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Abstract

Background: The UniCel® DxH-800 is an automated cell counter widely used in laboratories. However, the effects of in-
creased nucleated red blood cells (NRBCs) on the lymphocyte counts obtained using the UniCel DxH-800 have not been 
fully elucidated.

Objective: The study’s objective was to compare lymphocyte counts obtained using the DxH-800 and those obtained using 
flow cytometry in various ranges of NRBCs. 

Methods: This cross-sectional study analyzed 25 healthy volunteers and 69 β-thalassemia/HbE patients. The numbers of 
lymphocytes were determined using a UniCel DxH-800 and a standard flow cytometer using counting beads. 

Results: In healthy volunteers, regression analysis of the lymphocyte counts using the two approaches showed an r2 0.85 
and a p < 0.0001, and a Bland-Altman plot showed mean bias of +264 cells/μL. In β-thalassemia/HbE patients, regression 
analysis of the lymphocyte counts obtained using an automated cell counter and a flow cytometer showed an r2 of 0.06,  
a p = 0.028, and a Bland-Altman plot showed the mean bias of +1,509 cells/μL. In addition, a high degree of discrepancy in 
the lymphocyte counts was observed in β-thalassemia/HbE patients who had NRBCs > 100,001 cells/μL. 

Conclusions: The present study demonstrated that the UniCel DxH-800 performed well in enumerating lymphocytes in 
specimens that contained various numbers of NRBCs. However, a high number of NRBCs may interfere with lymphocyte 
counts obtained using the counter.
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Introduction
Lymphocytes are one of the white blood cell subtypes in  

the immune system. They are classified into T, B and natural 
killer (NK) cells, according to the specific marker expressed 
on the surface membrane. The primary function of T-lympho-
cytes is to mediate the cellular immunity while B-lymphocytes  
are responsible for humoral immunity.1,2 Once lymphocytes 
have identified a pathogen or pathogen-infected cells, they gen-
erate immune responses to eliminate the “non-self ” invader. 
As part of the innate immune cells, NK cells show a cytolytic 
function against tumors and virus-infected cells.3 A lympho-
cyte count is normally part of a peripheral complete blood  
count and is expressed as the percentage of lymphocytes 
to the total number of white blood cells. It is now widely ac-
knowledged that an increase in lymphocyte concentration 
is normally associated with inflammation in patients, while 
low absolute lymphocyte count is associated with increased 
rates of infection after trauma or surgery.4,5 Considering this 
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Flow cytometry enumeration of lymphocytes
First, 50 microliters of the blood sample were pipetted into 

a TruCount tube containing 20 μL of TriTest reagents, and  
then the mixture was incubated in the dark at room tempera-
ture. After 15 min of incubation, 450 μL of 1 × FACSLysing  
solution was added to the tube, and it was incubated for 10 
min. The samples were analyzed using a FACSCalibur (Becton  
Dickinson; San Jose, CA, USA). 

For flow cytometry analysis, forward scatter (FSC) and side 
scatter (SSC) were set as the linear scale. The fluorescent pa-
rameters were set as the logarithmic scale. To eliminate debris 
and noise, the threshold was set at CD45. The lymphocytes 
and counting beads were identified and gated according to  
their SSC and CD45 characteristics. A minimum of 1300 events 
of the counting beads was set for acquisition. The number of 
lymphocytes was calculated according to the manufacturer’s 
recommendation. 

Automated hematology analyzer
Complete blood counts were evaluated using a UniCel  

DxH-800 (Beckman Coulter Inc.; Brea, CA, USA) according 
to the routine procedure used in the Department of Pediat-
rics, Faculty of Medicine, Siriraj Hospital. Before the samples 
were analyzed, both inter- and intra-laboratory quality controls  
were performed on the instrument. 

Corrected WBCs
Blood smears were prepared and then stained with 

Wright-Giemsa (Miles Laboratories; Elkhart, IN, USA). In all, 
200 cell WBC deferential counts were randomly performed 
using different slides and the two medical technologists. To  
determine their percentages, the NRBCs were counted micro-
scopically using the laboratory’s routine methods. Corrected 
WBCs were calculated using the following formula: corrected 
WBC/μL = (estimated WBCs/μL × 100)/(100 + number of  
NRBCs in 100 WBCs). 

Statistical analysis
The data were graphed and analyzed using GraphPad  

Prism version 5.0.1 (GraphPad Software, Inc.; San Diego, CA, 
USA). The results were expressed as mean ± standard error 
(SE). Linear regression was used to determine the association 
between the number of WBCs and the lymphocyte counts 
obtained using the DxH-800 and those obtained using flow  
cytometry. A Bland-Altman test was used to address the bias 
between the two approaches. 

association, accuracy of lymphocyte enumeration is essential 
for clinical managements of these patients. 

Nucleated red blood cells (NRBCs) are normoblasts that 
fail to exclude the nuclei before exiting from the bone mar-
row or liver. These NRBCs are usually found in the periph-
eral blood circulation of patients who have severe anemia, 
extramedullary erythropoiesis, and splenectomy.6,7 In severe 
β-thalassemia patients, cell-counter analysis has demonstrat-
ed that the number of NRBCs can increase to 500 cells/100 
white blood cells (WBCs).8 Considering the similarity in size  
between NRBCs and lymphocytes, the increase in non-lysis 
NRBCs in the blood circulation might interfere with the lym-
phocyte count obtained using an automated cell counter.9-11 

Lymphocyte enumeration can be performed using several 
approaches, but the most widely used methods are flow cy-
tometry and automated cell counters.12,13 Flow cytometry first 
identifies the total populations of WBCs using monoclonal 
antibodies, and then granulocytes, monocytes, and lympho-
cytes are classified according to size and internal complexity.  
In addition, the number of cells can be calculated using the 
reference microbeads, which have known concentrations.  
Studies have demonstrated the accuracy of this approach for 
enumerating WBCs in blood samples that have a high number 
of NRBCs.14 The market includes many modern instruments 
for performing automated cell counting. The UniCel® DxH-800 
from Beckman Coulter is one of the automated cell counters 
most widely used in medical laboratories.15-18 This automated 
cell counter includes new electronic and mechanical designs 
and uses advanced algorithm technology to analyze complete 
blood counts (CBCs), WBCs differentials, NRBCs, and re-
ticulocytes. Studies have evaluated the instrument’s perfor-
mance.19-22 However, the effect of NRBCs on lymphocyte counts  
conducted using the UniCel DxH-800 has not been fully eluci-
dated, particularly in patients with high NRBC counts.

In the current study, we compared the number of lympho-
cytes obtained using flow cytometry to the number obtained 
using a Beckman Coulter UniCel DxH-800 to evaluate the 
accuracy of this instrument when enumerating lymphocytes 
in β-thalassemia/HbE patients who had various numbers of  
NRBCs. 

Materials and Methods
Materials 

The TriTest reagent, FACSLysing solution, and TruCount 
tube were purchased from Becton Dickinson (San Jose, CA, 
USA). 

Specimens
The study was approved by the Institutional Reviewer 

Board of the Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok, Thailand. The patients were from the  
Department of Pediatrics, Faculty of Medicine Siriraj Hos-
pital, Mahidol University. Patients’ diagnoses were based on  
hemoglobin typing and molecular characterization. Patients 
with β-thalassemia provided written informed consent, after  
which, 3 mL of peripheral blood was collected from each 
into vacationer tubes containing K2EDTA as an anticoagulant  
(Becton Dickinson; Franklin Lake, NJ, USA). 

Results
Hematological parameters of healthy and β-thalassemia/HbE 
patients

In the present study, 69 β-thalassemia/HbE patients and 
25 healthy volunteers were analyzed. Table 1 summarizes the 
hematological data of all the subjects. The results showed that 
the RBC counts and RBC indices in the β-thalassemia/HbE  
patients were significantly lower than those in the healthy  
volunteers. In contrast, the RDWs, WBC counts, lymphocytes, 
and platelets in the β-thalassemia/HbE patients were signifi-
cantly higher than those in the healthy volunteers. In addition, 
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the number of NRBCs/100 leukocytes in β-thalassemia/HbE 
patients ranged from 3‒1766. 

To investigate the accuracy of the NRBC counts, we com-
pared the NRBC counts obtained using the DxH-800 with  
those obtained using the manual approach in β-thalassemia/
HbE patients. The results demonstrated an excellent correla-
tion between the two methods, with an r2 0.96, a y = 1.15x + 
26.93, and a p < 0.0001 (Figure 1A). A Bland-Altman analysis 
showed a mean bias of +52 cells/μL and a limit of agreement  
(LOA) ranging from -372 to +226 cells/μL (Figure 1B). 

Correlation and agreement between lymphocyte counts ob-
tained using DxH-800 and flow cytometry in healthy volun-
teers and β-thalassemia/HbE patients 

Analysis of the results from healthy donors showed a good 
correlation (r2 = 0.85, y = 0.8x + 243.4, p < 0.0001) between 
lymphocyte counts obtained using a UniCel DxH-800 and 
counts obtained using flow cytometry (Figure 2A). A Bland- 
Altman plot demonstrated a mean bias of +264 cells/μL and  
an LOA that ranged from -536 to +1,066 cells/μL (Figure 2B). 

For the β-thalassemia/HbE patients, linear regression anal-
ysis showed an r2 = 0.06, a y = 0.11x + 3642 and a p = 0.028. 
The Bland-Altman analysis showed a mean bias and an LOA 
of +1,509 cells/μL and ranging from -11,684 to +14,704 cells/
μL. To further evaluate the effect of NRBC levels on lympho-
cyte counts obtained using the DxH-800, the β-thalassemia/ 
HbE patients were first categorized into four groups accord-
ing to the numbers of their NRBC counts, and then, for each 
group, the agreement of the lymphocyte counts obtained us-
ing the DxH-800 and the flow cytometer were compared.  
Our results showed that the patients whose NRBCs > 100,001 
cells/μL showed the highest disagreement, having a mean bias

Table 1. Hematological data of healthy volunteers and β-thal-
assemia/HbE patients

Data represent mean ± standard error (min – max)

Healthy 
(n=25)

β-thalassemia/HbE 
(n=69)

p-value

RBC 
(×106/μL)

4.62 ± 60287
(4.12-5.39)

3.42 ± 63939 
(2.53-5)

< 0.0001

Hemoglobin 
(g/dL)

13.28 ± 0.25
(10-17)

7.94 ± 0.17 
(5-11)

< 0.0001

Hematocrit 
(%)

39.25 ± 0.68 
(32-50)

25.48 ± 0.47 
(17-35)

< 0.0001

MCV (fL) 84.84 ± 0.72 
(77-96)

74.72 ± 0.83 
(59-88)

< 0.0001

MCH (pg) 25.53 ± 0.3 
(24-32)

23.09 ± 0.34 
(16-29)

< 0.0001

MCHC 
(g/dL)

33.44 ± 0.19 
(29-35)

30.9 ± 0.28 
(24-35)

< 0.0001

RDW (%) 13.97 ± 0.2 
(12-17)

26.16 ± 0.81 
(15-42)

< 0.0001

Estimated 
WBC (/μL)

7,203 ± 440 
(2,900-13,300)

17,945 ± 1,983
(3,300-108,900)

< 0.0001

Corrected 
WBC (/μL)

- 6,396 ± 414 
(1,676-15,825)

-

Lymphocyte 
(/μL)

2,807 ± 197 
(1,400-5,700)

6,080 ± 793 
(700-41,200)

0.0077

Platelet (/μL) 252,938 ± 13,812 
(103,000-572,000)

480,274 ± 27,074 
(42,900-988,000)

0.03

NRBCs/ 100 
WBCs

0 256 ± 45 
(3-1,766) 

-

Figure 1. Regression (A) and Bland-Altman analysis (B) of NRBCs obtained using a UniCel DxH-800 and manual approach in 
β-thalassemia/HbE patients.

Figure 2. Regression (A) and Bland-Altman analysis (B) of lymphocytes obtained using a UniCel DxH-800 and standard flow 
cytometry in healthy volunteers. 
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Effect of NRBCs on identification of lymphocytes
To investigate the effect of the number of NRBCs on the 

identification of lymphocytes, we compared the FSC and SSC 
characteristics of lymphocytes in blood specimens obtained 
from healthy volunteers and β-thalassemia/HbE patients. In 
specimens from healthy volunteers, the lymphocyte popula-
tion was clearly separated from other leukocyte populations 
according to their CD45 intensities and FSC and SSC charac-
teristics (Figure 4A). In specimens from β-thalassemia/HbE  
patients, the lymphocyte population could be classified us-
ing CD45 vs. SSC (Figure 4B). However, backgating analysis 
demonstrated the similarity of the FSC and SSC characteristics 
of the lymphocytes and the non-lysed NRBCs, suggesting an  
influence of the NRBCs on lymphocyte enumeration. 

Figure 3. Bland-Altman plots showing the differences against the average of the lymphocyte counts obtained using the UniCel 
DxH-800 and a standard flow cytometer in β-thalassemia/HbE patients who have NRBCs < 1,000; 1,001‒10,000; 10,001‒100,000; 
and > 100,001 cells/μL.

of +10,203 cells/μL and an LOA of -9,138 to +29,546 cells/μL 
(Figure 3). In contrast, the other three groups (NRBCs < 1,000; 
1,001‒10,000; and 10,001‒100,000 cells/μL) showed mean bi-
ases of +516 cells/μL; -3,335 to +4,368 cells/μL, -578 cells/μL; 
-3,962 to +2,805 cells/μL, and -308 cells/μL; -8,694 to +8,078 
cells/μL, respectively. In addition, our Bland-Altman plots 
showed the values of the differences on both sides of the zero 
line for the groups having NRBCs < 1,000; 1,001‒10,000; and 
10,001‒100,000 cells/μL. In contrast, a trend of positive bias, or 
over-estimation of lymphocyte count, was demonstrated in the 
group that had NRBCs > 100,001 cells/μL.

Figure 4. Effects of NRBCs on lymphocyte enumeration. 
CD45 vs. SSC and FSC vs. SSC dot plots showing the lympho-
cyte population (R1) in specimens from healthy volunteers 
(A) and β-thalassemia/HbE patients who had high numbers 
of NRBCs (B). 

Discussion
The current investigation aimed to investigate the effects of 

NRBC levels on the accuracy of lymphocyte counts obtained 
using the Beckman Coulter UniCel DxH-800 in β-thalassemia/
HbE patients. The results suggested the accuracy of lympho-
cyte counts using the instrument in both healthy volunteers 
and β-thalassemia/HbE patients. However, a high number of 
NRBCs was associated with a discrepancy in the lymphocyte 
counts obtained using the UniCel DxH-800 cell counter and 
standard flow cytometry. 

β-thalassemia/HbE is one of the most prevalent diseases in 
Thailand and other countries, and patients show varying de-
grees of anemia and abnormally high numbers of NRBCs.23-26  
The increased number of NRBCs in severe β-thalassemia/HbE 
has been shown to interfere with the lymphocyte counts ob-
tained using several automated cell counters.9,10  Barnes et al. 
evaluated the performance of the DxH-800 on the detection of 
blast cells and found that its false positive rate when differenti-
ating white blood cells in abnormal specimens was lower than
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that of another automated instrument.16 Studies have also sug-
gested the high sensitivity and specificity of platelet and white 
blood cell counts and the low NRBC false negative rate of  
DxH-800 differentiation.17 In addition, evaluation of pediatric 
specimens has demonstrated an excellent correlation among 
white blood cell counts, RBCs, platelets, and hematological 
parameters obtained using both the DxH-800 and another au-
tomated cell counter technology that is routinely used in lab-
oratories.18 Furthermore, apart from enumeration, examina-
tion of blood films prepared using DxH-SMS differentiation 
showed quality comparable with those prepared manually.15  
However, no study has investigated the effects of the num-
bers of NRBCs in β-thalassemia/HbE patients on lymphocyte 
counts obtained using the UniCel DxH-800. Knowing the lim-
itations of an automated cell counter is important to managing  
laboratory routine. In the present study, in both healthy vol-
unteers and β-thalassemia/HbE patients, lymphocyte counts  
correlated well whether they were obtained using a UniCel 
DxH-800 or the standard flow cytometry approach, suggest-
ing that the UniCel DxH-800 performs well. However, despite 
the high accuracy, a high degree of discrepancy was observed 
between lymphocyte counts obtained using standard flow cy-
tometry and those obtained using the UniCel DxH-800 in  
β-thalassemia/HbE patients who had NRBCs > 100,001 cells/
μL. In this group, the plot showed that the difference between  
the methods tended to increase as the average increased. Col-
lectively, these data suggest the influence of a high number of 
NRBCs on the lymphocyte counts obtained using the UniCel 
DxH-800. This finding was similar to those of previous stud-
ies, which suggest that the performance of the DxH-800 in 
leukocyte counts must be improved.21,27 The results of the 
present study suggested that the interpretation of lymphocyte 
counts made to monitor the immune systems of β-thalassemia/
HbE patients who have increased NRBC numbers should  
carefully consider variations that may occur due to the meth-
odology used. Accurate leukocyte counts are important in 
β-thalassemia for several reasons. First, infection is a common 
complication and a major cause of death in β-thalassemia/
HbE patients, making monitoring of WBC counts necessary to  
diagnose this complication in these patients.28 Second, accu-
rate, reliable leukocyte and lymphocyte enumeration is essential  
to managing HIV-infected β-thalassemia patients.29 

Having demonstrated the influence of high numbers of 
NRBCs on lymphocyte counts obtained using the UniCel  
DxH-800, we next sought to determine whether high numbers 
of NRBCs interfered with lymphocyte classification. The re-
sults showed a mixed population of lymphocytes and NRBCs 
according to their FSC and SSC characteristics, suggesting  
that physical characteristics cannot be used to discriminate  
between lymphocytes and NRBCs. This finding is important 
in explaining the discrepancies in lymphocyte counts between 
the UniCel DxH-800 and standard flow cytometry in speci-
mens that had high numbers of NRBCs. The principle behind  
automated cell counters is based on electrical impedance when 
each cell passes through a small aperture, which causes an elec-
tronic pulse.30-32 The size and number of pulses, respectively, 
indicate cell volume and number of cells. To enumerate leuko-
cytes, the RBCs are lysed using the lysis buffer before count-
ing and sizing. The differentiation of the leukocyte population 

is determined using data on both impedance and optical mea-
surement. Considering the presence of high non-lytic NRBCs 
in a differential scatter gram could result in increased leuko-
cyte counts. In contrast to the automated counter approach, the  
flow cytometry approach uses the molecular marker of the  
leukocyte, CD45, to classify the leukocyte population and dif-
ferentiate leukocytes from non-leukocytes. This approach in-
creases the accuracy when enumerating the leukocyte popu-
lation.33 To address this limitation of automated cell counters, 
a new model of automated cell counter integrates advanced 
technology to improve the accuracy of leukocyte enumeration. 
Several studies have demonstrated the efficiency of this tech-
nology.11,20,21 It is important to evaluate the efficiency of this  
technology in specimens that have high numbers of NRBCs, 
particularly in β-thalassemia/HbE patients. 

One might wonder whether the variability observed in 
the present study is due to the inaccuracy of NRBC counting.  
However, the accuracy of NRBC counts in the study’s β-thal-
assemia/HbE patients is supported by the good agreement and 
excellent correlation between %NRBC counts using the DxH-
800 and those obtained using the manual approach. A study 
comparing the accuracy of NRBC counts in β-thalassemia pa-
tients showed that the absolute and %NRBCs obtained using  
the Sysmex XE-2100 and the Advia 2120i were comparable to 
those obtained using manual microscopy and flow cytometry.34 

The present study had several limitations. Although mod-
ern automated cell counters are available on the market, the  
present study focused only on evaluating the performance of 
the DxH-800 instrument against that of flow cytometry.35,36  
This was because the DxH-800 instrument is currently being 
used in our laboratory. In addition, the present study examined 
the increased number of NRBCs only in β-thalassemia/HbE 
disease. Apart from β-thalassemia/HbE disease, other types 
of patients have shown increased numbers of NRBCs in their 
peripheral blood circulation, including cancer patients and pe-
diatric patients, but the present study did not examine these 
patients.6,7 Further studies are needed to confirm the influence 
of NRBCs on the lymphocyte counts obtained using automated 
cell counters. 

In summary, the results of the present study demonstrated 
good performance by the UniCel DxH-800. However, these re-
sults also detected that the number of NRBCs could interfere 
with the accuracy of lymphocyte counts when the number of 
NRBCs reached 100,001 cells/μL. Therefore, in specimens that 
have high numbers of NRBCs, manual examination is recom-
mended to confirm the lymphocyte counts.
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