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Abstract  

 

Hemoglobin D Punjab or HbD Los Angeles is one of the commoner hemoglobinopathies. In β-chain there is substitution 

at position 121 i.e.121 GluGln (Glutamic Acid is replaced by glutamine). The clinical spectrum of all the variants are 

usually ranges from asymptomatic state to mild hemolytic anemia and mild to moderate splenomegaly. Here, the 

retrospective study was carried out in general population of all the age groups in Dhiraj General Hospital, Vadodara, 

Gujarat. The duration of study was 8 months. Diagnosis of HbD Punjab was done by hemoglobin HPLC method with 

BIO-RAD D-10™ machine. Total 16 Hb D Punjab cases out of 1245 cases were found. Which were further categorized 

in Hemoglobin D trait (HbAD); Hemoglobin D disease (HbDD); Hemoglobin D-β–thalassemia (thalassemia trait/AD 

trait or DD homozygous) and Double heterozygous S and D (HbSD) entity. While HPLC reporting, it is very essential to 

keep these differentials of Hb D Punjab entity in suspected hemoglobinopathies because in today’s scenario there has 

been change in geographic distribution of population. A collective data from clinical history, complete blood count, 

HPLC finding & sickling solubility tests enable definitive identification of hemoglobin D Punjab variant. 

Keywords: Hemoglobin D Punjab, Hemoglobin D trait (HbA), Hemoglobin D disease (HbDD), Hemoglobin D-β–

thalassemia (thalassemia trait/AD trait or DD homozygous), Double heterozygous S and D (HbSD). 
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INTRODUCTION 
Hemoglobin D Punjab also known as HbD Los 

Angeles is one of the commoner hemoglobinopathies in 

India, Pakistan, England, Ireland, Holland, Turkey and 

Brazil. Its prevalence is 1-3% of population in north-

west India especially in Punjab (Sikhs) and in Gujarat. 

In β-chain there is substitution at position 121 i.e.121 

GluGln(Glutamic Acid is replaced by glutamine).  

Hb D Punjab and Hb D Iran have same electrophoretic 

mobility but different retention times on HPLC [11]. 
 

Genotype of HbD can be detected by DNA 

amplification and globin chain analysis [1-3].
 
In high 

risk couples, prenatal diagnosis can also be used in 

detection of Hb D Punjab Disorders [4]. 
  

Hb D Punjab disorders have six forms [11] 

 Hemoglobin D trait (HbAD);  

 Hemoglobin D disease (HbDD);  

 Hemoglobin D-β–thalassemia (thalassemia 

trait/AD trait or DD homozygous);  

 Double heterozygous S and D (HbSD);  

 Hemoglobin D Iran disease and  

 Double heterozygous E and D (HbED). 
 

 

The clinical spectrum of all the variants are 

usually ranges from asymptomatic state to mild 

hemolytic anemia and mild to moderate splenomegaly.  
 

The carrier state (HbAD), homozygous 

(HbDD), HbD Iran Heterozygous and double 

heterozygosity for HbE & HbD are completely 

asymptomatic. Whereas, patients with compound 

heterozygous for HbD & β–thalassemia and HbD-S 

present with mild anemia; similar to β–thalassemia and 

moderately severe clinical presentation of sickle cell 

anemia respectively [5, 6]. 
 

MATERIALS AND METHODS 
The retrospective study was carried out in 

general population of all the age groups in Dhiraj 

General Hospital, Vadodara, Gujarat. Duration of study 

was 8 months (August 2018- March 2019). Out of 1245 

samples screened, 16 patients had hemoglobinopathy of 

HbD Punjab disorders (1.3 % prevalence). All cases 

showed clinical presentation ranging from relatively no 

symptoms to mild to moderate anemia and no palpable 

spleen to hepatosplenomegaly. Out of 16 cases; 2 cases 

of HbAD, 1 case of HbDD, 6 cases of HbD-

βthalalesmia and 7 cases of HbSD were diagnosed. 
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Although there was neither HbDE nor Hb Iran was 

identified.  
 

Diagnosis of HbD Punjab was done by 

hemoglobin HPLC (High Performance Liquid 

Chromatography) method with BIO-RAD D-10™ 

machine. The samples were collected from OPD and 

admitted patients in K3EDTA and transported to 

Central Laboratory with properly maintained 

temperature. The BIO-RAD D-10™ is an automated 

cat-ion exchange HPLC instrument that has been used 

to quantify HbA2, HbF, HbA along with screening 

hemoglobin variants like HbS, HbD, HbE and HbC in a 

single, highly reproducible system. This makes the D-

10™ an excellent platform for screening hemoglobin 

variants and hemoglobinopathies along with 

thalassemia. College of American Pathologists studies 

have shown equivalence or superiority over 

electrophoretic methods (2003 CAP survey) [5, 6]. 
 

The machine operates on the principle of 

HPLC and the column comprises of a small cat-ion 

exchange cartridge, with requirement of 2 ml of blood 

sample (EDTA). The samples are injected into the 

analysis stream and separated by the cat-ion exchange 

cartridge using a phosphate ion gradient generated by 

mixing 2 buffers of different ionic strengths to elute the 

different hemoglobin. Changes in optical density at 415 

nm are measured. A secondary filter at 690 nm corrects 

the effects caused by mixing buffers. The data is 

processed and the report giving the chromatogram 

where the different peaks are identified in defined 

windows with information like retention time, relative 

percentage and area [5, 6]. 
 

Blood samples were collected in 2 ml 

vacutainers containing EDTA as an anticoagulant. 

Complete blood count and red cell indices were 

measured by Beckman Coulter LH 750 hematology 

analyzer. Also observed peripheral smear findings (field 

stain), reticulocyte count, sickling solubility test 

(Sodium dithionate powder) and quantitative test for 

G6PD enzyme whenever required.  

 

RESULT 
Total 16 Hb D Punjab cases out of 1245 cases were found. The results are as follows.  
 

Table-1: Age wise distribution of Hb D Punjab patients 

Sr. no. Hb D Punjab disorders Prevalence (%) Age 

≤ 17 years 18 - 30 years 31- 40 years ≥ 41 years 

1 Hb AD 12.5 1 - 1 - 

2 Hb DD 6.25 1 - - - 

3 Hb D- β thalalesmia 37.5 4 2 - - 

4 Hb DS 43.75 2 4 1 - 

 

Out of 16 patients; 9 were males and 7 were 

female. Also incidental finding for Hb D Punjab was 

found in 2 cases, whereas rests of the cases were 

symptomatic.  
 

Below are the laboratory details of each entity of Hb D Punjab Disorders (Table 2, 3). 
 

Table-2: CBC finding of Hb AD P a t i e n t  H b
 

H C T
 

M C V
 

M C H
 

M C H C
 

R B C
 

R D W - C V
 

P B S  f i n d i n g
 

S i c k l i n g  S o l u b i l i t y  t e s t R e t i c  c o u n t 

   gm/dl % fl pg % M/ul %    % 

1 

H
b

 

A
D

 

11 35.1 77.9 30.7 31.3 4 14.4 MCHC, 

Target cells 

negative 2.5 

2 10.3 33.7 84.4 33.8 30.5 3.8 13.9 MCHC negative 2 

3 

H
b

D

D
 

6.9 22.3 69.0 25.5 27.9 2.7 23.4 MCHC, 

Anisopoikilocytosis, 

target cells 

negative 6 

4 

H
b

 D
-β

 t
h

a
l 

11.4 36.6 90.3 30.5 28.4 4.8 13.9 MCHC, few target negative 2.5 

5 12 34.6 89.5 39.6 29.5 4.9 14.3 MCHC, few target negative 2.5 

6 11 33.2 83.5 32.9 27.5 5.5 12.3 MCHC, few target negative 1 

7 8.9 27.5 90.2 36.8 29.6 6.0 15 MCHC, few target negative 2 

8 11.0 32.9 84.8 29.8 28.2 4.1 14.8 MCHC, few target negative 2.5 

9 10.5 30.6 88.7 30.4 30.0 4.7 12.8 MCHC, few target negative 2 

10 

H
b

 D
S

 

9.3 27.6 80.1 26.2 27.3 2.9 18 MCHC, Sickle cells, 

target cells  

Positive 3.5 

11 6.5 20.4 67.8 28.9 28.8 3.2 20 MCHC Positive 3 

12 4.8 16.8 68.3 27.5 25.5 1.7 24 MCHC, Sickle cells, 

target cells  

Positive  7.5 

13 7.9 22.7 70.2 26.9 26.9 3.8 22 MCHC, Sickle cells, 

target cells  

Positive  5 

14 8.6 27 77.4 28.7 28.1 2.9 19 MCHC Positive  8 

15 9.2 29.1 74.5 29.4 29.0 3.7 19 MCHC Positive  10 

16 10.0 32 69.9 25.1 25.5 2.9 18 MCHC, target cells Positive  6 
(MCHC- microcytic hypochromic) 
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Table-3: Chromatogram findings of Hb AD 

Patient    A0 A2 F S window unknown peak 

1 

H
b

 A
D

 

 

R.Time(min.) 1.72 2.77 0.43 - 3.89 

Area % 49.2 0.9 <0.8 - 39.4 

2 R.Time(min.) 1.88 2.56 0.48 - 3.94 

Area % 53.6 3.01 0.66 - 36.6 

3 

H b D D
 

 

R.Time(min.) 1.88 3.08 0.77 - 3.87 

Area % 7.4 2.5 <0.3 - 88.9 

4 
H

b
 D

-β
 t

h
a

l 
R.Time(min.) 1.76 2.89 0.44 - 3.89 

Area % 5.6 3.6 1.9 - 79.5 

5 R.Time(min.) 1.71 2.66 0.48 - 3.78 

Area % 7.1 4.7 7.4 - 71.9 

6 R.Time(min.) 1.86 2.77 0.43 - 3.87 

Area % 6.6 3.7 2.0 - 75.5 

7 R.Time(min.) 1.51 2.86 0.41 - 3.88 

Area % 10.1 4.5 8.4 - 66.9 

8 R.Time(min.) 1.66 2.87 0.49 - 3.89 

Area % 8.6 4.5 7.0 - 65.5 

9 R.Time(min.) 1.76 2.89 0.44 - 3.89 

Area % 5.6 3.6 1.9 - 79.5 

10 

H
b

 D
S

 

 

R.Time(min.) 1.74 3.10 0.49 4.12 3.87 

Area % 5.3 2.2 13.1 31.4 43.8 

11 R.Time(min.) 1.69 3.11 0.42 4.12 3.85 

Area % 41.9 3.9 <0.8 23.4 27.8 

12 R.Time(min.) 1.71 3.11 0.42 4.13 3.86 

Area % 28.2 3.7 <0.8 26.6 32.9 

13 R.Time(min.) 1.77 3.07 0.55 4.25 3.88 

Area % 3.5 2.5 17.8 27.8 42.8 

14 R.Time(min.) 1.74 3.02 0.51 4.15 3.89 

Area % 3.8 2.7 10.2 34.0 43.8 

15 R.Time(min.) 1.69 3.01 0.48 4.92 3.89 

Area % 43.9 2.8 <0.8 29.4 24.8 

16 R.Time(min.) 1.64 3.13 0.79 4.72 3.87 

Area % 6.3 2.5 16.1 35.4 48.8 

The positive PBS findings are shown in Figure 1. (Microcytic Hypochromic RBC, Target cells, sickle cell) 

 

FIGURE WITH LEGENDS 
 

 
Fig-1: PBS showing Microcytic Hypochromic RBCs, Sickle cell and Target cells (40x) 
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Fig-2: HPLC reports of heterozygous state of Hb D Punjab 

 

Clinical presentation of each subjects varied 

considerably. Out of 2 HbAD cases, one was found 

positive on accidental finding on routine checkup and 

both were clinically asymptomatic. 

 

One individual with Hb DD had palpable 

spleen (+) with no significant chronic complaint. Total 

6 cases were of HbD-β thalalesmia; of which 4 were 

pediatric patient with common clinical presentation of 

signs of anemia, weakness and tiredness and also 

repeatedly getting sick with either upper respiratory 

tract infection or fever. Rest of two was in adult age 

group with mild anemic signs. 

 

Out of 7 individual with HbDS, 2 were 

pediatric patients, 5 were young adults and one of them 

was found positive accidentally during pre-donation 

formality in blood bank. Clinically every individual had 

signs of anemia (severity varied from mild to 

moderate). Also some had mild hepatosplenomegaly. 

Three individual had occasional pain in bone and 

abdomen as chief complaint.  

 

DISCUSSION 
Phenotype of carrier state (HB D Punjab 

Heterozygous) is completely asymptomatic. Prevalence 

of which is 3% in general north Indian population.[5,6]
  

It is forth common hemoglobin variant found in the 

world and commonly found in north west India, Iran 

and Pakistan. It doesn’t cause any abnormal 

pathophysiology in the heterozygous state. The 

individual is normal with almost normal RBC indices. 

On D-10™ Hemoglobin testing system, Hb D Punjab 

elutes in an unknown window at a retention time of 

approximately 3.8± 0.1 min., clearly demarcated from 

the HbS peak. The abnormal hemoglobin constitutes 

usually between 30-45% of the total Hb. HbF levels are 

normal, however the HbA2 values are on the lower side 

with range of 0.9-2.5%[8]. 

 

The homozygous state demonstrates mild 

hemolytic anemia. Hb D Homozygous is rare as 

compared to Hb D- β thalalesmia. On D-10™ 

Hemoglobin testing system, Hb D Punjab elutes in 

unknown window at a retention time of approximately 

3.8± 0.1 min., clearly demarcated from the HbS peak. 

The abnormal Hb is >90%.Hb F and A2 are normal [7]. 

 

Similar to β thalalesmia trait, Hb D- β 

thalalesmia represent as asymptomatic with mild 

anemia. They may be β⁰ β⁰ or β⁰ β
+
. Patient may be 

asymptomatic with non-palpable spleen and have mild 

to moderate hemolytic anemia depending on β 

thalalesmia mutation. β⁰ β⁰ syndrome may exhibit 

symptomatic anemia with splenomegaly and may have 

a moderately severe clinical disorder. β⁰ β+ 
behavior

 
is 

similar to β thalalesmia trait. Laboratory findings show 

microcytic hypochromic anemia and raised RBC count. 

Chromogram shows a major peak of HbD (70-90%) as 

unknown peak at retention time of approximately 3.8± 

0.1 min., with elevated peak of HbF (3-20%). HbA0 

peak is reduced and HbA2 values are elevated. Family 

studies are important to confirm diagnosis. 

 

Double heterozygosity for HbD and HbS 

results in moderately severe clinical presentation of 

Sicke cell anemia. Here one gene carries the HbD 

mutation and the other gene carries HbS mutation- β⁰ 
β

s
. It is uncommon condition encountered in Punjabis 

and a higher frequency in Muslims in consanguineous 

marriages [9, 10]. 

 

CONCLUSION 
In current scenario of community migration, 

consanguineous marriages, racial intermixing and 

changing population demographics; hemoglobin D 

Punjab disorders should no longer be considered as an 
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entity confined to Punjab region or in south Asian 

region. Thus, while reporting HPLC, it is very essential 

to keep these differentials of Hb D Punjab entity in 

suspected hemoglobinopathies. Also it is important to 

check for family history to facilitate error free 

counseling and management. A collective data from 

clinical history, complete blood count, HPLC finding & 

sickling solubility tests enable definitive identification 

of hemoglobin D Punjab variant. 

 

ACKNOWLEDGEMENTS 
I would like to express my special thanks of 

gratitude to our Lab In-charge who gave me the golden 

opportunity to do this wonderful project on the topic Hb 

D Punjab, which also helped me in doing a lot of 

Research and I came to know about so many new things 

I am really thankful to them. 

 

Secondly I would also like to thank my 

husband & my parents who helped me a lot in finalizing 

this project within the limited time frame. 

 

COMPETING INTERESTS 
I declare that I have no significant competing 

financial, professional, or personal interests that might 

have influenced the performance or presentation of the 

work described in this manuscript. 

 

REFERENCE 
1 Zeng, Y. T., Huang, S. Z., Zhou, X. D., Huang, H. 

J., Jiao, C. T., Tang, Z. G., & Chen, C. Y. (1986). 

Identification of hemoglobin D Punjab by gene 

mapping. Hemoglobin, 10(1), 87-90.  

2 Zeng, Y. T., Huang, S. Z., Ren, Z. R., & Li, H. J. 

(1989). Identification of Hb D-Punjab gene: 

application of DNA amplification in the study of 

abnormal hemoglobins. American journal of 

human genetics, 44(6), 886.  

3 Lane, P. A., Witkowska, H. E., Falick, A. M., 

Houston, M. L., & McKinna, J. D. (1993). 

Hemoglobin D Ibadan‐β° thalassemia: Detection 

by neonatal screening and confirmation by 

electrospray‐ionization mass 

spectrometry. American journal of 

hematology, 44(3), 158-161.  

4 Fodor, F. H., & Eng, C. M. (1999). Molecular 

exclusion of haemoglobin SD disease by prenatal 

diagnosis. Prenatal Diagnosis: Published in 

Affiliation With the International Society for 

Prenatal Diagnosis, 19(1), 58-60.  

5 D10 Hemoglobin Testing System. Librfary of 

Chromatogram. BIO-RAD. www.bio-

rad.com/diagnostics  

6 HG-C Hemoglobinopathy, Participent, Summary. 

(2003). College of American Pathologists. 

7 Desai. D., Dhanani, H., Shah, M., Dayal, N., 

Kapoor, A., Yeluri, S. (2003). Homozygous 

Hemoglobin D Disease: A Case Report. The 

Internet Journal of Pathology, 3(1) 

8 Anuradha, N., Anuradha, C. R., & Raghav, J. 

(2014). Haemoglobin-D A Rare Case 

Report. World Journal of Medical Sciences, 10(4), 

484-487.  

9 Mukherjee, M. B., Surve, R. R., Gangakhedkar, R. 

R., Mohanty, D., & Colah, R. B. (2005). 

Hemoglobin sickle D Punjab–a case report. Indian 

J Hum Genet, 11(3), 154-156.  

10 Ahmad, R., Omar, S. L., Arif, S. H. H., Hamid, F. 

S. A., Aziz, N. A., Mustapha, N. H. N., & Zakaria, 

Z. (2014). Haemoglobin sickle d punjab:-a case 

report. Med J Malaysia, 69(1).  

11 Atlas and Text of Hematology. (2017). By Tejindar 

Singh. 3
rd

 edition.Avichal Publishing Company. 

 


