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INTRODUCTION

Reticulocyte count has significant importance in the deter-
mination of the pathophysiological classification of anae-
mias as well as pre-recognition of resuming normal eryth-
ropoietic activity of bone marrow followed by therapeutic 
interventions. During haematopoietic recovery after bone 
marrow transplantation reticulocyte count helps in the early 
prediction of marrow regeneration.1 On the other hand, wide-
spread routine use of reticulocyte count has been limited by 
imperfect manual microscopic counting, insufficient techni-
cal competency and a high coefficient of variations in reticu-
locyte counts. Enhancement in technologies of laboratory 
equipment and automation of cell counters helps in gener-
ating the precise and accurate results of reticulocyte count, 

highlighting proficiency and clinical importance of reticulo-
cyte count enumeration.2 

Fully automated methods have helped greatly in reducing 
turnaround time and eliminating intra-observer variabil-
ity and subjectivity with more reliable statistical results as 
very large amounts of cells counted. 3,4 In a study done by 
Buttarello and colleagues, the performance evaluation and 
comparisons of results of reticulocyte count were done by 
5 automated analyzers. The result obtained was satisfactory 
with all methods used in automation, despite the tendency 
of overestimation of low reticulocyte counts.4 Automated 
analyzers, with the help of dyes (to bind reticulocytes RNA) 
and flow cytometers, proved revolutionary for reticulocyte 
count. These methods analyze thousands of cells and thus 
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ABSTRACT
Purpose: Anaemia is quite common and yet, independent poor prognostic factor for oncology patients. Among haematological 
tests, reticulocyte counts are standard tests to determine different types and treatments of anaemia along with the functionality 
of bone marrow. Various routine and research reticulocyte parameters are generated by Mindray BC-6800. The aim and objec-
tive of this study are to analyze automated reticulocyte parameters used in routine and research in anaemic and non-anaemic 
oncology patients. Our hypothesis is to find whether reticulocyte parameters should be a part of a complete blood count report 
in oncology patients to guide clinicians for further evaluation or management.
Methods: A total of 272 routine samples were obtained randomly over three months, and run through an analyzer to evaluate 
reticulocyte parameters. Parameters obtained include RET%, ARC, IRF, HFR, MFR, LFR, RetHe, RPI, MCHr and MRV.
Result: Reticulocyte parameters were generated by BC-6800 for 272 samples, from which 152 patients were anaemic while 
120 patients were non-anaemic. Abnormal values for routine and research parameters like RET%, ARC, IRF, HFR, MFR, LFR, 
RetHe, RPI, MCHr and MRV were 41.91%, 59.93%, 19.85%, 29.04%, 3.68%, 27.94%, 56.99%, 4.78%, 63.97% and 55.51%, 
respectively. 
Conclusion: The present study showed significant abnormal results of reticulocyte parameters oncology patients. It is used for 
haematology laboratories to contemplate reticulocyte parameters as a part of complete blood count to guide clinicians for the 
management of cancer patients with the addition of interpretative comments to emphasize erythropoietic activity to increase ac-
ceptability and the efficacy of anti-cancer treatment and may also find some impact on prognosis.
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support to get objective counts. Additionally, they also re-
duce sampling error promoting more error-free results for 
low values with CV between 3% and 25%.4

Recognition of other automated reticulocyte parameters is an 
additional advantage of automated analyzers, beneficial in 
various clinical conditions.5-11 Mindray BC-6800 is a fully 
automated haematology analyzer that works on fluorescence 
signals of flow cytometry, and light scattering at two angles 
to carry out complete blood count and differential counts.12 
Counting of reticulocyte is done with the help of a fluores-
cent dye called asymmetric cyanine adhering with cytoplas-
mic RNA by using a separate channel to facilitate its dis-
crimination from matured red cells. Based on the maturity of 
reticulocytes, they are subdivided into three fractions by the 
analyzer. The proportion of the fluorescent signal intensity 
recognizes population at high, medium and low maturity lev-
els. It also helps to provide some reticulocyte indices similar 
to those of red blood cells.1 Objective of the study is to ana-
lyze automated reticulocyte parameters used in routine and 
research in anaemic and non-anaemic oncology patients and 
based on this analysis, our hypothesis was to find whether 
reticulocyte parameters should be a part of a complete blood 
count report in oncology patients to guide clinician for fur-
ther evaluation and management.

MATERIALS AND METHODS

This study presents a prospective evaluation of results of 
reticulocyte parameters generated by automated haematol-
ogy analyzer Mindray BC-6800 at a haematology laboratory 
in a tertiary care oncology centre which is the National Ac-
creditation Board for Testing and Calibration Laboratories 
accredited by ISO 15189 since the year 2012.

The data have been compiled over three months from blood 
samples of patients who needed a complete blood count by 
physician’s recommendations and from patients who had 
routine check-ups. A total of 272 samples were obtained ran-
domly to evaluate reticulocyte parameters for this study.

Peripheral blood samples were collected in K2EDTA vacu-
tainers and analyzed within this span of 2 hours of collection. 
Various automated reticulocyte parameters used in routine 
and research in anaemic and non-anaemic oncology patients 
were obtained by Mindray BC-6800. Parameters obtained 
include Reticulocyte percentage (RET %), Absolute reticu-
locyte count (ARC), Immature reticulocyte fraction (IRF), 
High fluorescence reticulocyte fraction (HFR), Medium flu-
orescence reticulocyte fraction (MFR), Low fluorescence re-
ticulocyte fraction (LFR), Reticulocyte haemoglobin equiv-
alent (Ret He), Reticulocyte production index (RPI) and 
Mean reticulocyte haemoglobin content (Mr). Cut-offs of all 
parameters were assigned considering based on the existing 
literature. Calibration and Maintenance of the analyzer were 

done according to the manufacturer’s recommendations. The 
laboratory always scored satisfactorily in external proficien-
cy testing. Control samples were used daily to assess internal 
quality to achieve accurate and precise results. Further, to 
the evaluation of various reticulocyte parameters generated 
by BC-6800, Microsoft Excel version 2019 16.0 was used 
to compare the findings. To determine all these parameters 
of reticulocytes, cases were classified as anaemic and non-
anaemic male as well as female patients.

RESULTS

A total of 272 samples was obtained. Among them, 52% of 
samples were of the male and 48% of females who were di-
agnosed as having various haematological and solid malig-
nancies. Considering the age factor, 24% of patients were 
below 18 years of age and 76% of patients were more than 
18 years of age. Using WHO criteria patients were classified 
as anaemic with haemoglobin level < 12 gm/dl for male pa-
tients and < 11 gm/dl for female patients. According to this, 
out of 272 patients, 152 patients were anaemic while 120 
patients were non-anaemic. Among 152 anaemic patients, 64 
were male and 88 were female patients. Cases were simply 
classified as new cases and old cases based on whether the 
patient has received treatment or not. All samples were run 
through Mindray BC-6800 automated haematology analyzer, 
thereafter results obtained for various reticulocytes param-
eters were evaluated in anaemic and non-anaemic male and 
female patients. Analysis of various parameters is depicted 
in Tables 1 and 2. 

In this study, we found 114 (41.91%) patients with abnormal 
RET% values, among them 95(83.33%) patients were anae-
mic and 19 (16.67%) patients were having normal haemo-
globin values. Out of a total of 272 patients, 158 (58.08%) 
patients were found to have normal reticulocyte counts with 
89 (56.33%) patients having low haemoglobin levels. A total 
of 163 (59.93%) was found to have an abnormal ARC. Out 
of 272 patients, IRF, HFR and MFR values were high in 54 
(19.85%), 79 (29.04%) and 10 (3.67%) patients respectively. 
LFR was low in 76 (27.94%) patients while 196 (72.05%) 
patients were having normal limits. Abnormally low and 
high RHe levels were found in 155 (56.99%) patients, while 
117 (43.01%) patients had normal Rhe values. Various re-
search parameters like RPI, MCHrand MRV was found to 
be abnormal in 13 (4.78%), 174 (63.97%) and 151 (55.51%) 
patients respectively. Analysis of all parameters is depicted 
in Tables 1 and 2. 

DISCUSSION

One of the objectives of the present study was to analyze au-
tomated reticulocyte parameters in anaemic and non-anaemic 
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oncology patients diagnosed with solid or haematological tu-
mours. Among most of the haematological tests, reticulocyte 
counts are a standard test to determine different types and 
treatments of anaemia along with the functionality of bone 
marrow.13 Anaemia is quite common and yet substantially 
threatening as it may bring certain complications in oncology 
patients. Early detection and management may result in better 
clinical outcomes, signifying a better tolerance and reaction 
to anticancer therapy.14 Cancer patients either at the advanced 
stage or going through anticancer therapy and recurrence of 
the tumour are more often reported with Anaemia. Although 
its occurrence may vary with cancer type, its stacks are quite 
high in patients suffering from haematological malignancies 
e.g. lymphoma, multiple myeloma. Moreover, in the list of 
reporting of solid tumours, lung and breast cancers find the 
top position, followed by malignancies of the gastrointestinal 
tract and gynaecology.15 Patients with colon cancer may be 
observed with symptoms related to anaemia signifying an in-
dication for an occult neoplasm.14

While the effect of Anaemia can be fatal for a cancer pa-
tient, a good treatment strategy can be vital. Some studies 
indicate that the patients treated with cancer anaemia, es-
pecially patients with mild-to-moderate anaemia, are a key 
factor to finding an improved quality of life.16 Furthermore, 
this may help in increasing the acceptability and the efficacy 
of anti-cancer treatment and may also find some impact on 
the prognosis.17-19 Reticulocyte count aid in the discrimina-
tion of anaemias due to hypo and hyperproliferation of bone 
marrow and also is a noticeable marker for red blood cell 
production.10 A study was done by Poorana et al., wherein 
they took 429 pancytopenia cases and observed a consider-
able decreased ARC in patients with aplastic anaemia. The 
average decrease in ARC was found in myelodysplasia and 
anaemias due to nutritional deficiencies. Systemic infec-
tious disease and Marrow infiltration were associated with 
extremely high ARC.20 In this study, we found significant 
abnormal results for RET% and ARC in random 272 patients 
as depicted in Table 3.

IRF is a total of HFR and MFR subdivided by analyzer based 
on the immaturity of reticulocytes. Numerous studies have 
illustrated that evaluation IRF can predict haematopoietic 
engraftment in allogeneic and autologous stem cell trans-
plantation earlier than conventional markers viz. Absolute 
neutrophil counts and platelets.21,22,23 Apart from this, IRF 
also serves as an important clue in paediatric oncology pa-
tients with postchemotherapy marrow aplasia to assess mar-
row function.24 A study has done elsewhere by Mullier and 
colleagues, made out that high RET% without uniform in-
creased IRF in a patient with hereditary spherocytosis.25 To 
evaluate haemorrhage, haemolytic anaemias and aplastic 
anaemias, observe treatment for anaemia, erythropoietin pro-
duction in patients with renal transplantation, blood transfu-
sion demands in neonates and prematurity outcome are other 

applications of IRF.3 RPI value exceeding 3 correlates with 
therapeutical response to anaemia, recent haemorrhage and 
various haemolytic anaemias, while low values were asso-
ciated with inefficient erythropoiesis and hyperproliferative 
diseases.3

Ret He is a parameter about directly measuring iron levels 
in freshly produced reticulocytes, which may be serving as 
a timely signal of iron deficiency at the initial stage. A study 
done elsewhere revealed ≤ 27.8 pg/L cut-off point for Ret 
He by logistic regression analysis. In addition to this, chil-
dren with lower levels of Ret He than 27.8 pg/L are at 4.5 
times increased risk of iron deficiency anaemia than children 
with Ret He more than 27.8 pg/L. Another study reported 
that 25 pg/L cut-off points for Ret He have 76% sensitiv-
ity and 81% of specificity.26 87.6% of specificity and 65.2% 
sensitivity were observed in another study done on adults 
with iron deficiency anaemia with < 28 pg Ret He cut-off.27 
Taking into consideration all studies together, an alliance of 
Ret He and Iron deficiency anaemia can be illustrated. Con-
cluding, higher haemoglobin levels correlated with higher 
Ret He, thus lower Ret He increases the probability of iron 
deficiency anaemia. Owing to the existence of reticulocytes 
in peripheral blood being 4 days, MCHr assessment is useful 
to detect available functional iron then.28,29,30 In a study done 
by Mast and colleagues evaluated the usefulness of MCHr 
to diagnose patients with iron deficiency anaemia.31 Values 
below 28pg for MCHr can predict the absence of iron stores 
in bone marrow with a greater negative predictive value for 
depleted iron than MCHr, transferrin saturation level below 
13%, or ferritin level below 50mg/dl.

Studies were done for the clinical usefulness of MRV showed 
that patients with thalassaemia and iron deficiency anaemia 
had decreased MRV, but higher IRF observed in thalassae-
mia patients and lower reticulocyte count in iron deficiency 
anaemia. Further MRV along with Ret He increases during 
treatment of iron deficiency anaemia.7-9 Patients with sickle 
cell anaemia receiving hydroxyurea to initiate foetal haemo-
globin synthesis were related with increased reticulocytes 
hydration evaluated as MRV.32,33,34 Data suggests that quite a 
low number of requests has been received about reticulocyte 
parameters in our haematology department. Considering the 
importance of all the parameters as discussed above, we have 
found significant abnormal reticulocyte parameters in ran-
domly selected oncology patients as depicted in Table 3 and 
Table 4. Based on this study, our hypothesis is proven that 
reticulocyte parameters should be an integrated part to facili-
tate the complete blood count reporting in oncology patients.

The following limitations of the present study should be 
considered: (i) The study does not include other parameters 
evaluated in the course of anaemia viz. Serum ferritin, serum 
iron, transferrin saturation etc (ii) The data accumulated is 
collected from a single population having a specific profile 
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in a tertiary care hospital that uses a particular type of hae-
matology analyzer. According to these factors, the results 
that we have shown in this accurate study may not be as ac-
curate in other laboratories.

CONCLUSION

Anaemia is quite common and yet, independent poor prog-
nostic factor for oncology patients. Various reticulocyte pa-
rameters have significant importance in the determination 
of anaemias and pre-recognition of resuming bone marrow 
erythropoietic activity. Recognition of routine and research 
automated reticulocyte parameters is an additional advan-
tage of automated analyzers. It is of use for haematology 
laboratories to contemplate reticulocyte parameters as a part 
of complete blood count to guide clinicians for the manage-
ment of cancer patients with the addition of interpretative 
comment to emphasize erythropoietic activity to increase ac-
ceptability and the efficacy of anti-cancer treatment and may 
also find some impact on the prognosis.
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Abbreviation:
RET% - Reticulocyte percentage, ARC - Absolute reticulo-
cyte count, IRF - Immature reticulocyte fraction, HFR - High 
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cence reticulocyte fraction, LFR - Low fluorescence reticu-
locyte fraction, Ret He - Reticulocyte haemoglobin equiv-
alent, RPI - Reticulocyte production index, MCHr - Mean 
reticulocyte haemoglobin content, MRV - Mean reticulocyte 
volume
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