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with encapsulated bacteria hence such infants succumb from these 
bacterial infections in early life. Infections have been implicated in as 
much as 20 to 50% of these deaths [15]. The increased susceptibility 
has been traced to impaired splenic function [15].

The Concept of NBS for sickle cell disease (SCD) arose because of 
various reasons. One of this is to inculcate appropriate health seeking 
behaviour through parental education on the underlying nature of the 
disease and thorough understanding of the causes of mortality and 
morbidity in this disorder. Studies of the splenic function had shown 
that complete waning can occur even by the end of the 3rd month 
of life and thereafter the risk of death from invasive Pneumococcal 
disease increases [16,17]. This strengthened the idea of the need for 
early identification and initiation of preventive measures soon after the 
birth for the affected infant. Early diagnosis and comprehensive care 
is currently the standard of care package for the affected child [16]. 
In 1986, Gasto MH and co-workers demonsrated that prophylactic 
penicillin markedly reduces the incidence of pneumococcal 
sepsis, [17] this provided a powerful incentive for the widespread 

Introduction

Over 300,000 babies with sickle cell disease (SCD) are born annually, 
the majority in sub-Saharan Africa. The world's SCD population is 
concentrated in three countries: Nigeria, India, and the Democratic 
Republic of Congo where the disease affects up to 2 percent of the 
population and the carrier prevalence rate (sickle cell trait) is as high 
as 10 to 30 percent [1-3].

Systematic reviews suggest that universal screening is especially 
cost effective in populations with a high frequency of the prevalence 
of SCD >0.2 to 0.5 per 1000 births [4]. The threshold for screening for 
SCD (0.5 per 1000 births) in many countries in Africa far exceeds the 
minimum threshold for cost-effectiveness for new-born screening. In 
Nigeria the rate of SCD is estimated to be 300 per 1000 births [5]. 
New-born screening (NBS) programs allow for early detection and 
intervention, a method for primary prevention is included. This is 
actually the basis for the screening that exists in all the states of the 
United States of America [6-7]. World Health Organization (WHO) 
had actually identified the need for primary prevention of SCD 
screening in new-born period, genetic counselling, and accessible 
comprehensive care [8]. Yet in Sub-Saharan Africa, it is only available 
in a few centres that have been able to introduce this program [9-11].

Some of the countries of the Caribbean’s and Jamaica have had 
long standing NBS screening programs and are able to show the 
impact of early diagnosis, education and early child care on mortality 
and morbidity [12,13]. SCD contributes significantly to infant and 
young child mortality particularly in Malaria endemic regions [14]. 
Sufferers of sickle cell disease are also highly susceptible to infections 

Abstract

Background: In the bid to decrease infant mortality, we introduced New-born screening for sickle cell 
disease with parental education and enrolment of the early diagnosed child into comprehensive care 
program at the Federal Medical Centre, Asaba. 
Methods: The institution’s ethical review Board approved the proposal. We systematically collected samples 
on dry blood spots from consecutively delivered babies after informed parental consent. We thereafter, 
shipped them to a regional laboratory where they were eluted and analysed on HPLC machine, Newborn 
Hb variant. Statistical analysis was by simple frequencies, means and standard deviations and chi square 
test. The level of significance was set at p< 0.05  
Results: Two thousand four hundred and fifty one babies were delivered over 1st March 2017 to 28th 
February 2019. One thousand and thirty three of the total 2451 (42.2%) were sampled and results for 983 
samples were available for the analysis. Seven different haemoglobin patterns were identified in these 
newborns. They are HbAA, HbAS, HbAC, HbAD, HbSS, HbAE and HbDD; and HbAA being the most 
predominant with a frequency of 74.9%.The prevalence of HbSS was 0.8% and the DD was 0.2% and 24. 
2% were traits. 
There was a high level of awareness of the disease among the mothers as many of them had knowledge of 
their Hb Phenotype before marriage. Eight hundred and forty-four (844) 81.7% knew about phenotype test 
while 706 (68.3%) had prior knowledge of their Hb phenotype.
Conclusion: The low prevalence of HbSS in this survey might have resulted from the high level of parental 
awareness and also from the fact that only 42.2% of births were screened. This emphasises the role of societal 
education and awareness for decreasing the prevalence of the disease.

https://doi.org/10.15344/2455-2364/2021/174
https://doi.org/10.15344/2455-2364/2021/174
https://doi.org/10.15344/2455-2364/2019/158
https://doi.org/10.15344/2455-2364/2021/174


Int J Pediatr Neonat Care                                                                                                                                                                                        IJPNC, an open access journal                                                                                                                                          
ISSN: 2455-2364                                                                                                                                                                                                       Volume 7. 2021. 174 

implementation of neonatal screening for SCD [18]. New-born 
screening for haemoglobinopathies is now increasingly practiced 
globally. This is due to the numerous benefits accrued from the early 
diagnosis of haemoglobinopathies and related disorders through 
this genetic screening when done early enough, especially in the 
neonatal period [1,18,19] SCD contributes significantly to morbidity 
and mortality particularly in children who reside in malaria endemic 
regions [14].

The processes for the diagnosis of this disease has also gone through 
evolutionary process. Currently practices for screening include 
Hemoglobin electrophoresis through to High performance liquid 
chromatography (HPLC) [20]. Such HPLC techniques available for 
Newborn screening of Hemoglobin variants offer advantage for mass 
screening but are expensive to maintain [21]. More recently several 
point of care test kits have been evaluated and validated for use in 
mass screening. Such test kits are of particular interest in developing 
countries as they offer potentials for reduced cost of HPLC in mass 
screening of individuals. Whatever the tests, these would require 
confirmatory tests ulteriorly [20-24].

Federal Medical Centre Asaba, Delta State, Nigeria in March 2017 
commenced systematic New Born Screening Programme (NBS) for 
haemoglobin phenotypes. We set out to provide new-born screening 
(NBS) services for all babies born at the FMC Asaba. This was in a 
bid to set up NBS for sickle cell disease Comprehensive care and early 
parental education. 

The purpose of screening is to identify early infants with abnormal 
haemoglobin so as to enrol them into a comprehensive care, and 
provide parental education and follow up program a as well as to 
describe the patterns of the major haemoglobin phenotype patterns 
and other forms of identifiable haemoglobinopathies and ultimately 
to institutionalise NBS program.

Hitherto in Nigeria, systematic screening for the newborn has not 
become the norm because of financial constraints. Even though the 
important contribution of SCD to infant and U-5 mortality had been 
recognised and the contribution of hemoglobinopathy as a public 
health problem in the non communicable diseses in our communities 
had been recognised, it has not received the deserved attention because 
of various factors. The hemoglobinopathies are coming into focus as 
the communicable diseases of infancy are being tackled. In a bid to 
tackle this child survival issue of infancy, it is behoving to introduce 
this best practice that has contributed significantly to curtailment of 
infant and young child mortality to our environment with a projected 
high population of carrier individuals.

Materials and Method

The Proposal was approved by the Ethical review Board of the 
institution. Consecutively delibered newborns of consenting parents 
were recruited into the study. Blood samples from heel stics were 
obtained unto whartmans 903 protein server papers, dried and 
shipped in batches to the regional Laboratory. The High Performance 
Liquid Chromatography (HPLC) was the screening method utilised. 
All specimens were processed and analysed using the variant 
Newborn Screening (VARIANTTM nbs) HPLC machine (Bio-Rad, 
Hercules, California, USA). REF-NUMBER 250-3000. This system 
utilises standard techniques of electrophoresis using cation-exchange 
resin as the chromatographic column and two buffer reagents of 
sodium phosphate containing Sodium azide, pH 6.5 and pH 6.6 for 

establishing an HPLC gradient. These tests were performed according 
to the HPLC machine’s manufacturer’s instructions [21].

This machine and the technique is now widely available in Nigeria. 
The use of HPLC is a good choice to give reliable results, but it is 
recommended to validate screening results by a second method. 
Due to financial constraints, it was not done for these patients. Test 
results were sent electronically within 2 weeks of sample collection 
and parents were contacted upon receipt to return as they had been 
initially informed at home discharge from hospital. Upon receipt of 
the result, each parent was counselled by the NBS program Paediatric 
Haematologist irrespective of their status. The affected infants 
were then recruited into the comprehensive care program which 
refocssed parental education and recognition of the danger signs. 
The educational program equally highlighted the importance of good 
hydration, nutritious dietary and the importance of Immunisation 
in infancy and beyond. The importance of antimalarial therapy and 
attendance at regular clinic follow up clinic was equally emphasised. 
All SCD diagnosed infants had a second test with Hemo Type SC but 
could not have the DNA confirmatory test. 

Prior parental awareness of Sickle cell disease was assessed through 
direct questioning at the point of newborn screening. The Hb 
electrophoresis of parents was not re-verified by laboratory testing.

The data were collected onto survey questionnaires. These were 
entered on Excell spread sheet and analysed using Statistical Package 
for Social Sciences (SPSS) software, version 22 (IBM, Armonk, NY, 
USA). Frequencies, Means and standared deviation were studied 
for categorical variables; chi square test was used for comparison of 
means. Statistical significance was set at P< 0.05.

Results

Two thousand four hundred and fifty one (2451) babies were 
delivered in the Centre during the period of this survey. However, 
only 1033 babies were screened, giving a screening rate of 42.15%. Of 
this one thousand, and thirty three (1033) babies that were screened, 
data for 983 babies are available for analysis.

General characteristics of the population

They were 520 (50.3%) males and 513 (49.7%) females giving a 
male to female ratio of 1.01:1.

Nine hundred and twenty-five (925) neonates representing 89.5% 
were sampled on the their first week of life. The mean age of population 
at screening was 2.1±3.7 days. Their weight ranged from 0.8- 5.2 kg 
with a mean weight of 3.02±0.84 Kg.

Five hundred and seventy-six (576/1033) 55.8% neonates are of 
Delta State origin, giving a ratio of indigene to non-indigene of 1.2: 
1, and a proportion of 0.6. For every two babies screened, one is from 
Delta state as 62% of client of Department of Obstetrics, FMC Asaba 
are Delta Indigenes.

Phenotypes identified

Seven different haemoglobin pattern were identified in these 
newborns. They are HbAA, HbAS, HbAC, HbAD, HbSS, HbAE and 
HbDD, with HbAA with the highest frequency 74.9% Figure 1.
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Figure 1 describes the haemoglobin variants of the studied 
newborns.

Classification of the Hb phenotypes

Seven hundred and thirty-six 736 (74.9%) babies had normal 
phenotype (AA), 273 (24.1%) were traits, while 10 (1.0%) had 
haemoglobinopathy (SS and DD) Figure 2.

Of the eight neonates identified with SCA, there were 5 males and 
3 females .

One was a male, the first of a set of twins, who died of the 
complication of Birth Aphyxia in the neonatal period. The phenotype 
of the twin sister is AS, and the mother received counselling on 
the child’s phenotype, the phenotype of the demised one was also 
conveyed to her.

Three out of the babies with haemoglobinopathy are presently 
enrolled on comprehensive healthcare program of the institution. 
Parents of one have relocated to another town and they were counselled 
on the importance of the follow-up. Parents of two babies refused to 
accept the result. One of the Parents who gave wrong address could 
not be reached.
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Figure 1: Prevalence of different haemoglobin phenotype.

Figure 2: Classification of Phenotypes.
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Three of the newborns identified to have HbAC are from Delta 
State (2) and the other from Imo State.

Prior parental knowledge of their genotypes

Eight hundred and forty-four (844) representing 81.7% knew about 
phenotype test while 706 of them respresenting 68.3% knew their Hb 
phenotype.

Discussion

The HbAA frequency of 74.9% is similar to what is identified in 
the general population in Nigeria [13-16]. Though this result is from 
the NBS it conforms with the findings from other studies. It may 
represent an indirect reflection of the acknowledged fact that up to 
25 to 30 percent of the local population have abnormal Hb variants. 
The freqency of S phenotype, the traits, identified is 21.6%. This also 
similar to what is obtainable in the general population in Nigeria 
[26-29]. It is however lower than what has been described elsewhere 
in Nigeria [28,29]. This difference might have arisen due to the low 
numbers of newborns screened. Despite this low proportion of 
0.81%, it is noted that this figure represents a high incidence when 1 
of every 123 newborns screened has SCD. Despite the low numbers, 
it still justifies the initiation of newborn screening according to the 
WHO guidelines [8]. When compared to what has been reported by 
some authors in Nigeria [14,24,26-32] and some other parts of Africa 
[25,31,2] it is quite low. Relative to the other reports, this is a hospital 
based survey of newborns whereas those other surveys are from 
older age groups and are population based survey. This survey may 
therefore not convey the true picture of the burden of this problem. 
Community-based survey reflects the burden of any condition better 
than Hospital-based [29]. Thus there is therefore the need to extend 
the action to involve the community. Again, bearing in mind that 
only about 40% of deliveries occur in health facilities in Nigeria, [32] 
the rest are either at home with the help of the elderly women, or by 
Traditional Birth Attendents (TBAs). More efforts should be focused 
on how to reach these non facility delivered newborns.

The prevalence of SCD in this study is higher than what is observed 
for developed countries. This again reflects the population dynamics 
of the environment of such studies where the ethnic black population 
is low. In such climes, the introduction of NBS and comprehensive care 
for the newborn diagnosed child with SCD have significantly reduced 
mortality and morbidity from the burden of this disease [7,19,31-33]. 
The SCD high burden Low Middle Income  countries(LMICS) of sub 
Saharan Africa to enable attainment of the sustainable development 
goals should adopt and implement this strategy.It therefore calls  for 
the LMICS policy makers to refocus their attention to the public 
health needs of infants and young children.

It can also be inferred that another reason for the observed low 
prevalence of SCD in this survey is the high awareness of the mothers 
of their phenotype before marriage. Sixty eight point three percent 
of mothers claimed that they knew their Hb phenotype prior to 
marriage .Their claim was not authenthicated by  the performance of 
a concurrent laboratory test. It therefore limits the extent to which the 
observed low prevalence can be ascribed to this information. 

Given that the number and the percentage of deliveries screened 
was low, the smaal size of the population screened could have 
influenced the low incidence reported.It is however worthy of note 
that 1 out of 123 babies tested has sickle cell anaemia. This is a very

high incidence and supports the idea of systematic screening of the 
newborn  for SCD and enrollment into the comprehensive care.   
Diverse pattern of hemoglobin variants have been identified in this 
survey. This is because of the high precission of the HPLC machine 
used in these assay [28].

Of the traits with Hb C, two were from Delta state whreas the 
other is from the East of the Niger. Hitherto , Hb C was rarely 
found across  the Niger [34]. This therfore shows that genes which 
were concentrated to some regions are now spreading due to ease of 
movement and inter-ethnic marriages [37]. 

The prevalence of phenotype D is higher than what is reported 
in most local studies [24,35,36,37] and some African studies 
[26,28,38,39]. This high prevalence may be attributed to the HPLC 
method used for the screening. This is a more sensitive method in the 
newborn period [40,-42]. Two neonates have double homozygous D.

One baby had Hb AE, this variant is rare. The implications of 
these findings have to be closely studied. We attribute this finding 
to the sensitivity of the method employed in the seperation of the 
haemoglobins HPLC [28,34]. It is a very useful tool that can be 
used in mass screening of newborn in the community. However, it 
is recommended that further tests should always be carried out to 
confirm the presumed identity of abnormal haemoglobin. It was not 
done in this survey and thus limits the extent of the results.

Conclusions

We conclude that NBS has  been institutionalised at the FMC Asaba, 
Nigeria. Seven variants of Hb have been identified in this survey 
because of the methodology utilised. It can be stated that such high 
precision techincs should be utilised for large population surveys.

Competing Interests

The authors declare that they have no competing interests.

Author's Contributions

All authors made equal contributions.

Acknowledgements

The authors acknowledge the contributions of the Management 
of the Federal Medical centre, Asaba for their support of systematic 
screening of newborns in the Hospital. We also acknowledge the 
support of the health workers in the Sickle Cell Centre in FMC, Keffi. 
We also thank the parents of these newborns who gave their consent 
for screening.

References

1.	 Diallo D, Tchernia G (2002) Sickle cell disease in Africa. Curr Opin Hematol 
9: 111-116.

2.	 Piel FB, Patil AP, Howes RE, Nyangiri OA, Gething PW, et al. (2013) 
Global epidemiology of sickle haemoglobin in neonates: a contemporary 
geostatistical model-based map and population estimates. Lancet 381: 
142-151.

3.	 Piel FB, Hay SI, Gupta S, Weatherall DJ, Williams TN, et al. Global burden of 
sickle cell anaemia in children under five, 2010-2050: modelling based on 
demographics, excess mortality, and interventions. PLoS Med 10: e1001484.

Citation: Okite EO, Okike C, Ezeonwu B, Adeniran K, Chimah U, et al. (2021) Institutionalising New-born Screening for Sickle Cell Disease at the Federal 
Medical Centre, Asaba, Nigeria. Int J Pediatr Neonat Care 7: 174. doi: https://doi.org/10.15344/2455-2364/2021/174

       Page 4 of 5

https://pubmed.ncbi.nlm.nih.gov/11844993/
https://pubmed.ncbi.nlm.nih.gov/11844993/
https://pubmed.ncbi.nlm.nih.gov/23103089/
https://pubmed.ncbi.nlm.nih.gov/23103089/
https://pubmed.ncbi.nlm.nih.gov/23103089/
https://pubmed.ncbi.nlm.nih.gov/23103089/
https://pubmed.ncbi.nlm.nih.gov/23874164/
https://pubmed.ncbi.nlm.nih.gov/23874164/
https://pubmed.ncbi.nlm.nih.gov/23874164/
https://doi.org/10.15344/2455-2364/2021/174


Int J Pediatr Neonat Care                                                                                                                                                                                        IJPNC, an open access journal                                                                                                                                          
ISSN: 2455-2364                                                                                                                                                                                                       Volume 7. 2021. 174 

4.	 Davies SC, Cronin E, Gill M, Greengross P, Hickman M, et al. (2000) 
Screening for sickle cell disease and thalassaemia: a systematic review with 
supplementary research. Health Technol Assess.

5.	 Odunvbun ME, Okolo AA, Rahimy CM (2008) Newborn screening for sickle 
cell disease in a Nigerian hospital. Public Health 122: 1111-1116.

6.	 Grosse SD, Olney RS, Baily MA (2005) The cost effectiveness of universal 
versus selective newborn screening for sickle cell disease in the US and the 
UK: a critique. Appl Health Econ Health Policy 4: 239-247.

7.	 Vichinsky E, Hurst D, Earles A, Kleman K, Lubin B, et al. (1988) Newborn 
screening for sickle cell disease: effect on mortality. Pediatrics 81: 749.

8.	 WHO (2010) Sickle-cell disease: A strategy for the WHO African region.

9.	 Tshilolo L, Kafando E, Sawadogo M, Cotton F, Vertongen F, et al. (2008) 
Neonatal screening and clinical care programmes for sickle cell disorders 
in sub-Saharan Africa: lessons from pilot studies. Public Health 122: 933.

10.	 Ansong D, Akoto AO, Ocloo D, Ohene-Frempong K (2013) Sickle cell 
disease: management options and challenges in developing countries. 
Mediterr J Hematol Infect Dis 5: e2013062.

11.	 Odame I (2014) Perspective: we need a global solution. Nature 515: S10.

12.	 Bailey DB,  Gehtland LM, Megan AMA, Peay H, Raspa M, et al. (2019) 
Translational science at the intersection of public health and newborn 
screening. BMC Pediatrics.

13.	 Knight-Madden J, Lee K, Elana G, Elenga N, Marcheco-Teruel B, et al. (2019) 
Newborn Screening for Sickle Cell Disease in the Caribbean: An Update of 
the Present Situation and of the Disease Prevalence. Int J Neonatal Screen 
5: 5. 

14.	 Hsu L, Nnodu O, Brown B, Tluway F, King S, et al. (2018) White Paper: 
Pathways to Progress in Newborn Screening for Sickle Cell Disease in Sub-
Saharan Africa. J Trop Dis Public Health 6: 260. 

15.	 Booth C, Inusa B, Obaro S (2010) Infection in sickle cell disease: A Review. 
Int J Infect Dis 14: e2-e12. 

16.	 Rogers ZR, Wang WC, Luo Z, Iyer RV, Shalaby-Rana E, et al. (2011) Bio 
markers of splenic function in infants with sickle cell anemia: baseline data 
from the Baby HUG Trial. Blood 117: 2614-2617. 

17.	 O’Brien RT, McLntosh S, Aspens GT, Pearson HA (1976) Prospective study of 
sickle cell anaemia in infancy. J Pediatr 89:205-210. 

18.	 Gaston MH, Verter JI, Woods G, Pegelow C, Kelleher J, et al. (1986) 
Prophylaxis with oral penicillin in children with sickle cell anemia: A 
randomized trial. N Engl J Med 314: 1593-1599.

19.	 Wastnedge E, Waters D, Patel S, Morrison K, Yi Goh M, et al. (2018) The 
global burden of sickle cell disease in children under five years of age: a 
systematic review and meta-analysis. J Glob Health 8: 021103.

20.	 Nair SB (2018) Potential Pithfalls in Using HPLC and its Interpretation in 
Diagnosing HbS. J Rare Dis Res Treat 3: 9-12. 

21.	 Instruction Manual HPLC machine: Variant NBS Sickle cell Program. Bio-Rad 
Laboratory. Ref 250-3000.

22.	 Nankanja R, Kadhumbula S, Tagoola A, Geisberg M, Serrao E, et al. (2019) 
HemoTypeSC Demonstrates >99% Field Accuracy in a Sickle Cell Disease 
Screening Initiative in Children of Southeastern Uganda. Am J Hematol 94: 
E164-E166.

23.	 Hemoglobinopathies: Current Practices for Screening, Confirmation and 
Follow-up. Association of Public Health Laboratories. CDC edts.

24.	 Lová D, Pešková K, Hermánková R, O’Driscoll R, Ješina P et al. (2019) Factors 
Influencing Parental Awareness about Newborn Screening. Int J Neonatal 
Screen 5: 35.

25.	 Fleming AF, Storey J, Molineaux L, Iroko EA, Attai ED, et al. (1979) Abnormal 
haemoglobin in the Sudan Savannah of Nigeria. Br J Haemato 73: 161-720.

26.	 Kaine WN, Udeozo IO (1981) Incidence of sickle cell trait and anaemia in Ibo 
preschool children. Niger J Paediatr 8: 87-89.

27.	 Umoh A, Abah G, Ekanem T, Essien E (2010) Haemoglobin Genotypes: A 
prevalence study and implications for reproductive health in Uyo, Nigeria. 
Nig J Med 19: 36-41.  

28.	 Nigeria Demographic and Health Survey 2013. 

29.	 Inusa BP, Daniel Y, Lawson JO, Dada J, Matthews CE, et al. (2015) Sickle cell 
disease screening in Northern Nigeria: The co-existence of Β- thalassemia 
inheritance. Pediat Therapeut 5: 262.

30.	 Olatunji PO (2002) Sickle cell disease in developing countries: magnitude 
and challenges. Postgrad Doc Afr 25: 61-64.

31.	 Meredith M, Victoria V, Charlotte C, Jenesse M (2006) Promoting Healthy 
Public Policy through Community Based Participatory Research: Ten Case 
Studies. 

32.	 Abhulimhen-Iyoha BI, Odunvbun ME, Okolo AA (2011) Haemoglobin 
electrophoresis in under-fives of Ekosodin community, Edo State, Nigeria. 
SMJ 14: 179-185.

33.	 Abhulimhen-Iyoha BI, Isreal-Aina YT, Okolo AA (2013) Haemoglobin 
phenotypes of patients admitted to the children emergency room of the 
University of Benin Teaching Hospital, Benin City, Edo State, Nigeria. J Med 
Biomed Res 12: 11-16.

34.	 Ohene-Frempong K, Oduro J, Tetteh H, Nkrumah F (2008) Screening 
newborns for sickle cell disease in Ghana. Pediatric 121: 120-121.

35.	 Olaniyi JA, Arinola GO (2009) Humoral immunity and haemoglobin F status 
in steady state adult Nigerian sickle cell disease patients with asymptomatic 
malaria. Turkish J Med Sci 39: 953-957.

36.	 Vichinsky E, Hurst D, Earles A, Kleman K, Lubin B, et al. (1988) Newborn 
screening for sickle cell disease: Effect on mortality. Pediatrics 81: 749-755.

37.	 Sickle Cell Disease Guideline Panel. Sickle Cell Disease: Screening, Diagnosis, 
Management, and Counseling.

38.	 Gupta PK, Kumar H, Kumar S, Jaiprakash M (2009) Cation exchange high 
performance liquid chromatography for diagnosis of haemoglobinopathies. 
Med J Armed Forces India 65: 34-37.

39.	 Lehmann H, Nwokolo C (1959) The River Niger as a barrier to the spread 
eastward of haemoglobin C: a survey of haemoglobin in the Ibo. Nature 
4675: 1957-1988.

40.	 Tshilolo L, Aissi LM, Lukasa D, Kinsiama C, Wembonyama S, et al. (2009) 
Neonatal screening for sickle cell anaemia in Democratic Republic of 
Congo: experience from a pioneer project on 31,204 newborns. J ClinPathol 
621: 35-38.  

41.	 Madji MS, Hanan H (2014) The ethnic distribution of sickle cell disease in 
Sudan. Pan Afr Med J 18: 13.

42.	 Rahimy M, Ahouignan G, Gangbo A, Akpona S, Zohoun I, et al. (1999) 
Newborn screening for sickle cell disease: five years’ experience in Cotonou. 
Arch Fr Pediatr 6: 343-344.

Citation: Okite EO, Okike C, Ezeonwu B, Adeniran K, Chimah U, et al. (2021) Institutionalising New-born Screening for Sickle Cell Disease at the Federal 
Medical Centre, Asaba, Nigeria. Int J Pediatr Neonat Care 7: 174. doi: https://doi.org/10.15344/2455-2364/2021/174

       Page 5 of 5

https://pubmed.ncbi.nlm.nih.gov/10840658/
https://pubmed.ncbi.nlm.nih.gov/10840658/
https://pubmed.ncbi.nlm.nih.gov/10840658/
https://pubmed.ncbi.nlm.nih.gov/18486954/
https://pubmed.ncbi.nlm.nih.gov/18486954/
https://pubmed.ncbi.nlm.nih.gov/16466275/
https://pubmed.ncbi.nlm.nih.gov/16466275/
https://pubmed.ncbi.nlm.nih.gov/16466275/
https://pubmed.ncbi.nlm.nih.gov/3368274/
https://pubmed.ncbi.nlm.nih.gov/3368274/
https://apps.who.int/iris/handle/10665/1682
https://pubmed.ncbi.nlm.nih.gov/18555498/
https://pubmed.ncbi.nlm.nih.gov/18555498/
https://pubmed.ncbi.nlm.nih.gov/18555498/
https://pubmed.ncbi.nlm.nih.gov/24363877/
https://pubmed.ncbi.nlm.nih.gov/24363877/
https://pubmed.ncbi.nlm.nih.gov/24363877/
https://pubmed.ncbi.nlm.nih.gov/25390135/
https://pubmed.ncbi.nlm.nih.gov/33072965/
https://pubmed.ncbi.nlm.nih.gov/33072965/
https://pubmed.ncbi.nlm.nih.gov/33072965/
https://pubmed.ncbi.nlm.nih.gov/33072965/
https://pubmed.ncbi.nlm.nih.gov/30505949/
https://pubmed.ncbi.nlm.nih.gov/30505949/
https://pubmed.ncbi.nlm.nih.gov/30505949/
https://pubmed.ncbi.nlm.nih.gov/19497774/
https://pubmed.ncbi.nlm.nih.gov/19497774/
https://pubmed.ncbi.nlm.nih.gov/21217080/
https://pubmed.ncbi.nlm.nih.gov/21217080/
https://pubmed.ncbi.nlm.nih.gov/21217080/
https://pubmed.ncbi.nlm.nih.gov/940013/
https://pubmed.ncbi.nlm.nih.gov/940013/
https://pubmed.ncbi.nlm.nih.gov/3086721/
https://pubmed.ncbi.nlm.nih.gov/3086721/
https://pubmed.ncbi.nlm.nih.gov/3086721/
https://pubmed.ncbi.nlm.nih.gov/30574296/
https://pubmed.ncbi.nlm.nih.gov/30574296/
https://pubmed.ncbi.nlm.nih.gov/30574296/
https://www.rarediseasesjournal.com/articles/potential-pithfalls-in-using-hplc-and-its-interpretation-in-diagnosing-hbs.html
https://www.rarediseasesjournal.com/articles/potential-pithfalls-in-using-hplc-and-its-interpretation-in-diagnosing-hbs.html
https://pubmed.ncbi.nlm.nih.gov/30859621/
https://pubmed.ncbi.nlm.nih.gov/30859621/
https://pubmed.ncbi.nlm.nih.gov/30859621/
https://pubmed.ncbi.nlm.nih.gov/30859621/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7510194/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7510194/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7510194/
https://www.cabdirect.org/cabdirect/abstract/19822901188
https://www.cabdirect.org/cabdirect/abstract/19822901188
https://pubmed.ncbi.nlm.nih.gov/20232754/
https://pubmed.ncbi.nlm.nih.gov/20232754/
https://pubmed.ncbi.nlm.nih.gov/20232754/
http://www.population.gov.ng/2013-nigeria-demographic-and-health-survey
https://www.smjonline.org/article.asp%3Fissn%3D1118-8561%3Byear%3D2011%3Bvolume%3D14%3Bissue%3D4%3Bspage%3D179%3Bepage%3D185%3Baulast%3DAbhulimhen-lyoha%3Btype%3D0
https://www.smjonline.org/article.asp%3Fissn%3D1118-8561%3Byear%3D2011%3Bvolume%3D14%3Bissue%3D4%3Bspage%3D179%3Bepage%3D185%3Baulast%3DAbhulimhen-lyoha%3Btype%3D0
https://www.smjonline.org/article.asp%3Fissn%3D1118-8561%3Byear%3D2011%3Bvolume%3D14%3Bissue%3D4%3Bspage%3D179%3Bepage%3D185%3Baulast%3DAbhulimhen-lyoha%3Btype%3D0
https://www.ajol.info/index.php/jmbr/article/view/91785
https://www.ajol.info/index.php/jmbr/article/view/91785
https://www.ajol.info/index.php/jmbr/article/view/91785
https://www.ajol.info/index.php/jmbr/article/view/91785
https://pediatrics.aappublications.org/content/121/Supplement_2/S120.2
https://pediatrics.aappublications.org/content/121/Supplement_2/S120.2
https://journals.tubitak.gov.tr/medical/abstract.htm%3Fid%3D10585
https://journals.tubitak.gov.tr/medical/abstract.htm%3Fid%3D10585
https://journals.tubitak.gov.tr/medical/abstract.htm%3Fid%3D10585
https://pubmed.ncbi.nlm.nih.gov/3368274/
https://pubmed.ncbi.nlm.nih.gov/3368274/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921438/
https://www.nature.com/articles/1831587a0
https://www.nature.com/articles/1831587a0
https://www.nature.com/articles/1831587a0
https://pubmed.ncbi.nlm.nih.gov/19103857/
https://pubmed.ncbi.nlm.nih.gov/19103857/
https://pubmed.ncbi.nlm.nih.gov/19103857/
https://pubmed.ncbi.nlm.nih.gov/19103857/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213521/
https://doi.org/10.15344/2455-2364/2021/174

