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ABSTRACT

Anemia is one of the most common hematological topics in dogs and cats, and it has various
causes and outcomes. The immature reticulocyte fraction (IRF) and reticulocyte maturity
index (RMI) serve as emerging indicators that identify highly immature reticulocytes
containing large amounts of ribonucleic acid (RNA). These parameters are critical for the
immediate evaluation of bone marrow response, the precise differential diagnosis of various
causes of anemia, the examination of treatment efficacy, and the control of bone marrow
regeneration in different healthcare settings. The maturity of reticulocytes and the RNA
fluorescence intensity are identified by systems such as Sysmex XN-1000V and ADVIA
2120i. These hematology analyzers precisely calculate these indices. The IRF and RMI in
dog and cat species with hemolytic anemias are significantly higher than those in hemorrhagic
anemia. Additionally, these reticulocyte parameters in dogs and cats with bone marrow
failure (BMF) are considerably lower than in other non-regenerative anemia, and both groups
compared to pre-regenerative anemia. This review article addresses the concepts, clinical
applications, and comparison of the IRF and RMI determined by the Sysmex XN-1000V and
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Introduction

nemia is one of the most common labo-

ratory abnormalities in small animals

(Comazzi et al., 2004). The differential

diagnosis of anemia typically requires

taking the patient history, examining clini-
cal signs, assessing biochemistry, and serial evaluation
of several hematological parameters (Perez-Ecija et al.,
2024).

Anemia is generally classified into two categories: Re-
generative (RA) and non-regenerative (NRA), based on
the bone marrow’s response, which is evaluated through
the absolute reticulocyte count (ARC) (Tvedten, 2022).
RA and NRA can be further categorized based on the
underlying mechanisms of anemia (e.g. hemorrhage
(HEM) or hemolysis in RA; bone marrow failure (BMF)
or other causes in NRA). Red blood cell and reticulocyte
indices are warning signs and valuable in diagnosing and
managing anemia (Jung et al., 2023).

In 1865, Wilhelm Heinrich described reticulocytes as
granular, immature red blood cells containing a relative
amount of RNA. They can show the anemia regeneration
model and bone marrow response to the treatment (Piva
et al., 2015; Wollmann et al., 2014). Automated count-
ing of reticulocytes is now possible through methods that
utilize fluorescence detection or variations in light ab-
sorption. The fluorochromes and dyes include polyme-
thine, acridine orange, and thiazole orange based on the
equipment used, including oxazine 750 and new methy-
lene blue. As previously reported, reticulocyte analysis
using flow cytometry presents an attractive alternative,
offering higher reproducibility than microscopic count-
ing methods (Van Houte et al., 1994).

Reticulocytes can be classified into three categories
based on their maturity, measured by RNA content and
the intensity of fluorescence or light absorption emit-
ted. These classifications are as follows: Fraction I (high
fluorescence reticulocyte; HFR), fraction II (medium
fluorescence reticulocyte; MFR), and fraction III (low
fluorescence reticulocyte; LFR) (Jung et al., 2023). Ad-
ditionally, new reticulocyte indices have been introduced
based on automation features. These include the mean
reticulocyte volume (MCVr) for volume measurement
and reticulocyte hemoglobin content (CHr) for hemo-
globin assessment, along with measures for volume dis-
persion (Moloney et al., 2023).
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Iron deficiency (ID) usually goes through specific bio-
chemical markers, such as serum ferritin level, percent-
age transferrin saturation, soluble transferrin receptors,
and serum hepcidin (Ganz & Nemeth, 2012; Ahmadi-
hamedani, 2019). These biomarkers are significantly af-
fected by diurnal variation, inflammation, infection, and
malignancy. However, these tests may be costly, and not
all health centers can afford to carry out them. Reticu-
locytes remain in the bloodstream for four days before
fully mature into erythrocytes. Meanwhile, erythrocytes
stay in circulation for approximately 120 days in hu-
mans and dogs and 70 days in cats. Given this informa-
tion, changes in the volume and content of reticulocytes
occur much more rapidly than those of erythrocytes.
This characteristic of reticulocytes makes them suit-
able for differential diagnosis and assessment of the
response to anemia treatment by calculating previously
mentioned new indices (Kilig et al., 2022; Keiner et al.,
2020; Briggs, 2009).

Many investigations have shown that CHr can identify
the presence of ID even when anemia is absent. A CHr
level below the age-specific lower limit of the reference
range indicates ID in infants (Ennis et al., 2018; Pomrop
et al., 2020; Diizenli Kar & Altinkaynak, 2021). Reticu-
locyte indices, especially CHr, signal early iron-limited
erythropoiesis (ILE) in dogs, but neither CHr nor iron
metabolism variables can reliably distinguish the differ-
ent underlying causes of ILE in dogs (Schaefer & Stokol,
2016; Ahmadi-hamedani, 2019).

The reticulocyte count (RET) is clinically significant
for the pathophysiological classification of anemia. A
lower value of RET means that the bone marrow is not
producing enough red blood cells. Meanwhile, a high
level of reticulocyte production taxes the cell production
line to churn out more red blood cells that have been de-
stroyed or due to massive bleeding (Cascio & DeLough-
ery, 2017). RET cannot distinguish the various causes
of anemia. Furthermore, due to the delay in reticulocyte
release into the bloodstream, pre-regenerative anemias
(PRA; acute bleeding) may be mistakenly diagnosed as
NRA (Jung et al., 2023).

The immature reticulocyte fraction (IRF) is a relatively
new indicator in measuring reticulocytes. It refers to im-
mature reticulocytes that contain significant amounts of
RNA, including MFR and HFR, and it has more excel-
lent reproducibility than HFR. This RNA can be accu-
rately stained with certain fluorescent dyes for nucleic
acids, such as polymethine and oxazine 750, and was
automatically analyzed by flow cytometry (Sysmex XN-
1000V and ADVIA 2120i) (Adane & Asrie, 2021). Stud-
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ies have shown that an increase in IRF is superior to other
hematologic indices, such as RET, as an early marker of
bone marrow recovery or hematopoietic stem cell trans-
plantation (Piva et al., 2015). The IRF is essential for
several purposes in making a helpful clinical decision. It
is used to assess bone marrow status post-chemotherapy
(Raja-Sabudin et al., 2014), evaluate anemia diagnosis
and management (Geldard et al., 2009), diagnose aplas-
tic anemia (Sindhu et al., 2016), and determine when
patients with anemia require an RBC transfusion (Raja-
Sabudin et al., 2014).

In the study by Melendez-Lazo et al. (2015), it was
demonstrated that diseased dogs with elevated levels
of C-reactive protein exhibited a significantly higher
reticulocyte red cell distribution width, a more signifi-
cant percentage of hypochromic reticulocytes, a higher
percentage of reticulocytes with low cellular CHr, and
a lower IRF compared to healthy dogs. The Dogues de
Bordeaux breed exhibits lower IRF and MFR percent-
ages than other dog breeds, while their LFR and HFR
percentages are high (Lavoue et al., 2014). No signifi-
cant statistical difference was observed in the reticulo-
cyte indices (IRF, LFR, MFR, and HFR) between dog
blood samples collected in tubes containing EDTA
(ethylenediaminetetraacetic acid) and those containing
citrate-theophylline-adenosine-dipyridamole (CTAD).
Furthermore, the reticulocyte indices demonstrate a
strong correlation between the two types of tubes, EDTA
and CTAD (Granat et al., 2017). It has been shown that
reticulocyte indices (LFR, MFR, HFR, and IRF) in fe-
line blood samples, measured with Sysmex XT-2000iV
in EDTA or EDTA-CTAD tubes, remain stable after
48 hours of storage at room temperature (Granat et al.,
2013). Reticulocyte indices (RET, LFR, MFR, and HFR)
in feline blood show consistent stability with both EDTA
and EDTA-CTAD anticoagulants when measured using
Sysmex XT-2000iV and ProCyte DX, with only minor
variations between analyzers.

Guerlin et al. (2024) validated the Sysmex XN-V ana-
lyzer for canine blood, confirming the accuracy of RET,
LFR, MFR, and HFR with EDTA, compared to the XT-
20001V, though delays caused some variations.

Reticulocyte maturity index (RMI) is expressed in per-
centage form and can be determined by the Equation 1:

1. RMI=[(MFR+HFR) x100]J/LFR

This calculation is based on ratios of various sub-pop-
ulations in reticulocytes and is one of the best indicators
for erythropoiesis (Urrechaga et al., 2011). In human
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medicine, as mentioned above, IRF is widely used for
the early diagnosis of erythropoietic response following
bone marrow transplantation or chemotherapy and for
classifying types of anemia based on regeneration status
(Piva et al., 2015; Raja-Sabudin et al., 2014).

Only four studies have directly examined the reference
intervals of IRF and RMI in veterinary medicine and
its application in diagnosing different types of anemia
in small animals. One study conducted in 2023 report-
ed the IRF reference intervals in 106 adult large-breed
dogs using the ADVIA 2120 hematology analyzer (Mo-
loney et al., 2023). Another study evaluated the use of
the IRF to identify early red blood cell regeneration in
45 anemic dogs, utilizing the ADVIA 2120i analyzer in
2023 (Jung et al., 2023). The third study, published in
2024, is more comprehensive than the previous two. It
assessed the IRF concerning the causes of regenerative
and non-regenerative anemia in dogs and cats using the
Sysmex XN-1000V hematology analyzer (Perez-Ecija et
al., 2024). The last article discusses the diagnostic ap-
plication of the RMI obtained from the Sysmex XN V
analyzer in various types of anemia in dogs, as presented
by Perez-Ecija et al. (2024).

To the best of the authors’ knowledge, no detailed study
has been conducted on using IRF and RMI to diagnose
different types of anemia in dogs and cats. Therefore,
the present study aimed to provide an overview of the
clinical application of IRF and RMI in the differential
diagnosis of various types of anemia in dogs and cats.

Materials and Methods
Review protocol development and search strategy

The protocol for this review was developed following
the essential reporting items outlined in the PRISMA
(the preferred reporting items for systematic reviews
and meta-analyses) checklist (Moher et al., 2009). An
extensive literature review was conducted on the poten-
tial of the IRF and RMI for evaluating regenerative, non-
regenerative, and pre-regenerative anemia in dogs and
cats in PubMed, ScienceDirect, and Google Scholar, us-
ing the key terms ((“immature reticulocyte fraction” OR
“reticulocyte maturity index”) AND (“anemia”) AND
(“veterinary”)) between 2000-2024. Figure 1 shows the
PRISMA flow diagram for document selection. We fi-
nally found four articles with appropriate information
for this review article. Only English-language studies
published until December 29, 2024, were considered.
No relevant systematic reviews on this topic were found.
The research articles eligible for review described the
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clinical characteristics of patients with regenerative,
non-regenerative, and pre-regenerative anemia and uti-
lized IRF and RMI as diagnostic parameters. Our review
included prospective and retrospective cohort, case-con-
trol, and cross-sectional studies.

Study selection

We reviewed the initial search results, focusing on the
titles and abstracts. Next, we closely examined the full
texts of the articles that appeared to be relevant to de-
termine if they met our inclusion and exclusion criteria.
We eliminated duplicate articles, case reports, expert
opinions, letters, editorial pieces, and human studies.
Additionally, we excluded studies that did not include
control groups or did not involve dogs and cats. We also
discarded any studies without available data, articles in
languages other than English, and those that focused ex-
clusively on IRF and RML

Data extraction

The information collected includes article details (first
author, publication year), species, device specifics, the
parameters investigated, and key findings presented in
Table 1. A Microsoft Excel database was utilized to store
the relevant information.
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Discussion

Evaluation of IRF and RMI in various types of re-
generative anemia

Perez-Ecija et al. (2024) established that in regenera-
tive anemia, the mean value of IRF estimated by Sysmex
XN-1000V hematology analyzer in dogs and cats was
significantly higher than that in healthy animals, 47.2%
and 57.9% compared to 22.7% and 35.6%, respectively.
Furthermore, the mean value of this fraction in regenera-
tive anemia resulting from hemolysis in both dog and cat
species was significantly higher (54.2% and 69.9%, re-
spectively) compared to anemia due to HEM (37% and
41.1%). In animals with regenerative anemia, the IRF
(%) demonstrated excellent accuracy in cats (cut-off:
54.3, sensitivity: 96.4%, specificity: 80%, and area under
curve: 0.936) and dogs (cut-off: 44.7, sensitivity: 87.2%,
specificity: 71.3%, and area under curve: 0.834) for dis-
tinguishing between HEM and hemolysis (LYS) anemia
(Table 2). The median value of IRF reported by Jung et
al. (2023) using the ADVIA-2120i hematology analyzer
in dogs with regenerative anemia (46.5%) was signifi-
cantly greater than that in healthy dogs (22.1%). Based
on the studies by Perez-Ecija et al. (2024) and Jung et al.
(2023), IRF in regenerative anemia in dogs and cats is
significantly higher than that in healthy animals, and this
increase is more pronounced in LYS anemia compared
to HEM anemia in both species. Utilizing the numeri-
cal data regarding low, medium, and high fluorescence
reticulocytes reported in the study by Perez-Ecija et al.
(2024), the authors of the present study calculated the

Table 1. Overview of studies on reticulocyte indices (LFR, MFR, HFR, IRF, and RMI) in dogs and cats with various types

of anemia

Hematology Analyzer and

Authors, Year i mple Siz Key Findin
uthors, Yea Species (Sample Size) Parameters ey Findings

. D%ges,ngrgfa;;c:yszé 8 Reference ranges have been established for the
Perez-Ecija et al. VSIS=oU; Sysmex XN-V different reticulocyte maturity fractions (LFR,

Acute HEM=603; PRA=25;
Bone marrow aplasia=15;
Bone marrow damage=15)

(2024)

LFR, MFR, HFR, IRF, and RMI

MFR, HFR, IRF) determined with the Sysmex XN-V
analyzer.

Jung et al. (2023) Dogs (healthy=49; ADVIA 2120i Measuring the IRF could assist in classifying anemic
8 ’ anemia=45) IRF dogs more accurately.
ADVIA 2120 . . .
Moloney et al. Large-breed adult dogs Reference intervals for This study established reference intervals for
- - s reticulocyte indices and novel hematological
(2023) (n=106) reticulocyte indices, IRF, and

HYPO-RBC

Dogs (healthy=2654;
RA=223; NRA=603;
PRA=137)

Cats (healthy=393; RA=48;
NRA=148; PRA=35)

Perez-Ecija et al.
(2024)

Sysmex XN-1000V

IRF

variables in healthy blood donor dogs.

The assessment of the IRF in the Sysmex XN-1000V
analyzer can assist veterinarians in more accurately
classifying the type of anemia in dogs and cats.

Abbreviations: HFR: High reticulocyte fraction; HYPO-RBC: Hypochromic red blood cell; IRF: Immature reticulocyte fraction;
LFR: Low reticulocyte fraction; MFR: Medium reticulocyte fraction; NRA: Non-regenerative anemia; PRA: Pre-regenerative

anemia; RA: Regenerative anemia.
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RMI in healthy dogs and cats, as well as in cases of vari-
ous types of regenerative, pre-regenerative, and non-re-
generative anemia. This index is derived from the ratio of
the total medium and high fluorescence reticulocytes to
low fluorescence reticulocytes. In this context, the RMI
in dogs and cats with regenerative anemia (0.84 and 1.37,
respectively) was higher than in healthy animals (0.28
and 0.55). Additionally, the RMI in LY S-induced regen-
erative anemia in dogs and cats (1.87 and 2.32, respec-
tively) was significantly higher than in HEM-induced
anemia (0.55 and 0.70). These findings align closely with
the IRF results in distinguishing between hemolytic and
hemorrhagic regenerative anemia in dogs and cats, high-
lighting the greater intensity and speed of compensatory
response in hemolysis-induced anemia (Table 2).

Evaluation of IRF and RMI in various non-
regenerative anemia

The mean IRF value shows significant differences
among non-regenerative anemia in dogs and cats (25.4%
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and 41.4%, respectively) compared to pre-regenerative
and regenerative anemias, as well as among different
causes of non-regenerative anemias in the study by Perez-
Ecija et al. (2024). In BMF, due to the loss of the ability
to produce immature reticulocytes by the bone marrow,
the mean value of this fraction (14.6%) was significantly
low (Pomrop et al., 2020). In other non-regenerative ane-
mia resulting from inflammatory diseases, chronic renal
failure, endocrinopathy, etc., the mean IRF (26%) was
higher than that of non-regenerative anemia due to BMF
(14.6%) but still lower than that of pre-regenerative or
regenerative anemia caused by HEM and LYS. These re-
sults were also observed in cats, where the mean IRF in
non-regenerative anemia due to BMF (25.9%) was sig-
nificantly lower than that of other non-regenerative ane-
mia caused by inflammatory diseases, chronic renal fail-
ure, endocrinopathy, etc. (42.5%) and pre-regenerative
anemia. In non-regenerative anemia, the IRF showed
good accuracy in cats (cut-off: 27.7, sensitivity: 85.9%,
specificity: 76.4%, and area under curve [AUC]: 0.836)
and moderate accuracy in dogs (cut-off: 16.2, sensitiv-

Table 2. IRF (%) and RMI (%) for healthy and different anemia types in dogs and cats

Condition IRF (%) RMI (%) Cut-off Sensitivity (%) Specificity(%) AUC

Healthy dogs 22.7 0.28

Healthy cats 33.3 0.55

RA dogs 47.2 0.84

HEM 37.0 0.55
44.7 87.2 713 0.834

LYS 54.2 1.87

RA cats 57.9 1.37

HEM 41.1 0.70
54.3 96.4 80 0.936

LYS 69.9 2.32
PRA-dogs 29.1 0.39 219 46.7 77.3 0.626
PRA-cats 54.5 1.20 53 84.9 68.5 0.761

NRA dogs 254 0.32

BMF 14.6 0.16
16.2 79.6 55.4 0.722

OTH 26.0 0.33

NRA cats 41.4 0.72

BMF 25.9 0.34
27.7 85.9 76.4 0.836

OTH 42.5 0.74

Abbreviations: AUC: Area under the curve; BMF: Bone marrow failure; HEM: Hemorrhage; IRF: Immature reticulocyte frac-
tion; LYS: Hemolysis; NRA: Non-regenerative anemia; OTH: Other non-regenerative anemias; PRA: Pre-regenerative anemia;

RA: Regenerative anemia; RMI: Reticulocyte maturity index.
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ity: 79.6%, specificity: 55.4%, and AUC: 0.722) for dis-
tinguishing BMF from other causes of NRA (Table 2)
(Perez-Ecija et al., 2024). Jung et al. (2023) reported that
in dogs with non-regenerative anemia, the median value
of this fraction (18.7%) was notably lower than in dogs
with pre-regenerative and regenerative anemia. The RMI
in dogs and cats with non-regenerative anemia caused by
BMF (0.16 and 0.34, respectively) was lower than the
values observed in other causes of non-regenerative ane-
mia, such as inflammatory diseases, chronic renal fail-
ure, endocrinopathies, and similar conditions (0.33 and
0.74), reflecting the results of the IRF. These findings
highlight a direct correlation between the underlying
condition and the intensity of erythropoietic compensa-
tory response. Differentiating between regenerative and
non-regenerative anemia is feasible using varying levels
of these indices. Hence, high IRF and RMI values rep-
resent active regenerative activity instead of those BMF
represented by lower scores (Moloney et al., 2023).

Evaluation of IRF and RMI in pre-regenerative
anemia

IRF is a powerful tool for the early diagnosis of pre-
regenerative anemia. Perez-Ecija et al. (2024) found that
the mean level of this fraction in dogs and cats with pre-
regenerative anemia (29.1% and 54.5%, respectively)
was significantly higher than in those with non-regen-
erative anemia due to BMF. Also, IRF showed a sig-
nificant increase in dogs with pre-regenerative anemia
(40.6%) in the study by Jung et al. (2023) compared to
those with non-regenerative anemias. The IRF demon-
strated moderate ability in cats (cut-off: 53, sensitivity:
84.9%, specificity: 68.5%, and AUC: 0.761) and poor
ability in dogs (cut-off: 21.9, sensitivity: 46.7%, speci-
ficity: 77.3%, and AUC: 0.626) to differentiate between
pre-regenerative anemia and other non-regenerative ane-
mia types (Table 2) (Perez-Ecija et al., 2024). Accord-
ing to the calculations of the present study, RMI in dogs
and cats with pre-regenerative anemia (0.39 and 1.20,
respectively) was higher than the values associated with
various types of non-regenerative anemia. This increase
occurs before the rise in reticulocytes in peripheral blood
is observed. It suggests that the IRF can identify early
bone marrow activity in response to ID sooner than other
indicators (Perez-Ecija et al., 2024). This indicator has
been increased in dogs and cats with pre-regenerative
anemias compared to non-regenerative anemias, even in
the early stages of the disease when reticulocytosis has
not yet become apparent. This finding assists veterinar-
ians in accurately distinguishing pre-regenerative ane-
mias from other types of anemia that may be confused
with them in the early stages (Jung et al., 2023).
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Comparing IRF and RMI with routine and novel
anemia indices in dogs and cats

IRF and RMI show significant advantages over routine
and novel indices, such as ARC, CHr, MCVr, hypochromic
red blood cell percentage (%HYPO-RBC), and CH-delta
(the difference in CHr between reticulocytes and mature
red blood cells) (Moloney et al., 2023). These indices can
determine the activity of the bone marrow in regeneration.
They can do this even in the pre-regenerative state of ane-
mia, where reticulocytes have not yet begun to manifest
themselves. In contrast, the ARC only increases after the
appearance of mature reticulocytes. Therefore, the IRF and
RMI provide more accurate early detection of these types of
anemias (Perez-Ecija et al., 2024). Unlike the routine indi-
ces mentioned above, the IRF and RMI can distinguish be-
tween regenerative anemia (such as ID anemia and hemo-
lytic anemia) and non-regenerative anemia (such as anemia
caused by chronic disease). This feature assists veterinar-
ians in arriving at accurate results in a shorter time (Pomrop
et al., 2020). ROC curve analysis showed that this fraction
has higher accuracy than the reticulocyte production index
in differentiating between pre-regenerative anemia and
those caused by ID (Jung et al., 2023).

The role of the IRF and RMI in improving clinical
decision-making in anemia

IRF and RMI enable veterinarians to assess bone marrow
regeneration without needing prolonged, quick, repeated
CBC monitoring (Jung et al., 2023). Both pre-regenerative
anemia and regenerative anemia have increased IRF index
values that mean active bone marrow production, which
often may necessitate supportive care. On the other hand,
the low value of this index in non-regenerative anemia may
be actual, as it suggests further management of bone mar-
row diseases or non-regenerative anemia (Jung et al., 2023).
IRF and RMI enable anemia to be detected right from the
early stage, before the beginning of reticulocytosis. These
indices can assess patients’ treatment responses to anemia
(Moloney et al., 2023). The Ecija diagram is a valuable tool
designed to assist in diagnosing various types of anemia in
dogs by evaluating RMI. It emphasizes five key factors: 1)
high HFR (>26%) and high RET (>150000/uL) suggest
hemolytic anemia, 2) normal to high HFR (>21%) and a
RET between 100000 and 150000/uL indicate acute HEM,
3) normal HFR (5%< HFR <21%) and RET 20000-150000/
uL pointing to normal conditions or another type of anemia,
4)low HFR (<5%) and low RET (<20000/uL) that suggests
bone marrow aplasia, 5) normal to high HFR (>5%) but
low RET (<20000/pL) that may indicate dyserythropoietic
or bone marrow damage (Perez-Ecija et al., 2024).

Ahmadi-hamedani & Bagherian. (2025). IRF and RMI in Canine and Feline Anemia. ran J Vet Med, 19(4):617-626.
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After a systematic search with mentioned terms in databases and other sources, the number of records is as
follows:
)
5 Records identified through database
= searching (n = 90)
§ Google Scholar (n = 83)
b PubMed (n = 3)
§ ScienceDirect (n = 4)
—
)
A
= Records after duplicates
E removed
g n=179)
7]
l Records excluded:
Non-English articles
Records screened ) Absence of dogs or cats in the
P (n=179) study groups
No access to the full-text article
(n=48)
£
=
=
=y
= .
. Full-text articles excluded:
Full-text artlcl.es' - Duplicates
__J assEssed for eligibility [~ | Human studies
(n=31) Studies not including control
groups
— Studies only considered RMI and
IRF without anemia
(n=27)
2 \4
<=
=
E Articles included in
review article
(n=4)
—

Figure 1. Flow diagram for inclusion of studies in the combined systematic review and meta-analysis (Moher et al., 2009)

Conclusion

According to the data presented in this review article,
the values of IRF and RMI in dogs and cats with differ-
ent types of regenerative anemia are higher than those in
healthy individuals and those suffering from non-regen-
erative and pre-regenerative anemia, particularly in cats.
Interestingly, the values of IRF and RMI in dogs and cats
with regenerative anemia due to hemolysis also showed
a significant tendency to increase compared to individu-
als with other types of anemia. IRF must be standard-
ized against these global norms, requiring much work
to ensure that the criteria used in different hematology

analyzers are uniform. Some devices use the IRF index,
others utilize the RMI, and some report only the percent-
age of IRF. Although all of these indices can reflect bone
marrow activity, different methods for obtaining them
can complicate the comparison of results. These indices’
limitations include the need for valid external quality as-
sessments and internal quality controls, which compli-
cates result interpretation and clinical decision-making.
However, new reticulocyte indices could significantly
improve the diagnosis and monitoring of many blood
disorders. Different hematology analyzers provide vary-
ing results for IRF, representing a significant weakness
in the potential clinical applications of these indices in
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dogs and cats. Mending this limitation will ensure the
IRF index and other reticulocyte indices are crucial for
the differential diagnosis of various types of anemia and
for monitoring their treatment. Consequently, IRF and
RMI are valuable for detecting anemia at its preliminary
stage or discriminating one type from another in dogs
and cats. When combined with other reticulocyte indi-
ces, IRF can increase diagnostic precision enormously
and assist the veterinarian in achieving optimal care and
treatment of anemia.

Limited studies regarding IRF in dogs and cats have
been published since 2023. Owing to the general need
for well-defined reference values for RMI in healthy in-
dividuals and those with different types of anemia, using
these indices in everyday practice is difficult. Addition-
ally, the reported reference values for IRF vary based on
the kind of hematology analyzer used in the studies, and
for this reason, the diagnostic threshold values are meth-
od-dependent. The results reported regarding the frac-
tion of immature reticulocytes in the studies employed
indicate high variability in the values of this parameter
based on the hematology analyzer used. For example,
in healthy dogs, the IRF values ranged from 22.7% (us-
ing the Sysmex XN-1000V device) to 26.9% (using the
ADVIA-2120 device). Even among the ADVIA-2120
hematology analyzers, IRF values range from 22.1%
(ADVIA-21201) t0 26.9% (ADVIA-2120). Similarly, he-
matology analyzers have reported significant differences
in regenerative, non-regenerative, and pre-regenerative
anemia types. Based on the significant differences in the
results provided by various hematology analyzers, stan-
dardization of the indicators dependent on the analysis
method remains necessary. IRF, RMI, and other novel
reticulocyte indicators seem to be much more sensitive
markers for sudden changes in erythropoiesis than con-
ventional red blood cell indices.

Ethical Considerations
Compliance with ethical guidelines

This study is a narrative review with no involvement of
human or animal samples.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

IRANIAN JOURNAL OF VETERINARY MEDICINE

Authors' contributions

Conceptualization, methodology, data collection, data
analysis, supervision, funding acquisition and resources:
Mahmood Ahmadi-hamedani; Investigation, and writ-
ing: All authors.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgments

The authors would like to thank Semnan University,
Semnan, Iran, for its support.

References

Adane, T., & Asrie, F., & Getaneh, Z. (2021). Clinical utility of
immature reticulocyte fraction. Journal of Clinical Chemistry
and Laboratory Medicine, 4(2), 1-5. [Link]

Ahmadi-hamadani, M. (2019). [The role of hepcidin in iron
metabolism and its potential clinical applications (Per-
sian)]. Journal of Veterinary Laboratory Research, 11(2), 49-60.
[DOI:10.22075/jv1r.2018.3111]

Briggs, C. (2009). Quality counts: New parameters in blood cell
counting. International Journal of Laboratory Hematology, 31(3),
277-297. [DOI:10.1111/j.1751-553X.2009.01160.x] [PMID]

Cascio, M. ], & DeLoughery, T. G. (2017). Anemia: Evaluation
and diagnostic tests. The Medical Clinics of North America,
101(2), 263-284. [DOI:10.1016/j.mcna.2016.09.003] [PMID]

Comazzi, S., Pieralisi, C., & Bertazzolo, W. (2004). Haematologi-
cal and biochemical abnormalities in canine blood: frequency
and associations in 1022 samples. The Journal of Small Ani-
mal Practice, 45(7), 343-349. [DOI:10.1111/}.1748-5827.2004.
tb00246.x] [PMID]

Diizenli Kar, Y., & Altinkaynak, K. (2021). Reticulocyte hemo-
globin equivalent in the differential diagnosis of iron deficien-
cy, iron deficiency anemia, and p-thalassemia trait in children.
Turkish Journal of Biochemistry, 46(1), 45-51. [DOI:10.1515/ tjb-
2020-0277]

Ennis, K. M,, Dahl, L. V., Rao, R. B., & Georgieff, M. K. (2018).
Reticulocyte hemoglobin content as an early predictive bio-
marker of brain iron deficiency. Pediatric Research, 84(5), 765-
769. [DOI:10.1038 /s41390-018-0178-6] [PMID]

Ganz, T., & Nemeth, E. (2012). Hepcidin and iron homeo-
stasis. Biochimica et Biophysica Acta, 1823(9), 1434-1443.
[DOI:10.1016/j.bbamcr.2012.01.014] [PMID]

Geldard, A. R, Tobin, D. J., & Cuthbert, A. (2009). Immature re-
ticulocyte fraction as a useful parameter for blood transfusion
assessment in anaemia. British Journal of Biomedical Science,
66(2), 98-101. [DOI:10.1080/09674845.2009.11730252] [PMID]

Ahmadi-hamedani & Bagherian. (2025). IRF and RMI in Canine and Feline Anemia. ran J Vet Med, 19(4):617-626.



https://ijvm.ut.ac.ir/
https://english.semnan.ac.ir/
https://www.longdom.org/open-access-pdfs/clinical-utility-of-immature-reticulocyte-fraction.pdf
https://doi.org/10.22075/jvlr.2018.3111
https://doi.org/10.1111/j.1751-553X.2009.01160.x
https://www.ncbi.nlm.nih.gov/pubmed/19452619
https://doi.org/10.1016/j.mcna.2016.09.003
https://www.ncbi.nlm.nih.gov/pubmed/28189170
https://doi.org/10.1111/j.1748-5827.2004.tb00246.x
https://doi.org/10.1111/j.1748-5827.2004.tb00246.x
https://www.ncbi.nlm.nih.gov/pubmed/15266856
https://doi.org/10.1515/tjb-2020-0277
https://doi.org/10.1515/tjb-2020-0277
https://doi.org/10.1038/s41390-018-0178-6
https://www.ncbi.nlm.nih.gov/pubmed/30232412
https://doi.org/10.1016/j.bbamcr.2012.01.014
https://www.ncbi.nlm.nih.gov/pubmed/22306005
https://doi.org/10.1080/09674845.2009.11730252
https://www.ncbi.nlm.nih.gov/pubmed/19637651

IRANIAN JOURNAL OF VETERINARY MEDICINE

Granat, F. A., Geffré, A., Lucarelli, L. A., Braun, ]J. D., Trumel,
C., & Bourges-Abella, N. H. (2017). Evaluation of CTAD
(citrate-theophylline-adenosine-dipyridamole) as a univer-
sal anticoagulant in dogs. Journal of Veterinary Diagnostic
Investigation : Official Publication of the American Association
of Veterinary Laboratory Diagnosticians, Inc, 29(5), 676-682.
[DOI:10.1177/1040638717713793] [PMID]

Granat, F., Geffré, A., Bourges-Abella, N., Braun, J. P., & Trumel, C.
(2013). Changes in haematology measurements with the Sysmex
XT-2000iV during storage of feline blood sampled in EDTA or
EDTA plus CTAD. Journal of Feline Medicine and Surgery, 15(6),
433-444. [DOI:10.1177/1098612X12469967] [PMID]

Granat, F., Geffré, A., Bourges-Abella, N., Mortier, J., Théron,
M. L., Fauchon, E., Braun, J. P., & Trumel, C. (2014). Feline
reference intervals for the Sysmex XT-2000iV and the ProCyte
DX haematology analysers in EDTA and CTAD blood speci-
mens. Journal of Feline Medicine and Surgery, 16(6), 473-482.
[DOI:10.1177/1098612X13511811] [PMID]

Grebert, M., Granat, F., Braun, J. P., Leroy, Q., Bourges-Abella,
N., & Trumel, C. (2021). Validation of the Sysmex XN-V he-
matology analyzer for canine specimens. Veterinary Clinical
Pathology, 50(2), 184-197. [DOI:10.1111/ vcp.12936] [PMID]

Guerlin, M., Granat, F., Grebert, M., Braun, J. P., Geffré, A., &
Bourges-Abella, N., et al. (2024). Validation of the Sysmex
XN-V hematology analyzer for feline specimens. Veterinary
Clinical Pathology, 53(3), 294-308. [PMID]

Jung, J. H., Yang, Y., Seo, D., Cho, S., Choi, G., & Kim, Y. (2023).
Clinical utility of immature reticulocyte fraction for identify-
ing early red blood cell regeneration in anemic dogs. Journal
of Veterinary Internal Medicine, 37(2), 484-489. [DOI:10.1111/
jvim.16641] [PMID]

Keiner, M., Fuchs, J., Bauer, N., & Moritz, A. (2020). Evaluation
of reticulocyte hemoglobin content (RETIC-HGB) for the di-
agnosis of iron-limited erythropoiesis in cats. Veterinary Clini-
cal Pathology, 49(4), 557-566. [DOI:10.1111/ vcp.12925] [PMID]

Kilig, M., Ozpmar, A., Serteser, M., Kilercik, M., & Serdar, M.
(2022). The effect of reticulocyte hemoglobin content on the
diagnosis of iron deficiency anemia: A meta-analysis study.
Journal of Medical Biochemistry, 41(1), 1-13. [DOI:10.5937/
jomb0-31435] [PMID]

Lavoué, R, Geffré, A., Braun, J. P, Peeters, D., Granat, F., &
Bourges-Abella, N, et al. (2014). Breed-specific hematologic
reference intervals in healthy adult Dogues de Bordeaux. Vet-
erinary Clinical Pathology, 43(3), 352-361.

Meléndez-Lazo, A., Tvarijonaviciute, A., Cerén, J. J., Planellas,
M., & Pastor, J. (2015). Evaluation of the Relationship be-
tween Selected Reticulocyte Parameters and Inflammation
determined by Plasma C-reactive Protein in Dogs. Journal
of Comparative Pathology, 152(4), 304-312. [DOI:10.1016/j.
jcpa.2015.01.008] [PMID]

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA
Group. (2009). Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA statement. PLoS Medi-
cine, 6(7), €1000097. [PMID]

Moloney, C., Stavroulaki, E. M., & Augusto, M. (2023). Refer-
ence intervals for reticulocyte indices, immature reticulocyte
fraction, and the percentage of hypochromic red blood cells
in adult large breed dogs using the ADVIA 2120 hematol-
ogy analyzer. Veterinary Clinical Pathology, 52(4), 755-760.
[DOI:10.1111/ vep.13285] [PMID]

October 2025. Volume 19. Number 4

Nemeth, E., & Ganz, T. (2009). The role of hepcidin in iron me-
tabolism. Acta Haematologica, 122(2-3), 78-86. [PMID]

Perez-Ecija, A., Martinez, C., Fernandez-Castafier, J., & Men-
doza, F. J. (2024). The Immature Reticulocyte Fraction (IRF)
in the Sysmex XN-1000V Analyzer Can Differentiate between
Causes of Regenerative and Non-Regenerative Anemia in
Dogs and Cats. Animals : An Open Access Journal from MDPI,
14(2), 349. [DOI:10.3390/ani14020349] [PMID]

Piane, L., Young, K. M., Giraud, L., Bourges-Abella, N., &
Trumel, C. (2016). Spurious reticulocyte profiles in dogs with
large form babesiosis: a retrospective study. Veterinary Clini-
cal Pathology, 45(4), 598-603. [DOI:10.1111/ vep.12396] [PMID]

Piva, E., Brugnara, C., Spolaore, F., & Plebani, M. (2015). Clinical
utility of reticulocyte parameters. Clinics in Laboratory Medi-
cine, 35(1), 133-163. [DOI:10.1016/j.c11.2014.10.004] [PMID]

Pomrop, M., Manopunya, S., Tantiprabha, W., Khuwuthyakorn,
V., Kosarat, S., & Natesirinilkul, R. (2022). Reticulocyte hemo-
globin concentration for screening iron deficiency in very low
birth weight preterm neonates. The Journal of Maternal-Fetal &
Neonatal Medicine : The Official Journal of the European Associa-
tion of Perinatal Medicine, the Federation of Asia and Oceania Peri-
natal Societies, the International Society of Perinatal Obstetricians,
35(17), 3348-3352. [PMID]

Raja-Sabudin, R. Z., Othman, A., Ahmed-Mohamed, K. A.,
Ithnin, A., Alauddin, H., & Alias, H., et al. (2014). Immature
reticulocyte fraction is an early predictor of bone marrow re-
covery post chemotherapy in patients with acute leukemia.
Saudi Medical Journal, 35(4), 346-349. [PMID]

Schaefer, D. M., & Stokol, T. (2016). Retrospective study of re-
ticulocyte indices as indicators of iron-restricted erythropoie-
sis in dogs with immune-mediated hemolytic anemia. Journal
of Veterinary Diagnostic Investigation : Official Publication of the
American Association of Veterinary Laboratory Diagnosticians,
Inc, 28(3), 304-308. [DOI:10.1177/1040638715618231] [PMID]

Sindhu, R., Behera, S. K., & Mishra, D. P. (2016). Role of imma-
ture reticulocyte fraction in evaluation of aplastic anemia in
cases of pancytopenia. Indian Journal of Basic and Applied Medi-
cal Research, 5(3), 619-624. [Link]

Tvedten, H. (2022). Classification and laboratory evaluation
of anemia. In M. B. Brooks, K. E. Harr, D. V. Seelig, K. ].
Wardrop & D. J. Weiss (Eds.), Schalm’s Veterinary Hematology
(pp- 198-208). New Jersey: Wiley Blackwell. [Link]

Urrechaga, E., Borque, L., & Escanero, J. F. (2011). Analysis
of reticulocyte parameters on the Sysmex XE 5000 and LH
750 analyzers in the diagnosis of inefficient erythropoiesis.
International Journal of Laboratory Hematology, 33(1), 37-44.
[DOI:10.1111/j.1751-553X.2010.01238 x] [PMID]

van Houte, A. ], Bartels, P. C., Schoorl, M., & Mulder, C. (1994).
Methodology-dependent variations in reticulocyte counts us-
ing a manual and two different flow cytometric procedures.
European Journal of Clinical Chemistry and Clinical Biochemistry
: Journal of the Forum of European Clinical Chemistry Societies,
32(11), 859-863. [DOI:10.1515/ cclm.1994.32.11.859] [PMID]

Wollmann, M., Gerzson, B. M., Schwert, V., Figuera, R. W., &
Ritzel, G. O. (2014). Reticulocyte maturity indices in iron defi-
ciency anemia. Revista Brasileira de Hematologia e Hemoterapia,
36(1), 25-28. [DOI:10.5581/1516-8484.20140009]

Ahmadi-hamedani & Bagherian. (2025). IRF and RMI in Canine and Feline Anemia. [ran J Vet Med, 19(4):617-626.



https://ijvm.ut.ac.ir/
https://doi.org/10.1177/1040638717713793
https://www.ncbi.nlm.nih.gov/pubmed/28673194
https://doi.org/10.1177/1098612X12469967
https://www.ncbi.nlm.nih.gov/pubmed/23264612
https://doi.org/10.1177/1098612X13511811
https://www.ncbi.nlm.nih.gov/pubmed/24226754
https://doi.org/10.1111/vcp.12936
https://www.ncbi.nlm.nih.gov/pubmed/34152026
https://pubmed.ncbi.nlm.nih.gov/39294107/
https://doi.org/10.1111/jvim.16641
https://doi.org/10.1111/jvim.16641
https://www.ncbi.nlm.nih.gov/pubmed/36762697
https://doi.org/10.1111/vcp.12925
https://www.ncbi.nlm.nih.gov/pubmed/33617045
https://doi.org/10.5937/jomb0-31435
https://doi.org/10.5937/jomb0-31435
https://www.ncbi.nlm.nih.gov/pubmed/35291499
https://doi.org/10.1016/j.jcpa.2015.01.008
https://doi.org/10.1016/j.jcpa.2015.01.008
https://www.ncbi.nlm.nih.gov/pubmed/25804353
https://pubmed.ncbi.nlm.nih.gov/19621072/
https://doi.org/10.1111/vcp.13285
https://www.ncbi.nlm.nih.gov/pubmed/37468943
https://pubmed.ncbi.nlm.nih.gov/19907144/
https://doi.org/10.3390/ani14020349
https://www.ncbi.nlm.nih.gov/pubmed/38275808
https://doi.org/10.1111/vcp.12396
https://www.ncbi.nlm.nih.gov/pubmed/27701759
https://doi.org/10.1016/j.cll.2014.10.004
https://www.ncbi.nlm.nih.gov/pubmed/25676377
https://pubmed.ncbi.nlm.nih.gov/32930014/
https://pubmed.ncbi.nlm.nih.gov/24749130/
https://doi.org/10.1177/1040638715618231%5d%20%5bPMID%5d
https://www.ncbi.nlm.nih.gov/pubmed/27034340
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sindhu%2C+R.%2C+Behera%2C+S.%2C+%26+Mishra%2C+D.+%282016%29.+Role+of+immature+reticulocyte+fraction+in+evaluation+of+aplastic+anemia+in+cases+of+pancytopenia.+International+Journal+of+Basic+and+Applied+Medical+Sciences%2C+5%2C+619-624.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tvedten%2C+H.+%282022%29.+Classification+and+laboratory+evaluation+of+anemia.+In+M.+B.+Brooks%2C+K.+E.+Harr%2C+D.+V.+Seelig%2C++K.+J.+Wardrop+%26+D.+J.+Weiss+%28Eds.%29%2C+Schalm%E2%80%99s+Veterinary+Hematology+%28+pp.+198-208%29.+New+Jersey%3A+Wiley+Blackwell.&btnG=
https://doi.org/10.1111/j.1751-553X.2010.01238.x
https://www.ncbi.nlm.nih.gov/pubmed/20491998
https://doi.org/10.1515/cclm.1994.32.11.859
https://www.ncbi.nlm.nih.gov/pubmed/7534120
https://doi.org/10.5581/1516-8484.20140009

This Page Intentionally Left Blank



