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Background:  Hemoglobinopathies  (HgP)  are prevalent  in certain  regions  of the  world.  The  World  Health
Organization  estimated  that  5% of  the  world’s  population  is  a  carrier  of  the potentially  pathological
hemoglobin  (Hb)  gene.
Methods:  This  study  aimed  to compare  the  performance  of fluorescence  spectroscopy,  a  simple  and  inex-
pensive  method,  with  that of conventional  techniques  for diagnosing  thalassemia.  The red  blood  cell (RBC)
counts  and levels  of  Hb,  HbA,  HbA2, and  HbS  were  estimated  via  conventional  methods  of complete  blood
count  and  Hb  electrophoresis  to diagnose  thalassemia.
Results: The  RBCs  and  Hb,  particularly  the  average  values  of  HbA  and  HbA2, were  lower  in  patients  with
thalassemia  than  in  the  normal  controls.  These  hematologic  parameters  were  also  analyzed  via  fluores-
cence  spectroscopybased  on  fluorescent  biomolecules  including  tyrosine  (275  nm),  tryptophan  (290  nm),
nicotinamide  adenine  dinucleotide  (NADH)  (370  nm),  flavin  adenine  dinucleotide  (FAD)  (450  nm),  and
porphyrin  (585–635  nm).  In  thalassemia  patients,  all these  parameters  were  above  the  normal  range,

primarily  due  to abnormal  depression  of  NADH  and  elevation  of FAD.
Conclusion:  Thalassemia  canbe  diagnosed  via  a fluorescent  spectral  method  with  an  accuracy  of  85%  for
blinded  groups.  This  method  may  be  useful  for screening  patients  and  reducing  the cost  of  diagnosis  in
many  rural countries.

©  2019  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
ntroduction

Hemoglobin (Hb) is an essential component of red blood cells
RBCs) that binds with oxygen in the lungs and plays an important
ole in the circulation of oxygenated blood throughout the body
1]. One RBC contains approximately 270 million Hb molecules [2].

lood disorders such as thalassemia are generally characterized
y the imbalanced synthesis of globin chains. Approximately 5%
f the world’s population is a carrier of Hb disorders [3]. One of the

Abbreviations: HbA, Hemoglobin A; HbA2, Hemoglobin A2; HbS, Hemoglobin S;
bE, Hemoglobin electrophoresis; TD, Thalassemia disease; TT, Thalassemia trait.
∗ Corresponding author at: Research Chair in Laser Diagnosis of Cancer, Depart-
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1451, Saudi Arabia.
E-mail address: malsalhi@ksu.edu.sa (M.S. AlSalhi).
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main reasons for this higher incidence in some populations is con-
sanguineous marriages within blood relations [4]. The Hb (HbA)
molecule in a normal adult has four subunits, i.e., two alpha and
two beta (�2�2). Patients with thalassemia do not produce suf-
ficient HbA because of mutations in the genes that code for the
globin proteins, thereby disrupting the generation of normal alpha
or beta polypeptide chains [5]. Thalassemia occurs when one or
more of these subunits are faulty or deleted [6]. Alpha thalassemia
is the result of aberrations in one or more alpha globin genes lead-
ing to a loss of alpha chains [7]. Likewise, beta thalassemia is caused
by mutations in one or more beta globin genes and the resultant
loss of beta chains [8,9]. Alpha and beta thalassemia disease (TD)
can occur in major, minor, and intermediate genetic forms and can

also interact with the abnormal Hb proteins present in the same
individuals [10].
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Alpha thalassemia is more prevalent in the tropical and subtrop-
cal regions where malaria is endemic, and the migration of people
rom these regions has made this condition a common clinical prob-
em in North America, North Europe, and Australia [11]. Meanwhile,
eta thalassemia is more common in the Mediterranean, African,
iddle-East, Central Asia, and Indian subcontinent regions [12].
Although many methods are currently used to diagnose tha-

assemia, the clinical history and hematologic evaluation via a
omplete blood count (CBC) using an automated analyzer provides

 better read out of the various blood components for both sexes in
ll age groups. In addition, RBC morphology and reticulocyte counts
elp differentiate patients with thalassemia from those with other
ematologic conditions [13]. Electrophoresis is the most common
ethod for Hb evaluation. Different hemoglobin such as HbA, HbA2,

nd HbS have different charges, which make them move at differ-
nt speeds in the gel via an electric field [14]. Aberrations in the Hb
roteins alter their charges, which can be identified by changes in
heir speed of migration in the gel. Recently, cation exchange high-
erformance liquid chromatography has become a popular method
or the detection of many Hb subtypes [15]. Further, polymerase
hain reaction has been used for the detection of gene deletions in
halassemia [16].

Spectral diagnosis using fluorescence spectroscopy which is
ased on the interaction of photons with fluorescent blood
iomolecules is a newly evolving technique for the detection, diag-
osis, and monitoring of diseases such as different types of cancers
17,18], sickle cell anemia, and thalassemia [19]. The present study
as performed to evaluate and compare the performance of fluo-

escence spectroscopy with those of standard modalities, i.e., CBC
sing automated hematology analyzer and electrophoresis, in the
iagnosis of thalassemia.

aterials

We  analyzed 50 blood samples each from normal controls and
atients (median age of both samples are 32)with thalassemia from
he King Khalid Medical City, Riyadh, Saudi Arabia. Blood sam-
les were collected after obtaining written informed consent. The
esearch protocol was approved by the Institutional Review Board
Approval No.: E-17-2267).

atients

Conventional methods such as CBC and Hb electrophoresis were
sed to confirm the diagnosis of thalassemia. After diagnosis, blood
amples of 50 patients with thalassemia (15 with TT and 35 with
D; 30 men, 20 women) were collected and analyzed using the
pectral technique to measure the levels of specific fluorescent
iomolecules.

ontrols

Fifty healthy volunteers including 30 men  and 20 women  with
o history of TD, TT, sickle cell diseases, sickle cell trait, iron defi-
iency, diabetes mellitus, alcoholism, or any other blood-related
llness were selected as normal controls.

ethods

uto-analyzer
A total of 5 ml  of blood was collected in EDTA coated tubes
ia venipuncture in both patients and healthy controls. RBC
istribution width and other CBC parameters such as Hb, hema-
ocrit, platelets, lymphocytes, and mean corpuscular volume were
Fig. 1. Synchronous excitation spectra of plasma of control, TT and TD samples.

measured via an automated blood analyzer (Sysmex Automated
Hematology KX-21 N, Sysmex Corporation, Kobe, Japan).

Hemoglobin electrophoresis

The Kohn Model U77 (Shandon Southern Instruments Ltd., Sur-
rey, UK) standard horizontal tank attached on 78 mm × 150 mm
cellulose acetate membranes (Shandon Celagram strip) with a
Vokam Power Pack (Shandon Southern Instruments, Ltd., Surrey,
UK) was used for Hb electrophoresis.

Hemolysates were prepared by adding one drop of whole blood
to 0.5 ml of working hemolyzing reagent, mixing it and incubating
for 10 min  at room temperature. The concentration of hemolysates
(approximately 0.25 g/dl) was  matched visually, and more blood
was taken for samples with low Hb concentrations [20].

Spectrofluorometric analysis

A spectrofluorometric analysis was performed on the blood
plasma samples and the RBCs of patients with TT and TD as well as
healthy controls. The techniques and instruments used have been
described previously [17–21].

Statistical analysis

The data were presented as a mean ± standard deviation. Com-
parisons between TT and TD were performed using one-way
analysis of variance. Statistical hypotheses were tested with the
significance of p < 0.05.

Results

The synchronous excitation spectrum (SXS) of the controls and
patients with TT and TD is shown in Fig. 1a–c. The five main peaks
were observed at 275 nm,  290 nm,  370 nm,  450 nm, and 505 nm.
Among these observed peaks, while the ones at 275 nm and 290 nm
generally represent amino acid tyrosine and tryptophan, respec-
tively, the ones at 370 nm and 450 are coenzymes NADH and FAD,
respectively. The peak at 505 nm corresponds to bile pigments.
Compared to the controls, the relative intensity spectrum of sam-
ples with TT and TD was  lower at 275 nm,  290 nm,  and 370 nm,  but
higher at 450 nm and 505 nm.

The relative intensity ratio parameters R1 and R2 are shown in
Fig. 2. The mean R1 (I275/I290) values were 0.74 ± 0.07, 1.20 ± 0.14
and 1.33 ± 0.14 for the normal, TT and TD samples, respec-

tively (Fig. 2a). The mean R2 (I505/I370) values were 0.30 ± 0.20,
0.49 ± 0.52, and 22.40 ± 1.00 for the normal, TT and TD samples,
respectively (Fig. 2b). Both the R1 and R2 values of the TT and TD
samples were higher compared to those of the controls, though the
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Fig. 2. Relative intensity ratios R1 and R2. Shown are the scatter plots for (a) R1 (I275/I290) and (b) R2 (I505/I370) of the control, TT and TD samples.
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Fig. 4. Synchronous emission spectra with ��  = 10 nm using plasma samples of
ig. 3. Discrimination relative intensity ratio R3. Shown are the R3 (I405/I370) values
f  the control, TT and TD samples.

ean value of the TT samples was closer to that of the controls. Fig. 3
hows that the relative intensity ratio R3 for the analyzed samples.
he mean R3 (I450/I370) values were 0.58 ± 0.08, 1.92 ± 0.13, and
7.20 ± 1.29 for the normal, TT, and TD samples, respectively. The
igher values in TD as compared to those in TT and controls indicate
xcessive hemolysis.

The synchronous emission spectra (SES) of control, TT, and TD
lood plasma samples are shown in Fig. 4. The SES spectrum has
ain peaks at 325 nm,  363 nm,  460 nm,  and 525 nm with different

elative intensities. The relative intensities at 325 nm and 363 nm
ere lower in the TT and TD samples compared to those in the

ontrol samples. The peak at 525 nm was higher in the TD sam-
les when compared to those in the TT and control samples. Two
istinctive differences were observed in the spectrum in terms
f peak proportion and relative intensity values. Fig. 5a shows
he R4 (I325/I363) values, which were 0.62 ± 0.03, 1.17 ± 0.07, and
.78 ± 0.11 in the control, TT and TD samples. The values for the
atio parameter R5 (I585/I363) were 0.38 ± 0.02, 1.83 ± 0.05, and
2.12 ± 0.08 for the control, TT, and TD samples, respectively. Both
4 and R5 values were higher for the TT and TD samples when

ompared to those of the control samples.

The fluorescence emission spectra(FES) spectrum of the acetone
xtracts of the cellular components of control, TT, and TD samples
s shown in Fig. 6. The spectrum peak at 475 nm corresponds to the
normal controls, and patients with TT and TD.

Raman band of acetone, while the two other major peaks at 585 nm
and 635 nm represent the different forms of porphyrin, which are
its basic and neutral forms. The overall relative intensity peaks in
the TT and TD samples were lower compared those in the control
samples. Fig. 7 shows the scatter plots for R6 (I635/I585) for the con-
trol, TT, and TD samples. The spectral features of neutral and basic
forms of porphyrins for normal control were 1.14 ± 0.05, 0.90 ± 0.04
for TT, and 0.52 ± 0.04 for TD. The R6 values were lower in the TT
and TD samples compared to the controls. While the R6 of the TT
samples was closer to that of the controls, that of the TD samples
was 50% lower than the controls.

In the present study, the CBC was  used to measure the blood
parameters such as RBC counts. The mean RBC counts in the
controls, and patients with TT and TD were 4.702 × 1012 /L,
4.02 × 1012/L, and 2.98 × 1012/L, respectively (Fig. 8). Compared
to the controls, while the RBC counts in patients with TT were
comparable, those in patients with TD were significantly lower.
The mean Hb levels in the controls, and patients with TT, and TD
were 135.5 g/L, 101.3 g/L, and 78.0 g/L, respectively (Fig. 9). Overall,

when compared to the controls, while the Hb volume was lower in
patients with TD, it was  comparable in patients with TT.
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Fig. 5. Discrimination relative intensity ratios R5 and R6. Shown are the R5 (I325/I363)
and R6 (I585/I363) values of the control, TT and TD samples.

F
n

a
2
t
c
w
w
9
(
c
c
w

Fig. 7. Discrimination of the three sets of ratio parameters R6 (I635/I585)of the control,
TT  and TD samples.

Fig. 8. Complete blood count images arethe average RBC counts in control, TT and
TD  samples.
ig. 6. Fluorescence emission spectrum of acetone extracts of the cellular compo-
ents of control, TT and TD samples.

The Hb electrophoresis values in control, TT, and TD samples
re shown in Fig. 10a–c. The HbA and HbA2 values were 97.5% and
.5%, respectively in the control, 96.1% and 3.9%, respectively in
he TT and 94.5% and 5.5%, respectively in the TD samples. It was
ompared to the controls, the HbA values were lower in patients
ith TT and TD, whereas the HbA2 values were higher in patients
ith TT (3.9%) and TD (5.5%). The average HbA values were 98.5%,

4.3%, and 78.6%, in the control, TT, and TD samples, respectively

Fig. 11). The HbA values were lower in both patients with TT and TD
ompared to the controls. The HbA volumes of the TT samples were
omparable to those of the controls, while those of the TD samples
ere approximately 20%–30% lower. The mean HbA2 values in the
Fig. 9. Hemoglobin levels. The average hemoglobin values in control, TT and TD
samples by CBC.

control, TT, and TD samples were 2.6.1%, 3.2%, and 6.8%, respectively
(Fig. 12). The average values were higher in both TT and TD samples
compared to those in the controls. The mean values of HbA2 were
two times higher in TD compared to those in the controls, while
those in TT was comparable to the control values.

Discussion

These spectral findings were consistent with those of previ-

ous studies that used conventional methods and reported that the
biomarkers tyrosine, tryptophan, NADH, and FAD are involved in
many cellular redox activities [22–25]. In a previous study, the tyro-
sine levels in patients with thalassemia were lower compared to
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Fig. 10. Hemoglobin electrophoresis. Shown is a typical image of Hb- electrophoresis using (a) control, (b) TT and (c) TD samples.
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ig. 11. Distribution of average values of HbA on normal control, TT and TD by
b-electrophoresis.

hose in the control group [26]. Decreased m-tyrosine levels lead
o oxidative damage in patients with thalassemia [27]. The low pro-
uction and excessive damage of tryptophan lead to different types
f anemia, including thalassemia [28]. The NADH interacts with
BCs to reduce the excessive hemolysis. NADH plays an important

n the energy transfer in RBC and in the redox system. Reduc-
ion in the enzymes NADH and FAD leads to a lower production
f RBCs, which causes anemia [29]. Consistent with other stud-
es [18,19], our report exhibited that the SES and SXS spectrum

ere comparable. Moreover, we observed that the RBCs decay
t a much faster rate in patients with thalassemia than in nor-
al  individuals. Earlier report showed the porphyrin levels in beta

halassemia patients were abnormally elevated and also patients
ith thalassemia, abnormal erythrocytes are produced in excessive
umbers [30]. Another study reported that the porphyrin values in

ree erythrocytes could be useful in the diagnosis of anemia and in
he determination and discrimination of its different stages [31].

Earlierreport, the CBC as a diagnostic modality for hemolytic TT
eported that the mean values of blood parameters such RBC, Hb,
nd mean corpuscular hemoglobin were lower in the patients with

T compared to the control group [32]. Oxidative stress in erythro-
ytes increases the rate of cell decay in thalassemia, resulting in the
nsufficient supply of oxygen [33]. In a previous study, the average
b level in normal controls was 139 g/L. In patients with TT and
Fig. 12. Distribution of average values of HbA2 in control, TT and TD samples by Hb-
electrophoresis.

TD the mean Hb and HbA levels were 112 g/L, and 86 g/L, respec-
tively [34]. Hb electrophoresis is useful in diagnosing thalassemia
and sickle cell diseases based on other blood parameters, i.e., HbA,
HbA2, and HbS [35–37].

In previous studies, the mean value of HbA in the controls was
97%, while it was considerably lower in patients with thalassemia
minor and major [38–40]. Furthermore the mean value of HbA2 in
the control group was 2.62. A mean value of above 3 and less than 5
indicates borderline disease, while a mean value above 5 indicates
disease [38–40].

Conclusion

In this study, the patients with TT and TD were compared to
normal individuals based on the levels of fluorescent biomolecules
in their blood samples. Patients with thalassemia had significantly
higher levels of the biomolecules tyrosine, tryptophan, NADH, FAD,
and porphyrin, indicating excessive hemolysis. Furthermore, both
CBC and Hb electrophoresis were used to differentiate between

patients and the controls, and we  demonstrate that the RBC, Hb,
HbA, and HbA2 levels were all higher in the patients. Similar results
were achieved on spectral diagnosis with a high accuracy (above
95%). Based on the spectrum and relative intensity algorithms, the
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pectral diagnosis could be used for thalassemia with an 85% accu-
acy for blinded groups. In summary, fluorescence spectroscopy is

 simple and alternative method for premarital screening of tha-
assemia in remote areas.
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