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How to Reach Rapid Diagnosis in Sickle Cell Disease?
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Abstract

Objective: Sickle cell disease (SCD) is a common hereditary disease in Iran. In developed
countries, newborn screening programs have been established to ensure early diagnosis, but in
most developing countries, screening is not performed and the diagnosis is often delayed. The
aim of the present work was to investigate the clinical presentation of SCD in Iran and
comparison of its hematologic indices with normal children.

Methods: The study included 44 pediatric patients (26 boys and 18 girls) with sickle cell
anemia (SS), 27 sickle /B°-thalassemia (SB°), and 21 sickle /B+-thalassemia (Sf*). Fifty seven
healthy individuals matched with the patients were randomly selected as controls.

Findings: Mean age at diagnosis in SS group was 4.3 years. At the time of diagnosis all patients
were anemic, 89% complained of painful crises. Hemoglobin(Hb) concentration, red blood cell
(RBC) count and HbxRBC product in SS group was significantly lower than in control group
(P<0.001), mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) showed
no significant differences. HbxRBC product below 45 and MCH/RBC above 7 have the best
sensitivity and specificity for differenting SS group and the control normal group (91 and 98%
for HbxRBC and 89 and 100% for MCH/RBC respectively). Mean age at diagnosis in SB* group
was higher than in SS and SB° groups (7.45 year vs 4.26 and 4.25 year) (P<0.001). In addition,
SB° and SB* groups had significantly lower MCV, MCH, and HbxRBC indices compared with
control group.

Conclusion: We suggest that in an anemic patient with history of pain crises, normochrome
normocytic anemia, HbxRBC <45 and MCH/RBC =7, SCD should be considered and the patient
evaluated accordingly to confirm the diagnosis.
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Introduction

Sickle cell disease (SCD) is an autosomal
recessive genetic disease that results from the
substitution of valine for glutamic acid at
position 6 of the B-globin gene, leading to
production of a defective form of hemoglobin,
hemoglobin S (Hb S)[tl. SCD is a common reason
urging patients of African descent to seek
emergency medical care. In Iran B-thalassemia
and sickle cell disorders are among common
genetic disorders affecting red blood cells[23l.

High prevalence of (-thalassemia (around
10%) is found in Northern provinces
neighboring Caspian Sea and Southern provinces
neighboring Persian Gulf. The prevalence of (3-
thalassemia alleles has been estimated to be 4-
8% in other parts of Iranl24l. In South Iran the
prevalence of sickle cell trait has been estimated
to be around 1.43% and sickle cell anemia
0.1%fM31.  Although  knowledge of the
pathophysiological basis for sickle cell anemia
has led to advances in its treatment, emergency
physicians remain challenged by its varied
clinical presentations, including vasoocclusive,
hematologic, and infectious crises.

Patients who are heterozygous for the Hb S
gene are carriers of the condition. Under
stressful conditions, carriers may display some
clinical manifestations (eg, severe hypoxia).

Homozygotes for B5 (azB2: Glu—Val) have a
serious illness that generally shortens life
spanl>6l. The severity of combined heterozygote
condition known as Hb S/B-thalassemia is
variable depending on the amount of Hb A
production. Patients with S/B0-thalassemia are
almost similar to patients with sickle cell
anemia, but can be identified by the presence of
microcytosis, elevated Hb A, concentration and
family study!’. The clinical manifestations of
these various forms of SCD are diverse and often
diagnosed delayed in pediatric patients. The aim
of the present work was to investigate the
clinical presentation of SCD in Iranian patients
and to compare hematologic indices with those
of normal children.

Subjects and Methods

Patients and controls: The study included 44
sickle cell anemia (SS), 27 sickle/°-thalassemia
(SB°), and 21 sickle/B*-thalassemia (SB*)
pediatric  patients. Diagnosis based on
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hemoglobin electrophoresis of the patients and
their parents. Patients were aged below 17
years, with an average of 8.01+6.51 years. We
excluded iron deficiency anemia and recently
(under three months) transfused patients. Fifty
seven age and sex matched healthy individuals
with normal hematological indices, ferritin level
and Hb electrophoresis were randomly selected
as controls. All of them originated from South
Iran. This study was approved by ethics
committee of Jundishapour University of Ahvaz
Medical Sciences. Informed consent was
obtained from parents of the subjects.
Hematological indices: Fasting blood samples
were collected in EDTA tubes and used for
determination of hematological indices including
Hb concentration, mean corpuscular volume
(MCV), mean corpuscular Hb (MCH), mean
corpuscular Hb concentration (MCHC) and red
blood cell (RBC) count using a cell counter. Red
blood cells were washed 3 times with cold saline
and hemolyzed by addition of cold distilled
water. Hemolysate was applied onto a cellulose
acetate membrane and electrophoresis was
performed at alkaline pH using Tris/EDTA/
borate buffer (pH 8.6). Citrate agar gel
electrophoresis was done using agar gel plates
and citrate buffer at pH 6.0. Sickle cell phenotype
was diagnosed wusing cellulose acetate
electrophoresis at alkaline and citrate agar gel
electrophoresis at acid pH and also by solubility
testl8l. Hb A; was determined by microcolumn
chromatography elution wusing the anion
exchange resin diethyaminoethyl (DEAE)
cellulose (Whatman DE-52 microgranular per-
swollen) with glycin-KCN developer(®l.
Statistical analysis: Data were analyzed using
SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
All the variables were compared using Student’s
t-test, ANOVA analysis, and chi-squared test (for
the quantitative and qualitative variables,
respectively). Fisher’s exact test served to
evaluate the relation between two binary
variables. Quantitative variables are provided as
mean (£SD). In addition, the risk is expressed as
OR with 95% CI and P-values <0.05 are regarded
as being statistically significant

Findings

Mean age at diagnosis in SS group (26 boys and
18 girls) was 4.3 years. At the time of diagnosis
all of them had anemia. History of painful crises
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Table 1: Hematological indices for patients and control groups

MCH MCHC

HbxRBC

MCH/RBC

RBC
(x1072/1)

SS 44 8752122 3.05%0.682b 88.56+7.79b

SB° 27 8.75:1.802 4.17+0.71 65.30+5.86

SB+ 21 8791852 4.22:0.82 63.95%6.362

NL 57 13.09#1.15 4.76%0.36 84.56+4.37

(pg) (g/dD)

29.34+2.82b 33.14£2.89 27.99+11.602c 10.33+3.772b
21.22+1.47a 33.29%¥1.71 36.96+12.992 5.30+0.90
21.28+2.232 32.42+3.29 38.51x14.222  5.30%1.54
27.43+1.80 32.53£1.45 62.63%+9.51 5.79+0.62

a Statistically significant at P<0.001 compared with NL group.

b Statistically significant at P<0.001 compared with S° and S+ groups.

¢ Statistically significant at P<0.05 compared with SB° and S+ groups.

Hb: hemoglobin/ RBC: Red blood cell/ MCV: Mean corpuscular volume/ MCH; Mean corpuscular Hb/

MCHC: Mean corpuscular Hb concentration

was found in 39 cases (89%), splenomegaly in
70% (six of them were splenectomized). Hb
concentration, RBC count and HbxRBC product
in SS group were significantly lower than in
control group [(8.75g/dl vs 13.09 g/dl),
(3.05x1012/L vs. 4.76 x1012/L) and (27.99 vs
62.63), respectively] (P<0.001); MCV and MCH
had no significant differences (Table 1).

We found that HbxRBC product below 45 and
MCH/RBC above 7 have the best sensitivity and
specificity to differentiae SS group and the
control group (Fig 1 and Table 2).

We also compared the hematological indices
between SS, SB° and SB* groups. Mean age at
diagnosis in SB* group was higher than in SS and
SB° groups (7.45 years vs 4.26 and 4.25 years)
(P<0.001). Age of diagnosis was not significantly

different between SS and SB° groups (Table 3).
Prevalence of splenomegaly showed also no
significant difference in the three groups.

Hb S was significantly higher in SS and SB°
groups than in S+ group (81.44%, 74.78% and
67.28% respectively) and mean HbA2 in SS
group was significantly lower than in SB° and SB*
groups (2.23% vs 3.37% and 3.38%), but mean
Hb F value had no significant differences among
the groups ( Table 3).

In SS group, RBC and HbxRBC product were
significantly lower than in SB° and SB* groups
[(3.05x1012/L. vs 4.17 and 4.22x10'2/L) and
(27.99 vs 36.39 and 38.51) respectively]. In
contrast, SS group had significantly higher MCV
and MCH and MCH/RBC indexes compared with
SB° and SB* groups [(88.56 fl vs 65.30 and 63.95
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Fig. 1: Sensitivity and Specificity of hemoglobin (Hb)x Red Blood Cell (RBC) product and Mean
corpuscular Hb/RBC in sickle cell anemia group
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Table 2: The value of HbxRBC product and MCH/RBC indices in all groups

Groups Sensitivity (%)  Specificity (%) OR (95% CI)
HbxRBC < 45 SS 91 98 4 (0.45-35.79)
Sp° 76 98 5(0.58-42.80)
SB* 86 98 2 (0.18-22.08)

MCH/RBC =7 SS 89 100 Infinity

Hb: hemoglobin/ RBC: Red blood cell/ MCH: Mean corpuscular/ SS: sickle cell anemia/
OR: Odds Ratio/ CI: Confidence Interval/ SB°: sickle/B°-thalassemia/ SB*: sickle/B+-thalassemia

fl), (29.34 pg vs 21.22 and 21.28 pg) and (10.33
vs 5.30 and 5.30) respectively] (Table 1).
However, MCH/RBC index showed no significant
difference between Sf3°, SB+, and control groups.
SB° and SB* groups had significantly lower
MCV, MCH, and HbxRBC indices compared with
control group [(65.30 and 63.95 fl vs 84.56 fl),
(21.22 and 21.28 pg vs 27.43 pg), and (36.69 and
38.51 vs 62.63), respectively]. Hb concentration,
RBC count, MCV, MCH, MCHC, HbxRBC, and
MCH/RBC indices had no significant differences
in SB° and SB* groups. Also, changes of MCHC in
patients and control groups were not significant.

Discussion

SCD is a major public health concern that has
great impact on both individuals and society. The
annual birth rate worldwide is over 200,000,
with more than 90% of cases being in Africall9l.
Mortality associated with this disease is high
despite knowledge of the pathophysiologyl11.12]
and treatment of the various forms of crisis.
Mortality from the disease is highest in the first 5

years of life, with approximately 50% of deaths
occurring in the second 6 months of lifel13-17],
Acute infections and severe anemic
sequestration are responsible for most of these
deaths(t618], For most affected children, the
parents are usually unaware of the presence of
the disease; the diagnosis is sometimes made
post mortem(!3]. In developed countries,
newborn screening programs have been
established to ensure early diagnosis and thus
early enrolment into a comprehensive
healthcare programl!®-24], but this screening is
not performed in Iran and in most developing
countries. The clinical manifestations of
homozygote sickle cell anemia (SS) are diverse,
and diagnosis is often delayed in pediatric
patients. Acute painful episodes are the most
common symptom and cause of hospital
admissionl1925l, More than 70% of individuals
with SCD, especially patients with Hb SS, suffer
from painful crisisf2¢l. Although all of our SS
patients were anemic, the chief complaint was
mostly painful crisis and in most of them sickle
cell disease was diagnosed during workup of
septic arthritis, juvenile rheumatoid arthritis,
acute abdominal diseases or after abdominal
surgery. This is more common than that in

Table 3: Diagnosis age and amount of hematological indices in patients

Diagnosis age

Groups (vr) Hb A (%)
SS 4.26+3.91 0
Sp° 4.25+3.74 0
Sp* 7.45+4.93¢ 8.69+7.93

Hb Az (%) Hb S (%) Hb F (%)
223+1.100  81.44£13.050  17.15¢13.57
3.37+1.12 74.78+9.36 21.03+9.36
3.85:1.35  67.28+15.11°  16.476.87

a Statistically significant at P<0.05 compared with two other groups.

b Statistically significant at P<0.001 compared with SB° and SB+ groups.

¢ Statistically significant at P<0.001 compared with SS and Sf3° groups.

Hb: hemoglobin/ SS: sickle cell anemia/ SB°: sickle/B°-thalassemia/ SB+: sickle/B+-thalassemia
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CSSCD (cooperative study of sickle cell disease)
and Telfer studies[2527]; it could be due to lower
prevalence of SCD in our population and its late
diagnosis.

Mean age at diagnosis in our SS group was 4.3
years and some of them were diagnosed in
workup for painful crisis. Gill et al found a mean
age of 4.9128] years and Miller et al 3.5 years[27] in
their patients.

This age was similar to individuals with Sf3°,
because of high similarity of its clinical
manifestations to SCD. Mean age at diagnosis
was significantly lower than in individuals with
Hb SB*. This may be due to lower incidence of
painful crises and sickling phenomena due to
this small amount of Hb A. Also, other studies
indicated that the outcome of Hb S+ is better
than that of Hb SS and Hb S°[27.29],

Sickle cell anemia causes a chronic form of
anemia which can lead to fatigue. The sickled red
blood cells are prone to breakage (membrane
rupture) which causes a much shorter life span
of these cells. Anemia and splenomegaly were
common findings in our cases. Some of them
were splenectomized.

Hematological  indices  revealed  that
individuals with Hb SS have low Hb, RBC count,
and HbxRBC, high MCH/RBC and equal to high
MCV and MCH values compared with normal
individuals. Thus, these patients had
normochrome normocytic anemia. In an earlier
study higher MCV and MCH levels among the
Jamaican SS patients have been reported as
compared to the normal (AA) controls[39). In this
study, we used the HbxRBC and MCH/RBC for
the first time and both of them revealed valuable
in differentiating SCD patients and the normal

group.

Conclusion

We suggest that if a patient has painful crisis
with normochrome normocytic anemia, HbxRBC
<45, and MCH/RBC =27, the SCD should be
considered and more comprehensive tests such
as Hb electrophoresis or sickle preparation test
should be performed to establish an exact
diagnosis. Furthermore, SB° and SB* patients

have significantly lower MCV, MCH, and HbxRBC
indices; thus in patients with painful crisis and
hypochrome microcytic anemia, these two
diseases should not be forgotten.

The limitation of this study was simultaneous
iron deficiency anemia and previous transfusion
that were seen in numerous patients and we
excluded about half of cases, so further
investigations on larger number of individuals
with sickle cell disease are helpful to support our
findings.
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