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ABSTRACT

KEYWORDS

Objectives: HemoTypeSC™ is one of the immunoassay methods currently used for the early
diagnosis of Sickle Cell Disease (SCD) in newborns. Earlier diagnosis remains the key strategy
for early preventive care needs and parents’ education about the child’s future well-being
throughout his life. Before considering these children as sick and aligning them for regular
medical monitoring, it may be valuable to confirm the HemoTypeSC result with a secondary
laboratory testing method. In resource-limited settings, where confirmatory methods are not
always available, we propose testing the parents to validate the HemoTypeSC result.
Methods: This study explored this approach in the city of Kisangani. It was a prospective
diagnostic accuracy study using genotype biological parents to evaluate HemoTypeSC's
performance in the newborn.

Results: Fifty-eight children born to 46 known mothers, and 37 known fathers, have been
tested. The phenotyping showed that 41 (70.7%) children were SS, whose 37 were born to a
couple AS/AS and 4 to a couple AS/xx. Of the 41 SS children, 8 (19.5%) were newborns and
33 (80.4%) were children; 12 (20.6%) children were AS, one of whom was born to a couple
SS/AA and 11 to a couple AA/SS; 5 (8.6%) children were AA. In this population, the
probability of offspring born to AS/AS parents being SS rather than AS is high (odds, 1.25).
No statistical difference was observed between girls and boys. The pedigree of all 58
children has been confirmed.

Conclusion: We demonstrated that testing biological parents with HemoTypeSC is a reliable
confirmatory method for newborn screening but it presents some limitations discussed in

HemoTypeSC; Sickle cell
disease; offspring pedigree;
Kisangani; DRC

the present article.

Introduction

Sickle cell disease (SCD) is an inherited autosomal
recessive genetically transmitted hemoglobinopathy
responsible for significant morbidity and mortality
[1,2]. It is characterized by the presence of homozy-
gous hemoglobin S (HbSS), or by the presence of com-
pound heterozygous HbS with a second variant or a -
thalassemia allele. HbSS mainly affects children orig-
inating from black populations, particularly in sub-
Saharan Africa (SSA) [3-5]. It alone contributes to
around 5-16% of the mortality of children under 5
on the African continent [3,5,6]. Approximately 500
children under the age of 5 die daily from SCD due
to a lack of rapid diagnosis and appropriate care, yet

SCD remains an invisible global health problem [7].
In the Democratic Republic of the Congo (DRC),
studies reported approximately 1.5% of homozygotes
and 20-40% of heterozygotes in the population [8,9].
Thirty thousand to forty thousand SS newborns are
born there each year [8], bringing the neonatal preva-
lence to 1.4% [8-10].

According to the literature, diagnosis at birth and
educational awareness of parents remains an impor-
tant strategy for getting parents to adhere to
medical care as early as possible and to live well with
the disease [11-13]. In developed countries with a
policy for newborn diagnosis of SCD, the diagnosis is
made early at birth or during the prenatal period for
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couples at risk [14-16]. In Africa, the diagnosis is often
made late when the child presents the first signs or
complications of the disease [11,14,16]. Also, penicillin
prophylaxis between 2 and 3 months of life and vacci-
nation, preferably before the onset of the first symp-
toms of SCD, remains the key strategy of preventive
care [14,16,17].

Technically, neonatal screening of HbSS, in resource-
limited settings, requires the use of rapid, valid, easily
practicable, and less expensive phenotyping tests,
such as HemoTypeSC or isoelectric focusing(IEF), com-
pared to capillary electrophoresis, HPLC, or LC-MS
methods [3,4,9,13,14,18]. In Kisangani (DRC), HemoTy-
peSC has been available for the past two years now.
The results of a preliminary study carried out locally
have shown that it is a Point of Care (POC) type test, sen-
sitive, specific, less expensive (<2$), easy to perform, and
suitable for neonatal screening [8,19]. In the absence of
an accurate alternative method, some authors rec-
ommend genotype biological parents and match the
results [3,6,18,21]. Besides the burden of SCD on the
state of health of children, there is, in Africa, another
social and psychological burden affecting the genetic
responsibility of a father who refuses to accept pater-
nity, suspecting the mother of infidelity, refusing to
join the child’s care, and even demanding divorce
[12,22]. In this case, the phenotyping of the parents
may also help confirm the HbSS pedigree of the child
[11]. The sensitivity of the HemoTypeSC assay is higher
among adult populations, due to the higher concen-
tration of Sickle hemoglobin [2]. To explore this
approach, in this paper, we aimed to combine the
HemoTypeSC test of parents and offspring to validate
the results and confirm the sickle cell pedigree in a
small sample of Kisangani families, allowing us to initiate
the prophylactic antibiotic treatment.

Material and methods
Conceptual framework

This clinical research was a prospective diagnostic
accuracy study using genotype biological parents to
evaluate HemoTypeSC's performance in the
newborn. The approach of the research protocol was
that when the HemoTypeSC test result cannot be vali-
dated by confirmatory testing or the pedigree is dis-
puted, the parents can be tested to validate the
result before initiating prophylactic antibiotic therapy
(Figure 1).

Study sites

The study took place in Kisangani, the capital of
Tshopo province in Northeastern DRC. The DRC is a
secular country. It is a multi-ethnic and culturally
diverse federation with five traditional churches

Children
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Figure 1. Conceptual diagram.

(Catholic, Protestant, Church of Jesus of Latter-day
Saints, Muslim, Kimbanguisme) and several other so-
called revivalist churches [23]. All our patients had a
belief in God and were affiliated with a church. No
cases of atheism were reported. The participants
were conveniently recruited in eight Medical Centers
(MCs), namely STANLEY, NVDP, CS JAMAA, HGRK,
CUKIS, HGRMK, CS IMANI, and CHC. The MCs were
selected by convenience as well. They belong to
two Health Zones (HZ), namely Kabondo and
Makiso-Kisangani, which have an urban-rural
configuration and a daily income of less than $2/
person [10,11,22]. These MCs have served as sites
for the realization of 2 preliminary studies. The first
was conducted between March and April 2019,
before the advent of the covid-19 pandemic, to vali-
date the HemoTypeSC test and initiate the implemen-
tation of neonatal screening [19]. The second, carried
out during the first wave of covid-19, aimed to assess
the acceptability of the test, as some parents resisted
taking the blood of their newborns [8].

Study population sample

The two Health Zones’ population is around 558,786
inhabitants, of which around 22.351 newborns are
expected per year, including about 313HbSS types/
year (approximately 26 newborns per month) [8]. For
convenience and reliability of our method, the popu-
lation tested included newborns, children with HbSS
under treatment, their biological parents, heterozy-
gous descendants born from AA/SS or SS/AA parents,
and offspring of AA/AA couples screened before mar-
riage without discrimination of ethnic group or
native province of parents. It is important to note
that AA/AA parents and their AA offspring are not
well represented in this cohort. Most refused to
expose themselves unnecessarily to a blood test as
their AA result was already known before their mar-
riage, and they were sure not to have affected children.



Couples who had not given their consent to testing the
children or themselves were excluded from the study.
In total, 58 children, born to 46 mothers and 37 fathers,
were tested.

Ethical consideration

The conduct of this study respected the ethical prin-
ciples of the Declaration of Helsinki. We have obtained
the authorization of the ethics committee of the Uni-
versity of  Kisangani  (N°UNIKIS/CER/005/2018).
Respect for the principle of confidentiality has been
applied. Before including subjects in the study, the
written informed consent of both parents was
required. Their participation was optional and they
were free to withdraw it at any time. Parents had pre-
viously benefited from awareness sessions initiated by
a team of gynecologists to persuade pregnant women
to get tested and have their newborns tested for SCD
within 72 h of birth [8]. Outreach staff worked in teams
of 4-5 people to target as many parents as possible.
The information given to parents did not exceed
20 min [8]. The content of the message consisted in
describing the mode of transmission of the disease,
in explaining that the condition was compatible with
life despite its severity and chronicity, in giving the
time to onset of clinical manifestations and compli-
cations, the current progress of the care and the possi-
bility of early detection [11].

Procedure of HemoTypeSC phenotyping

Newborn screening was performed using the HemoTy-
peSC rapid phenotyping test. The kit was kept at room
temperature (between 22°C and 33°C in Kisangani) and
away from humidity. When opened, the test was used
within 30 days. The strict respect for these conditions
reassured us about the quality of the test and was
proof that the test was done correctly and met the
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manufacturer”s instructions [5,16]. A sample of 1.5 uL
of whole blood, collected from the newborn”s heel
or the finger of the parent or older child, was taken
for testing in situ. During the preliminary study
before the Covid-19 pandemic, we also kept the
blood drop on blotting paper (Whatman 903) for
confirmation of results by LC-MS at the CHU of Liege
[13,19]. This was no longer possible because of the
COVID-19 pandemic. The various stages of carrying
out the test and the principle of reading the result
have been described by Mukherjee [2], Olatunya [16],
Kasai [19], and Danho [24]. The result was immediately
communicated to the parents by the investigator after
having clarified to them the concepts poorly under-
stood during the collective lesson. When this result
was positive (SS), the investigator persuaded both
parents to be tested with HemoTypeSC. Also, parents
who received a genetic counseling quickly planned
to consider care for their children within three
months, depending on the results.

Statistical analyses of data

The sociodemographic and blood data were edited,
entered in Excel Windows, then transferred to
version SPSS v20 and the Epi info’ 7.2.2.6 software
(CDC, 2018). Categorical variables were presented in
numbers and percentages. We set the significance
level at the value of P < 0.05 for the Chi-square test.

Results
Sociodemographic characteristics

The sample consisted of 58 children born to 46 known
mothers with a mean age of 31.4+7.5 (18-45) years,
and 37 known fathers. Figure 2 and Table 1 present
the distribution frequencies of sociodemographic
characteristics of parents. It appeared that most
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Figure 2. Distribution frequencies of the 58 children tested in the study settings.
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Table 1. Distribution frequency of parents’ characteristics for 58 children.

Religion % Workplace Ethnic group % Education %
Assemblée de Dieu 259 Nurse 17.2 Topoke 25.9 Superior 31.0
Catholics 224 Student 121 Lokele 13.8 Diploma 27.6
Protestant 8.6 Retailer 10.3 Mbuza 6.9 Secondary 29.3
Baptiste 6.9 Resourceful 8.6 Mongo 5.2 Primary 6.9
Jehovah 34 State 6.9 Mombesa 5.2 Student 34
Jesus la porte 34 Teacher 52 Mosoko 5.2 No 1.7
Cite bethel 17 DGRPT 34 Tetela 5.2 Total 100
Christ vie 17 Agent INPP 34 Budu 34

Reveille 1.7 Pastor 34 Minyamituku 34

Celpa 1.7 Doctor 34 Muyongo 34

Corps du christ 17 Vendor 34 Ngwandi 34

Renouveau dans I'esprit 17 Car driver 34 Mugenia 34

Philadelphia 1.7 Agronomy 1.7 Mushi 1.7

Piscine de guerison 17 Ingenieur 17 Lubakat 17

Kimbanguiste 1.7 BRALIMA 1.7 Mongelema 1.7

Eglise des oins 17 Journalist 17 Mubuyu 17

Benediction 1.7 School 1.7 Boa 1.7

La borne 17 REGIDESO 17 Ngbetu 17

CNCA 1.7 MONUSCO 1.7 Muluba 1.7

Maranatha 1.7 Secretary 1.7 Missing 34

CHRISCO 1.7 Policeman 1.7 Total 100

Muslim 1.7 Diamond 1.7

Armée du Salut 1.7 Military 1.7

Total 100 Total 100

parents were catholic (22.4%) and Assemblée (25.9%)
worshipers, nurses (17.2%) and students (12.1%), of
Topoke (25.9%) and Lokele (13.8%) ethnic, with
superior education level (31%), natives of Tshopo pro-
vince (n=33), residents of Makiso (n=28), and
Mangobo (n=19) commune. The majority of cases
were found in three hospitals.

Paired profile of child-parent genotypic
pedigree

Table 2 shows the distribution frequency of the parent’s
genotype in relation to the offspring’s genotype AA, AS,
and SS. Globally, there were 5(9.6%) AA/AA, 5(9.6%) AA/
SS, 1(1.9%) SS/AA, 37(71.1%) AS/AS, and 4(7.6%) AS/xx
couples with unknown fathers who could be AS or SS
or beta thalassemic or any other hemoglobinopathies
carrier. Out of 58 children screened, 41(70.7%) were
homozygotes SS, of whom 37(90.2%) were born to
parents AS/AS and 4(9.7%) were born to mother AS

with an untested father. There were 5(8.6%) AA-children
born to AA/AA-parent, 12(20.7%) AS-children born to AA/
SS (11), and SS/AA-parent (1). The pedigree of all children
has been confirmed; no ambiguous cases were detected.

As shown in Table 3 for SS children, no statistical
difference was observed between girls and boys or
between age groups. We observed that the edu-
cational level of the parents included in this study
was significantly associated with couples with a high
risk of having SS children. The proportion of HbSS chil-
dren born to university-level parents is significantly
lower than HbSS children born to less educated
parents (OR 0.169; p=0.0049). The profile is likely
different comparing the two main medical centers
and two main communes of residence.

Discussion

Neonatal screening is the key to the early management
of children with SCD (SS, SC) [14,18,21]. For countries

Table 2. Distribution frequency of parent and child genotype result by child characteristics.

Genotype Child age Total
Child Parent New born Infant Pre-school Teenager Total
N % N % N % N % N %
AA AA/AA 2 3.4 3 52 0 0.0 0 0.0 5 8.6
Total 0 0.0 0 0.0 0 0.0 0 0.0 5 8.6
AS AA/SS 0 0.0 2 3.4 1 1.7 8 13.8 " 19.0
SS/AA 0 0.0 1 1.7 0 0.0 0 0.0 1 1.7
Total 0 0.0 3 5.2 1 1.7 8 13.8 12 20.7
SS AS/AS 7 121 14 241 8 13.8 8 13.8 37 63.8
AS/xx* 1 1.7 0 0.0 1 1.7 2 3.4 4 6.9
Total 8 13.8 14 241 9 155 10 17.2 41 70.7
Total AA/AA 2 3.4 3 52 0 0.0 0 0.0 5 8.6
AA/SS 0 0.0 2 34 1 1.7 8 13.8 1" 19.0
AS/AS 7 121 14 241 8 13.8 8 13.8 37 63.8
AS/xx* 1 1.7 0 0.0 1 1.7 2 34 4 6.9
SS/AA 0 0.0 1 1.7 0 0.0 0 0.0 1 1.7
Total 10 17.2 20 345 10 17.2 18 31.0 58 100

Note: AS/xx* = father unknown.



with limited resources, World Health Organization
(WHO) recommends the use of rapid phenotyping
tests based on lateral flow immunoassay devices (i.e.
HemoTypeSC) or chromatographic immunoassay
approach (i.e. Sickle Scan) [11], to be validated for
use in Africa, namely low cost, easy storage, sensitive,
specific, capable of diagnosing HbS and HbC [4].
HemoTypeSC allows rapid detection of Hb phenotypes
including HbAA, HbSS, HbSC, HbCC, HbAS, and HbAC
[1,24]. We currently use HemoTypeSC in Kisangani, a
POC type test that has been validated locally [13,19],
and in some SSA countries, such as Nigeria [1,16],
Ghana [15], and Ivory Coast [24]. It is the only test cur-
rently suitable for neonatal screening for SDC
[13,15,16]. However, regardless of its performance,
the authors require that its result be confirmed, as
the same for each POC type test, by a molecular or
electrophoresis -type test, HPLC, LC-MS before consid-
ering these children as sick and aligning them for
regular medical monitoring [3,4,6,14,17,18,24]. It is
known that HemoTypeSC does not identify all types
of hemoglobinopathies from HbSS and identifies
these cases as the HbSS phenotype [2]. However,
these hemoglobinopathies are almost non-existent or
very rare in DRC [10,13].

This study aimed to demonstrate the feasibility of
validating the HemoTypeSC result of newborn-SS
infants by testing the parents to confirm the pedigree
before initiating early care in a context of limited
resources. The immediate analysis of the Hb of the
parents, also carried out by the HemoTypeSC, made
it possible to confirm the result. According to
Couque N and De Montalembert M, when confir-
mation by accuracy tests is not possible, resorting to
parental Hb analysis is an alternative to confirm the
results and determine the genotype of affected chil-
dren [25]. Tshilolo"s series [10] confirmed the result 6
months later, using the IEF as first-line neonatal
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screening. In our series, we used HemoTypeSC itself
in newborn and their parents. Because of the COVID-
19 pandemic, 60% of mothers refused any extra
blood collection other than the drop for the on-site
test. They feared sending blood samples for exper-
iments to set up a COVID-19 vaccine as circulated by
fake news on social media [8], and this no longer
allowed sending samples for confirmation. With our
approach, we found an alternative of confirming the
results of SS newborns and initiating their care within
three months without wasting time.

Of 8(19.5%) SS newborns having performed the
primary screening and 33(80.5%) SS children with
status already known using LC-MS at CHU of Liege
[13,19] but aligned to validate the HemoTypeSC
result, 100% of their parents were carriers of sickle
cell trait (SCT). Furthermore, all the descendants of
known AA/SS or SS/AA couples, whose phenotype
was determined by the LC-MS test [13,19], were diag-
nosed as heterozygous. In homozygotes, the sensitivity
and specificity of HemoTypeSC is 100% [1,15,24].
Genetically, children with SS are always born to
parents who each carry at least one sickle cell trait
(SCT or SCD). At the same time, descendants of mar-
riage between sick homozygous (SS) and healthy
homozygous (AA) should all be carriers of the SCT
[11,14].

Furthermore, some key observations were raised
from this study. Concerning the study population,
our observation showed a high prevalence of the
SCT among Topokes (25.9%) and Lokeles (13.8%). In
the same city, Batina et al. [26] observed a high preva-
lence among Mboles (33.3%), Topokes (23.3%), and
Lokeles (19.5%). They attributed this to consanguinity
following endogamic marriage [26]. However, the
demographic weight of these ethnic groups in the
city of Kisangani is a factor to be taken into account
as well. SS children were more screened at NVDP

Table 3. Factors related to the risk of encountering HbSS children than AS or AA.

Factor Class Statistics

EDUCATION LEVEL 0-4 LEVEL 5 TOTAL Odds ratio 0.1697

HbSS 33 8 41 95% Cl: 0.0493-0.5845
NOT 7 10 17 z statistic 2.811

TOTAL 40 18 58 Significance level P =0.0049**
ETHNIC LOKELE TOPOKE TOTAL 0Odds ratio 0.0667

HbSS 8 8 16 95% Cl: 0.0033-1.3613
NOT 0 7 7 z statistic 1.760

TOTAL 8 15 23 Significance level P=0.0785
PAROUS 1-3 CHILDREN 4-7 CHILDREN TOTAL 0Odds ratio 1.9250

HbSS 20 21 41 95% Cl: 0.5986-6.1907
NOT 1 6 17 z statistic 1.099

TOTAL 31 27 58 Significance level P=0.2718
HOSPITAL COMMUNAUTE NVDP TOTAL Odds ratio 0.0085

HbSS 2 18 20 95% Cl: 0.0007-0.1046
NOT 13 1 14 z statistic 3.727

TOTAL 19 15 34 Significance level P =0.0002
COMMUNE MAKISO MANGOBO TOTAL Odds ratio 6.2857

HbSS 22 7 29 95% Cl: 1.7171-23.0093
NOT 6 12 18 z statistic 2.777

TOTAL 28 19 47 Significance level P =0.0055

https://www.medcalc.org/calc/odds_ratio.php
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(32.7%) and Stanley clinic (18.9%), two pediatric struc-
tures receiving sick children of all ages, including SCD.
In the Batina series, they were more numerous at the
Provincial General Hospital (PGH) of Kisangani
(30.6%) and at the General Reference Hospital of
Makiso-Kisangani (HGR /Mak-Kis) (25.8%) because it
was neonatal screening which targeted maternity hos-
pitals [26]. In general, it emerges from this study that
SS children come more from families with a low level
of education. We assume that this result is most
likely related to the composition and size of our
sample. However, Kambale-Kombi et al. observed
that approximately 85.6% of respondents were
unaware of the risk of children developing SCD when
both parents are carriers of the SCT [27]. The govern-
ment must identify effective communication channels
to raise awareness among different population seg-
ments on the importance of pre-marital testing and
the mode of transmission of this disease [8,28]. In our
case, parents had previously benefited from awareness
sessions initiated by a team of gynecologists to per-
suade pregnant women to get tested and have their
newborns tested for SCD within 72 h of birth. The
period immediately following neonatal screening is
ideal for the health care provider to begin informing
families of children with potential health complications
and reproductive considerations [13].

In Africa, mothers are vulnerable because, in many
cultures, the transmission of blood diseases is
blamed on them. It is mandatory to explain genetic
transmission to parents knowing that it is difficult
because they will not admit to having transmitted
the disease even though they are in good health
[21]. In this study, comparing the results of parents
with those of their newborns made it possible to estab-
lish the responsibilities of two parents through basic
notions of genetics. It is recommended to help family
members differentiate an AS child from an SS child
and show parents and possible newborns’ different
implications for family planning. Each case of the SCT
detected is an opportunity to educate a family about
the possible associated health outcomes and the
possibility of having another carrier or sick child
[13,28].

There are three limitations of this study: The first is
the small sample size which did not allow the appli-
cation of a rigorous statistic to affirm or deny our con-
clusion or extrapolate our results to the whole region.
A longitudinal study is essential.

The second limitation is that in the DRC inter-ethnic
marriages are so frequent that a child can belong to 3
or more tribes at the same time. This is a major limit-
ation of this study and suggests that results related
to the distribution of SCD by ethnicity should be inter-
preted with caution.

The third limitation is that one of the planned ana-
lyses (LC-MS), confirmation of all POC test results by

definitive testing, was not able to be performed due
to the challenges of the COVID-19 pandemic. This
confirmation would have been performed to deter-
mine the status of heterozygous children [20].

Conclusion

The finding provides a proof-of-concept for imple-
menting HemoTypeSC, test as a first-line test without
resorting to accuracy confirmatory tests. The test
helps also to facilitate fathers’ understanding of their
responsibility in transmitting this disease. The associ-
ation of the analysis of the parents’ Hb is a novelty
here because that is not done in current practice.
With the advent of a free POC type test, this has
become possible.
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