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We processed 317 samples from healthy adult volun-

teers for a complete blood count, including leukocyte

differentials and reticulocyte parameters, through five

new-generation haematology analysers: Abx Pentra

120 Retic, Coulter Gen-S, Sysmex SE 9500, Abbott Cell

Dyn 4000 and Bayer Advia 120. From these data non-

parametric 2.5–97.5 percentile reference intervals

were calculated for all parameters on all analysers. 

Some differences were found compared with previ-

ously reported reference intervals. Reference intervals

for platelet parameters and reticulocytes agreed with

these usually accepted. For red blood cell parameters,

including haemoglobin and haematocrit, and white

blood cell count, including absolute white blood cell

differentials, our calculated reference intervals were in

agreement with less frequently cited earlier reports,

but were lower compared to the usually accepted ref-

erence intervals. Clin Chem Lab Med 2002; 40(1): 69–73
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Introduction

The complete blood count and differential leukocyte
count are widely used in clinical practice and appropri-
ate reference intervals are essential for the interpreta-
tion of patients’ results. Analysers which were used to
establish reference intervals in previous studies are be-
ing replaced by instruments employing newer tech-
nologies and providing extra parameters. Some re-
cently introduced haematology analysers include a

reticulocyte mode which offers an absolute reticulo-
cyte count and reticulocyte maturation parameters (1).
The present study was undertaken to determine refer-
ence intervals in a group of adults of West European
ancestry using five new-generation automated haema-
tology analysers. 

Subjects, Materials and Methods 

Subjects and samples

Our study protocol complied with the recommendations of
the National Committee for Clinical Laboratory Standards 
(NCCLS)(2–4) and the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) (5). The institu-
tional committee for medical ethics approved the study proto-
col, and all volunteers gave informed consent. Volunteers
were recruited by advertisements at the participating hospi-
tals, at the local university and in two local newspapers. They
had to reside in Antwerp and were asked to refrain from partic-
ipation if they were aware of pre-existing illnesses or if they
were taking medication. Infection was an exclusion criterion
and blood donation habits were noted. Blood was collected in
the morning after a 15 min recumbent rest, with the Sarstedt
blood collection system (Sarstedt Monovettes; Sarstedt,
Essen, Belgium). Tri-potassium ethylenediaminotetraacetate 
(K3 EDTA) served as an anticoagulant. Samples were immedi-
ately brought to the laboratory and analysed within 4 hours.

Analysers 

Complete blood counts, including a white blood cell differen-
tial and a reticulocyte count, were performed using five new-
generation haematology analysers: Pentra 120 Retic (formerly
Vegaretic, Abx, Montpellier, France), Gen-S (Coulter Electron-
ics, Miami, USA), SE 9500 (Toa Medical Electronics Co, Kobe,
Japan), Cell Dyn 4000 (Abbott Diagnostics, Santa Clara, USA)
and Advia 120 (Bayer, Tarrytown, USA). All analysers were
calibrated and maintained according to the manufacturer’s in-
structions. Calibration of the different analysers was carried
out using calibrator Minocal™ for Pentra 120 Retic, S-CAL® for
Gen-S, SCS- 1000 for SE 9500, Cell Dyn HemCal™ for Cell Dyn
4000 and Advia SETpoint™ for Advia 120. The different analy-
sers were not adjusted to one another. During the entire study
commercial three-level controls were tested daily on all analy-
sers. This study followed a complete instrument performance
evaluation and comparison. Following the guidelines of the
International Council for Standardisation in Haematology
(ICSH) (6), all analysers were tested for linearity, reproducibil-
ity and carry-over and they were compared with the Coulter
STKS, our routine laboratory analyser. Bias was calculated as
the difference between the target value of the mid-level con-
trol and the mean of the daily results of that control. Impreci-
sion was tested by running the same sample from a healthy
volunteer sixteen times. The coefficient of variation of the 16
runs was calculated. 
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Since every sample had to be tested on all instruments,
there was a time delay between measurements on the differ-
ent analysers. To avoid any influence of this time delay, all
samples were rotated in a strict sequence so that every
analyser in turn received a series of samples first. 

Statistics

The RefVal program (7) was used to calculate the non-para-
metric 2.5–97.5 percentile reference intervals for all parame-
ters on each analyser. This program includes practical ap-
proaches and formulas recommended by the IFCC (5).
Reference intervals for different subclasses (males and fe-
males) were separated according to NCCLS guidelines (2).
The standard normal deviate test (z value) was used to evalu-
ate the significance of the difference between subclass
means. Standard deviations of two subclasses were also com-
pared. If the larger standard deviation exceeded the smaller
1.5 fold, separate reference intervals for the two subclasses
were calculated regardless of the z value. No statistical com-
parison between the reference intervals of the different analy-
sers was made.

Results

Three hundred and seventeen apparently healthy indi-
viduals (142 men and 175 women) with a mean age of
39 years (range 19–60) were enrolled in the study. Forty
seven volunteers had a history of blood donation (26
men and 21 women). Pentra 120 Retic, Gen-S, SE 9500,

Cell Dyn 4000 and Advia 120 analysers analysed a total
of 308, 312, 316, 317 and 317 samples, respectively. An
identical group of 308 samples was analysed on all in-
struments. 

All instruments had imprecision, linearity, carry-over
and comparability characteristics agreeing with the
manufacturers’ specifications. Results of bias and im-
precision are presented in Table 1 and are in agreement
with earlier studies (8–13).

The calculated reference intervals for red blood cell
and platelet parameters are presented in Table 2. Ac-
cording to NCCLS criteria (2), reference intervals for
red blood cell count, haemoglobin concentration and
haematocrit were defined according to gender. The
male and female reference intervals are presented in
Table 2. Blood donors were not excluded since blood
donation habits did not influence our reference inter-
vals for red cell parameters. To evaluate whether some
volunteers had a degree of iron deficiency, we ex-
cluded all volunteers with low iron and ferritin and re-
calculated the reference intervals for red blood cell
count, haemoglobin concentration and haematocrit.
These recalculated intervals were similar to our initially
calculated intervals (data not shown). Reference inter-
vals for reticulocyte count and reticulocyte maturation
fractions are presented in Table 3. Separate male and
female reference intervals were calculated for absolute
reticulocyte count.

Reference intervals for white blood cell count and

Table 1 Bias (%) and imprecision (CV; %) of the complete blood count on different analysers.

Pentra 120 Retic Gen-S SE 9500 CD 4000 Advia 120

Bias Imprecision Bias Imprecision Bias Imprecision Bias Imprecision Bias Imprecision

White blood cell count 0.9 1.5 1.9 0.5 1.4 1.6 2.5 2.0 0.6 1.9
Red cell count 0.2 0.9 1.3 0.4 1.7 0.7 1.1 0.7 1.6 0.5
Haemoglobin 1.5 0.9 0.6 0.1 0.7 0.3 1.4 0.3 1.6 0.5
MCV 0.1 0.5 0.2 0.5 0.3 0.2 0.8 0.2 0.1 0.1
Platelet count 2.7 3.1 2.8 2.5 0.5 1.4 4.3 2.5 0.8 2.7

Table 2 Reference intervals for red blood cell and platelet parameters.

Pentra 120 Retic Gen-S SE 9500 CD 4000 Advia 120

Red cell count F (1012/l) 3.74–4.73 3.70–4.69 3.65–4.59 3.60–4.69 3.74–4.80
Red cell count M (1012/l) 4.16–5.59 4.14–5.56 3.98–5.47 4.06–5.58 4.16–5.63
Haemoglobin F (g/l) 107–141 109–142 110–144 108–142 113–145
Haemoglobin M (g/l) 126–158 130–16.0 129–16.4 129–159 133–162
Haematocrit F (l/l) 0.32–0.42 0.33–0.41 0.32–0.41 0.31–0.41 0.34–0.44
Haematocrit M (l/l) 0.38–0.47 0.38–0.47 0.35–0.46 0.36–0.47 0.39–0.49
RDW (%) 14.4–19.6 11.6–14.9 12.2–14.8 10.4–13.0 13.1–15.0
MCV (fl) 80.0–97.0 81.4–95.1 82.4–97.3 81.1–96.0 83.2–99.8
MCH (pg) 26.3–32.6 26.9–32.9 28.0–34.2 26.9–32.9 27.3–33.0
MCHC (g/l) 321–345 325–348 332–369 325–355 318–349
Platelet count (109/l) 139–329 142–325 142–340 155–366 149–362
MPV (fl) 6.8–10.0 7.6–10.7 9.4–12.9 6.9–10.6 6.4–9.7

F: female population; M: male population; RDW: red cell dis-
tribution width; MCV: mean cellular volume; MCH: mean cel-

lular haemoglobin; MCHC: mean cellular haemoglobin con-
centration; MPV: mean platelet volume.
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white blood cell differential are given in Table 4. To
compare these results with earlier reports, white blood
cell differentials are presented as absolute numbers as
well as percentages. 

Discussion

We studied blood samples from 317 healthy adult vol-
unteers on five new-generation haematology analy-
sers and calculated reference intervals for the complete
blood count, including leukocyte differential and retic-
ulocytes. The importance of some newer parameters
provided by these analysers, such as reticulocyte mat-
uration fractions, is still under study and the calculation
of reference intervals is an important initial step to-
wards the validation process (1). 

Following NCCLS recommendations (2) separate ref-
erence intervals for males and females had to be calcu-
lated for red blood cell count, haemoglobin concentra-
tion, haematocrit and absolute reticulocyte count. For
all other parameters the reference intervals were calcu-
lated for the total population. Blood donation habits
did not influence the reference intervals for red cell
count, haemoglobin concentration and haematocrit
(data not shown).

A number of factors may contribute to differences
between reference intervals reported in different stud-

ies; these include characteristics of the studied volun-
teers (14), the analytical methods and the manner in
which reference intervals were calculated (5).

During our initial instrument evaluation all analysers
were proved to have a good analytical performance. All
instruments performed well on daily quality controls.
The inaccuracy and imprecision are presented in
Table 1. We believe there is no reason to question the va-
lidity of these results from the analytical point of view. 

Our calculated reference intervals for red blood cell
count, haemoglobin concentration and haematocrit
were lower compared to these usually accepted (15,
16), but were similar to the reference intervals pre-
sented in older, less frequently cited studies (17, 18).
The reference intervals reported by Kelly et al. (17) and
Davis et al. (18) are within our calculated 90% confi-
dence intervals for red blood cell count, haemoglobin
concentration and haematocrit, whereas reference in-
tervals reported in Wintrobe’s Clinical Hematology are
outside and above our confidence intervals (data not
shown). Our reference intervals for the mean cellular
volume (MCV) are similar to both recent and older re-
ports (15, 17). We correlated our reference intervals
with those from two small studies where healthy vol-
unteers were enrolled and samples were analysed us-
ing Cell Dyn 4000 (n=74) and Advia 120 (n=39) analy-
sers. The reference intervals for red cell parameters
from these two studies are similar to our results (data

Table 3 Reference intervals for reticulocyte count (109/l and %) and reticulocyte 
maturation fractions (%).

Pentra 120 Retic Gen-S SE 9500 CD 4000 Advia 120

Reticulocyte count F (109/l) 22–95 24–73 16–66 21–98 19–64
Reticulocyte count M (109/l) 31–130 30–90 16–70 30–110 29–69
Reticulocyte count (%) 0.61–2.16 0.61–1.79 0.44–1.55 0.61–2.24 0.50–1.40
Ret low NC NC 84.6–97.1 IRF 0.14–0.35 88.3–98.0
Ret medium NC NC 2.6–13.8 IRF 0.14–0.35 1.5–10.7
Ret high NC NC 0–2.4 IRF 0.14–0.35 0–2.0

F: female population; M: male population; Ret low, Ret
medium and Ret high: percentage reticulocytes with low,
medium or high fluorescence, respectively; IRF: immature

reticulocyte fraction: ratio of immature reticulocytes to all
reticulocytes (value specific to CD 4000 technology); NC: not
calculated

Table 4 Reference intervals for white blood cells.

Pentra 120 Retic Gen-S SE 9500 CD 4000 Advia 120 *

White blood cell count (109/l) 3.48–10.05 3.56–10.03 3.45–9.76 3.70–10.10 3.46–9.78
Neutrophils (%) 39.6–72.5 40.5–74.9 40.2–74.7 39.3–73.7 43.0–74.8
Lymphocytes (%) 18.8–47.4 16.8–46.7 17.6–47.6 18.0–48.3 16.4–45.0
Monocytes (%) 4.6–13.5 4.4–12.9 4.0–11.3 4.4–12.7 2.6–8.2
Eosinophils (%) 0.9–7.0 0.4–6.8 0.9–8.4 0.6–7.3 0.4–6.6
Basophils (%) 0.3–1.8 0.2–1.4 0.0–1.5 0.0–1.7 0.3–1.5
Neutrophils (109/l) NC 1.66–7.16 1.56–7.081 1.63–6.96 1.65–6.81
Lymphocytes (109/l) NC 1.00–2.88 0.98–2.85 1.09–2.99 0.94–2.62
Monocytes (109/l) NC 0.24–0.76 0.20–0.64 0.24–0.79 0.15–0.51
Eosinophils (109/l) NC 0.03–0.41 0.06–0.46 0.03–0.44 0.03–0.38
Basophils (109/l) NC 0.01–0.07 0.00–0.08 0.00–0.08 0.02–0.08

NC: not calculated; * includes LUC: 2.0–5.4% and 0.10–0.31 109/l
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not shown). In elderly people, especially in men above
70 years of age, haemoglobin concentration, red blood
cell count and haematocrit decline (17). Our study pop-
ulation had a balanced age distribution and the results
were not influenced by a higher proportion of the old-
est age group. Following NCCLS guidelines, all sam-
ples were collected after a 15 min recumbent rest and
with restricted use of a tourniquet (3). The strict control
of these pre-analytical factors might explain our lower
red cell reference intervals compared with some other
studies. We realise that these ideal pre-analytical con-
ditions cannot always be met in daily routine practice.

Our calculated platelet reference intervals are in
agreement with both earlier and recently published re-
ports (15, 16, 19). Platelet count in females is higher
compared to males but the difference is small and
there are no arguments to define separate intervals
(19). The mean platelet volume (MPV) shows time-de-
pendent changes due to swelling of platelets in the
presence of anticoagulant, especially EDTA (20). Since
samples rotated in a strict order between analysers, we
do not believe a systematic time delay could result in
the higher MPV reference interval for SE 9500. Rather,
the difference in MPV reference intervals is methodol-
ogy-dependent since aperture-impedance or flow cyto-
metric methods give MPV differences of up to 40% (21).

In a recent evaluation of flow cytometric reticulocyte
counting Butarello et al. also calculated reticulocyte ref-
erence intervals for the same five analysers (22). Al-
though we calculated separate male and female refer-
ence intervals for the absolute reticulocyte count, we
found similar reticulocyte reference intervals, except for
the upper reference limit using Advia 120. In the above
mentioned study the upper reference limit for Advia 120
was above 100×109/l, whereas in our study it was lower
than 80×109/l. The upper reticulocyte reference limit for
the H*3 haematology analyser (66.9×109/l), another
Bayer instrument, reported by d’Onofrio and co-workers
(23), was also lower compared to the study of Buttarello
et al. (22). The difference observed in reticulocyte refer-
ence interval on Advia 120 reported in these studies
needs further evaluation. We presented reference inter-
vals of reticulocyte maturation fractions for SE 9500, Cell
Dyn 4000 and Advia 120 analysers. An increase in the
most immature reticulocyte fraction is known to corre-
late with some clinical conditions (1). Since the analy-
sers have a different, arbitrary base to define these mat-
uration fractions, we simply present these results
without any further remarks.

Our reference intervals for white blood cells are
lower compared to standard reports (15, 16). Reference
intervals for the white blood cell differential presented
as percentages of white blood cells are in agreement
with standard reports, but reference intervals for the
absolute white blood cell differential count are lower,
following the lower count of white blood cells. Our
white blood cell and white blood cell differential inter-
vals are similar to those found by Davis et al. and Bain
et al. (18, 24). In the latter study on white cell count in
females of different ethnic origin Bain mentioned the
importance of comparing patients’ results with the ap-

propriate reference intervals before starting unneces-
sary investigations in healthy “neutropenic” individu-
als. Based on the results collected during the National
Health and Nutrition Examination Surveys (NHANES)
One and Two, van Assendelft reported that there was a
strong indication that the white blood cell count de-
creased over the one decade separating the two sur-
veys (25). Although different studies found a gender-
dependent difference in white blood cell intervals,
especially in neutrophil count (26), the observed differ-
ence between male and female white blood cell count
in our study was too small to calculate separate sub-
class reference intervals. Reference intervals for the
different haematology parameters were similar for all
instruments except for white blood cell differential. In
contrast to the other analysers, Advia 120 has an addi-
tional, sixth cell cluster in its white blood cell differen-
tial (11). This cluster of Large Unstained Cells (LUC)
possibly harbours cells that on other analysers are
found in the lymphocyte and monocyte cell clusters,
leading to a lower reference interval for monocytes on
Advia 120. For this reason we also presented our calcu-
lated reference interval for LUC on Advia 120.

The statistical method for the calculation of refer-
ence intervals used in our study was based on NCCLS
and IFCC recommendations (2, 5). This non-parametric
method is used in most studies (17, 19, 22–24), al-
though some studies also applied a parametric method
(18, 24). The different statistical method could give
slightly different results but would not entirely explain
our lower calculated reference intervals for red blood
cell parameters and for white blood cells.

We reported reference intervals on five haematology
analysers. The most important findings of this study
are the lower reference intervals for red blood cell pa-
rameters and for white blood cells. Although such
lower reference intervals have been presented earlier
using older technology, they are lower than generally
accepted. These results should be considered before
important investigations to evaluate “anaemia” and
“leukopaenia” are initiated.

Acknowledgements

The authors gratefully acknowledge the valuable suggestions
of Dr. S. Scharpé and Dr. F. Pignotti, and the excellent techni-
cal assistance of the staff of the Haematology Laboratory. 

References

1. Brugnara C. Reticulocyte cellular indices: a new approach in
the diagnosis of anemias and monitoring of erythropoietic
function. Crit Rev Clin Lab Sci 2000; 37:93–130.

2. National Committee for Clinical Laboratory Standards. How
to define and determine reference intervals in the clinical
laboratory: proposed guideline. Villanova: Pa. NCCLS, 1995.
NCCLS Document C28-A (ISBN 1-56238-269–1). 

3. National Committee for Clinical Laboratory Standards. Pro-
cedures for collection of diagnostic blood specimens by
venepuncture; approved guideline H3-A3. Wayne, PA: NC-
CLS, 1991.



Van den Bossche et al.: Reference values using different haematology analysers 73

4. National Committee for Clinical Laboratory Standards.
Procedures for the handling and processing of blood spec-
imens; approved guideline H18-A. Wayne, PA: NCCLS,
1990.

5. Solberg H. Approved recommendation (1987) on the the-
ory of reference values. Part 5. Statistical treatment of col-
lected reference values. Determination of reference limits.
J Clin Chem Clin Biochem 1987; 25:645–56.

6. International Council for Standardization in Haematology.
Guidelines for the evaluation of blood cell analyzers in-
cluding those for differential leucocyte and reticulocyte
counting and cell marker applications. Clin Lab Haematol
1994; 16:156–74.

7. Solberg H. RefVal: a program implementing the recom-
mendations of the International Federation of Clinical
Chemistry on the statistical treatment of reference values.
Computer methods and programs in biomedicine 1995;
48:246–56.

8. Lacombe F, Lacoste L, Vial JP, Briais A, Reiffers J, Boisseau
M, et al. Automated reticulocyte counting and immature
reticulocyte fraction measurement. Am J Clin Pathol 1999;
112:676–86.

9. Picard F, Gicquel C, Marnet L, Guesnu M, Levy J. Prelimi-
nary evaluation of the new hematology analyzer Coulter
Gen-S in a university hospital. Clin Chem Lab Med 1999;
37:681–6.

10. Stamminger G, Köppel C, Schaub A, Gärtner I, Tonndorf C,
Meyer K, et al. Performance of the SE-9000 automated
haematology analyser in a laboratory serving a haemato-
logical oncology unit. Clin Lab Haem 1998; 20:143–9.

11. DeJongh-Leuvenink J, van Hintum B, Jansen M, Gold-
schmidt H. Evaluatie Advia 120 (Bayer) en Cell Dyn 4000
(Abbott): een integrale vergelijking van twee volautoma-
tische hemocytometrie analyzers. Ned Tijdschr Klin Chem
2000; 25:118–24.

12. Grimaldi E, Scopacasa F. Evaluation of the Abbott CELL-
Dyn 4000 Hematology analyzer. Am J Clin Pathol 2000;
113:496–505.

13. Siekmeier R, Bierlich A, Jaroß W. The white blood cell dif-
ferential: three methods compared. Clin Chem Lab Med
2001; 39:432–45.

14. PetitClerc C. Approved recommendation (1987) on the the-
ory of reference values. Part 2. Selection of individuals for
the production of reference values. J Clin Chem Clin
Biochem 1987; 25:639–44.

15. Perkins S. Normal blood and bone marrow values in hu-

mans. In: Lee G, Foerster J, Lukens J, Paraskevas F, Greer
JP, Rodgers GM, editors. Wintrobe’s clinical hematology,
10th ed. Baltimore: Williams & Wilkins, 1998:2738.

16. Kratz A, Lewandrowski K. MGH Case records: normal ref-
erence laboratory values. N Engl J Med 1998; 339:1063–72.

17. Kelly A, Munan L. Haematologic profile of natural popula-
tions: red cell parameters. Br J Haematol 1977; 35:153–60.

18. Davis R, Kelsall G, Stenhouse N, Woodliff H. “Normal”
haematological values in Western Australia. Med J
Aust1971; 1015–8.

19. Brummitt DR, Barker HF. The determination of a reference
range for new platelet parameters produced by the Bayer
Advia 120 full blood count analyser. Clin Lab Haematol
2000; 22:103–7.

20. Wynn R, Davies S, Williams K, Trevett D. The effects of time
from venepuncture and choice of anticoagulant on mean
platelet volume estimations. Clin Lab Haematol 1995;
17:173–6.

21. Reardon D, Hutchinson D, Preston F, Trowbridge E. The
routine measurement of platelet volume: a comparison of
aperture-impedance and flow cytometric systems. Clin
Lab Haematol 1985; 7:251–7.

22. Butarello M, Bulian P, Farina G, Temporin V, Toffolo L, Tra-
buio, et al. Flow cytometric reticulocyte counting. Am J
Clin Pathol 2001; 115:100–11.

23. D’Onofrio G, Chirillo R, Zini G, Caenaro G, Tommasi M,
Micciulli G. Simultaneous measurement of reticulocyte
and red blood cell indices in healthy subjects and patients
with microcytic and macrocytic anemia. Blood 1995;
85:818–23.

24. Bain B, Seed M, Godsland I. Normal values for peripheral
blood white cell counts in women of four different ethnic
origins. J Clin Pathol 1984; 37:188–93.

25. Van Assendelft O. Reference values for the total and differ-
ential leukocyte count. Blood Cells 1985; 11:76–96.

26. Bain B, England J. Normal haematological values: sex dif-
ference in neutrophil count. Br Med J 1975; 1:306–9.

Received 5 July 2001, revised 21 October 2001,
accepted 22 October 2001

Corresponding author: Jan Van den Bossche, 
Clinical Laboratory, Algemeen Ziekenhuis Middelheim,
Lindendreef, 1, 2020 Antwerpen, Belgium
Phone: +32 (0)3/280.48.41, Fax: +32 (0)3/218.50.26


