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Abstract: Introduction: Iron deficient erythropoiesis and Thalassaemia are both associated with microcytic eryth-
ropoiesis albeit from different pathological mechanisms. Given the high prevalence of Hemoglobinopathies in the
Mediterranean region, discriminating these two conditions is important. Several algorithms using conventional red
cell indices have been developed to facilitate diagnosis, however, their diagnostic accuracy is low. The new genera-
tion haematology analyzers enabled the use of more innovative parameters such as reticulocyte parameters. We
aimed to evaluate the diagnostic performance of the reticulocyte parameters on the Sysmex XN 1000 to distinguish
between IDA and Thalassemia in our population. Methods: We performed a retrospective analysis of blood samples
sent to our laboratory for haemoglobin electrophoresis screening. We categorized our cohort into Thalassemia
and Iron Deficient patients based on known diagnostic criteria. We analyzed the reticulocyte parameters using
receiver operator curve analysis (ROC) and determined the cut off value for each parameter. Results: Reticulocyte
parameters most accurate for discriminating IDA from Thalassemia patients was: RET, RET-HE and IRF. The RET-HE
had the best statistical significance for IDA patients with AUC = 0.69 for cut off 22.25. The RET-HE for dual positive
patients was more accurate with AUC = 0.78 for cut off 21.25. The IRF had the best statistical significance for Alpha
Thalassemia with AUC = 0.66 for cut off value 18. Conclusion: An IRF cut off below 15.5 and RET-HE cut off below
22.25 was the most accurate variable in predicting IDA with a sensitivity of 59.4% and 68.3%.
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Introduction Africa [3-6]. In particular, Saudi Arabia has one

of the highest prevalence’s of Alpha and Beta

Anemia is a global public health problem which
affects 1.62 billion people according to the
World Health Organization WHO with approxi-
mately 50% due to Iron Deficiency related to
diet, women with increased menstrual loss,
pregnancy and in young children [1]. In Saudi
Arabia, the overall country prevalence of Iron
Deficiency anemia is 30-56% [2].

Hemoglobinopathies due to a genetic disorder
of hemoglobin synthesis occurs in approxi-
mately 7% of the world population with a high
prevalence in Middle Eastern Regions and

Thalassaemia in the world with 0.4% in the
northern region and 5.9% in the eastern region
[7].

Iron deficiency anemia (IDA) and Thalassemia
are both associated with microcytic erythropoi-
esis albeit from different pathological mecha-
nisms. Given the high prevalence of hemoglo-
binopathies in Mediterranean, Africa and Asian
areas, discriminating these two conditions is of
paramount importance to avoid unnecessary
iron therapy or development of hemosiderosis.
Several algorithms using conventional red cell
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Table 1. Inclusion criteria for IDA and Thalassemia patients

Red Cell Parameter ) ST
diagnostic criteria

Iron Deficiency Anemia (IDA)

Thalassemia
diagnostic criteria

Hemoglobin (HB)
Red Cell Count (RCC) <5.0 x 10"12/1
Mean Cell Volume (MCV) < 80fl

Mean Cell Hemoglobin (MCH) <24 pg

Mean Cell Hemoglobin Concentration (MCHC) < 31 pg

Ferritin levels
HBA2 <2.2%
Mentzer Index (Ml): MCV/RCC > 13

< 12 ng/ml females, < 15 ng/ml males

< 13 g/dl males and < 12 g/dl females (WHO) < 13 g/dl males and < 12 g/d| females (WHO)

> 5.0 x 10712/1

< 80fl

Not applicable

Not applicable

> 12 ng/ml

> 3.5% for Beta Thalassemia
< 13 for Alpha Thalassemia

indices have been developed to facilitate dis-
crimination of these two diseases. However,
several reports using these algorithms have
shown appropriate classification in only 30-
40% of cases [8]. Evaluation of new diagnos-
tic algorithms which incorporates reticulocyte
parameters demonstrated better performance
compared to conventional algorithms increas-
ing sensitivities to 70% [9-11]. However, none
of the algorithms reported 100% sensitivity
and 100% specificity in discriminating IDA and
Thalassemia patients. Discriminating micro-
cytic anemias where hemoglobinopathies are
prevalent remains a challenge.

DNA analysis is currently the state of the art for
diagnosing Alpha Thalassaemia, however this
diagnostic analytical system is not currently
available in our laboratory and also would be
further time consuming where a rapid diagno-
sis is required for mandatory screening pro-
grammes in Saudi Arabia. We, therefore have
to rely on high through put analyzers such as
the Sysmex series.

The Sysmex XN 1000 evaluates reticulocytes
by calculating their fraction, the immature re-
ticulocyte fraction (IRF) and their hemoglobin
content, the reticulocyte hemoglobin content
(RET-HE). The use of these reticulocyte param-
eters have been largely limited to diagnosis
and management of anemia’s in the bone mar-
row transplant setting and in monitoring of iron
replacement or erythropoietin in therapy. How-
ever, there is a paucity of data in the literature
which evaluates the diagnostic accuracy of re-
ticulocyte parameters in discriminating IDA and
Thalassemia. To the best of our knowledge, no
such data has been reported from our region.

Objectives

Our objective was to test the diagnostic perfor-
mance of the reticulocyte parameters (Reticu-
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locyte count (RET), immature reticulocyte frac-
tion (IRF) and reticulocyte hemoglobin content
(RET-HE)) measured on the Sysmex XN 1000 to
screen and discriminate IDA and Thalassemia
patients in our region where the prevalence of
hemoglobinopathies is high.

Materials/study samples

This study is a retrospective analysis of sam-
ples sent to the Central Military Laboratory
and Blood Bank laboratory at Prince Sultan
Military Medical City, Riyadh, Kingdom of Saudi
Arabia for detection of hemoglobinopathies.
We collected 446 EDTA full blood samples
from patients 6 months or older between the
period March 2019 and October 2019. We col-
lected the samples from the routine samples
sent to laboratory for assessment. The primary
reasons for referral were to exclude IDA or
Thalassemia. All our samples are scanned and
processed immediately on arrival to our la-
boratory to ensure that all pre analytical varia-
tions are minimized. Samples are drawn by
dedicated Haematology nursing staff and sent
to the laboratory by pneumatic tube systems.
Table 1 shows the inclusion and exclusion
criteria.

We selected all patients with microcytic ane-
mia fulfilling the criteria of IDA or Thalassemia.
Reference: Mentzer Index < 13, HBA2 < 2.2,
Ferritin levels < 12 ng/ml females, < 15 ng/ml
males (Table 1).

We excluded all samples with spurious red cell
indices (incorrect red cell indices due to failed
quality control samples) and newborn sam-
ples due to inaccuracy of new born samples
for Hemoglobinopathies. Samples with normal
capillary electrophoresis were classified as no
Hemoglobinopathies. The study was approved
by the Institutional Review Board IRB #HP-01-
RO79.
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Methods

Blood samples collected into EDTA test tubes
were analyzed on the SYSMEX XN 1000 He-
matology analyzer (Sysmex Corporation, Kobe,
Japan). For each sample we obtained HB, RCC,
MCV, MCH, MCHC, RDW, RET (reticulocyte
count), IRF (immature reticulocyte fraction) and
RET-HE (reticulocyte hemoglobin content).

The SYSMEX XN 1000 evaluates the matura-
tion of reticulocytes by quantitating the fraction
of reticulocytes within low-middle and high fluo-
rescence intensity regions. The IRF is the sum
of the fraction of high-fluorescence plus mid-
dle-fluorescence. The mean forward light scat-
ter intensity of stained reticulocytes (RET-HE) is
measured in the reticulocyte channel of the
Sysmex XN 1000 (Sysmex Corporation, Kobe,
Japan) analyzer. Internal and external quality
control schemes were adhered to at all stages
of processing.

Sebia Capillary electrophoresis (Exry, France)
was performed on all samples sent to the labo-
ratory for hemoglobin electrophoresis testing.
The parameters obtained are HBA, HBA2, HBF
and variants. A HBA2 between 1.5-3.5% was
accepted as normal. HBA2 > 3.5% was consid-
ered as Beta Thalassemia if no other abnor-
mal hemoglobin was found. The Mentzer Index
(MCV/RCC) < 13 was regarded as Alpha Tha-
lassemia.

Serum ferritin levels were determined on a rou-
tine chemo luminescence analyzer (chemo
luminescence immunoassay; Advia Centaur,
Siemans, Tarrytown, NY, USA). A serum ferritin
below 15 and 12 ng/ml for males and females
respectively indicated IDA.

Statistical analysis

Statistica 13.5 software programme in R was
used for analysis. The data was expressed as
medians and mean * standard deviations. The
measurement of uncertainty was 2 standard
deviations.

Correlation analysis was performed using Pear-
son’s or Spearman’s correlation coefficient.
The differences between each of the groups
were compared by t-test or Mann-Whitney U
test. Receiver operating characteristics (ROC)
curve analysis was performed using the p ROC
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library in R to evaluate the diagnostic efficiency
of the reticulocyte parameters and to deter-
mine the best cutoff values for the discrimina-
tion of IDA, Alpha and Beta Thalassemia trait
and dual positive (IDA + Alpha Thalassemia)
patients. A p value of less than 0.05 was con-
sidered to be statistically significant.

Results
Data collection

We collected a total of 440 patients, 280
females and 160 males with a median age 23
years. A total of 143 patients had IDA, 167
patients had Alpha Thalassemia and 69
patients had Beta Thalassemia. A total of 61
patients had normal capillary electrophoresis
and normal ferritin levels. This group which
showed normal capillary electrophoresis was
regarded as the control group or negative for
IDA/Thalassemia group.

Correlation analysis

Correlation analysis of the reticulocyte param-
eters showed that, RET-HE had strong positive
correlations with the IDA group (r value: 0.7) (p
value < 0.01). There was a weak positive cor-
relation of RET-HE in Thalassemia patients (r
value: 0.07). The IRF had a weak positive cor-
relation with the Mentzer Index < 13 for
Thalassemia patients (r value: 0.29) and poor
correlation with MCH < 24 (IDA patients) (r
value: 0.03). The RET showed a moderate posi-
tive correlation in both Thalassemia and IDA
patients (r value: 0.41 and 0.26 respectively).

Analysis of variants

Analysis of variances showed statistically sig-
nificant values for all reticulocyte parameters.
The RET, IRF and RET-HE mean was lowest in
the IDA group compared to the Thalassemia
groups. RET-HE mean value was below normal
mean in IDA patients and in Alpha Thalassemia
patients. Dual positive patients (IDA + Alpha
Thalassemia) had the lowest RET-HE mean val-
ues compared to all groups. The IRF mean val-
ues in Alpha Thalassemia patients was signifi-
cantly lower than patients with no Alpha Tha-
lassemia, IDA patients, Beta Thalassemia and
dual positive (IDA + Alpha Thalassemia) pati-
ents. The RET in Beta Thalassemia patients
was significantly above mean values compared
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Table 2. Reticulocyte parameter mean values in IDA and Thalassemia patients and t-test p values

indicating differences between positive and negative for each parameter (p value < 0.05 statistically

significant)
’ Alpha Beta Dual positive (IDA +
Reticulocyte Parameters IDA  P-Value P-Value P-Value ) P-Value
y Thal Thal Alpha Thal) patients
Reticulocyte Hemoglobin content (RET-HE) 21.7 0.00 22.32 0.01 23.04 0.7 20.5 0.00
Immature Reticulocyte Fraction (IRF) 19.58 0.97 15.17 0.00 26.51 0.00 18 0.32
Reticulocyte count (RET) 1.76 0.00 1.49 0.00 4.33 0.08 1.7

Table 3. Reticulocyte parameters showing sensitivity, specificity, AUC and cut off values in IDA, Alpha/

Beta Thalassemia and Dual positive (IDA + Alpha Thalassemia) patients

Iron deficiency

Reticulocyte parameter .
yte p Anemia

Alpha
Thalassemia

Beta
Thalassemia

Dual positive patients (IDA
+ Alpha Thalassemia)

Reticulocyte count (RET) Sensitivity = 54.1%
Specificity = 58%
AUC = 0.58
Cut-off = 1.54
Sensitivity = 59.4%
Specificity = 50.2%
AUC = 0.54
Cut-off = 15.15
Sensitivity = 68.3%
Specificity = 62.9%
AUC = 0.69
Cut-off = 22.25

Immature Reticulocyte Fraction (IRF)

Reticulocyte hemoglobin content (RET-HE)

Sensitivity = 54.5%
Specificity = 77.2%
AUC = 0.69
Cut-off = 1.67
Sensitivity = 54.5%
Specificity = 70.7%
AUC = 0.66
Cut-off = 18
Sensitivity = 46.2%
Specificity = 62.9%
AUC = 0.56
Cut-off = 23.85

Sensitivity = 63.8%
Specificity = 78.5%
AUC = 0.75
Cut-off = 2.06
Sensitivity = 65.2%
Specificity = 64.5%
AUC = 0.68
Cut-off = 19.7
Sensitivity = 46.4%
Specificity = 61%
AUC = 0.51
Cut-off = 22.15

NA

Sensitivity = 51.9%
Specificity = 55.3%
AUC = 0.48
Cut-off = 16.75
Sensitivity = 74.2%
Specificity = 57.4%
AUC = 0.7
Cut-off = 21.25

to both IDA patients and Alpha Thalassemia
patients (Table 2).

Receiver operator analysis (ROC)

To determine the diagnostic accuracy for each
parameter, receiver operator analysis (ROC)
curves were plotted and the AUC (area under
the curve) for each reticulocyte parameter in
the different groups was applied to establish
an optimal cut off value.

All studied parameters showed an AUC > 0.4.
The RET-HE was the most sensitive parameter
for detecting IDA patients (AUC = 0.69, sen-
sitivity = 68.3% and specificity = 62.9%) and
dual positive (IDA + Alpha Thalassemia) pati-
ents (AUC = 0.7, sensitivity = 74.2% and speci-
ficity = 57.4%). The RET (AUC = 0.69, sen-
sitivity = 54.5%, specificity = 77.2%) and IRF
(AUC = 0.66, sensitivity = 54.5%, specificity =
70.7%) was the most sensitive parameters for
detecting Alpha Thalassemia. The RET (AUC =
0.75, sensitivity = 63.8%, specificity = 78.5%)
and the IRF (AUC = 0.68, sensitivity = 65.2%,
specificity = 64.5%) was the most sensitive
and specific parameters for Beta Thalassemia
diagnosis. The cut off values for all reticulo-
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cyte parameters (RET, IRF and RET-HE) was
higher for Thalassemia (both Alpha and Beta)
patients compared to IDA patients (Table 3).
The RET-HE cut off value was the best discri-
minator for IDA and dual positive (IDA + Alpha
Thalassemia) patients. IDA patients also had
the lowest cut off value for IRF compared to
other groups (Figures 1-3).

Discussion
IDA patients

We evaluated the screening and diagnostic po-
tential of reticulocyte parameters and in par-
ticular RET-HE values using Ferritin level < 12
ug/l and MCH < 24 as the gold standard for
IDA diagnosis. We found that a RET-HE cut
off < 22.25 had an AUC: 0.69 for diagnosing
IDA. Our cut off is lower than that reported in
other studies [12, 13]. Although Reticulocyte
parameter reference ranges have not been
standardized, studies have reported levels in
healthy adults as mean values of 32.5 pg with
cut off values as < 29.5 pg [12]. Studies which
did not use ferritin as the gold standard for
determining iron deficiency found overall high-
er RET-HE values compared to our study [12].

Am J Blood Res 2021;11(2):472-179
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Figure 1. ROC curve analysis showing AUC = 0.69 for RET-HE cut off 22.25
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The differences are likely at-
tributed to the different study
population, geographic area
and use of more specific and
accurate parameters for IDA
diagnosis.

We found that the RET-HE cut
off < 22.25 with an AUC =
0.69 could discriminate IDA
patients from Thalassemia
patients in our cohort, com-
parable to other studies. In
addition, our data showed
that dual positive patients
(IDA + Alpha Thalassemia)
had the lowest RET-HE cut off
compared to other groups.
Our RET-HE cut off was the
lowest when compared to pre-
vious similar studies [14].

RET-HE cut off values was <
27 pg. in dual positive IDA
and Thalassemia patients in
Thailand [15]. Studies which
also considered ferritin levels
found RET-HE cut off < 18 pg
in patients with lower ferritin
levels (< 5 ug/l) compared to
a RET-HE cut-off < 26 pg in
patients with higher ferritin
levels (> 5-20 and > 20 ug/I)
[16]. Higher serum ferritin lev-
els > 30 ug/l suggests the
presence of concomitant in-
fection/inflammation. CRP-le-
vels may be regarded as a
marker if inflammation and
should be compared to fer-
ritin levels to confirm inflam-
mation/infection. Although we
did not compare the ferritin
values in our study to CRP-
levels, these study compari-
sons suggest that the lower
specificity observed in our
study is likely due to higher
serum ferritin levels induced
by infection or inflammation.

Thalassemia patients

In our Thalassemia patients,
mean values for RET, IRF and

Am J Blood Res 2021;11(2):472-179
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[19-21].

Using ROC curve analysis to
determine the diagnostic ac-
curacy (p values < 0.05), we
found that the IRF cut off
value < 15.15 (AUC = 0.54) in
IDA patients was lower than
Alpha Thalassemia patients
(cut off value < 18, AUC =
0.61) and also lower than
dual positive (IDA + Alpha
Thalassemia) patients (cut off
value < 16, 75, AUC = 0.48).
The IRF is also a parameter
that has not been standard-
ized. The values reported for
IRF in healthy adults are
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Figure 3. ROC curve analysis showing AUC = 0.66 for IRF cut off 18 in Alpha

Thalassemia patients.

RET-HE showed statistically significance values
compared to negative patients. The RET-HE
mean values in Thalassemia patients were
higher than IDA patients. This is similar to pre-
vious studies which reported higher RET-HE
mean values in Thalassemia patients [17].
Studies which used DNA analysis to diagnose
Alpha Thalassemia found lower RET-HE cut off
values with more alpha gene deletions [18].
Although our study could not compare our re-
sults to DNA analysis, it is likely that our cohort
has fewer alpha gene deletions present.

Interestingly, we noted that that the most
sensitive parameter to discriminate IDA from
Alpha Thalassemia (Ml index < 13) was the
RET and the IRF. The IRF in particular showed
markedly reduced mean values in Alpha Tha-
lassemia patients compared to both IDA and
dual positive patients. The lower mean IRF in
Alpha Thalassemia patients appeared to be
specific for this disease entity as a statistically
significant increase in the mean IRF occurred
when patients with co-inherited Sickle Cell
Anemia and Alpha Thalassemia were analyzed.
Few studies have explored the IRF as a poten-
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much lower than those re-
ported in patients with eryth-
ropoietic disorders suggest-
ing a potential use for this
parameter. The IRF which is
an early indicator of stimulat-
ed erythropoiesis appears to
be a potential diagnostic discriminator for
Alpha Thalassemia in our study.

In Beta Thalassemia patients the RET and IRF
mean values were significantly increased un-
like Alpha Thalassemia which showed values
below mean (in comparison to control group).
This data most likely reflects more activity in
the beta chain for erythropoiesis. The RET and
IRF concurred with Alpha Thalassemia show-
ing the most sensitivity on ROC curve analysis
with cut off values RET < 2.06 and IRF < 19.7.

Our data concurs with previous reports which
suggest that reticulocyte indices can differen-
tiate IDA from Thalassemia. Although, our sen-
sitivity and specificity values were not higher
than 70%, these values are comparable to
other studies of a similar nature [13, 22, 23].
Overall, reticulocyte parameters most statisti-
cally significant for discriminating IDA from
Thalassemia patients in our cohort were: RET-
HE and IRF. The RET-HE was the most sensi-
tive reticulocyte diagnostic parameter for IDA
and dual positive (IDA + Alpha Thalassemia)
patients and the IRF was the most sensitive
diagnostic parameter for Alpha Thalassemia

Am J Blood Res 2021;11(2):172-179
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patients. An IRF cut off below 15.5 and RET-
HE cut off below 22.25 was the most valuable
parameters in predicting IDA. RET-HE was a
potential competitor for Ferritin levels in the
diagnosis of IDA and the IRF was a potential
competitor for Ml index in the diagnosis of
Alpha Thalassemia in our cohort. Additional
studies exploring the relationship between
Thalassemia, Sickle Cell Anemia and IRF in our
population is required. In order to discriminate
IDA from Thalassemia patients, both IRF and
RET-HE should be utilized.

Limitations of the study

The advantages of our study are that we col-
lected samples with microcytic anemia from a
targeted population where the prevalence of
Hemoglobinopathies is high. We also used very
strict diagnostic parameters as the gold stan-
dard to diagnose IDA and Thalassemia respec-
tively and we were able to collect a large num-
ber of patients for our study. In addition, we
compared reticulocyte parameters in patients
with IDA and Thalassemia to a control group
of patients who presented with microcytic ane-
mia but was negative for Hemoglobinopathies
and had normal ferritin levels, enhancing the
accuracy of our results. The limitation of our
study is that we were not able to compare our
results to genetic studies for Hemoglobinopa-
thies diagnosis. Another limitation of our study
was that we did not compare ferritin levels to
other markers of inflammation/infection such
as CRP-levels.

Conclusion

We established cut off values for reticulocyte
indexes in our population which is comparable
to previous studies [24, 25]. We found that
these mean and cut off values are useful for
discriminating the microcytic anemia’s IDA and
Thalassemia in our laboratory setting. These
discriminant parameters are particularly valu-
able for use during screening in indeterminate
cases where a rapid diagnosis is required. We
advise that further use of discriminating algo-
rithms using reticulocyte parameters should
be integrated into an easily accessible soft-
ware programme linked to hematology equip-
ment to improve discrimination between IDA
and Thalassemia.
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