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Hemolysis area: A new parameter 
of erythrocyte osmotic fragility for 
screening of thalassemia trait
Thanusak Tatu, Denis Sweatman1

Abstract:
BACKGROUND: One-tube osmotic fragility test (OFT) is widely used for screening thalassemia 
traits. Interobserver variation may occur with 0.36% NaCl-based OFT due to the naked eye result 
reading style.
PURPOSE: The purpose of this study was to establish and evaluate the novel numerical OFT-based 
parameter, so-called hemolysis area (HA), in screening thalassemia traits.
MATERIALS AND METHODS: The portable spectrophotometer was invented capable of calculating 
the HA values. The HA values were then compared among 69, 156, and 19 blood samples having 
positive, negative, and suspicious 0.36% NaCl-based OFT results, respectively; 109 and 135 blood 
samples having mean corpuscular volume (MCV) ≤80 fL and >80 fL, respectively; and 138 and 106 
blood samples having mean corpuscular hemoglobin (MCH) ≤27 pg and >27 pg, respectively. In 
addition, the HA values were compared in 166 blood samples having different globin gene genotypes. 
Finally, the HA cutoff value was determined by receiver operation curve (ROC) analysis.
RESULTS: The HA values in samples having positive, suspicious, and negative 0.36% NaCl-based 
OFT were 33.3 ± 14.4, 42.9 ± 10.5, and 65.3 ± 13.4, respectively; in sample having MCV ≤80 fL 
and >80 fL were 43.1 ± 19.6 and 63.8 ± 14.5, respectively; and in samples having MCH ≤27 pg 
and >27 pg were 46.7 ± 20.1 and 64.8 ± 14.2, respectively. The HA values in normal, hemoglobin 
E, SEA-a  thalassemia 1, and β-thalassemia traits were 67.1 ± 12.6, 36.4 ± 13.9, 20.2 ± 4.8, and 
18.6 ± 1.1, respectively. All were significantly different. ROC analysis established 52.4 as the HA 
cutoff that had comparable effectiveness to the conventional screening tests.
CONCLUSION: The new HA value was effective and could be an alternative choice for screening 
thalassemia traits.
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Introduction

Thalassemia is a chronic hemolytic 
anemia resulting from defects of globin 

genes that lead to decreased or absent 
globin chain production. This disease is 
highly epidemic in the Mediterranean and 
tropical countries including Thailand.[1‑3] The 
thalassemia genes are inherited as autosomal 
recessive traits. Thus, those heterozygous 
for the thalassemia gene are clinically 
asymptomatic.[4] The homozygote or 

compound heterozygote of the thalassemia 
gene may die in utero (hemoglobin [Hb] 
Bart’s hydrops fetalis) or require frequent 
blood transfusions to maintain good quality 
of life (severe β‑thalassemia and severe 
HbE/β‑thalassemia). Thus, early detection 
of thalassemia heterozygous is necessary.

One‑tube osmotic fragility test (OFT) is 
the simple test widely used in screening 
thalassemia heterozygotes or thalassemia 
traits. Traditional OFT utilizing 0.36% 
NaCl is simple and easy to perform. 
However, reading the results of this OFT 
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is generally based on naked eye visualization which 
may be prone to interobserver variation.[5,6] The 
kinetic‑based OFT technique that generates numerical 
percentage of hemolysis was developed to overcome this 
problem.[7] However, this technique relied on benchtop 
spectrophotometer which prevented it from field use. 
Thus, the portable spectrophotometer that generated 
a novel hemolysis parameter so‑called hemolysis 
area (HA) was invented and evaluated in this report.

Materials and Methods

The novel portable spectrophotometer with 
built-in data analysis capacity
The portable spectrophotometer with touchscreen 
control was in‑house invented in a laboratory of the 
Department of Physics and Materials Science, Faculty of 
Science, Chiang Mai University. It used a high‑intensity 
narrow beam red light‑emitting diode as source and 
a broadband photodiode to detect the light intensity 
about 2 cm from the round cuvette position to enhance 
scattering sensitivity. The system used pulsed light 
with phase‑sensitive detection to remove external light 
influence. An Atmel Atmega128 at 16 MHz was used as 
the microcontroller and an ET‑TFT240320TP‑3.2 used 
for the touchscreen. Data were recorded at one‑second 
intervals and displayed on screen.

The instrument measured the turbidity of the red cell 
suspension in 0.45% glycerin saline solution (GSS)[7,8] 
inside the plastic cuvette. A decrease of turbidity led to 
a decrease in optical density (OD) and an increase in the 
light transmission (%T) that was detected by the detector. 
Changes of the OD, %T, and hemolysis (as HmFr) were 
plotted simultaneously in real‑time mode and shown 
on the screen [Figure 1]. At 120 s, the HA, expressed as 
HemeArea by the machine, was calculated and also shown 
on the screen. This HA was, in fact, the result of summation 
of HmFr which was automatically calculated by the 
following equation: (OD0‑OTt)/OD0, where OD0 and ODt 
represented the absorbance at 0 and 1–120 s, respectively.

Practically, after switching on the machine, the machine 
was set up to zero OD using distilled water and zero 
%T using black ink under the “SETUP” menu on the 
screen. Then, under the OD‑TIME menu, mixture 
of 20 μL ethylenediaminetetraacetic acid (EDTA) 
blood and 5 mL of 0.45% GSS was immediately put 
(within 10 s) into the cuvette socket and ”START” 
submenu of the OD‑TIME menu simultaneously 
pressed. The real‑time plot appeared until 120 s before 
an on‑screen reporting of the “HemeArea or Hemolysis 
Area; HA” appeared [Figure 1].

Blood samples
Initially, 244 EDTA blood samples were randomly 

collected to determine the HA values among blood 
samples having positive, suspicious, and negative 0.36% 
NaCl‑based OFT results, having the mean corpuscular 
volume (MCV) ≤80 fL and >80 fL, and having mean 
corpuscular hemoglobin (MCH) ≤27 pg and >27 pg. 
Next, 166 EDTA blood samples were collected for 
determination of the HA values in thalassemia traits 
having different globin gene genotypes and ROC 
analysis. The protocol of this study strictly followed 
the Declaration of Helsinki and was approved by the 
Institutional Research Ethics Committee.

One-tube osmotic fragility test
The conventional 0.36% NaCl‑based OFT was performed 
with some modification.[9] Briefly, 15 μL of EDTA 
blood was mixed with 2 mL of 0.36% NaCl. Thereafter, 
the mixture was incubated at room temperature for 
5 min before naked eye visualization of the results. If 
reddish‑turbid suspension was seen, the result was 
positive. If reddish‑clear solution was seen, the result 
was negative. However, if the appearance of the red cell 
suspension was between positive and negative results, 
it was reported as suspicious [Figure 2].

Determination of mean corpuscular volume and 
mean corpuscular hemoglobin
The MCV and MCH values were determined by an 
electronic blood cell counter (Sysmex KX21, Sysmex 
Corporation, Kobe, Japan) following manufacturer’s 
instruction. Cutoff values for MCV and MCH were 80 fL 
and 27 pg, respectively.[10,11] The MCV values of ≤80 fL 
and MCH of ≤27 pg were classified as positive results.

Determination hemoglobin E trait and 
identification of SEA-a thalassemia 1 and 
β-globin gene mutations
HbE trait was identified by the cellulose acetate 
electrophoresis at alkaline condition in which Hb type 
was shown to be AE.[12,13] The SEA‑a thalassemia 1 
deletion and β‑thalassemia mutations including βE, 
β17 (A‑T) and β41/42 (‑TTCT) were identified by the multiplex 
allele‑specific polymerase chain reaction (PCR) described 
previously.[14]

Determination and evaluation of cutoff points of 
“hemolysis area”
Cutoff points of the HA values were determined by 
ROC analysis based on the definite diagnosis established 
by the standard method of cold alkaline extraction at 
alkaline condition, Gap‑PCR, and allele‑specific PCR 
described above. The area under the curve above 0.6 
was considered significant for accurately determining 
the cutoff points.[15] Sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
and efficiency of the HA cutoff value in screening 
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thalassemia traits including HbE, SEA‑a thalassemia 1, 
and β‑heterozygotes were compared with those obtained 
from the conventional 0.36% NaCl‑based OFT, MCV, 
and MCH.

Statistical analysis
Mean and standard deviation (SD) were computed to 
describe the analyzed data. Student’s t‑test and Pearson’s 
correlation coefficient analysis were performed to compare 
mean and to correlate to analyzed data. All the statistical 
calculations were performed using statistical software. 
Statistical significance was considered if P < 0.001.

Results

Hematologic pictures of the initial 244 tested 
samples
Hematologic parameters (mean ± SD) including Hb, Hct, 
MCV, MCH and HA in 244 initial tested EDTA blood 
samples were 12.8 ± 1.4 g/dL, 39.3% ±4.1%, 80.1 ± 7.9 fL, 
26.2 ± 3.0 pg and 54.6 ± 19.9 units, respectively. Sixty‑nine 
(28.3%) blood samples had positive OFT result while 
156 (63.9%) and 19 (7.8%) blood samples had negative 
OFT and suspicious OFT results, respectively. A hundred 
and nine (44.7%) blood samples had MCV ≤80 fL while 
135 (55.3%) blood samples had MCV >80 fL. Finally, 
MCH values ≤27 pg and >27 pg were seen in 138 (56.6%) 
and 106 (43.4%) blood samples, respectively.

Hemolysis area in samples having different 
mean corpuscular volume, mean corpuscular 
hemoglobin, and osmotic fragility test results
Analysis of HA and MCV showed that the HA values 
correlated significantly with the MCV values (r = 0.65, 
P < 0.001). When samples were grouped by the MCV 
values, ≤80 fL and >80 fL, the HA values in the first 
group was significantly lower than the second one 
(43.1 ± 19.6 vs. 63.8 ± 14.5, P < 0.001) [Figure 3].

The HA values also positively and significantly 
correlated with the MCH (r = 0.65, P < 0.001). Those 
samples having MCH ≤27 pg had significantly lower 
levels of HA than the samples having MCH >27 pg 
(46.7 ± 20.1 vs. 64.8 ± 14.2, P < 0.001) [Figure 4].

The HA values in blood samples having different 
OFT results were also heterogeneous. Blood samples 
having positive OFT results had the smallest HA 
values (33.3 ± 14.4) while blood samples having negative 
OFT results had the largest HA values (65.3 ± 13.4). In 
addition, blood samples having suspicious OFT results 
had the HA value of 42.9 ± 10.5. All these HA values 
were significantly different [Figure 5].

The hemolysis area values in samples having 
different thalassemia genotypes
One hundred and sixty‑six blood samples including 
normal individuals, HbE trait [βE/βA], SEA‑a 
thalassemia 1 trait (‑‑SEA/aa), β‑thalassemia trait 
(β17/βA, β41/42/βA), and double HbE/SEA‑a thalassemia 
1 traits (βE/βA and ‑‑SEA/aa) were recruited to determine 
and compare the HA values. All samples were not anemic 
as indicated by high Hb/Hct levels, and MCV and MCH 
levels were unique for each type of thalassemia as 
shown in Table 1.[12,16] The HA value of each thalassemia 

Figure 2: Appearance of the 0.36% NaCl-based osmotic fragility test results 
as visualized by naked eyes. The result is written under each tube in which the 
reddish-turbid RBC suspension is reported as positive, reddish-clear red blood 

cell solution as negative. The tube with RBC suspension having the appearance 
between positive and negative result is reported as suspicious

Figure 1: The newly invented portable spectrophotometer and the on-screen 
menu (a) as well as the on-screen test result (b) showing changes of light 

transmission (%T), optical density, and hemolysis (HmFr) of the tested 
sample. The numerical results are also shown at the top of the screen in 

panel B. HmFr = (OD0–ODt)/OD0 where OD0 was OD at 0 s and ODt was OD 
at 1st–120th s). HemeArea or hemolysis area = ΣHmFr taken at 1 s interval for 

120 s. (Note: HmFr (120) could also be used as an osmotic fragility test selection 
parameter, similar to benchtop.)

b

a
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genotype is also shown in Table 1. Initial comparison 
of the HA values showed that the HA values in normal 
samples were significantly higher than those in HbE 
trait (P < 0.001), which also were significantly higher 
than those in SEA‑a thalassemia 1, β‑thalassemia, and 
double HbE/SEA‑a thalassemia 1 traits. The HA values 
in the SEA‑a thalassemia 1, β‑thalassemia, and double 
HbE/SEA‑a thalassemia 1 traits were statistically 
identical (P > 0.001) [Figure 6].

Determination and evaluation of cutoff value of 
“hemolysis area”
It was clearly shown in previous section that the HA 
values were different among normal and thalassemia 
traits. The cutoff value of HA to differentiate between 
normal and thalassemia trait was then determined by 
the ROC analysis. The cutoff point was found to be 
52.4, which had sensitivity of 0.908 and specificity of 
0.915 [Figure 7]. Normal individuals had the HA value 
of more than or equal to 52.4 while the thalassemia traits 
had the HA value of <52.4.

The capacity of the newly established HA cutoff point in 
screening thalassemia traits was found to be comparable 
to that of the conventional 0.36% NaCl‑based OFT, 
MCV, and MCH [Table 2]. The 52.4 cutoff point of 
the HA value was capable to clearly classified blood 
samples having negative 0.36% NaCl‑based OFT results 

Figure 4: Relationship of hemolysis area and mean corpuscular hemoglobin 
values (a) and comparison of hemolysis area values in samples having mean 

corpuscular hemoglobin >27 pg and ≤27 pg (b). Mean values are placed at the 
middle of each error bar. “Sig.” indicates statistically significant difference after 

Student’s t-test analysis

b

a

Figure 3: Relationship of hemolysis area and mean corpuscular volume 
values (a) and comparison of hemolysis area values in blood samples having mean 

corpuscular volume >80 fL and ≤80 fL (b). Mean values are placed at the middle 
of each error bar. “Sig.” indicates statistically significant difference after Student’s 

t-test analysis

b

a

Table 1: Red cell parameters and hemolysis area 
values (mean±standard deviation) in different types of 
thalassemia mutations

Hb (g/dL) Hct (%) MCV (fL) MCH (pg) HA

Normal (119) 13.4±1.4 40.7±4.2 85.2±4.4 28.1±1.6 67.1±12.6
HbE trait (31) 12.5±1.1 38.4±3.7 76.1±5.5 24.8±2.1 36.4±13.9
SEAT (7) 11.3±0.9 36.4±2.1 63.1±3.5 19.5±1.2 20.2±4.8
BT (3) 11.1±0.4 35.5±2.1 58.7±4.3 18.4±1.3 18.6±1.1
ET/SEAT (6) 11.4±1.1 35.3±2.9 65.2±4.1 21.0±1.9 22.4±9.1
Mixed (16) 11.3±0.9 35.8±2.4 63.0±4.3 19.9±1.8 20.7±6.3
Numbers in parentheses of the first column are sample sizes. Normal = Normal 
or nonclinically significant thalassemia, SEAT = SEA-α thalassemia 1 trait, BT = 
β-thalassemia trait, HbE/SEAT = Double HbE/SEA-α thalassemia 1 trait, Mixed 
= Combine SEA-α thalassemia 1 trait, β-thalassemia trait, and double HbE/
SEA-α thalassemia 1 trait, Hb = Hemoglobin, Hct = Hematocrit, MCV = Mean 
corpuscular volume, MCH = Mean corpuscular hemoglobin, HA = Hemolysis area
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from blood samples having positive and suspicious 
0.36% NaCl‑based OFT results [Figure 8]. Moreover, 
the blood samples having discordant results obtained 
0.36% NaCl‑based OFT; for example, HbE trait [“E” in 
Figure 8] having negative 0.36% NaCl‑based OFT result, 
SEA‑a thalassemia 1 trait, and double SEA‑a thalassemia 
1 trait [“SEA” and “SEA/E” in Figure 8, respectively] 
having suspicious 0.36% NaCl‑based OFT result clearly 
had the HA values <52.4 cutoff point.

Most importantly, using 52.4 cutoff point, the large 
proportion of the HbE trait was screened in compared 
to the conventional 0.36% NaCl‑based OFT as shown 

in Table 3.

Discussion

Thalassemia traits can only be detected by the laboratory 
investigations as they have no obvious clinical symptoms. 
One‑tube OFT is the screening test for thalassemia traits 
that is widely employed in many thalassemia‑rich 
countries. At present, two salt solutions are used for 
OFT, including 0.36% NaCl solution[5,9,17] and 0.45% 
GSS.[7,18] The 0.36% NaCl‑based OFT requires naked 
eye visualization for result reading whereas numerical 
data of hemolysis (% hemolysis) are generated in the 
0.45% GSS‑based OFT. The later method can overcome 
the interobserver variation which is common in the 

Figure 6: Comparison of hemolysis area values among blood samples having 
different thalassemia mutations. Mean values are placed at the middle of each 
error bar. “Sig.” and “Nonsig” indicate statistically significant and nonsignificant 

difference, respectively, after Student’s t-test analysis

Figure 5: Comparison of hemolysis area values in samples having positive, 
negative, and suspicious 0.36% NaCl-based osmotic fragility test results. Mean 

values are placed at the middle of each error bar. “Sig.” indicates statistically 
significant difference after Student’s t-test analysis. Note that hemolysis area values 

in osmotic fragility test-negative group are much higher than those in osmotic 
fragility test-positive and osmotic fragility test-negative groups

Figure 8: The hemolysis area values and results of 0.36% NaCl-based osmotic 
fragility test in blood samples having different thalassemia genotypes. The 

data were presented in box plots with a line of 52.4 cutoff point drawn. The full 
descriptions of “SEA,” “β41/41,” “β17,” “E,” and “neg” can be seen in the text. Note that 

thalassemia trait with positive and suspicious 0.36% NaCl-based osmotic fragility 
test results all had the hemolysis area values of <52.4

Figure 7: Receiver operation curve for determination of cutoff values of hemolysis 
area that will be used to screen thalassemia trait from normal or nonclinically 

significant thalassemia. The point where the hemolysis area cutoff value of 52.4 unit 
is placed is arrowed. Area under curve stands for area under curve
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former 0.36% NaCl‑based OFT method. However, this 
test cannot be performed in fieldwork since it needs 
benchtop spectrophotometer to measure change of 
OD for calculating the “% hemolysis.” The portable 
spectrophotometer with the built‑in capacity of 
calculating the new parameter of HA invented in this 
study overcomes the aforementioned obstacles.

T h i s  p o r t a b l e  s p e c t r o p h o t o m e t e r  w a s 
20 cm × 13 cm × 8 cm in dimension, weighing only 
0.5 kg. Thus, it can be carried to the field site where 
thalassemia screen is usually performed. The HA was 
calculated at 120 s for each sample. This hence made the 
new platform able to swiftly screen the thalassemia trait 
in the field work.

The samples having positive/suspicious OFT, 
MCV ≤80 fL, and MCH ≤27 pg had significantly lower 
HA values than those having negative OFT, MCV >80 fL, 
and MCH >27 pg. This was as expected as low HA values 
indicated decreased rate of hemolysis. The decreased 
rate of hemolysis and small and less hemoglobinized red 
blood cell are observed in all types of severe thalassemia 
heterozygote as indicated by positive OFT, low MCV, 
and low MCH values, respectively.[5,9,17,19‑21] This result 
thus confirmed the ability of the HA values in effective 
screening the thalassemia traits. However, the HA values 
might not correlate with MCV/MCH values in sickle cell 
trait or in some samples having dimorphic erythrocytes. 
In the sickle cell trait, although the osmotic fragility of 
red blood cells is reduced, i.e., positive OFT test, the 
MCV tends to be within normal range.[5,22,23] Moreover, 
dimorphic red blood cells possessing a mixture of 

Table 2: Evaluation of Hemolysis Area  (HA) at  52.4 cutoff,  0.36% NaCl‑based osmotic  fragility  test  (OFT), mean 
corpuscular  volume at  80  fL cutoff,  and mean corpuscular hemoglobin at  27 pg cut‑off point  (MCH)  in screening 
carriers of HbE, SEA‑ thalassemia 1 and -thalassemia

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Efficiency (%)

HA 91.5 90.8 79.6 96.4 90.4
OFT 80.9 96.6 90.5 92.7 92.2
MCV 87.2 94.1 85.4 94.9 97.2
MCH 89.4 75.6 59.2 94.7 79.5
OFT = Osmotic fragility test, MCV = Mean corpuscular volume, MCH = Mean corpuscular hemoglobin, PPV = Positive predictive value, NPV = Negative predictive 
value, HA = Hemolysis area

microcytic and normal red blood cells may be seen in 
the early phase of iron depletion and position treatment 
of iron deficiency anemia.[24] The red blood cells in these 
conditions tend to have normal MCV value while the 
osmotic fragility is decreased. Therefore, in situation, 
where the HA values and MCV/MCH values do not 
agree, these conditions must be concerned.

Cutoff value is essential for the HA‑based OFT and 
ROC analysis established the cutoff value of 52.4. Those 
samples having HA ≤52.4 and >52.4 were interpreted 
as positive and negative for the test, respectively. 
Comparable sensitivity, specificity, PPV, NPV, and 
efficiency of HA‑based OFT to those of conventional 
0.36% NaCl‑based OFT, MCV, and MCH as shown in 
Table 3 should indicate that the HA‑based OFT can also 
be used in thalassemia screen.[9,11,21] Analysis in detail 
as shown in Figure 8 demonstrated that the 52.4 cutoff 
of HA value was superior to the conventional 0.36% 
NaCl‑based OFT in screening for thalassemia traits. This 
was because all the thalassemia trait having negative and 
suspicious OFT results had the HA values <52.4 cutoff 
points. However, some samples having negative PCR 
results had the HA value <52.4 cutoff point as shown 
in Figure 8. This can be simply explained by the fact 
that the PCR protocol used in this study was set up to 
detect only the SEA type of a‑thalassemia 1 [“SEA” in 
Figure 8], TTCT‑deletion at CDs 41/42 of β‑globin gene 
(“β41/42” in Figure 8), A‑T substitution at CD17 of the 
β‑globin gene [“β17” in Figure 8], and G‑A substitution 
at CD26 of the β‑globin gene or HbE [“E” in Figure 8]. 
Thus, those blood samples having negative PCR results 
might have other to be elucidated thalassemia genotypes.

This HA value is closed to 60% hemolysis cutoff originally 
set for 0.45% GSS‑based OFT.[8] Sensitivity, specificity, 
PPV, and NPV of the HA‑based OFT in detecting 
thalassemia traits were 91.5%, 90.8%, 79.6%, and 96.4%, 
respectively, compared to 97.6%, 72.9%, 33.6%, and 99.5% 
by the original 0.45% GSS‑based OFT.[18] Although the 
HA‑based OFT had lower sensitivity than the original 
0.45% GSS‑based OFT, it had higher specificity and PPV 
than the original test. This meant that the HA‑based OFT 
was more effective in detecting thalassemia heterozygote 
than the original test.

Table 3: Comparison of hemolysis area cutoff value 
at 52.4 and 0.36% NaCl-based osmotic fragility test in 
screening HbE trait

Tests and Results Numbers (%)

OFT (n=36)
Negative 9 (25)
Positive 25 (69.4)
Suspicious 2 (5.6)

HA (n=36)
≥52.4 4 (11.1)
<52.4 32 (89.9)
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The 0.36% NaCl‑based OFT and red cell indices can 
generate falsely negative result for HbE trait. In the 
study of Kattamis et al., 32% of HbE trait had falsely 
negative 0.36% NaCl‑based OFT results.[5] A resembling 
result was also observed in this study in which 25% 
of the HbE heterozygote had negative result of 0.36% 
NaCl‑based OFT. More importantly, the HA‑based OFT 
demonstrated only 11.1% falsely negative results for HbE 
trait. This result should indicate that the HA‑based OFT 
was more efficient in screening HbE trait than the original 
0.36% NaCl‑based OFT.

Conclusion

The novel platform of one‑tube OFT for thalassemia 
screen was established relying on the use of new 
parameter so‑called HA. The HA generated by the newly 
invented portable spectrophotometer with the cutoff 
point of 52.4 was effective in screening thalassemia traits. 
This new platform could then be an alternative option of 
thalassemia screen in thalassemia‑rich nations.
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