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Introduction: By providing timely actionable results for prompt management, point-of-care

testing (POCT) kits have revolutionised medical care for various diseases, ranging from infec-

tious diseases like malaria to genetic disorders, such as  sickle cell disease (SCD). They are,

however, underutilised in the diagnosis of SCD in developing countries, where the  need is

greatest.

Objective: The study was aimed at  assessing the sensitivity of HemoTypeSC POCT among a

cohort of children with SCD, previously diagnosed by Alkaline cellulose acetate hemoglobin

electrophoresis (ACAE), with or without high-performance liquid chromatography (HPLC).

Methods:  In this descriptive cross-sectional study, HemoTypeSC test was conducted on all

participants and its sensitivity was determined by comparing results with those obtained

using ACAE. Discordance was verified with HPLC.

Results: One hundred and forty-five children aged one to 19  years were studied. There were

84  males and 61  females (male: female ratio = 1.4: 1). The HemoTypeSC was able to correctly

diagnose sickle cell anemia (SCA) and hemoglobin SC in all (100%) of the children tested.

Conclusion: The HemoTypeSC shows high sensitivity in detecting SCA and hemoglobin SC.

Hence, it is useful for targeted screening of individuals suspected of having SCD, leading to

rapid diagnosis of these hemoglobinopathies, even in resource-constrained settings.
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Introduction

Despite the high burden of sickle cell disease (SCD) in Nigeria,

specific national efforts targeted at stemming the burden do

not seem to commensurate with the persistent increase in the

prevalence of the disease in  the country.1,2 There is no struc-

tured national policy on SCD screening, even in  the newborn

period. The available diagnostic or screening methods out-

side the neonatal period are not widespread and results may

be inconsistent.3 Alkaline cellulose acetate hemoglobin elec-

trophoresis (ACAE), the most commonly used method in many

settings in Nigeria is  prone to error. These errors may  result

from low expertise, inadequate standards, faulty equipment,

fake results and irregular monitoring of laboratories where

these tests are carried out.4 Some other diagnostic methods

such as citrate agar electrophoresis, isoelectric focusing (IEF),

high-performance liquid chromatography (HPLC), capillary

zone electrophoresis and DNA analysis, involve special-

ized training and expertise, electricity-dependent, and are

capital-intensive, hence are not frequently employed in  many

resource-poor countries.4,5

Point-of-care testing (POCT) kits provide timely results

needed for prompt management and have revolutionised

medical care for various diseases ranging from infection to

genetic disorders such as  sickle cell disease (SCD).6–8 An  ideal

point-of-care test (POCT) for diagnosis of SCD must fulfil

the ‘ASSURED’ criteria that were initially developed by the

World Health Organisation for Sexually Transmitted Disease

Diagnostics Initiative.9 The test should be Affordable to the

end-users; Sensitive (i.e. has high ability to identify the  dis-

ease when present), Specific (able to distinguish HbAA or

trait {HbAS}  from disease {HbSS, HbSC, HbS/�-thalassemia});

User-friendly (simple to perform, easy to interpret and require

minimal training); Rapid (results available within minutes);

Equipment-free (does not require additional equipment for

refrigeration or electricity, hence the device is compact,

portable and of low weight); Delivered to those who need it

— available in rural and urban communities in areas of high

prevalence.

In 2018, a  multi-centre, real-world assessment of a  low-

cost point-of-care testing (POCT) device, HemoTypeSC, was

carried out in Nigeria.10 Authors from 18 primary care cen-

tres affiliated to Sickle Cell Support Society of Nigeria screened

1121 newborns and infants using both HemoTypeSC and

high-performance liquid chromatography (HPLC). Discordant

samples were confirmed by molecular diagnosis. It  was

reported that, in optimal field conditions, the sensitivity and

specificity of HemoTypeSC for SCA were 93.4% and 99.9%,

respectively, and its overall accuracy was 99.1%. Authors con-

cluded that POCT device could be scaled up  and routinely used

across multiple healthcare centres in sub-Saharan Africa for

identification and management of vast numbers of individuals

with SCD who are currently undiagnosed.10

The latter study was  conducted among children whose

genotypes were  unknown, however, the current study focused

on assessing the sensitivity of HemoTypeSC among children

already diagnosed with SCA or hemoglobin SC. In addition to

demonstrating the ability of the kit to be used for a clinical

suspicion of sickle cell disease, our study also explores the

usefulness of the test kit to distinguish a  specific diagnosis

of HbSC from HbSS. If the test kit is  found to be sensi-

tive in  detecting HbSS and HbSC, the two  most common

hemoglobinopathies in sub-Saharan Africa, it will serve not

only as  an effective and efficient means of targeted screening

to confirm or refute the suspicion of SCD, but a  means of dif-

ferentiating a  more  severe SCA from less severe HbSC. Thus,

we assessed the  sensitivity of HemoTypeSC among SCD cohort

(aged one to 19 years) who were previously diagnosed by ACAE

with or without HPLC, and are already being followed-up in

two paediatric hematology clinics in  South west Nigeria.

Methods

This cross-sectional descriptive study was carried out from

January to March 2020 at the Paediatric SCD clinics of the

Wesley Guild Hospital Ilesa unit of Obafemi Awolowo Univer-

sity Teaching Hospitals Complex (OAUTHC) and University of

Medical Sciences Teaching Hospital, Akure Unit, Ondo State,

Nigeria. Both clinics offer comprehensive SCD care.

Study  population

These comprised of children and adolescents with SCD

already diagnosed with ACAE and have been on routine fol-

low up in the SCD clinics for a variable period ranging from

six months to  fifteen years. All diagnosed patients with SCD

(homozygous or heterozygous SCD) were recruited consecu-

tively as they present in the  clinic for routine care. However,

those with a history of blood transfusion in the  preceding

four months and those without consents or assent were

excluded.

Ethics

Approval for the study was  obtained from the Ethics

and Research Committee of OAUTHC (Protocol number:

ERC/2017/08/02). Written informed consents and assents were

also obtained as  appropriate from the parents/ legal guardian

and children aged ≥7 years respectively.

Data  collection

Sociodemographic information (age, gender and parental

socioeconomic status) and age at diagnosis were obtained by

direct questioning. Documented hemoglobin genotype results

were extracted from the medical charts. In the two hospitals,

ACAE is the main diagnostic method for SCD. Occasionally,

high performance liquid chromatography (HPLC) is requested

to  confirm diagnosis or to quantify hemoglobin fractions,

especially fetal hemoglobin to commence or monitor those

on hydroxyurea therapy. All the tests were performed strictly

by standard procedures. HemoType screening was done in

the clinic according to the manufacturer’s instructions and

interpreted based on a reference chart provided by the manu-

facturer. Hemoglobin genotype results from HemoTypeSC kit

were compared with those with ACAE. Patients with discor-

dant results subsequently had HPLC and results from the  three

methods compared.
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Table 1 – Frequencies of hemoglobin genotypes as
diagnosed by the three diagnostic methods.

Diagnostic methods HbSS HbSC Total

n (%) n (%)  n (%)

ACAE 139 (95.9) 6 (4.1) 145 (100)

HemoTypeSC 140 (96.6) 5 (3.4) 145 (100)

HPLC 36  (97.3) 1 (2.7) 37  (100)

ACAE: Alkaline cellulose acetate hemoglobin electrophoresis,

HbSS: homozygous hemoglobin S disease, HbSC: heterozy-

gous hemoglobin SC disease, HPLC: high performance liquid

chromatography.

HemoTypeSC test kit has the following peculiar properties:

a Affordable: Each kit costs about 1.5USD which is  comparable

to the cost of ACAE in  our facility as at December 2019.

b User-friendly: The test kit did  not require elaborate train-

ing or special expertise as  it is  both easy to perform and

interpret. For instance, blood samples were collected by fin-

gerpick, after which HemoTypeSC blood sampling device

was used to absorb about 1 �l  of blood from each patient

and then dipped in a  container of six drops of sterile water

to obtain haemolysate. Testing kit was then introduced into

the haemolysate and left to  stay for about 10 min, before

reading off the  result.

c Rapid: The test result for each of the subjects was  available

within 10 min  of sample collection, thus HemoTypeSC pro-

vides actionable results within minutes unlike ACAE which

requires samples to be pooled with results not been avail-

able for some days after sample collection.

d Equipment-free: HemoTypeSC test kit is portable, light

and does not require electricity or  additional equipment

such as electrophoretic tanks which is often needed for

ACAE.

e Delivery to those who need it: Unlike ACAE, HemoTypeSC

can be readily used both in rural and urban communities.

The test kits can potentially empower patients to self-test

in the privacy of their homes. In this study, all the tests were

done in the clinics.

Results

A  total of 145 patients aged one to 19  years with SCD from

the two hematology clinics were enrolled in the study. Their

mean ± SD age was 8.7 ± 4.6  years. There were 84  males and

61 females (male: female ratio = 1.4: 1). Based on ACAE, 139

(95.9%) of the 145 had homozygous SCD, and six (4.1%) had

HbSC genotype (Table 1).

Results of hemoglobin genotype by ACAE and Hemo-

TypeSC were the same for 144 of the 145 (99.3%) patients.

The only patient with discordant results was a seven-

year-old boy whose ACAE was  reported as HbSC but

read HbSS with HemoTypeSCTM. The HPLC result of

this boy was  HbSS, consistent with HemoTypeSCTM

result.

Only 37 (25.5%) of the 145 patients had documented HPLC

results. In all the 37 patients, there was  100% consistency in

the hemoglobin genotype results by both HemoTypeSC and

HPLC.

Discussion

This matrix confirmation study with two comparator assays:

ACAE and HPLC, tested the analytic characteristics of the

HemoTypeSC in children with prior diagnosis of SCD. The

study adds to the growing evidence that emergent, novel,

inexpensive, SCD-POCTs have validated analytic characteris-

tics and field-tested performance comparable to laboratory

methods. POCT kits seem to be the way to go in screening

and diagnosis and of a  wide range of disorders including SCD.

This is  because it provides real-time actionable results within

minutes, which will improve patient care.11 Thus, the kits

help in making rapid diagnosis and immediate management

of children in  whom healthcare workers suspect a  diagno-

sis of SCD, allowing for prompt communication of results

and timely referral for follow-up care. Also, most POCT sys-

tems for SCD are portable and not dependent on electricity or

highly skilled personnel which make them choice in develop-

ing countries for prompt diagnosis.11 At about 6 weeks of age,

there is decrease in  HbF with relative concentration of approxi-

mately 60% in babies such that POCT can be useful, especially

in climes where other newborn screening programs are not

readily available and or affordable.12 HemoTypeSC device is

low cost (less than 2 USD), demonstrates high sensitivity and

specificity, requires <1 �L of blood by finger prick or heel prick,

does not need instruments or a  power source, user-friendly

(simple to perform with minimal training), rapid (total time-

to-result of less than 20  min) and does not require refrigerated

storage of samples.13,14

From our study, we have been able to demonstrate the

high sensitivity of HemoTypeSC in detecting SCD correctly

in 100% of our patients, when compared to the commonly

employed ACAE in Nigeria. The kit also gave a  result similar to

HPLC in a  7-year-old boy initially diagnosed to  have HbSC with

ACAE. This may  be a  pointer to a  better performance of the kit

compared to  ACAE. Our finding is  in  keeping with a  previous

multicentre study in Nigeria which reports the specificity and

sensitivity of HemoTypeSC as  99.9% and 93.4% respectively

under standard field circumstances.10 Similarly, a multicentre

study involving 1559 participants in India reported the sen-

sitivity and specificity of HemoTypeSC as 98.1% and 99.1%

respectively for all hemoglobin phenotypes.15 These stud-

ies highlight the accuracy of HemoTypeSC in diagnosing

SCD.

Unlike previous studies that examined the diagnostic accu-

racy of the HemoTypeSC among individuals with unknown

genotypes, our study assessed it sensitivity among chil-

dren already diagnosed with SCA or hemoglobin SC.10,12,15,16

It thereby explored the  usefulness of the kit for targeted

screening of individuals clinically suspected to have SCD

based on history and or presence of specific external

stigmata.

A major advantage of HemoTypeSC POCT kit over other

commonly used methods of SCD diagnosis is that it  requires

only a small drop of blood for diagnosis.11 This is espe-

cially important for individuals with SCD who  are often
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anaemic even when in steady-state. Also, the test does

not require professional knowledge and skills to conduct.11

Hence, community health workers can conduct the test and

readily diagnose SCD at the grassroots. This would make

a tremendous impact on early diagnosis of SCD, which is

a major positive prognostic factor among individuals with

SCD.17

One main drawback of the HemoTypeSC is that although

it can readily detect Hb A,  C and S, other compound het-

erozygous hemoglobinopathies such as  HbS-thalassaemia,

SO-Arab, SD-Punjab among others cannot be detected by this

POCT kit. Though its limit of detection was estimated as  1.3%

for HbC, 2.7% for HbA and 3.3% for HbS, it cannot readily iden-

tify HbF and HbA2.12 Also, HbS�+-thal and HbS�0-thal were

detected as HbAS and HbSS, respectively.12 This calls for fur-

ther innovative research into developing equally sensitive and

specific POCT kits that can readily diagnose a  more  encom-

passing range of sickle cell disorders.

One major limitation of this present study is that only a

few of our study cohort had HPLC, a gold standard method

for hemoglobin quantification, hence comparison of Hemo-

TypeSC with HPLC was  not done for all study participants. This

is due to its limited availability and high cost which buttresses

the need for a  low-cost and readily available screening tool for

SCD such as HemoTypeSC.

HemoTypeSC shows high sensitivity in detecting sickle

cell anemia and hemoglobin SC when compared to com-

monly employed ACAE in  most resource-limited settings. It

also has other advantages as it fulfils the ‘ASSURED’ criteria

described by the World Health Organization for POCT kits.9 It

is, however, limited in  detecting other hemoglobinopathies,

thus necessitating further research into expanding its useful-

ness in the diagnosis of a  wider range of hemoglobinopathies.

While the science of analytic validity of SCD-POCT is settled,

future studies on the usefulness of HemoTypeSC could focus

on viable options for effective implementation of sustainable

POCT programs for SCD. The mere availability of a test does not

necessarily lead to successful outcomes as  lessons from use

of POCTs for Malaria and HIV have demonstrated.18,19 More

data that could help improve optimization of SCD-POCT across

healthcare settings are needed.
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