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Merits and Demerits of Sickle Cell Trait Donor Blood in 
Tropical Transfusion Medicine: Are There Any  
Indications for Specific Use of Blood Donated by  
Carriers of Sickle Cell Trait? 

Avantages et inconvénients du sang des donneurs   
porteurs du trait drépanocytaire en médecine       
transfusionnelle et en milieu tropical : existe-t-il des  
indications pour l'utilisation spécifique du sang donné 
par les porteurs du trait drépanocytaire ? 

Haemoglobin-S mutation confers anti-malarial resistance and survival advantage in the tropics. Consequently, a significant and indispensable 

proportion of tropical blood donors carry sickle cell trait (SCT), which is associated with both merits (advantages) and demerits 

(disadvantages) in the practice of tropical transfusion medicine. Majority of the literature regarding SCT in blood transfusion highlighted its 

demerits with little or no reference to its merits, which constitute potentially beneficial qualities and useful applications of SCT blood in tropi-

cal transfusion medicine. Hence, the aim of this review is to present an updated, balanced, and comprehensive but concise and critical over-

view of the literature (using search-terms relevant to SCT in transfusion medicine) for both merits and demerits of SCT donor blood vis-à-vis 

its potential applications and implications in technical and clinical practice of transfusion medicine in the tropics. The review is presented in a 

sequential ‘stage-by-stage’ order from pre-donation procedures to blood donation, processing, storage and transfusion. The review explored 

the potential adverse effects of pre-donation medications on SCT donor, highlighted SCT-associated technical challenges in blood collection, 

processing and storage, and elucidated the clinical demerits and implications of SCT blood in sickle cell disease, perinatal, and neonatal trans-

fusions. Moreover, the review expounded the merits of SCT blood vis-à-vis the probability of its low risks for transfusion transmitted malaria 

and HIV infections, and its potential applications in the evolving concept of ‘therapeutically rational transfusion of SCT red cells’ in managing 

severe and/or drug resistant malaria, and possibly haemophilia. In conclusion, the review underscored the need for tropical transfusionists and 

clinicians to innovate ways of ameliorating or circumventing the demerits and implications of SCT blood, and at the same time explore the 

feasibility and safety of its potential merits and applications vis-à-vis the practice of blood transfusion in low resource settings in tropical Afri-

ca, and by implication in other regions of the world where SCT is prevalent. 

La mutation de l'hémoglobine -S confère une résistance antipaludique et un avantage de survie sous les tropiques. Par conséquent, une propor-

tion importante et indispensable des donneurs de sang tropicaux sont porteurs du trait drépanocytaire (SCT), qui est associé à la fois à des 

avantages et des inconvénients dans la pratique de la médecine transfusionnelle en milieu tropical. La majorité de la littérature concernant la 

SCT en transfusion sanguine a souligné ses inconvénients avec peu ou pas de référence à ses avantages, qui constituent des qualités potentiel-

lement bénéfiques et des applications utiles des porteurs du SCT en médecine transfusionnelle. Par conséquent, le but de cette revue est de 

présenter une vue d'ensemble actualisée, équilibrée et complète mais concise et critique de la littérature ; cette revue a utilisé des termes de 

recherche pertinents pour la SCT en médecine transfusionnelle pour identifier les avantages et les inconvénients du sang de donneur SCT vis-à 
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Haemoglobin-S (HbS) is the most classical example of adaptive 

genetic polymorphism, which is strongly correlated with innate re-

sistance to malaria infection.1 HbS is a variant of the normal haemo-

globin-A (HbA) that arose as a result of GAG>GTG base transition 

at codon-6 of the β-globin gene on chromosome-11.1 The 

GAG>GTG base transition causes the substitution of glutamic acid 

(polar, hydrophilic amino acid) by valine (neutral, hydrophobic ami-

no acid) at position-6 of the β-globin chain.1 Consequently, HbS has 

less anionic potential, slower electrophoretic mobility and reduced 

deoxygenated solubility that leads to Hb polymerization and red cell 

sickling.2 The sickle cell trait (SCT) refers to the heterozygous inher-

itance of the sickle β-gene.3 The SCT protects against severe falcipa-

rum malaria and confers survival advantage in populations living in 

malaria endemic countries.4 This is attained through the process of 

natural selection5 and mediated by the phenomenon of balanced 

polymorphism6, which is accomplished by immunological and bio-

chemical mechanisms that protect individuals with SCT from malar-

ia.7 These mechanisms include reduced red cell invasion by the para-

site, low intra-red cell parasite proliferation, parasite-induced red cell 

sickling and phagocytosis, reduced rosetting of parasitized red cells, 

and enhanced immune response against the malaria parasite.7 Conse-

quently, the prevalence of SCT in Nigeria and other tropical African 

countries is up to 25-30% in the general population4; and the preva-

lence SCT will continue to rise through natural selection as long as 

malaria remains endemic in the tropics.5    

There are two techniques of collecting blood and blood products 

from donors viz: whole blood collection and apheresis, the former 

being the predominant technique especially in the tropics where 

facilities for apheresis are scarce. Irrespective of blood collection 

technique, the eligibility of prospective donors must be ascertained 

by pre-donation assessment of health status.8,9 The assessment takes 

the form of verbal interviews and/or questionnaire-based answers to 

relevant questions on general health, medical history, and social 

attributes, followed by a general physical examination, which  

INTRODUCTION includes the measurements of blood pressure (BP) and body weight 

(BW).8,9 Persons within the ages of 18 to 65 years with normal BP 

and BW, negative test results for HIV, syphilis, hepatitis B and C 

viruses, and Hb levels of more than 13.5 g/dl for males or 12.5 g/dl 

for females (except pregnant and lactating women) are acceptable as 

donors.8,9 Individuals with SCT are genetically heterozygous for the 

sickle β-globin gene and their red cells have the HbAS phenotype 

expressing both HbS (20-40%) and HbA (60-80%).1,10 The relative 

abundance of HbA in SCT red cells prevents undue sickling and hae-

molysis under physiological conditions.1,10 Thus, carriers of SCT have 

normal red cell life-span and normal life expectancy.11 Moreover, 

SCT carriers are clinically symptomless and haematologically non-

anaemic.11 Therefore, the SCT does not in any way jeopardize or 

diminish the chances of passing routine pre-donation tests. Conse-

quently, SCT carriers constitute a significant and indispensible pro-

portion of eligible blood donors in tropical African countries such as 

Nigeria, where up to one quarter or more of blood donors carry the 

SCT.12,13 Unfortunately, the SCT blood has certain notable disad-

vantages and limitations. For example, SCT blood is unsuitable for 

some blood banking procedures such as leuco-filtration, and is also 

inappropriate for transfusing hypoxia-susceptible and sickling-prone 

patients such as foetuses, neonates and sickle cell disease (SCD) pa-

tients.9 Thus, the World Health Organization (WHO) does not consid-

er the SCT as a contraindication for blood donation as long as the 

donated blood is not subjected to the aforementioned blood banking 

procedures or used for transfusing the aforementioned categories of 

patients.9 

We thus reckon that SCT blood has certain disadvantages (demerits), 

which constitute significant technical and clinical challenges and 

implications in the practice of transfusion medicine. Majority of the 

literature regarding SCT in blood transfusion predominantly high-

lighted the demerits associated with SCT blood, with little or no refer-

ence to the advantages (merits), which constitute potentially benefi-

cial qualities and useful applications of SCT blood in the practice of 

clinical blood transfusion in the tropics. It is therefore important for 

the blood transfusion service personnel and clinicians in tropical Afri-

ca, and indeed other regions of the world where the SCT is prevalent,  

-vis de vis à vis de ses applications potentielles et de ses implications dans la pratique technique et clinique de la médecine transfusionnelle 

sous les tropiques. L'examen est présenté dans un ordre séquentiel « étape par étape » depuis les procédures préalables au don jusqu'au don de 

sang, au traitement, au stockage et à la transfusion. La revue a exploré les effets indésirables potentiels des médicaments avant le don sur le 

donneur SCT, a mis en évidence les défis techniques associés au SCT dans la collecte, le traitement et le stockage du sang, et a élucidé les 

inconvénients cliniques et les implications du sang SCT dans la drépanocytose, les transfusions périnatales et néonatales.  De plus, la revue a 

exposé les avantages du sang SCT vis-à-vis de la probabilité de ses faibles risques de paludisme transmis par transfusion et d'infections à VIH, 

et ses applications potentielles dans le concept en évolution de « transfusion rationnelle de globules rouges SCT » dans la prise en charge du 

paludisme résistant aux médicaments, et peut-être l'hémophilie. En conclusion, l'analyse a souligné la nécessité pour les hémobiologistes et les 

cliniciens tropicaux d'innover dans les moyens d'améliorer ou de contourner les inconvénients et les implications du sang SCT, et en même 

temps d'explorer la faisabilité et la sécurité de ses avantages et applications potentiels vis-à-vis de la pratique de la transfusion sanguine dans 

les milieux à faibles ressources en Afrique tropicale, et par ailleurs dans d'autres régions du monde où la SCT est répandue. 
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to have a comprehensive and balanced understanding of both proven 

and potential merits and demerits of SCT in transfusion medicine. 

Hence, the primary aim of this review  

is to present an updated, balanced, and comprehensive but concise 

and critical overview of the literature (using search terms: sickle cell 

trait donor, pre-donations procedures, donation, processing, storage, 

contraindications, transfusion, and relevant sub-terms in Pub Med, 

Google Scholar, Medline, and other search engines) for both merits 

and demerits of SCT in transfusion medicine. The secondary aim is 

to critically highlight the ‘pros-and-cons’ of SCT blood vis-à-vis its 

technical and clinical applications and implications in perinatal and 

neonatal transfusion, sickle cell disease, haemophilia and general 

transfusion medicine in the tropics. This review is presented in a 

sequential ‘stage-by-stage’ order from pre-donation procedures to 

blood donation, processing, storage and transfusion as outlined in 

Tables 1 and 2.  

Table 2: Merits of sickle cell trait (SCT) in transfusion medicine 

SCT has been associated with a number of demerits within the ambit 

of clinical transfusion medicine. The demerits of SCT have been 

documented at virtually every stage of transfusion medicine ranging 

from the initial ‘pre-donation stage’ to the final ‘blood transfusion 

stage’ as outlined in Table-1 and pathophysiologically described 

below. 

 

1. Pre-donation Stage: Pre-donation Haematopoiesis Enhance-

ment Medications 

There are two haematopoiesis-enhancing pre-donation medications 

(granulocyte colony stimulating factor and erythropoietin) that may 

be administered to eligible donors in clinical transfusion practice as 

described below. 

1a. Granulocyte Colony Stimulating Factor: Neutrophilia,  

Hyperviscosity, Risk of VOC in SCT Donors 

Granulocyte colony stimulating factor (G-CSF) is a cytokine and a 

haematopoietic growth factor that is naturally produced by mono-

cytes, macrophages, fibroblasts, endothelial cells and marrow stro-

mal cells.14 However, it is now being commercially produced by 

recombinant DNA technology.14 Functionally, G-CSF stimulates the 

proliferations and maturation of haematopoietic stem cells with a 

concomitant increase in the production of mature neutrophils 

(neutrophilia).15 Moreover, G-CSF can also mobilize marrow haem-

atopoietic stem cells into circulation.15 Hence, G-CSF is usually 

administered as a strategy for enhancement and mobilization of 

haematopoietic stem cells during apheresis.15 G-SCF mobilized 

haematopoietic stem cells are cytometrically identified as CD-34 

positive mononuclear cells that are selectively harvested by aphere-

sis for the purposes of autologous or allogeneic stem cell transplant 

procedures.16 However, there are some concerns and skepticisms 

regarding the safety of apheresis donations by persons with SCT vis-

à-vis the possibility of adverse effect of hypoxia on SCT blood with-

in the extracorporeal apheresis circuit.17 For this reason, the Europe-

an committee on blood transfusion guidelines prohibits SCT carriers 

from donating red cells by apheresis, but the guidelines remain silent 

about apheresis donation of other blood products by SCT carriers18, 

which is allowed or prohibited at the discretion of individual blood 

bank policies.17 Nonetheless, a recent study on platelet apheresis 

donations derived from SCT (HbAS) donors have revealed similar 

platelet quality in comparison to those derived from non-SCT 

(HbAA) donors.17 Moreover, no increase in incidence of adverse 

reactions was observed among SCT (HbAS) donors in comparison 

with non-SCT (HbAA) donors.17 

Table 1: Demerits of sickle cell trait (SCT) in transfusion 

PRE-DONATION STAGE: Pre-donation Haematopoiesis Enhancement 
Medications 

• G-CSF Injections: Neutrophilia, Hyperviscosity, Risk of VOC in SCT Donors 

• EPO Injections: Prothrombotic Effects, Risk of VTE in SCT Donors 

BLOOD DONATION STAGE: Blood Collection in Bags 

• SCT hypercoagulability: Risk of Clotting in SCT Blood Bags 

BLOOD PROCESSING STAGE: Leucocyte Depletion Procedures 

• SCT Red Cell Sickling, Rigidity: Risk of Filter Clogging During Leuco-filtration 

BLOOD STORAGE STAGE: Conventional (aerobic) and Anaerobic Storage at  
4°C 

• Conventional (aerobic) Storage: SCT Red Cells Associated with Increased in-

storage Haemolysis, Reduced Post-Transfusion Survival 

• Anaerobic Storage: Risk of Massive Sickling of SCT Red Cells within Blood Bags 

During Storage 

BLOOD TRANSFUSION STAGE: Recipient Exclusions 

• SCT Red Cells may Sickle in Potentially Hypoxic Conditions: Unsuitable for 

Foetuses 

• SCT Red Cells may Sickle in Potentially Hypoxic Conditions: Unsuitable for 

Neonates 

• SCT Red Cells Contain About 40% HbS: Unsuitable for Sickle Cell Disease 

Patients 

G-CSF=Granulocyte Colony Stimulating Factor; VOC=Vaso-
Occlusive Crisis; EPO=Erythropoietin; VTE=Venous Thrombo-
Embolism; HbS=Haemoglobin-S. 

PRE-DONATION STAGE: Donor Screening and Risk of Infection 

• SCT Donors and Low Risk of Asymptomatic Malaria Parasitemia 

• SCT Donors and Low Risk of HIV Infection 

BLOOD TRANSFUSION STAGE: Therapeutically Rational Use of SCT Blood 

• SCT and Malaria Resistance: Therapeutically Rational Exchange Transfusion for 

Severe Malaria 

• SCT and Hypercoagulability: Therapeutically Rational Additive Transfusion for 

Severe Haemophilia 

DEMERITS OF SICKLE CELL TRAIT IN TRANSFUSION 

MEDICINE 
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Despite the safety of platelet apheresis procedure in persons with 

SCT17, apheresis must be carried out with caution if it is intended for 

the purpose of collecting stem cell donation from persons with SCT. 

This is because G-CSF is usually used as a pre-donation booster and 

mobilizer for stem cell apheresis15,16, and unfortunately G-CSF can 

provoke vaso-occlusive events in SCT carriers.19 Although SCT 

carriers are generally asymptomatic, the use of  pre-donation G-CSF 

in a person with SCT has been reported to trigger full-blown vaso-

occlusive crisis (VOC).19 There are at least two possible pathophysi-

ologic mechanisms that can trigger VOC when G-CSF is used in 

individuals with SCT. First, G-CSF causes neutrophilic leucocyto-

sis, which increases the number of vaso-adherent neutrophils20 and 

raises whole blood viscosity21, both of which are important rheologi-

cal risk factors for vascular occlusion and pain crisis in sickle cell 

disorders.22 Second, G-CSF causes neutrophils activation, which 

increases the adhesiveness of neutrophils onto the vascular endothe-

lium, thereby increasing the risk of VOC.23 Nonetheless, some stud-

ies have reported that G-CSF is safe for mobilizing hematopoietic 

stem cells in donors with SCT.24 These controversies call for caution 

when considering the use of G-CSF as a pre-donation medication for 

stem cell apheresis on donors that carry SCT. 

1b. Erythropoietin: Prothrombotic Effects, Risk of Venous 

Thrombo Embolism in SCT Donors 

Erythropoietin (EPO) is a member of class-I cytokines and is mark-

edly induced by hypoxia.25 EPO is mainly produced by peri-tubular 

fibroblast-like cells in the cortex-medullary border of the kidney, 

and to a lesser extent by the hepatocytes, bone marrow macrophag-

es, trophoblasts, breast cells, and astrocytes.25 However, it is now 

being commercially produced by recombinant DNA technology.25 

Functionally, EPO stimulates the proliferations and maturation of 

burst-forming and colony-forming erythrocytic progenitors in the 

bone marrow, thereby increasing and maintaining the red cell 

mass.25 Consequently, recombinant human erythropoietin (rhEPO) 

is commonly used to boost autologous donor red cell mass and facil-

itate the collection of more units of erythrocyte-rich blood within 

relatively short intervals of autologous donations.26 Nevertheless, 

several studies have previously highlighted increased incidence of 

thrombotic complications, especially venous thromboembolism 

(VTE), in patients with various form of chronic anaemias undergo-

ing therapy with Erythropoiesis Stimulating Agents (ESAs), includ-

ing rhEPO.27 The pathophysiology of the prothrombotic effects of 

ESAs is multi-factorial, including polycythemia, hyperviscosity, 

thrombocytosis, platelet hyperactivity, and activation of blood coag-

ulation cascade.27 It has therefore been suggested ESAs should be 

used with caution, especially in patients with background hyperco-

agulability.27 Previous studies on the use of rhEPO for autologous 

donation in Japanese28 and European29 donors (among whom SCT 

would be extremely unlikely) suggested that rhEPO was safe and 

devoid of any prothrombotic risks. Unfortunately, there is dearth of  

research on the prothrombotic risk of rhEPO vis-à-vis autologous 

blood donation in tropical Africa, where up to 25-30% of the general 

and donor populations carry SCT.12,13,30 Thus the potential risk of 

using rhEPO for autologous donation in persons with SCT is 

unknown.  

It is well established that SCT confers upon its carriers a significant 

state of prothrombotic hypercoagulability31, which results in elevated 

risk of VTE among apparently healthy carriers of the trait.32 SCT-

associated hypercoagulability has been pathophysiologically 

attributed to the effects of sub-clinical red cell sickling33, which 

increases red cell rigidity34, raises blood viscosity34, scrambles red 

cell membrane phospholipids35, releases procoagulant 

phospholipids36, and ultimately increases the activation rate of 

clotting factors.33,36 Moreover, SCT has also been associated with 

increased expression of monocyte-derived tissue factor, which 

undesirably aggravates the background hypercoagulability due to sub

-clinical red cell sickling.33 Therefore, SCT is inherently 

prothrombotic. Accordingly, we envisage that rhEPO-associated 

hypercoagulability may act synergistically with SCT-associated 

hypercoagulability and predispose person with SCT to high risk of 

thrombosis. This potentially prothrombotic synergy between rhEPO 

and SCT calls for cautious and judicious considerations whenever the 

use of rhEPO is contemplated for autologous donors who carry SCT.      

2. Blood Donation and Collection Stage: SCT hypercoagulability, 

Risk of Clotting in Blood Bags 

Clotting in blood bags has undesirable economic and clinical 

consequences in Nigeria, and indeed other low-resource tropical 

countries, where health budgets are typically inadequate (37), 

voluntary blood donors are usually scarce38,39, and unmet transfusion 

needs are often high.40 There are four possible trigger mechanisms 

(root causes) for coagulation activation and clot formation in blood 

bags during blood donation. First, an untidy and unduly traumatic 

venepuncture can cause significant vascular endothelial injury with 

exposure of sub-endothelial microfibrils and collagen, which can 

trigger contact activation of platelets and FXII.41 Second, slow blood 

flow (e.g. due to poor vein selection) within the anticoagulant-free 

plastic tubing can also lead to contact activation of blood 

coagulation.42 Third, over-filling of bags and/or under-mixing of 

blood within collection bags can also predispose to clot formation.43 

And fourth, inadequate skin cleansing of venepuncture site can result 

in contamination with bacteria, which can proliferate, trigger 

coagulation and eventually cause clot formation in blood bags.8 High 

level of quality control in phlebotomy and blood collection is 

obviously required to avoid triggering any or all of the four 

aforementioned root causes of coagulation activation and clotting 

during blood donation.8  

Quality control, haemovigilance and root-cause analysis for clotted 

blood bags are generally inadequate or lacking in Nigeria and many  
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other developing tropical countries, as clotted blood bags are more 

often than not simply discarded without further investigations.39,44 

Nonetheless, a recent study on clotted bags in Nigeria revealed that 

the incidence of clotting in blood bags was estimated to be high at 

about 3%, but the actual incidence maybe much higher due to under-

reporting and under-documentation of clots in blood bags.45 Another 

study  from Nigeria revealed that irrespective of the root causes or 

trigger mechanisms for clotting within blood bags, donor SCT was 

associated with relatively higher risk of clotting in blood bags.46 This 

phenomenon was interpreted to be a manifestation of the innate 

hyperviscosity and hypercoagulability of SCT blood.31-36 There is 

therefore a need for Nigeria and other tropical countries with high 

prevalence of SCT among their general and donor populations12,13,30 

to assess the actual extent to which SCT contributes to clotting and 

wastage of donated blood vis-à-vis the feasibility of preemptive pre-

donation hydration. This is because optimal oral hydration has been 

shown to reduce blood viscosity in persons with SCT, both at rest 

and during exercise.47 Hence, pre-donation oral hydration (for SCT 

donors) may predictably minimize hyperviscosity, reduce 

hypercoagulability and attenuate the risk of clotting in blood 

collected from donors with SCT. Although a recent study has 

identified SCT as a risk factor for clotting in blood bags in Nigeria46, 

we  believe that the clotting risk associated with SCT is perpetuated 

by the prevailing poor quality control within the Nigerian blood 

transfusion service.44, as is usually the case in other developing 

tropical countries.39 Hence, there is the need for tropical countries to 

improve quality control in blood donation and collection procedures 

in order to minimizing the incidence of clotting and wastage of 

donated blood irrespective of donor haemoglobin phenotypes. 

3. Blood Processing Stage: Leucocyte Filtration, Red Cell 

Sickling, Rigidity, Filter Clogging 

Because people with SCT are genetically heterozygous for the sickle 

β-globin gene, their red cells contain both HbA and HbS.1 But the 

relative quantities of the haemoglobins (HbA and HbS) are 

disproportionately distributed (i.e. HbA: ̴ 60%; HbS: ̴ 40%) within 

the red cells of persons with SCT.10 Thus the relative abundance of 

HbA ( ̴ 60%) prevents clinically significant polymerization, sickling 

and haemolysis under physiological conditions.10 Nonetheless, 

relative to HbAA red cells, SCT red cells are inherently stiffer and 

more viscous34, which may be a manifestation of subclinical Hb 

polymerization and sickling. Moreover, sickling of SCT red cells 

may occur in the relatively hypoxic environment within donated 

blood bags, a situation that is thought to be responsible for the high 

incidence of filter-clogging during leuco-depletion of whole blood 

units donated by persons with SCT.48,49 However, the filterability of 

SCT blood can be improved by increasing the oxygen saturation 

level (thereby inhibiting HbS polymerization) within the SCT blood 

bag.49 Therefore, SCT represents the most common cause of leuco-

filtration failure.50 Moreover, SCT blood units that ‘manage’ to pass  

through the leucocyte filter often have unduly prolonged filtration 

time and high post-filtration residual leucocyte counts.51 

Consequently, WHO guidelines recommend that whole blood 

donated by persons with SCT should not be subjected to leuco-

filtration.9 This is a major challenge for tropical blood banks where 

up to one quarter or more of blood donors carry the SCT.12,13 And yet 

SCT blood cannot be easily and satisfactorily filtered to produce 

leucocyte depleted red cell concentrates, which may be essential in 

the prevention and/or management of immune sensitization and 

febrile reactions among chronically transfused patients.52 Therefore, a 

pertinent clinical research question remains to be answered. Should 

the tropical transfusion centres and blood banks adopt Stroncek’s 

method49, which is an effective but potentially costly method of 

facilitating leuco-filtration of SCT blood by increasing oxygen 

saturation levels within whole blood bags donated by SCT carriers?  

4. Blood Storage Stage: Conventional (Aerobic) and Anaerobic 

Storage at 4°C 

Liquid blood can be stored at 4°C by two methods: conventional 

(aerobic) and anaerobic methods. The former method is the standard 

method in current practice of blood transfusion, while the later 

method is still under experimental exploration. Each one of these two 

methods of storage has potential problems with respect to SCT red 

cells as described below. 

 4a. Conventional (Aerobic) Storage: SCT Red Cells Associated 

with Increased in-storage Haemolysis, Reduced Post Transfusion 

Survival 

As earlier mentioned, haemo-rheological studies had suggested that 

SCT is associated with subtle HbS polymerization and red cell 

sickling in-vivo34,46, while leuco-filtration studies had suggested that 

subtle HbS polymerization and red cell sickling of SCT red cells also 

occur in-vitro within donated blood bags during conventional 

(aerobic) storage at 4°C.48-50 HbS polymerization and red cell sickling 

cause oxidation-induced damage to both lipid and protein 

components of the red cell membrane53, which would invariably 

compromise membrane integrity, reduce stability of SCT red cells 

during storage, and presumably decrease post transfusion survival of 

stored SCT red cells. Quite expectedly, a study on human and 

transgenic murine models of SCT had shown that in comparison to 

HbAA red cells, SCT red cells were associated with accelerated in-

storage haemolysis, rapid post transfusion clearance, and reduced 

post transfusion recovery.54 Therefore, a important clinical research 

question remains to be answered. Should the tropical transfusion 

centres and blood banks review the duration of storage shelf-life of 

blood donated by persons with SCT? This can only be adequately 

answered after a rigorous and large scale study on the impact of SCT 

on storage changes and post transfusion recovery of red cells donated 

by persons with SCT. 
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4b. Anaerobic Storage: Potential Risk of Massive Sickling of 

SCT Red Cells within Blood Bags During Storage 

Stored red blood cells are continuously subjected to oxidative stress 

and membrane injury by reactive oxygen species during conventional 

(aerobic) liquid storage at 4°C.55 Studies have shown that removal of 

oxygen from blood bags during storage (i.e. anaerobic storage) 

eliminates the adverse contribution of oxygen to the development of 

red cell storage lesions.55 Consequently, anaerobic storage of red 

cells has many potential advantages over conventional storage with 

respect to mitigation of oxidative red cell damage56, thus allowing for 

extended storage with good post transfusion red cell viability57, 

which could be further augmented by the addition of metabolite 

precursors in the storage solutions.58 However, these studies55-58 were 

conducted on Caucasian donor red cells, and cannot therefore be 

deemed to be safely applicable to donor red cells derived from 

tropical Africa and other regions with high prevalence of SCT among 

donor populations.12,13 This is because SCT red cells contain about 

40% HbS10, which may potentially polymerize and induce red cell 

sickling within the relatively hypoxic confinement of blood bags. For 

example, some studies have shown that SCT blood stored under 

conventional (aerobic) conditions has poor filterability during leuco-

depletion procedures48-50, which suggest that some degree of HbS 

polymerization and red cell sickling occur (due to relative hypoxia in 

blood bags) even during conventional aerobic storage. It is therefore 

easy to envisage that anaerobic storage might potentially trigger 

more intense and massive HbS polymerization and sickling of SCT 

red cells. It should be appreciated that deoxygenation and sickling 

cause significant damage to the membranes of HbS-containing red 

cells.53,59 Hence, we infer that the deoxygenation process associated 

with anaerobic storage of SCT red cells may lead to extensive and/or 

irreversible sickling, which may adversely affect the post transfusion 

viability of transfused SCT cells and/or obstruct the microvasculature 

of the recipient circulation.60 Obviously, further studies are required 

to determine the feasibility and safety of storing SCT red cells under 

anaerobic conditions.60 Meanwhile, if anaerobic storage of blood is 

contemplated in the tropics and other areas with high prevalence of 

SCT, donor Hb phenotyping should be routinely carried out in order 

to identify SCT donors and avoid subjecting their red cells to 

anaerobic storage.61 

5. Blood Transfusion Stage: Recipient Exclusions 

Blood donated by persons with SCT can be safely transfused into the 

vast majority of patients with normal cardiopulmonary functions 

devoid of significant hypoxia. However, the WHO has explicitly 

declared that SCT blood is inappropriate for transfusing three 

categories of hypoxia-susceptible and sickling-prone patients viz: 

foetuses, neonates and SCD patients as described below. 

5a. SCT Red Cells may Sickle in Potentially Hypoxic Conditions: 

Unsuitable for Foetuses. 

Foetal anaemia is a serious complication of pregnancy. Foetal 

anaemia may be caused by genetic or infectious factors, but it is 

commonly due to foeto-maternal blood group incompatibility 

resulting in maternal sensitization and cross-placental transfer of 

maternal allo-immune IgG, which is followed by haemolysis of foetal 

red cells.62 Severe foetal anaemia is associated with high incidence of 

perinatal morbidity and mortality.62 Fortunately, intrauterine 

transfusion (IUT) therapy is considered a most successful 

management of foetal anaemia.62 However, IUT is not devoid of 

potentially serious complications. For example, fetal distress during 

or after the IUT procedure can occur due to local cord accidents such 

as spasm, rupture, excessive bleeding, or tamponade from a 

hematoma62, all of which can independently or concertedly cause 

severe post-placental foetal hypoxia.63 The high risk of foetal hypoxia 

makes the use SCT donor red cells unsuitable for IUT. This is 

because hypoxia may trigger polymerization of HbS and sickling of 

transfused SCT red cells, a situation that would aggravate the adverse 

outcome of any hypoxia-inducing mishap during or after IUT. Hence 

the outright recommendation of the WHO, which stipulates that SCT 

red cells should not be used for IUT.9 Regrettably, the sophisticated 

equipments and monitoring techniques that are required for 

successful IUT are currently unavailable in the vast majority of 

tropical developing countries. Nonetheless, it should be kept in the 

mind of the tropical perinatologists and transfusionists that SCT red 

cells are contraindicated for IUT.9 

5b. SCT Red Cells may Sickle in Potentially Hypoxic Conditions: 

Unsuitable for Neonates 

Developing tropical countries are characterized by high population 

growth rates. For example, Nigeria, which has the largest population 

in tropical Africa, also has one of the highest birth rates in the 

world.40 Consequently, Nigeria carries a heavy burden of neonatal 

anaemia, jaundice and transfusion due to high prevalence of sepsis, 

prematurity, and G6PD enzyme deficiency.64 There are two 

techniques for neonatal blood transfusion in clinical practice, viz: 

additive transfusion for simple anaemia or exchange transfusion for 

anaemia complicated by severe jaundice.64 Irrespective of the type of 

transfusion, blood obtained from SCT donors has two important 

disadvantages that makes it unsuitable for neonatal transfusion. First, 

HbS in stored SCT red cells polymerizes and prevents optimal leuco-

filtration48-51,65, whereas adequate leuco-filtration is an important 

requirement for preventing the transmission of cytomegalovirus 

infection into neonates.66 Second, SCT red cells may sickle under 

hypoxic conditions and are thus not suitable for patients with hypoxia 

and cardiopulmonary insufficiency67, whereas apnea, bradycardia, 

oxygen desaturation, and hypoxia are not uncommon in newborns 

especially in premature neonates.68 The potential risk of using SCT 
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solitary case-report of a neonate who was massively transfused 

with SCT red cells, which resulted in massive splenic infarct, 

multiple haemorrhagic renal infarcts, and acute renal failure.69 It 

is therefore not surprising that the WHO recommends that SCT 

red cells should not be used for neonatal transfusion.9 According-

ly, the standard of care for best practice for neonatal transfusion 

requires selective use of HbAA red cells.70 

5c. SCT Red Cells Contain About 40% HbS: Unsuitable for 

Sickle Cell Disease 

With the largest tropical back population of over 200 million, 

SCT frequency of 25-30% and SCD prevalence of 2-3%, Nigeria 

carries the heaviest burden of both SCT and SCD in the world.30 

As a chronic haemolytic disorder, the management of SCD is 

transfusion intensive.71 In similarity with neonatal transfusion, 

there are basically two types of transfusion techniques for SCD 

patients, viz: additive transfusion for simple anaemia or exchange 

with hyper-transfusion for serious complications such acute chest 

syndrome, stroke or priapism.71 Irrespective of the type of trans-

fusion, SCT red cells are not recommended for transfusing pa-

tients with SCD for three clinically relevant reasons. First, SCT 

blood is intrinsically hyper-viscous34,47,  and it would obviously 

aggravate the pre-existing haemo-rheological abnormalities in the 

blood of patients with SCD.72 Second, SCT blood is inherently 

hypercoagulable31-33,35,36, and it would undoubtedly add to the pre

-existing hypercoagulability of SCD.73 Third, SCT red cells may 

contain about 40% HbS10, which would increase the pre-existing 

burden of HbS in patients with SCD, thereby diminishing the 

therapeutic efficacy of exchange transfusion in reducing the 

quantity of HbS in the blood of patients with SCD.71 It is there-

fore easy to appreciate why the WHO recommends that SCT red 

cells should not be used for patients with SCD.9 Hence, the stand-

ard of care for best practice for SCD transfusion requires selec-

tive use of HbAA red cells.74 

undoubtedly fiscally prudent and financially rational within the lim-

ited health budgets of tropical countries.37 Although SCT has tradi-

tionally been associated with resistance against malaria75-78, recent 

studies have also associated SCT with resistance against HIV.79-84 

Thus SCT donors may have lower risk of having malaria and HIV 

infections, which would translate into a lower incidence of pre-

donation deferrals among prospective donors with SCT. Moreover, 

recipients of SCT donor blood would also be at lower risks of ac-

quiring transfusion transmitted malaria (TTM) and transfusion trans-

mitted HIV (TTHIV) infections as expatiated below. 

1a. SCT Donors and Low Risk of Asymptomatic Malaria Para-

sitemia 

SCT red cell is naturally endowed with the ability to resist initiation 

and propagation of the erythrocytic phase of malaria infection via 

five layers of protective mechanisms. First, SCT red cells are innate-

ly resistant to invasion by P. falciparum.7,75 Second, if the parasites 

manage to successfully invade the SCT red cells, the invasion trig-

gers red cell sickling and/or eryptosis, which lead to phagocytic 

clearance of the infected SCT red cells along with the invading para-

sites.7,75 Third, if the infected SCT red cells escape phagocytosis, the 

intra-erythrocytic growth of the invading parasites is significantly 

repressed by translocation of host micro-RNAs into the parasite 

genome.76 Fourth, survival of the repressed parasites is retarded by 

the ambient inhospitable conditions (dehydration, osmotic shrinkage, 

low intracellular potassium, and HbS polymerization) within the 

cytoplasm of the infected SCT red blood cells.7 And fifth, any resid-

ual surviving parasites are eventually and effectively cleared by the 

host anti-malarial immune response, which is particularly more de-

veloped in persons with SCT (than in persons with HbAA).7 There-

fore, SCT polymorphism is naturally designed to resist P. falcipa-

rum, and has been shown to offer a wide spectrum of protect against 

all clinical stages of malaria infection ranging from asymptomatic 

malaria to clinically non-severe and severe malaria.7,77,78 Interesting-

ly, a recent study from Nigeria has specifically demonstrated that in 

comparison to blood donors with HbAA, donors with SCT were 

associated with low risk of asymptomatic malarial parasitemia.78 The 

finding of that study implied that SCT blood carries low risk of TTM 

infection.78 Hence, donor SCT phenotype is an important but surrep-

titious mitigator of the risk of TTM infection in Nigeria and by im-

plication, in other malaria endemic tropical countries.78 

1b. SCT Donors and Low Risk of HIV Infection 

Recent studies suggest that sickle β-globin gene (in SCD patients 

and in SCT carriers) may be associated with protection against ac-

quisition and progression of HIV infection.79 A possible mechanism 

of the protection could exist within the genome of persons with sick-

le β-globin gene, which probably facilitates the production of 

TRIM5α leucocyte membrane protein.79 This protein prevents HIV 

pre-integration complex from arriving at the nucleus, thus interfering  

Inspite of the aforementioned demerits, SCT has nonetheless 

been associated with a limited number of merits and beneficial 

qualities within the ambit of clinical transfusion medicine, espe-

cially at the ‘pre-donation stage’ and the ‘blood transfusion stage’ 

as outlined in Table 2 and described below. 

1. Pre-donation Stage: Donor Screening and Risk of Infection 

High prevalence of endemic transfusion transmissible infections 

has compelled tropical blood banks in Nigeria and other African 

countries to adopt pre-donation screening and deferral strategy in 

order to avoid wasteful collection of infected donor blood.8 This 

strategy may be at variance with international practice, but it is  

MERITS OF SICKLE CELL TRAIT IN TRANSFUSION 

MEDICINE 
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with reverse transcription80,81, which may explain the lower (than 

the expected) rate of HIV infection among individuals with sickle β

-globin gene.79 Additional possible mechanisms for HIV resistance 

in patients with SCD include up-regulation of haeme oxygenase-1, 

hypoxia related to anaemia, higher expression of inflammatory 

cytokines and inhibition of HIV transcription in the presence of 

deregulated iron metabolism79,82, as well as lower CD4+ T-cell 

expression of CCR5 and CCR7 chemokine receptors for HIV.83 

Interestingly, in similarity with SCD, SCT is also associated with 

resistance against HIV infection. A recent cohort study of Nigerian 

children with HIV infection had shown that in comparison with 

normal HbAA phenotype, SCT confers relative protection against 

acquisition of HIV infection.84 Moreover, HIV viral RNA load was 

significantly lower in the HIV infected children with SCT as com-

pared to their counterparts with normal HbAA phenotype.84 On the 

basis of the aforementioned studies, we presume that donors with 

SCT phenotype would be at lower risk of having HIV infection, 

which implies that (in comparison to HbAA donor blood) SCT 

donor blood would be associated with lower risk of  TTHIV infec-

tion. Hence, donor SCT maybe an important but surreptitious miti-

gator of the risk of TTHIV infection in tropical Africa, where a 

significant proportion of blood donors carry the SCT.12,13 This 

meritorious attribute of SCT would be particularly desirable in sub-

Saharan Africa, where the risk of TTHIV infection is high due to 

inadequacy of standardized serological tests for detecting donor 

HIV infection, which is exacerbated by lack of nucleic acid tests 

for detecting serologically negative HIV infected donors during the 

window period.85 

2. Blood Transfusion Stage: Therapeutically Rational Use of 

SCT Blood 

Anti-malarial resistance and hypercoagulability form the patho-

physiologic basis for the potentially useful applications of SCT 

blood within the context of ‘therapeutically rational application of 

SCT blood’ in managing severe malaria and possibly haemophilic 

bleeding, as described below. 

2a. SCT and Malaria Resistance: Therapeutically Rational 

Exchange Transfusion for Severe Malaria 

Exchange blood transfusion (EBT) has been used as an adjunct 

treatment modality for reducing parasite load, decreasing blood 

viscosity, and increasing microvascular perfusion in patients with 

severe malaria.86 However, the role of EBT vis-à-vis its benefits on 

patients’ clinical outcome remains controversial.86 Therapeutically 

rational exchange (TREX) transfusion using malaria resistant SCT 

red cells is an attractive theoretical model that may augment the 

benefits of red cell exchange in the management of severe malaria, 

which is often seen among HbAA individuals and other vulnerable 

persons in the tropics.87,88 TREX with SCT red cells would presum-

ably be particularly valuable and life-saving for high-risk cases  

such as non-immune and immune-compromised patients89, as well as 

for patients with drug resistant malaria, which is unfortunately 

becoming increasingly prevalent in malaria endemic African 

countries inspite of the current use of Artemisinin based combination 

therapy as recommended by WHO.90 

The concept of TREX with SCT red cells in managing severe malaria 

was prompted by the natural ability of SCT red cells to resist P. 

falciparum invasion and proliferation.7 Nonetheless, other red cell 

associated polymorphisms such as the ABO blood groups are also 

important in anti-malarial resistance.91 Accordingly, the proponents 

of TREX with SCT red cells recommended the use of SCT donor red 

cells alone87, or in combination with other malaria resistant red cell 

phenotypes (such as blood group-O phenotype)88 in the management 

of severe P. falciparum infections. Nigeria is malaria endemic30, and 

it has the largest global genetic pool of SCT carriers30 with a 

commensurate high prevalence of SCT among its blood donors.12,13 

Thus, Nigeria was (by default) considered to be a prototype country 

for evaluating the feasibility and effectiveness of TREX with SCT 

red cells in the management of severe malaria.88 In view of the 

potential thrombotic complications of SCT red cells32, the proponents 

of TREX with SCT red cells had reckoned that prudence and caution 

are required for patients who are pregnant92, or taking birth-control 

hormones93, or have a personal or family history of deep vein 

thrombosis or other thrombotic events.88 Moreover, we believe there 

are two additional haemostatic safety issues that need to be cautiously 

considered with respect to the use of SCT red cells for TREX in 

severe malaria. First, severe malaria by itself is potentially 

prothrombotic94, hence patients with severe malaria may be more 

susceptible to the thrombotic challenge posed by transfused SCT red 

cells. Second, patients with severe malaria are more likely to have 

non-O blood groups95, and coincidentally, non-O blood groups are 

also independently associated prothrombotic tendencies.96 There is 

therefore a need for standardized expert guidelines regarding 

indications, precautions and contraindications for TREX with SCT 

red cells vis-à-vis the separate and/or combined prothrombotic effects 

of SCT red cells, pregnancy, oral contraceptive use, non-O blood 

groups, and/or family history of thrombotic events in patients with 

severe malaria. 

2b. SCT and Hypercoagulability: Therapeutically Rational 

Additive Transfusion for Severe Haemophilia 

Haemophilia-A is an X-linked recessive disorder associated with 

deficiency of coagulation FVIII and lifelong bleeding diathesis.97 

Severe haemophilia is characterized by musculoskeletal 

complications due to recurrent spontaneous bleeding into muscles 

and joints.97 However, it is known that the coinheritance of 

thrombophilic (prothrombotic) genes, e.g. Factor-V Leiden (FVL) 

gene, often reduces spontaneous bleeding rates and complications in 

European patients with severe haemophilia.98 The sickle β-globin 

gene occurs with high frequencies in tropical Africa and other  
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malaria endemic regions, where it causes variable degrees of clinical 

(symptomatic) and subclinical (asymptomatic) red cell sickling in 

persons with SCD and SCT respectively.1 In similarity with FVL 

gene, the sickle β-globin gene is prothrombotic as mentioned in 

previous sections.31-33,35,36 Hence, the coinheritance of the sickle β-

globin gene should presumably improve bleeding phenotypes of 

haemophiliacs. But only a few studies have suggested possible 

benefits of sickle β-globin gene on haemophilic bleeding. To the best 

of our knowledge, there are only three notable but very small studies 

in the literature regarding coinheritance of haemophilia-A and the 

sickle β-globin gene.99-101 First, a case report from India suggested 

that SCD was associated with reduction in bleeding complications in 

severe haemophilia.99 Second, a small retrospective study from 

Nigeria suggested that SCT was associated with reduction in 

bleeding rates in severe haemophilia.100 And third, a case report from 

Maroc implied that SCT could possibly delay the onset of 

spontaneous haemorrhagic manifestations of severe haemophilia.101 

Regrettably in low resource tropical countries, FVIII concentrate and 

cryoprecipitate are scarce102,103, hence ‘fresh whole blood’ is still 

commonly used to treat haemophilic bleeding in the tropics.104 In 

view of the aforementioned potentially favourable effects of sickle β-

globin gene on haemophilic bleeding99-101, there are two clinically 

pertinent issues that need to be resolved with respect to SCT and 

haemophilia in tropical countries. First, there is need for large and 

controlled studies to determine the actual impact (if any) of the sickle 

β-globin gene on haemophilic bleeding and complications. Second, 

there is need to determine whether or not ‘fresh whole SCT blood’  

CONCLUSION AND RECOMMENDATIONS 

The high prevalence of SCT in tropical donor populations signifies 

the indispensability of SCT donor blood in the practice of tropical 

blood transfusion. Nonetheless, the SCT donor blood has well 

recognized technical and clinical demerits and implications in 

transfusion medicine. Inspite of its demerits and implications, SCT 

has some potential merits and applications that have neither been 

adequately explored nor standardized. Hence, the onus lies on 

tropical transfusionists and clinicians to innovate ways of 

ameliorating or circumventing the demerits and implications of SCT 

blood, and at the same time explore the feasibility and safety of its 

potential merits and applications vis-à-vis the practice of blood 

transfusion in low resource settings in tropical Africa, and by 

implication in other regions of the world where SCT is prevalent. 

can be safely and effectively used for ‘therapeutically rational 

additive transfusion’ in treating intractable bleeding in severe 

haemophiliacs (who have HbAA phenotype) in the absence of FVIII 

concentrate and cryoprecipitate, as is usually and regrettably the case 

in low resource tropical African clinical settings.102,103 It must 

however be appreciated that although transfusion of SCT blood is 

considered safe for non-hypoxic older children and adults, a 

precautionary recommendation of the WHO9 dictates that transfusion 

of SCT blood should be generally avoided in all neonates (which by 

implication include haemophilic neonates), as earlier elucidated in 

sections 5, 5a, 5b and 5c of this review.     
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