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Abstract

Objectives: The study is aimed at determining that errors in assigning genotypes to intending
couples do exist; and the impact of these errors on parents. Methods: The study was conducted at
the children clinics in Enugu and Abakiliki, south east Nigeria. It is a cross-sectional retrospective
study in which a review of the records of all the children attending 2 private clinics in Enugu and
Abakaliki of Enugu and Ebonyi states respectively, over a 3-year period was done. Results: A total
of 6006 children attended the children clinics over the study period. Twenty three (23) of them
had sickle cell anaemia. Out of the 23 cases 10 (43.5%) were males and 13 (56.5%) were females.
Male to female ratio was 1:1.3. The commonest features were abdominal and leg pains, involving
20 (87%) and 21 (91.3 %) respectively. Among the 23 parents that had their genotypes repeated,
9 males had different genotypes from what they had during courtship or before marriage. The ge-
notypes of all the females that could recall their genotypes before marriage or during courtship
were the same after a repeat test. Conclusions: There exist errors in assigning genotypes to par-
ents which at the end made them have children with sickle cell anemia, unwittingly, with serious
consequences bordering on strained relationship between the parents with the children bearing
the brunt.
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1. Introduction

Sickle cell anaemia (SCA) is a genetic haematological disorder characterized by red blood cells that assume an
abnormal, rigid, sickle shape [1]. This hereditary disorder contributes the equivalent of 3.4% mortality among
under 5 children worldwide [2].

Sickle cell disorders were originally found in the tropics and subtropics but are now common worldwide due
to migration of people from tropical to temperate zones [2]. The prevalence of sickle cell anaemia in Nigeria
ranges from 0.4% - 3% affecting about 20 per thousand newborns [3].

Episodic attacks of pain are the most common features of sickle cell anaemic crises and are the most frequent
reason for hospitalization [4]. Vaso occlusive crises among children with sickle cell anemia present in different
forms with different prevalence rates. For instance, hand foot swelling (dactylitis) occurs in about 30% of child-
ren in the first 3 years of life; avascular necrosis of the femoral head affects children over 13 years of age proba-
bly due to the hypoxic ischaemic necrosis and occlusion of the vessels that supply neck of femur [5]. The central
nervous system infarction could present as cerebrovascular accidents (CVA) in about 4.01% of sickle cell anae-
mia patients [6].

Genotyping is the process of determining differences in the genetic make-up of an individual by examining the
individual’s DNA sequence using biological assays and comparing it to another individual’s sequence or a reference
sequence [6]. Genotyping error is defined as the proportion of mistyping of called genotypes [7]-[10]. This may oc-
cur due to non-specificity of experimental assay, inappropriate allele calling, or random assay instability [7]-[10].

Unfortunately, majority of the work on Sickle cell anaemia were carried out in teaching hospitals. Much has
not been documented on the topic in a private hospital setting. This study is also aimed at establishing the fact
that errors in assigning genotype to intending couples do exist as these parents who thought they had no prob-
lems with their genotypes before marriage end up having children with SCA after marriage. However when a
repeat genotype was done for the parents, it was different from what was obtained hitherto.

2. Methods
2.1. Study Area and Period

The study was conducted in two children clinics in Enugu and Abakaliki, south east Nigeria. The clinics which
are located in highly dense areas provide only outpatient and inpatient care.

The clinics provide care for children and also handle all cases in general pediatrics. Enugu and Ebonyi States of
Nigeria have populations of about 3.3 million and 2.2 million people respectively, according to the national
census of 2006 [11].

2.2. Study Design and Study Procedure

This is a cross-sectional retrospective study where a review of the records of all children attending the clinics
over a 3-year period was undertaken. The folders of these children were retrieved from the clinics’ records and
examined individually by the investigators. Haemoglobin genotypes of the children were determined by hae-
moglobin electrophoresis using cellulose acetate at a PH of 8.6 as has been recommended [12]. Cellulose strips
measuring 140 x 120 mm were soaked in buffer and gently bloated. The strips were placed in an electrophoretic
tank and secured at each side by a double layer of whitman filter paper [12].

Haemoglobin solution was applied in a 2 cm-line midway between the centre of the strip and at the cathode.
Another haemoglobin solution with a known electrophoretic pattern was similarly applied to another cellulose
strip to serve as control. Electrophoresis was carried out for 2 hours at 5 MA and a potential of 220 V across the
strip. Thereafter, the membrane was removed with a pair of forceps and dried for 10 - 30 minutes. The electro-
phoretic band was then inspected [12].

The parents provided their genotype results before marriage or at the time of courtship. Their genotypes were
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repeated when we found that their children are HBSS genotype after presenting with crisis.
The families were assigned socioeconomic classes using the recommended method (modified) by Oyedeji [13].

2.3. Data Analysis

Rates and proportions were calculated with 95% confidence intervals (Cl). Level of significance was set at P <
0.05.

3. Results

A total of 6006 children attended the children clinics over the study period. Twenty three (23) of them had sickle
cell anaemia. Out of the 23 cases 10 (43.5%) were males and 13 (56.5%) were females. Male to female ratio was
1:1.3. The commonest features were abdominal and leg pains, involving 20 (87%) and 21 (91.3 %) of the 23
cases respectively with one case of acute osteomyelitis confirmed by clinical findings and X-rays (Table 1).

Age group ranged from (one) 1 year to 17 years (Table 2).

Among the 23 parents that had their genotypes repeated, 9 males had a different genotype from what they had
during courtship or before marriage. The genotypes of all the females that could recall their genotypes before
marriage or during courtship were the same after a repeat test.

About 2 males and 1 female did not know their genotypes before marriage (Table 3). One of the parents had a
twin and the twins are of HBSS genotype.

Table 1. Common features of presentation of cases.

Symptoms Number of cases Percentage (%)
Abdominal pains 20 87
Lower limb pains 21 91.3

Complications

Acute Osteomylities 1 4.3

Table 2. Percentages distribution of the children by sex and parents’ social class.

Sex of children Frequency n = 23
Female 13
Male 10
Total 23

Social class of parents

Upper 2
Middle 19
Lower 2

Table 3. Errors on genotyping.

Gender of Parent Genotype before wedding (n) Repeated genotype of parents after child was ill
Male AA 23 AS9, AA 14
AS O ASO
SSO SSO
Female AS 21 AS 21
Don’t Know 2

O,
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4. Discussion

Sickle cell disorder affects millions of people worldwide and is particularly common among people of African
descent [14]. The commonest presentation among children with sickle cell anemia is vaso-occlusive crisis. This
is also in keeping with that of Chinawa et al. [15]. Other studies also corroborated these findings [16] [17].

We noted with interest from this study that majority of children with sickle cell anemia are from middle and
low socio economic classes. The reason for this finding could be that children whose parents are from high so-
cio-economic class are well taken care of, well fed and followed up regularly, so hospital visits are reduced to
the barest minimum [18].

It is pertinent to note from this study that some parents presented with different genotypes from what they had
before marriage. Genotype error has caused a lot of havoc among married couples especially when parents are
assigned genotypes of AA and AS with some of their children having recurrent illnesses in their early childhood.
These recurrent illnesses are usually mistaken for malaria or enteric fever since no one will ever think of sickle
cell crises. In all our cases, the children had been treated either for drug resistant malaria or gastritis for abdo-
minal pains. However, when this fever and leg pains occurred repeatedly, a genotype was ordered, not minding
that the known genotypes of the parents can’t suggest sickle cell in their children. Surprisingly, the children
were all SS. Their parents had their genotypes redone and were all found to be both AS. The reason for these
errors in genotyping may not be known, but reasons ranging from suboptimal laboratory conditions at the time
of the first analysis, file confusion, lab methodology and mis-reporting of the men have been adduced. However,
further analysis of these reasons may be an area for further study.

We noted with interest that the genotypes of the female parents were the same before and after marriage while
that of the male parents at courtship were not the same after marriage. Errors in relaying the information on ge-
notype status from the laboratory scientist to the females or possibly denial and/or shame on the females in ac-
cepting results could account for the male/female differences.

Errors in assigning genotypes to parents affect both the parents and children in so many ways. This is shown
as anger and frustration and at times less love for the wife and even the children by the father. This is exacer-
bated by the extra money paid on hospital bills of the children with sickle cell anemia. The mother also shows
anger and frustration, and gripped by fear of divorce. This could lead to serious family strife with the children
bearing the brunt.

Although genotyping errors affect most parents and can cause family schism, it is too often neglected. Errors
have various causes other than that mentioned above, but their occurrence and effect can be limited by consi-
dering these causes during haemoglobin electrophoresis. Procedures that have been developed for dealing with
errors such as linkage studies, forensic analyses and non-invasive genotyping should be applied more broadly to
any genetic study [19].

For instance, the recently released Gene Chip Mapping 10K array offers the ability to genotype over 10,000
SNPs on a single array [20] [21]. This technology uses an innovative assay that eliminates the need for locus-
specific PCR and requires only 250 of ng DNA for each sample [20] [21]. This result suggested a fairly high
degree of accuracy. In all the laboratories where the genotypes of the parents were done both before and after
marriage, Hb electrophoresis was used; a more refined high performance liquid chromatography may have re-
duced these errors. For instance, it is noted that high-performance liquid chromatographic methods which was
developed for either screening or confirmation of hemoglobinopathies has relatively high sensitivity or specific-
ity when compared with Hb electrophoresis [21].

We recommend a protocol for estimating error rates and propose that these measures be systemically reported
to attest its reliability. We also recommend incorporation of genotyping in school health program. This will at
least clarify the genotypes of the students way before marriage.

5. Conclusion

There exist errors assigning genotype to parents which at the end make them have children with sickle cell ane-
mia, unwittingly, with serious consequences bordering on strained relationship between the parents, with the
children bearing the brunt.

Limitation

A study of errors in genotyping in a wider population or in a community would be worthwhile.
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