molecular Analysis (n=97)

Hemoglobin Electrophoresis and Molecular
Clinical Analysis
Profile HbD- HbD- Homozygo
Punjab Iran HbD/ us HbD/D
Anemia Absent Absent 02
Jaundice Absent Absent | Absent 02
Weakness Absent Absent 02 02
Pallor Absent Absent | Absent 06
Hepatospleno Absent Absent 02 02
megaly
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Table-IV: Comparison of Hematological Profile Among
Symptomatic and Asymptomatic Patients (n=97)
Patient Groups p-
Symptomatic Asymptomatic | value
Hematological Patients Patients
Profile (n=18) (n=79)
MeantStandard | MeantStandar
Deviation d Deviation

Hb A0 48.0+2.9 49.6+2.9 0.357
HbA2 44417 2.3%15 0.001
HbF 2.7+1.9 1.320.7 0.334
HbD 43.43.4 40.04£9.9 0.209
Red blood cells 3.0£19 48420 0.001
(million/ pl)
Hemoglobin

8.4+29 11.8+2.9 0.001
(g/ dD)
(}f/e)matocm 293427 320881 | 0167
Mean
Corpuscular 71.9£3.9 75.019.7 0.187
Volume (fI)
Mean
Corpuscular 23.0%19 26.0+3.7 0.001
Hemoglobin
(pg)
Mean
Corpuscular
Hemoglobin 24.1+29 29.0+3.6 0.001
Concentration
(g/dD)
Serum Iron

35.943.1 75.6%8.9 0.001
(ng/ dl)

DISCUSSION

Hb D was initially identified on solubility test as
missing Hb S as this Hb was totally soluble in 2.24
molar phosphate buffers.’” Hb D has also been found
in Iraq, the United States, Saudi Arabia, Togo,
Thailand, Pakistan, Turkey and Iran.!? In Pakistan,
India and Iran, genetic disorders of Hb pose a major
health problem.’ A study from Karachi, Pakistan,
found that the overall frequency of
hemoglobinopathies was 34.2%, where 6.7% had
Hemoglobin D traitl but this is in contrast to a recent
study in Peshawar, Pakistan, which found that the
HbD trait was present in 1.6% of the population.* In
our study, 80.4% of the patients had Hemoglobin D
trait. The variation in prevalence may be due to
difference in sample size, geographical location, and
ethnicity. Except for a few reported case reports, no
detailed data on the clinical and hematological profile
of HbD exists. In our study, apart from few cases, rest
of our patients of HbD were asymptomatic. Stout et al
have documented this in an Oklahoma family,!> which
had mild anemia on stained peripheral blood smear,

with several target cells and multiple spherocytes,
most likely alpha-thalassemia-1 and congenital
spherocytosis, in addition to having homozygous
Punjabi patients. The same has been stated in other
studies conducted around the world.’21¢ In our study,
about 27% of the cases were HbD-Iran type and 73%
HbD-Punjab type, whereas, in a study of 220 patients
with HbD variants, 41.8% of the cases of HbD-Punjab
and 40% of the cases of HbD-Iran were found.'? There
are few studies reporting that the incidence of HbD-
Punjab varies between 1.75% to 57.8%.121417 The
discrepancy in results may exist due to difference in
sample size, study design, population cohorts and
diagnostic tools. The high prevalence of HbD-Punjab
may be due to high turnover of Punjabi patients. This
has been also mentioned by some studies that Hb
variants are disseminated within certain geographical
and racial restrictions.’® Furthermore,in our study,
2.1% of the HbD cases were Homozygous HbD/D and
17(17.5%) of the cases were Compound Heterozygotes
HbD/ B, which is in line with other recent studies.!® 20

CONCLUSION

In present scenario of cousin marriages, community
migration, racial intermixing and changing population
dynamics, Hemoglobin D pathologies can no longer be
regarded as an individual disease limited to a single region.
Collective clinical history records, full blood count and
electrophoresis and molecular results allow for the
conclusive detection of variant Hemoglobin D.
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