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SUMMARY

Introduction: An accurate and rapid analysis of cells in body fluids

(BFs) is important for diagnosis and follow-up in many pathological

conditions. We evaluated the analytical performance of the module

BF Mindray BC-6800 (BC-6800-BF) for cytometric analysis of asci-

tic and pleural fluids.

Methods: A total of 99 ascitic and 45 pleural samples were collected

and assessed with BC-6800-BF and optical microscopy. This study

also includes the evaluation of limit blank (LoB), limit detection

(LoD), limit quantitation, (LoQ), carryover, linearity, and diagnostic

concordance between the two methods.

Results: For TC-BF, LoB was 1 9 106 cells/L, LoD was

3 9 106 cells/L, and LoQ was 4 9 106 cells/L. Linearity was excel-

lent (r2 = 0.99) and carryover was negligible. TC-BF performed

with the two methods showed Pearson’s correlation of 0.99

(P < 0.0001), Passing–Bablok regression y = 1.04x � 1.17, and bias

33.7 cells. In ascitic fluids, polymorphonuclear cells (PMN) showed

an area under curve (AUC) of 0.98 (P < 0.0001). In pleural fluids,

mononuclear cells (MN) and PMN % displayed an AUC of 0.79

(P < 0.0001) and 0.93 (P < 0.0001), respectively.

Conclusions: BC-6800-BF in ascitic and pleural fluids offers rapid

and accurate cell and differential counts in clinically relevant con-

centration ranges. The use of BC-6800-BF may allow to replace

routine optical counting, except for samples displaying abnormal

cell counts or abnormal DIFF scattergram.

INTRODUCTION

Total and differential counts of nucleated cells in

pathological body fluid (BF) as well as ascitic (AF)

and pleural fluids (PF) are useful to differentiate

malignancies from reactive or infectious diseases

[1–3]. Many of the serous cavity effusion in infectious

diseases show increased total nucleated cells and

leukocytes (WBC).

An accurate evaluation of the number and cellular

type in BF is an important diagnostic criteria. For

example in AF, the presence of neutrophils (NE)
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higher than 250 9 106 cells/L is sufficient for the

diagnosis of spontaneous bacterial peritonitis [1, 3],

thus allowing a faster start of therapy. Similarly, in

AF a total nucleated cells counting ≥1000 9

106 cells/L with the majority of lymphocytes (i.e.,

>50%) allows for the diagnosis of tuberculous peri-

tonitis [1].

In PF, a cell counting higher than

1000 9 106 cells/L characterizes a pleural exuda-

tive effusion [1, 4]. In these cases, if lymphocyto-

sis is higher than 50%, tuberculous pleurisy,

lymphoma, metastatic malignancies, sarcoidosis, or

chylothorax can be suspected [1]. Also an esino-

philic effusion (>10%) may be malignant in etiol-

ogy or caused by pneumothorax, pulmonary

embolism, parasitic infections, or Churg–Strauss

syndrome [1].

Manual counting by optical microscopy (OM) is

still the ‘Golden Standard’ to determine WBC and

other nonhematological cells in BF. However,

microscopic counting showed high inaccuracy as

well as poor standardization and reproducibility. In

addition, it requires skilled and well-trained techni-

cal people to have high turnaround time (TAT)

[5–8]. As a matter of facts, in many clinical labora-

tories, to avoid the difficulties of microscopic

counting, body fluids analysis is performed using

hematological analyzers with dedicated modules [2,

8–10]. Not only an hematological analyzer was

used, but also instruments for urinalysis as Sysmex

UF-series and Iris iQ200 have shown good perfor-

mance in BF [9–12].

BC-6800 (Mindray, Shenzhen-China) is an hema-

tology analyzer able to perform BF analysis in a dedi-

cated module (BF). BC-6800-BF offers a number of

default parameters including total nucleated cells (TC-

BF) and leukocyte (WBC-BF), differential cell count

for mononuclear cells (MN) and polymorphonuclear

cells (PMN). Additional research parameters include

esinophils (EO-BF), neutrophils (NE-BF), and cells

with a high fluorescence (HF-BF).

The aim of our study was the evaluation of the

analytical performance both in ascitic and pleural flu-

ids according to CLSI document H56-A in 2006 (CLSI

document H56-A) [1] as well as to the ICSH Guideline

for verification and performance of automated cell

counters for body fluids in 2014 [13].

MATERIALS AND METHODS

Samples

One hundred and forty-four samples (99 AF and 45

PF) were collected in K3EDTA tubes (Becton Dickin-

son, Franklin Lakes, NJ, USA) and studied to evaluate

the correlation between BC-6800-BF and OM. The

collection and analysis of all BFs were performed

according to the CLSI document H56-A [1].

The study was carried out in accordance with the

Declaration of Helsinki, under the terms of all rele-

vant local legislation.

Optical microscopy

Manual microscopic cell count was performed in a

Nageotte counting chamber to count total nucleated

cells (TCs). BF samples were diluted (1 : 20 or

1 : 200) with Turk’s solution (Carlo Erba, Milano,

Italy). For each sample, cells were counted in 12

squares (7.5 lL of BF samples) at 9400 magnification.

TCs differential was performed by two skilled opera-

tors with a light microscope at 9400 magnification

and by a third person if the first two results disagree

[13, 15]. Slides were prepared by cytospin of BF sam-

ples at 100 g for 3 min (Cytospin2 Thermo Scientific,

Milano, Italy) followed by May–Grunwald–Giemsa

staining.

The differential count was performed according to

the standard CLSI document H20-A2 in 2010 [14]

and ICSH guidelines for the evaluation of blood cell

analyzers including those used for differential leuko-

cyte and reticulocyte counting in 2014 [15], for all

sample cells differential was performed by two experi-

enced examiners and a third person if the first two

results disagree [13, 15].

Mindray BC6800 BF mode

As for the analysis of BF samples, BC-6800-BF uses

fluorescent flow cytometry with hydrodynamic focus-

ing to provide quantification of RBC, WBC, and TC in

BF samples. Similarly, as methodology for cellular

counting, in peripheral blood, BF mode uses flow

cytometry after selective lysis and fluorescence

staining. In BF mode, laser side scatter (SS), forward
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scatter (FS), and fluorescence analysis (FL) are used to

classify all nucleated cells in BF. Cells are clustered in

a three-dimensional scattergram (3D) according to

their internal complexity (SS axis), size (FS axis), and

nucleic acid content (FL axis) as MN, PMN, NE-BF,

EOS-BF, and HF-BF (Figure 1).

HF-BFs are nucleated high-fluorescent cells (for

research purpose only). These cells are different from

WBCs (i.e., mesothelial cells, macrophages, malignant

nonhematopoietic cells) and included in the TC count.

The RBCs are counted in the impedentiometric chan-

nel.

All additional information was examined according

to CLSI document H56-A [1] such as the data of DIFF

scattergram. The scattergrams were assessed using the

same criteria as for complete blood cell count. DIFF

scattergram results in all samples were evaluated by

two experienced examiners by comparison with

respect to the reference DIFF scattergram.

BC-6800-BF uses 150 lL for the count of a BF

sample only, without any preventive manual treat-

ment. Throughput is 40 BF samples/h. Although

BC-6800-BF automatically performs a rinse cycle,

followed by a background check, to avoid cross-

contamination from blood samples and sample

carryover in BF mode, an automated rinsing is

performed whenever a sample is analyzed. The

BC-6800 is calibrated and used according to manu-

facturer specifications.

Repeatability

The within-run imprecision of BC-6800-BF was evalu-

ated using 10 replicates of 9 fresh BFs routine sam-

ples, assessed according to the CLSI document EP05-

A3 in 2014 [16]. The mean samples values ranged

from 12 to 1666 9 106 cells/L.

Sample carryover

Carryover was assessed on two BF (one AF and

one PF) samples with a high cell count (from

1600 to 5000 9 106 cells/L). Each sample was

measured three times (H1, H2, H3) followed by

three measurements of a blank (physiological sal-

ine; B1, B2, B3). Percentage of carryover was cal-

culated using the formula ‘carryover = [(B1 � B3)/

(H3 � B3)] 9 100’ [17].

Limit of blank and limit of detection

The limit of blank (LoB) and limit of detection (LoD)

were assessed according to CLSI document EP17-A2

in 2012 [18]. LoB was assessed using nonparametric

analysis as the 95th percentile value from 60 repli-

cates of sample diluent of BC-6800-BF (M-68DS). LoD

was then assessed on 12 BFs (6 ascitic e 6 pleural)

samples diluted with physiological saline solution, to

obtain very low concentrations of both TCs. Ten repli-

cates of each sample were assayed, for a total of 60

measurements for each type of BFs. The mean sample

values ranged from 1 to 8 9 106 cells/L. The LoD was

determined as the lowest TC and WBC concentrations

that were detected above their respective LoB with a

95% probability [18].

LoD was calculated using the formula

LoD = LoB + 1.645 9 SDs (where SD is the pooled

NE-BF EOS-BF
PMN

MN

HF-BF

GHOST

SS axis

F
L 
ax
is

WBC-BF

TC-BF

Figure 1. BC-6800-BF DIFF scattergram pattern. All

cells are clustered in according to their internal

complexity (SS axis), size (FS axis), and nucleic acid

content (FL axis). The green clusters are

mononuclear cells (MN), azure clusters are

polymorphonuclear cells (PMN) cells, yellow cluster

is nucleated high-fluorescence cells (HF-BF), and

blue cluster is debris cells (ghost). TC-BF, total

nucleated cells; WBC-BF, leukocytes; NE-BF,

neutrophils; and EO-BF, esinophils.
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standard deviation of results on low-level sam-

ples).

Functional sensitivity (limit of quantitation)

Functional sensitivity was assessed on ten replicates

of nine native samples at different cell concentrations

TC from 8 to 1650 9 106 cells/L; WBC from 8 to

1639 9 106 cells/L; PMN from 8 to 769 9 106 cells/L;

MN from 3 to 850 9 106 cells/L. The mean TC,

WBC, PMN, and MN count of each sample was plot-

ted against the CV. Functional sensitivity was mathe-

matically assessed from the power regression

equation at a concentration in which the CV equals

20%. This value was defined as limit of quantitation

(LoQ) [19].

Linearity

For linearity testing, TCs obtained from native sam-

ples were used. A sample with high cell concentra-

tion counts was serially diluted with phosphate-

buffered saline (PBS) to produce eight concentration

levels as follows: TC from 8 to 3965 9 106 cells/L,

WBC from 8 to 3936 9 106 cells/L, PMN from 24 to

3063 9 106 cells/L, and MN from 18 to

2279 9 106 cells/L.

Each sample was measured five times consecu-

tively. Results were plotted against the expected cell

counts, and linearity was evaluated according to the

CLSI document EP06-A in 2003 [19].

Comparison of patient samples

Methods comparison was made on 144 BF samples

(99 AF and 45 PF). These samples were processed

both with BC-6800-BF and with the OM: in

Nageotte chamber for total cell counts as well as

differential counts on cytospin stained with May–

Grunwald–Giemsa (MGG) (Carlo Erba Reagent spa

Italy).

Morphological differentiation by OM entailed cell

classification in one of the following classes: neu-

trophils (NE), lymphocytes (LY), monocytes (MO),

esinophils (EO), basophils (BASO), macrophages

(MACRO), mesothelial cells (MESO), and other

cells (OTHER; also including ‘blastlike’ cells).

Due to different classification and cells designation

from BC-6800BF mode and OM, cells were clustered

in a discrete number of homogeneous cell categories

to enable a direct comparison between the two meth-

ods, as follows:

• TC-BF vs. OM-TC # (in absolute value);

• WBC-BF vs. OM-WBC (= OM-TC – [MACRO +

MESO + OTHER CELLS]) #

• MN vs. OM-MN1 (= LY + MO) % and # (both as

percentage and absolute value);

• MN vs. OM-MN2 (= LY + MO + MACRO) % and #

(same as above);

• PMN vs. OM-PMN (NE + EO + BASO) % and #;

• HF-BF vs. OM-NO-WBC1 (= MESO) % and #

• HF-BF vs. OM-NO-WBC2 (= MESO + MACRO) %

and #

• HF-BF vs. OM-NO-WBC3 (= MACRO) % and #

• HF-BF vs. OM-NO-WBC4 (= MESO + OTHER CELLS)

The agreement between BC-6800-BF and OM was

assessed with Pearson’s correlation coefficient (r),

Passing–Bablok regression, Bland–Altman plot analy-

sis, and Spearman’s rank correlation. Slope and inter-

cept of Passing–Bablok regression were calculated

with their 95% confidence interval (95% CI) to

check statistical significant proportion or systematic

difference between methods. In Bland–Altman plot,

absolute differences were plotted against the results

of the OM. A significant bias is appreciated when the

95% CI of mean of differences did not contain the

value.

Diagnostic concordance

Diagnostic concordance of BC-6800-BF mode com-

pared to OM was evaluated with receiver operating

characteristics (ROC) curves.

Using the counting chamber as reference method,

sensitivity, specificity, and agreement (proportion of

true-negative and true-positive samples correctly

identified by BC-6800-BF) were calculated. Youden

index (i.e., the maximum value of sensitivity + speci-

ficity) was used to determine the optimal cutoff value

to discriminate samples in negative and positive

groups.

Analysis of sensitivity and specificity was per-

formed also using the diagnostic thresholds of cellular-

ity in PF and AF fluids as defined by the CLSI

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.
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document H56-A: for all samples WBC-BF or TC-BF

>1000 9 106 cells/L; for AFs PMN ≥250 9 106 cells/L;

for PFs PMN or MN ≥50% [1].

Cytologic examination

Samples were fixed with Cytolyt hemolytic and

preservative solution (Hologic, Inc., Marlborough,

MA, USA). Cells were spun at 100 g and the sedi-

ment transferred in PreservCyt solution (Cytyc Cor-

poration, Marlborough, MA, USA) to be processed

with the T5000 automated processor according to the

manufacturer’s recommendation (Hologic Co.). The

resulting slide was fixed in 95% ethanol and stained

with Papanicolaou method. The remaining material

was stored in PreservCyt solution for possible later

use in the preparation of additional slides for further

investigations including immunocytochemistry,

molecular diagnosis, and flow cytometry. All speci-

mens were classified as ‘adequate’ or ‘inadequate’

cytological material by a cytopathologist. Samples

with ‘adequate’ classification were further categorized

as: (i) negative, (ii) atypical, (iii) suspicious, or (iv)

malignant [20].

Cytological examination was required by the clini-

cian only for 69 samples (63 samples were negative

and 6 positive).

Statistical analysis

Statistical analysis was performed using ANALYSE-IT soft-

ware version 3.80 (Analyse-it software Ltd; Leeds,

UK), and CLSI STATIS-PRO software version 3.0 (Clinical

and Laboratory Standard Institute, Wayne, PA, USA).

RESULTS

Precision

The within-run imprecision on BC-6800-BF was com-

prised between 11.9% (mean value 14 9 106 cells/L

and 95% confidence interval from 1 to 3) and 3.7%

(mean value 1.666 9 106 cells/L and 95% CI from 41

to 127) for TC-BF#, and between 18.0% (mean value

14 9 106 cells/L and 95% CI from 2 to 5) and 3.6%

(mean value 1656 9 106 cells and 95% CI from 39 to

120) for WBC-BF, respectively. Table 1 shows also the

imprecision data for PMN and MN absolute count.
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Sample carryover

Carryover was negligible, being 0.00% for TC-BF and

WBC-BF counts.

Limit of blank and limit of detection

LoB was 1 9 106 cells/L for both TC-BF and WBC-BF

counts. LoD was 3 9 106 cells/L for both TC-BF and

WBC-BF counts.

Functional sensitivity (limit of quantitation)

The estimated LoQ was 4 9 106 cells/L for TC-BF

count and 3 9 106 cells/L for WBC-BF count. Table 2

shows also the LoQ for PMN and MN absolute count.

Linearity

The best-fitting model was linear regression for both

TC-BF count (y = 1.03x � 16.2 r2 = 0.99) and WBC-

BF count (y = 1.03x � 18.0; r2 = 0.99). Table 1 shows

also linearity of PMN-BF and MN- BF.

Bias between mean values of WBC-BF or TC-BF and

their expected values was within �10% in the range of

8–3965 9 106 cells/L and 8–3936 9 106 cells/L,

respectively.

Comparison methods

Cell counting agreement between BC-6800-BF and

OM was evaluated on 144 BF samples (99 AF and 45

PF), with a total cellularity ranging from 11 to

7760 9 106 cells/L (median: 329 9 106 cells/L, 95%

CI from 295 to 423).

The total cellularity of AF ranged from 11 and

7760 9 106 cells/L (median: 301 9 106 cells/L, 95%

CI from 267 to 375). The total cellularity of PF was

between 54 and 7707 9 106 cells/L (median:

616 9 106 cells/L, 95% CI from 328 to 1307).

The positive samples according to the CLSI docu-

ment H56-A [1] was 40/144 (28%) with OM analysis.

Comparison of total cell count and WBC between

BC-6800-BF and OM show, respectively, the follow-

ing: Pearson’s correlation r = 0.99 (P < 0.0001) and

r = 0.97 (P < 0.0001); Passing–Bablok regression

y = 1.04x � 1.17 (95% CI of slope 1.00–1.09; and

intercept �13.30 to 11.49) and y = 1.16x + 47.97

(95% CI of slope 1.01–1.24; intercept 28.38–73.53);

and finally Bland–Altman Bias 33.7 cells (95% CI

from �3.8 to 71.1) and 167.4 cells (95% CI from

110.5 to 224.2) (Table 1).

Table 1 lists correlations between BC-6800-BF and

OM for the different cell populations, with Pearson’s

correlation coefficients always within 0.62 and 0.99

(all P < 0.0001).

In all comparison tests, a linearity of correlation by

Kolmogorov–Smirnov CUSUM test was confirmed.

The number of HF-BF was correlated with the

number of mesothelial and/or cancer cells identified

with OM. The resulting Spearman’s correlation was

r = 0.60 (P < 0.0001) for both absolute values or per-

centage.

Diagnostic concordance

As regards the diagnostic concordance of BC-6800-BF

for all 144 samples, the AUC was 0.99 (95% CI

0.99–1.00; P < 0.0001) for TC-BF, 0.99 (95% CI

0.98–1.00; P < 0.0001) for WBC-BF.

PMN# in the 99 AFs showed the AUC of 0.98

(95% CI 0.96–1.00; P < 0.0001). When a cutoff of

250 9 106 cells/L [1] was used, the diagnostic agree-

ment compared to OM was 94% (sensitivity 0.79 and

specificity 0.97). More specifically, 93 of 99 samples

were correctly classified (3 false-positive samples and

3 false-negative samples) (Table 3).

An instrument-specific threshold of

170 9 106 cells/L could hence be identified with ROC

analysis for PMN#. When this threshold was used, the

parameter exhibited diagnostic concordance of 92%,

while specificity decreases from 0.97 to 0.92 but sensi-

tivity improves from 0.79 to 0.93 (Table 3).

Concerning diagnostic concordance of BC-6800-BF

in the 45 PFs, the AUC was 0.79 (95% CI 0.65–0.92;

P < 0.0001) for MN% and 0.93 (95% CI 0.86–1.01;

P < 0.0001) for PMN%. Table 3 shows diagnostic con-

cordance, sensitivity, and specificity compared to OM.

DIFF scattergram evaluation

Six samples (three AFs and three PFs) showed abnor-

mal DIFF scattergram (Figure 2) and HF-BF always

>50 9 106 cells/L. Therefore, the observation of DIFF

scattergram morphology itself made necessary a

reassessment of samples by OM. All these samples

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.

6 S. BUORO ET AL. | BODY FLUID ANALYSIS ON BC-6800-BF



Ta
b
le

2
.
P
e
a
rs
o
n
’s
C
o
rr
e
la
ti
o
n
,
P
a
ss
in
g
–B

a
b
lo
k
re
g
re
ss
io
n
,
a
n
d
B
la
n
d
–A

lt
m
a
n
B
ia
s
fo
r
d
if
fe
re
n
t
ce
ll
ca
te
g
o
ri
e
s
w
it
h
o
p
ti
ca
l
m
ic
ro
sc
o
p
y
vs
.
B
C
-6
8
0
0
-B

F

A
ll
sa
m
p
le
s

A
sc
it
ic

fl
u
id
s

P
le
u
ra
l
fl
u
id
s

P
e
a
rs
o
n

co
rr
e
la
ti
o
n

(r
);
P
v
a
lu
e

P
a
ss
in
g
–B

a
b
lo
k

re
g
re
ss
io
n
(9
5
%

C
I
sl
o
p
e
a
n
d

in
te
rc
e
p
t)

B
ia
s
B
la
n
d
–

A
lt
m
a
n

(9
5
%

C
I)

P
e
a
rs
o
n

co
rr
e
la
ti
o
n

(r
);

P
v
a
lu
e

P
a
ss
in
g
–B

a
b
lo
k

re
g
re
ss
io
n
(9
5
%

C
I
sl
o
p
e
a
n
d

in
te
rc
e
p
t)

B
ia
s
B
la
n
d
–

A
lt
m
a
n

(9
5
%

C
I)

P
e
a
rs
o
n

co
rr
e
la
ti
o
n

(r
);
P
v
a
lu
e

P
a
ss
in
g
–B

a
b
lo
k

re
g
re
ss
io
n

(9
5
%

C
I

sl
o
p
e
a
n
d

in
te
rc
e
p
t)

B
ia
s
B
la
n
d
–

A
lt
m
a
n
(9
5
%

C
I)

T
C
-B

F
0
.9
9
;

<
0
.0
0
0
1

y
=
1
.0
4
x
�

1
.1
7

(S
lo
p
e
:
1
.0
0

to
1
.0
9
,

In
te
rc
e
p
t:
�1

3
.3
0

to
1
1
.4
9
)

3
3
.7

(�
3
.8

to
7
1
.1
)

0
.9
9
;

<
0
.0
0
0
1

y
=
1
.0
4
x
+
0
.3
5

(S
lo
p
e
:
0
.9
6

to
1
.1
0
,

In
te
rc
e
p
t:
�1

4
.5
5

to
1
6
.9
9
)

2
8
.0

(�
1
4
.2

to
7
0
.2
)

0
.9
9
;

<
0
.0
0
0
1

y
=
1
.0
3
x
�

0
.8
8

(S
lo
p
e
:
0
.9
8
to

1
.1
3
,

In
te
rc
e
p
t:
�3

0
.1
5

to
2
9
.3
7
)

1
6
.4

(�
8
.3

to
5
3
.7
)

W
B
C
-B

F
0
.9
7
;

<
0
.0
0
0
1

y
=
1
.1
6
x
+
4
7
.9
7

(S
lo
p
e
:
1
.0
1
to

1
.2
4
,

In
te
rc
e
p
t:
2
8
.3
8

to
7
3
.5
3
)

1
6
7
.4

(1
1
0
.5

to
2
2
4
.2
)

0
.9
7
;

<
0
.0
0
0
1

y
=
1
.1
7
x
+
5
3
.3
5

(S
lo
p
e
:
1
.0
4

to
1
.3
0
,

In
te
rc
e
p
t:
2
9
.7
1

to
8
0
.6
1
)

1
4
8
.7

(8
7
.0

to
2
1
0
.3
)

0
.9
8
;

<
0
.0
0
0
1

y
=
1
.1
6
x
+
2
9
.8
7

(S
lo
p
e
:
1
.0
1
to

1
.2
9
,

In
te
rc
e
p
t:
�1

5
.0
2

to
8
4
.3
5
)

2
0
8
.5

(8
3
.8

to
3
3
3
.1
)

P
M
N
#

0
.9
8
;

<
0
.0
0
0
1

y
=
1
.0
5
x
+
1
4
.3
7

(S
lo
p
e
:
0
.9
0
to

1
.2
2
,

In
te
rc
e
p
t:
8
.7
6

to
2
1
.1
4
)

1
1
.5

(�
2
0
.4

to
4
3
.3
)

0
.9
9
;

<
0
.0
0
0
1

y
=
1
.1
1
x
+
1
0
.4
0

(S
lo
p
e
:
0
.9
6

to
1
.4
1
,

In
te
rc
e
p
t:
7
.2
4

to
1
8
.7
7
)

2
0
.9

(�
9
.2

to
5
1
.0
)

0
.9
8
;

<
0
.0
0
0
1

y
=
0
.8
6
x
+
2
6
.0
0

(S
lo
p
e
:
0
.7
2
to

1
.2
2
,

In
te
rc
e
p
t:
6
.3
4

to
3
6
.0
9
)

�9
.2

(�
8
8
.7

to
7
0
.3
)

P
M
N
%

0
.8
4
;

<
0
.0
0
0
1

y
=
0
.8
7
x
+
5
.9
6

(S
lo
p
e
:
0
.7
8
to

1
.0
1
,

In
te
rc
e
p
t:
3
.9
3

to
7
.3
3
)

4
.6

(2
.2

to
6
.9
)

0
.8
7
;

<
0
.0
0
0
1

y
=
0
.9
2
x
+
6
.5
8

(S
lo
p
e
:
0
.7
9

to
1
.2
9
,

In
te
rc
e
p
t:
3
.7
3

to
8
.9
8
)

5
.3

(2
.9

to
7
.6
)

0
.7
5
;

<
0
.0
0
0
1

y
=
0
.8
1
x
+
4
.4
7

(S
lo
p
e
:
0
.6
8
to

0
.9
8
,

In
te
rc
e
p
t:
2
.7
4

to
7
.7
6
)

3
.1

(�
2
.4

to
8
.7
)

M
N
1
#

0
.9
8
;

<
0
.0
0
0
1

y
=
1
.2
7
x
+
2
2
.6
7

(S
lo
p
e
:
1
.2
1
to

1
.4
4
,

In
te
rc
e
p
t:
5
.0

to
5
0
.7
9
)

1
6
1
.7

(1
1
4
.5

to
2
0
9
.0
)

0
.9
5
;

<
0
.0
0
0
1

y
=
1
.2
7
x
+
3
0
.6
6

(S
lo
p
e
:
1
.1
7

to
1
.5
1
,

In
te
rc
e
p
t:
6
.0
9

to
5
4
.7
5
)

1
2
8
.9

(7
8
.3

to
1
7
9
.4
)

0
.9
8
;

<
0
.0
0
0
1

y
=
1
.2
5
x
+
1
9
.2
5

(S
lo
p
e
:
1
.1
3
to

1
.5
6
,

In
te
rc
e
p
t:
�2

2
.4
8

to
9
4
.7
3
)

2
3
4
.1

(1
3
1
.4

to
3
3
6
.7
)

M
N
1
%

0
.6
2
;

<
0
.0
0
0
1

y
=
0
.6
8
x
+
4
0
.1
5

(S
lo
p
e
:
0
.5
1
to

0
.8
7
,

In
te
rc
e
p
t:
2
8
.2
4

to
5
2
.9
9
)

2
4
.4

(2
1
.1

to
2
7
.7
)

0
.5
4
;

<
0
.0
0
0
1

y
=
0
.5
1
x
+
5
3
.6
6

(S
lo
p
e
:
0
.3
4

to
0
.7
8
,

In
te
rc
e
p
t:
3
5
.4
8

to
6
6
.0
6
)

2
7
.1

(2
3
.0

to
3
1
.2
)

0
.7
8
;

<
0
.0
0
0
1

y
=
0
.8
3
x
+
2
5
.7
7

(S
lo
p
e
:
0
.6
7
to

1
.0
2
,

In
te
rc
e
p
t:
1
6
.4
0

to
3
7
.3
5
)

1
8
.4

(1
3
.4

to
2
3
.4
)

(c
o
n
ti
n
u
e
d
)

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.

S. BUORO ET AL. | BODY FLUID ANALYSIS ON BC-6800-BF 7



Ta
b
le

2
.
(C

o
n
ti
n
u
e
d
)

A
ll
sa
m
p
le
s

A
sc
it
ic

fl
u
id
s

P
le
u
ra
l
fl
u
id
s

P
e
a
rs
o
n

co
rr
e
la
ti
o
n

(r
);

P
v
a
lu
e

P
a
ss
in
g
–B

a
b
lo
k

re
g
re
ss
io
n
(9
5
%

C
I
sl
o
p
e
a
n
d

in
te
rc
e
p
t)

B
ia
s
B
la
n
d
–

A
lt
m
a
n

(9
5
%

C
I)

P
e
a
rs
o
n

co
rr
e
la
ti
o
n

(r
);
P
v
a
lu
e

P
a
ss
in
g
–B

a
b
lo
k

re
g
re
ss
io
n
(9
5
%

C
I
sl
o
p
e
a
n
d

in
te
rc
e
p
t)

B
ia
s
B
la
n
d
–

A
lt
m
a
n

(9
5
%

C
I)

P
e
a
rs
o
n

co
rr
e
la
ti
o
n

(r
);
P
v
a
lu
e

P
a
ss
in
g
–B

a
b
lo
k

re
g
re
ss
io
n

(9
5
%

C
I

sl
o
p
e
a
n
d

in
te
rc
e
p
t)

B
ia
s
B
la
n
d
–

A
lt
m
a
n
(9
5
%

C
I)

M
N
2
#

0
.9
8
;

<
0
.0
0
0
1

y
=
1
.2
3
x
�

8
.8
0

(S
lo
p
e
:
1
.1
2

to
1
.3
3
,

In
te
rc
e
p
t:
�2

5
.7
1

to
7
.1
5
)

9
8
.2

(5
2
.6

to
1
4
3
.8
)

0
.9
6
;

<
0
.0
0
0
1

y
=
1
.1
9
x
�

0
.7
2

(S
lo
p
e
:
1
.0
7

to
1
.3
3
,

In
te
rc
e
p
t:
�1

9
.2
2

to
1
8
.1
5
)

7
6
.3

(3
3
.4

to
1
1
9
.3
)

0
.9
8
;

<
0
.0
0
0
1

y
=
1
.2
3
x
�

2
4
.7
9

(S
lo
p
e
:
1
.0
4

to
1
.5
0
,

In
te
rc
e
p
t:
�4

3
.4
1

to
7
1
.6
5
)

1
4
6
.3

(3
2
.8

to
2
5
9
.9
)

M
N
2
%

0
.6
4
;

<
0
.0
0
0
1

y
=
0
.7
2
x
+
2
7
.7
1

(S
lo
p
e
:
0
.6
0
to

0
.8
3
,

In
te
rc
e
p
t:
1
8
.6
4

to
3
8
.1
0
)

9
.2

(6
.0

to
1
2
.5
)

0
.6
4
;

<
0
.0
0
0
1

y
=
0
.6
2
x
+
3
6
.5
8

(S
lo
p
e
:
0
.4
0

to
0
.7
8
,

In
te
rc
e
p
t:
2
2
.1
7

to
5
4
.8
9
)

1
1
.0

(7
.2

to
1
4
.8
)

0
.6
6
;

<
0
.0
0
0
1

y
=
0
.7
9
x
+
2
2
.3
5

(S
lo
p
e
:
0
.6
6

to
0
.9
7
,

In
te
rc
e
p
t:
7
.4
5

to
3
2
.7
8
)

5
.3

(�
1
.1

to
1
1
.8
)

V
a
lu
e
s
o
f
in

p
e
rc
e
n
ta
g
e
(%

)
a
n
d
a
b
so
lu
te

(#
)
co
u
n
t
o
f
to
ta
l
ce
ll
(T
C
),

le
u
k
o
cy
te
s
(W

B
C
),

p
o
ly
m
o
rp
h
o
n
u
cl
e
a
r
ce
ll
s
(P
M
N
),
a
n
d
m
o
n
o
n
u
cl
e
a
r
ce
ll
s
(M

N
).

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.

8 S. BUORO ET AL. | BODY FLUID ANALYSIS ON BC-6800-BF



showed the presence of neoplastic cells confirmed by

cytologic examination.

Sample A (Figure 2a,b) was from a patient with a

marginal lymphoma. Cytological examination showed

the presence of atypical lymphocytes (B lymphocytes:

CD19+, CD20+, CD5�, CD10�, CD23�, and restric-

tion to the surface lambda light chain), according to a

neoplastic lymphoproliferative disease.

Sample B (Figure 2c,d) was positive for epithelial

malignant cells which were cytokeratin (CK) 7 posi-

tive as well as calretinin, Wilms tumor protein-1 (WT-

1), and MOC3 negative.

Sample C (Figure 2e,f) was positive for metastatic

cells from an undifferentiated ovarian carcinoma

(Antigen Clone Ber-EP4 epithelial-related and antigen

clone MOC31 positive and calretinin negative).

Samples D (Figure 2g,h) and F (data no showed)

had the same subject with diagnosis of epithelioid

mesothelioma. Cytological examination showed

mesothelial proliferation with atypical cells: WT-1 pos-

itive and thyroid transcription factor (TTF-1) negative.

Sample E cytological examination showed the pres-

ence of small lymphocytes (B lymphocytes: CD19+,

CD20+, CD5+, CD10�, CD23�, and with light chain

restriction) (data not shown).

DISCUSSION

Although OM analysis is still considered the refer-

ence method for cellular analysis of body fluid sam-

ples, clinical laboratories are searching to replace

manual techniques with automation, in order to

provide clinicians with cost-effective, rapid, and

accurate results.

This study evaluates the analytical performance of

BC-6800-BF for ascitic and pleural samples analysis,

but not for other BFs. For example for cerebrospinal

fluid, synovial fluids, pericardial fluid, etc., in agree-

ment with guidelines, dedicated studies are necessary

[1, 13].

Data showed a negligible sample carryover, a clini-

cally usable LoB (TC-BF and WBC-BF of

1.0 9 106 cells/L) and LoD (TC-BF and WBC-BF of

3.0 9 106 cells/L) as well as extended linearity cover-

ing cell counts in the majority of body fluid samples.

LoQs were also excellent: particularly, a CV of 20%

was attained at 4 9 106 cells/L for TC-BF and

3 9 106 cells/L for WBC-BF. PMN and MN showed

under the same conditions LoQs of 12 9 106 cells/L

and 22 9 106 cells/L, respectively. Among published

studies, similar results of LoQ for the WBC count

Table 3. ROC Analysis of different BC-6800-BF parameters in body fluid

AUC (95% CI); P-value

CUTOFF #

(106cells/L) Diagnostic agreement Sensitivity Specificity

TC-BF All fluid 0.99 (0.99–1.00); <0.0001 ≥1000* 97% (2 false-positive samples

and 2 false-negative samples)

0.94 0.98

WBC-BF all fluid 0.99 (0.98–1.00); <0.0001 ≥1000* 96% (6 false-positive samples) 1.00 0.95

PMNAscitic fluid 0.98 (0.96–1.00); <0.0001 ≥250* 94% (3 false-positive samples

and 3 false-negative samples)

0.79 0.97

≥170† 92% (7 false-positive samples

and 1 false-negative sample)

0.93 0.92

AUC (95% CI); P-value CUTOFF % Diagnostic agreement Sensitivity Specificity

MN pleural fluid 0.79 (0.65–0.92); <0.0001 ≥50%* 53% (21 false-positive samples) 1.00 0.30

≥70%† 73% (11 false-positive samples

and 1 false-negative sample)

0.93 0.63

PMN pleural fluid 0.93 (0.86–1.01); <0.0001 ≥50%* 91% (2 false-positive samples

and 2 false-negative samples)

0.78 0.94

≥33%† 82% (8 false-positive samples) 1.00 0.78

TC, total cell; WBC, leukocytes; PMN, polymorphonuclear cells; MN, mononuclear cells.

*Cutoff suggested in CLSI document H56-A [1].

†Instrumental specific cutoff by ROC Analysis and Youden index.

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.
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were only reported using the UF1000i urine mode

(CV = 16% at 3.5 9 106 cells/L) [10–12] or Sysmex

XN (CV = 20% at 5 9 106 cells/L) [8]. This verificat-

ion study confirmed the manufacturer’s performances

previously described as requested by ICSH guideline

in 2014 [13].

The comparison between BC-6800-BF and OM

showed a good agreement for total nucleated cell and

(a) (b)

(c) (d)

(e) (f)

(g) (h)

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.

10 S. BUORO ET AL. | BODY FLUID ANALYSIS ON BC-6800-BF



WBC count as well as for the differential count

(Table 1). The slight positive bias observed, with the

exception of TC-BF and PMN absolute and percent

count, did not seemingly compromise the ability of

BC-6800-BF to correctly categorize abnormal WBC

counts and their differential counts in proper clinical

category as indicated in CLSI document H56-A [1].

Indeed, the diagnostic performance of WBC-BF and

MN showed an AUC of 0.99 (P < 0.0001) and AUC of

0.79 (P < 0.0001), respectively, and standard cell cut-

off [1] showed a sensitivity 1.00 for both (Table 3).

The overall performance of the MN parameters,

both as a percentage and in absolute value, is seem-

ingly lower, showing overestimation (Table 2). This is

due to MN-BF that includes a variety of cells, namely

lymphocytes, monocytes, and macrophages.

In pleural fluids, the MN% parameter is character-

ized by a modest diagnostic performance, with an

AUC that is much lower than those of PMN% (i.e.,

0.79 vs. 0.93). Introducing an instrument-specific cut-

off (i.e., ≥70%), the diagnostic agreement for MN% in

pleural fluids could be improved. Conversely, in asci-

tic fluids, PMN# at conventional threshold (250 9

106cells/L) [1] showed a better diagnostic performance

which, in the same way as above, could be further

improved by introducing an instrument-specific cutoff

(i.e., ≥170 9 106cells/L) (Table 3) as also suggested by

CLSI document H56-A [1]. Four misclassified samples

as false negative obtained after the application of con-

ventional or instrument-specific threshold showed

abnormalities in DIFF scattergrams. In these samples,

the microscopic review showed cellular degeneration

and other nonpathological morphological abnormali-

ties (such as cluster cells, erythrophage, lipophage,

siderophage, macrophage with cytoplasmic inclusion,

etc.). This confirms the need to perform a microscopic

review of all samples with abnormal scatterplot

distributions.

The results suggest that the use of BC-6800-BF

may be a reliable strategy to perform cell and differen-

tial counts in ascitic and pleural fluids. In particular,

BC-6800-BF may be useful for initial screening on

these BFs in urgent settings or outside the routine

activity, when the availability of skilled and trained

personnel cannot be assured. Moreover, analysis is

rapid (i.e., <3 min) and does not require pretreat-

ment; this may be effective to save time and manual

labor in clinical laboratories.

In ascitic and pleural fluids, BC-6800-BF showed

sensitivity and specificity equal and/or sometimes

superior to the other analyzers with BF platforms [2,

6, 8, 10, 12, 21, 22].

Figure 2. Ascitic and pleural fluid samples with abnormal DIFF scattergrams showed in three-dimensional

scattergram (3D). (a) Sample A in the DIFF scattergram shows the MN area very close to the HF-BF area, with

inefficient discrimination between MN and HF-BF (highlighted with an arrow) (TC-BF: 5963 9 106 cells/L; PMN:

4.6%; MN: 95.4%; HF-BF: 226 9 106 cells/L by BC-6800-BF). (b) Morphological cells feature abnormal

scattergrams of sample A by optical microscopy (OM) (4009 magnification) on cytospin-stained May–Grunwald–
Giemsa (MGG). Differential count shows neutrophils 3%; lymphocytes 55%; macrophages 9%; mesothelial cells

10%; other neoplastic/atypical cells 23%; and OM-TC 5867 9 106 cells/L. Cytologic examination was positive for a

lymphoproliferative disease. (c) Sample B in the DIFF scattergram shows the MN area very close to the HF-BF area

(highlighted with an arrow), with a prevalence of HF-BF (TC-BF: 5445 9 106 cells/L; PMN: 26.2%; MN: 73.8%;

HF-BF: 4067 9 106 cells/L). (d) Morphological cells feature abnormal scattergrams of sample B by OM (4009

magnification) on cytospin-stained MGG. Differential count shows neutrophils 2%; lymphocytes 8%; other

neoplastic/atypical cells 90%; and OM-TC 5120 9 106 cells/L. Cytologic examination was positive for malignant

tumor cells. (e) Sample C: in the DIFF scattergram, the MN area is very close to the PMN area and the HF-BF area,

with inefficient discrimination between them (highlighted with an arrow) (TC-BF: 1634 9 106 cells/L; PMN:

43.3%; MN: 56.7%; HF-BF:76 9 106 cells/L). (f) Morphological cells feature abnormal scattergrams of sample C by

OM (4009 magnification) on cytospin-stained MGG. Differential count shows neutrophils 59%; lymphocytes 7%;

monocytes 3%; macrophages 18%; other neoplastic/atypical cells 12%; and OM-TC 1056 9 106 cells/L. Cytologic

examination was positive for metastatic cells from an undifferentiated ovarian carcinoma. (g) Sample D in the

DIFF scattergram shows the MN area very close to the HF-BF is with inefficient discrimination between MN and

HF-BF (highlighted with an arrow) (TC-BF: 7295 9 106cells/L; PMN: 3.4%; MN: 96.6%; HF-BF: 350 9 106cells/L).

(h) Morphological cells feature abnormal scattergrams of sample D by OM (4009 magnification) on cytospin-

stained MGG. Differential shows lymphocytes 15%; monocytes 62%; mesothelial cells 3%; other neoplastic cells

20%; and OM-TC 6973 9 106 cells/L. Cytologic examination was positive for atypia in mesothelial proliferation.

© 2015 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.
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In conclusion, despite the excellent analytical per-

formance observed in our study, BC-6800-BF cannot

completely replace manual microscopy so far. In rou-

tine work, the more accurate and systematic evalua-

tion of DIFF scattergram and of the HF-BF parameter

count can help to do a reflex test for microscopic

review. The use of BC-6800-BF may allow to replace

routine optical counting, except for samples displaying

abnormal cell counts (i.e., HF-BF >50 cells 9 106/L)

and/or abnormal DIFF scattergram.
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