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ABSTRACT

detecting of Latent Iron deficiency in Blood donors.

The P-value is significant in both parameters <0.01.

fraction (IRF), serum ferritin

Objective: To assess the utilization of Reticulocyte Hemoglobin content and Immature Reticulocyte Fraction in

Methodology: A prospective Cross-sectional study was conducted at Pakistan Atomic Energy Commission Hospital
in collaboration with Pakistan Institute of Medical sciences, Islamabad Pakistan. The study was conducted over a
period of 6months from July 2023 to December 2023. A total of 191 donors were included in study and evaluated
by using Mindray BC-6200 hematology analyzer. Serum Ferritin was correlated with Reticulocyte parameters. The
agreement between Ferritin and Mindray BC-6200 was assessed by applying P- test.

Results: The mean age of donor group was 36.35 years with predominantly male donors (82%). About 65% were
repeated donors. The sensitivity of RHE in correlation with serum ferritin was 87.5% and Specificity of this test was
93.7% and the sensitivity of IRF in correlation with serum ferritin was 68.7% and Specificity of this test was 86.75%.

Conclusion: RHE can be used as a first line test in detecting Latent Iron deficiency in donors and can replace serum
Ferritin, IRF is less sensitive and specific as compared to RHE.
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Introduction
According to World Health Organization (WHO),
anemia can be defined as a condition in which the

amount of red blood cells or their oxygen-carrying
capacity is deficient to meet the functional needs of
the body3. Worldwide the commonest cause of
anemia is iron deficiency. Donation of a single unit
of whole blood results in a loss of 200—250 mg iron
from the donor’s body iron stores®*°, As oral iron
ingestion is normally only 1-2 mg per day, it is

obvious that regular blood donation may be
associated with iron depletion and results in a high
deficiency among blood

occurrence of iron

donors™>®’ Iron depletion not only cause iron
deficiency anemia, but has also been related with
physical and psychological disorders &% It is
important to measure not just evident anemia but
also the latent iron deficiency (LID) which is iron
deficiency without anemia (normal hemoglobin).

The people with LID are more likely to develop iron
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deficiency anemia in the weeks or months. In
seemingly healthy group of people such as blood
donors, it is very important to diagnose LID to
predict and anticipate an impending ‘obvious
anemia®? There are various diagnostic tests used for
the assessment of possible iron deficiency anemia
include indicators of disrupted heme synthesis such
as zinc
protoporphyrin, mature erythrocyte indices
including MCH, MCV, and RDW, as well as markers

of iron stores, uptake, and breakdown, which

protoporphyrin  or free erythrocyte

include serum ferritin, serum iron, transferrin

saturation, and soluble transferrin receptor. Freshly
available, some newer electronic cell counters have
an inbuilt

parameter for measuring Hb in

reticulocytes called reticulocyte haemoglobin
(CHr) or reticulocyte

equivalent (Ret-He) measured by haematology

content haemoglobin
analyser manufactured by Siemens (Advia 120 and
2120) and Sysmex Corporation and Mindray 6200 8°,
Another
reticulocyte fraction (IRF) was introduced to indicate

respectively. parameter  immature
the less mature reticulocyte fraction. The IRF
represents the proportion of young reticulocytes
with the highest RNA content 8 It is defined as the
ratio of immature reticulocytes to the total number
of reticulocytes. They are one of the newer
parameters of automated hematology analyzers and
is a sensitive measure of erythropoiesis. The normal
reference range for IRF is from 3.0 % -15.9% in males
and 2.3% - 13.4% in females. IRF more than 5% is
taken as bone marrow recovery. It can be used as a
sensitive parameter in diagnosis of Latent Iron
deficiency in Blood donors.®'12 A prospective study
was conducted with the primary objective of
detecting LID by using Ret-He and Immature
Reticulocyte Fraction (IRF) in blood donors in

comparison with Serum ferritin.

Methodology

It is a prospective cross-sectional study conducted
in department of Pathology and Blood Bank,

Pakistan Atomic Energy Commission Hospital
(PAEC) Islamabad in collaboration with Blood Bank
of Pakistan Institute of Medical sciences (PIMS)
Islamabad. The study was conducted over a period
of 6 months from July 2023 to December 2023. The
age range of participants varied from 18 years to 60
years and included both male and female donors.
Sample size was 192 which was calculated using
WHO
consecutive nonprobability sampling. In all blood

calculator. Sampling technique was
donors including new donors and regular blood
donors, first they were registered at the front desk
of the blood bank, and the donors were given
predonation counselling by a Blood Transfusion

officer. All the donors meeting the required criteria

Results
The study was completed over a period of 6 months

and sample size was 191 calculated by using WHO
calculator. All donors were having normal
Hemoglobin (males >13.0 gm/dl and females >12.0
gm/dl). Among 191 donors 157(82%) were males
and rest 34 (18%) were females. according to WHO
were asked for informed consent about the study,
and those who provided consent were included in
the study. Females having pregnancy, lactating or
menstruating were not included in study. The blood
sample was taken in Ethylene diamine tetraacetic
acid (EDTA) vial
parameters including Reticulocytes indices (IRF and

and all extended red cell
RHE) were measured using the Mindray 6200, fully
automated haematology analyzer. The sample for
serum ferritin was collected in clot activator vial in
all donors to check Iron status. The study closely
followed the moral standards set by PAEC ethical
review committee. The data was entered and
analyzed using SPSS version 20. The age range was
between 22 to 50 years in our study. Most of the
females 28(82.3%) were in age range of 22-30 years
and males 65 (42%) were in 31-40 years’ age group.
Results are shown in the following tables.
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Ferritin <20 ng/ml (iron deficient]. Out of 191 blood
donors in 32 donors’ Ferritin were diagnosed with
LID and 159 donors were having normal iron stores.
Ret-He correctly diagnosed LID in 28 donors and
missed it in 4. Similarly, of 159 donors suggestive of
normal iron stores, Ret-He correctly diagnosed it in
149 cases and missed only in 10 of them.

Table I: Shows statistics (mean, standard deviation,
normal range) values of classical, conventional and
newer iron investigations
Parameters Mean Standard Normal
deviation Range
Age 36.35 8.12 18 to 60
years
Classical Investigations
Hemoglobin 14.40 1.08 F: 12.0-
(gm/dl) 16.0
M: 13.0 -
16.5
MCV (fl) 90.09 7.74 77-93 fl
MCH (pg) 29.66 | 2.71 27-32 pg
MCHC (g/dl) 32.76 1.39 >30 g/dl
Conventional Investigation
Serum 58.30 39.85 >
Ferritin(ng/ml) 20ng/ml
Newer Iron Investigations
Ret-Hemoglobin 26.83 2.64 >26pg
(RHE)
IRF (%) 2.49 2.46 2.3 -
13.2%
Table II: Cross table Analysis between
Serum Ferritin and RHE
Ferritin
Total
<20 >20
RHE
28
10 (5.24%)
(14.66%) 38
<26 False
True . (19.90%)
. Positive
Positive
149
4 (2.09%)
(78.01%) 153
>=26 False
. True (80.10%)
Negative .
Negative
Sensitivit Specificit
¥ 87.5% P v 93.7%
of RHE of RHE
32 159 191
Total
(16.75%) (83.25%) (100%)

Difference was statistically significant (P = 0.0001)]
Ret-He >26 pg (normal value); Ret-He<26 pg (iron
deficient), s Ferritin > 20 ng/ml (normal value); s

Table Ill: Cross table Analysis between Serum Ferritin
and IRF
Ferritin
Total
<20 >20
IRF
22 (11.52%) | 21 (10.99%) 43
>3 True False
- . (22.51%)
Positive Positive
138
10 (5.24%)
(72.25%) 148
<=3 False
. True (77.49%)
Negative .
Negative
Sensitivit Specificit
¥ 68.7% P v 86.7%
of IRF of IRF
159 191
Total 32 (16.76%)
(83.24%) (100%)

Difference was statistically significant (P = 0.0001)]
IRF < 3.0 (normal value); IRF >3.0 (iron deficient), s
Ferritin > 20 ng/ml (normal value); s Ferritin <20
ng/ml (iron deficient]. Out of 191 blood donors in
32 donors’ Ferritin were diagnosed with LID and
159 donors were having normal iron stores. IRD
correctly diagnosed LID in 22 donors and missed it
in 10. Similarly, of 159 donors suggestive of normal
iron stores, IRF correctly diagnosed it in 138 cases
and missed only in 21 of them.

Discussion
Although the awareness about blood donation has

increased many folds over the past few years®, the
number of women donors is very less in our country
because of several reasons such as cultural barriers
and presence of anemia among females.’%3%4 |n the
present study also, the number of female donors
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was few (18%) as compared to male donors (82%). It
was more than our principal study in which females’
donors are 3% as compared to males (97%).! The
mean age of donor population was 36.35 + 8.12
years among both male and female donors. The
minimum and maximum age among the study group
was 22 and 50 years, respectively. The donor age
group was almost similar as compared to other
studies on blood donors conducted by Tiwari et al %,
Shah et al. and Mahida et al. >® on blood donors.
No correlation was found between occurrence of LID
and age of donor. In the present study Serum Ferritin
diagnosed Latent Iron deficiency (LID) in 16.75 %
donors. Ret-He detected LID among 14.6 % donors
and failed to detect deficiency in 2.09%. The
correlation between Serum Ferritin and RHE showed
true positives (14.6%), true negatives (78.2%),
sensitivity of RHE 87.5% and specificity 91.75%. the
results are comparable to another study conducted
by Tiwari at el. Which showed sensitivity of RHE
91.2% and specificity of 97.2% in concordance with
their gold standard s TfR. Their P value was also
<0.000 comparable to our study.! IRF correlated
with s Ferritin in detecting LID among donors. In our
study sensitivity of IRF in relation with Ferritin was
68.7% and specificity was 86.7%. A previous study by
Nitika suria et al. The sensitivity of IRF was 45.1%
specificity 93.4% The results obtained were in
concordance with other studies conducted earlier. ?

Conclusion
Ret-He and IRF can be used as routine tests along

with complete Blood picture in blood donors and
could provide a chance to make appropriate
interventions such as dietetic changes or iron
therapy in them and it will not add to further cost.

References
1. Tiwari AK, Bhardwaj G, Arora D, Aggarwal G, Pabbi S,
Dara RC, Sachdev R, Raizada A, Sethi M. Applying
newer parameter Ret-He (reticulocyte haemoglobin

equivalent) to assess latent iron deficiency (LID) in

10.

11.

blood donors-study at a tertiary care hospital in India.
Vox Sang. 2018;113(7):639-646.
https://doi.org/10.1111/vox.12700.

Suria N, Kaur R, Mittal K, et al. Utility of reticulocyte
haemoglobin content and immature reticulocyte
fraction in early diagnosis of latent iron deficiency in
whole blood donors. Vox Sanguinis. 2022;117(4):495-
503. https://doi.org/10.1111/vox.13216.

Aardal Eriksson E, Moback C, Jakobsson S, Hoffmann
JJ. Iron depletion in blood donors - Have extended
erythrocyte and reticulocyte parameters diagnostic
utility? Transfus Apher Sci. 2015;53(1):76-81.
https://doi.org/10.1016/j.transci.2015.03.011. Epub
2015 Mar 18. PMID: 25824704.

Newhall DA, Oliver R, Lugthart S. Anaemia: A disease
or symptom. Neth J Med. 2020;78(3):104-110.
Semmelrock MJ, Raggam RB, Amrein K, et al.
Reticulocyte hemoglobin content allows early and
reliable detection of functional iron deficiency in
blood donors. Clin Chim Acta. 2012;413(7-8):678-
682. https://doi.org/10.1016/j.cca.2011.12.006C.
Vhanda D, Chinowaita F, Nkomo S, Timire C,
Kouamou V. Effects of repeated blood donation on
iron status of blood donors in Zimbabwe: A cross-
sectional study. Health Sci Rep. 2021;4(4):e426.
https://doi.org/ 10.1002/hsr2.426.

Mast AE, Blinder MA, Dietzen DJ. Reticulocyte
hemoglobin content. Am J Hematol. 2008;83(4):307-
10. https://doi.org/10.1002/ajh.21090.

Newman B. Iron depletion by whole-blood donation
harms menstruating females: the current whole-
blood-collection paradigm needs to be changed.
Transfusion. 2006;46(10):1667-81.
https://doi.org/10.1111/j.1537-2995.2006.00969.x.
Chinigi Sab P, Kaur G, Kaur P, Tahlan A, Bedi RK, Mittal
K, Sood T. Assessment of serum iron stores in regular
plateletpheresis donors. Transfus Apher Sci.
2022;61(1):103291.
https://doi.org/10.1016/j.transci.2021.103291.
Birgegard G, Schneider K, Ulfberg J. High incidence of
iron depletion and restless leg syndrome (RLS) in
regular blood donors: intravenous iron sucrose
substitution more effective than oral iron. Vox Sang.
2010;99(4):354-61. https://doi.org/ 10.1111/j.1423-
0410.2010.01368.x.

Lee CK, Wong HK, Hong J, Leung JN, Tsoi WC, Lin CK.
A study of the predonation hemoglobin and iron

J Islamabad Med Dental Coll 2024


https://doi.org/10.1016/j.cca.2011.12.006C

12.

13.

status among Hong Kong Chinese blood donors.
Transfusion. 2013;53(2):322-327.
https://doi.org/10.1111/j.1537-2995.2012.03788.x
Kiss JE, Steele WR, Wright DJ, Mast AE, Carey PM,
Murphy EL, Gottschall JL, Simon TL, Cable RG; NHLBI
Retrovirus Epidemiology Donor Study-Il. Laboratory
variables for assessing iron deficiency in REDS-II Iron
Status Evaluation (RISE) blood donors. Transfusion.
2013;53(11):2766-75.
https://doi.org/10.1111/trf.12209.

Jung JH, Yang Y, Seo D, Cho S, Choi G, Kim Y. Clinical
utility of immature reticulocyte fraction for
identifying early red blood cell regeneration in

anemic dogs. J Vet Intern Med. 2023;37(2):484-489.

14.

15.

16.

https://doi.org/ 10.1111/jvim.16641.

Sindhu R, Behera S, Mishra D. Role of immature
reticulocyte fraction in evaluation of aplastic anemia
in cases of pancytopenia. JBAMR. 2016;5(3):619-24.
RK, KS,et al.:
Distribution of ABO and Rh types in voluntary Blood

Singh A, Srivastava Deogharia
donors in Jharkhand area as a study conducted by
RIMS, Ranchi. J Family Med Prim Care 2016; 5:631
https://doi.org/10.4103%2F2249-4863.197319

Shah AR, Shethwala ND, Parmar BH: Knowledge and
awareness about Iron deficiency and megaloblastic
anaemia among blood donors: a study at rural based
tertiary care hospital. Int J Res Med Sci 2017; 3:708—
710.

J Islamabad Med Dental Coll 2024


https://doi.org/10.1111/j.1537-2995.2012.03788.x

