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Hereditary Spherocytosis (HS) is the most common inherited red blood cell (RBC) membrane disorder caused by RBC membrane protein defects. In HS the linkage of the cytoskeleton 
with the outer lipid bilayer is affected by missing or dysfunctional membrane proteins. As a result, there is a loss of RBC membrane surface area resulting in spherocytic shaped cells 
which are the hallmark of HS. 

The current diagnostic-algorithm for HS assessment at the Institute for Laboratory Medicine (IfLM) consists of a complete blood count (CBC), a peripheral blood smear and an 
Ektacytometry analysis. The goal of this thesis was to increase the sensitivity of diagnosing HS through establishing the flow cytometry Eosin-5’-Maleimide (EMA) test and adding it to 
the current diagnostic-algorithm. 

Six different samples of patients with diagnosed HS were analyzed. Each pathological sample was compared to three different age and gender matched control samples. The results 
were then calculated in a ratio format and fluorescence reduction given in percentage. The EMA-Test is a highly precise and useful method to diagnose HS. All six HS patient samples 
had pathological EMA-binding values and suggest that the test was successfully established on Becton Dickinson (BD) FACSCanto II. As a result, the test will be introduced into routine 
diagnostics as part of the diagnostic-algorithm to diagnose HS.

Visualization of the workflow:

One run includes three control samples per patient. A sample only qualified to be
used as a patient sample, if the patient was previously diagnosed with HS. The control
samples are age and gender matched patients with CBC, mean corpuscular volume
(MCV) and mean corpuscular hemoglobin concentration (MCHC) in reference range.

The aim of this thesis is to verify the EMA-Test on the flow cytometer BD FACSCanto II 
and introducing this test into routine diagnostics as an additional analysis at the
Cantonal Hospital Aarau to diagnose HS. Through the inclusion of the EMA-Test to the
current algorithm, additional information is acquired and thus the sensitivity of
diagnosing HS can be increased.  

1. Can the EMA-Test be established and performed as an additional routine
diagnostics test for diagnosing HS?

2. What are the test characteristics of the EMA-Test in our laboratory?
• Precision and Reproducibility
• Sensitivity and Specificity

Hereditary Spherocytosis

Primary and secondary abnormalities in RBC membrane proteins involved in the
vertical interaction between lipid bilayer and cytoskeleton cause loss of membrane
surface area. In HS the proteins band 3, ankyrin, α- and β-spectrin and protein 4.2 are
particularly affected. As a result of the membrane surface loss the cells present as
spherocytes which have a decreased stability and an increased osmotic fragility. The 
spherocytes are then sequestered and eliminated by the spleen. [1]

The clinical manifestations are classified into four different stages: mild, moderate, 
moderately severe and severe whereas the moderate form is the most common. 
Depending on the severity of the disease the presentation may include anemia, 
reticulocytosis, jaundice, splenomegaly and gallstones or patients may not present
symptoms at all. [2][3]

The necessity and course of treatment depend on the severity of HS. If a patient
suffers repeated hemolytic crises a splenectomy is advised. Since a splenectomy leads
to an increased risk of infections it is very important to individually assess the
patient’s clinical history and not to base the decision to splenectomize merely on the
HS diagnosis. [2][4]

EMA-Test

EMA is a fluorescent dye that mainly binds to the amino acid Lys430 of the Band 3 
membrane protein, and also interacts with the integral proteins Rh, RhAG and CD47. 
All these proteins are part of the a complex in the RBC membrane and can be missing
or dysfunctional in patients with HS. As a result, less EMA will bind leading to a 
difference in measured fluorescence intensity in pathological versus normal samples. 
The fluorescence of the EMA dye can be measured with a flow cytometer and the MFI 
can be quantified for comparison. [5]

In the following table the summarized data of six different HS patients is presented:

The result can also be presented as a histogram. As an example the EMA histogram of
Patient 6 is presented below:

All of the six samples of patients with confirmed HS had pathological values and thus shows
that the test has been successfully established on BD FACSCanto II. All six patient samples
had a significant reduction in fluorescence compared to the three normal controls. 

The high precision and reproducibility of the test was proven with several Intra- and
Interassay. The sensitivity and specificity of the test in our laboratory could not be
determined as part of this thesis as there were only six pathological samples of diagnosed
cases of HS. 

The EMA-Test is a fast and easily accessible method. Not only a small amount of sample is
needed, but it is also possible to carry out the test up to five days post blood draw. Even 
though this test can be introduced into routine diagnostics further aspects need to be
evaluated with more samples and time.
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Figures
Fig. 14 Koelliker K. (2020). EMA histogram of patient with HS compared to three control samples. Aarau: Cantonal
Hospital Aarau
Background: Peripheral Blood smear of a patient with HS. (Rencic, Zhou, Hsu and Dhaliwal, 2017, pg. 1781) 
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Table 11 Results of the EMA-Tests of patients with confirmed HS 
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Patient (Gender, Birthdate) Ratio 
(Reference range: ≥ 0.89) 

Fluorescence Reduction in % 
(Reference range: < 11%) 

1 (M, 1964) 0.73 27.39%

2 (F, 1991) 0.68 31.78%

3 (M, 2015) 0.71 29.13%

4 (M, 1986) 0.74 26.03%

5 (M, 1995) 0.74 25.56%

6 (M, 1985) 0.83 17.35%

Fig. 14 EMA histogram of Patient 6 (red) and three controls (green) in comparison. (Koelliker, 2020)
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