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Background: Hereditary spherocytosis (HS) is a genetically determined haemolytic anaemia characterised by the spherical shape
of affected red blood cells. With limited confirmatory tests currently available in South Africa, the diagnosis of HS is reliant on the
clinical presentation and screening tests. The aim of this study was to compare the sensitivity and specificity of three screening tests:
flow osmotic fragility test (FOFT), cryohaemolysis test (CHT) and the eosin-5-maleimide binding test (EMA-binding test) used in the
diagnosis of HS.

Methods: All three tests were performed on 18 subjects with confirmed HS. The negative control group comprised 10 subjects with
haemolysis and spherocytosis, and either a positive direct antiglobulin test (DAT) or normal red cell membrane studies. The tests were
also performed on six samples submitted for cases of suspected HS during the study period from 7 November 2019 to 31 March 2020.

Results: The EMA-binding test demonstrated superior sensitivity (88.9%) compared to the CHT (61.1%) and the FOFT (38.8%).
The EMA-binding test specificity (90.0%) was equal to that of the FOFT and superior to the CHT (50%). Combined sensitivities and
specificities for EMA-binding test and CHT, EMA-binding test and FOFT, and CHT and FOFT, were 100% and 33.3%, 94.4% and 80.0%
and 88.9% and 50.0%, respectively.

Conclusion: EMA-binding test is the best screening test for cases of suspected HS. If there is a high clinical index of suspicion with a
negative EMA-binding test, the CHT is recommended as a second screening test.
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Introduction

Hereditary spherocytosis (HS) is a genetically determined hae-
molytic anaemia characterised by the spherical shape of the
affected red blood cells (RBCs)." It occurs in all racial and ethnic
groups but is particularly common in individuals of Northern
European descent.? With an estimated prevalence ranging from
1:2 000 to 1:5 000, it is the most common congenital haemolytic
anaemia in Caucasians.?The prevalence of HS in Southern Africa
is unknown at present.

Hereditary spherocytosis is caused by a myriad of molecular
defects affecting genes encoding proteins involved in vertical
connections of the RBC membrane cytoskeleton to the lipid
bilayer. These defects include mutations in the ANK1 (8p11.2),
SPTB (14G22-g23), SPTA (1q21), SLC4AT (17G21-22), and EPB42
(15915) genes which encode ankyrin, B-spectrin, a-spectrin,
band 3 protein, and protein 4.2 respectively.? Disruption of ver-
tical linkages results in destabilisation of the lipid bilayer and
release of skeleton-free lipid vesicles.* This loss in membrane
surface area relative to the intracellular volume, is responsible for
the spheroidal shape of RBCs.2 Spherocytes are less deformable
and therefore selectively retained in the spleen, where they
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undergo splenic conditioning and premature removal from
circulation.?

Clinical presentation of HS depends on the severity of hae-
molysis, which varies from fully compensated anaemia to
transfusion dependence.® Signs and symptoms include pallor,
jaundice, pigment gallstones and splenomegaly, which is rarely
marked. In neonates, jaundice may be the most important
sign as splenomegaly is often absent.® Neonates with severe
hyperbilirubinaemia are at risk for kernicterus and should
be treated with phototherapy and exchange transfusion as
clinically indicated. Management of HS depends on disease
severity. Mild cases may be managed only with folate
supplementation, while severe forms may require repeated
transfusions and splenectomy.”

Screening tests for HS include osmotic fragility tests (including
the flow osmotic fragility test [FOFT]), the cryohaemolysis test
(CHT), the acidified glycerol lysis test and the eosin-5-maleimide
binding test (EMA-binding test). Diagnostic tests comprise
red cell membrane sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), genetic testing and osmotic
gradient ektacytometry. SDS-PAGE (also referred to as red cell
membrane studies) was previously offered in South Africa but is
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no longer available. While genetic testing for red cell membrane
defects is available internationally, these tests are not routinely
performed in South Africa and ektacytometry is mainly used
in the research setting. To our knowledge, most reference
laboratories in South Africa perform osmotic fragility tests,
whilst only one laboratory in the private sector offers the EMA-
binding test. No laboratory currently has a reliable combination
of screening for the diagnosis of HS.

Therefore the current situation in South Africa is such that
confirmatory tests for the diagnosis of HS are not readily
available and we rely on the clinical presentation and screening
tests for diagnosis. The laboratory of the National Health
Laboratory Service (NHLS) at Universitas Academic Hospital
(UAH) in Bloemfontein, South Africa, offers two screening tests
for the investigation of suspected HS: the FOFT and the CHT. With
FOFT, RBCs are subjected to a hypotonic solution that causes
exaggerated haemolysis in osmotically fragile cells. Follow-
ing incubation with distilled water, the proportion of residual
RBCs is measured by a flow cytometer.2 The CHT is based on the
observation that red cells in HS are particularly susceptible to
lysis when rapidly cooled in hypertonic conditions.” While the
literature suggests that FOFT has a higher sensitivity compared
to CHT,?in our experience, we have observed several cases where
there was a high clinical suspicion of HS with a positive CHT, but
a negative FOFT screen. The suspected discrepancy between the
literature and our results had not been investigated previously;
hence, we identified a need to evaluate the sensitivity and
specificity of these tests in our setting.

We also explored the possibility of introducing a third screening
test, the EMA-binding test in an effort to improve our screening
platform. EMA is a fluorescent dye that binds to Lys-430 in the
extracellular loop of band 3 protein.'® Its fluorescence, detected
by a flow cytometer, corresponds to the band 3 content on the
surface of RBCs. A decrease in fluorescence is observed when
there is a deficiency of band 3.

This study aimed to evaluate the EMA-binding test as a screening
test, to compare the EMA-binding test to the other two screening
tests currently performed in our laboratory (FOFT and CHT), and
to determine which test/combination of tests give the greatest
sensitivity and specificity, which in the absence of a confirmatory
test, can be reliably used to diagnose HS.

Methods
Study design

This was an observational descriptive study conducted at
the NHLS UAH service laboratory from 7 November 2019 to
31 March 2020.

Participants

Blood samples (ethylenediamine tetra-acetic acid [EDTA]
collection tubes) from 18 known HS patients served as our
positive controls. The positive controls were previously
confirmed to have HS by SDS-PAGE. For each confirmed positive
sample, we tested six normal controls concurrently. Test subjects
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were selected from samples submitted of patients with clinical
suspicion of HS (four participants) and asymptomatic family
members of patients with confirmed HS (two participants). The
negative control group was comprised of nine patients who
were confirmed to have autoimmune haemolytic anaemia
(AIHA) by a positive antiglobulin test (DAT) and one patient
with spherocytosis and negative DAT test but no abnormalities
detected by SDS-PAGE. The SDS-PAGE method has decreased
sensitivity in detecting a slight protein deficiency in samples
containing a mixture of normal and abnormal erythrocyte
proteins." Therefore a case of mild HS that was beyond the limit
of detection of the SDS-PAGE method cannot be excluded in this
patient. Alternatively, the patient may have had an autoimmune
haemolytic anaemia and the negative DAT might have been due
to RBC-bound immunoglobulin below the limit detectable by
routine DAT, RBC-bound IgA, or low-affinity auto-antibodies.'?

Sample acquisition and data collection

Positive control samples were obtained from patients with
HS confirmed by means of SDS-PAGE, known to the UAH
Haematology and Paediatric Oncology clinics.

Normal control samples were randomly selected from EDTA
specimens submitted for routine full blood count (FBC) analysis
at the NHLS UAH service laboratory. FBCs were checked and
samples were included as normal controls if haemoglobin
(Hb), mean corpuscular volume (MCV) and mean corpuscular
haemoglobin concentration (MCHC) values were within normal
range. Test subjects included all samples submitted to our lab-
oratory for the investigation of suspected HS during the study
period. DAT-positive samples and a single DAT-negative sample
with negative red cell membrane studies served as negative
controls.

Inclusion criteria

All samples that were submitted to the NHLS UAH service
laboratory for HS testing during the study period from
7 November 2019 to 31 March 2020 were considered for
investigation.

Exclusion criteria

Samples that were haemolysed, incorrectly labelled, collected
in the incorrect specimen tube or exceeded the acceptable time
from collection to testing (> 48 hours), were excluded from the
study.'3

Measurement

All laboratory tests were performed by the technologists of the
Immunology and Flow Cytometry benches of the NHLS UAH
service laboratory, with assistance from the first author. An FBC
and microscopy, DAT, and the three screening tests for HS (EMA-
binding, CHT and FOFT) were performed on all test specimens.
For controls with confirmed HS, the DAT was omitted.

Full blood count and microscopy

The FBC was performed on the Advia® 20120i (Siemens
Healthineers; Erlangen, Germany), and microscopic evaluation of
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the peripheral blood smear was performed by the firstauthor.The
peripheral blood smears were stained with the Wright stain and
analysed by light microscopy at 50x oil immersion magnification.
Features suggestive of HS were looked for on microscopy. These
included spherocytes (red cells that are spherical in shape and
lack a central area of pallor), as well as other characteristic
features such as mushroom-shaped or pincered cells seen in
band 3 deficiency, acanthocytes in 3 spectrin deficiency, and
poikilocytes in a spectrin deficiency.

Direct antiglobulin test (DAT)/direct Coombs test

A drop of red cell suspension, prepared with the patient’s washed
red cells and saline, was mixed with two drops of Bioscot R (EMD
Millipore; Burlington, MA, USA) polyspecific anti-human globulin
(AHG), centrifuged and then examined both macroscopically
and microscopically for agglutination. If the broad spectrum
AHG was positive, further testing was performed to determine
the type of antibody present.

Cryohaemolysis test

CHT testing was performed according to the method described
by Streichman and Gescheidt,' in which washed packed red cells
added to a hypertonic solution (2 mL of 0.7 M sucrose/phosphate
buffer) were kept in the water bath at 37 °C for 10 minutes and
then transferred to an ice bucket (0 °C) for another 10 minutes.
The degree of lysis following rapid cooling was determined by
measuring the free haemoglobin spectrophotometrically at
540 nm. A normal control sample (blood from a healthy donor),
negative parallel control sample (kept at 37 °C for 20 minutes
with no cooling stage) and a 100% lysis tube (prepared by adding
2 mL distilled water to 50 pL packed red cells) were included to
improve the interpretation of results.

The mean value of the two duplicate optical density (OD)
readings of the patient sample, normal control and parallel
control were determined. The percentage lysis of each sample or
control was determined by means of the following formula, with
> 20% lysis being considered as a positive result:

OD of test (x)
(OD of 100% lysis) x 6

x 100

% Lysis =

Eosin-5-maleimide flow cytometric test

EDTA blood samples from positive controls and test subjects
were kept at 2-8 °C and tested within 24 hours of collection.

The normal control group consisted of randomly selected
EDTA blood samples of the day. In each assay, patient samples
were set up with six normal controls. RBC labelling with EMA
(from Thermo Fisher™; Waltham, MA, USA) and flow cytometric
testing on the FACSCanto™ Il (Becton Dickinson and Company;
Franklin Lakes, NJ, USA), using FACSDiva™ acquisition and gating
software, version 8 (Becton Dickinson and Company; Franklin
Lakes, NJ, USA), were carried out according to the procedure
previously described by King et al." Results were expressed as the
percentage reduction of fluorescence of the patient to the mean
fluorescence of the six controls." A decrease in fluorescence of
< 15.84% was regarded as normal, while a decrease of = 15.84%
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was interpreted as a positive result. The following formula was
used to determine the decrease in fluorescence:"

{(mean fluorescence of the six
controls) — (fluorescence of

Decrease in _ the patient)}

x 100

fluorescence
Mean fluorescence of the 6
controls

Flow cytometric osmotic fragility test

The presence of spherocytes due to HS was detected by
comparing the percentage of red cells in the red cell/saline
suspension acquired on the BD FACSCanto™ Il flow cytometer
(using FACSDiva™ acquisition and gating software, version 8)
before and after the addition of distilled water. A normal control
was run concurrently with each test sample. The method has
previously been described by Won and Suh,'® and the formula for
calculating percentage residual red cells was that used by Park et
al.8 Aresidual red blood cell percentage of < 23% was considered
positive for HS.

Data analysis

Basic descriptive statistics including the sensitivity, specificity
and predictive values for each assay were used to summarise
the data. Receiver operator characteristic (ROC) and logistic
regression curves were used to determine the optimal cut-off
values for the EMA-binding test. For the combination of tests,
parallel testing was performed. If one of the tests in a combi-
nation was positive, the result was considered to be positive,
while both tests in a combination (EMA + FOFT; EMA + CHT;
CHT + FOFT) had to be negative for the result to be regarded as
negative.

Other parameters evaluated included participants’ age and
gender, the type of membrane defect, whether the participants
had received any recent blood transfusions or had undergone
splenectomy, the haemoglobin levels of participants, the MCV
and MCHC of the positive and negative controls.

Ethical considerations

Approval to conduct the research was obtained from the Health
Sciences Research Ethics Committee (HSREC) of the Faculty
of Health Sciences, University of the Free State (clearance
number: UFS-HSD2019/1322/2611). This study was executed in
accordance with principles of the 1964 Declaration of Helsinki
as amended in Tokyo in 2008. Informed consent was obtained
from the patients in the positive control group. Informed
consent was not obtained from the negative control as the
blood used in our study was taken from samples drawn as part
of the patient’s routine care when the patient followed up at the
UAH Haematology clinic. Likewise, informed consent was not
obtained from the test group participants as the blood samples
used in the study, were drawn as part of the patients’ routine
investigations independent of our study. Furthermore there was
no interaction with the patients, the samples were de-identified
and the study’s outcome did not alter the patient’s routine
medical care.
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Results

Table | summarises the laboratory data and test results for the
positive and negative control groups and the test group. Table
Il compares the sensitivity, specificity and predictive values of
each test and combinations of tests. Figures 1 and 2 illustrate
the typical pattern of confirmed HS samples for two of the
screening tests performed. Figures 3a and 3b are graphs used
to determine the optimal cut-off value for percentage mean
fluorescence intensity (MFI) decrease for the EMA-binding test
in our laboratory.

There were 18 participants in the positive control group ranging
in age from 12 months to 74 years, with a male:female ratio of

Table I: Laboratory data and test results of the three participant groups

5:4. Fifteen participants were splenectomised and asymptomatic
with normal Hb levels. One had received a blood transfusion
within eight weeks prior to testing. A variety of confirmed
membrane defects were present among the participants, the
most common being beta spectrin deficiency (n = 9; 50.0%),
followed by band 3 deficiency (n = 5; 27.8%). Alpha spectrin
deficiency and protein 4.2 deficiency were identified in one
(5.6%) participant each, and combined spectrin and ankyrin
deficiency in two (11.1%) participants.

The EMA-binding test identified 16 of the 18 samples as positive
and two as negative. Of the two false negative samples, one
had a beta spectrin deficiency, while the other had a combined
spectrin/ankyrin deficiency. The overall sensitivity of the test was

Control groups

Variable Positive Negative Te(s't' gr:)u P
(n=18) (n=10)

Haemoglobin (g/dL)

Range 6.8-18.9 4.0-15.7 6.2-15.7

Median 15.5 1.4 11.7

Mean 15.2 10.8 11.5
Mean corpuscular volume (fL)

Range 65.6-98.9 80.7-122.6 72.0-91.7

Median 89.9 100.1 84.5

Mean 87.3 98.6 824
Mean corpuscular haemoglobin concentration (g/dL)

Range 29.7-36.6 27.0-33.8 33.6-37.2

Median 35.2 30.9 34.1

Mean 349 30.8 34.6
FOFT

Number of positive cases 7 1 2

Number of negative cases 11 9 4

Range (% decrease in MFI) 0.92-75.8 43-94.8 7.4-77.7

Median (% decrease in MFI) 49.9 50.6 28.3
EMA-binding test

Number of positive cases 16 1 4

Number of negative cases 9 2

Range (% decrease in MFI) 13.1-35.9 -1.35-31.8 4.3-483

Median (% decrease in MFI) 30.1 7.9 235
CHT

Number of positive cases 11 3 (of 6%) 4

Number of negative cases 7 3 (of 6%) 2

Range (% decrease in MFI) 4.1-33.9 2.9-35.7 13.7-31.8

Median (% decrease in MFI) 224 19.3 24.1

*Sample size for the negative control group for CHT was 6 instead of 10

FOFT - flow osmotic fragility test, EMA — eosin-5-maleimide; CHT - cryohaemolysis test, IMF — mean florescence intensity

Table II: Sensitivity, specificity and predictive values of each test and combination of tests

Test Sensitivity Specificity Positive predictive value Negative predictive value
EMA-binding test 88.9% 90.0% 94.1% 81.9%
FOFT 38.8% 90.0% 87.5% 45.0%
CHT 61.1% 50.0% 78.6% 30.0%
EMA + FOFT 94.4% 80.0% 89.4% 88.9%
EMA + CHT 100% 33.3% 81.9% 100%
CHT + FOFT 88.9% 50.0% 84.2% 60.0%

EMA - eosin-5-maleimide, FOFT - flow osmotic fragility test, CHT — cryohaemolysis test
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Figure 1: FOFT of a normal control (A) and a positive sample (B)
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88.9%. The FOFT was positive in only seven samples
with a sensitivity of 38.8%. The CHT generated a
positive result for 11 of the samples, with seven
negative results (Table | and Table Il). The overall
sensitivity of this test was 61.1%. The combination of
the EMA-binding test and FOFT correctly identified
17 samples as positive, the combination of EMA-
binding test and CHT identified all positive cases,
and the combination of FOFT and CHT identified
16 as positive, with sensitivities of 94.4%, 100% and
89.9%, respectively (Table Il). Important to note, the
two cases that were negative with the EMA-binding
test were correctly identified as positive by the CHT.

Negative control group

The negative control group consisted of ten sub-
jects, all of whom had features of haemolysis and
spherocytes on peripheral blood smear microscopy.
Nine of the samples had a positive DAT, while one
had a negative DAT but normal red cell membrane
studies. The EMA-binding test and FOFT were
performed on all ten participants in the negative
control group; however, the CHT was only per-
formed on six of the participants as four of the
samples were insufficient for further testing. The
EMA-binding test and FOFT were negative in nine
of the samples with a specificity of 90%, while CHT
was negative in three out of six samples resulting in
a specificity of 50% (Tables | and Il). The combination
of EMA-binding test and FOFT correctly identified
eight of the ten participants as negative, while
the combination of the EMA-binding test and
CHT only identified two of six negative samples
correctly, resulting in specificities of 80% and 33.3%,
respectively. The combination of FOFT and CHT
correctly identified three of six negative samples
with 50% specificity (Table II).

Test group

The test group comprised patients with clinical
and peripheral blood features suggestive of HS
and asymptomatic family members of known HS
patients (Table I). There were four participants
with clinical and peripheral blood counts and
morphology that were suspicious of HS, three males
and one female between the ages of four and 20
years. Three of these patients (two males and one
female) were transfusion-dependent. Of these
patients, all had positive EMA-binding test and CHT
results, while two also had a positive FOFT. There
were two asymptomatic family members, a 46-year
old man and a 10-year-old girl, both of whom had
normal FBCs, without features of haemolysis on the
peripheral smear. They were both negative for all
three screening tests.
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Figure 2a: Example of positive EMA-binding
test graph (acquisition and gating performed on
FACSDiva™ software version 8.0)

Figure 2b: Difference in MFI of a positive
patient (purple) and normal control (green).
Graph generated using Infinicyt™ v1.7 software
(Cytognos S.L.; Salamanca, Spain)

Figure 3a: EMA ROC curve analysis showing that a % MFI decrease threshold set to 17.5 has a true positive (TP) rate of 0.889 and a false positive (FP)
rate of 0.091, while a threshold set to 13.9 has a TP rate of 0.889 and an FP rate of 0.182
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Figure 3b: EMA Logistic regression analysis indicating that % MFI decrease threshold of 15.84 best separates positive and negative samples (positive

control group)

Cut-off values for the EMA-binding test

To determine the optimal cut-off values between HS and non-HS
individuals, ROC curve analysis and logistic regression analysis
were performed using percentage decrease in MFI obtained
from the true positive and the true negative groups (Figures
3a and 3b). The ROC curve demonstrated that a cut-off value
between 13.9% and 17.5% was the best compromise between
sensitivity and specificity. Logistic regression analysis showed
that a percentage decrease in MFI threshold of 15.84% best
separated positive and negative samples.

Discussion

In this study, we compared the performance of three screening
tests for HS, individually and in combination. Two of the three
tests, the FOFT and the CHT, were already being used in our
laboratory, while a third, the EMA-binding test, was being
considered for implementation.

Since first described in 2000 by King et al.,"" the EMA-binding
test has become the screening test of choice in many specialised
laboratories due to its high sensitivity and specificity.® In this
method, the fluorescent probe, eosin-5-maleimide, binds to
transmembrane proteins band 3, CD47 and proteins of the Rh
complex, which are reduced in the erythrocytes of patients
with HS.'® Fluorescence intensity is also decreased with defects
of cytoskeletal proteins such as spectrin and protein 4.2, most
likely resulting from the long-range modulation effect created
by these defective proteins on the dye-binding site in the band
3 protein.'®

The results of this study showed the EMA-binding test to have
the highest sensitivity of the three tests evaluated and speci-
ficity that is equal to that of the FOFT and superior to the CHT.
The sensitivity of the test in this study is similar to that reported
in the literature, ranging from 86.2% to 97.0%.5°1".16
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A cut-off value of 15.8% was implemented when interpreting
results of the EMA-binding test in our laboratory, as this inter-
mediate value gives equal weight to sensitivity and specificity.
This value was within the range used in other studies where the
cut-off value for percentage decrease in MFI ranged from 11% to
21%.521%17 Some studies mentioned a “grey area” where there is
an overlap of results with HS and non-HS cases.'"'® In this study,
that area was defined as percentage decrease in MFI of between
13.1% and 15.84% but, for the purpose of this study, values in
this area were considered to be negative. In practice, however, it
is advisable that such borderline results be investigated further
with family studies, another screening test or a confirmatory test
if available.'

In agreement with other studies, the sensitivity of the EMA-
binding test was not influenced by the type of molecular defect.
Similar to other reports, disease severity did not influence test
performance.®® The EMA-binding test correctly identified HS
participants with low haemoglobin levels who were transfusion-
dependent, as well as asymptomatic participants with normal
haemoglobin values. In our study, four participants had received
blood transfusions in the three months prior to testing, all of
whom had MFls in the HS range. While it has been indicated that
the EMA-binding test is more sensitive post-splenectomy,® our
results failed to confirm this.

One of the major disadvantages of the EMA-binding test is
the lack of universal reference ranges and cut-off values to
distinguish between HS and normal controls.” Currently,
individual laboratories are encouraged to establish their own
reference ranges according to the MFI scale portrayed by their
particular flow cytometer.” There is also a lack of standardisation
in the reporting of results. Some laboratories express results as a
percentage decrease in EMA fluorescence compared to normal
controls,>'6'720 while others use MFI compared to a reference
range?' or an EMA “footprint”?2 established for their laboratory.
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The FOFT, introduced in 2009 by Won and Suh,’> measures the
percentage of residual red cells after the cells have been exposed
to distilled water. Since the red cells in HS are osmotically fragile,
less intact red cells remain after a specified time. Different studies
have shown sensitivities that range from 85.7% to 100%,%23-%5
which s in stark contrast to our recorded sensitivity of only 38.8%.
There is no apparent reason for the low sensitivity in this study.
We did have a high percentage of splenectomised participants
who, with the exception of the presence of spherocytes and an
increased MCHC, had near-normal laboratory values. However,
we did not observe a difference in the percentage of residual
red cells between splenectomised and non-splenectomised
participants, which was consistent with observations reported in
the literature.'2¢

The cut-off value of 23% used in our laboratory was obtained by
averaging the results of normal individuals and subtracting two
standard deviations, a method used in several other studies.82325
Shim and Won,?* however, found that when ROC analysis
included both HS and non-HS groups, and when HS patients
with a milder phenotype were included, the cut-off values were
notably different (61.9%) than when only normal controls were
used (22-24%).2* Perhaps revision of the cut-off values, taking
into account values obtained from positive controls, will improve
the sensitivity. The specificity in our study (90%) was also lower
than the 97-98% reported in the literature,®?*?> which may again
be attributed to the small sample size of this study.

A discrepancy has been noted in the literature with regard to the
sensitivity and specificity of the CHT. In our study, the sensitivity
of the CHT was 61.1% with a specificity of 50.0%. This sensitivity
was higher than the 48.5% and 53.0% reported by Mariani et
al.?” and Park et al.? respectively, but substantially lower than
the 100% reported by Streichman and Gescheidt.'* Park et al.?
reported a specificity of 76.7% and found that the test was
unable to discriminate between HS and iron deficiency anaemia.
Higher specificities of between 90 and 95% were reported by
Streichman and Gescheidt'* and Crisp et al.?° In these studies,
specificity was largely determined by comparing HS patients
and their asymptomatic relatives.'*? In our study, we compared
known HS patients to patients with confirmed autoimmune
haemolysis and one symptomatic patient with negative mem-
brane studies. The difference in patient profiles may explain the
discrepancy in specificity.

The combination of the EMA-binding test and the CHT correctly
identified all positive cases, but only two out of six negative cases.
Despite the low specificity, the sensitivity of this combination
was higher than that of the combination of EMA-binding test
and FOFT, and the FOFT and CHT, which had sensitivities of
94.4% and 88.9%, respectively. Compromising on specificity
increases the false positive rate, however, as these are screening
tests, sensitivity is prioritised over specificity and therefore the
EMA+CHT combination is favoured over combinations with
higher specificity. The combination of the EMA-binding test
and FOFT had a specificity of 80%, while the CHT and FOFT had
a specificity of only 50%. Different to our results, Crisp et al.?°
showed the combination of the EMA-binding test and FOFT
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to have 100% sensitivity, while the combination of the EMA-
binding test and CHT had a sensitivity of 93.5%.

Conclusion

The EMA-binding test performed considerably better than
the CHT and the FOFT. We recommend that for future cases of
suspected HS, serial testing be performed with the EMA-binding
test as the first-line test. In the absence of a confirmatory test, a
positive result denotes a diagnosis of HS. If this test is negative, a
second test will be performed, and since the combination of the
EMA-binding test and CHT had the highest sensitivity, the CHT
is the recommended second test. However, the low specificity
of the EMA-binding test when combined with the CHT should
be considered in the interpretation of results and careful clinical
correlation is advised. It should be noted that the acidified
glycerol lysis test was not evaluated in this study and may be a
more appropriate second screening test.

Study limitations

Due to the relative rareness of HS in the patient population
seen at the UAH, the sample size of confirmed HS cases was
small. Additionally, only a few cases of confirmed autoimmune
haemolytic anaemia were identified during the study period,
which resulted in a small sample size of true negative controls.
Furthermore, one participant in the negative control group
had negative SDS-PAGE and negative DAT results. While this
participant may have had spherocytosis as a result of an
autoimmune process, a case of mild HS that was beyond the
limit of detection of SDS-PAGE could not be excluded. The small
sample size in this study reduces the likelihood of statistically
significant results and necessitates cautious interpretation.
Ideally, the normal controls used for the EMA-binding test should
have been healthy subjects. Since six such controls were required
for each sample tested, it would have been challenging to recruit
healthy volunteers for each test. Therefore, normal controls
were randomly selected from samples submitted for FBCs from
in-patients or patients attending clinics. Whether the medical
conditions these patients were afflicted with had an effect on the
fluorescence intensity of the control group, is not known.

It has been reported that the acidified glycerol lysis test has good
sensitivity and specificity when performed on its own, and when
combined with the EMA-binding test, specificity and sensitivity
are superior to most other test combinations. The acidified
glycerol lysis test is not an accredited test at our laboratory and
to our knowledge is not being performed at any other centres in
South Africa. It was thus not included in the study, but should be
considered in future studies.
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