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ABSTRACT

Objective: To evaluate the performance of Nucleated RBC (NRBC) Count using a fully automated haematology analyzer
versus manual counting.

Study Design: Cross-Sectional Study.

Place and Duration of Study: Department of Hematology, Armed Forces Institute of Pathology, from Sep 2019-Jun 2020.
Methodology: Routine fresh whole blood samples were run on Sysmex XN-3000 automated haematology analyzer and 384
samples with results of 20.1% Nucleated red blood cells were included in this study. Manual NRBC counting was carried
out twice on Leishman-stained peripheral blood smears from all 384 samples. Comparison between manual and automated
nucleated red blood cell counting methods was statistically analyzed through linear regression analysis & coefficient
correlation. The degree of agreement between two methods was analyzed through Bland-Altman plot. Finally, concordance
between the two methods was also analyzed at 5 different ranges of nucleated red blood cells.

Results: Linear regression analysis revealed a (r?) value of 0.97. Regression equation was calculated as XN = 0.76MC + 1.28,
with 95% limits of agreement between + 40.42% and -24.47%. A mean bias of 7.97% was demonstrated through Bland-Altman
plot. Concordance analysis revealed a concordance rate of 93.74% (360/384). Nucleated red blood cell counting between two
methods were more concordant when nucleated red blood cell counts were <200%.

Conclusion: Nucleated red blood cells counting by XN-3000 automated hematology analyzer is statistically comparable to
manual nucleated red blood cell counting. We suggest that automated counting can be adopted in routine hematology
laboratory as a replacement of manual NRBC counting.
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INTRODUCTION

Nucleated red blood cell (NRBC) or erythroblast
is an immature precursor of mature non-NRBC.! In
healthy individuals, including neonates beyond first
week after birth and non-pregnant women, NRBCs are
only found in bone marrow.2 NRBCs escaping the mar-
row into peripheral circulation are rapidly cleared by a
functional spleen through its reticuloendothelial and
sinusoidal systems. Presence of NRBCs in the periphe-
ral blood is always associated with pathological state
and warrant thorough clinicopathological assessment.3
Primary pathological mechanisms responsible for app-
earance of NRBCs in the peripheral blood may include
asplenia/hyposplenia, stressed & ineffective erythrop-
oiesis (thalassemia, megaloblastosis, severe anaemia,
myelodysplastic syndromes etc.) and primary hemato-
poietic abnormalities (e.g., acute leukaemia, chronic le-
ukemias, myelofibrosis etc).* In thalassemia and some
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other hematologic illnesses, burden of NRBCs in
peripheral blood carries special significance related to
prognosis and therapeutic decisions.> Keeping in view
their significance, NRBCs must be accurately detected,
enumerated and reported in haematology laboratories.
As per recommendations of The International Council
for Standardization in Haematology (ICSH), NRBCs
are counted and reported as an absolute NRBC count
within the differential or the number of NRBCs per 100
White Blood Cells (WBCs) . Presence of significant nu-
mber of NRBCs in peripheral blood may interfere with
WBC count, so a corrected WBC count is calculated
and reported.”

The most widely used method of NRBC detection
and enumeration is manual counting under 400X light
microscope after Romanowsky staining of peripheral
blood smear. This method is simple but tedious and
protracted. It is also inherently associated with impre-
cision and interobserver variation.® Sysmex XN-3000
and other newer automated haematology analyzers
are equipped with NRBC detection and enumeration
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technologies. These analyzers measure NRBCs and
other parameters as a routine complete blood count
(CBC) without requirement of a separate reagent or
software command. These features make automated
NRBC counting an affordable and swift method in
comparison to manual counting.?

Manual counting NRBCs is the most commonly
used method in our setups. However, international re-
search has revealed that manual method is imprecise,
time-consuming and labor intensive, especially in a
hematology laboratory with high volume of samples.
Automated method has been researched and validated
in many studies and most large laboratories are using
this method in routine. This study was deliberated to
evaluate the relationship and degree of agreement bet-
ween manual and automated methods, thus, allowing
routine utilization of automated method.

METHODOLOGY

This cross-sectional study was conducted at
Department of Hematology, Armed Forces Institute of
Pathology (AFIP), Rawalpindi, from Sep 2019 to Jun
2020. Approval from Institutional Review Board (FC-
HEM18-1/READ-IRB/20/570) was obtained before
starting this study.

Using non-probability consecutive sampling tech-
nique, a sample size of 384 was calculated with preva-
lence of 50% and confidence interval of 95%.

Inclusion Criteria: Fresh venous whole blood
specimens collected from both in-hospital and out-
patient departments, of any age group were included.

Exclusion Criteria: Samples from the non-consenting
patients were excluded.

Informed written consent was taken from all the
participants and parents/guardians of the minors.
Fresh venous whole blood was collected from all par-
ticipants in commercially available EDTA-containing
whole blood collection tubes. Each sample was first
analyzed by Sysmex XN-3000 automated haematology
analyzer within 2 hours of collection and declared fit
for inclusion in study if automated NRBC count was
20.1%. Samples that were analyzed after 2 hours of
collection and NRBC count <0.1% were excluded from
the study.

Sysmex XN-3000 analyzes NRBC in a common
WBC & NRBC (WNR) channel using two reagents:
Lysercell WNR haemolysing reagent & Fluorocell
WNR Nucleic acid dye.l Further analysis involves
flow cytometric measurements of side fluorescence
and forward scatter. Side fluorescence identifies

NRBCs by measuring nucleic acid content, while,
forward scatter analyses cell size. Finally, NRBCs are
counted and reported as absolute NRBC count as well
as percentage NRBC count.!

One peripheral whole blood smear was prepared
for every sample for manual NRBC count. Romanow-
sky staining was carried out at room temperature with-
in 2 hours of collection of samples. Staining procedure
involved making a smear by spreading a drop of
whole blood sample on a clean glass slide by a glass-
spreader followed by letting it air-dry. The smear was
then completely covered with Leishman stain for 2
minutes followed by pouring of 66 mmol/L Sorensen
phosphate buffer at pH of 6.8.12 The slide was then wa-
shed in phosphate buffer after 8-10 minutes and placed
vertically to drain and dry. Underside of the slide was
cleaned and the smear was examined under 400X light
microscope by two haematology residents in a double-
blind manner. In case of any significant conflict, an ex-
pert haematologist was consulted. Mean NRBC count
was calculated from the two counts and reported as
number of NRBCs per 100 WBCs as per recommenda-
tions of ICSH.

Statistical relationship between the manual and
automated methods were evaluated by employing lin-
ear regression analysis, coefficient of determination r?)
and regression equation. Bland-Altman analysis was
carried out to quantitate the degree of agreement bet-
ween the two quantitative methods using mean diffe-
rences, bias between the mean differences and upper &
lower limits of agreement!s. Regression analysis and
Bland-Altman analysis were represented by plots as
well. For concordance analysis, six different levels of
NRBC ranges were defined: <1.0%, 1.1-10%, 10.1-50%,
50.1-100%, 100.1-200% & >200.1%. Overall concordance
rate and concordance rates at different levels of NRBCs
were calculated to view the agreement.

All the data was processed through IBM Statis-
tical Package for Social Sciences (SPSS) version 26 and
Microsoft Excel Professional Plus version 2019.

RESULTS

Age-wise sample distribution revealed that of the
total 384 samples, 22 (5.7%) were from neonates (mean
age 5.2 = 4.4 days), 107 (27.9%) were from infants
(mean age 6.9 = 2.7 months) and 255 (66.4%) were from
individuals from 1-92 years of age (mean age 30.9 *
21.3 years). Gender-wise sample distribution revealed
that 216 (56.3%) samples were from males and 168
(43.8%) samples were from females. Majority of indivi-
duals with significant NRBC count (i.e. >5%) suffered
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from primary haematologic malignancies followed by
thalassemia.

Regression analysis of the data from two methods
is shown in Figure-1. A (r2) value of 0.97 was highligh-
ted by the analysis. The linear regression equation was
calculated as: XN = 0.76MC #* 1.28, where XN is NRBC
count (Y-axis) from Sysmex XN-3000, while MC is
manual NRBC count (X-axis) of linear regression plot.

Bland-Altman plot is shown in Figure-II. The
mean bias of the data was 7.97% with 95% of limits of
agreement between upper limit of agreement (ULOA)
40.42% and lower limit of agreement (LLOA) -24.47%.
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Figure-1: Linear regression analysis of NRBC counts from
manual and automated (XN) methods showing 12 &
regression equation.
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Figure-2: Bland-altman plot showing bias and 95% limits of
agreement.

The agreement of two methods at 06 different
levels of NRBCs is shown in the Table. Concordance

Table: Distribution of nucleated red blood cell count at 6 levels.

rate for overall data was 93.74% (360/384). Concor-
dance rates at NRBC count <200%, <100%, <50% and
<10% were 93.87% (352/375), 93.28% (333/352), 96.22%
(280/291) and 97.78% (176/180). There was not a single
false negative result as per threshold criteria for
manual NRBC count of 1%.

DISCUSSION

The presence of even a single NRBC in the peri-
pheral circulation may be associated with a variety of
clinicopathological conditions including severe anae-
mias, haematologic malignancies, severe hypoxia, sep-
sis and hyposplenia.’* Detection and correct enumera-
tion of NRBCs in peripheral blood may often give
clues to these illnesses as well. Therapeutic managem-
ent and prognosis have also been defined with refe-
rence to NRBC count in certain disease like thalasse-
mia. Till today, most of the routine hematologic labo-
ratories detect and report NRBCs using manual met-
hod. This method is simple and easy but also depends
upon a number of factors for accurate results including
staining equipment, technical skill level, expertise of
microscopist and may be limited by interobserver vari-
ations. At the same time, it adds cost to the diagnostic
evaluation.’® To cope with these disadvantages, newer
automated haematology analyzers have been establis-
hed that detect and enumerate NRBCs based on side
fluorescence and forward scatter principles of flow
cytometry.1® These analyzers use separate channel for
NRBC enumeration. Many studies have demonstrated
that these analyzers are fairly precise and accurate.
However, these methods carried certain disadvantages
like (i) NRBC count are not carried out as part of
routine Compete Blood Count (CBC) parameters (ii)
NRBC enumeration usually requires separate haemo-
lysing reagents and nucleic acid staining dyes, both
adding considerable cost and (iii) Processing time is
increased if all samples suspected for NRBCs are run
on these analyzers in routine.'”

Sysmex XN-3000 is a modern state of the art fully
automated haematology analyzer that overcomes most
of the above-mentioned problems. Based on the same
flow cytometric principles, this haematology analyzer

Manual Nucleated Red Blood Cell Count Number of Samples from Sysmex XN-3000

Range of Nucleated Number of Range of Nucleated Red Blood Cells (%)

Red Blood Cells (%) Samples <1.0 1.1-10 10.1-50.0 | 50.1-100.0 | 100.1 - 200.0 2200.1
<1.0 56 55 1 0 0 0 0
1.1-10 124 01 121 02 0 0 0
10.1 - 50.0 111 0 04 104 03 0 0
50.1 - 100.0 61 0 0 08 53 0 0
100.1 - 200.0 23 0 0 0 04 19 0
>200.1 09 0 0 0 0 01 08
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detects and enumerates NRBCs in a common channel
that also measures white blood cells. This is especially
advantageous as (i) It does not require a separate
lysing reagent and staining dye (ii) It carries out NRBC
count as part of routine CBC (iii) No re-run of the
sample is required for suspicion of presence of NRBCs
in the sample. All these advantages result in cost-effec-
tiveness and save turn-around time of the tests. Only a
small number of diagnostic centers in Pakistan are
equipped with modern fully automated analyzers like
Sysmex XN-3000. Literature review revealed that no
national study to our knowledge has been published
on the evaluation of such analyzers for various para-
meters of CBC. Our study was aimed at demonstrating
relationship and agreeability of the automated method
with the traditional manual method of NRBC enume-
ration.

Our study included samples from individuals
who were advised CBC and peripheral film examina-
tion for various clinical and diagnostic purposes. Ana-
lysis of our results revealed that NRBC counts from
XN-3000 were significantly correlated to those of man-
ual method with r?=0.98. Bland-Altman analysis revea-
led that overall agreement between automated and
manual methods of counting was lacking, however, it
yielded a wide range of 95% upper and lower limits of
agreement. The agreement was most deficient when
the levels of NRBCs were very high. Concordance ana-
lysis between the two methods revealed a very good
overall concordance rate of 93.2% (358/384).

Briggs et al, carried out a very comprehensive
study on NRBC count using automated (XN & XE-2100
modules of Sysmex haematology analyzers) and man-
ual counting methods in 2012. Their study demonstra-
ted an outstanding linear relationship and statistical
correlation between automated and manual methods
of NRBC counting.’8 In 2014, Tantanate et al, addressed
the performance evaluation of XN-3000 for NRBC cou-
nting and compared the results with parallel manual
NRBC counting. The study also focused on perform-
ance at different levels of NRBCs and concluded that
the automated method was agreeable to the manual
method when NRBC counts were <200%.1° Buoro et al,
while working on umbilical cord blood, compared two
Sysmex modules: XN-modules & XE-2100 in 2014 and
demonstrated a good correlation between Sysmex XN-
module and manual counting.?? Da Rin et al, compared
performance of five different commercial haematolo-
gical analyzers including Sysmex XE-2100 and XN-
module. After comparing manual versus automated

methods for NRBC count and employing extended
statistical methods of evaluation including precision
analysis, limit of blank (LoB), limit of detection (LoD)
and limit of quantitation (LoQ), the researchers conclu-
ded that performance of XN & XE-2100 modules were
excellent.?!

RECOMMENDATIONS

Fully automated Sysmex XN-3000 haematology analy-
zer can be employed for routine NRBC count. More studies
on automation and precision analysis of XN-3000 and other
automated analyzers are recommended.

CONCLUSION

Our findings are in accordance with the findings
from previous studies with respect to statistical analysis and
advantages of employing a fully automated haematology
analyzer in routine NRBC count. We suggest that NRBC
count by an automated haematology analyzer can replace the
manual count in larger haematology laboratories because
automation is swift, accurate, and cost-effective. Further re-
search on XN-3000 and other commercially available auto-
mated haematology analyzers is strongly recommended.
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