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Background: Effective treatment and management of sickle cell disease (SCD) has been a
challenge in Africa over the years. Hematological parameters are very useful profiles in the
effective management of the disease. However, there is scarcity of studies on the hematologi-
cal parameters of SCD in Ghana. This study aimed at determining hematological parameters
among SCD patients with vaso-occlusion, those in the steady state as well as healthy controls
at a teaching hospital in Ghana.

Methodology: This was a cross-sectional study involving a total of 628 subjects, including
148 HbAA controls, 208 HbSS patients in steady state, 82 HbSC patients in steady state, 156
HbSS patients in vaso-occlusive crises (VOC), and 34 HbSC patients in VOC. Venous blood
sample was collected from all study participants. A full blood count was done within 2 hours
of collection, and hemoglobin (Hb) concentration, packed cell volume, red blood cell (RBC)
concentration, mean corpuscular Hb, mean cell volume, mean corpuscular Hb concentration,
and white blood cells (WBC) and platelet (PLT) counts were recorded.

Results: WBC and PLT counts were significantly higher in both female and male patients with SCD,
compared with their healthy counterparts (P<0.05). The level of WBC was, however, significantly
higher in patients with HbSS VOC among the SCD patients (P<0.001). Levels of Hb, RBC, and
hematocrit were significantly higher in the controls (P<0.001). There was no significant difference in
mean cell Hb among male patients with SCD (P=0.274) and female patients with SCD (P=0.5410).
Conclusion: The SCD patients had lower Hb and RBC than the controls; however, higher PLT
and WBC are noted in various status of SCD, possibly reflecting spleen effect in these patients.
Further studies are needed to confirm these findings.
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Introduction

Sickle cell disease (SCD) is the most common inherited disease in Africa, which leads
to public health issues at places with populations of African ancestry or descent." It
is a major cause of morbidity and mortality in Africa.? Two percent of all births in
Ghana are born with SCD.? The disease refers to varied genetic disorders associated
with structurally abnormal hemoglobin (Hb), which results in the episodic formation
of sickle-shaped red blood cells (RBCs) and several clinical manifestations.* The
common characteristic features in the pathophysiology of SCD are vaso-occlusion
and chronic hemolytic anemia.’ SCD is often characterized by marked inflammation,
leukocytosis, leukocyte activation, and potentially increased leukocyte adhering to
the vascular endothelium.® This leukocyte adhesion to the endothelium could itself
promote vaso-occlusion,” which is the hallmark of SCD.*
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A previous report indicated that SCD patients have
elevated white blood cell (WBC) counts,®®® activated
granulocytes, monocytes, and endothelial cells, enhanced
expression of endothelial cell adhesion molecules, elevated
cytokine levels and elevated acute-phase reactants.” More-
over, another study has reported that the use of drugs, such
as Hydroxyurea, lowers WBC count and thus improves
the clinical outcome of SCD patients.!® Anemia, which is
generally observed in SCD patients, is a reflection of an
overall severity of SCD."" While higher counts or values
of Hb are linked with higher rates of severe pain in SCD
patients,'? lower steady-state Hb usually accounts for higher
risk of stroke in these same patients.'' Previous reports have
demonstrated that high leukocyte count appears to be a risk
factor for several severe complications of SCD, such as rates
of severe pain,'? acute chest syndrome,'* and mortality.'
The study by Balkaran et al'> established an association
of increased WBC with cerebrovascular accident. Another
study among SCD children in Nigeria reported that leuko-
cytosis and neutrophilia are related to disease severity.!¢
The hematological profile of Ghanaian SCD patients has
not been studied extensively in recent years. Findings from
such work may provide a predictive data of SCD patients’
hematological parameters in Ghana as well as contribute to
the improvement of SCD management. The current study
aimed at determining hematological parameters among
SCD patients with vaso-occlusion, those in the steady state
as well as healthy controls at a teaching hospital in Ghana.

Materials and methods

The study was conducted at the Korle Bu Teaching Hos-
pital (KBTH), Accra, Ghana after the study protocol was
approved by the Ethical and Protocol Review Committee of
University of Ghana Medical School. Written informed con-
sents were obtained from subjects. Consent was also sought
from the parents/guardians of the children recruited into the
study by signing a written informed consent agreement. The
study involved 628 male and female HbSS and HbSC SCD
patients in vaso-occlusive crises (VOC) and steady states
receiving care at the Center for Clinical Genetics (Sickle
Cell Clinic) and healthy HbAA controls, from February
2013 to May 2015. This clinic attends to sickle cell individu-
als aged 13 years and above. The control group (HbAA) was
recruited from voluntary blood donors at the Accra Area
Blood Center for National blood transfusion at the Korle-
Bu Teaching Hospital, Accra, who consented to participate
in the study. An established laboratory diagnosis of SCD
was necessary for eligibility for enrollment. Steady state
was clinically defined as a patient who has been well and

has not been in crisis for at least 2 weeks.'” Vaso-occlusive
crisis was clinically defined as pains in the bones, muscles,
and joints not attributable to any other cause and requiring
parenteral analgesia and hospitalization at the Center for
some hours.!” Patients with other conditions that may affect
hematological indices such as renal failure, pregnancy, and
recent blood transfusion 3 months prior to the study were
excluded from the study.? Five milliliters of venous blood
sample was collected from the antecubital veins of par-
ticipants by venepuncture into EDTA tubes. Samples were
thoroughly mixed to prevent cell lysis and coagulation. A
full blood count (FBC) was done within 2 hours of collec-
tion using labsystem Multiskan MS (Amisham Bioscience
Ltd., Chalfont, UK). This is a three-part autoanalyzer which
runs 19 parameters per sample including Hb concentration,
packed cell volume, RBC concentration, mean corpuscular
Hb, mean cell volume, mean corpuscular Hb concentration,
WBCs, and platelet (PLT) parameters.

Statistical analysis

The data were entered into SPSS version-20 software.
Frequency tables were generated for nominal and ordinal
variables. The results were expressed as mean+SD. Student’s
t-test was used to compare means differences between males
and females. ANOVA with a Bonferroni post hoc test was
used to compare the values between more than two groups.
Statistical significance was considered at P<0.05.

Results

Characteristics of study subjects

A total of 628 subjects were recruited for this study. This
was made up of 148 HbAA controls (93 males, 55 females)
with a mean age of 31.9£10.0 years, 208 HbSS patients in
steady state (110 males, 98 females) with a mean age of
25.5149.7 years, 82 HbSC patients in steady state (30 males,
52 females) with a mean age of 34.9+14.1 years, 156 HbSS
patients in VOC (64 males, 92 females) with a mean age of
26.219.4 years, and 34 HbSC patients in VOC (12 males, 22
females) with a mean age of 32.4£12.0 years.

Hematological parameters of male and
female HbSS in steady state

Females had significantly higher mean cell volume (MCV;
P=0.0411), mean cell hemoglobin (MCH; P=0.0145), and
mean cell hemoglobin concentration (MCHC; P=0.0205)
than males in steady state; however, red cell distribution
width (RDW; P=0.0431) and WBC counts (P=0.0016) were
significantly higher in males compared with females. The
mean differences in Hb, hematocrit (HCT), RBC, mean
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platelet volume (MPV), platelet distribution width (PDW),
platelet (PLT) count, and plateletcrit (PCT) were not signifi-
cant between males and females (P>0.05; Table 1).

Hematological parameters of male and
female HbSS in VOC

There were significantly lower Hb (P=0.0035), HCT
(P=0.0034), RBC (P=0.0015), RDW (P=0.0048), and WBC
(P=0.0012) in females than males except MCV (P<0.001).
However, the mean differences in MPV, MCV, MCH, MCHC,
PDW, PLT, and PCT were not significant (P>0.05) between
both genders in VOC (Table 2).

Hematological parameters of male and
female HbSC in steady state

There were significantly lower Hb (P<0.001), HCT
(P<0.001), RBC (P=0.0001), and PDW (P=0.0117) in
females than males except WBC (P=0.0219) in steady state
(Table 3). In VOC, differences in means of hematological

parameters were not significant (P>0.05) between males
and females (Table 3).

A comparison of hematological
parameters between healthy controls,
HbSS, and HbSC male patients with sickle
cell disease in steady state and in VOC
The mean Hb, HCT, RBC, MCHC, RDW, and MPV were
significantly higher in HbAA than in HbSS and HbSC in
steady state and VOC (P<0.001). However, PLT, PCT, and

Table 1 Hematological parameters of male and female HbSS
patients in steady state

WBC were significantly higher in HbSS and HbSC male
patients than in HbAA (P<0.001). The mean differences in
MCYV, MCH, and PDW were not significant between SCD
patients and healthy controls (#>0.05; Table 4).

A comparison of hematological parameters
between healthy controls, HbSS, and HbSC
female patients with sickle cell disease in
steady state and inVOC

The mean Hb, HCT, RBC, MCYV, RDW, and MPV were sig-
nificantly higher in HbAA female patients than in HbSS and

Table 2 Hematological parameters of male and female HbSS
patients in VOC

Parameters Male (n=64) | Female (n=92) | P-value
(meantSD) (meantSD)

Hb (g/dL) 9.24+1.67 8.42+1.68 0.0035"
HCT (%) 28.37+6.01 25.58+5.74 0.0034"
RBC (10¢/mm?) 3.50+0.89 3.05+0.87 0.0015*
MCV (um?) 82.59+9.45 85.50+9.45 <0.001"
MCH (pg) 27.5046.95 28.40+4.02 0.3078
MCHC (g/dL) 33.03+4.92 33.1141.69 0.8848
RDW (%) 18.56+2.89 17.39+2.20 0.0048"
MPV (um?’) 7.65+0.81 7.62+0.70 0.8213
PDW (%) 13.19+3.01 13.53+2.74 0.4707
PLT (10%/mm?) 439.34£158.77 | 459.09+193.64 | 0.5019
PCT (%) 0.34%0.12 0.35+0.14 0.6394
WBC (10¥/mm?) 16.24+7.37 13.01+4.83 0.0012"

Note: *Significant.

Abbreviations: HCT, hematocrit; Hb, hemoglobin; MCH, mean cell hemoglobin;
MCHC, mean cell hemoglobin concentration; MCV, mean cell volume; MPV, mean
platelet volume; PCT, plateletcrit; PDWV, platelet distribution width; PLT, platelets;
RBC, red blood cell; RDVV, red cell distribution width; WBC, white blood cells;
VOC, vaso-occlusive crises.

Table 3 Hematological parameters of male and female HbSC
patients in steady state

Parameters Male (n=110) | Female (n=98) | P-value Parameters Male (n=30) | Female (n=52) | P-value
(meantSD) (meantSD) (meantSD) (meantSD)

Hb (g/dL) 8.53t1.61 8.31+1.57 0.3128 Hb (g/dL) 12.51+1.33 10.74+1.73 <0.001"
HCT (%) 25.8245.15 24.84+5.18 0.1705 HCT (%) 39.8314.63 33.02+7.08 <0.001"
RBC (10%mm?) 3.06+0.71 2.89+0.77 0.0892 RBC (10%/mm?) 4.82+0.49 4.04+0.94 0.0001"
MCV (um®) 84.97+8.47 87.441+8.83 0.0411" MCV (um?) 82.90+5.15 81.9618.53 0.5860
MCH (pg) 28.20+3.51 29.42+3.60 0.0145" MCH (pg) 26.02+1.83 26.61+2.26 0.4225
MCHC (g/dL) 33.12+1.46 33.59+1.44 0.0205" MCHC (g/dL) 30.02+1.83 31.86%1.15 0.308
RDW (%) 18.56+2.54 17.8212.68 0.0431" RDW (%) 14.97+1.35 15.01+2.58 0.9367
MPV (um?®) 7.47+0.69 7.3240.70 0.1197 MPV (um?3) 8.32+1.01 8.23%1.01 0.9657
PDW (%) 13.92+2.26 14.10+1.96 0.5275 PDW (%) 14.23+2.23 12.66+2.89 0.0117°
PLT (10%/mm?3) 466.33+121.39 | 461.95+160.55 0.8236 PLT (10°/mm?3) 289.64+18.31 322.87420.70 0.2492
PCT (%) 0.3540.10 0.3310.11 0.3045 PCT (%) 0.2340.08 0.2610.09 0.1980
WBC (10*/mm?) 12.18+3.56 10.69+3.11 0.0016" WBC (103 /mm?) 6.87+1.77 9.32+2.56 0.0219"

Note: *Significant.

Abbreviations: HCT, hematocrit; Hb, hemoglobin; MCH, mean cell hemoglobin;
MCHC, mean cell hemoglobin concentration; MCV, mean cell volume; MPV, mean
platelet volume; PCT, plateletcrit; PDW, platelet distribution width; PLT, platelets;
RBC, red blood cell; RDW, red cell distribution width; WBC, white blood cells.

Note: *Significant.

Abbreviations: HCT, hematocrit; Hb, hemoglobin; MCH, mean cell hemoglobin;
MCHC, mean cell hemoglobin concentration; MCV, mean cell volume; MPV, mean
platelet volume; PCT, plateletcrit; PDWV, platelet distribution width; PLT, platelets;
RBC, red blood cell; RDW, red cell distribution width; WBC, white blood cells.
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HbSC patients in steady state and VOC (P<0.001). However,
PLT, PCT, and WBC were significantly higher in the HbSS
and HbSC females in VOC and steady state than the controls
(P<0.001). The mean differences in MCH and MCHC were
not significant between the SCD patients and healthy controls
(P>0.05; Table 5).

Discussion

Hematological features and clinical severity of SCD are influ-
enced by gender, genetic, and environmental factors. The pres-
ence of a-thalassemia, variation in Hb F level, and the specific

haplotype background that is linked to the 3 globin gene
play an important role in the severity of disease.'® This study
highlights the association of hematological parameters with
SCD vaso-occlusion in Ghana. Several reports indicate that
changes in hematological parameters may account for clinical
complications observed in patients with SCD.!%215 Therefore,
good management of SCD can be achieved when hematologi-
cal parameters are regularly evaluated and the causes for the
changes in the hematological parameters rectified.

As expected, it was observed that WBC and PLT counts
were generally higher in SCD patients compared with their

Table 4 A comparison of hematological parameters between healthy controls, HbSS, and HbSC male patients with sickle cell disease

in steady state and in VOC

Parameters Control HDbSS steady HbSC steady HbSS VOC HbSC VOC P-value

(n=93) state (n=110) state (n=30) (n=64) (n=12)

(meantSD) (meanSD) (meanSD) (meantSD) (meanSD)
Hb (g/dL) 15.38+3.68 8.53+1.61 12.51+1.33 9.24+1.67 12.10£1.63 <0.001*
HCT (%) 42.20+6.51 25.8245.15 39.83+4.63 28.3746.01 38.35+4.37 <0.001"
RBC (10%mm?3) 5.14+0.82 3.06+0.71 4.8210.49 3.50+0.89 4.45+0.53 <0.001"
MCV (um?) 82.62+6.09 84.97+8.47 82.90+5.15 82.59+9.45 84.4216.20 0.185
MCH (pg) 27.44+2.67 28.20+3.51 26.02+1.83 27.5046.95 27.20+2.04 0.274
MCHC (g/dL) 33.18%1.36 33.12+1.46 30.02+1.83 33.03+4.92 32.24+0.58 <0.001"
RDW (%) 18.91£13.25 18.56+2.54 14.97+1.35 18.56+2.89 15.43t1.16 <0.001"
MPV (um?) 9.09+1.38 7.4710.69 8.32+1.01 7.65+0.81 7.8810.77 <0.001"
PDW (%) 13.76+1.92 13.9242.26 14.23+2.23 13.1943.01 13.4242.22 0.0900
PLT (10%/mm?) 224.22+61.17 466.33£121.39 289.64+18.31 439.34+158.77 238.56+109.94 <0.001"
PCT (%) 0.18+0.07 0.3540.10 0.23+0.08 0.3410.12 0.1940.07 <0.001"
WBC (10%/mm?®) 531111 12.18+3.56 6.87+1.77 16.24+7.37 9.78+2.09 <0.001"

Note: *Significant.

Abbreviations: HCT, hematocrit; Hb, hemoglobin; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; MCV, mean cell volume; MPV, mean platelet
volume; PCT, plateletcrit; PDWV, platelet distribution width; PLT, platelets; RBC, red blood cell; RDW, red cell distribution width; VOC, vaso-occlusive crises; WBC, white

blood cells.

Table 5 A comparison of hematological parameters between healthy controls, HbSS, and HbSC female patients with sickle cell disease

in steady state and in VOC

Parameters Control HDbSS steady HbSC steady HbSS VOC HbSC VOC P-value

(n=93) state (n=110) state (n=30) (n=64) (n=12)

(meantSD) (meantSD) (meantSD) (meantSD) (meantSD)
Hb (g/dL) 13.1943.32 8.31%1.57 10.74+1.73 8.42+1.68 11.26+1.50 <0.001"
HCT (%) 40.91+10.94 24.8445.18 33.02+7.08 25.58+5.74 35.21+4.66 <0.001"
RBC (10%mm?®) 4.97+1.26 2.89+0.77 4.04+0.94 3.05+0.87 4.28+0.56 <0.001"
MCV (um?) 82.62+5.29 87.4418.83 81.9618.53 85.50+9.45 82.50+7.61 <0.001"
MCH (pg) 26.6812.05 29.42+3.60 26.611+2.26 28.40+4.02 26.43+2.87 0.5410
MCHC (g/dL) 32.294+0.90 33.59+1.44 31.86%1.15 33.11£1.69 31.96+1.03 0.4588
RDW (%) 18.59+13.25 17.82+2.68 15.01+2.58 17.39+2.20 14.86+1.16 <0.001"
MPV (um?3) 8.15+1.08 7.32+0.70 8.23+1.01 7.6210.70 7.941+0.78 <0.001"
PDW (%) 14.91+1.970 14.10£1.95 12.6612.89 13.53+2.74 12.79+2.22 <0.001"
PLT (10%/mm?) 250.82+80.77 461.95+160.55 322.87+20.70 459.09+193.64 319.00+114.88 <0.001"
PCT (%) 0.194+0.06 0.33+0.11 0.26+0.09 0.35+0.14 0.25+0.08 <0.001"
WBC (10°/mm?3) 5.793%1.28 10.69+3.11 9.32+2.56 13.01+4.83 8.25+1.52 <0.001"

Note: *Significant.

Abbreviations: HCT, hematocrit; Hb, hemoglobin; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; MCV, mean cell volume; MPV, mean platelet
volume; PCT, plateletcrit; PDWV, platelet distribution width; PLT, platelets; RBC, red blood cell; RDW, red cell distribution width; VOC, vaso-occlusive crises; WBC, white
blood cells.
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healthy counterparts. A similar study in Ghana reported
elevated levels of PLTs among SCD patients." Elevated WBC
has been linked with SCD patients in previous studies.¢
Therefore, WBC and PLT counts are expected to increase in
all patients who may present with any form of complication
associated with SCD,? as observed in the current study. In
particular, a significant part of this study was the inclusion of
patients with VOC (HbSS VOC and HbSC VOC), which is the
hallmark of SCD, as well as the greater sample size of sub-
jects. The higher PLT count seen in patients with SCD could
be attributed to a possible splenic sequestration, reduction or
absence of spleen resulting from hyposplenism in SCD? or
autosplenectomy,® as well as the underlying chronic inflam-
mation. Reports indicate that, there is a correlation between
PLT count and SCD,**? which corroborates the higher counts
of PLTs among SCD patients in this study, although a cor-
relation was not determined in this study.

Findings from the current study on increased steady PLT
count in SCD patients agree with the work of Freedman and
Karpatkin® who followed eight adult SCD patients over a
period of 6 months and found an elevation in steady-state
PLT counts. Omoti,” in his study, also recorded high PLT
counts among SCD patients with vaso-occlusion as well as
those in the steady state. Although WBC counts were gen-
erally elevated in SCD patients, it is worth noting that the
difference in counts was significantly higher in patients with
HbSS VOC. Therefore, as the condition of SCD progresses
from mild to severe with hemolysis, an elevated WBC count
is expected in such patients.?*?> Asymptomatic bacteriuria
is known in SCD patients in Ghana, compared with their
healthy counterparts.”® Several reports indicate that high
WBC counts usually observed in SCD population are mainly
due to bacterial infections.®**”*? The current study, however,
did not establish a relationship between bacterial infections
and WBC counts among the SCD patients. The results from
this study revealed that people with the severer form of the
SCD have higher counts of WBC and PLTs. Even with larger
sample size, the current findings are similar to other results
obtained elsewhere. It is interesting that among the SCD
patients, WBC and PLT counts were higher in males. Thus,
gender may, in part, play a role in levels of WBC and PLTs
in SCD patients.

One of the characteristic features in the pathophysiology
of SCD is chronic hemolytic anemia.’ In SCD, there is an
increased tendency for RBC lysis and adhesion.*® Total Hb
level vary in SCA patients according to the BS haplotypes.'s
The lower levels of Hb and HCT among SCD patients in

the current study agree with the work of Tshilolo et al*' and
Omoti.? Chronic hemolysis,* shortened red cell survival,®
as well as low erythropoietin response* associated with SCD
might have been involved in the reduced Hb and HCT levels
observed in the present study. The Hb levels in this study are
similar to the finding of Nagose and Rathod.** The ongoing
chronic hemolytic anemia in the patients may explain the
reduced RBC counts observed in the current study. A lower
Hb level in SCD patients with complication (a positive his-
tory of leg ulcers) has been reported in a previous study.*

Although vaso-occlusion is known to be a complication
of SCD, the Hb level was observed to be higher, compared
with those at the steady state. The higher levels of Hb in these
patients could, in part, be related to higher blood viscosity and
could further increase VOC. A study conducted by Omoti?
among SCD patients with VOC and those at the steady state
found higher levels of Hb in patients with VOC, although
the difference was not significant. As expected, the level of
Hb was lower in SCD patients at the steady state, probably
due to a reduced ongoing hemolysis compared with those in
crisis. These SCD patients in their steady state might have
adapted well to the anemic state.

In line with other studies, the mean MCV was higher
in females, among the SCD patients compared with the
controls.’”*® A study conducted by Nagose and Rathod,*
however, found higher MCV in males than females. The
difference could possibly be due to the lower sample size
of Nagose and Rathod’s study. One limitation of this study
was the inability to screen for Plasmodium infection, as the
presence of Plasmodium parasites may also lead to hemoly-
sis. We also could not gather information on patients treated
with hydroxyurea. More studies in other regions of Ghana
should be done to validate previous reports and provide a
baseline hematological profile and what to do in the form
of an algorithm to assist clinicians in the management of
SCD patients.

Conclusion

The present study found elevated levels of WBC and PLT,
as well as lower counts of Hb, RBC, and HCT concurrently
among the SCD patients. The cases had lower Hb and RBC
than the control; however, higher PLTs and WBC are noted
in various status of SCD, possibly reflecting spleen effect
in these patients. These hematological parameters present
a more descriptive data on SCD patients in Ghana and may
as well provide a useful tool and assist clinicians (in a form
of algorithm) in the management of SCD patients in Ghana.
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