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Background
The eosin-5'-maleimide (EMA) binding test using flow cytometry is a common method 
to measure reduced mean channel fluorescence (MCF) of EMA-labeled red blood cells 
(RBCs) from patients with red cell membrane disorders. The basic principle of the 
EMA-RBC binding test involves the covalent binding of EMA to lysine-430 on the first ex-
tracellular loop of band 3 protein.

Methods
In the present study, the MCF of EMA was analyzed for samples derived from 12 healthy 
volunteers (controls) to determine the stability (i.e., the percentage decrease in fluo-
rescence) of EMA over a period of 1 year.

Results
Comparison of periodical MCF readings over time, that is, at 2-month intervals, showed 
that there were no significant changes in mean channel fluorescence for up to 6 months; 
however, there was a significant decrease in MCF at 8 months.

Conclusion
For optimal dye utilization, EMA remained stable only for up to 6 months. Therefore, we 
recommend reconstitution of the dye every 6 months when implementing this test and 
storage at -80oC in dark conditions.
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INTRODUCTION

Eosin-5'-maleimide (EMA) is a fluorescent dye that is used 
to detect red cell membrane defects by flow cytometry. It 
is primarily utilized to diagnose hereditary spherocytosis 
(HS), which may be transfusion-dependent. In addition, re-
ports have indicated the applicability of EMA to hemolytic 
disorders such as cryohydrocytosis (a type of hereditary sto-
matocytosis), Southeast Asian ovalocytosis, and congenital 
dyserythropoietic anemia type II [1]. Studies have also illus-
trated the use of EMA in the differential diagnosis of HS 
and hereditary pyropoikilocytosis [2]. The diagnosis of patient 
susceptibility to hemolytic disorders depends on qualitative 
parameters such as clinical presentation, family history, pe-
ripheral smear profile, and red blood cell (RBC) indices [3].

The RBC membrane is a lipid bilayer consisting of specific 
protein components such as  and -spectrin, ankyrin, band 

3, protein 4.1, protein 4.2, and actin. These proteins maintain 
the structural integrity of the RBC membrane and defects 
in the genes encoding these proteins decrease cell membrane 
integrity [4]. Red cell membrane disorders are also detected 
using osmotic fragility (OF) tests, including the NaCl-induced 
OF test (which measures the resistance of red cells to lysis 
after spiking the cell sample in NaCl solutions with different 
concentrations), glycerol lysis test (GLT), acidified GLT, and 
pink test [5]. The principle of the EMA-RBC binding test 
is based on the fact that EMA binds covalently with lysine-430 
on the first extracellular loop of band 3 protein [6]. Inadequate 
expression of band 3 protein will result in reduced binding 
of EMA [6, 7].

Patients with HS show reduced mean channel fluorescence 
(MCF) of EMA based on flow cytometry and reduced mean 
cell volume (MCV). Hunt et al. [1] described the normal-
ization of EMA-RBC fluorescence data and determined that 
a cut-off ratio of 0.8 can be used to differentiate normal 
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Table 1. Hematological parameters for all donors.

Donor Age Gender Hb (g/dL) RBC Count (×106/L) MCV (fL) MCH (pg) RDW (%) MCHC (g/dL)

1 31 M 14.6 4.9 88.8 29.6 12.7 33.3
2 45 M 15.5 5.4 83.3 27.9 12.6 34.0
3 28 M 15.7 5.4 85.3 29.0 12.5 34.2
4 23 M 15.6 5.2 83.8 29.7 13.0 34.0
5 33 M 14.9 5.9 87.5 29.7 12.5 34.0
6 24 M 14.9 4.9 88.6 30.1 13. 6 33.9
7 30 M 15.2 5.1 84.3 27.9 13.7 34.0
8 26 F 12.5 4.7 83.7 28.6 13.7 31.4
9 22 F 13.3 4.5 87.0 30.1 13.1 34.5

10 28 F 12.6 4.5 86.8 28.0 13.5 32.2
11 31 F 12.2 4.7 83.5 28.9 14.0 31.8
12 21 F 13.7 4.8 83.8 28.1 12.9 33.6

Abbreviations: Hb, Hemoglobin; RBC, Red Blood Cell Count; MCV, Mean Cell Volume; MCH, Mean Corpuscular Hemoglobin; RDW, Red 
Blood Cell Distribution Width; MCHC, Mean Corpuscular Hemoglobin Concentration.

controls from HS patients. This ratio was calculated as the 
test MCF normalized by the mean of 6 normal control MCFs. 
Relative to other tests, the EMA binding test shows the 
greatest specificity and sensitivity (99.1% and 92.1%, re-
spectively) for HS detection [8, 9].

The aim of our study was to determine the fluorescence 
activity of EMA dye during flow cytometry in normal in-
dividuals over a period of one year. A total of 12 healthy 
volunteers were studied as controls. 

MATERIALS AND METHODS

Study group
In the prospective study, a total of 12 healthy, regular 

donors were selected and studied over a period of 12 months. 
Informed consent from all the volunteers and ethical appro-
val was also obtained. Peripheral blood samples from the 
donors were collected in EDTA vacutainers and processed 
within 2 hours. None of the donors was sensitized. The EMA 
binding test was performed as described elsewhere [6]. A 
total of 7 runs were performed on a single sample. The 
test was performed at a frequency of once every 2 months, 
and all donors were assessed on the same day. 

Hematological analysis
The red cell indices of the donors were obtained every 

time the test was performed. These parameters were de-
termined using a Sysmex automated cell counter (Sysmex 
K-1100, Kobe, Japan).

Flow cytometric EMA analysis
In this prospective study, a FACSCalibur flow cytometer 

was used (Becton Dickinson, San Jose, CA, USA). The cy-
tometer was calibrated using BD Calibrite Beads (Becton 
Dickinson) every time the flow cytometer was switched 
on. EMA (Sigma-Aldrich, St. Louis, MO, USA) dye solutions 
were stored in aliquots at -80oC over a period of 12 months.

Briefly, 25 L of working EMA dye solution was mixed 
with 5 L of washed donor RBCs in a flow tube. The tube 
was incubated for one hour at room temperature in dark 
conditions. After incubation, the EMA-RBC flow tube was 
washed twice with 2 mL of sheath fluid (Becton Dickinson) 
at 3,000 rpm for 5 min. This sheath fluid mainly consisted 
of phosphate-buffered saline, with certain additives. The 
pellet was obtained after washing and was resuspended in 
300 L of sheath fluid in the flow tube; a total of 100,000 
events were acquired in the FL1 channel. The MCF reading 
for each donor was recorded. The cytometer was kept in 
a temperature-controlled room and daily routine start up, 
calibration, and shut down protocols were performed as per 
the manufacturer’s recommendation. 

Statistical analysis
All statistical computations were implemented in SPSS 

software version 18.0. Paired t-tests were used to compare 
the MCF values between consecutive runs.

RESULTS

Hematological parameters
Table 1 shows all parameters for the 12 donors, such as 

MCV, hemoglobin, and red cell count. All parameters are 
presented as the means of the values obtained for all runs. 
The values obtained for all the donors were within normal 
ranges. 

Flow cytometry findings
In the present study, 12 individuals were studied; 7 were 

males and 5 were females. Fig. 1 shows a box plot of the 
MCF values for the various samples over a 12-month period, 
assessed at 2-month intervals. As shown in Fig. 1, the mean 
MCF was initially 333.6, and was 339.2, 374.5, 329.3, 281.7, 
277.3, and 265.2 after 2, 4, 6, 8, 10, and 12 months, respectively. 

Comparisons of MCF between the initial reading and sub-
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Fig. 1. Box plot summarizing the MCF values for various samples over 
12 months, estimated at 2-month intervals. Abbreviation: MCF, mean 
channel fluorescence.

sequent time periods were assessed by paired t-tests and 
the mean differences (compared to the starting value) were 
+5.6 (t=1.34) after 2 months, +40.9 (t=4.20) after 4 months, 
-4.3 (t=-0.92) after 6 months, -51.9 (t=-15.15) after 8 months, 
-56.3 (t=-15.30) after 10 months, and -68.4 (t=-13.40) after 
12 months. Comparisons of MCF readings of sequential runs 
were also examined and reductions in fluorescence were 
calculated in terms of percentages. There was a 1% reduction 
in fluorescence from 0 to 2 months, and this reduction in-
creased by 10% from 2 to 4 months and by an additional 
12% from 4 to 6 months. It then decreased by 14% from 
6 to 8 months, 1% from 8 to 10 months, and 4% from 
10 to 12 months. The P-value was greater than 0.05 for 
up to 6 months, and less than 0.05 at 8 months and beyond 
when compared to the baseline value. These data clearly 
show that there was a significant decrease in MCF after 
6 months; however, no significant decrease was observed 
up to 6 months. 

DISCUSSION

The EMA binding test using flow cytometry is a rapid, 
sensitive, and reliable diagnostic aid [6]. Conventional diag-
nosis of hereditary RBC membrane disorders is labor-in-
tensive, time-consuming, and has low sensitivity and specif-
icity [10]. In contrast, the EMA test can be performed in 
less than 2 hours. Previous results have illustrated its high 
specificity (99.1%) and sensitivity (92.1%), indicating is it 
a useful diagnostic tool for red cell membrane disorders [8]. 
This method can be used to detect not only band 3 deficien-
cies, but also spectrin and protein 4.2 deficiencies [6].

Our study showed minimal changes in the MCF over 
a 6-month period for EMA. However, the stability of the 
EMA dye decreased continuously after 6 months, with a 

significant decrease relative to baseline levels at 8 months. 
Dye stability, dye concentration, incubation time, storage 
conditions of blood samples, and delay in flow cytometric 
analysis of EMA-labeled red cells each play a crucial role 
in the reproducibility of results. Reports on dye storage con-
ditions have indicated that EMA dye stored at -20oC remains 
stable over a period of 4 months, but storage at 4oC for 
1 week results in a rapid decrease in labeling efficiency [6]. 
However, in this study, the dye was stored at -80oC over 
a period of 1 year. Previous studies have also illustrated 
that EMA binding test results are not influenced by shipping 
or storage for up to 6 days [8].

EMA is light-sensitive and is hydrolyzed in aqueous buffer. 
It is recommended that red cells are incubated in the dark 
for 1 hour at room temperature with intermittent mixing [3]. 
Although the EMA binding test provides quantitative results 
that aid in positive and negative discrimination of test results, 
EMA dye is relatively unstable as a working solution. In 
a study by Kedar et al., [7] the fluorescence intensity of 
the working solution remained stable for 4 months when 
stored at -80oC. However, our results indicate that it remains 
stable for a period of 6 months. There is a significant decrease 
in MCF beyond this period of time, after which the same 
dye should not be used. 

In summary, the EMA binding test is a rapid, sensitive, 
specific, and reliable test for HS. However, despite the specif-
icity of EMA for HS detection, it is important to consider 
a patient's clinical history, family history, etc. The results 
of the present study demonstrate high dye stability for up 
to 6 months, during which the dye can be optimally utilized. 
We recommend reconstitution of the dye for the test every 
6 months and storage at -80°C in dark conditions.
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