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Abstract

Background: The sickle cell trait (SCT) disorder possesses a clini-
cal heterogeneity ranging from a symptomless condition to sudden 
death. This study aimed to develop a diagnostic approach that helps 
the characterization and identification of SCT from normal subjects 
and sickle cell disease (SCD) patients, and to assess its severity.

Methods: Sixty controls, 24 SCD patients and 31 SCT subjects were 
assessed clinically, radiologically and by laboratory investigations.

Results: Of the SCT subjects, 12.8% were symptomatic (3.2% ane-
mic, 6.4% hemolytic crisis, and 3.2% painful crises). Anemia was 
normocytic in 66.6%, and normochromic and polychromatic in 
33.4%. Significantly lower red blood cells (RBCs), hemoglobin (Hb), 
mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), hematocrit (Hct), Shine and Lal index (SL), and hemoglobin 
A (Hb A), and higher mean corpuscular hemoglobin concentration 
(MCHC), red cell distribution width (RDW), Ricerca index (RI), and 
Huber-Herklotz index (HH) were found in SCT subjects compared 
with the controls. Hb A and hemoglobin S (Hb S) were excellent in 
discriminating SCT from SCD (cut-off for SCT > 50% and < 40%) 

followed by Hct, MCHC, Hb, Green and King index (GK), and Eng-
land and Fraser index (EF) (cut-off for SCT > 33%, > 32, > 11, < 71, 
and < 10, respectively). Radiologically normal findings were detected 
in 87% of SCT subjects; they had nearly normal liver and renal func-
tion tests (except one case each). A schematic diagnostic paradigm for 
SCT was proposed.

Conclusion: This study allowed understanding of SCT in various 
aspects, i.e., clinical, hematological, biochemical and radiological. 
Thus, it could help prevention of the Hb S variant disorder and proper 
management of carriers. This might be applied in pre-marital screen-
ing, particularly in those with family history of Hb S disorder.

Keywords: Sickle cell trait; Insight; Identification; Clinical corre-
lates; Hemoglobin S

Introduction

Normally, human hemoglobin contains three types of hemo-
globin, Hb A, A2 and F, each being composed of 2α and 2β, 
2δ and 2γ globin chains, respectively. Hb F is the dominant Hb 
up to 6 weeks postnatal, and then Hb A dominates. The hemo-
globin S (Hb S) variant is the end product of a gene defect re-
sulting in a single nucleotide mutation with the end product of 
a β6-valined globin chain. People harboring this mutation will 
have Hb S variant disorder, where their red blood cells (RBCs) 
acquire sickle shape under conditions with low oxygen tension 
[1, 2]. Inheritance of one normal β gene and one sickle cell 
gene results in a genotype of AS hemoglobin and the subject 
will have sickle cell trait (SCT). If the person inherited the two 
mutated copies of β gene, he/she will have sickle cell disease 
(SCD) (SS homozygous). The SCT condition was found to re-
sist infection with malaria [3, 4].

The sickle cell (SC) disorder is a type of hemoglobinopa-
thy that is more prevalent in Equatorial Africa, India and the 
Middle East. However, legal and illegal migrations transmitted 
the disease to the Americas, Indian subcontinent and the Medi-
terranean basin. The SC disorder possesses a clinical heteroge-
neity ranging from asymptomatic disease to severe life-threat-
ening one [2]. This was partly explained by the percentage of 
different types of hemoglobin among patients. The clinical 

Manuscript submitted January 22, 2022, accepted April 5, 2022
Published online June 27, 2022

aDepartment of Internal Medicine, Clinical Hematology Unit, Assiut Univer-
sity Hospital/Unit of Bone Marrow Transplantation, South Egypt Cancer Insti-
tute, Faculty of Medicine, Assiut University, Assiut, Egypt
bDepartment of Clinical Pathology, Faculty of Medicine, Sohag University, 
Sohag, Egypt
cDepartment of Internal Medicine, Division of Hematology, Faculty of Medi-
cine, Sohag University Hospital, Sohag University, Sohag, Egypt
dDepartment of Clinical Pathology, Faculty of Medicine, Assiut University, 
Assiut, Egypt
eDepartment of Tropical Medicine and Gastroenterology, Faculty of Medicine, 
Assiut University, Assiut, Egypt
fDepartment of Internal Medicine, Clinical Hematology Unit, Faculty of Med-
icine, South Valley University, Egypt
gCorresponding Author: Safaa A.A. Khaled, Department of Internal Medicine, 
Clinical Hematology Unit, Assiut University Hospital/Unit of Bone Marrow 
Transplantation, South Egypt Cancer Institute, Faculty of Medicine, Assiut 
University, Assiut, Egypt. Email: safaakhaled2003@gmail.com

doi: https://doi.org/10.14740/jh977

https://crossmark.crossref.org/dialog/?doi=10.14740/jh977&domain=pdf&date_stamp=2022-06-19
https://orcid.org/0000-0002-2239-7219


Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   www.thejh.org 93

Khaled et al J Hematol. 2022;11(3):92-108

course of the Senegal and Saudi Asian haplotypes was found 
mild; this was further explained by the higher percentage of 
Hb F in those patients which inhibits Hb S polymerization [5, 
6]. Numerous studies documented that polymerization of Hb 
S molecule is the cornerstone in pathogenesis of the disease 
and its complications in subjects with the Hb S variant disor-
der. Consequently, the higher the erythrocyte Hb S content, the 
more severe the clinical picture [7].

Subjects with SCT may be completely asymptomatic and 
their complete blood counts (CBCs) may be apparently nor-
mal. However, they pass the disease to their children in a co-
dominant pattern of inheritance with a 50% chance to have 
children with SCT and 25% chances to have normal or SCD 
child (if two parents are SCT). Accordingly, identification of 
SCT and its differentiation from SCD is of paramount impor-
tance for carrier management and disease prevention. Moreo-
ver, we assume that the routine inclusion of SCT in pre-marital 
screening, together with proper counseling of couples, could 
have a great impact in primary prevention of the Hb S vari-
ant disorder. Our assumption was applied in some countries 
in the Middle Eastern region, as in Saudi Arabia, where pre-
marital Hb S screening became a nationwide program to avoid 
abortions that are prohibited by religious values [8]. In addi-
tion, detection of SCT in asymptomatic athletes may prevent 
incidence of serious complications and/or sudden death as a 
result of strenuous exercise. Exceptionally, some subjects with 
SCT may present with severe complications or pain crisis as in 
those with SCD [9-11].

Screening tools for Hb S variant include CBC, blood 
smears and sickling test. However, definitive diagnosis of 
SCT requires techniques for hemoglobin separation and ge-
netic studies. Those are expensive laboratory investigations 
that are available in specialized centers and require highly 
skilled personnel. The approach to screen subjects with rela-
tively cheap, available and simple laboratory tests, and then to 
further investigate those highly suspicious to have SCT with 
expensive confirmatory tests seems more practical approach 
[12, 13]. A group of new red cell indices were proved effective 
in differentiating β-thalassemia from iron deficiency anemia. 
Those could be obtained by simple mathematical calculations 
of RBCs parameters in the automated CBC [14]. To the best of 
our knowledge, data about the value of these red cell indices in 
subjects with SCT are little.

In Egypt, the Hb S disorder is not uncommon; howev-
er, it is more prevalent in certain regions of the country as 
Siwa Oasis, and El-Wadi Al-Jadid (New Valley) Governorate. 
Moez and Younan screened school children at Siwa Oasis by 
hemoglobin electrophoresis. Hb S variant disorder constitut-
ed 20% of those with hemoglobinopathies in their study, of 
which SCT represented 94%. Epidemiological studies about 
the prevalence of Hb S in other regions of the country are 
scarce [15].

Many researchers do not consider SCT a disease; moreo-
ver, it is not known why some persons developed complica-
tions and others not [2, 11]. All these findings motivated us 
to perform the current study, aiming to revise characterization 
and disease identification of SCT, and also, to propose a diag-
nostic paradigm for SCT that relies on simple, available diag-
nostic techniques. The final aim was to explore the association 

of the new CBC parameters and percent of Hb type with dis-
ease severity in SCT subjects.

Materials and Methods

Study subjects and settings

SCD patients were recruited among those admitted to/attend-
ing the Hematology Units and Clinics at Internal Medicine 
Departments and private sections at Sohag, Assiut and Qena 
University Hospitals (SUH, AUH and QUH) during the pe-
riod from August 2018 to August 2021. SCT subjects were 
recruited by screening family members of SCD patients. An-
other 60 unrelated healthy volunteers (control group) were 
recruited via poster advertisement at the same centers. They 
were among blood donors, medical students, and medical and 
paramedical professionals, if their ages range from 18 to 55 
years, and had no confirmed hematological illnesses. Study 
participants were categorized into group 1: subjects with Hb 
S variant that was subdivided into group 1a: SCD patients 
and group 1b: SCT subjects, and group 2: the healthy control 
group.

Patients’ exclusion criteria were: 1) patients with chronic 
infections or inflammations, i.e., those unrelated to the dis-
ease state as co-incidence of inflammatory arthritis; 2) pa-
tients who had blood transfusion over the past 3 months; 3) 
patients diagnosed with SCD combined with other hemoglo-
binopathies; and 4) patients with regular hydroxycarbamide 
(HU) therapy.

The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Institutional Review 
Board (or Ethics Committee) of Faculty of Medicine, Sohag 
University (protocol code Soh-Med-18-07-3 and date of ap-
proval July 2018).

Tools of data collection

Medical history and clinical examination

Both patients and controls were subjected to medical history 
and physical examination. Those were conducted by the spe-
cialist clinician (author) either at the outpatient clinic or in the 
ward. All participants were interviewed to assess eligibility 
for the study and collect demographic and clinical characteris-
tics. The later included disease history, presenting complaints, 
number of painful crises, and incidence of serious complica-
tions. Next patients were physically examined looking for 
evidence of pallor, jaundice, leg ulcers, splenomegaly or au-
tosplenectomy. Their therapeutic history denoted only 40% of 
SCD patients were in HU therapy; nearly 75% of them were 
non-compliant, and only those who had stopped HU for 10-
days or more were included in the study. The remaining were 
on supportive and on demand therapeutic regimens. Unfortu-
nately, due to a lack of availability or coverage by health insur-
ance, the three new FDA-approved medications for SCD (L-
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glutamine, voxelotor, and crizanlizumab) were not available in 
our centers. All the study procedures and sampling were done 
before patients started their in-hospital treatment.

Laboratory investigations

1) CBC

Peripheral blood samples were withdrawn for routine and 
diagnostic laboratory investigations. Two milliliters blood 
were collected on potassium ethylenediaminetetraacetic acid 
(EDTA) anticoagulant coated tube for CBC using an auto-
mated cell counter (Cell-Dyn 3700; Abbott Diagnostic, Dallas, 
USA). The normal CBC adult reference ranges were adopted 
(according to manufacturer’s instructions) as follows: white 
blood cells (WBCs, 4 - 11 × 103/µL); RBCs (males 4.5 - 6 × 
106/µL, females 3.8 - 4.8 × 106/µL); hemoglobin (males 13 
- 17 g/dL, females 12 - 16 g/dL); hematocrit (Hct, males 39-
51%, females 36-48%); mean corpuscular volume (MCV, 76 
- 96 fL); mean corpuscular hemoglobin (MCH, 26 - 32 pg); 
mean corpuscular hemoglobin concentration (MCHC, 32 - 37 
g/dL); red cell distribution width (RDW, 12-15%), platelets 
(150 - 450 × 103/µL); reticulocytes (0.5-2.5%). MCV and 
MCHC were used as indicators of red cell size and chromicity, 
respectively.

2) Sickle solubility test

Currently, the most common screening techniques in patients 
with sick cell anemia (SCA), at our centers, include sickle 
solubility testing as first screening test, then high-performance 
liquid chromatography (HPLC), for discrimination and rela-
tive quantification of Hb S allowing for differentiation of SCD 
from SCT syndromes [5]. Solubility test was carried out with 
the use of sodium metabisulfite as reducing agent, when ex-
posed to sodium metabisulfite, Hb S from lysed erythrocytes 
precipitates, causing the solution to become turbid. The in-
terpretation is based on visual inspection of the test tube, and 
positive result suggests the diagnosis of SCA but the test could 
not differentiate SCD from SCT [13].

3) HPLC

Quantitative assessment of hemoglobin variants (to detect 
different types of hemoglobins; Hb F, A, A2 and S) was per-
formed by HPLC on D-10 instrument (Bio-Rad Laboratories, 
USA). The different Hb variants were identified by using re-
tention time windows which were specific for these variants. 
The normal reference ranges for these variants were 96-98.5% 
for Hb A, 1.5-3.2% for Hb A2, 0-0.8% for Hb F, and 0% for 
Hb S. Patient was diagnosed as SCT if his RBC contained ap-
proximately 30-40% Hb S and 60-70% Hb A [9, 12].

Isoelectric focusing (IEF) and cytogenetic analyses for Hb 
S variant were not performed as they are not available at our 
centers at the time of the study.

4) Liver function tests (LFTs) and renal function tests

LFTs were performed for all subjects on a modular P auto-
analyzer (Roche Diagnostics, Mannheim, Germany).

Calculation of the targeted red cell indices

We followed others and calculated the targeted red cell indices 
from the automated CBC for all the study participants with the 
following equations [14]:

Mentzer index (or MI) = MCV/RBC [16];
RDW index (RDWI) = MCV × RDW/RBC [17];

Green and King index (GK) = MCV × 
MCV × RDW/(Hb × 100) [18];

Ehsani index (EI) = MCV - 10 × RBC [19];
England and Fraser index (EF) = MCV 

- (5 × Hb) - RBC - 3.4 [20];
Ricerca index (RI) = RDW/RBC [21];

Srivastava index (SI) = MCH/RBC [22];
Shine and Lal index (SL) = MCV 

× MCV × MCH/100 [23];
Huber-Herklotz index (HH) = MCH × 

RDW × 0.1/RBC + RDW [24];
Sirdah index (Sir I) = MCV - RBC - (3 × Hb) [25].
Next sensitivity (Sens), specificity (Spec), positive pre-

dictive value (PPV) and negative predictive value (NPV) and 
Youden’s index (YI) were calculated for each parameter as fol-
lows:

Sens = true positive/(true positive + false negative);
Spec = true negative/(true negative + false positive);
PPV = true positive/(true positive + false positive);

NPV = true negative/(true negative + false negative);
The percentage of correctly identified patients 

was: (true positive + true negative)/(true positive 
+ true negative + false positive + false negative);

YI = (Sens + Spec) - 1.

Radiologic assessment (abdominal ultrasound)

All SCD patients and SCT subjects were asked to fast at least 
6 h, then scanned by abdominal ultrasound (US) in supine po-
sition to obtain optimal views of the liver, gallbladder (GB), 
kidneys and spleen. Both right and left oblique positions were 
used as alternate positions if organs were not clearly visualized 
in supine position.

The liver span was measured in the right lobe with the 
longitudinal center of the right kidney in the plane of imaging. 
Liver parenchyma echotexture and focal abnormalities were 
assessed. Hepatomegaly was defined if the long axis of the 
liver is > 150 mm. The wall thickness and content of GB were 
also assessed.

Long axis of the spleen was measured at the level of the 
hilum: if it is > 130 mm, it was defined as splenomegaly, and 
shrunken if < 50 mm. The spleen was assessed also for paren-
chymal echotexture and focal abnormalities.

The length of the kidneys was obtained by measuring the 
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bipolar length (long axis) of the kidneys. The upper limits for 
normal right and left kidneys sizes were 128 and 130 mm, 
respectively. The kidneys were considered abnormally echo-
genic if the renal cortex was equal to or more echogenic than 
adjacent spleen or liver. Kidneys were also assessed for the 
presence of renal calculi, cysts, or other focal parenchymal ab-
normalities [26].

Statistical analyses

Statistical analyses were performed by SPSS 18.0 and 20 soft-
wares (SPSS, Inc., Chicago, IL). Quantitative data were rep-
resented as mean ± standard deviation (SD) and the Pearson’s 
χ2 test or Fisher’s exact test was used to compare differences 
of dichotomous variables. The normality of the variables was 
checked using the Shapiro-Wilk test. Accordingly, nonparamet-
ric tests (Mann-Whitney U-test) were used to compare means 
between the two independent groups when the dependent vari-
able is either continuous, but not normally distributed. Multiple 
comparisons tests were used to control the error rate. Receiver 
operating characteristic (ROC) curve was used to determine an 
optimum cut-off point for each studied RBC index or Hb type, 
to discriminate between patients and controls and between SCD 
and SCT. Correlations were assessed by the Spearman rank cor-
relation coefficient. Statistical significance was assumed at a P 
value < 0.05. Figures were created using the GraphPad Prism 
software package, version 5.02 (San Diego, CA).

Results

Basic demographic and laboratory characteristics of SCD 
patients, SCT subjects (group 1) and the controls (group 2)

Table 1 shows no statistically significant differences among 
groups 1 and 2 in gender, age and residence. Males predomi-
nated in Hb S variant cases (56.4% vs. 43.6%) and the male to 
female ratios were 1.3:1, 1.4:1, and 1.2 for groups 1, 1a and 1b, 
respectively. CBC parameters (RBCs, Hb, MCV, MCH, and 
Hct) and Hb fractions (A) were significantly lower in group 1, 
while reticulocyte counts, Hb F and Hb S were significantly 
higher, compared with group 2 (P < 0.001). Notably, there 
were no significant differences in MCHC between cases and 
controls (36.21 ± 10.61 and 32.59 ± 1.26, respectively). Simi-
lar results were obtained when comparing SCT subjects with 
the controls, except MCHC which was significantly higher in 
SCT subjects as shown in Table 2.

Significantly higher RDW, RDWI, SL, RI, and HH results 
were found in patients compared with the controls (P < 0.001), 
and group 1 patients had higher MI and SI values than group 
2 (P = 0.04 and 0.02, respectively). When considering SCT 
subjects, the RDW, RI and HH were significantly higher, while 
SL was significantly lower, when compared with the controls. 
Table 3 shows the differences of Hb fractions of SCT subjects 
compared with the controls. As expected, the sickle solubility 
test was positive in the study of Hb S variant in cases and nega-
tive in the controls.

Comparison between SCD (group 1a) and SCT (group 1b) 
patients

There was male predominance in groups 1a and 1b patients 
(58.35% and 54.8%, respectively). SCT patients were mostly 
accidentally discovered (80.6% vs. 0%) and had significantly 
lower hemolytic crisis, characterized by sudden fall in Hb and 
concomitant rise of reticulocytes (6.4% vs. 37.5%) and painful 
crisis (3.2% vs. 33.3%) than those with SCD. They also had 
significantly higher age (median age 29 years vs. 22 years), 
Hb levels, MCHC, Hct, Hb A and A2, and lower reticulocyte 
counts, Hb F and Hb S than SCD patients. No significant dif-
ferences in RBCs, MCV and MCH were noted between groups 
1a and 1b. SCT patients had significantly lower HH, GK, EF, 
SI, RI, Sir I, RDW, and RDWI results than those with SCD. 
These results are described in Table 1.

Characteristics of anemia in SCT and SCD patients

SCT subjects had significantly normal Hb values (g/dL) (60% 
vs. 13%) and RDW values (57% vs. 25%) than those with SCD 
(Fig. 1a, b). However, there were no significant differences be-
tween SCD patients and SCT subjects as regards MCV (nor-
mocytic 70% vs. 55%, microcytic 30% vs. 45%) and RBCs 
(Fig. 1c, d). According to chromicity, SCT subjects had sig-
nificantly normochromic results compared to those with SCD 
patients (40% vs. 16.7%) (Fig. 1e). Hypochromia was noted in 
only 20% of SCT patients and 83.3% of SCD patients. An as-
tonishing finding was the high MCHC in 40% of SCT patients.

Validation of the targeted red cell indices and Hb type in 
discriminating Hb S variant cases (group 1) from the con-
trols (group 2) and the SCT subjects (group 1b) from SCD 
patients (group1 a)

Figure 2 and Supplementary Material 1 (www.thejh.org) show 
the ROC curve analysis results and predictive values of the 
evaluated indices for the differential diagnosis of group 1 (Hb S 
variant cases) and the controls (group 2). According to the sen-
sitivity, specificity, positive and negative predictive values, % of 
correctly identified patients, and YI analyses, the best measures 
for discriminating Hb S variant cases from healthy controls were 
RDW, RDWI, SL, RI, and HH. The identified cut-off values for 
group 1 cases were > 14, 241, 1,700, 2.8, and 215, respectively, 
and P values were < 0.001. MI, GK and SI were less significant 
in differentiating patients from the controls.

Table 4 shows the ROC curve analysis results and predic-
tive values of the evaluated indices for the differential diag-
nosis of SCT subjects (group 1b) from the controls (group 2). 
Still RDW, SL, RI, and HH, the best parameters to differentiate 
the two groups, showed similar cut-off values as above.

Figure 3 and Supplementary Material 2 (www.thejh.org) 
show the ROC curve analysis results and predictive values of 
the evaluated indices for the differential diagnosis of SCT sub-
jects (group 1b) and SCD patients (groups 1a). Both revealed 
significant differences for all parameters (P < 0.05) except for 
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Table 1.  Demographic, Clinical and Hematological Characteristics of Studied Groups

Variable, n (%) Hb S variant 
(group 1) (n = 55)

Controls (group 
2) (n = 60) P- value SCD (group 

1a) (n = 24)
SCT (group 
1b) (n = 31) P-value

Age (years) 0.796 0.041
  Mean ± SD 26.35 ± 9. 85 25.93 ± 11.77 25.96 ± 10.31 30.71 ± 9.73
  Median 26 27 22 29
  Range 18 - 52 18 - 45 18 - 48 18 - 52
Gender 0.193#

  Male 31 (56.4) 26 (43.3) 14 (58.3) 17 (54.8) 0.421
  Female 24 (43.6) 34 (56.7) 10 (41.7) 14 (45.2)
Residence 0.074# 0.863#

  Assiut 18 (32.7) 21 (35) 9 (37.5) 9 (41.9)
  El Minia 1 (1.8) 4 (6.7) 1 (4.2) 0 (0.0)
  Sohag 12 (21.8) 27 (45) 6 (25) 6 (35.5)
  Qena 8 (14.5) 5 (8.3) 1 (4.2) 7 (0.0)
  Luxor 2 (3.6) 0 (0.0) 1 (4.2) 1 (3.2)
  Aswan 3 (5.5) 1 (1.7) 1 (4.1) 2 (3.2)
  Red Sea 5 (9.1) 2 (3.3) 2 (8.3) 3 (6.5)
  New Valley 6 (10.9) 0 (0.0) 3 (12.5) 3 (3.2)
Clinical presentation 0.000#

  Acute hemolysis 11 (20) 9 (37.5) 2 (6.4)
  Painful crisis 9 (16.3) 8 (33.3) 1 (3.2)
  Acute abdomen 4 (7.3) 4 (16.3) 0 (0)
  Anemic manifestations 19 (34.5) 6 (25) 1 (3.2)
  Jaundice 4 (7.2) 3 (12.5) 1 (3.2)
  Acute chest syndrome 2 (3.6) 2 (8.3) 0 (0)
  Obstructive jaundice 7 (12.7) 6 (25) 1 (3.2)
  Accidental discovery 15 (27.2) 0 (0.0) 25 (80.6)
  Nephropathy 3 (5.4) 2 (8.3) 1 (3.2)
  Aplastic crisis 2 (3.6) 2 (8.3) 0 (0)
CBC
  WBCs (× 103/L) 7.72 ± 4.34 7.33 ± 1.75 0.163 8.83 ± 5.30 6.86 ± 3.25 0.502
  RBCs (× 106/L) 5.01 ± 4.93 5.92 ± 0.53 < 0.001 3.78 ± 1.31 5.96 ± 6.34 0.050
  Hb (g/dL) 10.65 ± 3.31 14.22 ± 1.54 < 0.001 9.10 ± 2.20 11.85 ± 3.55 < 0.001
  MCV (fL) 74.67 ± 17.79 85.72 ± 4.32 < 0.001 76.48 ± 9.86 73.27 ± 22.14 0.830
  MCH (pg) 25.10 ± 5.43 28.27 ± 1.20 < 0.001 26.31 ± 4.59 24.17 ± 5.91 0.391
  MCHC (g/dL) 36.21 ± 10.61 32.59 ± 1.26 0.518 31.29 ± 2.14 40.02 ± 12.84 < 0.001
  Hct (%) 35.42 ± 11.77 43.82 ± 3.03 < 0.001 27.23 ± 3.84 41.76 ± 11.96 < 0.001
  Reticulocytes (%) 3.74 ± 2.54 0.9 ± 0.37 < 0.001 4.72 ± 3.12 2.97 ± 1.67 0.045
  Platelets (× 103/L) 300.67 ± 93.84 316.73 ± 60.11 0.149 316.13 ± 82.53 300.67 ± 93.84 0.247
Targeted indices
  MI 20.56 ± 11.14 16.37 ± 2.03 0.046 23.37 ± 10.91 18.09 ± 3.11 0.086
  RDW (%) 17.01 ± 3.86 13.26 ± 0.80 < 0.001 17.01 ± 3.86 16.19 ± 4.22 0.030
  RDWI 353.43 ± 24.80 216.71 ± 26.56 < 0.001 424.99 ± 201.77 298.03 ± 229.09 0.040
  GK 108.37 ± 63.09 69.19 ± 8.72 0.260 127 ± 55.91 93.20 ± 6.49 0.009
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RBCs and MI. Hb levels, MCHC, Hb F, RDW and RDWI were 
considered good to discriminate between SCD and SCT. Hct, 
Hb A and Hb S were considered excellent for discriminating 
SCD from SCT cases: the area under the ROC curve was 0.82, 
0.98, and 0.98 (all P < 0.001), and 95% confidence interval 
(CI) values were 0.69 - 0.94), 0.94 - 1.09, and 0.94 - 1.02, 
respectively. According to the sensitivity, specificity, positive 
and negative predictive values, % of correctly identified pa-
tients, and YI analyses, the cut-off values of Hb A and Hb S in 
SCT cases were > 50% and < 38%, respectively.

An interesting finding is that there was no effect of gender 
on all the above mentioned red cell indices starting from MI up 
to Sir I whether in patients or controls.

Association of the evaluated red cell indices and percent 
of Hb type with disease severity

There were apparently significant negative correlations be-
tween RDWI, MI, GK, RDW, RI, SI, EF, SL, EI, Sir I, and HH 
with Hb levels (as an indicator of disease severity), and signifi-
cant positive correlations between the same indices with Hb F 
and Hb S except for MI, SI, EI, and Sir I that were correlated 
with Hb F only; SL was not correlated with any Hb subtype. 
On the other hand, the RDW only slowed significant positive 
correlation with reticulocyte %, and these results are illustrated 
in Figure 4, I-III.

As expected, there were significant negative correlations be-
tween Hb level (g/dL) and Hb-F and Hb S, and significant posi-
tive correlations between Hb F and Hb S and Hb S and reticu-
locyte count; strikingly no correlations were detected between 
reticulocyte count and Hb levels or Hb F (Fig. 4, IV).

Radiological and biochemical characteristics of the Hb S 
variant cases (SCD patients and SCT subjects)

Figure 5 illustrates the radiological findings of SCD and SCT 

cases of the study, and 87% of SCT subjects were radiologi-
cally normal. Their biochemical profile showed nearly normal 
LFT and kidney function test (KFT) except one case each.

Proposed diagnostic paradigm for identification of SCD 
patients and SCT subjects

Figure 6 illustrates a proposed diagnostic paradigm that could 
help the identification of SCD patients and SCT subjects.

Discussion

SCT is an inherited blood disorder that is commonly symptom-
less, with little or no change in blood counts. However, parents 
pass the disease to their children; moreover, some subjects de-
velop severe complications and sudden death, and the latter is 
more common among soldiers and athletes. Neonatal screen-
ing for SCA is not implemented in many countries worldwide 
[14]. This study was conducted to create a stepwise approach 
that could help hematologists and physicians to identify SCT 
subjects from healthy persons and from SCD patients. This ap-
proach is based on interrogation of both clinical, laboratory and 
radiological characteristics. To do so, three groups of subjects 
(controls, SCD, and SCT) were enrolled in the study, who were 
subjected to clinical, laboratory, and radiological assessments. 
Laboratory tests included CBC, sickle solubility, HPLC, bio-
chemical analysis of bilirubin, liver enzymes, serum creatinine 
and blood urea nitrogen. Radiological assessment was done 
with abdominal US, and other radiological tests such as echo-
cardiography were done according to the clinical presentation 
of each patient.

The homozygous form of Hb S, SCD, leads to vessel oc-
clusion, blood stasis and chronic activation of the coagula-
tion system responsible for vaso-occlusive crises and venous 
thromboembolism (VTE) which may be fatal. Although many 
SCD complications have not been linked to SCT, there are sev-

Variable, n (%) Hb S variant 
(group 1) (n = 55)

Controls (group 
2) (n = 60) P- value SCD (group 

1a) (n = 24)
SCT (group 
1b) (n = 31) P-value

  EF 15.5 ± 22.30 5.94 ± 8.26 0.076 23.79 ± 11.9 9.13 ± 22.67 0.008
  SL 1,569.90 ± 656.78 2,089.21 ± 280.90 < 0.001 1,608.6 ± 638.10 1,539.8 ± 679.80 0.773
  SI 6.90 ± 3.54 5.39 ± 0.60 0.023 8.03 ± 3.94 6.01 ± 2.96 0.017
  RI 4.81 ± 2.55 2.52 ± 0.28 < 0.001 5.43 ± 2.25 4.32 ± 2.68 0.018
  EI 36.06 ± 19.90 32.77 ± 7.34 0.799 38.60 ± 20.46 34.09 ± 19.56 0.164
  Sir I 40.59 ± 17.11 37.78 ± 5.87 1.000 45.39 ± 15.45 36.88 ± 17.64 0.018
  HH 28.90 ± 9.29 20.40 ± 1.26 < 0.001 32.66 ± 8.64 26.00 ± 8.85 0.003

P value was calculated with unpaired sample t-test. *P value was calculated with the Mann-Whitney test. #P value was calculated with the χ2 test. 
P value < 0.05 was considered significant. SCD: sickle cell disease; SCT: sickle cell trait; SD: standard deviation; CBC: complete blood cell count; 
WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean 
corpuscular hemoglobin concentration; Hct: hematocrit; MI: Mentzer index; RDW: red cell distribution width; RDWI: red cell distribution width index; 
GK: Green and King index; EF: England and Fraser index; SL: Shine and Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: 
Sirdah index; HH: Huber-Herklotz index.

Table 1.  Demographic, Clinical and Hematological Characteristics of Studied Groups - (continued)
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Table 2.  T-Test Results of Hematological Parameters of SCT Subjects and Control Group

Participant group Mean SD P value
WBCs (× 103/L) Controls 7.329 1.7476 0.138

SCT 7.048 2.9781
RBCs (× 106/L) Controls 5.296 0.5288 < 0.001

SCT 4.368 1.2013
Hb (g/dL) Controls 14.218 1.5449 0.007

SCT 12.174 3.0627
MCV (fL) Controls 85.732 4.3223 < 0.001

SCT 77.774 11.6808
MCH (pg) Controls 28.273 1.2038 < 0.001

SCT 24.168 5.9053
MCHC (g/dL) Controls 32.592 1.2607 0.008

SCT 40.023 12.8395
Platelets (× 103/L) Controls 316.73 60.106 0.027

SCT 288.71 101.439
Hct (%) Controls 43.82 3.037 0.805

SCT 40.44 9.655
Reticulocytes (%) Controls 0.873 0.3654 < 0.001

SCT 2.974 1.6733
Mentzer index Controls 16.3668 2.02790 0.779

SCT 20.3172 10.53331
RDW index Controls 216.71 26.55909 0.49

SCT 345.52 246.46697
RDW Controls 13.2650 0.80398 0.002

SCT 16.1903 4.22164
GK Controls 69.1987 8.71872 0.514

SCT 93.2031 64.98447
EF Controls 5.9440 8.26077 0.233

SCT 9.1348 22.67161
SL Controls 2,089.21 280.97225 < 0.001

SCT 1,539.93 679.80101
SI Controls 5.3922 0.60189 0.763

SCT 6.0194 2.96136
RI Controls 2.5274 0.27603 < 0.001

SCT 4.3260 2.68780
EI Controls 32.7717 7.34526 0.293

SCT 34.0903 19.56032
Sir I Controls 37.7807 5.87379 0.016

SCT 36.8832 17.64508
HH Controls 20.4038 1.25761 0.001

SCT 26.0023 8.85158

P value was calculated with unpaired sample t-test. SCT: sickle cell trait; SD: standard deviation; WBC: white blood cell; RBCs: red blood cells; 
Hb: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; Hct: 
hematocrit; MI: Mentzer index; RDW: red cell distribution width; RDWI: red cell distribution width index; GK: Green and King index; EF: England 
and Fraser index; SL: Shine and Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index.
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eral physiological pathways that could increase the incidence 
of these adverse outcomes in SCT subjects [11]. This study 
reported some of these complications in SCT patients as hemo-
lytic crises and painful crises but with markedly lower rate than 
among those with SCD. Nevertheless, severe complications as 
acute chest syndrome, acute abdomen, obstructive jaundice 

and aplastic crisis were noticed in SCD patients only. The main 
symptomatology of SCT subjects was with manifestations of 
anemia. Only, nearly 80% of SCT patients were asymptomatic. 
These results were less than those reported by Moez and You-
nan, where 50% of their SCT subjects were symptomatic [15]. 
Moreover, the results were contradictory to many researchers 
and hematology textbooks which consider SCT not a form of 
SCD or, not a disease itself, and that SCT subjects are clini-
cally and hematologically normal. These discrepancies could 
be related to the haplotype or the Hb S fraction in each subject 
as a reciprocal relationship between Hb S and clinical picture 
was reported [27, 28].

Nearly 40% of SCT subjects of this study were not hema-
tologically normal, and they have lower RBCs, Hb, MCV and 
MCH compared with the controls. In accordance with others, 
the anemia in both SCD and SCT subjects was mostly normo-
cytic; also, microcytosis was detected in a considerable pro-
portion of our patients [29]. Interestingly, we reported higher 
MCHC in 40% of SCT subjects compared with SCD and con-
trols, while the MCHC was low in SCD (80%) patients. These 
findings could be explained by a possible concomitant iron 
deficiency anemia which is the most common type of anemia 
in our locality [30-32]. These results were in accordance with 
Akodu et al who found low MCHC in their SCD patients. They 

Table 3.  Differences of Hemoglobin Fractions Between SCT 
Subjects and Control Group

Hb Groups Mean Std. 
deviation

Std. error 
mean P-value

Hb A SCT 62.45 11.45 2.0570 0.000
Controls 96.770 0.5097 0.0658

Hb A2 SCT 3.37 0.47 0.9562 0.009
Controls 2.623 0.2619 0.0338

Hb F SCT 1.400 2.35 0.4229 0.014
Controls 0.61 0.51 0.0650

Hb S SCT 34.78 10.59 1.9412 0.000
Controls 0.000 0.0000 0.0000

Hb: hemoglobin; SCT: sickle cell trait.

Figure 1. Comparison of characteristics of anemia between SCT subjects and SCD patients. Bar graphs show the percentages 
of Hb values (g/dL) (a), RDW value (b), the RBC count (× 106/L) (c), RBC volume (MCV, fL) (d) and chromicity (MCHC, g/dL) (e). 
SCT: sickle cell trait; SCD: sickle cell disease; Hb: hemoglobin; RDW: red cell distribution width; RBC: red blood cell; MCV: mean 
corpuscular volume; MCHC: mean corpuscular hemoglobin concentration.
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explained their findings by the endemicity of malarial infec-
tion in Nigeria. However, they concluded that SCD is a dis-
order with higher MCV and MCH than controls [33]. Mouele 
et al explained the macrocytosis in SCD by the chronic he-

molysis in those patients with higher number of young RBCs 
and high MCV [34]. Another explanation for these conflicting 
results is that, unlike the current study, most of these studies in-
cluded pediatric patients where the rate of hemolysis is higher 

Figure 2. Receiver operating characteristic curves for discriminating cases with Hb S variant (group 1) from healthy controls by: 
(a) RDW, RDWI and Mentzer index, (b) GK, EF and SLI, (c) SI, RI and EI, and (d) Sir I and HH. Hb: hemoglobin; RDW: red cell 
distribution width; RDWI: red cell distribution width index; GK: Green and King index; EF: England and Frazer index; SL: Shine 
and Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index.

Table 4.  Receiver Operating Characteristic Curve Analysis Results and Predictive Values of Evaluated Indices for Differential Diag-
nosis of SCT Subjects and Control Group

Variable AUC (95%) Cut-off Sens 
(%)

Spec 
(%)

PPV 
(%)

NPV 
(%)

% Correct-
ly identified YI P value

MCHC 0.67 (0.52 - 0.81) SCT > 33.5 61% 81% 63% 80% 75% 0.42 0.009
Retics (%) 0.98 (0.96 - 1.02) SCT > 2% 70% 100% 100% 87% 66% 0.70 < 0.001
RDW (%) 0.70 (0.56 - 0.83) SCT > 14% 54% 85% 65% 78% 74% 0.39 0.002
RDWI 0.63 (0.49 - 0.76) SCT > 240% 54% 80% 59% 77% 71% 0.29 0.049
SL 0.82 (0.70 - 0.93) SCT < 1,780 88% 71% 58% 76% 82% 0.59 < 0.001
RI 0.79 (0.68 - 0.90) SCT > 2.8 68% 83% 68% 83% 78% 0.51 < 0.001
Sir I 0.35 (0.19 - 0.50) SCT > 35 26% 52% 22% 58% 43% -0.22 0.016
HH 0.71 (0.58 - 0.84) SCT > 21.5 55% 78% 56% 77% 70% 0.33 0.001

AUC: area under the curve; Sens: sensitivity; Spec: specificity; PPV: positive-predictive value; NPV: negative-predictive value; YI: Youden’s index; 
SC: sickle cell; SCT: sickle cell trait; RBCs: red blood cell; Hb: hemoglobin; MCHC: mean corpuscular hemoglobin concentration; Hct: hematocrit; 
RDW: red blood cell distribution width; RDWI: red blood cell distribution width index; GK: Green and King index; EF: England and Frazer index; SL: 
Shine and Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index.
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Figure 3. Receiver operating characteristic curves for discriminating patients with SCD from subjects with SCT by: (a) Hb, MCHC 
and Hct, (b) Hb A, Hb A2, Hb F and Hb S, (c) RDW, RDWI and Mentzer index, (d) GK, EF and SL, (e) SI, RI and EI, and (f) Sir 
I and HH. SCT: sickle cell trait; SCD: sickle cell disease; Hb: hemoglobin; MCHC: mean corpuscular hemoglobin concentration; 
Hct: hematocrit; RDW: red cell distribution width; RDWI: red cell distribution width index; GK: Green and King index; EF: England 
and Frazer index; SL: Shine and Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: 
Huber-Herklotz index.

compared with adults.
In order to find the best diagnostic index that can sepa-

rate healthy and Hb S variant disorder subjects, ROC curve 
analyses for red cell indices were done for the study partici-
pants. Cut-off value for each index was variable in various 
literatures, which also was clearly different between different 
patient populations. To provide the fairest analysis, we calcu-
lated the optimum cut-off values and computed ROC curve for 
each index. In addition, we applied RBC indices as a simple 
and cheap method for discriminating between SCD and SCT 
subjects. In the current study, significantly lower RBCs, Hb, 
MCV, MCH, and Hct and significantly higher RDW, RDWI, 
SL, RI, and HH could differentiate Hb S variant subjects from 
healthy individuals.

Sahli et al recommended EI, MI and SL to discriminate 
between SCD and SCT [14]. In this study, Sir I and EF had 
good discriminatory power, as well (YI = 87 and 83, respec-
tively). Moreover, MCV, RBC, and MCH had high sensitivity 
and specificity in differentiation between SCD and SCT (Se 
98%, 92% and 79%, respectively and Sp 92%, 92% and 94%, 
respectively) with their new cut-off values of 78.7 fL, 3.36 × 
1012/L and 23.9 pg, respectively. Moreover, SCT subjects had 

a higher Hct, RDW and RDWI than SCD patients, who have 
significantly more severe anemia. When considering gender, 
this study confirmed the findings of others and concluded that 
gender has no effect on the new RBCs indices (from MI to Sir 
I) [14].

The discrimination between the SCD and SCT relies in 
addition to hematological parameters and Hb electrophoresis 
on HPLC and DNA studies which are not available in all labo-
ratories and expensive [35]. HPLC results of this study showed 
significantly higher Hb F in SCD patients compared with SCT 
and control subjects, also Hb F was higher in SCT than con-
trols. This may have resulted from the use of medications, e.g., 
HU, hereditary persistence of Hb F or a characteristic of the 
haplotype [36].

In this study, ROC curve analyses of CBC parameters and 
Hb fractions revealed that the best tests to discriminate SCD 
patients and SCT subjects were Hb A and Hb S, and both re-
mained powerful with an extreme increase in their YI values 
(0.97). The cut-off values to be considered for SCT were > 
50% and < 38%, respectively, followed by Hct, MCHC, Hb 
level, GK and EF (cut-off values for SCT > 33%, > 32 g/dL, > 
11 g/dL, < 71, and < 10, respectively).
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Figure 4. I: Schematic box plots representing the correlations of RDW, RDWI, MI and GKI results with hematological parameters 
among hemoglobin S variant cases. First, correlation between RDW and (a) Hb levels, (b) Hb F, (c) Hb S, (d) reticulocyte count; 
second, correlation between RDWI and (e) Hb levels, (f) Hb F, (g) Hb S, (h) reticulocyte count; third, correlation between Mentzer 
index and (i) Hb levels, (j) Hb F, (k) Hb S, (l) reticulocyte count; fourth, correlation between GK and (m) Hb levels, (n) Hb F, (o) 
Hb S, (p) reticulocyte count. II: Schematic box plots representing the correlations of (a-d) EF, (e-h) SL, (i-l) SI and (m-p) RI re-
sults with hematological parameters among hemoglobin S variant cases. Correlated as indicated in the figure. III: Schematic box 
plots representing the correlations of (a-d) EI, (e-h) Sir I and (i-l) HH results with hematological parameters among hemoglobin 
S variant cases. Correlated as indicated in the figure. IV: Schematic box plots representing correlations of some hematological 
parameters (a-f) among hemoglobin S variant cases. RDW: red blood cell distribution width; RDWI: red blood cell distribution 
width index; MI: Mentzer index; GKI: Green and King index; EF: England and Frazer index; SL: Shine and Lal index; SI: Sriv-
astava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index. r: Spearman rank correlation 
coefficient; P: P value.
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Figure 4 (continued). I: Schematic box plots representing the correlations of RDW, RDWI, MI and GKI results with hematologi-
cal parameters among hemoglobin S variant cases. First, correlation between RDW and (a) Hb levels, (b) Hb F, (c) Hb S, (d) 
reticulocyte count; second, correlation between RDWI and (e) Hb levels, (f) Hb F, (g) Hb S, (h) reticulocyte count; third, correla-
tion between Mentzer index and (i) Hb levels, (j) Hb F, (k) Hb S, (l) reticulocyte count; fourth, correlation between GK and (m) Hb 
levels, (n) Hb F, (o) Hb S, (p) reticulocyte count. II: Schematic box plots representing the correlations of (a-d) EF, (e-h) SL, (i-l) 
SI and (m-p) RI results with hematological parameters among hemoglobin S variant cases. Correlated as indicated in the figure. 
III: Schematic box plots representing the correlations of (a-d) EI, (e-h) Sir I and (i-l) HH results with hematological parameters 
among hemoglobin S variant cases. Correlated as indicated in the figure. IV: Schematic box plots representing correlations of 
some hematological parameters (a-f) among hemoglobin S variant cases. RDW: red blood cell distribution width; RDWI: red 
blood cell distribution width index; MI: Mentzer index; GKI: Green and King index; EF: England and Frazer index; SL: Shine and 
Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index. r: Spearman 
rank correlation coefficient; P: P value.
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Figure 4 (continued). I: Schematic box plots representing the correlations of RDW, RDWI, MI and GKI results with hematologi-
cal parameters among hemoglobin S variant cases. First, correlation between RDW and (a) Hb levels, (b) Hb F, (c) Hb S, (d) 
reticulocyte count; second, correlation between RDWI and (e) Hb levels, (f) Hb F, (g) Hb S, (h) reticulocyte count; third, correla-
tion between Mentzer index and (i) Hb levels, (j) Hb F, (k) Hb S, (l) reticulocyte count; fourth, correlation between GK and (m) Hb 
levels, (n) Hb F, (o) Hb S, (p) reticulocyte count. II: Schematic box plots representing the correlations of (a-d) EF, (e-h) SL, (i-l) 
SI and (m-p) RI results with hematological parameters among hemoglobin S variant cases. Correlated as indicated in the figure. 
III: Schematic box plots representing the correlations of (a-d) EI, (e-h) Sir I and (i-l) HH results with hematological parameters 
among hemoglobin S variant cases. Correlated as indicated in the figure. IV: Schematic box plots representing correlations of 
some hematological parameters (a-f) among hemoglobin S variant cases. RDW: red blood cell distribution width; RDWI: red 
blood cell distribution width index; MI: Mentzer index; GKI: Green and King index; EF: England and Frazer index; SL: Shine and 
Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index. r: Spearman 
rank correlation coefficient; P: P value.
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In accordance with others, this study proved that Hb S 
% is the main determinant of disease severity in SC disor-
der cases [26]. Moreover, the study reported association of 
higher values of RDWI, MI, GK, RDW, RI, SI, EF, SL, EI, 
Sir I, and HH with low Hb (g/dL) levels accordingly denot-
ing more severe disease. Interestingly, the study concluded 
no significant association between reticulocyte percent and 
Hb levels. This could be explained that CBC parameters in 
this study were collected after improvement of hemolytic or 
painful crisis.

Little is found in literature about radiological findings 
of SCT subjects. In this study, the Hb S variant cases were 
screened with abdominal US, and other radiological assess-
ments such as skeletal radiology and echocardiography were 
done according to clinical presentation. Some of radiological 
findings of SCD patients were reported in SCT subjects as 
mild hepatomegaly, calcular cholecystitis, and splenic infarc-
tion. These results were albeit consistent with Naik and his 
colleague who reported incidence of nephropathy, and higher 
risk of venous or arterial thromboembolism in SCT subjects 
[9]. On the other hand, the current study reported incidence of 
dilated right side of the heart, pulmonary hypertension, auto-
splenectomy and necrosis of the neck of femur SCD patients 
only [37].

Figure 4 (continued). I: Schematic box plots representing the correlations of RDW, RDWI, MI and GKI results with hematologi-
cal parameters among hemoglobin S variant cases. First, correlation between RDW and (a) Hb levels, (b) Hb F, (c) Hb S, (d) 
reticulocyte count; second, correlation between RDWI and (e) Hb levels, (f) Hb F, (g) Hb S, (h) reticulocyte count; third, correla-
tion between Mentzer index and (i) Hb levels, (j) Hb F, (k) Hb S, (l) reticulocyte count; fourth, correlation between GK and (m) Hb 
levels, (n) Hb F, (o) Hb S, (p) reticulocyte count. II: Schematic box plots representing the correlations of (a-d) EF, (e-h) SL, (i-l) 
SI and (m-p) RI results with hematological parameters among hemoglobin S variant cases. Correlated as indicated in the figure. 
III: Schematic box plots representing the correlations of (a-d) EI, (e-h) Sir I and (i-l) HH results with hematological parameters 
among hemoglobin S variant cases. Correlated as indicated in the figure. IV: Schematic box plots representing correlations of 
some hematological parameters (a-f) among hemoglobin S variant cases. RDW: red blood cell distribution width; RDWI: red 
blood cell distribution width index; MI: Mentzer index; GKI: Green and King index; EF: England and Frazer index; SL: Shine and 
Lal index; SI: Srivastava index; RI: Ricerca index; EI: Ehsani index; Sir I: Sirdah index; HH: Huber-Herklotz index. r: Spearman 
rank correlation coefficient; P: P value.

Figure 5. Radiological findings of SCD and SCT cases of the study. 
SCT: sickle cell trait; SCD: sickle cell disease.
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Neonatal screening helps to determine the early signs of 
the Hb S variant disorder and reduces morbidity and mortal-
ity by early comprehensive care and prophylactic treatment 
[38]. Neonatal screening is not available in many countries 
[39]. Moreover, intrauterine screening seems impractical in 
countries where traditions and religious values prohibit abor-
tion. Moreover, SCT may be the leading cause of exercise-re-
lated morbidity and sudden death, particularly under extreme 
conditions. This assumption was supported by the work of 
Nelson and Anzalone and their co-workers [40, 41]. This mo-
tivated us to develop a diagnostic algorithm of Hb S variant 
disorders, mainly SCD and SCT. It includes the differentia-
tion between hereditary and acquired causes of other hemo-
lytic anemias, which can present with similar symptoms and 
signs. Firstly, a careful medical history of the patient and his 
family should be obtained. Hematological parameters, red 
cell indices, microscopic blood smear examination and the 
direct antiglobulin test (DAT) are essential for diagnosis, par-
ticularly in many hereditary and acquired forms. Measure-
ment of Hb fractions is important to distinguish SCT from 
SCD. Although, the distinction is not always evident and 
needs more investigation as HPLC followed by family and 
DNA studies.

Conclusions and future work

This study concluded that SCT should not be considered a 
harmless condition. It provided a full scenario of SCT for he-
matologists and physicians and created a simplified approach 
for SCT. As mass screening for SCT seems of little benefit, 
our approach helps easy identification of SCT in daily prac-
tice; this could be followed by counseling for couples. This 
study provokes the use of simplified discriminatory indices be-
tween SCD and SCT, allowing 100% of correctly diagnosing 
patients. These indices can be used as a very good screening 
method provided that the cut-off values are correctly identified 
for the studied population.

Now a perplexed inquiry could be why this study reported 
clinical, radiographical and hematological abnormalities in the 
study SCT subjects? A possible answer would be the severity 
of the haplotype in the study locality (Benin haplotype) [15]. 
Other explanation could be related to the environmental and so-
cial circumstances of those cases where some of them were liv-
ing in Oasis and rural areas with higher temperature and rocky 
hills, which in turn expose subjects to dehydration and hypo-
oxygenation. Furthermore, in those areas, people usually incor-

Figure 6. Diagnostic algorithm for identification of SCD and SCT. SCT: sickle cell trait; SCD: sickle cell disease; HHA: hereditary 
hemolytic anemia; CBC: complete blood cell count; PBS: peripheral blood smear; AIHA: autoimmune hemolytic anemia; MAHA: 
microangiopathic hemolytic anemia; TTP: thrombotic thrombocytopenic purpura; HUS: hemolytic uremic syndrome; PNH: par-
oxysmal nocturnal hemoglobinuria.
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porated in tedious jobs as mining and raising animals [11, 42].
It is known that screening tools for SCD include CBC, 

peripheral blood smear, sickling test, Hb electrophoresis, and 
HPLC, and genetic studies are confirmatory tests, but they are 
not available in many centers, and require specialized person-
nel [43]. This study provided a simple tool for screening for 
SCD in addition to SCT.

The limitation in our study was none of the proposed in-
dices had both 100% Se and 100% Sp to discriminate SCD 
from SCT. However, the combination of more than two indi-
ces would improve the results performance and raise the YI to 
100%.

Based on the findings of this study, we recommended fur-
ther long-term follow-up studies for cases of SCT to have an 
accurate understanding of this neglected hematological disor-
der.

Supplementary Material

Suppl 1. Receiver operating characteristic curve analysis re-
sults and predictive values of the evaluated indices for the dif-
ferential diagnosis of hemoglobin S variant cases (sickle cell 
disorder) and the control group.
Suppl 2. Receiver operating characteristic curve analysis re-
sults and predictive values of the evaluated indices for the dif-
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