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Abstract 
Sickle cell anemia is a blood disorder linked to an abnormality in the struc-
ture of hemoglobin. The objective of this study was to determine the fre-
quency of the sickle cell gene on the basis of early detection of hemoglobin 
using the isoelectric focusing technique in maternities in Lubumbashi. Our 
descriptive cross-sectional study consisted of newborns and infants up to 6 
months of age. The capillary venous blood was collected on the finger for the 
rapid and direct test and on blotting paper for the electrophoresis of the he-
moglobin of a few drops and the hemoglobin typing techniques performed by 
the isoelectric focusing technique. Statistical analyses were done using R ver-
sion 2.0 software. We recruited 165 children, including (79 boys and 86 girls) 
who were at most 6 months old and all in good condition (100%). For demo-
graphic characteristics, there was no statistically significant difference be-
tween males and females. We received almost all the tribes of the DRC in our 
study; the Luba of Katanga and those of Kasai were on the fringes and 
represented respectively (32.1% and 29.1%). (20.6%) newborns with RDT and 
electrophoresis had an abnormality of hemoglobin in the homozygous or he-
terozygous state with (10.9% SS; 9.7% AS; and 0.6%). Despite the large pro-
portion in the group of children without tare after TRD and electrophoresis, 
our study did not show statistically significant differences. There is a signifi-
cant correlation between the electrophoresis of hemoglobin between sex and 
age (coefficients of correlation r = 0.99; p < 0.01). When electrophoresis was 
compared in age group by category and sex, no statistically significant differ-
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ence was noted. In Africa where family incomes are limited, it becomes ne-
cessary to develop a screening approach at a cost relatively accessible to all. 
Thus our study which does not claim to be exhaustive, makes a sketch in the 
experimentation of neonatal screening in the City of Lubumbashi. 
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1. Introduction 

Sickle cell anemia, also called sickle cell anemia, is a blood disorder linked to an 
abnormality in the structure of hemoglobin [1] [2]. It is due to the production of 
abnormal hemoglobin, linked to a mutation in the gene encoding the synthesis 
of the β-globin3 chain, and transmitted by both father and mother (autosomal 
recessive transmission). This characteristic leads to the production of abnormal 
hemoglobin S (HbS), which causes deformation of red blood cells and disorders 
causing blockage of the vessels [3]. The distribution of the gene for this disease 
has been well characterized for several years: it is the most common genetic dis-
ease in the world since the sickle cell gene is found in more than 50 million 
people, with higher frequencies in Africa. Its highest frequencies generally coin-
cide with areas of high malaria prevalence or having experienced a history of 
malaria [3] [4]. We attend the birth of more than 300,000 children each year 
with major sickle cell syndrome (MDS). 

In Africa its prevalence varies between 10% - 40% according to the regions 
and the ethnic groups. In the DRC, the ethnico-geographic distribution of the 
sickle cell trait varies between 6% - 29% [5]. Clinically, subjects heterozygous for 
the disease do not express themselves or express themselves little. On the other 
hand, subjects with the double sickle cell gene (sickle cell homozygous SS) or 
associated with another hemoglobinopathy suffer from complications of the 
disease [5]. Depending on the genotype, genetic and environmental factors, the 
onset of these complications is in the vast majority of cases, between a few 
months and 5 years after birth, which is why sickle cell disease appears as a pe-
diatric disease. The pathophysiology of complications is fairly well known; it es-
sentially involves the sickling of the red blood cell which is the consequence of a 
gelling of HbS in a situation of tissue hypoxia, and increased adhesion of sickle 
cells to the wall of the vessels and therefore, phenomena of vascular obstruction 
[6] [7] [8]. Thus the natural clinical course of sickle cell anemia in these subjects 
who express themselves is schematically characterized by four evolutionary pe-
riods [9] [10]: the silent neonatal period; the period from 6 months to 5 years 
characterized mainly by serious infectious complications; the period of 5 to 15  
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years marked, especially by the frequent occurrence of painful osteoarticular 
crises; the period of 15 years and beyond which is more characterized by anemic 
complications, but still infectious [11] [12]. Gene therapy opens up a prospect 
and offers hope for the cure of sickle cell disease [13] [14] [15]. If successful ex-
periences of this therapy have been reported in animals [16] [17], it is not yet 
part of the proven therapeutic arsenal in humans; its mastery and the transfer of 
its technology to Africa will require several more years because the acquisition of 
the skills necessary for its practice, the establishment of health structures appro-
priate to this practice in the African context, require a lot of time. In the absence 
of these curative means, the experiences of neonatal diagnosis supported by reg-
ular medical monitoring [18], have sufficiently convinced the specialists and ex-
perts of sickle cell anemia, to consider that the strategy of early monitoring of 
sickle cell anemia after a diagnosis at birth is currently the best guarantor of the 
improvement of survival and comfort of the latter in Africa where 75% of sickle 
cell patients registered in the world live. The need to consider sickle cell anemia 
as a priority health problem in Africa, was stressed during several meetings 
bringing together specialists and associations in the fight against sickle cell ane-
mia. Since 2006, sickle cell disease has thus been recognized as a public health 
priority worldwide. It should be noted that WHO had listed sickle cell disease in 
1989 as one of the priority non-communicable diseases [19]. However, the need 
for considerable time for the acquisition of the skills necessary for the develop-
ment of effective sickle cell disease control and case management programs, suf-
ficiently justifies the urgency of feasibility studies for early diagnosis, in particu-
lar neonatal sickle cell disease and the follow-up of cases in Africa [4] [20]. The 
aim of our study was to determine the frequency of the sickle cell gene on the 
basis of early detection of hemoglobin using the isoelectric focusing technique in 
maternity wards at different hospitals in Lubumbashi. 

2. Methodology 
2.1. Study Location 

Our study took place in the maternity hospitals of the various reference hospitals 
and health zones (Kenya, Kamalondo, University Clinics, Sendwe, Saint Jospeh 
golf) in Haut-Katanga/DR Congo. 

2.2. Study Type and Period 

This was a cross-sectional descriptive study which took place over three months 
in the various maternity hospitals and during prenatal consultations. Monitoring 
of study participants was active and passive. Active follow-up consisted of seeing 
the children again for a clinical examination and a para-clinical assessment. 
Families of study participants were asked to come to the pediatrician of the re-
search team for any episode of illness; this component constituting a passive 
monitoring strategy, made it possible to record all the pathologies that occurred 
during the child's monitoring. 
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2.3. Study Population 

Our study population consisted of newborns and infants up to 6 months of age. 

2.4. Sample Size of Study Participants 

Recruitment focused on newborns seen at birth and infants. The follow-up of 
sick children made it possible to identify the problems linked to the regular fol-
low-up of sickle cell anemia in Lubumbashi on the basis of the experience ac-
quired during our follow-up period. 

2.5. Criteria for Inclusion in the Study 

Any child up to 6 months of age for whom mothers have signed for informed 
consent. 

2.6. The Procedure for Recruiting Volunteers 

Recruitment of volunteers took place in maternity hospitals and vaccination ser-
vices. The written consent was administered by two physicians and/or the pe-
diatrician responsible for the consultation after initial training in the procedure 
for administering consent. 

2.7. Blood Collection 

The venous capillary blood on the finger was collected for the rapid and direct 
test and on blotting paper for the electrophoresis of hemoglobin 1/2 drops. No 
sick children were taken into account. Blood samples for diagnostic purposes 
from sickle cell children during episodes of possible disease during follow-up 
were taken from a peripheral vein. Neonatal screening for sickle cell anemia in 
the Neonatology units of Lubumbashi. 

2.8. Hemoglobin Typing Techniques 

The hemoglobin typing was done by the isoelectric focusing technique supple-
mented possibly by the HPLC technique from the blood collected on blotting 
paper. This typing was conducted at the CUL Laboratory. 

2.9. Principle 

It consists in separating the different hemoglobin fractions by migrating a he-
molysate on a plate of agarose gel containing RESOLVE ampholytes of pH: 6 - 8. 
The different hemoglobins migrate more or less quickly depending on their 
isoelectric mobility, their molecular weight and their electrical charge. 

2.10. Hemolysate Preparation 

The preparation of the hemolysate depends on the type of sample (confetti or 
whole blood/cord blood). Newborn screening for sickle cell anemia in the neo-
natology unit. 
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2.11. Statistical Analyses 

Statistical analyzes were done using R version 2.0 software. For the comparison 
tests of means and frequencies, a value of p ≤ 0.05 was considered significant. 

2.12. Ethical Considerations 

Consent was obtained from the guardian of each baby after being informed 
about the progress of the study. The study was approved by the medical ethics 
committee of the University of Lubumbashi 

3. Results 
3.1. Socio-Demographic Characteristics of Children 

We recruited 165 (79 boys and 86 girls) whose ages varied between 0 months 
and 6 months, all initially were in good condition (100%). For all demographic 
characteristics, there was no statistically significant difference between males and 
females. 

3.2. Age of children in Months 

The extremes of our children’s ages were 0 to 6 months. With the median age 
being 3 months, 75% of the children were 1 to 4 months old. 

3.3. Tribe of Parents of Children 

We had to record the large part of the tribes of the DRC, in both sexes, the luba 
of Katanga and those of Kasaï were predominant and represented respectively 
(32.1% and 29.1%) for the male sex and (39.4% and 28.5%) for the female sex. 

3.4. Electrophoretic Profile of Parents 

In our series (Table 1(a)), the blood profile of the parents at the electrophoresis 
in the father group in (2.4%) had an abnormality of hemoglobin in the homo-
zygous or heterozygous state and (3.01%) in mothers. The profile of their blood 
groupings were respectively for men and women (A + 12.7%; AB + 5.5%; AS 
0.6%; B + 3.6%) and (A + 12.7%; AB + 5, 5%; AS 0.6%; B + 3.6%). It should also 
be noted that more than half of the parents, whatever the male or female gender, 
did not know the blood group (53.9% for men and 42.4% women). At RDT and 
hemoglobin electrophoresis 21.2% of newborns had an abnormality of hemoglo-
bin in the homozygous or heterozygous state with 10.9% SS; 9.7% of AS; and 
0.6% of AC (Table 1(b)). 

Despite the large proportion of hemoglobin abnormality in the homozygous 
or heterozygous state after TRD and electrophoresis, our study did not show sta-
tistically significant differences between children with tare and non-tare. 

3.5. Profile of RDT and Gender 

When the RDT was compared with sex (male and female), no statistically signif-
icant difference was noted (Table 2). But when we compare the RDT without  
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Table 1. Blood profile of the study. (a) Electrophoretic profile of parents; (b) Blood pro-
file of children. 

(a) 

Variables Grouping Effective Percentage 

Electrophoresis father AA 

AS 

unknown 

7 

4 

153 

4.2 

2.4 

92.7 

Electrophoresis mother AA 

AS 

unknown 

SS 

5 

4 

154 

1 

3.0 

2.4 

93.3 

0.6 

Father Sanguin group A+ 

AB+ 

AS 

B+ 

O+ 

unknown 

21 

9 

1 

6 

36 

89 

12.7 

5.5 

0.6 

3.6 

21.8 

53.9 

Mother Sanguin group A+ 

AB+ 

AS 

B+ 

O+ 

O− 

unknown 

29 

3 

1 

16 

36 

1 

70 

17.6 

1.8 

0.6 

9.7 

21.8 

0.6 

42.4 

(b) 

Variables Grouping Effective Percentage 

TDR AA 

AC 

AS 

SS 

131 

1 

15 

18 

79.4 

0.6 

9.1 

10.9 

Electrophoresis Result AA 

AC 

AS 

SS 

131 

1 

15 

18 

79.4 

0.6 

9.1 

10.9 

 
Table 2. Profile of TDR and electrophoresis. 

Variables 
blood parameters 

Statistics 
Normal Anormal 

TDR (IIQ) 131 (79.4%) 34 (20.6%) Z = 0.5; p = 0.001 

Electrophoresis Result (IIQ) 131 (79.4%) 34 (20.6%) Z = 1; p = 0.08 

 Male Women  

Tribe (IIQ) 53 (32.1%) 48 (29.1%) Z = 0.3; p = 0.21 

Sex (IIQ) 79 (47.9%) 86 (52.1%) Z = 0.3; p = 0.01 

*IIQ: Intrequartile interval, Z: Wilconxon statistical test, p: Statistical significance value. 
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abnormality of child carriers (AS, AC and SS) we have a statistically significant 
difference p = 0.0016 (Table 2). 

3.6. Correlation of Age in Months and Gender 

The extremes of age for our children were from 0 to 6 months. When looking for 
a correlation by comparing the age and sex of child carriers with respect to RDT 
and hemoglobin electrophoresis (Figure 1). There is a significant correlation of 
hemoglobin electrophoresis between sex and age (correlation coefficient z = 
0.99; p < 0.01). 

3.7. Association of Electrophoresis and Tribe of Parents 

The comparisons of the electrophoretic values of hemoglobin made between the 
population of our study to their tribe, did not show a statistically significant dif-
ference for the set of parameters concerned by the study of group AA, AC, AS 
and SS (Table 2). 

3.8. Association of Age, Sex and Electrophoresis 

When the electrophoresis was compared in the age group by category and sex, 
no statistically significant difference was noted. 

4. Discussion 

The size of our study was 165 newborns. Recruitment was made in the neonatal 
departments of Lubumbashi and the biology laboratory of the University Clinics 
of Lubumbashi (CUL) served as a place for processing the samples. Although the 
delivery of the blotting papers in an envelope to the CUL laboratory proceeded 
without major difficulty, the ideal would have been to carry out the tests on site. 
Unfortunately, there is no laboratory currently practicing isoelectrofocusing for 
hemoglobin in Lubumbashi, the primary neonatal diagnostic method for sickle 
cell anemia. Among the samples taken from newborns, only very few could be 
 

 
Figure 1. Correlation figure between sex and age in relation to hemoglobin 
electrophoresis. 
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analyzed due to the insufficient blood drop on blotting paper. This was due to a 
lack of mastery of sampling techniques at the start of the study. Electrical isofo-
cusing is a diagnostic technique of choice used for the detection of hemoglobi-
nopathies in newborns. This is the technique used in the majority of neonatal 
screening programs, neonatal screening for sickle cell anemia is not yet a routine 
practice in our environment with the application of High Performance Liquid 
Chromatography (HPLC) being less used while these two techniques have excel-
lent sensitivity and specificity [21] [22]. The majority of the parents were Luba 
from Katanga followed by luba from Kasai, contrary to what was thought to be 
observed in daily practice. This may be due to the geographic location and ac-
cessibility in which the study was carried out and the distance between Katanga 
and Kasai which could explain this percentage in its attendance. The ethnic dis-
tribution of mothers and that of fathers in all ethnic groups approximated with a 
predominance respectively of the Luba of Katanga, followed by the Luba of Ka-
sai. This ethnic distribution of the parents had the same tendency in the two 
other studies carried out on multiple and eutocic pregnancies in Lubumbashi. 
Note that our study is not specifically concerned with a given ethnic group or 
origin. 

Frequency of sickle cell phenotypes and major sickle cell syndromes at birth 
In our study 21.2% of newborns had an abnormality of hemoglobin in the ho-
mozygous or heterozygous state with 10.9% SS; 9.7% of AS; and 0.6% of AC. 
This result is similar to that reported in 1997 by Mbodj M., Ndoye O., et al. in 
Dakar [23] [24] on a smaller but significant sample of Dakar newborns; or 11.1% 
of hemoglobinopathies with 7.9% of the trait Neonatal screening for sickle cell 
anemia in two gynecology departments with large affluence in Bamako 
(CHU.Point-G) sickle cell anemia (AS); 1.9% homozygotes (SS) and 0.2% carri-
ers of SC heterozygosity. In Nigeria Odunvbun et al. reported 133 (20.6%) of 644 
newborns with the AS sickle cell trait, 7 (1.1%) with the AC trait and 3% of ma-
jor sickle cell syndromes [25]. On the other hand, Tshilolo et al reported in a 
study carried out with 31,204 newborns in the DRC a prevalence of 1.4% of SS 
homozygous sickle cell anemia and 16.9% of carriers of the AS sickle cell trait 
[26]. Kafando E. et al. had reported in Ouagadougou in Burkina Faso, a preva-
lence of 25.55% of hemoglobinopathies with 1.75% of newborns carrying a ma-
jor sickle cell syndrome and 18.2% of carriers of hemoglobin C in the state ho-
mozygous or heterozygous [27] [28] [29]. According to the WHO report in De-
cember 2005 on sickle cell disease, the prevalence of the sickle cell gene at birth 
is estimated at 24% in Nigeria, with 0.02% of newborns carrying a major sickle 
cell syndrome [30] [31] on the other hand, in Burundi Moreno JL and Baribwira 
C. had reported a prevalence of 0.42% of major sickle cell syndromes in new-
borns [32]. In Uganda Serjeant G. R. and Ndugwa C. M. had found a prevalence 
of 20% of carriers of the sickle cell trait [33] while in Zaire Tshilolo L., Mukendi 
R., and Girot R. had found a prevalence of 60% [34]. A study carried out in 2005 
in Bamako (Mali) found 9.9% of carriers of the sickle cell trait and 0.8% of major 
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sickle cell syndromes [22] the same year found 8.5% of carriers of sickle cell dis-
ease and 0.5% of major sickle cell syndromes in Dakar (Senegal) these results are 
comparable to that of our study. It is known that the sickle cell gene is more 
common in the countries of Central Africa than in those of West Africa. New-
born screening for sickle cell disease in two busy gynecology departments in 
Bamako (CS Ref V and CHU.Point-G) In the United States, Grover et al. out of 
106,565 newborns found 141 newborns with MDS, i.e. prevalence of 0.13% [35]. 
Gulbis B. et al. found 0.04% of MDS in Brussels with 1.5% of hemoglobinopathy 
carriers [36] [37]. In Great Britain, the prevalence of hemoglobinopathies at 
birth is 6.9%. Meaning of our results the results of this study obtained at the end 
of a new approach which consisted in seeing the feasibility and the performance 
of studying both the hemoglobin of newborns at birth and that of their mothers, 
confirms the data observed in the newborn in Lubumbashi in 2019. Sickle cell 
anemia is therefore a major health problem in DR Congo. If in the 1970s, the life 
expectancy of sickle cell disease was less than 10 years, we have known since the 
2000s that this life expectancy has exceeded 45 years in countries that have suc-
cessfully implemented a policy of neonatal screening of the disease, supported by 
early medical management of sickle cell patients screened from birth [36]. To 
improve the prognosis of sickle cell anemia in DR Congo, it is therefore impor-
tant to set up an early detection of sickle cell children. Our results raise the cru-
cial question of a systematic or targeted screening program for sickle cell anemia 
in the DRC. The two major sickle cell syndromes encountered in the study 
newborns were, in fact, the SS (0.28%) and SC (0.40%) phenotypes. The most re-
liable way to characterize these phenotypes at birth is currently isoelectrofocus-
ing, sometimes supplemented by HPLC. These examinations are expensive and 
raise the question of their efficiency in a systematic approach for a low-income 
population. A targeted approach involves studying the hemoglobin profile of 
mothers before giving birth, which would make it possible to decide whether or 
not to screen newborns. This approach is possible thanks to less expensive tech-
niques than isoelectrofocusing. The advantage of targeting based on cheaper and 
consistently positive test results in this category of mothers, such as the Itano 
test and the Emmel test, which are very accessible to laboratories, can therefore 
be discussed. These tests which are certainly less expensive and more accessible, 
however, do not make it possible to detect mothers who have a hemoglobin 
phenotype AC or CC and who, by the games of genetic combinations, can give 
birth to children suffering from MDS and therefore delay recognition of these 
children. It is therefore important to continue this study with additional 
cost/effectiveness studies, to find the most efficient approach to early detection 
of sickle cell disease in the DRC. 

5. Conclusion 

The prevalence of sickle cell anemia observed during this non-targeted screening 
using the combination of isoelectrofocusing and HPLC techniques poses the 
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problem of its accessibility to a large majority of the population. In developed 
countries, considerable progress has been made in the management of sickle cell 
anemia through early detection. In Africa, where family incomes are limited, it 
becomes necessary to develop a screening approach at a cost relatively accessible 
to all. Thus our study, which does not claim to be exhaustive, makes a sketch in 
the experimentation of neonatal screening in the City of Lubumbashi. In addi-
tion, the possibility of sickle cell births in pregnant women who do not carry the 
S gene deserves special attention. 

Recommendations 

Encourage voluntary screening for sickle cell disease, particularly in young 
people, and have the habit of referring major sickle cell syndromes to the specia-
lized center. 
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