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Abstract  

Introduction: sickle cell disease is a collection of autosomal recessive genetic disorders. It includes homozygous HbSS and double heterozygote 

combinations such as HbSC. Central and West Africa bears a significant burden of HbSC disease. Methods: prothrombin time (PT), activated 

partial thromboplastin time (APTT), fibrinogen concentration (FC) and platelet count (PC) weredetermined in 41HbSC and HbSS patientsin steady 

state along with 40 apparently healthy HbAA controls. One way ANOVA test was used to compare means;p values< 0.05 were considered 

statistically significant. Results: there was no significant difference in mean PT for the study groups (p = 0.192). Mean PC was highest in HbSS 

patients: 445.7 +/- 128.3 X 10 9/ L compared to HbSC: 330.0 +/- 97.7 X 10 9/ L andHbAA:245 +/- 77.7 X 10 9/ L (p= 0.000).Mean APTT was 

28.1 +/- 3.8 seconds in controls,24.1+/- 66 seconds in HbSS patients and 21.8 +/- 3.8 seconds in HbSC patients (p = 0.000). Mean FCin HbSS 

was 1.6 +/- 0.7 g/L , 3.2 +/- 0.6 g/L in HbSC and 2.9 +/- 0.4 g/L in HbAA (p =0.000). Conclusion: a significant difference exists in PC, APTT and 

FC in HbSC patients compared to HbSS patients and HbAA controls. Elevated FC and shortened APTT may play a role in complications more 

characteristic of HbSC such as retinopathy and osteonecrosis. These suggestHbSC is not merely a milder form of HbSS; both diseases should be 

seen as different entities with regards to approaches for management. 
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Introduction 

 

Sickle cell disease (SCD) refers to a collection of autosomal 

recessive genetic disorders characterized by the presence of 

haemoglobin S (Hb S). This results in the clinical manifestations of 

sickling. Haemoglobin S is the result of a single nucleotide mutation 

which causes substitution of valine for glutamic acid at the sixth 

position from the N-terminus of the beta globin chain. Sickle cell 

disease includes homozygous HbSS (sickle cell anaemia), and 

double heterozygote combinations such as HbSC (in HbC, lysine 

replaces glutamic acid at position 6 from the N-terminus in the beta 

globin chain). The presence of Hb S is a major genetic disorder in 

tropical Africa with a heterozygote frequency of about 20-40 % [1]. 

In Ghana, it has been reported that 2-3% of children are born with 

SCD annually [2]. 

  

It is estimated that globally almost 55,000 children are born 

annually with HbSC disease; with Central and West African bearing 

a significant burden of the disease [3,4]. HbC is believed to offer 

some protection against malaria [5]. 

  

In HbSC disease, Hb C enhances the pathogenic properties of Hb S. 

Though HbSC and HbSS share common clinical features and 

complications, these were said to be milder, less frequent and to 

occur much later in life in HbSC compared to HbSS patients [6,7]. 

As a result, HbSC disease has long been considered to be a milder 

variant of HbSS disease; but a study by Lamarre et al in 2012 

suggests that it is a distinct disease entity [8], with a greater 

prevalence of retinopathy, sensori-neural disorders and 

osteonecrosis than HbSS. This has been attributed to the greater 

blood viscosity observed in HbSC patients [9]. 

  

It is also known that the variation in the frequency and severity of 

symptoms and complications in individuals who have SCD is only 

partially explained by genetic and environmental factors [10]. While 

there is no doubt that SCD patients have a hypercoagulable state 

[11], most studies have been done in HbSS patients; the objective 

of this study is to document plasma levels of specific coagulation 

parameters in HbSC patients comparing them to levels in HbSS 

patients and HbAA controls. 

  

  

 

 

Methods 

 

The study population was made up of 41 previously diagnosed 

HbSC patients(23 males, 18 females) in steady state attending the 

outpatient sickle cell disease clinic at the Ghana Institute of Clinical 

Genetics. For purposes of comparison 40 apparently healthy HbAA 

(20 males and 20 females) students of the School of Allied Health 

Sciences, University of Ghana and 41 HbSSpatients(21 males, 

20females) in steady state from the same clinic were also recruited. 

Children less than 13 years old, pregnant women and patients with 

other forms of SCD were excluded from the study. 

  

For this study, steady state was defined as the absence of any 

clinically detectable complication of SCD in the previous 8 weeks 

while the patient was not on any other drug other than routine 

drugs used in SCD patients such as folic acid [12]. The study was 

approved by the ethical review committee of the School of Allied 

Health Sciences, University of Ghana. Informed consent was also 

obtained from the patients or their guardians (for minors). 

  

Five milliltres of blood was collected aseptically with minimal stasis 

from each study participant; 1.8 ml was put into a tri-sodium citrate 

tube for clotting profile tests and 3ml transferred into EDTA tubes 

for platelet count. Citrated samples were spurn at 1500 rpm for 15 

minutes the plasma was then transported into plain tubes. 

  

Prothrombin time (PT), activated partial thromboplastin time (APTT) 

and thrombin time (TT) weredetermined using Hemostat 

thromboplastin reagent, Novi-Clot Quick reagent and Bovine 

Thrombin reagent respectively following manufacturer’s instructions. 

The thrombin time was used to calculate the fibrinogen 

concentration via Clauss method as previously described [13]. A 

BEHNK Electronic CM4 Coagulometer was used for all the clotting 

assays. The platelet count was done using a SYSMEX XT-2000i 

haematology analyzer. 

  

Data obtained from the study were entered into a spreadsheet; 

statistical analysis was done using StatView for Windows, Version 

5.0.1. The one way ANOVA test was used to compare means. A p 

value less than 0.05 was considered statistically significant. 
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Results 

 

The mean age for HbSC patients was 29.7 +/ - 12.9 years 

compared with 25.6 +/- 5.0 years for HbAA controls and 24.0 +/- 

9.2 years for HbSS. 

  

There was no significant difference in the mean PT for the study 

groups (p = 0.192) it was 12.9 +/- 1.2 seconds for controls, HbSS: 

13.4+/- 1.4 seconds and HbSC: 13.1 +/- 1.1 seconds. On the other 

hand, there was a significant difference in the platelet count for the 

study population as shown in Table 1: mean and standard 

deviation of coagulation parameters 1.Mean platelet count was 

245+/- 77.7 X 10 9/ L for controls, 445.7+/- 128.3 X 10 9/ L for 

HbSS and 330.0 +/- 97.7 X 10 9/ L for HbSC respectively (p= 

0.000). 

  

Mean APTT was 28.1 +/- 3.8 seconds in controls while it was 

24.1+/- 66 seconds in HbSS patients and 21.8 +/- 3.8 seconds in 

HbSC (p = 0.000) The mean concentration of fibrinogen in HbSS 

was significantly lower at 1.6 +/- 0.7 g/L than HbSC 3.2 +/- 0.6 g/L 

and controls 2.9 +/- 0.4 g/L (p =0.000) shown in Table 1: mean 

and standard deviation of coagulation parameters . 

  

  

Discussion 

 

The mean platelet count was significantly higher in HbSS and HbSC 

patients compared to the HbAA controls; this is in keeping with 

earlier reports of elevated platelet count in SCD [14], which was 

attributed to the auto-splenectomy and/or loss of splenic function 

that frequently occurs in HbSS patients. 

  

The lower prevalence of auto-splenectomy and / or loss of splenic 

function in HbSC patients compared to HbSS patients [15,16] may 

explain why their mean PCwas lower than that of HbSS patients, 

though this was higher than the mean counts for HbAA controls. 

This suggests that though splenic function may be better preserved 

in HbSC patients than HbSS patients; it was still impaired compared 

to HbAA controls. 

  

However, the mean platelet count for HbSS and HbSC patients in 

this study were both higher than that from an earlier study from 

Benin City, Nigeria [14] where a mean platelet count of 222.41 +/- 

40.5X 109/ L was reported for SCD patients compared to 206.2 +/- 

62.0X 109/ L for controls, although there was no distinction between 

the various forms of SCD in the earlier study from Benin City, thus it 

is possible that their study population included both HbSS ,HbSC 

and other forms of SCD patients. 

  

The mean fibrinogen concentration (FC) in our patients in steady 

state was within our reference range of 1.5 to 4.0 g/L. This was 

significantly higher in HbSC than HbSS patients and HbAA controls. 

However, mean FC in HbSS patients was unexpectedly lower than 

that ofHbAA control subjects. This was in contrast to earlier studies 

which had reported elevated levels of fibrinogen in HbSS patients in 

steady state, with a further elevation during crises [14, 17]. 

Themean FC of 1.6 +/- 0.7 g/ L for HbSS patients found in this 

study is comparable to a mean concentration of 2.2 +/- 0.3 g/L 

earlier reported by Buseri et al [18]. 

  

The mean APTT was significantly shorter in HbSC patients than both 

HbSS and HbAA while there was no significant difference in the 

mean PT among the 3 study groups. The PT was shortest in HbAA 

controls. It has been previously reported that there is an elevation 

of Factor VIII in SCD in the absence of significant elevation of other 

coagulation factors [14,19], this isolated elevation of Factor VIII 

concentration may explain the significantly shorter APTT found in 

the HbSC and HbSS patients we studied. Our reference range for 

APTT is 26 – 36 seconds. 

  

The mean PT found in this study among HbSC and HbSS patients is 

similar to results from a study in Sudan where a normal PT was also 

found [20] this may be due to a reduced concentration of Factor V 

in SCD patients [14]. This reduction in Factor V concentration may 

compensate for the expected coagulation activation and shortened 

PT in SCD [11]. Our reference range for PT is 12 – 16 seconds. 

  

The higher mean fibrinogen concentration found in HbSC may 

predispose them to elevated plasma viscosity; this along with their 

shorter APTT may lead to an increased risk of thrombotic events 

[9]. 

  

  

Conclusion 

 

Our study demonstrates that a variation exists inPC, APTT and 

FCbetween HbSC and HbSS patientsas well as between both forms 

of SCD and HbAA controls. We conclude that the elevated FC and 
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shortened APTT may play a role in the development of some of the 

complications more characteristic of HbSC such as increased 

prevalence of retinopathy and osteonecrosis. These results are 

pointers to the fact that HbSC is not merely a milder form of HbSS; 

thus, both diseases should be seen as different entities with regards 

to pathogenesis of the disease, development of complications and 

approaches for management. 

  

  

Competing interests 

 

The authors declare no competing interest. 

  

  

Authors’ contributions 

 

MDA contributed to study design and literature review; recruited the 

patients, carried out laboratory and data analysis. EEO conceived 

and designed the study, contributed to the literature review and 

carried out data analysis. AAB contributed to study design and 

literature review. MDA, EEO and AAB prepared the manuscript, 

edited and reviewed it. All authors read and approved the final 

manuscript. 

  

  

Table 

 

Table 1: mean and standard deviation of coagulation parameters 

  

  

References 

 

1. Kotila TR, Shokunbi WA. Haemoglobin F levels in healthy 

Nigerian adults. West Afr J Med. 2003;(22): 143-

145. PubMed | Google Scholar 

 

2. Konotey- Ahulu ID. The sickle cell disease patient. Watford 

(Tettteh-A’Domeno). 1996; 25.Google Scholar 

 

3. Weatherall DJ. The inherited diseases of hemoglobin are an 

emerging global health burden. Blood. 2010;115(22):4331-

4336. PubMed | Google Scholar 

 

4. Labie D, Richin CJ, Pagnier J, Gentilini M, Nagel RL. 

Hemoglobins S and C in Upper Volta. Hum Genet. 1984; 

65(3):300-302. PubMed | Google Scholar 

 

5. Modiano D, Luoni G, Sirina BS, Simpore J, Verra F, Konate A, 

Rastrelli E, Oliveri A et al. Haemoglobin C protects against 

clinical falciparum malaria. Nature. 2001; 414 (6861):305 -

308. PubMed | Google Scholar 

 

6. West MS, Wethers D, Smith J, Steinberg MH. Laboratory profile 

of sickle cell disease: a cross sectional analysis-The cooperative 

study of sickle cell disease . J ClinEpidemiol. 1992; 45 (8): 893 

-909. PubMed | Google Scholar 

 

7. O’Keeffe EK, Rhodes MM, Woodworth A . A patient with a 

previous diagnosis of Hemoglobin S/C Disease with an 

unusually severe disease course. Clin Chem. 2009; 

55(6):1228–1233.PubMed | Google Scholar 

 

8. Lamarre Y, Romana M, Waltz X, Lalanne-Mistrih M, Tressières 

B, Divialle-Doumdo L, Hardy-Dessources M, Vent-Schmidt J et 

al.Hemorheological risk factors of acute chest syndrome and 

painful vaso-occlusive crisis in children with sickle cell disease. 

Haematologica. 2012;97(11):1641-1647. PubMed | Google 

Scholar 

 

9. Lionnet F, Hammoudi N, Stojanovic KS, Avellino V, Grateau G, 

Girot R, Haymann JP. Hemoglobin sickle cell disease 

complications: a clinical study of 179 cases. Haematologica. 

2012;97(8):1136-41. PubMed | Google Scholar 

 

10. Akinyanju OO. Sickle cell disorders .The Nigerian family 

practice. 1994; 1(3):24-30.PubMed | Google Scholar 

 

11. Ataga KI, Brittain JE, Desai P, May R, Jones S, Delaney J, 

Strayhorn D, Hinderliter A, Key NS. Association of coagulation 

activation with clinical complications in sickle celldisease. PLoS 

ONE. 2012; 7(1): e29786. PubMed | Google Scholar 

 

12. Wright JG, Malia R, Cooper P, Thomas P, Preston F, Serjeant 

GR. Protein C and S in homozygous sickle cell diseases: does 

hepatic dysfunction contribute to low levels? Br J Haematol. 

1997; 98 (3):627-631. Google Scholar 

 

javascript:void(0)
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Kotila%20TR%5bauthor%5d+AND++Haemoglobin+F+levels+in+healthy+Nigerian+adults
http://scholar.google.com/scholar?hl=en&q=+Haemoglobin+F+levels+in+healthy+Nigerian+adults
http://scholar.google.com/scholar?hl=en&q=+The+sickle+cell+disease+patient
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Weatherall%20DJ%5bauthor%5d+AND++The+inherited+diseases+of+hemoglobin+are+an+emerging+global+health+burden
http://scholar.google.com/scholar?hl=en&q=+The+inherited+diseases+of+hemoglobin+are+an+emerging+global+health+burden
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Labie%20D%5bauthor%5d+AND++Hemoglobins+S+and+C+in+Upper+Volta
http://scholar.google.com/scholar?hl=en&q=+Hemoglobins+S+and+C+in+Upper+Volta
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Modiano%20D%5bauthor%5d+AND++Haemoglobin+C+protects+against+clinical+falciparum+malaria
http://scholar.google.com/scholar?hl=en&q=+Haemoglobin+C+protects+against+clinical+falciparum+malaria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=West%20MS%5bauthor%5d+AND++Laboratory+profile+of+sickle+cell+disease:+a+cross+sectional+analysis-The+cooperative+study+of+sickle+cell+disease+
http://scholar.google.com/scholar?hl=en&q=+Laboratory+profile+of+sickle+cell+disease:+a+cross+sectional+analysis-The+cooperative+study+of+sickle+cell+disease+
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=O%92Keeffe%20EK%5bauthor%5d+AND++A+patient+with+a+previous+diagnosis+of+Hemoglobin+S/C+Disease+with+an+unusually+severe+disease+course
http://scholar.google.com/scholar?hl=en&q=+A+patient+with+a+previous+diagnosis+of+Hemoglobin+S/C+Disease+with+an+unusually+severe+disease+course
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Lamarre%20Y%5bauthor%5d+AND+Hemorheological+risk+factors+of+acute+chest+syndrome+and+painful+vaso-occlusive+crisis+in+children+with+sickle+cell+disease
http://scholar.google.com/scholar?hl=en&q=Hemorheological+risk+factors+of+acute+chest+syndrome+and+painful+vaso-occlusive+crisis+in+children+with+sickle+cell+disease
http://scholar.google.com/scholar?hl=en&q=Hemorheological+risk+factors+of+acute+chest+syndrome+and+painful+vaso-occlusive+crisis+in+children+with+sickle+cell+disease
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Lionnet%20F%5bauthor%5d+AND++Hemoglobin+sickle+cell+disease+complications:+a+clinical+study+of+179+cases
http://scholar.google.com/scholar?hl=en&q=+Hemoglobin+sickle+cell+disease+complications:+a+clinical+study+of+179+cases
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Akinyanju%20OO%5bauthor%5d+AND++Sickle+cell+disorders+
http://scholar.google.com/scholar?hl=en&q=+Sickle+cell+disorders+
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Ataga%20KI%5bauthor%5d+AND++Association+of+coagulation+activation+with+clinical+complications+in+sickle+celldisease
http://scholar.google.com/scholar?hl=en&q=+Association+of+coagulation+activation+with+clinical+complications+in+sickle+celldisease
http://scholar.google.com/scholar?hl=en&q=+Protein+C+and+S+in+homozygous+sickle+cell+diseases:+does+hepatic+dysfunction+contribute+to+low+levels?+Br+J+Haematol


Page number not for citation purposes 5 

13. Mackie IJ, Kitchen S, Machin SJ, Lowe GDO and the 

haemostasis and thrombosis task force of the British committee 

for standards in haematology. Guidelines on fibrinogen assays. 

Br J Haematol. 2003; 121(3):396–404. PubMed | Google 

Scholar 

 

14. Famodu AA. Coagulation changes in homozygous sickle cell 

disease in Nigeria. J ClinPathol. 1987; 40 

(12):1487. PubMed | Google Scholar 

 

15. Babadoko AA, Ibinaye PO, Hassan A, Yusuf R, Ijei IP, 

Aiyekomogbon J, Aminu SM, Hamidu AU. Autosplenectomy of 

sickle cell disease in Zaria, Nigeria: an ultrasonographic 

assessment. Oman Med J. 2012; 27(2): 121-

123. PubMed | Google Scholar 

 

16. Fatunde OJ, Scott RB. Pitted red cell counts in sickle cell 

disease: relationship to age, hemoglobin genotype, and splenic 

size. Am J Pediatr Hematol Oncol. 1986; 8(4):329-

333.PubMed | Google Scholar 

 

17. Famodu AA, Reid HL. Plasma fibrinogen level in sickle-cell 

disease. TropGeogr Med. 1987; 39(1):36-

38. PubMed | Google Scholar 

 

18. Buseri FI, Shokunbi WA, Jeremiah ZA. Plasma fibrinogen levels 

in Nigerian homozygous (Hb SS) sickle cell patients. 

Hemoglobin. 2007; 31(1):89-92. PubMed | Google Scholar 

 

19. Richardson SG, Mathews KB, Stuart ,Geddes AM, Wilcox RMJ. 

Serial changes in coagulation and viscosity during sickle cell 

crisis. Br J Haematol. 1979; 41(1):95-103. PubMed |Google 

Scholar 

 

20. Omer NE, Satti MMH, Mohamed AO. Plasma level of von 

Willebrand factor: an indicator of severity in sickle cell disease. 

Sudan Journal of Medical Science. 2009; 4 (2): 123-

129.PubMed | Google Scholar 

 

 

 

Table 1: mean and standard deviation of coagulation parameters 

TEST HbAA HbSS HbSC Significance 

PT (seconds) 12.9+/- 1.2 13.4+/- 1.4 13.1+/- 1.1 F= 1.671, P= 0.192 

APTT (seconds) 28.1+/- 3.8 24.1+/- 6.6 21.8+/- 3.8 F= 16.954, P= 0.000 

Fibrinogen Concentration(g/L)  2.9+/- 0.4 1.6+/- 0.7 3.2+/- 0.6 F= 87.537, P= 0.000 

Platelet Count ( X 109 / L) 245.8+/- 77.7 445.7+/- 128.3 330.0+/-97.7 F= 38.102, P= 0.000 
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