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Summary: This paper describes a comparison between the microscopic brilliant cresyl blue and the flow cytometric
thiazol orange (FACScan) and auramine O (Sysmex) methods for enumeration of reticulocytes.

The mean intra-assay coefficients of Variation for the microscopic, FACScan and Sysmex methods were established
to be 33, 9 and 5% respectively. A rather poor correlation was observed between the microscopic count and both
flow cytometric methods (FACScan r = 0.61; Sysmex r = 0.57). However, the correlation between the flow cyto-
metric methods was satisfactory (r = 0.79).

Reference ranges for the reticulocyte count, corresponding with the 2.5th and 97.5th percentile, were determined
for the microscopic (8-30%o), FACScan (ll-27%o) and Sysmex (8-18%o) methods. Sysmex R-3000 methodology
definitely revealed the lowest and narrowest reference ränge.

In conclusion, because of higher reproducibility, flow cytometric analysis of reticulocytes is an attractive alternative
procedure for the microscopic enumeration method.

Introduction with erythropoietin has also been shown to be effective
_ . , , , , , « - , · for the correction of anaemia in zidovudine-treated sub-Reticulocytes are red blood cells with varying amounts . . .r> ·_, , T^TA A " j- " i. r· -j i Jects mfected with human immunodeficiency virus (4).of residual RNA. According to the amount öf residual J

T . - - j j'XT A . , , -,. . . A , r . In all these cases, the reticulocyte count is considered toRNA, reticulocytes can be discnmmated from mature Ä , , · , ~ · *, ,, , „ —. i_' " r *· ^ be a usefiil tool to momtor the effectiveness of erythro-red blood cells. Tke nümber of reticulocytes may pro- . . . , . T , . . . , . .
. j " .... 1 - 1 - · · * * *· ·* - poiesis Stimulation. Improved sensitivity and precisionvide additional Information with respect to activity of * v , . .

erythropoiesis. The" reticulocyte count is an important of automated flow cytometnc reticulocyte analys.s, m
indicator in clinical investigatiöns of subjects with anae- comparison with manual procedures, permits it to be uti-
mia of various causes, e. g. in bone marrow aplasia and lized order to detect minor chanSes in erythropoiesis
in establishing the effect öf therapy, e. g. supplementa- due to supplementation of erythropoietin (5, 6).
tion with iron or cobalamines (1). ^ ^croscopic method for enumeration of reticulo-
Administration of erythropoietin may stimulate erythro- cytes using a supravital stain such äs brilliant cresyl blue
poiesis in cases of anaemia associated with chronicrenal is rather time consuming. Other drawbacks from the
failure, rheumatoid arthritis, cancer, prematürity and manual procedure are the variable distribution of reticu-
bone marrow tränsplantation (2). Therefore, recombU locytes in the blood smear, thesmall nümber ofreticulo-
nant human erythropoietin can be applied in order to cytes which has been actually counted and the large in-
reduce blood transfusion requirements (3). Treatment ter-individual Variation between technologists in mor-
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phologic identification and enumeration of reticulo-
cytes (7).
Tlie availability of flowcytometers in routine hospital
laboratories has provided an attractive tool for auto-
mated determination of the reticulocyte count (8-14).
By using flow cytometry one has the obvious advantage
of being able to classify a larger number of cells in a
shorter period of time s compared to manual methods,
resulting in a rather low statistical inter-operator Varia-
tion. Thiazole orange and auramine O are rnost fre-
quently used s dyes for pretreatment of red blood cells
before flow cytometric reticulocyte enumeration. These
membrane-permeable fluorochrorties tightly bind to nu-
cleic acids by forming a fluorescent nucleotide-reagent
complex, which can be analyzed by flow cytometry
(15).

Results of flow cytometric methods using thiazole or-
ange (FACScan) and auramine O (Sysmex) were com-
pared with each other and with the microscopic brilliant
cresyl blue method. Reference values were separately
established for each method.

Materials and Methods
Blood samples were supplied with tripotassium EDTA s an anti-
coagulant. Samples were collected from subjects with requests for
reticulocyte counts and from 100 apparently healthy blood-donors
(52 males and 48 females) who had not donated blood for at least
9 months. The latter category of subjects was selected in Order to
establish reference values.

Microscopic method

Supravital staining of unfixed blood cells was performed by mixing
100 μΐ whole blood with 100 μΐ brilliant cresyl blue (concentration
10 g/l; Sarstedt B. V., Etten-Leur, The Netherlands), followed by
incubation at room temperature for 30 minutes. Subsequently two
wedge smears were made and reticulocytes were counted sepa-
rately by two technologists in various regions amounting to 500
red cells.

characterized on the basis of the amount of forward light scatter
combined with thcir fluorescence intensity. The Instrument was
calibrated according to the method recommended by the manufae-
turer (TOA Medical Electronics Co., Charles Goff n, Usselstein,
The Netheflands).

Statistical analysis

Comparison of the three reticulocyte enumeration methods was
performed by using the orthogonal regression method according to
Deming (16).

Reference ranges were estimated by application of non-parametric
statistical techniques. For cut-off values, we used the values corre-
sponding with the 2.5th and 97.5th percentile.

Results

Reproducibility

The intra-assay coefficient of Variation for the micro*
scopic and both flow cytometric methods was assessed
by calculations on results obtained from duplicate analy-
ses of blood samples with reduced, normal and slightly
increased reticulocyte counts. Coefficients of Variation
on these three levels were established to be 41, 32 and
25% respectively using the microscopic method. For the
FACScan methodology, coefficients of Variation
amounted to 10, 9 and 7% for the indicated reticulocyte
levels. Concerning duplicate results of the Sysmex R-
3000, coefficients of Variation were estimated to 7, 5
and 3% for samples with decreased, normal and sightly
increased reticulocyte counts, respectively. The meari iri-
tra^assay coefficients of Variation for the microscopic,
FACScan and Sysmex R-3000 method were established
to be 33, 9 and 5% respectively.

FACScan

Commercially available ready-to-use thiazole orange reagent (Re-
tic-COUNT 0.1 mg/1 thiazole orange in phosphate-buffered saline.
Becton Dickinson B. V., Etten-Leur, The Netherlands) was used.
Staining of reticulocytes was performed by adding 5 μΐ whole
blood to l ml Retic-COUNT. The mixture was incubated in poly-
propylene tubes in the dark at room temperature for 2 hours. Flow
cytometry was performed on a FACScan (Becton Dickinson B. V.,
Etten-Leur, The Netherlands). Data acquisition and analysis was
performed using Retic-COUNT Software version 2.2 (Becton Dick-
inson). An analysis gate was automatically set around the red blood
cell population on a forward-scatter versus side-scatter dot plot.
The fluorescence threshold was set automatically to separate au-
tofluorescence of mature red cells from the fluorescent Signal of
positively stained reticulocytes.

Sysmex R-3000

Blood samples are automatically aspirated, diluted and stained with0

the RNA-binding fluorescent dye auramine O. Individual cells are
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Fig. l Relationship, expressed by orthogonal regression line
(y = 0.28 χ + 6.9) and coefficient of correlation (r = 0.57), be-
tween the microscopic and Sysmex R-3000 methods for reticulo-
cyte enumeration in 100 healthy dults (52 men and 48 women).
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Deviations in reticulocyte counts due to test
methodology

Reticulocyte counts obtained by the three methods were
compared in 100 samples of healthy adults. The relation-
ship between the various methods together with the or-
thogonal regression line and coefficient of correlation (r)
are shown in figure l, 2 and 3. Rather poor coefficients
of correlation were observed between the microscopic
count and the FACScan (r = 0.61) or the Sysmex R-
3000 (r = 0.57). The correlation between the flow cyto-
metric methods was satisfactory (r = 0.79).

Frequency distribution histograms and
reference ranges

The reticulocyte count was determined by microscopy
and both flow cytometric methods in blood samples ob-
tained ftom 100 healthy adults (52 men and 48 women).
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Fig. 2 Relationship, expressed by orthogonal regression lirie
(y = 0.47 + 9.8) and coefficient of correlatioa (r = 0.61), be-
tween the microscopic and FACScan methods for reticulocyte enu-
meratiqn in 100 healthy adults (52 men and 48 women).
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Fig. 3 Relationship, expressed by orthogonal regression line
(y = 1.57x - 0.5) and coefficient of correlation (r = 0.79), be-
tween the Sysmex R-3000 and FACScan methods for reticulocyte
enumeration in 100 healthy adults (52 men and 48 women).
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Fig. 4 Frequency distribution histograms for reticulocyte counts
in 100 healthy adults (52 men and 48 women) obtained by FACS-
can, Sysmex R-3000 and microscopic methods.
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Frequency distribution histograms concerning different
methodologies for reticulocyte enumeration are depicted
in figure 4. From the histograms it is obvious that the
distribution of the results of apparently healthy subjects
is not Gtoissian, because a skewness towards higher re-
sults is observed. Sysmex R-3000 reticulocyte counts
show a narrower frequency distribution histogram with
an obvious shift towards lower values compared to both
the FACScan and microscopic method. Reference ranges
for reticulocytes, corresponding with the 2.5th and
97.5th percentile, are shown in table 1. Sysmex R-3000
methodology definitely revealed the lowest and narrow-
est reference ränge.

Discussion

Microscopic reticulocyte counting is one of the classical
methods in haematology (7). Drawbacks of the micro-
scopic method are the rather subjective assessment of
the number according to the stage of maturation of the
red blood cells and the elaborate and imprecise counting
procedure. In particular, microscopic counting does not
permit accurate enumeration of abnormally low reticulo-
cyte levels owing to the large analytical variability.

Application of flow cytometric reticulocyte enumeration
methods has obviously resulted in improved reproducib-
ility. However, various automated and semi-automated

Tab. l Reference ranges for the reticulocyte count, corresponding
with the 2.5th and 97.5th percentile, obtained by different enumera-
tion melhods in 100 healthy adults (52 men and 48 women).

Method Reticulocyte
reference ränge (%o)

Microscopy
FACScan
Sysmex R-3000

8-30
11-27
8-18
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counting techniques which are currently used for reticu-
locyte enumeration, yield deviating results (l, 9, 11,
14, 17).

A major problem for the analysis of reticulocytes based
on the RNA content is caused by the continuous loss of
RNA during maturation of the reticulocyte to a red
blood cell. Objective criteria for discriminating reticulo-
cytes other than characteristics concerning reticulocyte
mo hology are not available. That is a reason why
striking discrepancies between different methodologies
applied for reticulocyte analysis may exist. On the other
band, deviations between results obtained with different
methods may be due to interference frorn other cells. For
instance, in flow cytometric techniques using thiazole
orange for reticulocyte analysis a light scatter gate
around the red blood cell population is utilized to mini-
mize platelet and leukocyte contamination of the col-
lected fluorescence signal (5). Drawbacks of flow cyto-
metric reticulocyte analysis using thiazole orange are the
reported vejrors due to contamination with Howell-Jolly
bodies or nucleated red blood cells and variances in
staining conditions (9, 14, 18). However, in this study
the higher reticulocyte counts obtained by FACScan
compared to Sysmex R-3000 (tab. l, fig. 3) are very
likely not due to inclusions in red blood cells because
our population consists of healthy adults (52 men and
48 women).

Most reports concerning evaluation of automated reticu-
locyte counting procedures yield data comparable to the
manual microscopic method (10, 11, 15). However, in
our investigations only poor coefficients of correlation
could be established between the microscopic counting
technique and both flow cytometric procedures in appa-
rently healthy subjects (flg. l and 2). Probably, the rather

poor correlation is due to the lärge mean coefficient of
Variation (33%) of the microscopic counts. Proficiency
testing programs regarding manual reticulocyte counting
methodologies have documented coefficients of Varia-
tion between different Institutes in the ränge of 40 to
60% (5). In conträst, a considerably better coefficient of
correlation was calculated after comparison of the Sys-
mex R-3000 with the FACScan (fig. 3).

The Sysmex R-3000 methodology revealed the narrow-
est frequency distribution histogram of reticulocyte
counts (fig. 4). As a consequence, for the Sysmex R-
3000 the reference ränge established for apparently heal-
thy subjects is rather narrow (8— 18%o, tab. 1) and in
agreement with earlier pbservations (17, 19). Several
factors should be further investigated in örder to eluci-
date causes for discrepancies between counting pro-
cedures.

In conclusion, flow cytometric counting of reticulocytes
is an attractive alternative procedure to the microscopic
enumeration method. Statistically, the analyticäl
precision of especially the Sysmex R-3000 is signifi-
cantly better than for the microscopic method. Therefore
Sysmex R-3000 allows a more reliable estimation of ab-
nörmally low reticulocyte leVels. This flow cytometric
methodology can be very well utilized to detect minor
changes in erythropoiesis due to suppletion of erythro-
poietin. An additional advantage of the automated flow
cytometric methods is the reductiori of laboratory techni-
cian time.
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