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Blood Cell Counting Technology at VCUHS
Sysmex Technology
On March 7, 2017, the VCUHS Clinical Laboratories will introduce a new, top-of-the
line automated CBC analyzer (i.e., hematology analyzer) track line (Sysmex XN-9000)
in the main Hematology Laboratory. Similar
Sysmex technology will also be used in the
other VCUHS laboratories providing cellular
analysis, including the Emergency Department Laboratory, Stony Point Laboratory,
Children’s Hospital Laboratory, and Transplantation Laboratory. This change was instituted because recent technological developments in cellular analysis and computer
software have led to improved analytic efficiency and new cellular analytic parameters
of clinical significance. In addition to the
conventional CBC parameters and five-part
leukocyte differential count, the new hematology analyzers provide an extended leukocyte differential, with quantitative information regarding cells that do not normally
occur in the peripheral blood, such as
blasts, immature granulocytes, atypical leukocytes, and nucleated red blood cells
(NRBCs). In addition, they provide additional information about reticulocytes and
platelets that is of great value in patient diagnosis and management.
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sheathed stream with hydrodynamic focusing in the RBC/platelet channel, and by
ﬂoating thresholds in the WBC/platelet
channel to accurately discriminate cell populations. Although other CBC analyzers use
the conventional modified cyanohemoglobin
technique to measure hemoglobin concentration, the Sysmex instruments utilize a sodium lauryl sulfate (SLS) reagent, which
forms a stable complex with oxidized hemoglobin, and is measured photometrically at
555 nm to minimize interference by turbidity
and other interferences.
Various cellular indices are calculated from
the direct measurements by the CBC analyzer, including the MCV, MCH, MCHC,
RDW-SD, RDW-CV, MPV, and plateletcrit.
The RDW-CV is the conventional RDW reported as a CV. The RDW-SD is a new parameter representing the RBC arithmetic
distribution width measured at 20% of the
height of the RBC curve, reported in femtoliters (fL), with a reference interval of 37 to
54 fL. The plateletcrit is the platelet volume
ratio, analogous to the hematocrit. MPV is
calculated from the plateletcrit and platelet
count in the same manner as the erythrocyte MCV.

Sysmex Technology
The Sysmex automated CBC analyzers use
the following technologies to measure and
count circulating blood cells and cellular
components: (1) direct current impedance,
(2) advanced optical light scatter technology, (3) fluorescent flow cytometry, and (4)
spectrophotometry.
The WBC, RBC, platelet counts, hemoglobin, and hematocrit are measured directly in
the Sysmex instruments using a WBC
channel, a RBC/platelet channel, and a
separate hemoglobin channel. WBC and
RBC counts are obtained using impedance
technology, which is enhanced by a

Fluorescent ﬂow cytometry using a polymethine dye is used to determine the WBC,
WBC differential, and the enumeration of
nucleated RBCs. In the Sysmex XN-9000,
the three separate channels are used for
these measurements. The white cell nucleated (WNR) channel is used for WBC,
NRBC, and basophil counting, while neutrophils, lymphocytes, monocytes, eosinophils,
and immature granulocytes are determined
from the WBC differential (WDF) channel. If
blasts or abnormal lymphocytes are detected by the instrument, subsequent analysis is performed in a special white precursor
cell (WPC) channel. The WBC count is automatically corrected when NRBCs are detected in the sample.
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Fig. 1. Sysmex XN-9000 histograms from a patient
with chronic lymphocytic leukemia (CLL). In the
WDF channel (upper left) the lymphocyte population is pink, monocytes are bright green, and neutrophils are aqua. In the WNR channel (upper middle) debris is dark blue and leukocytes are aqua.
RBC and PLT histograms are shown (lower left).
In the RET channel, the red blood cell population
is purple, and reticulocytes are pink. Mature platelets are aqua in the PLT-F channel, while the immature PLT fraction is bright green.

In addition to conventional impedance and
optical methods for counting platelets, a
novel fluorescent PLT (PLT-F) channel
uses a fluorescent RNA dye (oxazine) in
combination with extended PLT counting
volume and time for platelet counting and
determination of the immature platelet fraction (IPF).

Specimen Requirements, Processing,
and Laboratory Analysis
The routine specimen requirement for the
CBC and CBC with differential for Sysmex
analysis is a 3 mL lavender top (K2EDTA)
tube. 500 uL capillary blood collection (Microtainer) tubes will be accepted for pediatric patients. The analysis will be available
on all shifts and days of the week
(24/7/365). Specimens should be delivered
within four hours of collection. However, remote locations can be refrigerated at 208oC for up to 24 hours if testing cannot be
completed within 4 hours of collection. Under these circumstances, transportation to
the laboratory should be in a transport
cooler containing cold packs.
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Table 1
Adult Blood Cell Reference Ranges
Parameter
WBC
RBC
HGB
HCT
MCV
MCH
MCHC
RDW-CV
RDW-SD
PLT
MPV
IPF
NEU#
LYM#
MONO#
EOS#
BASO#
nRBC%
% Retic
Absolute Retic Count
IRF
RET-He

Female
3.9 - 11.7
3.85 - 5.16
12.0 - 15.0
34.8 - 45.0
78.5 - 96.4
25.6 – 32.2
30.5 – 34.0
11.3 - 14.7
36.4 – 46.3
172 - 440
8.7 – 12.3
0.0 – 9.9
1.9 - 7.9
1.3 - 3.6
0.3 – 0.7
0.0 – 0.4
0.0 – 0.1
0.0 – 0.20
0.9 – 2.6
0.0377 – 0.1222
2.3 – 13.4
32.1 – 39.1

Continuous orders will need to be re-ordered in Cerner to continue to be performed
by the new method.
Turnaround time for results is 1 hour for
Stat specimens and 4 hours for routine
analysis. Adult reference ranges for Sysmex blood cell counts and indices is given
in the following table, and will be included
with the patient result. Pediatric reference
ranges will be provided with the patient report and are available on the pathology department web site at the following address
(http://www.pathology.vcu.edu/clinicalservices/clinical-pathology/hematology).
The Sysmex instruments are very sensitive
to the presence of abnormal blood cells and
blood cell counts generate “flags” to alert
the cell counter operator to the presence of
specimen abnormalities. If a significant ab-

Male
3.7 - 9.7
4.54 – 5.78
13.3 - 17.2
38.9 - 50.9
81.2 - 94.0
25.7 – 32.2
30.9 – 35.5
11.5 - 14.1
35.1 – 43.9
179 - 373
8.7 – 12.1
0.0 – 9.9
2.0-6.7
1.1 - 3.3
0.2 – 0.7
0 – 0.4
0 – 0.1
0.0 – 0.20
0.8 – 2.5
0.0436 – 0.1305
2.3 – 13.4
32.1 – 39.1
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Units

x 10 cells/L
12
x 10 cells/L
g/dL
%
fL
pg
g/dL
%
fL
9
x 10 cells/L
fL
%
9
x 10 cells/L
9
x 10 cells/L
9
x 10 cells/L
9
x 10 cells/L
9
x 10 cells/L
% (/100WBC)
%
6
x 10 cells/L
%
pg

normality is identified, a blood film is automatically prepared for further review by a
technologist using digital cell morphology
(Cellavision) technology and possibly a light
microscope. The results may be released to
the Cerner chart by the technologist, but
may be referred to an attending hematopathologist for consultation if certain criteria
are met. If the results are medically significant or exceed a critical value, the ordering
physician will be notified by telephone and
a comment entered in the Cerner result.
New FDA-Approved Reportable
Cellular Parameters
The complete blood count (CBC) with differential performed in the main VCUHS Hospital Hematology Laboratory. will now include
cell counts (RBC, WBC, and PLT), a five
part differential count, hemoglobin,
hematocrit, MCV, MCH, MCHC, RDW-CV,
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New Reportable Parameters
# reticulocyte % reticulocytes, absolute reticulocyte number, Immature Reticulocyte
Fraction (IRF), Reticulocyte Hemoglobin
(RET-He), Nucleated Red Blood Cell
(nRBC) Count, and Immature Platelet Fraction (IPF). The IPF will not be available from
specimens analyzed in the Transplantation
Laboratory. The new tests are an extension
of the traditional CBC and require no additional blood sample. The Immature Granulocyte (IG) count is under review by the laboratory and will be available at a later
time, with notification from the laboratory.
Reticulocyte Hemoglobin (RET-He) and
Immature Reticulocyte Fraction (IRF):
Reticulocyte counts are the quantity of the
youngest erythrocytes normally released
from the bone marrow into circulating blood.
Automated analysis has led rapid and very
accurate reticulocyte counting, as well as
providing the reticulocyte immature reticulocyte fraction (IRF), the reticulocyte hemoglobin content (RET-He), and other parameters. The IRF assesses reticulocyte maturation by measuring the intensity of mRNA
staining, with the youngest reticulocytes
having the highest content. IRF has been
proposed as an early marker of engraftment
in bone marrow or hematopoietic stem cell
transplantation and bone marrow regeneration following chemotherapy. RET-He is a
reliable marker of cellular hemoglobin content that is useful in assessing the functional iron available for erythropoiesis during the previous 3–4 days. Published data
show a RET-He cut-off of 29 pg/cell as an
indication of iron deficiency. A value below
this range is indicative of a decreased
amount of iron incorporation into the RBC
or iron deficiency. There is a good agreement between the RET-He and the CHr
measured by other automated cell counters. These indices correlate with iron-deficient erythropoiesis and are useful markers
of iron deficiency in infants and children,
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adult blood donors, geriatric patients, pregnant women, and patients with chronic kidney disease undergoing hemodialysis. In
addition, the RET-He is a useful in monitoring the response to iron replacement therapy and detecting iron-restricted erythropoiesis in patients receiving erythropoietin
therapy. There is also intense interest in using these parameters to evaluate and monitor patients with complex anemia associated with malignancy.
Nucleated Red Blood Cells (NRBC): Nucleated red blood cells are immature erythrocytes that are commonly found in the circulation during pregnancy and the very
early neonatal period. However, the finding
of nRBCs at other times usually indicates
markedly increased erythroid activity, or

Fig. 2. Histogram of RET channel showing location of
reticulocytes in comparison to mature RBCs (blue).
The three stages of reticulocyte maturation include
low fluorescence reticulocytes (LFR), medium fluorescent reticulocytes (MFR), and high fluorescent reticulocytes (HFR). The combination of the two most
immature stages of maturation, MFR and HFR, comprise the immature reticulocyte fraction (IRF).
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Table II
Summary of Sysmex Parameters
Sysmex Parameters FDA-Approved and Reported at VCUHS
Parameter
Red blood cell count
Hemoblobin
RBC indices
Reticulocyte count
Immature reticulocyte fraction
Reticulocyte hemoglobin
Nucleated red cell
White blood cell count
WBC Five-Part Differential
Platelet count
Parameter
Red blood cell count
Hemoblobin

Technology
Impedance with hydrodynamic focusing
RBC lysis by SLS, photometry at
555 nm
Impedance, calculations, and histogram analysis
Fluorescent flow cytometry
Fluorescent flow cytometry
Fluorescent flow cytometry
Fluorescent flow cytometry
Fluorescent flow cytometry
Light scatter and fluorescent flow
cytometry
Impedance and fluorescent flow
cytometry
Technology
Impedance with hydrodynamic focusing
RBC lysis by SLS, photometry at
555 nm

Units reported
12
RBC (x 10 cells/L)
Hgb (g/L)
Hematocrit, MCV, MCH, MCHC,
RDW-CV
% and absolute count
IFR (%)
RET-He (pg)
nRBC (%/100 WBC)
9
WBC (x 10 cells/L)
NEU#, NEU%, LYM#, LYM%,
MONO#, MONO%, EOS#, EOS%,
BASO#, BASO%
9
PLT (x 10 cells/L)
Units reported
12
RBC (x 10 cells/L)
Hgb (g/L)

Sysmex Parameters Non-FDA Approved and/or Not Reported at VCUHS
RDW-SD
Immature granulocyte fraction
Neutrophil granulation (NEUTSSC)
Fragmented red cells (FRC)
Microcytic and Macrocytic Red
Blood Cell Populations
Hypo-Hemoglobinized and HyperHemoglobinized Red Blood Cells

Calculation
Fluorescent flow cytometry
Light scatter and fluorescent flow
cytometry
Fluorescent flow cytometry
Histogram analysis

RDW-SD %
IG (%)
NEUT-SSC

Fluorescent flow cytometry

HYPO-He and HYPER-He (%)

damage to the bone marrow microenvironment from a hematologic neoplasm or metastatic malignancy. In these conditions, the
presence of circulating nRBCs is a poor
prognostic indicator. Until recently, it was
virtually impossible for hematology analyzers to distinguish small mature lymphocytes
from nRBCs. At that time, the only reliable
method for enumerating circulating nRBCs
was manual counting of peripheral blood
smears, usually using a 100 cell count, with
significant intra- and interobserver reproducibility and sampling error. Earlier automated nRBC enumeration by different

FRC (# and %)
MicroR and MacroR (%)

hematology analyzers was also limited by
low sensitivity and specificity, especially
when dealing with low numbers of nRBCs.
In contrast, the Sysmex hematology analyzers use advanced light scattering techniques and fluorescence to rapidly and accurately detect NRBCs even at clinically
signiﬁcant low numbers.
Immature Platelet Fraction (IPF): Circulating immature platelets are much larger
platelets that have been recently released
from the bone marrow. IPF have a greater
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RNA content, and can be measured by automated hematology analyzers, including
the Sysmex instruments in the same manner as immature reticulocytes, and they are
reported as percentage of the total platelet
count (% IPF). It is well accepted that a
high IPF is usually found in either consumptive or recovering thrombocytopenic disorders, while a low IPF is characteristic of
bone marrow suppression disorders. Thus,
the IPF is an index of thrombopoiesis and it
may assist the physician in determining the
cause and differential diagnosis of thrombocytopenia when used with patient information and the platelet count. IPF may help
the physician determine if thrombocytopenia is due to platelet destruction or decreased platelet production. In addition,
many studies have also shown that the IPF
is an early indicator of marrow recovery in
patients rebounding from chemotherapy or
hematopoietic stem cell transplant. IPF recovery, denoted as levels >7.0%, occur on
average 3.1 days earlier than platelet count
recovery, and 3.8 days earlier than absolute
neutrophil count recovery. Thus, the IPF
may be useful to guide and possibly limit
prophylactic platelet transfusions in patients
undergoing marrow suppressive therapy, in
view of imminent recovery of the platelet
count.
Immature Granulocyte count (IG): Historically, measurement of the proportion of the
circulating neutrophil population that are
bands (i.e., band count) has been considered clinically useful for the diagnosis of infection, especially for neonatal sepsis.
Since automated hematology analyzers
could not accurately differentiate bands
from neutrophilic granulocytes at other
stages of maturation, manual counting using a light microscope was used for band
counts. However, multi-institutional studies
conducted by the College of American
Pathologists and other organizations
showed that band counts were inaccurate

and imprecise due to the inability of technologist to reproducibly identify band neutrophils. During the past decade, most hospitals have stopped performing manual
band counts for this reason. Fortunately,
other immature granulocytes (IGs) including
metamyelocytes, myelocytes, and promyelocytes have better morphological definition
and together can be used as an alternative
to the band count. In addition, IGs are usually not detected in healthy individuals but
are elevated in patients with bacterial infections, acute inflammatory disorders, cancer
(marrow metastasis), tissue necrosis, acute
transplant rejection, surgical and orthopedic
trauma, myeloproliferative neoplasm, steroid use, and pregnancy. An increase in IGs
is usually accompanied by an increase in
the absolute neutrophil count (ANC), but elderly patients, neonates, and patients with
myelosuppression may have elevated IGs
without an elevation of the ANC. Sysmex
XN hematology analyzers perform the IG
count as a part of the leukocyte differential
count with notably low imprecision (CV near
7%). In addition, the accuracy of these
measurements compared to microscopic
examination or flow cytometry with monoclonal antibodies has been shown to be
high. The ability to provide a more accurate
and precise automated immature granulocyte count without performing a manual differential will decrease turnaround times to
provide patient results sooner. The VCUHS
Hematology Laboratory is presently evaluating this parameter in our hospital.

New Non-FDA-Approved,
Non-Reportable Cellular Parameters
A number of measurements and calculations are performed during automated cell
analysis that have not been FDA-approved,
will not be reported with the patient results,
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New Non-Reportable Parameters
and cannot be used for in vitro diagnosis.
These parameters should be considered
experimental, and include measurements of
neutrophil granularity (NEUT-SSC), fragmented red blood cells (FRC*), hypochromic red cells (%HYPO-He), hyperchromatic red cells (%HYPER-He), macrocytic
red cells (MacroR), and microcytic red cells
(MicroR). With appropriate IRB-approval
and collaboration with the hematology laboratory faculty, these parameters can be
made available for research studies in patients with anemia and other diseases. In
addition, research investigations involving
the RDW-SD, immature granulocyte count,
immature platelet count, RET-He and other
analytic parameters are greatly needed to
expand knowledge in this area. The
hematopathology faculty is most willing to
collaborate with the faculty and housestaff
of other departments with a research interest in blood cell counts and parameters.
Neutrophil Granulation (NEUT-SSC):
Light scattered at a 90o angle from the axis
of a laser beam (side scatter, SSC) is altered by the internal complexity of cells
passing through the laser beam and analysis of SSC provides information about the
cytoplasmic density and number of cytoplasmic granules in a cell population.
Among the peripheral blood leukocyte population, neutrophils and eosinophils exhibit
the highest SSC, in comparison the monocytes and lymphocytes. The Sysmex cell
counters analyze the side-scattered light
(SSC) of the WDF channel to generate the
parameter NEUT-SSC, which is a measure
of the granularity of the neutrophil population. A low NEUT-SSC value indicates a hypogranular neutrophil population, while the
NEUT-SSC value is increased in hypergranularity. Neutrophil hypogranularity is a
common feature of neutrophil dysplasia
found in the myelodysplastic syndromes
(MDS) and some myeloproliferative disor-
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ders such as chronic myelomonocytic leukemia (CMML) and atypical chronic myeloid
leukaemia (aCML). Neutrophil hypergranularity is exhibited in the reactive neutrophils
found in patients with an infection or acute
phase reaction. The automated detection of
hypogranular neutrophils is potentially of
great diagnostic value in differentiating between MDS and reactive and benign idiopathic and hereditary causes of neutrophilia, especially when used in conjunction
with absolute cell counts, the immature
granulocyte count, and other parameters.
Fragmented Red Blood Cells (FRC*): The
Sysmex cell counters analyze a specific
area of the reticulocyte (RET) histogram to
determine the number and percentage of
fragmented red blood cells (FRC% and
FRC#). Fragmented red blood cells are
usually a consequence of mechanical damage induced by turbulent blood flow or contact of the red cells with a pathologically altered endothelium. These abnormal shear
forces damage the red blood cells, producing cell remnants that appear as ‘helmet’
cells, schistocytes and other odd shapes
that are collectively termed “fragmented red
cells” when viewed under a microscope.
The finding of fragmented red cells by manual light microscopy has been used for decades to differentiate disseminated intravascular coagulation (DIC), thrombotic thrombocytopenia purpura, and similar diseases
from other causes of hemolytic anemia. The
subjective automated measurement of this
parameter should greatly increase the diagnostic efficacy of hemolytic anemia diagnosis. Forthcoming advanced red cell morphology analytic software for the Cellavision
digital morphology analyzer should complement the Sysmex FRC parameter.
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Microcytic and Macrocytic Red Blood
Cell Populations: Measurement of the proportion of the red blood cell population that
is microcytic and macrocytic is determined
in the Sysmex cell analyzers by analysis of
the RBC size distribution (i.e., MCV) histogram produced by the RBC/PLT channel. In
this channel, hydrodynamic focusing with
sheath flow direct current) impedance is
used to count RBCs and platelets (PLT)
and produce the histogram. Normally, this
histogram shows a nearly Gaussian distribution, but may be skewed in patients with
microcytosis of macrocytosis. The percentage of microcytic (MicroR) and macrocytic
(MacroR) cells is determined by placing discriminators at the lower and upper area of
the histogram. These parameters are helpful in refining the diagnosis of anemia, since
the MCV can be normal, even in the presence of dimorphic red cell populations or increased microcytic or macrocytic red cells.

complexity and width of dispersion (NEWX), neutrophil fluorescence intensity (NESFL), neutrophil fluorescence intensity and
the width of dispersion (NE-WY), neutrophil
cell size (NE-FSC), neutrophil cell size and
the width of dispersion (NE-WZ), lymphocyte cell complexity (LY-X), lymphocyte
complexity and width of dispersion (LYWX), lymphocyte fluorescence intensity
(LY-Y), lymphocyte fluorescence intensity
and the width of dispersion (LY-WY), lymphocyte cell size (LY-Z), lymphocyte cell
size and the width of dispersion (LY-WZ),
monocyte cell complexity (MO-X), monocyte complexity and width of dispersion
(MO-WX), monocyte fluorescence intensity
(MO-Y), monocyte fluorescence intensity
and the width of dispersion (MO-WY), monocyte cell size (MO-Z), and monocyte cell
size and the width of dispersion (MO-WZ).
Additional information

Hypo-Hemoglobinized (HYPO-He) and
Hyper-Hemoglobinized (HYPER-He) Red
Blood Cells: HYPO-He is the percentage
of RBC with a cellular hemoglobin content
lower than 17 pg, whereas HYPER-He is
the percentage of RBC with a cellular hemoglobin content higher than 49 pg. There
parameters are determined in the reticulocyte (RET) channel, where they are derived
from a measurement of the hemoglobin
content of all mature RBC (RBC-He). In
conjunction with the reticulocyte count, IRF,
RET-He and other parameters, the HYPOHe and HYPER-He are useful in predicting,
diagnosing, and monitoring iron deficiency
in patients with chronic renal failure and
other diseases.
Other Parameters: The Sysmex XN-9000
analyzer is capable of providing an extended leukocyte differential count with as
many as 22 parameters that are generated
with the CBC. In addition to the parameters
discussed above, these include neutrophil

Copies of this brochure are available on the
VCUHS hematology laboratory web site
(http://www.pathology.vcu.edu/clinicalservices/clinical-pathology/hematology).
Additional information can be obtained from
Client Services at 804-828-PATH, or from
the hematopathology faculty. A complete
bibliography in EndNote format is available
from Dr. Riley (roger.riley@vcuhealth.org).
The following webinars are also available:
Measurement of immature cells in peripheral blood
(https://www.youtube.com/watch?v=z7lGJqSLuAw)
Utility of RET-He
(https://www.youtube.com/watch?v=93gYGZ7CWEY
)
Utility of IPF
(https://www.youtube.com/watch?v=zcBxQnDDtAc)
Utility of IG
(https://www.youtube.com/watch?v=bBG1O-0zcao)
Case studies demonstrating the clinical application
of the advanced clinical parameters
(https://www.sysmex.com/us/en/Education/Webinars
/Pages/LearnMore.aspx?WebinarID=67&Upcoming=0)
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Acute anemia toolkit: bloodless strategies to optimize patient outcomes
(https://www.sysmex.com/us/en/Education/Webinars
/Pages/LearnMore.aspx?WebinarID=74&Upcoming=0)
A clinical overview and discussion of laboratory
medicine in an oncology practice
(http://www.sysmexamerica.com/CRC/Webinars/Pag
es/LearnMore.aspx?WebinarID=63&Upcoming=0)

Selected References
Interpretation of Blood Cell Counts
Bain B.J. Diagnosis from the blood smear. N.
Engl. J. Med. 353(5):498-507, 2005.
Briggs C. et al. ICSH Guideline for worldwide
point-of-care testing in haematology with special
reference to the complete blood count. Int. J.
Lab. Hematol. 30(2):105-116, 2008.
Gulati G., Song J., Florea A.D., Gong J. Purpose
and criteria for blood smear scan, blood smear
examination, and blood smear review. Ann. Lab.
Med. 33(1):1-7, 2013.
Jakubik L.D. et al. The ABCs of pediatric laboratory interpretation: understanding the CBC with
differential and LFTs. Pediatr. Nurs. 29(2):97103, 2003.
Leach M. Interpretation of the full blood count in
systemic disease--a guide for the physician. J.
R. Coll. Physicians Edinb. 44(1):36-41, 2014.
Milcic T.L. The complete blood count. Neonatal
Netw. 29(2):109-115, 2010.
Tefferi A., Hanson C.A., Inwards D.J. How to interpret and pursue an abnormal complete blood
cell count in adults. Mayo Clin. Proc. 80(7):923936, 2005.
Thachil J. Do we need 'routine' blood counts?
Br. J. Hosp. Med. (Lond). 75(11):644-646, 2014.
Valent P. Low blood counts: immune mediated,
idiopathic, or myelodysplasia. Hematology Am.
Soc. Hematol. Educ. Program. 2012(485-491),
2012.

Cell Counting Technology
Becker P.H. et al. Performance evaluation of the
Sysmex XN-1000 hematology analyzer in assessment of the white blood cell count differential in pediatric specimens. Int. J. Lab. Hematol.
38(1):54-63, 2016.
Buttarello M. and Plebani M. Automated blood
cell counts: state of the art. Am. J. Clin. Pathol.
130(1):104-116, 2008.
Eilertsen H. and Hagve T.A. Do the flags related
to immature granulocytes reported by the Sysmex XE-5000 warrant a microscopic slide review? Am. J. Clin. Pathol. 142(4):553-560, 2014.
Furundarena J.R. et al. Comparison of abnormal
cell flagging of the hematology analyzers Sysmex XN and Sysmex XE-5000 in oncohematologic patients. Int. J. Lab. Hematol. 39(1):58-67,
2017.
Hagner R. The manual differential enters the
digital age. MLO Med Lab Obs. 44(5):20-21,
2012.
Hotton J. et al. Performance and abnormal cell
flagging comparisons of three automated blood
cell counters: Cell-Dyn Sapphire, DxH-800, and
XN-2000. Am. J. Clin. Pathol. 140(6):845-852,
2013.
International Council for Standardization in Haematology W.G., Briggs C., Culp N., et al. ICSH
guidelines for the evaluation of blood cell analysers including those used for differential leucocyte and reticulocyte counting. Int. J. Lab. Hematol. 36(6):613-627, 2014.
Lecompte, T.P. and Bernimoulii, M.P. Novel parameters in blood cell counters. Clin Lab Med.
35(1):209-224, 2015.
Meintker L. et al. Comparison of automated differential blood cell counts from Abbott Sapphire,
Siemens Advia 120, Beckman Coulter DxH 800,
and Sysmex XE-2100 in normal and pathologic
samples. Am. J. Clin. Pathol. 139(5):641-650,
2013.
Noordegraaf M. et al. Diagnostic efficiency of the
Sysmex XN WPC channel for the reduction of
blood smears. Clin. Biochem. 49(16-17):12921294, 2016.

Blood Cell Counting Technology at VCUHS
Selected References
Seo J.Y. et al. Performance evaluation of the
new hematology analyzer Sysmex XN-series. Int
J Lab Hematol. 37(2):155-164, 2015.
Anemia and Reticulocyte Analysis
Ageeli, A.A. et al. Reticulocyte hemoglobin content and iron deficiency: a retrospective study in
adults. Genet. Test Mol. Biomarkers. 17(4):278283, 2013.
Balci, Y.I. et al. Evaluation of Reticulocyte Parameters in Iron Deficiency, Vitamin B12 Deficiency and Mixed Anemia. Clin. Lab. 62(3):343347, 2016.
Buttarello, M. et al. Evaluation of the hypochromic erythrocyte and reticulocyte hemoglobin
content provided by the Sysmex XE-5000 analyzer in diagnosis of iron deficiency erythropoiesis. Clin. Chem. Lab. Med. 54(12):1939-1945,
2016.
Darveau, M. and Lachance, P. Reticulocyte hemoglobin content in critically ill patients. Anesthesiology. 113(6):1479, 2010.
Davidkova, S. et al. Comparison of reticulocyte
hemoglobin equivalent with traditional markers
of iron and erythropoiesis in pediatric dialysis.
Pediatr. Nephrol. 31(5):819-826, 2016.
International Council for Standardization in Haematology W.G., Briggs C., Culp N., et al. ICSH
guidelines for the evaluation of blood cell analysers including those used for differential leucocyte and reticulocyte counting. Int. J. Lab. Hematol. 36(6):613-627, 2014.
Lesesve, J.F. et al. Fragmented red blood cells
automated measurement is a useful parameter
to exclude schistocytes on the blood film. Int. J.
Lab. Hematol. 34(6):566-576, 2012.
Lesesve, J.F. et al. Fragmented red cells reference range for the Sysmex XN(R)-series of automated blood cell counters. Int. J. Lab. Hematol. 37(5):583-587, 2015.
Lopez-Ruzafa, E. et al. Reference Values of Reticulocyte Hemoglobin Content and Their Relation With Other Indicators of Iron Status in
Healthy Children. J. Pediatr. Hematol. Oncol.
38(7):e207-212, 2016.
Lorenz, L. et al. Reticulocyte haemoglobin content as a marker of iron deficiency. Arch. Dis.

11

Child Fetal Neonatal Ed. 100(3):F198-202,
2015.
Mast, A.E. et al. Reticulocyte hemoglobin content. Am. J. Hematol. 83(4):307-310, 2008.
Mateos, M.E. et al. Reticulocyte hemoglobin
content for the diagnosis of iron deficiency. J.
Pediatr. Hematol .Oncol. 30(7):539-542, 2008.
Meier, E.R. et al. Absolute Reticulocyte count
acts as a surrogate for fetal hemoglobin in infants and children with sickle cell anemia. PLoS
One. 10(9):e0136672, 2015.
Miwa, N. et al. Usefulness of measuring reticulocyte hemoglobin equivalent in the management
of haemodialysis patients with iron deficiency.
Int. J. Lab. Hematol. 32(2):248-255, 2010.
Morkis, I.V. et al. Assessment of immature platelet fraction and immature reticulocyte fraction as
predictors of engraftment after hematopoietic
stem cell transplantation. Int. J. Lab. Hematol.
37(2):259-264, 2015.
Osta, V. et al. Utility of new mature erythrocyte
and reticulocyte indices in screening for iron-deficiency anemia in a pediatric population. Int. J.
Lab. Hematol. 35(4):400-405, 2013.
Park, S.H. et al. Evaluation of parameters obtained from the Sysmex XN-2000 for predicting
the recovery of the absolute neutrophil count
and platelets after hematopoietic stem cell transplantation. Int. J. Lab. Hematol. 38(2):198-208,
2016.
Parodi, E. et al. Absolute reticulocyte count and
reticulocyte hemoglobin content as predictors of
early response to exclusive oral iron in children
with iron deficiency anemia. Anemia.
2016(7345835, 2016.
Piva, E. et al. Automated reticulocyte counting:
state of the art and clinical applications in the
evaluation of erythropoiesis. Clin. Chem. Lab.
Med. 48(10):1369-1380, 2010.
Piva, E. et al. Clinical utility of reticulocyte parameters. Clin. Lab. Med. 35(1):133-163, 2015.
Piva, E. et al. Automated reticulocyte counting:
state of the art and clinical applications in the
evaluation of erythropoiesis. Clin. Chem. Lab.
Med. 48(10):1369-1380, 2010.

12

Piva, E. et al. Clinical utility of reticulocyte parameters. Clin. Lab. Med. 35(1):133-163, 2015.
Priya, P.P. et al. Role of absolute reticulocyte
count in evaluation of pancytopenia-a hospital
based study. J. Clin. Diagn.. Res. 8(8):FC01-03,
2014.
Proto-Siqueira, R. Reticulocyte parameters: why
should clinical laboratories evaluate and report
them? Rev Bras Hematol Hemoter. 36(1):3-4,
2014.
Raja-Sabudin, R.Z. et al. Immature reticulocyte
fraction is an early predictor of bone marrow recovery post chemotherapy in patients with acute
leukemia. Saudi Med. J. 35(4):346-349, 2014.
Rauf, S.E. et al. Immature reticulocyte fraction
and absolute neutrophil count as predictor of hemopoietic recovery in patients with acute lymphoblastic leukemia on remission induction
chemotherapy. Turk. J. Haematol. 33(2):131134, 2016.
Riley, R.S. et al. Reticulocyte analysis by flow
cytometry and other techniques. Hematol. Oncol. Clin. North Am. 16(2):373-420, 2002.
Riley, R.S. et al. Reticulocytes and reticulocyte
enumeration. J. Clin. Lab. Anal. 15(5):267-294,
2001.
Schapkaitz, E. et al. Diagnosis of iron deficiency
anaemia in hospital patients: Use of the reticulocyte haemoglobin content to differentiate iron
deficiency anaemia from anaemia of chronic disease. S. Afr. Med. J. 106(1):53-54, 2015.
Schapkaitz, E. et al. Diagnosis of iron deficiency
anaemia in hospital patients: Use of the reticulocyte haemoglobin content to differentiate iron
deficiency anaemia from anaemia of chronic disease. S. Afr. Med. J. 106(1):53-54, 2015.
Schoorl, M. et al. Efficacy of advanced discriminating algorithms for screening on iron-deficiency anemia and beta-thalassemia trait: a multicenter evaluation. Am. J. Clin. Pathol.
138(2):300-304, 2012.
Thomas, L. et al. . Reticulocyte hemoglobin
measurement--comparison of two methods in
the diagnosis of iron-restricted erythropoiesis.
Clin. Chem. Lab. Med. 43(11):1193-1202, 2005.

Urrechaga, E. et al. Erythrocyte and reticulocyte
indices in the assessment of erythropoiesis activity and iron availability. Int. J. Lab. Hematol.
35(2):144-149, 2013.
Urrechaga, E. et al. Percentage of hypochromic
erythrocytes and reticulocyte hemoglobin equivalent predictors of response to intravenous iron
in hemodialysis patients. Int. J. Lab. Hematol.
38(4):360-365, 2016.
Urrechaga E. et al. Erythrocyte and reticulocyte
parameters in iron deficiency and thalassemia.
J. Clin. Lab. Anal. 25(3):223-228, 2011.
Urrechaga, E. et al. Percentage of hypochromic
erythrocytes and reticulocyte hemoglobin equivalent predictors of response to intravenous iron
in hemodialysis patients. Int J Lab Hematol.
38(4):360-365, 2016.
Weimann, A. et al. Delta-He, Ret-He and a new
diagnostic plot for differential diagnosis and therapy monitoring of patients suffering from various
disease-specific types of anemia. Clin. Lab.
62(4):667-677, 2016.
Wollmann, M. et al. Reticulocyte maturity indices
in iron deficiency anemia. Rev Bras Hematol
Hemoter. 36(1):25-28, 2014.
White Blood Cells and Immature Granulocytes
Ansari-Lari, M.A. et al. Immature granulocyte
measurement using the Sysmex XE-2100. Relationship to infection and sepsis. Am. J. Clin.
Pathol. 120(5):795-799, 2003.
Arneth, B.M et al. Novel parameters of extended
complete blood cell count under fluorescence
flow cytometry in patients with sepsis. J. Clin.
Lab. Anal. 28(2):130-135, 2014.
Bartels, P.C. et al. Evaluation of Sysmex SF3000 performance concerning interpretive morphology flagging of the leucocyte differential
count. Clin. Lab. Haematol. 19(3):187-190,
1997.
Bernstein, L.H. and Rucinski, J. Measurement of
granulocyte maturation may improve the early
diagnosis of the septic state. Clin. Chem. Lab.
Med. 49(12):2089-2095, 2011.

13

Blood Cell Counting Technology at VCUHS
Selected References
Briggs, C. et al. New quantitative parameters on
a recently introduced automated blood cell counter--the XE 2100. Clin. Lab. Haematol.
22(6):345-350, 2000.
Buoro, S. et al. Extended leukocyte differential
count and C-reactive protein in septic patients
with liver impairment: diagnostic approach to
evaluate sepsis in intensive care unit. Ann.
Transl. Med. 3(17):244, 2015.
Buttarello, M. et al. Sysmex SE-9000 hematology analyzer: performance evaluation on leukocyte differential counts using an NCCLS H20-A
protocol. National Committee for Clinical Laboratory Standards. Am. J. Clin. Pathol. 108(6):674686, 1997.
Chabot-Richards, D.S. and George, T.I. White
blood cell counts: reference methodology. Clin.
Lab. Med. 35(1):11-24, 2015.
Che, Y.Q. et al. Identification of immature granulocytes in cancer chemotherapy patients by cell
counting vs. microscopic examination of blood
smears. Mol. Clin. Oncol. 2(2):207-211, 2014.
Cimenti, C. et al. The predictive value of immature granulocyte count and immature myeloid information in the diagnosis of neonatal sepsis.
Clin. Chem. Lab. Med. 50(8):1429-1432, 2012.
Cornet, E. et al. Contribution of the new XN1000 parameters NEUT-RI and NEUT-WY for
managing patients with immature granulocytes.
Int. J. Lab. Hematol. 37(5):e123-126, 2015.
Eilertsen, H. and Hagve, T.A. Do the flags related to immature granulocytes reported by the
Sysmex XE-5000 warrant a microscopic slide review? Am. J. Clin. Pathol. 142(4):553-560, 2014.
Fernandes, B. and Hamaguchi, Y. Automated
enumeration of immature granulocytes. Am. J.
Clin. Pathol. 128(3):454-463, 2007.

haematology XN series compared to microscopic differentiation. J. Clin. Pathol. 67(7):648650, 2014.
Meintker, L. et al. Comparison of automated differential blood cell counts from Abbott Sapphire,
Siemens Advia 120, Beckman Coulter DxH 800,
and Sysmex XE-2100 in normal and pathologic
samples. Am J Clin Pathol. 139(5):641-650,
2013.
Nierhaus, A. et al. Revisiting the white blood cell
count: immature granulocytes count as a diagnostic marker to discriminate between SIRS and
sepsis--a prospective, observational study. BMC
Immunol. 14(8, 2013.
Nigro, K.G. et al. Performance of an automated
immature granulocyte count as a predictor of neonatal sepsis. Am. J. Clin. Pathol. 123(4):618624, 2005.
Park, S.H. et al. Evaluation of parameters obtained from the Sysmex XN-2000 for predicting
the recovery of the absolute neutrophil count
and platelets after hematopoietic stem cell transplantation. Int. J. Lab. Hematol. 38(2):198-208,
2016.
Roehrl, M.H. and Wang, J.Y. Immature granulocytes in pregnancy: a story of Virchow, anxious
fathers, and expectant mothers. Am. J. Hematol.
86(3):307-308, 2011.
Senthilnayagam, B. et al. Automated measurement of immature granulocytes: performance
characteristics and utility in routine clinical practice. Patholog. Res. Int. 2012(483670, 2012.
van der Geest, P.J. et al. Immature granulocytes
predict microbial infection and its adverse sequelae in the intensive care unit. J. Crit. Care.
29(4):523-527, 2014.
Platelets and IPF

Field, D. et al. Performance evaluation of the immature granulocyte parameter on the Sysmex
XE-2100 automated hematology analyzer. Lab.
Hematol. 12(1):11-14, 2006.

Abe, Y. et al. A simple technique to determine
thrombopoiesis level using immature platelet
fraction (IPF). Thromb. Res. 118:463–469, 2006.

Ha, S.O. et al. Fraction of immature granulocytes reflects severity but not mortality in sepsis.
Scand. J. Clin. Lab. Invest. 75(1):36-43, 2015.

Adly, A.A. et al. Evaluation of the immature
platelet fraction in the diagnosis and prognosis
of childhood immune thrombocytopenia. Platelets 26(7):645, 2015.

Maenhout, T.M. and Marcelis, L. Immature granulocyte count in peripheral blood by the Sysmex

14

Blood Cell Counting Technology at VCUHS
Selected References
Arneth, B. et al. Technology and new fluorescence flow cytometry parameters in hematological analyzers. J. Clin. Lab. Anal. 29(3):175,
2015.
Barsam, S.J. et al. Platelet production and platelet destruction: assessing mechanisms of treatment effect in immune thrombocytopenia. Blood
117:5723–5732, 2011.
Bat, T. et al. Measurement of the absolute immature platelet number reflects marrow production and is not impacted by platelet transfusion.
Transfusion 53(6):1201, 2013.

pregnancies. Thromb Haemost 111(6):1177,
2014.
Geara, C. et al. Comparative study of quantitative performances between the new Sysmex
XN-L (XN-550) haematology analyser and the
XN-9000 in a routine laboratory. Int. J. Lab. Hematol. 38(1):e10, 2016.
Goncalo, A. et al. Predictive value of immature
reticulocyte and platelet fractions in hematopoietic recovery of allograft patients. Transplant
Proc 43:241–243, 2011.

Briggs, C. et al. Assessment of an immature
platelet fraction (IPF) in peripheral thrombocytopenia. Br. J. Haematol. 126:93–99, 2004.

Greene, L.A. et al. Beyond the platelet count:
immature platelet fraction and thromboelastometry correlate with bleeding in patients with immune thrombocytopenia. Br J Haematol;
166(4):592, 2015.

Briggs., C. et al. Immature platelet fraction
measurement: a future guide to platelet transfusion requirement after haematopoietic stem cell
transplantation. Transfus. Med. 16:101–109.
2006.

Hoffmann, J.J. Reticulated platelets: analytical
aspects and clinical utility. Clin. Chem. Lab.
Med. 52(8):1107-1117, 2014.

Briggs C. et al. Immature platelet fraction measurement: a future guide to platelet transfusion
requirement after haematopoietic stem cell
transplantation. Transfus. Med. 16(2):101-109,
2006.
Buoro, S. et al. Abnormal leukocyte scattergrams and immature platelet fraction on Sysmex
XN-9000 analyzer: a new diagnostic tool for altered megakaryopoiesis? Scand. J. Clin. Lab. Invest. 77(1):73-75, 2017.
Cesari, F. et al. High platelet turnover and reactivity in renal transplant recipients patients.
Thrombosis and Haemostasis 104:804–810.
2010.
Cremer, M. et al. Immature platelet fraction as
novel laboratory parameter predicting the course
of neonatal thrombocytopenia. Br. J. Haematol.
144:619–621. 2009.
Di Mario, A. et al. Immature platelet fraction
(IPF) in hospitalized patients with neutrophilia
and suspected bacterial infection. J. Infect.
59(3):201-206, 2009.
Everett, T.R. et al. Immature platelet fraction
analysis demonstrates a difference in thrombopoiesis between normotensive and preeclamptic

Ibrahim, H. et al. (2014): Association of immature platelets with adverse cardiovascular outcomes. J Am Coll Cardiol 64:2122, 2014.
Jaing, T.H. et al. Assessment of platelet activation and immature platelet fraction as predictors
of platelet engraftment after hematopoietic stem
cell transplantation. Cell Transplant. 25:1259,
2016.
Kickler, T.S. et al. A clinical evaluation of high
fluorescent platelet fraction percentage in thrombocytopenia. Am. J. Clin. Pathol. 125(2):282287, 2006.
Ko, Y. et al. Establishment of reference interval
for immature platelet fraction. Int. J. Lab. Hematol. 35(5): 528-533, 2013.
Lecompte, T.P. and Bernimoulin, M.P. Novel parameters in blood cell counters. Clin. Lab. Med.
35(1):209-224, 2015.
Mao, W. et al. Immature platelet fraction values
predict recovery of platelet counts following liver
transplantation. Clin. Res. Hepatol. Gastroenterol. 39(4):469, 2015.
Miyazaki, K. et al. Immature platelet fraction
measurement is influenced by platelet size and
is a useful parameter for discrimination of macrothrombocytopenia. Hematology. 20(10):587592, 2015.

15

Blood Cell Counting Technology at VCUHS
Selected References
Moraes, D. et al. Immature platelet fraction in
hypertensive pregnancy. Platelets. 27(4):333,
2016.

Strauss, G. et al. Immature Platelet Count: a
simple parameter for distinguishing thrombocytopenia in pediatric acute lymphocytic leukemia
from immune thrombocytopenia. Pediatr Blood
Cancer 57(4):641-647, 2010.

Morkis, I.V.C. et al. Assessment of immature
platelet fraction and immature reticulocyte fraction as predictors of engraftment after hematopoietic stem cell transplantation. Int J Lab Hematol 37(2): 259, 2015.

Takami, A. et al. Immature platelet fraction for
prediction of platelet engraftment after allogeneic stem cell transplantation. Bone Marrow
Transplant 39:501–507, 2007.

Naz, A. et al. Importance of immature platelet
fraction as predictor of immune thrombocytopenic purpura. Pak. J. Med. Sci. 32(3):575-579,
2016.

Tanaka, Y. et al. Performance evaluation of
platelet counting by novel fluorescent dye staining in the XN-series automated hematology analyzers. J. Clin. Lab. Anal. 28(5):341, 2014.

Park, S.H. et al. Evaluation of parameters obtained from the Sysmex XN-2000 for predicting
the recovery of the absolute neutrophil count
and platelets after hematopoietic stem cell transplantation. Int. J. Lab. Hematol. 38(2):198-208,
2016.

Van der Linden, N. et al. Immature platelet fraction (IPF) measured on the Sysmex XN haemocytometer predicts thrombopoietic recovery after
autologous stem cell transplantation. Eur J. Haematol. 93(2):150, 2014.

Park, SH et al. (2014): The Sysmex XN-2000
hematology autoanalyzer provides a highly accurate platelet count than the former Sysmex
XE-2100 system based on comparison with the
CD41/CD61 immunoplatelet reference method
of flow cytometry. Ann Lab Med. 34(6):471-474,
2014.
Saigo K. et al. Usefulness of immature platelet
fraction for the clinical evaluation of myelodysplastic syndromes. Lab. Hematol. 15(2):13-16,
2009.
Sakuragi, M. et al. Clinical significance of IPF%
or RP% measurement in distinguishing primary
immune thrombocytopenia from aplastic thrombocytopenic disorders. Int. J. Hematol.
101(4):369, 2015.
Schoorl, M et al. New fluorescent method (PLTF) on Sysmex XN2000 hematology analyzer
achieved higher accuracy in low platelet counting. Am. J. Clin. Pathol. 140:495–499, 2013.
Seo, J.Y. et al. Performance evaluation of the
new hematology analyzer Sysmex XN-series. Int
J Lab Hematol. 37(2):155, 2015.
Sinclair, L. The immature platelet fraction: an assessment of its application to a routine clinical
laboratory. Aust. J. Med. Sci. 33(2):48, 2012.

Zucker ML et al. Mechanism of thrombocytopenia in chronic hepatitis C as evaluated by the immature platelet fraction. Int. J. Lab. Hematol.
34:525–532, 2012.
Body fluid analysis
Boer, K. et al. Evaluation of the XE-5000 for the
automated analysis of blood cells in cerebrospinal fluid. Clin. Biochem. 42(7-8):684-691, 2009.
Cho, Y.U. et al. Body fluid cellular analysis using
the Sysmex XN-2000 automatic hematology analyzer: focusing on malignant samples. Int. J.
Lab. Hematol. 37(3):346-356, 2015.
De Jonge, R. et al. Automated analysis of pleural fluid total and differential leukocyte counts
with the Sysmex XE-2100. Clin. Chem. Med.
Lab. 44: 1367–1371, 2006.
De Jonge, R. et al. Evaluation of the new body
fluid mode on the Sysmex XE-5000 for counting
leukocytes and erythrocytes in cerebrospinal
fluid and other body fluids. Clin. Chem. Lab.
Med. 48: 665–675, 2010.
De Jonge R et al. Evaluation of the new body
fluid mode on the Sysmex XE-5000 for counting
leukocytes and erythrocytes in cerebrospinal
fluid and other body fluids. Clin. Chem. Lab.
Med. 48: 665–675, 2010.

16

Blood Cell Counting Technology at VCUHS
Selected References
Fleming, C. et al. Validation of the body fluid
module on the new Sysmex XN-1000 for counting blood cells in cerebrospinal fluid and other
body fluids. Clin. Chem. Med. Lab. 50: 17911798, 2012.
.
Fleming, C. et al. Improved software on the Sysmex XE-5000 BF mode for counting leukocytes
in cerebrospinal fluid. Clin Chem Lab Med 51:
e61–63, 2013.
Fleming, C. et al. Clinical relevance and contemporary methods for counting blood cells in body
fluids suspected of inflammatory disease. Clin.
Chem. Lab. Med. 53(11):1689,, 2015.
Genc, S. et al. Evaluation of cell counting in
body fluids: comparison of two automated hematology analyzers with manual microscopy. Clin.
Lab. 62(12):2449-2453, 2016.
Labaere, D. et al. Detection of malignant cells in
serous body fluids by counting high-fluorescent
cells on the Sysmex XN-2000 hematology analyzer. Int. J. Lab. Hematol. 37(5):715, 2015.
Labaere, D. et al. Detection of malignant cells in
serous body fluids by counting high-fluorescent
cells on the Sysmex XN-2000 hematology analyzer. Int. J. Lab. Hematol. 37(5):715-722, 2015.
Li, A. et al. Automated white blood cell counts in
cerebrospinal fluid using the body fluid mode on
the platform Sysmex XE-5000. Scand. J. Clin.
Lab. Invest. 74(8): 673, 2014.

time for new reference ranges? Am. J. Clin.
Pathol. 134: 734–738, 2010.
Seo, J.Y. et al. Performance evaluation of the
new hematology analyzer Sysmex XN-series.
Int. J. Lab. Hematol. 37(2):155-164, 2015.
Tanaka, Y. et al. Evaluation of the body fluid
mode of automated hematology analyzer XNseries for extremely low peripheral white blood
cell counts. Int. J. Lab. Hematol. 36(1):e3-7,
2014.
Zimmermann, M. et al. Automated vs. manual
cerebrospinal fluid cell counts: a work and cost
analysis comparing the Sysmex XE-5000 and
the Fuchs-Rosenthal manual counting chamber.
Int. J. Lab. Hematol. 33: 629–637, 2011.
NRBCs
Bruegel M., Nagel D., Funk M., Fuhrmann P.,
Zander J., Teupser D. Comparison of five automated hematology analyzers in a university hospital setting: Abbott Cell-Dyn Sapphire, Beckman Coulter DxH 800, Siemens Advia 2120i,
Sysmex XE-5000, and Sysmex XN-2000. Clin
Chem. Lab. Med. 53(7):1057-1071, 2015.
Danise P., Maconi M., Barrella F., et al. Evaluation of nucleated red blood cells in the peripheral
blood of hematological diseases. Clin. Chem.
Lab. Med. 50(2):357-360, 2011.

Paris, A. et al. Performance evaluation of the
body fluid mode on the platform Sysmex XE5000 series automated hematology analyzer.
Int. J. Lab. Hematol. 32: 539– 547, 2010.

Hwang D.H., Dorfman D.M., Hwang D.G.,
Senna P., Pozdnyakova O. Automated nucleated RBC measurement using the Sysmex XE5000 hematology analyzer: Frequency and Clinical Significance of the Nucleated RBCs. Am. J.
Clin. Pathol. 145(3):379-384, 2016.

Paris, A. et al. Performance evaluation of the
body fluid mode on the platform Sysmex XE5000 series automated hematology analyzer. Int
J Lab Hematol 32: 539– 547, 2010.

Tantanate C., Klinbua C. Performance evaluation of the automated nucleated red blood cell
enumeration on Sysmex XN analyser. Int. J.
Lab. Hematol. 37(3):341-345, 2015.

Riedl, J.A. et al. Automated morphological analysis of cells in body fluids by the digital microscopy system DM96. J. Clin. Pathol. 63: 538–
543, 2010.

Wang F.S., Itose Y., Tsuji T., Hamaguchi Y., Hirai K., Sakata T. Development and clinical application of nucleated red blood cell counting and
staging on the automated haematology analyser
XE-2100. Clin. Lab. Haematol. 25(1):17-23,
2003.

Sandhaus, L.M. Body fluid cell counts by automated methods. Clin. Lab. Med. 35(1):93-103,
2015.
Sandhaus, L.M. et al. Automated cerebrospinal
fluid cell counts using the Sysmex XE-5000: is it

