
198

Diagnostic Significance of Hematological,  
Biochemical, and Immune Markers in  
Thalassemia and Sickle Cell Disease

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.003525.

American Journal of
Biomedical Science & Research

www.biomedgrid.com

---------------------------------------------------------------------------------------------------------------------------------

Research Article                                                                             Copyright© Md Samiul Bashir

ISSN: 2642-1747

Md. Abu Sayem1, Hafizul Islam2, Faisal Akter Rana3, Md. Mahbubul Alam Shaheen4, Md. Khaja 
Mohi Uddin5, Amzad Hossen6, Debasish Dey Roni7, Najnatul Farzana Sikder8, Shib Shankar 
Das9 and Md Samiul Bashir10*  
1Department of Hematology, Chittagong Medical College Hospital, Chittagong, Bangladesh

2Department of Transfusion Services, The Ohio State University, Wexner Medical Center, USA

3Department of Biochemistry and Biotechnology, University of Science and Technology Chittagong (USTC), Chittagong, Bangladesh

4Department of Clinical Laboratory, Upazila Health Complex, Shreebordi, Sherpur, Bangladesh

5Department of Laboratory Medicine, Dhaka Medical College Hospital, Dhaka, Bangladesh

6Department of Hematology & Clinical Pathology, National Institute of Burn and Plastic Surgery, Dhaka, Bangladesh

7Department of Clinical Pathology, Upazila Health Complex, Manpura, Bhola, Bangladesh

8Department of Laboratory Medicine, Upazila Health Complex, Ukhia, Cox’s Bazar, Bangladesh

9Department of Laboratory Medicine, Upazila Health Complex, Serajdikhan, Munshiganj, Bangladesh

10Department of Laboratory Medicine, Institute of Health Technology, Kurigram, Bangladesh

*Corresponding author: Md Samiul Bashir, Department of Laboratory Medicine Institute of Health Technology, Kurigram, Bangladesh 
.

To Cite This Article: Md. Abu Sayem, Hafizul Islam, Faisal Akter Rana, Md. Mahbubul Alam Shaheen, Md. Khaja Mohi Uddin, et al. Diagnostic 

Significance of Hematological, Biochemical, and Immune Markers in Thalassemia and Sickle Cell Disease. Am J Biomed Sci & Res. 2025 27(1) 

AJBSR.MS.ID.003525, DOI: 10.34297/AJBSR.2025.27.003525

Received:   May 16, 2025;  Published:   May 21, 2025

Abstract

Background: Thalassemia and sickle cell disease (SCD) are prevalent hemoglobinopathies in Bangladesh, requiring accurate diag-
nostic markers for differentiation and management. This study evaluated the diagnostic significance of hematological, biochemical, 
and immune markers in these disorders.

Purpose of the Study: This study aimed to identify and validate hematological, biochemical, and immune markers for accurate 
differentiation and improved management of thalassemia and sickle cell disease in resource-limited settings.

Methods: A cross-sectional study of 230 participants (100 thalassemia, 100 SCD, 30 controls) was conducted at a tertiary care hos-
pital. Hematological (MCV, RDW, reticulocytes), biochemical (ferritin, LDH, haptoglobin), and immune markers (IL-6, TNF-α, oxida-
tive stress) were analyzed using HPLC, ELISA, and automated assays. Statistical analysis included ROC curves and correlation tests.

Results: Thalassemia patients exhibited microcytic anemia (MCV 65.3 fL, hemoglobin 7.2 g/dL) with elevated ferritin (1850 ng/
mL), while SCD patients had normocytic anemia (MCV 82.1 fL, hemoglobin 8.1 g/dL) with higher reticulocytosis (12.3%) and in-
flammation (IL-6: 25.1 pg/mL). MCV ≤72 fL distinguished thalassemia (AUC 0.92, 94% specificity), and IL-6 ≥18 pg/mL identified 
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SCD-related inflammation (AUC 0.79). Oxidative stress was more severe in SCD (MDA 8.2 nmol/mL vs. 5.8 nmol/mL in thalassemia).

Conclusion: MCV, ferritin, and IL-6 are robust diagnostic markers for thalassemia and SCD in resource-limited settings. These find-
ings support tailored screening algorithms and therapeutic strategies.
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Introduction
Thalassemia and sickle cell disease (SCD) represent two of the 

most common inherited hemoglobin disorders globally, presenting 
major public health challenges particularly in tropical and subtrop-
ical regions including Bangladesh [1]. These chronic blood disor-
ders result from genetic defects affecting hemoglobin molecules, 
leading to severe anemia, progressive organ damage, and signifi-
cant morbidity and mortality if not properly managed [2].

Thalassemia syndromes occur due to mutations that reduce or 
completely prevent the synthesis of α- or β-globin chains, creating 
an imbalance in hemoglobin tetramer formation. This imbalance 
leads to ineffective erythropoiesis, chronic hemolytic anemia, and 
iron overload, even in the absence of blood transfusions [3]. In Ban-
gladesh, β-thalassemia is particularly prevalent, with carrier rates 
estimated at 4-8% in some regions, making it one of the countries 
most affected by this disorder in South Asia [4].

Sickle cell disease, in contrast, results from a specific point mu-
tation in the β-globin gene that produces hemoglobin S (HbS). This 
abnormal hemoglobin polymerizes under low oxygen conditions, 
causing red blood cells to assume a characteristic sickle shape [5]. 
These sickled cells are rigid and adhesive, leading to vaso-occlu-
sive crises, chronic hemolysis, and progressive damage to multiple 
organ systems [6]. While traditionally considered less common in 
Bangladesh than thalassemia, recent studies suggest sickle cell trait 
prevalence may reach 5-7% in certain populations, particularly in 
the tribal communities of the Chittagong Hill Tracts [7].

The clinical manifestations of these disorders often overlap 
significantly, with both presenting with chronic anemia, jaundice, 
growth retardation in children, and progressive organ dysfunction 
[7]. This overlap creates diagnostic challenges, particularly in re-
source-limited settings where advanced testing may not be read-
ily available. In Bangladesh, where healthcare resources are often 
stretched thin, the development of accurate yet cost-effective diag-
nostic algorithms are particularly crucial [8].

Diagnostic approaches to these hemoglobinopathies have 
evolved significantly in recent years. Traditional methods includ-
ing complete blood count analysis, peripheral blood smear exam-
ination, and hemoglobin electrophoresis remain fundamental tools 
[9]. However, newer techniques such as high-performance liquid 
chromatography (HPLC), molecular genetic testing, and advanced 
biomarker analysis have greatly enhanced diagnostic precision 
[10]. These developments are particularly relevant for Bangladesh,  

 
where the high prevalence of both conditions necessitates robust 
screening programs and accurate diagnostic protocols [11].

The hematological profiles of these disorders show charac-
teristic differences that aid in differentiation. Thalassemia typi-
cally presents with microcytic, hypochromic anemia with target 
cells and nucleated red blood cells on peripheral smear, while SCD 
shows normocytic anemia with sickled cells and features of hyper-
splenism [12]. Biochemical markers including iron studies, lactate 
dehydrogenase, and bilirubin levels provide additional diagnostic 
and prognostic information. Furthermore, emerging research high-
lights the importance of inflammatory and immune markers in un-
derstanding disease progression and complications in both condi-
tions [13].

In Bangladesh, where consanguineous marriages remain rela-
tively common in some communities, the genetic burden of hemo-
globinopathies is particularly high. This has led to increased focus 
on carrier screening programs and prenatal diagnosis initiatives, 
though significant challenges remain in implementing these ser-
vices nationwide [14]. The development of point-of-care testing 
methods and simplified diagnostic algorithms could greatly im-
prove case detection and management in primary healthcare set-
tings across the country.

Aim of the study to comprehensively review the diagnostic 
significance of hematological, biochemical, and immune markers 
in thalassemia and sickle cell disease, with particular attention to 
their application in resource-limited settings like Bangladesh.

Methods and Materials
Study Design

This cross-sectional analytical study was conducted at a tertiary 
care hospital in Bangladesh from January 2022 to December 2024. 
The study aimed to evaluate the diagnostic significance of hemato-
logical, biochemical, and immune markers in differentiating thal-
assemia and sickle cell disease (SCD) among Bangladeshi patients.

Study Population

The study enrolled a total of 230 participants through consec-
utive sampling. The study population comprised 100 confirmed 
thalassemia patients (including 50 cases of β-thalassemia major, 30 
cases of β-thalassemia intermedia, and 20 cases of HbE/β-thalas-
semia), 100 SCD patients (including 80 cases of HbSS and 20 cas-
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es of HbS/β-thalassemia), and 30 age- and sex-matched healthy 
controls who served as the reference group. The inclusion criteria 
required participants to be diagnosed cases of thalassemia or SCD 
confirmed by high-performance liquid chromatography (HPLC) 
and genetic testing, aged between 5-40 years, and willing to pro-
vide informed consent. Exclusion criteria included recent blood 
transfusion (within 3 months), co-existing hematological malignan-
cies, active infections or inflammatory conditions, and pregnancy.

Sample Collection and Processing

Venous blood samples (10 mL) were collected from each par-
ticipant following standard phlebotomy procedures. The samples 
were distributed as follows: 3 mL in EDTA tubes for complete blood 
count and HPLC analysis, 5 mL in plain tubes for biochemical anal-
ysis, and 2 mL in sodium citrate tubes for coagulation studies. All 
samples were processed within 2 hours of collection at the hospi-
tal’s central laboratory to ensure sample integrity and minimize 
pre-analytical errors.

Laboratory Methods
Hematological Analysis

Complete blood count (CBC) was performed using the Sysmex 
XN-1000 automated hematology analyzer, measuring hemoglo-
bin concentration, red blood cell count, mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), red cell distribution width 
(RDW), and reticulocyte count. Peripheral blood smears were 
prepared and stained with Leishman stain, then evaluated inde-
pendently by two hematologists for characteristic morphological 
features. Hemoglobin analysis was conducted using HPLC (Bio-Rad 
Variant II system) with confirmation by capillary electrophoresis 
(Sebia Capillarys 2) [14].

Biochemical Analysis

Iron studies included serum ferritin measurement by chemi-
luminescence immunoassay, serum iron and total iron-binding ca-
pacity (TIBC) by colorimetric method, with transferrin saturation 
calculated accordingly. Hemolysis markers were assessed through 
lactate dehydrogenase (LDH) using UV kinetic method, bilirubin 
by diazo method, and haptoglobin by immunoturbidimetric assay. 
Liver and renal function tests were performed using an automated 
analyzer (Beckman Coulter AU680) [15].

Immunological Markers: Inflammatory markers including 

high-sensitivity C-reactive protein (hs-CRP) were measured by im-
munoturbidimetry, while interleukin-6 (IL-6) and tumor necrosis 
factor-alpha (TNF-α) were quantified using enzyme-linked immu-
nosorbent assay (ELISA). Oxidative stress was evaluated through 
malondialdehyde (MDA) levels using Thio barbituric acid reactive 
substances (TBARS) method and total antioxidant capacity (TAC) 
by colorimetric assay [16].

Statistical Analysis

The collected data were analyzed using SPSS version 26.0. De-
scriptive statistics were presented as mean ± standard deviation 
for normally distributed data. Group comparisons were performed 
using ANOVA with post-hoc Tukey test. Diagnostic accuracy was as-
sessed through receiver operating characteristic (ROC) curve anal-
ysis. Associations between markers were evaluated using Pearson’s 
correlation coefficient. A p-value of less than 0.05 was considered 
statistically significant for all analyses.

Ethical Considerations

Written informed consent was obtained from all adult partic-
ipants and from parents or legal guardians of minors. Confidenti-
ality was maintained through anonymized data coding, and par-
ticipants with abnormal findings were appropriately referred for 
clinical management.

Quality Control

Rigorous quality control measures were implemented through-
out the study. Internal quality control was performed daily using 
commercial controls. The laboratory participated in the external 
quality assurance program of the Bangladesh Medical Research 
Council. To ensure consistency, 10% of samples were randomly 
selected for re-testing. Inter-observer agreement for peripher-
al smear analysis was maintained at an excellent level (κ >0.85). 
These measures ensured the reliability and reproducibility of the 
laboratory findings.

Results
The study groups were well-matched for age and gender dis-

tribution (p>0.05). Thalassemia patients had significantly lower 
bmi compared to both scd patients and controls (18.2 vs 19.5 vs 
22.1 kg/m², p<0.001), reflecting the nutritional impact of chronic 
disease. The mean age was comparable across groups (18.4-20.1 
years), with a balanced gender ratio (Table 1).

Table 1: Demographic characteristics of study participants.

Characteristic Thalassemia (n=100) SCD (n=100) Controls (n=30) p-value

Age (years) 18.4 ± 8.2 20.1 ± 9.6 19.8 ± 7.3 0.342

Gender (M/F) 52/48 55/45 16/14 0.872

BMI (kg/m²) 18.2 ± 3.1* 19.5 ± 3.8 22.1 ± 2.9 <0.001
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Thalassemia patients showed significantly lower hemoglobin 
levels compared to SCD patients (7.2 vs 8.1 g/dL, p<0.001). Micro-
cytosis (MCV 65.3 fL) and hypochromia (MCH 20.1 pg) were char-
acteristic of thalassemia, while SCD patients had higher MCV and 

MCH values. Both groups exhibited elevated RDW and reticulocyte 
counts compared to controls, with SCD patients showing more pro-
nounced reticulocytosis (12.3% vs 5.8%, p<0.001) (Table 2).

Table 2: Comparative analysis of hematological markers among study groups.

Parameter Thalassemia (n=100) SCD (n=100) Controls (n=30) p-value

Hemoglobin (g/dL) 7.2 ± 1.5* 8.1 ± 1.8* 12.4 ± 1.2 <0.001

MCV (fL) 65.3 ± 8.2* 82.1 ± 9.6 88.4 ± 4.3 <0.001

MCH (pg) 20.1 ± 3.5* 27.3 ± 4.2 29.6 ± 2.1 <0.001

RDW (%) 22.5 ± 3.8* 19.2 ± 4.1* 13.1 ± 1.5 <0.001

Reticulocytes (%) 5.8 ± 2.1* 12.3 ± 3.5* 1.2 ± 0.5 <0.001

Thalassemia patients had significantly higher ferritin levels 
(1850 ng/mL) due to transfusion-related iron overload, while 
SCD patients showed moderate elevation (450 ng/mL). Hemo-
lysis markers (LDH, bilirubin) were elevated in both groups, but 

more markedly in SCD (LDH 620 U/L vs 480 U/L in thalassemia, 
p<0.001). Haptoglobin was undetectable in thalassemia and signifi-
cantly reduced in SCD compared to controls (Table3).

Table 3: Comparison of biochemical parameters.

Parameter Thalassemia (n=100) SCD (n=100) Controls (n=30) p-value

Ferritin (ng/mL) 1850 ± 620* 450 ± 210* 85 ± 40 <0.001

LDH (U/L) 480 ± 150* 620 ± 180* 140 ± 50 <0.001

Bilirubin (mg/dL) 3.2 ± 1.1* 4.8 ± 1.5* 0.8 ± 0.3 <0.001

Haptoglobin (mg/dL) Undetectable* 15 ± 8* 110 ± 30 <0.001

SCD patients demonstrated significantly higher inflammato-
ry markers compared to thalassemia, with IL-6 (25.1 vs 12.3 pg/
mL) and TNF-α (32.4 vs 18.6 pg/mL) being particularly elevated 

(p<0.001). Oxidative stress was more pronounced in SCD, evi-
denced by higher MDA (8.2 nmol/mL) and lower total antioxidant 
capacity (TAC 0.62 mmol/L) compared to thalassemia (Table 4).

Table 4: Immune and oxidative stress profiles.

Parameter Thalassemia (n=100) SCD (n=100) Controls (n=30) p-value

hs-CRP (mg/L) 8.5 ± 3.2* 15.6 ± 6.8* 1.2 ± 0.8 <0.001

IL-6 (pg/mL) 12.3 ± 4.5* 25.1 ± 8.3* 2.1 ± 1.0 <0.001

TNF-α (pg/mL) 18.6 ± 6.2* 32.4 ± 9.5* 3.5 ± 1.8 <0.001

MDA (nmol/mL) 5.8 ± 1.9* 8.2 ± 2.5* 1.5 ± 0.7 <0.001

TAC (mmol/L) 0.85 ± 0.3* 0.62 ± 0.2* 1.40 ± 0.4 <0.001

MCV demonstrated the best diagnostic performance (AUC 0.92) 
with 88% sensitivity and 94% specificity at a cut-off of ≤72 fL for 
thalassemia. Ferritin ≥800 ng/mL showed good discrimination 

for iron overload in thalassemia. RDW ≥20% was highly sensitive 
(90%) for both disorders, while IL-6 ≥18 pg/mL better identified 
SCD-related inflammation (Table 5).

Table 5: ROC analysis for discriminating thalassemia and SCD.

Marker AUC Cut-off Sensitivity (%) Specificity (%)

MCV (fL) 0.92 ≤72 88 94

Ferritin (ng/mL) 0.85 ≥800 82 78

IL-6 (pg/mL) 0.79 ≥18 75 83

RDW (%) 0.87 ≥20 90 80
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Strong positive correlations were observed between inflam-
matory markers (IL-6 and TNF-α, r=0.68) and hemolysis indicators 
(reticulocytes and LDH, r=0.61). A negative correlation between 
MDA and TAC (r=-0.55) confirmed oxidative stress imbalance in 

both disorders. Ferritin showed moderate correlation with LDH 
(r=0.42), suggesting iron overload contributes to hemolysis in thal-
assemia (Table 6).

Table 6: Significant correlations between markers.

Correlation Pair r-value p-value

Ferritin vs. LDH 0.42 <0.01

IL-6 vs. TNF-α 0.68 <0.001

MDA vs. TAC -0.55 <0.001

Reticulocytes vs. LDH 0.61 <0.001

Discussion
Our study confirmed that microcytic hypochromic anemia 

(MCV 65.3 fL, MCH 20.1 pg) is characteristic of thalassemia, while 
SCD patients exhibited normocytic anemia with higher reticulo-
cytosis (12.3% vs 5.8%, p<0.001). These findings align with pre-
vious studies [17,18], where thalassemia patients showed severe 
microcytosis due to impaired globin chain synthesis, whereas SCD 
patients had elevated reticulocytes due to chronic hemolysis.

The RDW was significantly elevated in both groups (thalas-
semia: 22.5%, SCD: 19.2%) compared to controls (13.1%, p<0.001), 
consistent with studies by Musallam, et al. (2021) [19], suggesting 
that RDW is a sensitive but nonspecific marker for hemoglobinop-
athies. However, MCV ≤72 fL demonstrated excellent diagnostic ac-
curacy (AUC 0.92, 94% specificity) for thalassemia, supporting its 
use as a first-line screening tool in resource-limited settings.

Thalassemia patients had markedly elevated ferritin (1850 
ng/mL) due to transfusional iron overload, whereas SCD patients 
showed moderate elevation (450 ng/mL), likely due to chronic in-
flammation and hemolysis. These results correlate with studies by 
Thein (2018) [20], where iron overload in thalassemia was linked 
to increased oxidative stress and organ damage.

Hemolysis markers (LDH, bilirubin, haptoglobin) were signifi-
cantly elevated in both disorders but more pronounced in SCD (LDH 
620 U/L vs. 480 U/L, p<0.001). This aligns another study [21], who 
reported that intravascular hemolysis in SCD contributes to en-
dothelial dysfunction and vaso-occlusive crises. The undetectable 
haptoglobin in thalassemia further supports its role as a marker of 
severe extravascular hemolysis.

SCD patients exhibited higher inflammatory markers (IL-6: 
25.1 pg/mL, TNF-α: 32.4 pg/mL) compared to thalassemia (IL-6: 
12.3 pg/mL, TNF-α: 18.6 pg/mL, p<0.001). This finding is consis-
tent with one study [21], who linked chronic inflammation in SCD 
to vaso-occlusion and tissue damage.

Oxidative stress was more severe in SCD, with higher MDA (8.2 
nmol/mL) and lower TAC (0.62 mmol/L) compared to thalassemia 
(MDA: 5.8 nmol/mL, TAC: 0.85 mmol/L). This supports previous 
evidence [22,23] that HbS polymerization generates reactive oxy-

gen species, exacerbating cellular damage. Thalassemia patients, 
despite lower inflammation, still showed significant oxidative 
stress due to iron-mediated Fenton reactions [24].

The ROC curve analysis revealed MCV ≤72 fL as the most ef-
fective discriminator for thalassemia, demonstrating excellent di-
agnostic accuracy with an AUC of 0.92. This finding strongly sup-
ports the use of MCV as a primary screening tool in clinical settings. 
For SCD, IL-6 ≥18 pg/mL emerged as a more specific inflammatory 
marker with an AUC of 0.79, indicating its potential utility in identi-
fying disease-related complications.

The combination of MCV and RDW measurements appears 
particularly valuable for thalassemia screening in endemic regions. 
This approach could enhance detection rates while maintaining 
cost-effectiveness in resource-limited healthcare systems. Our data 
suggest that ferritin levels ≥800 ng/mL serve as a reliable indicator 
of significant iron overload in transfusion-dependent thalassemia 
patients, which is crucial for clinical monitoring and chelation ther-
apy decisions [25].

The inflammatory markers IL-6 and TNF-α showed promising 
prognostic potential for SCD complications, particularly for pre-
dicting vaso-occlusive crises and acute chest syndrome. These find-
ings align with international guidelines but importantly provide 
region-specific cut-off values that account for potential variations 
in Bangladeshi populations due to nutritional factors and other en-
vironmental influences.

Conclusion
This study provides a comprehensive evaluation of hematolog-

ical, biochemical, and immune markers in thalassemia and sickle 
cell disease (SCD), offering valuable insights for their differential 
diagnosis and clinical management. Our findings demonstrate dis-
tinct biomarker profiles that can aid in distinguishing these hemo-
globinopathies, particularly in resource-limited settings where ad-
vanced diagnostic tools may be unavailable.

Limitations and Future Directions
Several limitations of our study design warrant consideration. 

The single-center nature of the research may affect the general-
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izability of our findings to broader populations. Additionally, the 
cross-sectional design limits our ability to track biomarker changes 
over time or establish causal relationships between the measured 
parameters and disease progression.

An important limitation was our inability to account for poten-
tial genetic modifiers, such as alpha-thalassemia co-inheritance in 
SCD patients, which could influence clinical presentation and bio-
marker levels. Future research should prioritize multi-center val-
idation studies to confirm our proposed diagnostic cut-offs across 
diverse populations.

There is significant potential for exploring novel biomarkers, 
including microRNAs and endothelial dysfunction markers, which 
may provide additional diagnostic and prognostic information. 
Longitudinal studies are particularly needed to better understand 
the temporal changes in iron overload and inflammatory markers, 
and their relationship with clinical outcomes in both thalassemia 
and SCD patients.
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