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Abstract

Sickle cell disease (SCD) is the most common genetic haematological disorder worldwide, and it is a major 
public health concern, especially in Sub-Saharan Africa. Prenatal diagnosis (PD) and preimplantation genetic 
diagnosis (PGD) are important reproductive options for the prevention of SCD. Despite the high prevalence 
of SCD in Nigeria and Sub-Saharan Africa, current trends in PD and PGD for the prevention of SCD are still 
slow compared to that in developed countries. Attitudes towards PD and PGD for the prevention of SCD in 
African are influenced by level of awareness, knowledge and educational status, and the main barriers to the 
uptake of PD and PGD for SCD in Africa are cost, religion, sociocultural, ethical and moral considerations.
We reviewed available data on PD and PGD for SCD in Africa, using the PubMed, PubMed Central, Google 
Scholar and African Index Medicus search engines, through a combination of words and phrases relevant to 
the subject. This article reviewed the current trends in PD and PGD for the prevention of SCD and discussed 
the attitudes towards and the barriers to the uptake of PD and PGD for SCD in Africa.
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Prenatal diagnosis (PD) and preimplantation genetic 
diagnosis (PGD) represent highly important repro-
ductive choices for couples with a high risk of 

transmitting a severe genetic disorder but who wish to 
have a healthy family [1]. Sickle cell disease (SCD) is the 
commonest genetic disorder in Sub-Saharan Africa [2]. 
SCD refers to a group of conditions characterized by the 
presence of haemoglobin S (HbS) and one other abnor-
mal haemoglobin [3]. And the two commonest haemoglo-
bin variants reported in Nigeria are HbS and haemoglobin 
C (HbC) [4]. SCD remains a major cause of mortality and 
morbidity in Nigeria, a country with the highest burden 
of the disease both in Africa and the world [4].

Globally, about 50 million people are living with SCD, 
and Nigeria remains the epicentre zone with about 4–6 
million people living with the disease (one in every four 
Nigerians has a sickle cell trait) [5]. Worldwide, about 
300,000 newly diagnosed SCD children are born annu-
ally, and Sub-Saharan Africa contributes about 75% of 
the number. And Nigeria contributes 33% of the global 
burden of SCD [5]. The high burden of SCD in Africa 
has been attributed to the survival advantage conferred by 
sickle cell trait against the malaria parasite (Plasmodium 
falciparum) [6]. Despite the enormous burden of SCD 

particularly in Nigeria and Sub-Saharan Africa, the 
uptake and application of PD and PGD for SCD in this 
region are low [6]. And little has changed in Nigeria as 
regards recent advances in the management of this disor-
der, as genetic screening using PD and PGD is not readily 
accessible in Nigeria [4].

PD refers to the use of  techniques to detect the pres-
ence or absence of  foetal abnormalities [6]. In the con-
text of  SCD, PD will detect the haemoglobin genotype 
of  the foetus, hence giving the couple room to prepare 
themselves for the birth of  the child or to terminate the 
pregnancy [6]. PD for SCD can be done through two 
major techniques, chorionic villus sampling (CVS) and 
amniocentesis are as shown in Figure 1 and Figure 2 
respectively  [7]. Though CVS (done at 10 to 12 weeks 
of  gestation and DNA analysis) remains the method of 
choice, sometimes, at-risk couples can still be offered 
amniocentesis at 14–15 weeks gestation and DNA anal-
ysis when identified late in the second trimester [7]. 
Newer methods of  PD that are non-invasive are done 
by isolating foetal cells from maternal blood for DNA 
analysis [8]. Other techniques include cordocentesis for 
foetal blood sampling and DNA analysis at 18–19 weeks 
gestation, and celocentesis, where the celomic fluid is 
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Fig. 1. Step for chorionic villus sampling.

aspirated at 7–9 weeks gestation [8]. The major disad-
vantage with the invasive PD is the risk of  miscarriage, 
and there is potentially a need for the termination of  an 
affected pregnancy [7].

PGD is an evolving technique that provides a practical 
alternative to PD and termination of pregnancy for cou-
ples who are at substantial risk of transmitting SCD to 
their offspring [9]. Samples for genetic testing are obtained 
from oocytes or cleaving embryos after in vitro fertiliza-
tion [10]. Only embryos that are shown to be free of the 
genetic disorders are made available for replacement in 
the uterus, in the hope of establishing a pregnancy [11]. 
A PGD cycle entails an ovarian stimulation, oocyte fer-
tilization by In vitro fertilization (IVF), embryo culture, 
embryo biopsy, genetic analysis and embryo transfer to 
the uterus as shown in Figure 3 [12]. Three types of biop-
sies may be used for PGD: polar body biopsy, cleavage 
stage biopsy and blastocyst stage biopsy [10]. PGD has 
provided unique insights into aspects of reproductive 
genetics and early human development [11] but is limited 
by the need to involve assisted reproduction, even in cou-
ples without fertility problems [13]. Furthermore, even for 
fertile couples, pregnancy rates rarely surpass 30–35% [4]. 
PGD has also raised important new ethical issues about 
assisted human reproduction [11].

The awareness, uptake and applications of various types 
of PD and PGD for SCD have continued to increase but 
low in Africa. There is paucity of studies that examined 
the current trends, awareness, uptake and perceptions of 
PD and PGD for SCD in this region. Hence, this article 
reviewed the current trends in PD and PGD for the preven-
tion of SCD and discussed the attitudes towards and the 
barriers to the uptake of PD and PGD for SCD in Africa.

Sickle cell disease
SCD remains the most common inherited haemoglob-
inopathy worldwide [14]. It arises from a single-nucleotide 
substitution that leads to a propensity towards haemoglo-
bin polymerization and the sickling of red blood cells 
(RBC) [15]. SCD is the first molecular illness explained by 
a single point mutation (A!T) resulting in the replacement 
of valine for glutamic acid in the 6th amino acid on chro-
mosome 11 [15]. SCD may be classified according to the 
number and types of the two alleles of beta-globin into 
homozygous HbSS (sickle cell anaemia), HbAS (sickle 
cell trait), compound heterozygous (HbSC, HbSD, HbSE 
and HbS-O Arab disease) and HbSβ thalassaemia (HbSβ-
Thal) [16]. The geographical distribution of these Hb 
variants differs and often parallels certain attributes such 
as climatic conditions and malaria endemicity. While the 
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HbSS and HbSC diseases are highly prevalent in Sub-
Saharan Africa, particularly West Africa, the HbSβ-Thal, 
HbSD and HbSE are more common in parts of the 
Middle East and Asia [17]. A person who inherits two 
abnormal (HbS) genes acquires the SCD (HbSS), and 
persons with one normal (HbA) and one abnormal (HbS) 
gene develop into sickle cell trait (HbAS) [14].

The chance of inheritance of sickle cell gene from par-
ents to offspring is of five possibilities, and they are as 
follows: 1) If  both parents (father and mother) are car-
rying a haemoglobin variant, that is, trait, there is one in 
four possibilities of the child inheriting both the abnor-
mal genes therefore and having sickle cell anaemia. 2) The 
possibility rises to one in two, if  one parent has the trait 
and other one parent has disease. 3) If  one parent has trait 
and other is normal, there is a 50% possibility in every 
pregnancy to have a sickle cell trait. 4) If  both parents 
have SCD, then each child will have SCD. 5) If  one parent 
has SCD and another one normal, then each child will 
have sickle cell trait [14].

Genetic counselling
Prevention of SCD through carrier identification and 
genetic counselling (GC) remain the only realistic 

approach to reduce the impact of the disease and allow 
better use of available resources in low-income countries 
like Nigeria, where the condition is most prevalent [18]. 
GC forms an integral component of care or service offered 
to couples at risk. It is recommended that couples at risk 
should be counselled by a qualified health professional 
with special interest and well versed in the molecular 
diversity of the haemoglobinopathies [13]. In addition to 
genetic and psychological counselling done, the at-risk 
couple should be given detailed, accurate and comprehen-
sive information for informed decision-making [6]. And 
this information should include indications for testing 
and the risks, benefits and limitations of both PD and 
PGD in detail and in a language understandable by the 
couples [6]. A couple at risk refers to a couple who are 
both healthy carriers of sickle cell trait (HbAS), one has 
the sickle cell trait (HbAS) and the other has HbAC trait, 
or one has sickle cell anaemia (HbSS) and the other has 
sickle cell trait (HbAS) [6]. And they should be informed 
of the options of PD and PGD.

Premarital screening and antenatal screening for hae-
moglobin genotype form a major component of  preven-
tion of  SCD. In Nigeria, premarital GC is voluntary; 
however, premarital screening for the sickle cell gene is 

Fig. 2. Step for amniocentesis.
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Fig. 3.  Stages of preimplantation genetic diagnosis.

considered one of  the methods of  preventing new birth 
of  children with SCD [19]. Premarital screening is fast 
gaining ground as a prerequisite for solemnization of 
holy matrimony by many faith-based organizations in 
Nigeria [20]. It forms the baseline assessment of  pro-
spective marriage couples with the aim of  reducing 
genetic risk and incidence of  babies born with SCD [20]. 
Antenatal screening for haemoglobin genotype is a com-
ponent of  routine antenatal investigations in Nigeria 
[21]. In both cases, haemoglobin electrophoresis is done, 
and the result is used to educate and counsel couple at 
risk for genetic screening with PGD or PD.

Prenatal diagnosis
PD is a reproductive option that provides parents with the 
option to test at-risk pregnancies and make decisions 
regarding affected pregnancies [22]. It remains an import-
ant option for couples at-risk of having a child with SCD. 
With increasing awareness in the community, more cou-
ples are opting for PD [23]. But this is not the case in 
Nigeria where the level of awareness is still low. The avail-
ability of non-invasive prenatal diagnosis (NIPD), which 
circumvents the need for invasive sampling and has no 
perceived procedure-related miscarriage risk, is predicted 
to increase the uptake of PD for SCD [24]. NIPD is done 
through the analysis of foetal cell-free DNA circulating in 

the maternal bloodstream, and this can be carried out 
from as early as 8 weeks. Though NIPD is not yet avail-
able for SCD, it has the potential to increase the uptake of 
prenatal testing for SCD [24]. The comparisons between 
current and emerging prenatal and preimplantation  
genetic diagnosis are as shown in Table 1.

Chioma et al. in South-south Nigeria observed that 
there is still a gap in knowledge and utilization of PD by 
at risk couples [6]. Ahmed et al. in North-western Nigeria 
observed that there was overall poor knowledge of PD 
among pregnant women attending antenatal clinic, and 
the level of education was a key identifiable factor that 
determined knowledge and acceptability of PD [25]. 
Ademosun et al. in South-western Nigeria reported that 
very few (20%) have adequate knowledge about PD 
as an existing control measure for sickle cell births [2]. 
Knowledge and acceptance of sickle cell control mea-
sures among pregnant women was hierarchically scaled 
as GC > PD > PGD in south-western Nigeria [2]. And 
this knowledge was not a determining factor in their 
perception or acceptance of the control measures [2]. 
Educational attainment, age, marital status and religion 
affect the acceptability of PD [26]. Perceptions of PD in 
Africa have been associated with issues on ethics concern-
ing the termination of an ongoing sickle cell pregnancy. 
Majority would prefer pregnancy termination following 
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a confirmation of sickle cell disorder after PD; most 
asserted that the trauma of having a sickle cell baby would 
be too much to bear [2].

The availability and acceptability of PD and termina-
tion of an affected pregnancy are of particular impor-
tance in low-resource countries, where neither health 
services nor families can afford to pay for long-term treat-
ment of SCD [22]. Approximately 67% of a sample of 130 
Cameroonian parents with affected children reported they 
would accept termination of an affected pregnancy for 
SCD, and this was considerably higher when compared 
to the Cameroonian preclinical and clinical medical stu-
dents, and physicians in a previous study (22.4, 10.8 and 
36.1%, respectively) [22]. In Nigeria, the trends reported 
were slightly different, where 92% of a sample of 53 SCD 
heterozygous carrier mothers favoured PD and 63% indi-
cated they would opt for termination of an affected preg-
nancy [22]. However, in a survey of 403 health workers in 
a tertiary health care centre in Nigeria, only one-third of 
the respondents accepts termination of pregnancy as an 
option if  prenatal screening is positive for SCD, whereas 
close to half  of the respondents (42%) were against the 
idea. Another study reported that 21.4% of Nigerian doc-
tors would accept termination of an affected pregnancy 
for SCD [27]. The views of parents towards PD and in 
some cases medical termination of pregnancy may be 
associated with their experience of affected patients and 
the psychosocial and/or economic impact of SCD on 
families.

Ethical issues arise in terms of  the safety of  the pro-
cedures used in obtaining tissue sample for PD, abortion 
of  affected foetuses, the question of  genetic selection, 

the ethical implications of  GC and issues relating to the 
principle of  justice in health care. The safety of  the pro-
cedures used for PD is worth mentioning first. PD is rel-
atively safe; however, there is a chance of  a miscarriage 
following CVS and amniocentesis (worse with CVS and 
usually multi-factorial). Abortion of  the affected foetus 
is regarded as a component of  PD in most cases. In the 
case of  the foetus having the SS genotype, the ethical 
question arises whether to have an abortion or to keep 
the pregnancy. The decision whether to terminate a preg-
nancy based on a positive result is usually a difficult one 
that involves religious, psychosocial and cultural consid-
erations. There is also risk associated with carrying out 
an abortion, especially in developing country where there 
may be lack of  reliable and safe healthcare practices [28].

Legal bans on abortion exist virtually in all African 
countries, and medical abortion when allowed is often 
restricted to direct threats to maternal health [29]. In all 
parts of Nigeria, abortion is a criminal offense except 
where it is performed to save the life of the mother [30]. 
In the South, the relevant provisions are sections 228, 229, 
230, 297 and 328 of the Criminal Code [Criminal Code 
Act(1916) Cap]. In the North, the relevant provisions are 
sections 232, 233, 234, 235 and 236 of the Penal Code 
[Penal Code Act(1960) Cap] [30]. Foetal pathology like 
SCD is not considered, and abortion of affected foetuses 
would, therefore, be illegal [29].

Even when abortion is legal in the local context, the 
question of whether it is right to terminate an innocent 
life is still a much-debated issue. On the other hand, the 
question of whether it is right or not to bring a child with 
a disease condition that causes so much suffering to the 

Table 1.  Comparison between current and emerging prenatal and preimplantation genetic diagnostic procedures.

Conventional PD PGD NIPD

Timing of genetic 
analysis

During pregnancy (from 11 weeks by  
CVS or from 15 weeks by amniocentesis)

Before initiation of pregnancy and 
embryo transfer (during ART)

From 8 weeks of pregnancy (by maternal 
blood draw)

Risk to foetus, 
pregnancy or baby

Miscarriage ~2% (rarely complications  
such as infection or foetal injury)

Same risk as associated with  
conventional ART

None

Accuracy of genetic 
analysis

>99% >99% Yet to be extensively validated

Chance of healthy 
delivery

75% (based on genetic risk according to 
autosomal recessive disease transmission)

30% per embryo transfer  
(liwmited by known rates  
of embryo implantation and 
pregnancy outcomes)

75% (based on genetic risk according to 
autosomal recessive disease transmission)

Major drawback(s) Need to terminate affected pregnancy Technically challenging, multi-step 
and labour-intensive

Need to terminate affected pregnancy

Requires ART (even if couple fertile) Extensive validation pending

Unpredictable pregnancy and birth 
rate

Relatively costly

Major benefit(s) Well-validated procedure Precludes need to terminate  
affected pregnancies

Early diagnosis

Limited risks in pregnancy
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world when a decision is made to keep the pregnancy 
remained unresolved. Some would argue that it is more 
cost effective to abort the affected foetuses as this will 
reduce the socioeconomic and emotional consequences 
of the disease. Bringing up the question of cost-effective-
ness and life of patients would be looked at in many devel-
oping countries like Nigeria as being cold and inhuman, 
but the reality of scarcity of resources and rationing of 
healthcare resources is there for all to see. 

Some people would argue that using a PD for SCD 
would lead to a systematic elimination of genetic muta-
tion from the population. Could this be called a form of 
eugenics? The authors do not think so as the choice here 
is not about specific traits that are desired in a child but 
having a child free of a particular genetic disorder. The 
right to know is a fundamental right of the couple; hence, 
carrying out a PD for SCD empowers the couple to plan 
for the new child (if  they decide to keep the pregnancy – 
if  SS genotype) and gives them peace of mind (if  AS or 
AA genotype). This is the autonomous choice of the cou-
ple, a right to decide what is acceptable to them. There is 
also the risk of pressure being put on the couple directly 
or indirectly by society to have PD done because of the 
availability of the tests (the so-called technological imper-
ative). This could lead to affected couples being blamed 
for not making use of the tests to avoid having children 
with SCD.

Preimplantation genetic diagnosis
PGD for the prevention of SCD is a recognized alterna-
tive to PD and termination of an affected pregnancy for 
at-risk couples [9]. PGD is a procedure for accurate 
genetic diagnosis, careful selection of unaffected embryo 
and implantation to allow fertile or infertile couples to 
have offspring without SCD [22]. PGD is not 100% accu-
rate, and the most common form of PGD involves the 
extraction of one or two cells from the preimplantation 
embryo, often around the 8-cell stage [31]. PGD costs 
about 4–6.5 million naira (6–10,000 US$). In Nigeria, the 
first unaffected pregnancy and delivery after a successful 
PGD for SCD was reported in 2014 [31].

The prevalence of HbS gene is high in Nigeria and Sub-
Saharan Africa, but access to PGD services in the region 
is limited [32]. This is because of the required technolog-
ical expertise and the high healthcare costs associated 
with IVF [33]. In the United Kingdom (UK), couples 
who are at risk of having a child affected with SCD and 
have no unaffected children are entitled to a maximum 
of three state-funded PGD cycles, and this has improved 
the uptake of PGD for SCD in the UK [9] as compared 
to Nigeria, where it is personally funded. The principle 
of justice in health care requires that access to PGD be 
fair and equitable. This is not so because of intra-coun-
try and inter-country disparity in access to PGD; many 

people requiring this technology for SCD may not have 
access to it because of lack of the service in their envi-
ronment or inability to pay for the services. This is partic-
ularly common in developing countries of Sub-Saharan 
Africa where payment for health care is still mainly ‘out 
of pocket’ [34]. This problem of access to PGD remains 
one of the major barriers to the control of SCD in devel-
oping countries.

PGD requires close collaboration between fertility 
specialists, molecular biologists, geneticists, and genetic 
and fertility counsellors and may be an option to indi-
viduals who may object to PD followed by termination 
[22]. In Nigeria, in-vitro fertilization centres rely on 
collaboration with genetic laboratories in high-income 
countries for PGD [32]. The awareness and the uptake 
of  PGD for SCD in Nigeria and Sub-Saharan Africa are 
still poor. Recent advances in PGD technology, such as 
small-volume biopsy techniques, have improved embryo 
safety, diagnostic accuracy and cost effectiveness of 
PGD. Furthermore, single-cell genomic and non-invasive 
sampling techniques are currently in development, which 
promise to further improve diagnostics and reduce poten-
tial ethical concerns [35].

The introduction of PGD in developed countries would 
seem to have put the controversial issue of termination 
of affected pregnancy at rest as only ‘genetically healthy’ 
embryos will be transferred to the uterus. However, PGD 
is also laden with its own concerns and ethical dilemmas 
relating to the moral status and destruction of embryos, 
and tendencies for eugenic practices. These concerns 
include the expensive nature of the procedure; burden-
some procedure that is not entirely without risk for the 
woman; necessary embryo biopsy adding to the manip-
ulation of gametes and embryos involved in IVF making 
PGD more invasive and creating many embryos that may 
eventually be discarded [36].

Finally, PGD is considered as ethically sensitive 
because, like selective abortion following PD, it amounts 
to a form of selective reproduction, in which only children 
not affected by SCD are allowed to be born. Some find 
this problematic holding that it would entail a discrim-
inatory message about the worth of the lives of people 
living with SCD [36]. Others are concerned that allowing 
the selection of healthy embryos in vitro could be a first 
or a further step on a slippery slope towards the dreaded 
‘designer child’ scenario, involving selection for non-
health related characteristics as well.

Conclusion
Despite the high prevalence of  SCD in Nigeria and  
Sub-Saharan Africa, current trends in PD and PGD for 
the prevention of  SCD are still slow compared to that in 
developed countries. Attitudes towards PD and PGD for 
the prevention of  SCD in African are influenced by level 
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of awareness, knowledge and educational status, and the 
main barriers to the uptake of  PD and PGD for SCD in 
Africa were cost; religion; safety; sociocultural, ethical 
and moral issues of  genetic selection; destruction of 
embryos; and principles of  justice. This not only will 
adversely affect health policy planning but also could, in 
addition, continue to fuel the already high prevalence of 
SCD in Africa, with attendant high morbidity and mor-
tality in individuals born with the disease.

Conflict of interest and funding
The authors received no funding from any profit or non-
profit organization for the research. There are no conflicts 
of interest.

References

	 1.	 Vrettou C, Kakourou G, Mamas T, Traeger-Synodinos J. Prenatal 
and preimplantation diagnosis of hemoglobinopathies. Int J Lab 
Hem 2018; 40(Suppl. 1): 74–82. doi: 10.1111/ijlh.12823

	 2.	 Adenmosun OO, Mbewe AL, Oyelade T, Nurse-Findlay S, 
Obajimi G, Owolabi AT, et al. Knowledge and perception of 
pregnant women on control measures for sickle cell disorder 
(SCD) in South-western Nigeria. Int J Med Sci Health Res 2018; 
2(03): 200–12.

	 3.	 Edwin AK, Edwin F, Etwire V. Controlling sickle cell disease in 
Ghana ethics and options. Pan Afr Med J 2011; 10(14): 1–9. doi: 
10.4314/pamj.v10i0.72223

	 4.	 Emechebe GO, Onyire NB, Orji ML, Achigbu KI. Sickle cell 
disease in Nigeria – a review. J Dental Med Sci 2017; 16(1): 
87–94. doi: 10.9790/0853-1601048794

	 5.	 Nwabuko OC, Onwuchekwa U, Iheji O. An overview of sickle 
cell disease from the socio-demographic triangle – a Nigerian 
single – institution retrospective study. Pan Afr Med J 2022; 41: 
161. doi: 10.11604/pamj.2022.41.161.27117

	 6.	 Chioma O. Prenatal diagnosis in sickle cell disease: in the eyes of 
the couple at risk. JAMMR 2020; 32(10): 65–71. doi: 10.9734/
jammr/2020/v32i1030520

	 7.	 Yenilmez ED, Tuli A. New perspectives in prenatal diagnosis 
of  sickle cell anemia, sickle cell disease – pain and common 
chronic complications, baba psalm duniya inusa. Intech 
Open; 2016. Available from: www.intechopen.com [cited 16 
September 2022].

	 8.	 Giambona A. Embryo-fetal erythroid cell selection from celo-
mic fluid allows earlier prenatal diagnosis of  hemoglobinopa-
thies. Prenat Diagn 2016; 36(4): 375–81. doi: 10.1002/pd.4793

	 9.	 Vali S, Mukhtar S, Nandi A, Wilson K, Oakley L, El-Toukhy T, 
et al. Cumulative outcome of pre-implantation genetic diagnosis 
for sickle cell disease: a 5-year review. Br J Haematol 2020; 191: 
875–9. doi: 10.1111/bjh.16930

	10.	 Brezina PR, Brezina DS, Kearns WG. Preimplantation genetic 
testing: clinical review. BMJ 2012; 345: 1–8. doi: 10.1136/bmj.
e5908

	11.	 Braude P, Pickering S, Flinter F, Ogilvie CM. Preimplantation 
genetic diagnosis. Nat Rev Genet 2002; 3: 941–53. doi: 10.1038/
nrg953

	12.	 Bustamante-Aragones A, Perlado-Marina S, Trujillo-Tiebas 
MJ, Gallego-Merlo J, Lorda-Sanchez I, Rodríguez-Ramirez L, 
et al. Non-invasive prenatal diagnosis in the management of pre-
implantation genetic diagnosis pregnancies. J Clin Med 2014; 3: 
913–22. doi: 10.3390/jcm3030913

	13.	 Traeger-Synodinos J. Preimplantation genetic diagnosis, an 
alternative to conventional prenatal diagnosis of the hemoglob-
inopathies. Int J Lab Hematol 2013; 35: 571–9. doi: 10.1111/
ijlh.12086

	14.	 Ganesh B, Rajakumar T, Acharya SK, Kaur H. Sickle cell ane- 
mia/sickle cell disease and pregnancy outcomes among ethnic tribes 
in India: an integrative mini-review. J Matern Fetal Neonatal Med 
2021; 35(25): 4897–904. doi: 10.1080/14767058.2021.1872536

	15.	 Colah RB, Mehta P, Mukherjee MB. Newborn screening for 
sickle cell disease: Indian experience. Int J Neonatal Screen 
2018; 4(4): 31. doi: 10.3390/ijns4040031

	16.	 Lal A, Vichinsky EP. Sickle cell disease. In: Hoffbrand AV, 
Catovsky D, Tuddenhan EG, eds. Postgraduate hematology. 
5th ed. Oxford: Blackwell Publishing; 2005, p. 104. 

	17.	 Aneke JC, Okocha CE. Sickle cell disease genetic counseling and 
testing: a review. Arch Med Health Sci 2016; 4: 50–7. doi: 
10.4103/2321-4848.183342

	18.	 Abioye-Kuteyi EA, Oyegbade O, Bello I, Osakwe C. Sickle 
cell knowledge, premarital screening and marital decisions 
among local government workers in Ile-Ife, Nigeria. Afr J 
Prim Health Care Fam Med 2009; 1(1): 53–7. doi: 10.4102/
phcfm.v1i1.22

	19.	 Gabriel OO, Matthew CO. Knowledge, attitude and practice of 
premarital counseling for sickle cell didease among youth in 
Yaba, Nigeria. Afr J Reprod Health 2013; 17(4): 175–82. 

	20.	 Onuoha EC, Eledo BO, Anyanwu P, Agoro ES. Premarital 
screening of HIV, haemoglobin genotype, ABO and rhesus 
blood group among intending couples in Yenegoa, Nigeria. J 
Biol Agric Healthc 2015; 5(14): 16–23.

	21.	 Murtala Y, Aisha AS. Audit of antenatal investigation results of 
patients in Aminu Kano Teaching Hospital: a two-year review. 
Bo Med J 2021; 18(2): 1–10. 

	22.	 Makani J, Ofori-Acquah SF, Nnodu O, Wonkam A, Ohene- 
Frempong K. Sickle cell disease: new opportunities and  
chal- lenges in Africa. ScientificWorld J 2013: 2013: 1–16. doi: 
10.1155/2013/193252

	23.	 Vermaic. Hemoglobinopathies in India – an overview. In: Proc. 
Indo-French symposium on recent trends in clinical, diagnostic 
and reserch aspects of hemoglobinopathies. Kochi, Nov 21–24, 
2004; pp. 2–4. 

	24.	 van Campen J, Silcock L, Yau S, Daniel Y, Ahn JW, Ogilvie C, 
et  al. A novel non-invasive prenatal sickle cell disease test for  
all at-risk pregnancies. Br J Haematol 2020; 190: 119–24. doi: 
10.1111/bjh.16529

	25.	 Ahmed Y, Panti AA, Umar AG, Funtua AR, Abdullahi N, Garba 
JA. Knowledge and acceptability of prenatal diagnosis among 
pregnant women attending antenatal clinic in a tertiary health 
institution in Sokoto, Nigeria. Int J Reprod Contracept Obstet 
Gynecol 2021; 10(10): 3678–83. doi: 10.18203/2320-1770.
ijrcog20213830

	26.	 Adekanbi AOA, Olayemi OO, Fawole AO. The knowledge base 
and acceptability of prenatal diagnosis by pregnant women in 
Ibadan. Afr J Reprod Health 2014; 18(1): 127–32.

	27.	 Adeyemi AS, Adekanle DA. Knowledge and attitude of female 
health workers towards prenatal diagnosis of sickle cell disease. 
Niger J Med 2007; 16(3): 268–70. 

	28.	 Fadare JO. Some ethical issues in the prenatal diagnosis of sickle 
cell anaemia. Ann Ibadan Postgrad Med 2009; 7(2): 26–8. doi: 
10.4314/aipm.v7i2.64084

	29.	 Wonkam A, de Vries J,Royal CD, Ramesar R, Angwafo FF. 
Woulg you terminate a pregnancy affected by sickle cell disease? 
Analysis of views patients in Cameroon. J Med Ethics 2014; 40: 
615–20. doi: 10.1136/medethics-2013-101392

http://dx.doi.org/10.51496/jogm.v2.75
http://dx.doi.org/10.1111/ijlh.12823
http://dx.doi.org/10.4314/pamj.v10i0.72223
http://dx.doi.org/10.9790/0853-1601048794
http://dx.doi.org/10.11604/pamj.2022.41.161.27117
http://dx.doi.org/10.9734/jammr/2020/v32i1030520
http://dx.doi.org/10.9734/jammr/2020/v32i1030520
http://www.intechopen.com
http://dx.doi.org/10.1002/pd.4793
http://dx.doi.org/10.1111/bjh.16930
http://dx.doi.org/10.1136/bmj.e5908
http://dx.doi.org/10.1136/bmj.e5908
http://dx.doi.org/10.1038/nrg953
http://dx.doi.org/10.1038/nrg953
http://dx.doi.org/10.3390/jcm3030913
http://dx.doi.org/10.1111/ijlh.12086
http://dx.doi.org/10.1111/ijlh.12086
http://dx.doi.org/10.1080/14767058.2021.1872536
http://dx.doi.org/10.3390/ijns4040031
http://dx.doi.org/10.4103/2321-4848.183342
http://dx.doi.org/10.4102/phcfm.v1i1.22
http://dx.doi.org/10.4102/phcfm.v1i1.22
http://dx.doi.org/10.1155/2013/193252
http://dx.doi.org/10.1111/bjh.16529
http://dx.doi.org/10.18203/2320-1770.ijrcog20213830
http://dx.doi.org/10.18203/2320-1770.ijrcog20213830
http://dx.doi.org/10.4314/aipm.v7i2.64084
http://dx.doi.org/10.1136/medethics-2013-101392


Citation: Journal of Global Medicine 2022, 2: 75 - http://dx.doi.org/10.51496/jogm.v2.758
(page number not for citation purpose)

Chukwuemeke Nzekwue and Onome Ogueh

	30.	 Okorie PC, Abayomi OA. Abortion laws in Nigeria: a case for 
reform. Annu Survey Int Comp Law 2019; 23(1): 1–29.

31.	 Okeke C, Ailoje-Ibru K, Olukoya K, Ogbeche R, Adewusi A, 
Iloabachie E, et al. Successful pregnancy outcome after in vitro 
fertilisation following Pre-implantation Genetic Diagnosis/
Polymerase Chain Reaction screening for single gene disorder 
(sickle cell anaemia) before embryo transfer: the clinical expe-
rience of  an in vitro fertilisation clinic in Nigeria. Niger Med J 
2014; 55: 87–90. doi: 10.4103/0300-1652.128181

32.	 Ibrahim W, Christopher D, Mohamed C. Live birth following 
preimplantation genetic testing to prevent sickle cell disease in a 
low resource setting: a case report. Afr J Reprod Health 2020; 
24(4): 218–20.

33.	 Pecker LH, Naik RP. The current state of sickle cell trait: implica-
tions for reproductive and genetic counseling. Am Soc Hematol 
2018; 132(22): 2331–8. doi: 10.1182/blood-2018-06-848705

34.	 Leive A, Xu K. Coping with out-of-pocket health pay-
ments: empirical evidence from 15 African countries. Bull World 
Health Organ 2008; 86: 849–56. doi: 10.2471/BLT.​07.049403

35.	 Lu L, Lv B, Huang K, Xuo Z, Zhu X, Fan G. Recent advances in 
preimplantation genetic diagnosis and screening. J Assist Reprod 
Genet 2016; 33(9): 1129–34. doi: 10.1007/s10815-016-0750-0

36.	 Dondorp W, de Wert G. Refining the ethics of  preimplanta-
tion genetic diagnosis: a plea for contextualized proportion-
ality. Bioethics 2019; 33: 294–301. doi: 10.1111/bioe.12534

*Chukwuemeke Nzekwue
Lecturer and Consultant Obstetrician and Gynaecologist, 
Delta State University, Abraka and Delta State University 
Teaching Hospital, Oghara, Delta State. PMB 07
Email: nzekwuechukwuemeke2004@gmail.com

http://dx.doi.org/10.51496/jogm.v2.75
http://dx.doi.org/10.4103/0300-1652.128181
http://dx.doi.org/10.1182/blood-2018-06-848705
http://dx.doi.org/10.2471/BLT.07.049403
http://dx.doi.org/10.1007/s10815-016-0750-0
http://dx.doi.org/10.1111/bioe.12534
mailto:nzekwuechukwuemeke2004@gmail.com

