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Abstract

Background: Decreased reticulocyte hemoglobin content (CHr) (Siemens ADVIA
2120) reflects iron-limited erythropoiesis (ILE). RETIC-HGB (IDEXX ProCyte Dx) is a
novel marker of ILE for veterinary use.

Objectives: We aimed to evaluate reference intervals (RIs) and the utility of RETIC-
HGB and CHr in the diagnosis of feline ILE.

Materials and Methods: RIs were established in 59 healthy cats. Intra-assay coef-
ficients of variation (CVs) and correlations between RETIC-HGB and CHr were as-
sessed. Two hundred and seventy-five cats were classified as having ILE or not based
on low plasma iron or low transferrin saturation along with anemia and/or altered
RBC indices. CHr, RETIC-HGB, and serum amyloid A (SAA) were compared between
the groups. The sensitivity and specificity of RETIC-HGB and CHr to diagnose ILE
were analyzed to determine the Rl lower limits.

Results: RIs for RETIC-HGB and CHr were 12.5-18.0 and 14.0-19.9 pg, respectively.
The CV was 3% for both variables. RETIC-HGB and CHr were moderately correlated
(r, = 0.59) with a bias of -1.2 picograms (pgs). Twenty of the 275 cats were classified
as having ILE. Compared with non-ILE cats, ILE cats had significantly lower median
RETIC-HGB (14.3 vs 15.2 pg, P = .0046) and mean CHr (14.7 vs 16.5 pg, P < .0001)
values and significantly increased median SAA (44.6 vs 2.3 ug/dl, P < .0001) values.
Using the lower RI limits resulted in a low sensitivity and relatively high specificity to
diagnose ILE in cats.

Conclusions: ILE was characterized by decreased CHr and RETIC-HGB; however,
sensitivity was low. The moderate correlation between RETIC-HGB and CHr is likely

due to species differences and different methodology.
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1 | INTRODUCTION

In people, absolute iron deficiency (AID) is primarily caused by ex-
cessive blood loss or nutritional iron deficiency (ID) and remains
the most common cause of anemia.® Nutritional ID is very rare in
dogs and cats receiving commercial diets,? and AID occurs mainly
due to chronic bleeding.3*4 Functional iron deficiency (FID) rep-
resents the second most common cause of ID in human and vet-
erinary medicine. It arises from strong erythropoietic stimuli (eg,
erythropoiesis-stimulating agents)™> or (chronic) inflammatory
conditions®® and has been associated with portosystemic shunts
(PSS) in dogs.’

Microcytic-hypochromic anemia is considered a main hallmark
of iron-limited erythropoiesis (ILE).* Conventional RBC indices
(mean corpuscular volume [MCV], mean corpuscular hemoglobin
[MCH], mean corpuscular hemoglobin concentration [MCHC])
mainly characterize mature erythrocytes. Due to the long life
span of erythrocytes (120 days in people and dogs, 70 days in
cats), ID has to be present for weeks to months before changes
in these indices even become apparent.®*®! Thus, conventional
RBC indices are relatively insensitive during the early stages of
iron-deficient states, and acute or subacute ID can consequently
go unrecognized.'*12

Reticulocyte indices reflect functional iron available for eryth-
ropoiesis over the past two to four days.>** Several reticulocyte
variables have been investigated and introduced for ILE diagnoses
in recent years, with reticulocyte hemoglobin content becoming in-
creasingly important. Reticulocyte hemoglobin content has gained
particular significance in the early detection of iron-deficient states
in children and adults.*>*¢ Various studies performed in dogs have
shown that reticulocyte hemoglobin content alone is insufficient for
the diagnosis of ID but can be used as a complementary marker for
the early detection of ILE.#%%7

Depending on various methodologies, different terminologies
are used for reticulocyte hemoglobin content (Table 1). Siemens
hematology analyzers determine both the volume and hemoglo-
bin concentration of mature erythrocytes and reticulocytes. CHr is
calculated as the product of the mean reticulocyte volume (MCVr)
and mean corpuscular hemoglobin concentration (CHCMr) of re-
ticulocytes.*%1* Hematology analyzers manufactured by Sysmex
and IDEXX use the mean value of forward scattered light of mature
erythrocytes (RBC-Y) and reticulocytes (RET-Y)'° to determine the
hemoglobin equivalent of erythrocytes (RBC-He) and reticulocytes
(RET-He/RETIC-HGB).®1018

RETIC-HGB (IDEXX ProCyte Dx) has recently been introduced

for veterinary use. This variable has been shown to be an early

indicator of ILE in dogs but failed to provide a specific distinction
between different disease complexes.’? With regard to cats, only
one study has been published, evaluating a reference interval (RI)
(0.88-1.22 fmol/14.2-19.7 pg) and cut-off values for CHr.Y” At a cut-
off value of 0.88 fmol (14.2 pg), sensitivity and specificity to detect
ILE were 93.3% and 76.9%, respectively.!’

The objective of this study was to evaluate RETIC-HGB on the
IDEXX ProCyte Dx hematology analyzer with the goals of estab-
lishing an RI, assessing RETIC-HGB stability at room temperature,
and determining its precision and comparability with CHr values.
Furthermore, we evaluated the utility of RETIC-HGB for the diagno-
sis of feline ILE compared with that of CHr.

Our hypothesis was that RETIC-HGB can be used as an early in-
dicator of ILE in cats and compares well with CHr.

2 | MATERIALS AND METHODS
2.1 | Study population
2.1.1 | Healthy population

The control population consisted of 59 healthy, nonanemic, client-
owned adult cats that presented for health checkups (n = 12), prean-
esthetic controls (n = 2), or blood donations (n = 45) between October
2017 and October 2018. Eleven blood donors (11/45) presented for
repeated blood donation (more than one blood donation, last blood do-
nation performed more than three months before the inclusion into this
study). A normal health status was established if no abnormalities were
found from the historical information, physical examination, and CBC
and biochemistry profiles. The hematocrits (HCTs), hemoglobin con-
centrations (HGBs), and RBC counts also needed to be within normal
limits (ProCyte Dx, manufacturer's RIs?%; ADVIA 2120, internal labora-
tory Rls [Department of Veterinary Clinical Pathology, Justus-Liebig-

University Giessen, Germany]).

2.2 | Diseased population

The diseased population comprised a total number of 216 diseased
cats. These animals were grouped according to their diagnosed dis-
order. The most probable etiopathogenesis of ILE (ie, hematologic
diseases, inflammatory diseases, miscellaneous diseases, neoplastic
diseases, portosystemic shunts, and renal diseases) was based on
historical information, clinical examinations, and CBC and biochemi-

cal analyses of blood samples (EDTA, heparin plasma, serum) and

TABLE 1 Terminology used for the determination of reticulocyte hemoglobin content

Sysmex XE-2100, XE-5000,

Siemens ADVIA 120 or 2120/2120i
Siemens Healthcare GmbH, Erlangen, Germany

CHr Ret-He

XN-9000
Sysmex Corporation, Kobe, Japan

IDEXX ProCyte Dx
IDEXX Laboratories, Maine, USA

RETIC-HGB (previously also Ret-He)
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additional diagnostic modalities (eg, liver function tests, diagnostic
imaging). Cats diagnosed with inflammatory disorders (eg, sepsis,
feline infectious peritonitis, pneumonia) were assigned to the in-
flammatory disease group. Irrespective of the underlying etiopatho-
genesis of ILE, the evidence of inflammation was of interest in all
disease groups. Therefore, cats were diagnosed as having inflamma-
tion if pyrexia, and/or inflammatory leukograms and/or increased
SAA concentrations were present.

The grouping was performed by a first-year Internal Medicine
Resident (MK) and an ECVCP Diplomate (NB).

2.3 | RIs and the imprecision of limits for RETIC-
HGB and CHr

RIs for RETIC-HGB and CHr were calculated using Reference
Value Advisor,?! a freeware add-in for Microsoft Excel 2010-2013
(Microsoft Corporation). As recommended by Reference Value
Advisor?! and Friedrichs et al,?? the robust method was used
(40 < n < 120). Tukey's test was performed to detect possible outli-
ers. The imprecision of limits was estimated by the ratio of the width
of the 90% confidence interval (WCl) and the width of the respective
reference interval (WRI).% Imprecision of the limits was considered
acceptable if the ratio of WCI/WRI was <0.2.%2

A calibration of both the Siemens ADVIA 2120 and the ProCyte
Dx hematology analyzer was performed by Siemens and IDEXX
personnel during the annual maintenance service. Internal quality
control (QC) was performed daily using three levels of commer-
cially available QC material (IDEXX ProCyte Dx, IDEXX ProCyte
Dx Quality Control; Siemens ADVIA 2120, ADVIA Testpoint
Hematology Controls).

2.4 | Stability of RETIC-HGB

Because agglutination as a result of incorrect sample handling, storage-
related swelling of cells, or hyperosmolarity may lead to macrocytosis24
and an erroneous increase of RETIC-HGB may occur with this condi-
tion,2° the stability of RETIC-HGB over 48 hours was assessed by meas-
uring ten EDTA blood samples after storage at room temperature for four
different time periods. The first measurement was performed within
one hour after collection, then after six hours, 12, 24, and 48 hours, re-
spectively. Statistical analysis was performed using GraphPad Prism 8
(GraphPad Software). Because distribution did not pass the Shapiro-Wilk
test for normality, a nonparametric Friedman test was used to assess
RETIC-HGB stability. Significance was set at P < .05.

2.5 | Intra-assay coefficient of variation for RETIC-
HGB and CHr

The intra-assay coefficient of variation (CV) for RETIC-HGB was cal-

culated from repeated measurements (n = 25) of one feline sample
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in the middle range (RETIC-HGB = 15.6 pg) of the Rl according to the
following formula: CV (%) = standard deviation/mean x 100. CV for
CHr was calculated from repeated measurements (n = 20) of one fe-
line sample in the middle range (CHr = 15.9 pg) of the RI. All analyses
were performed in succession (within a one-hour time frame; both
analyzers (ProCyte Dx and Siemens ADVIA 2120) need less than
2 minutes for each analysis).

2.6 | Comparison of RETIC-HGB and CHr in cats

Correlations between RETIC-HGB and CHr were assessed using
leftover EDTA blood samples (n = 275) of feline patients admitted
to our clinic (Small Animal Clinic, Justus-Liebig University Giessen).
Samples were randomly analyzed on either one of the analyzers first
to avoid bias. A special method for randomization was not used. For
statistical analyses, Spearman's coefficient of rank correlation (rs),
Bland-Altman plots, Cusum tests, and Passing-Bablok regression
analyses were performed using MedCalc Version 15.11.4 (MedCalc
Software).

2.7 | An evaluation of the diagnostic utility of
RETIC-HGB and CHr for diagnosing iron-limited
erythropoiesis in cats

Overall, CBCs, biochemistry profiles, iron panels, SAA values, and
additional patient data from 216 diseased cats and 59 healthy cats
were included. For the diagnosis of ILE, animals did not have to be
anemic. The algorithm used for an ILE diagnosis is shown in Figure 1.
In the case of an ILE diagnosis, the most relevant underlying etiology
was of interest. Thus, cats with ILE were separated into groups ac-
cording to their diagnosis and the most probable etiopathogenesis
of ID (ie, hematologic diseases, inflammatory diseases, miscellane-
ous diseases, neoplastic diseases, portosystemic shunt, and renal
diseases).

Serum iron was measured on the ABX Pentra C400 (Horiba ABX
SAS) clinical chemistry analyzer using a direct colorimetric method
(ferene method). For the determination of %TfS, total iron-binding
capacity (TIBC) indirectly reflecting transferrin concentration had
to be assessed first. Samples were pretreated with a kit for TIBC
(bioanalytic GmbH) and were then analyzed just like samples for iron
measurement resulting in the unbound iron-binding capacity (UIBC).
TIBC was consistent with the sum of UIBC and serum iron concen-
tration. %TfS was then calculated from plasma iron and TIBC as fol-
lows: %TfS = serum iron/TIBC x 100.

SAA was measured using a latex agglutination reaction previ-
ously evaluated for cats?® (LZ Test “Eiken” SAA, Mast Diagnostica
GmbH) on the ABX Pentra C400.

Two levels of QC samples (serum iron, TIBC, SAA) were analyzed
daily using control samples provided by the manufacturer (Horiba
ABX SAS, ABX Pentra N Control). All results met the performance

goals.
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{ serum iron (<6.3 pmol/L)* or
AND
anemia
{ hematocrit (< 30.3 %)#
or
or

4 hemoglobin (< 9.8 g/dL)#

or
L RBC (< 6.54 x 10"2/L)#

AND

l

{ percentage transferrin saturation (< 12.3 %)*

altered RBC indices
4 MCV (< 35.9 fL)#

or

4 MCH (< 11.8 pg)#

diseases accountable for ID
hematologic diseases
inflammatory diseases

miscellaneous diseases
neoplastic diseases
portosystemic shunt

renal diseases

FIGURE 1 An algorithm for diagnosing iron-limited erythropoiesis (ILE). *,Cut-off values for serum iron and %TfS, which had previously
been established by our working group in 59 healthy cats (unpublished data); #,Lower end of the reference interval of the IDEXX ProCyte
Dx%° hematology analyzer; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume

Reticulocyte hemoglobin content (RETIC-HGB, CHr) and SAA were
compared in cats with and without ILE using an unpaired t test or the
nonparametric Mann-Whitney U test, whereby commercially available
statistical software was applied (GraphPad Prism 8). Normality was as-
sessed with the Shapiro-Wilk test. The diagnostic utility of a decreased
RETIC-HGB and CHr to diagnose ILE was analyzed using the lower limit
of the established Rls as the cut-off value. MedCalc Version 15.11.4
software was used to plot receiver operating characteristic (ROC)
curves and calculate the area under the ROC curve (AUC-ROC), which
compared both ROC curves and assessed sensitivities and specificities.
A P < .05 was considered significant for all tests.

2.8 | Study approval registration and owner consent

The study was performed according to the German Animal
Welfare Act (article 8) and was approved by the responsible ethics
committee (Regierungsprasidium Giessen, Dezernat 54, Wetzlar,
Germany, ethics committee number #V 54-19 ¢ 20 15 h 02 Gl
18/17 kTV 11/2017; 10/09/2017). Client consent was obtained
through the conditions of admission at the Small Animal Clinic,
Justus-Liebig-University Giessen, Germany, which included the
owners giving their agreement that specimens (eg, blood) could
be sent to internal and external laboratories for special diagnos-
tics. For all parts of the study, no further sampling was required,

and only leftover blood (EDTA, heparin plasma, serum) was used.

3 | RESULTS
3.1 | Study population
3.1.1 | Healthy population

The most represented breeds within the healthy cat population were
Domestic Shorthair (n = 39/59), British Shorthair (n = 6/59), and
Maine Coon (n = 4/59) cats, followed by crossbred cats (n = 3/59),
Chartreux (n = 2/59), Turkish Angora (n = 2/59), and one of each
British Longhair, Burma, and Scottish Fold cats. These animals, in-
cluding 35 males (two intact) and 24 females (two intact), were be-

tween four months and 18 years of age (median age 5.2 years).

3.2 | Diseased population

Diseased cats were categorized as having miscellaneous (eg, car-
diorespiratory disorders) (n = 131/216), neoplastic (n = 23/216),
hematopoietic (n = 17/216), inflammatory (n = 16/216), and renal
(n = 15/216) diseases, or portosystemic shunts (n = 14/216).
The most represented breeds within the diseased cat population
were Domestic Shorthair (n = 137/216), crossbred (n = 20/216),
British Shorthair (n = 19/216), and Maine Coon (17/216) cats, fol-
lowed by 23 cats of different breeds (eg, Bengal, British Longhair,

Burmese, Domestic Longhair, Persian). These animals, including
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TABLE 2 Reference intervals for reticulocyte hemoglobin content (CHr, RETIC-HGB) in healthy, nonanemic cats (N = 59)

Variables n Units Mean SD Median Min
RETIC-HGB 59 pg 15.4 1.3 15.7 12.6
CHr 59 pg 16.9 1.5 171 13.9

Max RI LRL (90% CI)

18.4 12.5(12.0-13.2)
19.7 14.0 (13.4-14.5)

RI'URL (90% CI) Dist Meth

18.0(17.5-18.4) NG Rb
19.9 (19.5-20.4) NG Rb

Abbreviations: CHr, reticulocyte hemoglobin content (Siemens ADVIA 2120); Cl, confidence interval; Dist, distribution; LRL, lower reference
limit; max, maximum; Meth, method; min, minimum; n, number of valid observations; NG, non-Gaussian; pg, picogram; RETIC-HGB, reticulocyte
hemoglobin content (IDEXX ProCyte Dx); RI, reference interval; Rob, robust method; SD, standard deviation; URL, upper reference limit.

TABLE 3 Reference interval accuracies estimated by the ratio of the width of the 90% confidence interval and the width of the reference

interval (WCI/WRI)

RI WRI 90% CI (LRL)
RETIC-HGB (pg) 12.5-18.0 5.5 12.0-13.2
CHr (pg) 14.0-19.9 59 13.4-14.5

WCl, WCcCl, /WClI 90% CI (URL) WCl, WCI,/WRI
1.2 0.22 17.5-18.4 0.9 0.16
11 0.19 19.5-20.4 0.9 0.15

Abbreviations: Cl, confidence interval; LRL, lower reference limit; RI, reference interval; URL, upper reference limit; WCI , width of the 90%
confidence interval of the lower reference limit; WCIu, width of the 90% confidence interval of the upper reference limit.

p=0.14
18-
=)
£ 171
m
(O]
I 161
)
b 15
o
14 T T T T
> > o <
N © ‘1?‘ b“b

FIGURE 2 The stability of reticulocyte hemoglobin content
(RETIC-HGB) over 48 h (n = 10) in feline EDTA blood samples.
Results are shown as the median and range. P < .05 indicates
significant differences between the storage periods. RETIC-HGB,
reticulocyte hemoglobin equivalent (IDEXX ProCyte Dx); P, level of
significance

127 males (18 intact) and 89 females (eight intact), were between
three months and 19 years of age (median age 8.17 years).

3.3 | RIS and the imprecision of limits for RETIC-
HGB and CHr

Results are presented in Tables 2 and 3. Outliers were not detected

for either variable.

3.4 | Stability of RETIC-HGB

RETIC-HGB values did not change significantly over time, although
a slight upward trend was noted (Figure 2). Median values increased
slightly by 4% from 15.50 pg after 1 hour to 16.15 pg after 48 hours.
All RETIC-HGB values remained within the RI.

10 |-

[}
T

o

RETIC-HGB (pg) — CHr (pg)
n

‘10 i 1 1 1 1 1
0 5 10 15 20 25
Mean of RETIC-HGB (pg) and CHr (pg)

FIGURE 3 A Bland-Altman plot of reticulocyte hemoglobin
content (RETIC-HGB and CHr) (n = 275) with lines for the mean
difference (blue solid line) and for the 95% limits of agreement
(red dashed lines), as well as the line of equality (orange dotted
line). CHr, reticulocyte hemoglobin content (Siemens ADVIA 120
or 2120/2120i); RETIC-HGB, reticulocyte hemoglobin equivalent
(IDEXX ProCyte Dx)

3.5 | Intra-assay coefficient of variation for RETIC-
HGB and CHr

The 25-run intra-assay CV for RETIC-HGB was 3.32%
(0.52 pg/15.66 pg x 100). The 20-run intra-assay CV for CHr was
3.01% (0.48 pg/15.95 pg x 100).

3.6 | Comparisons of RETIC-HGB and CHr in cats

To estimate the correlation between RETIC-HGB and CHr in cats,
275 feline samples with RETIC-HGB ranging from 11.3 to 26.7 pg

and CHr ranging from 11.6 to 22.7 pg were evaluated. Spearman's
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coefficient of rank correlation was moderate?” (ry=0.59; P <.0001;
95% Cl 0.50-0.66). The Bland-Altman plot revealed a small negative
systematic bias of -1.2 pg (Figure 3). The Cusum test did not show
a significant deviation from linearity (P = .65). The Passing-Bablok
regression analysis showed both small constant and proportional er-
rors (Figure 4). The regression equation was y = 1.31 + 0.84x, with
an intercept of 1.31 (95% Cl -0.53-2.89) representing constant error
and a slope of 0.84 (95% Cl 0.75-0.96) representing proportional

error.

30 -
25
20

15

RETIC-HGB (pg)

10

[ y=1312 + 0,840 x

o

0 5 10 15 20 25 30
CHr (pg)

FIGURE 4 A Passing-Bablok plot of RETIC-HGB and CHr

(n = 275) with a regression line (solid blue line), a 95% confidence
interval for the regression line (red dashed line), and an identity line
(orange dotted line). CHr, reticulocyte hemoglobin content (Siemens
ADVIA 120 or 2120/2120i); RETIC-HGB, reticulocyte hemoglobin
equivalent (IDEXX ProCyte Dx)

3.7 | An evaluation of the diagnostic utility of
RETIC-HGB for diagnosing iron-limited erythropoiesis
in cats

Overall, ILE occurred in 20/275 cats (7.3%), accounting for 9.3% of
the diseased cat population (n = 20/216). The most represented
breeds within the ILE group were Domestic Shorthair (n = 12/20),
crossbred (n = 3/20), and British Shorthair (n = 2/20) cats, followed
by three cats of different breeds (eg, Maine Coon). These animals,
including 14 males (one intact) and six females (one intact), were be-
tween three months and 18 years of age (median age 9.2 years).

Nineteen of 20 cats showed decreased serum iron concentrations
(<6.3 umol/L), 12/20 had decreased percent transferrin saturation
(%TfS; <12.3%), and 11/20 cats had both decreased serum iron as well as
decreased %TfS. A decrease in CHr (<14.0 pg) was detected in 6/20 cats,
whereas a decrease in RETIC-HGB (<12.5 pg) was found in only 1/20
cats. Eighteen out of 20 cats showed an SAA concentration (>3.9 pg/
mL%). Inflammatory diseases accounted for the largest subpopulation
(8/20, 40%) in ILE cats. The second most common causes of ILE were
neoplastic and miscellaneous diseases (each 4/20, 20%). In the neoplasia
group, 3/4 cats had concurrent evidence of inflammation, whereas all of
the cats included in the group with miscellaneous diseases had a con-
comitant inflammatory reaction. Hematopoietic disorders were present
in 2/20 cases (10%), PSS and renal disorders accounted for 1/20 (5%)
each. Leukocytosis, as well as neutrophilia, were detected in one cat
each in the hematopoietic (1/2) and renal disease (1/1) groups. In total,
17/20 cats showed evidence of inflammation.

Compared with the non-ILE cats, ILE cats had significantly lower
median RETIC-HGB and mean CHr values. Median SAA concentra-
tions were significantly higher in ILE cats (Table 4).

TABLE 4 A comparison of reticulocyte hemoglobin content values, RBC variables, iron metabolism variables, and SAA measurements
between ILE and non-ILE cats. Results are depicted as the median and range (*CHr, mean and standard deviation)

Median value and range

Variable

RETIC-HGB (pg)
CHr (pg)*

RBC (x10'%/L)
Hematocrit (L/L)
Hemoglobin (g/dL)
MCV (fL)

MCH (pg)

Iron (umol/L)
TIBC (umol/L)
%TfS

SAA (ug/dL)

ILE (n = 20)

14.25 (11.70-16.30)
14.69 + 1.57

6.86 (1.49-11.50)
26.60 (7.80-38.90)
8.65(1.90-12.70)
39.80(33.80-52.30)
12.65 (10.70-15.00)
5.10 (1.80-7.00)
42.80 (26.73-85.05)
11.20 (3.29-22.96)
44.60 (1.40-187.90)

Non-ILE (n = 255) P-value
15.15(12.24-18.20) .0046
16.49 + 1.68 <.0001
9.33(1.02-13.87) #

41.00 (5.20-66.20) #
12.70(1.00-18.10) #
43.45 (30.50-71.20) #
13.80 (9.10-22.80) #
11.85 (1.40-58.60) #
49.82(21.06-104.50) #
24.36 (2.70-157.41) #

<

2.30(0.10-309.10) .0001

Note: P < .05 indicates significant differences between both groups. Significant results are shown in bold numbers.

Abbreviations: %TfS, transferrin saturation; CHr, reticulocyte hemoglobin content (Siemens ADVIA 120 or 2120/2120i); ILE, iron-limited
erythropoiesis; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; p, level of significance; RETIC-HGB, reticulocyte hemoglobin
equivalent (IDEXX ProCyte Dx); SAA, serum amyloid A; TIBC, total iron-binding capacity, #P-values not reported as these variables were

nondependent.
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TABLE 5 Sensitivity, specificity, and area under the ROC curve (AUC-ROC) for the RETIC-HGB cut-off value of 12.5 pg and for the CHr

cut-off value of 14.0 pg in cats with iron-limited erythropoiesis (ILE)

Sensitivity (95% CI)

RETIC-HGB (12.5 pg)
CHr (14.0 pg)

5% (0.2-30.2)
35% (18.1-56.7)

Specificity (95% Cl) AUC-ROC (95% Cl)
97% (94.5-98.9)

87% (82.6-90.9)

0.66(0.55-0.76)
0.74 (0.63-0.84)

Abbreviations: AUC-ROC, area under the receiver operating characteristic (ROC) curve; CHr, reticulocyte hemoglobin content (Siemens ADVIA 120
or 2120/2120i); Cl, confidence interval; RETIC-HGB, reticulocyte hemoglobin equivalent (IDEXX ProCyte Dx).

RETIC-HGB vs CHr

100
8 P=0.16
2
2 50
?
c
Q
(2
CI""""'I""""'I
0 50 100

1 - Specificity

FIGURE 5 Areceiver operating characteristic (ROC) curve
analysis regarding the diagnostic use of reticulocyte hemoglobin
equivalents (RETIC-HGB) and reticulocyte hemoglobin content
(CHr) in diagnosing iron-limited erythropoiesis (ILE). CHr,
reticulocyte hemoglobin content (Siemens ADVIA 120 or
2120/2120i); RETIC-HGB, reticulocyte hemoglobin equivalent
(IDEXX ProCyte Dx); P, level of significance

The sensitivity, specificity, and AUC-ROCs of the RETIC-HGB
and CHr cut-off values for the diagnosis of ILE are shown in Table 5
and Figure 5. The AUC-ROCs revealed low (RETIC-HGB) and mod-
erate (CHr) accuracy,?® respectively. Using the lower limit of the RI
as the cut-off value resulted in a low sensitivity and relatively high
specificity in being able to diagnose ILE in cats. The AUC-ROC had a
broad 95% confidence interval.

4 | DISCUSSION

Except for the manufacturer's operating guidelines,?° current lit-
erature does not provide any information regarding RETIC-HGB Rls
in cats. Compared with the manufacturer's Rl (13.2-20.8 pg), the RI
determined in this study (12.5-18.0 pg) was slightly narrower and
had a marginally lower upper limit. Moreover, the Rl was well below
the Rls published for dogs (ie, 22.3-29.6 pg?° and 22.2-28.6 pg®’)
and had a slightly narrower range. Similar results have been found
for CHr (1.43-1.71 fmol [23.0-27.6 pg] in dogs and 0.88-1.22 fmol
[14.2-19.7 pg] in cats).” The smaller cellular volume of feline com-
pared with canine reticulocytes could explain the lower feline RI.
Currently, there is a paucity of information available for feline Rls of
CHr. Our CHr Rl shows a high agreement with a previously published
RIY (ie, 14.0-19.9 pg in our study vs 14.2-19.7 pg in the previous

study, if the units are converted into pg). The conversion factors
used (pg = fmol x 16.11) were primarily established for human blood
samples, and the application of this conversion must be regarded as
a certain limitation of this study. Additionally, IDEXX Laboratories,?°
as well as PRINS et al'” established their Rls using a larger popula-
tion (n = 145, personal communication Dennis DeNicola, 2019 and
n = 150, respectively).

Based on the WCI/WRI ratio, the imprecision of limits of the Rls,
and thus, the number of reference samples used in this study could
be considered suitable. For RETIC-HGB, the WCI/WRI ratio of the
lower reference limit exceeded 0.2. However, given the slight ex-
ceedance of 0.02, the Rl might still be considered useable.

Since the German cat population mainly consists of Domestic
Shorthair cats, determination of Rls based on a population predom-
inantly consisting of this breed (n = 39/59; 66.1%) should be consid-
ered suitable. However, an influence of certain breeds (ie, pedigree
cats) has been demonstrated for some hematologic and clinical
chemistry variables®® and has to be taken into consideration. The
age distribution of our healthy cat population could be considered
representative as similar distributions were found in demographic
studies of English and Australian cat populations.m’32

The overall stability of RETIC-HGB (Figure 2) is in accordance
with human®® and canine studies.’”?? In contrast to dogs, human
RETIC-HGB increased over time without statistical significance
(P = .14). Consequently, RETIC-HGB might be falsely increased in
older blood samples (22 days). Accordingly, storage-related RBC
and reticulocyte swelling can lead to physiologic or even increased
RETIC-HGB values, despite the presence of ID,?° possibly con-
tributing to a misinterpretation of the actual iron status. As the
ProCyte Dx represents an in-house hematology analyzer, sample
storage at room temperature for more than 24 hours is unlikely.?’
Prolonged sample storage should, therefore, be considered a neg-
ligible factor.

The intra-assay CV of 3.3% reflected a precise and repeatable
RETIC-HGB measurement and is in accordance with human studies.'®
In cats, the number of punctate reticulocytes is much greater than
in dogs.®® As the distinction between aggregate and punctate retic-
ulocytes is often difficult using automated hematology analyzers, a
higher CV (3.3%) is plausible in cats than in dogs (CV 1.8%27% that
only have aggregate reticulocytes. Additionally, as reported for CHr, a
higher CV might be explained by lower reticulocyte counts in cats.’

The correlation between RETIC-HGB and CHr was moderate
(r,=0.59). Thisresultisinterestingin the face of similar Rls obtained for

both variables and might be explained by the different methodologies
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of both hematology analyzers.29 CHr is calculated as the product of
MCVr and CHCMr (CHr = MCVr x CHCMr). The ProCyte Dx uses
the mean value of the forward scattered light of reticulocytes labeled
with fluorescent dyes (RET-Y) to determine the hemoglobin equiva-
lent of reticulocytes (RET-He, new term RETIC—HGB).10 Finally, the
correlation of RET-Y with MCH of the respective cell population (re-
ticulocytes) results in a mathematical transformation into RET-He/
RETIC-HGB.?’ Thus, cellular variables affecting light scattering,
such as individual cellular sizes, likely resulted in greater RETIC-HGB
changes. For example, false-low RETIC-HGB levels could be found in
cases of microcytosis, whereas they could be falsely high with mac-
rocytosis.25 Thus, macrocytic anemias can lead to physiologic or even
increased RETIC-HGB values, despite the presence of ID. Due to the
relationship described above, RETIC-HGB is not suitable for assess-
ing iron status in macrocytic anemia.?’ AID or FID are predominantly
associated with the presence of microcytic-hypochromic anemias,
resulting in decreased RETIC-HGB concentrations due to both a de-
crease in cellular size and a decrease in hemoglobin content.?’ It can
thus be assumed that RETIC-HGB can be used as an indicator of iron
status in the presence of both AID and FID.

Automated hematology analyzers primarily determine aggregate
but not punctate reticulocytes.®® Therefore, the reticulocyte count
reported reflects aggregate reticulocytes. However, a small overesti-
mation of the reticulocyte count has been reported for feline samples
analyzed on Sysmex analyzers. A possible explanation for this finding
is the inclusion of a low number (approximately 6%) of punctate retic-

.35 The low

ulocytes into the analyzer's aggregate reticulocyte coun
proportion of punctate reticulocytes included might potentially vary
between different analyzers and methodologies and is another po-
tential reason for the relatively low correlation between RETIC-HGB
and CHr (r;=0.59 in cats vs r, = 0.74 in dogs?’). The low proportion
of punctate reticulocytes counted could further contribute to a pos-
sible misinterpretation of RETIC-HGB in cats. Punctate reticulocytes
are more mature than aggregate reticulocytes and reflect iron status
from the past two weeks rather than the iron status of the past two
to four days, as in the case of aggregate reticulocytes.36

Criteria for diagnosis of ILE included either the presence of ane-
mia and/or decreased MCH/MCV. Therefore, a bias due to these
inclusion criteria has to be taken into consideration. Based on the
significant decreases in RETIC-HGB and CHr in ILE cats, it is likely
that reticulocyte hemoglobin content is a suitable variable for the
diagnosis of ILE.*

The presence of inflammatory processes (17/20 ILE cats) com-
bined with significantly decreased RETIC-HGB values indicated
cytokine-mediated iron sequestration. Lipopolysaccharides (LPS)

15 resulting

37

and interleukin-6 (IL-6) induce hepcidin expression,
in increased uptake and retention of iron within macrophages.
Consequently, the limited availability of iron will lead to the inhibi-

tion of erythropoiesis.3

Currently, there is no true gold standard for diagnosing ID.1%7
Bone marrow (BM) aspirates have been regarded as the gold standard
for diagnosing AID in people. Nevertheless, the absence of stainable

iron is not necessarily associated with IDA.%8 Cats lack stainable iron

(hemosiderin) in their BM,%? and therefore, BM samples cannot be
used to evaluate feline iron status. Variables of iron metabolism (ie,
serum iron concentration, TIBC, %TfS) can be altered due to var-
ious pathologic mechanisms and are, thus, not always effective in
detecting ILE.” In addition to the lack of a gold standard, the lack
of further biochemical testing (eg, determination of ferritin or the
soluble transferrin receptor [sTfR]) was a limiting factor of this study.
STfR has not yet been evaluated in veterinary medicine,?’ and prob-
lems with the standardization of sTfR in human medicine remain.'®
Ferritin could provide a decision-making aid in the presence of AID
and FID.% However, there is limited availability of a species-specific
ELISA suitable for assessing feline serum ferritin concentrations.
Moreover, the sample volumes of leftover serum blood samples in-
cluded were relatively low, so ferritin was not measured in this study.

Due to the overlapping results between individual disease
groups, neither CHr nor the variables of iron metabolism are suitable
to reliably differentiate between underlying diseases that ultimately
result in ILE.

CHr has been shown to be an early marker of ILE and, therefore,
should begin to decrease before conventional variables can identify
ILE.*'8 In this study, however, AUC-ROC values for CHr revealed
only moderate test performances (AUC-ROC = 0.74). Better test
performance was found in a canine study (AUC-ROC = 0.87-0.91),"
in which ID was induced by feeding an iron-depleted diet. A study
evaluating CHr cut-off values to detect ILE in anemic cats using a
cut-off value of 0.88 fmol (14.2 pg if the units were converted into
pg) revealed a high sensitivity (93.8%) and an acceptable specific-
ity (76.9%).Y Cats included in our study did not have to be anemic
to be diagnosed with ILE, likely contributing to the lower sensitiv-
ity found. Moreover, the proportion of ILE cats was markedly lower
than in the previous study'” and probably contributed to the low
sensitivity in this study. It has been demonstrated that the preva-
lence of a disease significantly influences the test sensitivity. A me-
ta-analysis of 416 studies*® with median disease prevalence ranging
from 1% to 77% revealed that a “change in disease prevalence from
the lowest to highest value™© resulted in a corresponding change
in sensitivities and specificities of up to 40%. The AUC-ROC values
for feline RETIC-HGB were well below the AUC-ROCs published in
dogs?’ (AUC 0.90-0.91) using similar inclusion criteria for the diag-
nosis of ILE. Still, due to the lack of a gold standard for detecting
ILE, a reasonable quantification of test performance is arguable and
complicates the use of cut-off values 111727 Additionally, serum iron
concentration and %TfS were used to classify ILE. As previously de-
scribed,?’ any variation in these variables (iron, TIBC, %TfS) influ-
ences test performance.

Despite all the limitations, CHr and RETIC-HGB could be re-
garded as complementary markers for the detection of developing
ILE, as they will be provided automatically with every hematologic
analysis performed on the Siemens ADVIA and ProCyte Dx hema-
tology analyzers. Both variables are available for routine analyses,
even in a point-of-care setting,?’ and provide relatively inexpensive
screening tools in suspected ILE cases. Currently, RETIC-HGB is

not a specific criterion to differentiate between AID or FID.8 Thus,
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further studies are required for RETIC-HGB evaluations based on a
larger and more extensive sample selection.?’

5 | CONCLUSIONS

CHr and RETIC-HGB are precise and stable variables reflecting
feline reticulocyte hemoglobin content and are significantly de-
creased in cats with ILE. However, the sensitivity for detecting
ILE is markedly lower in cats than in dogs limiting the diagnostic
usefulness of these variables. The moderate correlation between
RETIC-HGB and CHr is likely due to species differences and the
different methodologies.
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