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ABSTRACT

Although sickling and solubility tests and peripheral blood film methods are today available for sickle cell disease screening
in Uganda, their reliability and ease of applicability have not been determined. This study was therefore carried out to
determinethereliability of sickling and solubility testsand peripheral blood film method for screening for SCD in Uganda. This
was descriptive laboratory based study which was carried out at Makerere University College of Health Sciences. The 200
samplesfrom children aged between 6 months and five years were independently analyzed using sickling and solubility tests
and peripheral blood film method. Hemogl obin el ectrophoresis cellul ose acetate was used as the gold standard. Sickling and
solubility tests had sensitivities of 65.0 % and 45.0% respectively and peripheral film had 35.0%. Sickling, solubility and
peripheral film had specificities of 95.6%, 90.0% and 96.7% respectively. Sickling had diagnostic accuracy of 92.5%, solubility
(85.5%) and peripheral film (90.5%). Sickling had a Cohen’sKappaof 0.6, solubility 0.3 and peripheral film 0.4. Sickling test had
turn around time (TAT) of 38 minutes, solubility 70 minutes and peripheral 44 minutes.

In conclusion, the sickling test was morereliable and easier to perform than solubility test and peripheral blood film method. It
would therefore be arecommended test for preliminary screening of childrenfor SCD at district health centers1V and confirming
only positives using hemoglobin electrophoresis.
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LA FIABILITE DES TESTS DE FALCIFORMATION ET DE SOLUBILITE ET DE
LA METHODE DE FROTTIS SANGUIN PERIPHERIQUE DANS LE DEPISTAGE
DE LA DREPANOCYTOSE DANS LES DISTRICTS DE SANTE EN OUGANDA.

RESUME

Bien que lesanalyses hématiesfalciformes, lasolubilité et le film sanguin périphérique soient aujourd’ hui disponibles pour le
dépistage de la maladie drépanocytaire en Ouganda, leur fiabilité et aisance d' applicabilité n’ ont pas été déterminées. Cette
étude a été, par conséquent réalisée pour déterminer la fiabilité de la méthode de dépistage des analyses des hématies
falciformes et de la solubilité ainsi que le film sanguin périphérique pour la SCD (sigle anglais pour Sickle cell disease) en
Ouganda. Ceci a été une étude descriptive basée au laboratoire et réalisée par le Collége des Sciences de la Sante de
I’Université de Makerere. Les 200 prélevements des enfants ages de 6 mois a5 ans ont été analyses de facon indépendante en
utilisant laméthode des analyses d’' hématiesfal ciformes, lasolubilité et le film sanguin périphérique. L’ acétate de cellulosede
I électrophorése de I’ hémogl obine a été utilise comme échantillon. L es analyses des hématiesfal ciformes et de solubilité ont eu
la sensibilité de 65,0% et 45,0%, respectivement, et le film sanguin périphérique a eu 35,0%/. Les hématies falciformes, la
solubilité et le film sanguin périphérique ont eu les spécifications de 95,6%, 90,0% et 96,7% respectivement. Les hématies
falciformes ont eu la précision diagnostique de 92,5%, la solubilité — 85,5% et le film sanguin périphérique — 90,5%. Les
hématies falciformes ont eu le Kappa de Cohen de 0,6, lasolubilité — 0,3 et e film sanguin périphérique—0,4. L’ analyse des
hématiesfal ciformesaeu une période de rotation de 38 minutes, lasolubilité — 70 minutes et le film sanguin périphérique— 44
minutes.

En conclusion, I’ analyse des hématies falciformes a été plusfiable et plus facile a exécuter que I’ analyse delasolubilité et la
méthode de film sanguin périphérique. Elle serait, par conséguent, une analyse recommandée pour |e dépistage préliminaire
des enfants pour laSCD aux centresde santé |V au niveau de districts et confirmer seulement les résultats positifs en utilisant
I électrophorese del’ hémoglobine.

MOTS CLES: Dépistage — Tests de falciformation et de solubilité — Sang périphérique- Drépanocytose - Ouganda.
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INTRODUCTION

ethods including hemoglobin (Hb)

electrophoresis, iso-electricfocusing (IEF)

and high performanceliquid chromatography
(HPLC) are today used to screen for
haemogl obinopathiesin some devel oped countries[1].
In particular, polymerase chain reaction (PCR) isuseful
for both pre-natal and neonatal diagnosis of
haemoglobinopathies, including sicklecdll disease[2).
Accordingto SCHULTZ [ 3], methodsusing monoclond
antibodiesfor sicklecell screening areaso available,
but they have not yet been clinically accepted because
they are un-reliable. While Hb electrophoresis is
extensvely usedin Jamaicaas
aconfirmatory procedure [4], itsuse in most of the
resource constrained countries, including Uganda, is
impractica dueto high cost. In Uganda, theavailability
of Hb electrophoresisequipment islimited to some of
theteaching hospitalsand the national referral hospital
at Mulago.
However, thereare other affordable methods of varying
reliability, eeseof goplicability and cost avallablefor early
screening for SCD in low income countries. These
includesolubility and Sckling testsand peripherd blood
film method. Although adevel oping country such as
Mdawi hascarried out relibility and cost benefitandlyss
studies [5], and has recommended appropriate
haemoglobin methodsfor use at district hedth centers,
none of these studies have been undertakenin Uganda.
This study was therefore conducted to evaluate the
sengitivity, specificity and predictiveva uesand ease of
applicability of sicklingand solubility testsand peripherd
blood filmmethod.

[I- MATERIALS AND METHODS

- Sudy design: Thiswasdescriptivelaboratory based
study.

- Study sites. The study was conducted in the
department of Pathology, Makerere University College
of Health Scienceswhere approval of the study was
made and Department of Clinical Chemistry, Mulago
hospital UgandawhereHb electrophoresisanaysiswas
performed on blood sampleswhich werereceived from
thestudy digtricts.

- Samplesize: The 200 blood sampleswere estimated
using standard graphs based on the assumption that at
95% confidenceinterval, the expected coefficient of
reliability detection of sickle cell disease is 0.05
BROWNER et al [6].

- Sudy procedure Two hundred samples (178 negative
for SCD; 22 positivefor SCD) were selected using

systematic sampling procedurefrom sampleswhich had
been collected for preval ence studiesfrom children aged
6 monthsto 5 years. Thesampleswerethenindependently
analysed by three senior technologistsusing sicklingand
solubility testsand periphera blood film method adapted
after [7-8].

1. Sckling test

Theprincipleof sickling test wasbased on microscopica
observation of sickling of red blood cellswhen exposed
toalow oxygentenson. Twenty microlitresof each blood
sample, was mixed with 20 micro liters of 2% sodium
metabisulphite on acover dip. A slidewasthen gently
pressed onto the cover dip and after inversion; the cover-
dipwasringed with candlewax. Thedide preparations
wereleftinahumidified chamber for 15 minutesat room
temperature and then examined under the microscope
(x10). Further observationsweretaken after 30 minutes,
1 and 2 hours. In each test, an average of 5 filmswere
randomly selected and wholly examined. Theproportion
of the number of red blood cellsthat were sickled was
then expressed as percentage and resultswere consi dered
positivewhen morethan 25% of thered blood cdllssickled.

2. olubility test

Theprincipleof solubility method wasbased onturbidity
created when Hb Sisincubated with sodium dithionate.
Twenty micro-litersof each samplewasmixed with2ml
of 0.02% sodium dithionatein atest tube and | eft to stand
at room temperature for 5 minutes. The sampleswere
examined using light againgt thebackground of black lines.
Theresultswereinterpreted as positive when the black
lineswerenotvisble.

3. Peripheral blood film method

Thinbloodfilms, gainedwith Giemsastanwereexamined
by light microscopy (x100). Thesameprocedureusedin
sickling test wasd so used to select and examinethefilms,
The proportion of the number of sickled red blood cells
was then expressed as percentage and results were
considered positivewhen morethan 25% of thered blood
cellssickled. werea so randomly selected resultswere
consdered positivewhenthesicklecell count wasgreater
than 25% of thetotal red cell count.

4. Hb elecrophoresis

The cellulose acetate membrane Hb electrophoresis
method at pH 9.2 adapted after JUNIUS et a [9], was
used to determinethe presenceof AA,AS, and SSinthe
samplesandto confirm theresultsgenerated by theabove
methods. The principle of thismethod was based onthe
fact that proteinsnormaly haveether positiveor negative
chargethat isdetermined by the charged amino acid they
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contain. When electric field is applied to a solution
containing protein molecules, positively charged proteins
will move to the cathode and negatively charged proteins
will migrate to the anode. Depending on their charges,
size and shape, different haemoglobins will separate and
migrate at different rates. They are then stained and their
bands compared with the known controls [9].

5. Measure of technical feasibility

The turn around time (TAT) of each method was also
determined. This was done by timing each process starting
from the preparation of working solutions, setting the test
and final reading of the results. Sample collection was not
timed.

5. Cost benefit analysis

Cost benefit analysis was separately done and the
manuscript was accepted and published by South African
Medical Journal [10].

- Quality control

Each batch of assays included a known negative control
(AA)and a known positive control (HbSS). All procedures
were undertaken by three independent experienced senior
technologists and the results were included in the analysis
only when at least two observers were in agreement.

- Analysis

The statistical analysis of the data was undertaken using
the soft-ware package for social sciences 10.0 (SPSS
10.0). The performance difference of the methods was
evaluated against Hb electrophoresis as a gold standard
using Open Source Epidemiologic Statistics for Public
Health Version 2.2.1 Openepi [11].

- Ethical clearance

Permission to carry out this study was sought from Faculty
Research and Ethics Committee and Uganda National
Council of Science and Technology (UNCST).

lll-RESULTS

Of the 200 blood samples included in the study, Hb
electrophoresis detected 178 samples with Hb AA, 20
AS and 2 SS. Figure 1 shows one of'the results by Hb
electrophoresis.

SS AA SS
(+ve control) (-ve control)

AA AS

Figure 1- Hb Electrophoresis bands.

There was variability in the ability of the sickling and
solubility tests and peripheral blood film methods to
accurately demonstrate the presence of haemoglobin AA
and sickle cells. The sickling method demonstrated the
presence of 172 AA and 13 sickle cell cases, whilst the
solubility method demonstrated 162 AA and 9 samples
with sickle cells. The peripheral blood film method
showed 174 AA and 7 cases with sickle cells. However,
basing on Hb electrophoresis results each of these
methods demonstrated the presence of 2 SS cases in
these samples. Sickling and solubility tests demonstrated
the presence of 11 AS and 7 AS respectively while
peripheral blood film method demonstrated the presence
of 5 AS. The summary of'the results is shown in Table I.

Table I- The summary of the haemoglobin AA, AS /SS detected by the sickling, solubility and
peripheral blood film methods and by Hb electrophoresis (Gold standard).

Variable Sickling Solubility  Peripheral Hb electrophoresis
blood film (gold standard)
True negative 172 162 174 178
for sickle cells
False positive 8 18 6 0
for sickle cells
True positive 13 9 7 22
for sickle cells (11AS,2SS) (7AS,2SS)  (5AS,2SS) (18 AS, 28S)
False negative 7 11 13 0
for sickle cells
Total 200 200 200 200
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Notably, the sickling method had sensitivity 65% (CI: 43.3,
81.9) and specificity 0f 95.6% (CI: 91.5,97.7). It had
positive and negative predictive values of 61.9% and
96.1% respectively. The level of agreement (diagnostic
accuracy) between sickling method and the gold standard
was 92.5% with a kappa score 0of 0.6 (CI: 0.5-0.7). The
summary of the results is as shown in Table II.

Table II- Sickling screening method against Hb
electrophoresis (gold standard)

Parameter Estimate 95% CI
Sensitivity 65.0% (43.3,81.9)
Specificity 95.6% (91.5,97.7)
Positive 61.9% (40.9,79.3)
Predictive
Value
Negative 96.1% (92.1,98.1)
Predictive
Value
Diagnostic 92.5% (88.0,95.4)
Accuracy
Likelihood ratio 14.6  (10.6 -20.3)
of a Positive
Test
Likelihood ratio 0.4 0.3-0.5)
of a Negative
Test
Diagnostic 39.9 (12.5-1274)
Odds
Cohen's kappa 0.6 (0.5-0.7

The solubility method had sensitivity of 45% (CI: 25.8,
65.8) and specificity 90.0% (CI: 84.8, 93.6). It had
positive predictive value of 33.3% and negative predictive
value 0f93.6%. Solubility method had diagnostic accuracy
of 85.5% and Cohen kappa of 0.3 (CI: 0.2-0.4. The
summary of the results is as shown in Table IIL.

Table ITI- Solubility screening method against Hb
electrophoresis (gold standard).

Parameter Estimate 95% CI
Sensitivity 45.0% (25.8,65.8)
Specificity 90.0% (84.8,93.6)
Positive Predictive  33.3% (18.6,52.2)
Value

Negative 93.6% (89.0,96.4)
Predictive Value

Diagnostic 85.5% (80.0, 89.7)
Accuracy

Likelihood ratio of 4.5 (3.1-6.5)
a Positive Test

Likelihood ratio of 0.6 0.5-0.7)
a Negative Test

Diagnostic Odds 7.3 (2.7-20.2)
Cohen's kappa 0.3 0.2-04)

The peripheral blood film method had sensitivity of
35.0% (CI: 18.1, 56.7) and specificity of 96.7% (Cl:
92.9, 98.5). It had positive and negative predictive
values of 53.9% and 93.1% respectively. The peripheral
blood film had diagnostic accuracy of 90.5% and kappa
score of 0.4 (CI:0.2-0.5) respectively. The summary of
the results is as shown in Table IV.

Table I'V- Peripheral blood film method against Hb
electrophoresis (gold standard).

Parameter Estimate 95% CI
Sensitivity 35.0% (18.1, 56.7)
Specificity 96.7% (92.9,98.5)
Positive Predictive ~ 53.9% (29.1,76.8 )
Value
Negative 93.1% (88.4,95.9)
Predictive Value
Diagnostic 90.5% (85.6,93.8)
Accuracy
Likelihood ratio of 10.5 (4.5-24.5)
a Positive Test
Likelihood ratio of 0.7 0.6-0.8)
a Negative Test
Diagnostic Odds 15.6 (4.6 -53.3)
Cohen's kappa 0.4 (0.2-0.5)

Measure of technical feasibility

The measure of technical feasibility showed that TAT
for the sickling and solubility tests was 38 and 70 minutes
respectively. While peripheral blood film method had
TAT of 44 minutes.

Cost benefit analysis

The results on cost benefit analysis showed that screening
the children at health centers and then confirming only
the positive cases at regional hospital was both cheap
and sensitive [10].

IV-DISCUSSION

Despite the availability of SCD screening methods such
as the solubility, sickling and peripheral blood film
methods, their reliability for SCD screening at district
health centers in Uganda has, hitherto, not been
ascertained. This was the first study to determine the
reliability of these methods using 200 blood samples
which were taken from children between 6 months and
5 years in the districts of Sironko and Mbale in eastern
region of Uganda. The analysis of the samples was
undertaken in the Departments of Pathology, Faculty of
Medicine and Department of Clinical Chemistry, Mulago
Hospital.

Whilst all these methods could reliably demonstrate
patients with SS, they showed variability in their ability
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to detect the carrier state of haemoglobin (AS). The
solubility test was in particular found to have low
sengtivity for HbAS. Thisfindingisinagreement witha
study by CHASEN et al; [12] which found that the
solubility test was not sensitive for the detection of
carriers and was unsuitable for screening purposes.
Besdes, the solubility test could lead to stigmatization
and unnecessary referrd sbecauseof itshigh falsepostive
ratewhichischaracteristic of atest withlow diagnostic
accuracy and low positivelikehood ratio. Theprobable
reason for thishigh fal se positiverate wasthat some of
the samples might have shown erythrocytosis, highly
marked leucocytosis and/or hyperlipidemia.
Unfortunately, it was not possible to link these
hypothesesto fal se positivity of solubility test because
none of these parameterswere measured in thisstudy.
However, these observationswereinconformity with
ROBERT et d; [13] who noted that factors such as
erythrocytosis, highly marked leucocytosis and
hyperlipidemiawere possbly belinkedtofd sepogitivity
by thismethod.

AlthoughNALBADIAN et d [14],found solubility test
easier to perform, our study found that solubility test
had ahigh turn around time because alot of timewas
requiredfor reagent preparation. Notably, sickling test
wasfound most rdliablefor the detection of haemoglobin
ASadthough therewere somefalse positivecases. The
fase pogitivity of thesickling test was probably dueto
anemia. Thisobservation was augmented by thefact
that 5 out of 8 sampleswhichtested false positive had
haemoglobin concentration below 10 g/dl. Thisfinding
wasin agreement with the study by SCHENEIDER et
a [15] who found that the presence of anemiawas
associated with afalse positive result when using the
scklingtest.

While the peripheral blood film method was found
reliablein detecting normal haemoglobinAA, it was
found un-reliablefor the detection of haemoglobinAS.
Theprobablereasonfor thiswasthat most of thechildren
who had been recruited into the study with hemoglobin
AS, werenormd looking (asymptomeatic) and probably
had very few circulaing sicklecdlsintheir blood at that
time

However a study on cost benefit analysis of these
methods was separately carried out and itsfindings
indicated that using sickling test to screen for SCD at
digtrict health centers1V and confirming only positive
samplesat either regional or district hospital wasthe
most cost effectiveintervention[10].

V- CONCLUSION AND RECOMMENDATIONS

Thesickling test wasthe most reliable, cheapest and
easest to perform. It had high specificity, sengtivity and
kappascore. The solubility test wasfound expensive,
cumbersomeand unreliablefor sicklecdl screening. It
had both low sengitivity and kappascore, and had high
TAT. The peripheral film method had high specificity,
low sengitivity and high TAT. Sickling would therefore
be the most recommended test for screening children
for SCD at district health centers in poor resource
settingsand using Hb electrophoresisas confirmatory
method
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