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Abstract
Background: The XPEN60 CRP&SAA (hereafter XPEN60) is a new automated he-
matology analyzer that can rapidly detect C-reactive protein (CRP), serum amyloid 
A (SAA), and blood cell counts (CBC), including the 5-part differential of white blood 
cells (5-DIFF). The aim of this study was to evaluate the analytical performance of 
XPEN60.
Methods: The analytical performance of XPEN60 was evaluated on the basis of sev-
eral parameters, including the limit of blank (LoB), limit of detection (LoD), limit of 
quantitation (LoQ), precision, accuracy, carryover, linearity, clinical reportable range 
(CRR), and interference test. In addition, method comparisons between CBC and 
5-DIFF, CRP, and SAA were performed on several systems.
Results: Total imprecision and accuracy for all parameters fell within acceptable crite-
ria, and excellent measurements were observed in the dilution linearity (coefficient of 
determination, R2 > .99). LoBs and LoDs (0 and 0.21 mg/L for CRP, 1.1 and 2.27 mg/L 
for SAA) satisfy the manufacturer's statement. LoQs were 0.61 and 3.62 mg/L for 
CRP and SAA, respectively. No significant carryover or interference tests (<10%) 
were observed in this study. The comparison analysis demonstrated strong agree-
ment between XPEN60 results and those of Sysmex–XN1000 (XN1000), except for 
basophils (Bas) and eosinophils (Eos). The data correlated well with E601 and Mindray 
CRP-M100 for CRP.
Conclusion: XPEN60 was demonstrated satisfactory analytical performance, which 
made it well-suited for use in clinical laboratories, emergency departments, and com-
munity hospitals.
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1  | INTRODUC TION

A complete blood cell count (CBC) including a 5-part differential 
of white blood cells (5-DIFF), C-reactive protein (CRP), and serum 
amyloid A (SAA) are routine indicators for patients with bacterial or 
viral infections.1,2 In mild inflammation, SAA is commonly observed 
at medium concentrations (10-100 mg/L).3 A combination of CBC, 
CRP, and SAA was also a better indicator to determine disease sever-
ity.4,5 Therefore, an automated hematology analyzer that can simul-
taneously measure CBC, CRP, and SAA is of significance in various 
clinical applications. However, most instruments can only test one 
parameter or CRP and CBC simultaneously at present.6,7

XPEN60 was recently released by Shenzhen XPENARRAY 
Biotechnology Co., Ltd. (XPENARRAY). It is equipped with SAA mode, 
CRP mode, and CBC + DIFF mode and is currently the only automated 
hematology analyzer that can simultaneously test CRP, SAA, and CBC 
including a 5-DIFF. Sample identification is achieved either by barcode 
or manual input. The instrument performs the sample from an open 
serum, plasma separation tube, or EDTA tube. It requires only 30 µL of 
whole blood or plasma for determination of CBC, CRP, or SAA, and its 
throughput is approximately 60 samples per hour. It takes about 1 min-
ute from pressing the start button to complete the test, and results are 
displayed by figure and clear graphics. It should be noted that XPEN60 
offers no reticulocyte or nucleated red blood cell (NRBC) count. It 
generates abnormal cell flags in the presence of abnormal cell lines, 
indicating that the results are unreliable. For the pathologic samples, 
re-examination was tested with manual microscopic according to the 
recommendation8 and good laboratory practice.

This study was designed to evaluate the performance of the new 
XPEN60 system in Department of Laboratory Medicine of Luohu 
District People's Hospital according to the Clinical and Laboratory 
Standard Institute's (CLSI) Guidelines and ICSH guidelines.9 In par-
ticular, emphasis was placed on the assessment of CRP and SAA.

2  | MATERIAL S AND METHODS

2.1 | Instruments

The CBC + DIFF mode of XPEN60 was calibrated using fresh whole 
blood against the site's Sysmex–XN1000 (Sysmex) instrument, ac-
cording to the recommendations of the International Council for 
Standardization in Haematology (ICSH).9 The CRP and SAA modes 
were calibrated to standard materials ERM®-DA 474 IFCC and 
WHO-standard materials (NIBSC code:92/680), respectively.

The instrument has the following dimensions: 700  mm 
width × 650 mm depth × 750 mm height. As it is a smaller size than the 
ADVIA analyzers, it is more feasible for the laboratory with limited 
space. XPEN60 uses various technologies, of which direct current 
impedance with hydrodynamic focusing is applied to count the red 
blood cells (RBC), platelets (PLT), and WBC. The 5-DIFF is separated 
by cytochemical myeloperoxidase and laser light scattering princi-
ples. Hemoglobin (HGB) is determined through sodium lauryl sulfate 

(SLS) spectrophotometry. In addition, CRP and SAA are tested via 
latex-enhanced scatter immunoturbidimetric technologies.

2.2 | Reagents

As XPEN60 is a matching analytical system, the reagents and cali-
brators were obtained from the manufacturer. For quality control 
throughout the study and imprecision assessment, the compound 
serum control material (Lot 20190604), including CRP and SAA, 
was produced by the manufacturer also and stored at −20°C. The 
blood control material (Lot 20190612) was purchased from Mindray 
Medical International and stored at 2-8°C.

2.3 | Specimen

In current study, all samples were remnants collected from the testing 
of clinical patients anticoagulated with EDTA in Luohu District People's 
Hospital Department of Laboratory Medicine. All samples were either 
used to test CBC counts or centrifuged (3200 × g for 10 minutes) to ob-
tain plasma for SAA and CRP detection. Samples were stored at room 
temperature and tested within 4 hours after collection. According to 
CLSI EP9-A3,10 a total number of 120 samples were collected, from 
which every 40 samples were used for CBC, SAA, and CRP, respec-
tively. Those samples were enrolled with the criteria of abnormally 
high value, low value as well as in the normal range. Besides, the sam-
ples contained hemato-oncological cases and bacterial or viral infec-
tion cases. Over 50% of samples were collected from patients with 
infection that had concentrations >10 mg/L for CRP and SAA test.

2.4 | Statistical analysis

Data were performed using GraphPad Prism (version 7.0), MedCalc 
(version 17.9.7), and SPSS (IBM SPSS, Version 24.0) for statistical anal-
ysis. Imprecision was calculated using one-way analysis of variance 
and expressed as the standard deviation (SD) and coefficient of varia-
tion (%CV). Grubb's test was used to detect outliers. All data were pro-
cessed with SPSS for normality test using the Shapiro-Wilk. Pearson's 
correlation coefficient test and Passing-Bablok regression were used 
to evaluate the correlation between methods, and a correlation coeffi-
cient (r) ≥ .90 was set as the threshold value for a very high correlation. 
A scatter plot was used to detect outliers, while the Bland-Altman test 
was used to identify the mean difference and 95% limits of agreement.

2.5 | Precision

Ten measurements were performed with a run on a single selected 
clinical sample (4.94  ×  109/L for WBC, 6.12  ×  1012/L for RBC, 
151.3 g/L for HGB, 76.18 fL for MCV and 219.2 × 109/L for PLT, re-
spectively) to evaluate repeatability (ie, within-run precision) of CBC 
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mode. The total imprecision (ie, within-laboratory precision) was 
evaluated using whole-blood control materials with low, medium, 
and high concentrations. The control materials had been analyzed 
five times per day for five consecutive days.

The repeatability and within-laboratory precision of CRP and 
SAA were evaluated using plasma control materials with three identi-
cal levels (4.88, 38.45, and 106.37 mg/L for CRP and 10.2, 43.81, and 
167.65 mg/L for SAA). In each day, duplicates for each control were 
tested per run for two runs (at least a 2-hour separation between 
runs), which lasted for 20 days, according to EP5-A3.11 The control 
materials were separated into 40 aliquots and stored at − 20°C.

2.6 | Carryover

Carryover was evaluated for WBC, RBC, HGB, PLT, CRP, and SAA. 
According to CLSI H26-A2,12 a clinical sample with high concentra-
tion was tested three times (H1, H2, and H3), followed by another 
low-concentration sample tested with the same manner (L1, L2, and 
L3). The carryover was calculated with the following formula: car-
ryover % = (L1-L3)/(H3-L3) × 100%. The samples for the carryover 
study were prepared with the following concentrations: WBC (high: 
24.8 × 109/L, low: 1.7 × 109/L), HGB (high: 238.7 g/L, low: 44.3 g/L), 
RBC (high: 12.1 × 1012/L, low: 1.6 × 1012/L), PLT (high: 440 × 109/L, 
low: 21.7 × 109/L), CRP (high: 131.6 × 1012/L, low: 8.5 mg/L), and 
SAA (high: 204.8 × 1012/L, low: 4.3 mg/L).

2.7 | Linearity

Linearity was assessed using several levels of pools that were di-
luted at fixed ratios from a high-concentration sample. Each pool 
was measured in triplicates. Finally, the mean value of each pool was 
compared with the theoretical values using a regression equation.

2.8 | Accuracy

The accuracy was evaluated using the WHO International standard 
(NIBSC code:92/680) for SAA, with a certified value of 156 mg/L, and 
the human serum (CRP)-ERM®-DA 474 IFCC, with a certified value of 
41.1 mg/L. According to EP15-A2,13 the material was tested two times 
per day over five consecutive days. For the CRP assessment, accuracy 
was validated with the average value, standard deviation (SD), and 99th 
confidence interval. However, the accuracy assessment of SAA was 
calculated by percentage bias, as the uncertainty was not obtained.

2.9 | Limits of blank, detection, and quantitation

The detection capabilities for CRP and SAA were estimated based 
on the CLSI document EP17-A2.14 To verify the limit of blank (LoB), 
blank samples were repeatedly tested 20 times per day for 3 days. 

The LoBs were calculated through nonparametric tests with follow-
ing formula: LoB = PctB100-α, (the value corresponding to the 95th 
percentile, α = 0.05).

The limit of detection (LoD) and limit of quantitation (LoQ) for 
CRP and SAA were determined using samples with five to seven 
different concentrations around the expected LoQ. These samples 
were diluted using the plasma with low concentrations and diluent 
solutions. Each pool was then measured four times per day for 5 days. 
The LoD value was calculated as follows: LoD = LoB + cβ * SDs, where 
cβ was the calibration factor for the value corresponding to the 95th 
percentile of the standard normal distribution, and SDs were defined 
as the estimates of the standard deviations of the low-concentration 
samples.

The LoQ was defined as the lowest concentration that could be 
tested with a 20% imprecision15 and was calculated by the impreci-
sion profile curve.16

2.10 | Clinical reportable range

To verify the maximum dilution, two samples with high concentrations 
were diluted by two- to six fold within the linearity range. These serial 
dilutions were tested in triplicates, and the recovery rate was calcu-
lated with the measurements and the expected value. The recovery 
needed to meet an acceptable range (90%-110%). Subsequently, the 
CRR was calculated by the maximum dilution, linearity (upper limit: 
306 mg/L for CRP, and 316 mg/L for SAA), and LoQ.

2.11 | Interference study

Common interfering substances, including conjugated bilirubin (CB, 
sigma), hemolysis (Hb, sigma), chyle (TG, sigma), and rheumatoid fac-
tor (RF, FRPON), were added into two plasma samples with differ-
ent concentrations of CRP and SAA, respectively. Similarly, a diluent 
with the same volume as each interfering substance was added to 
the samples served as the control groups. All test and control groups 
were sufficiently mixed and measured in triplicate, and the percent 
biases relative to the control groups (paired-difference testing) were 
calculated. A % bias ≤ 10% stated by the manufacturer was consid-
ered acceptable.

2.12 | Method comparison

For CBC  +  DIFF comparison, XPEN60 was compared with the 
Sysmex–XN1000 (XN1000) automated hematology analyzer. For 
CRP comparison, the measurements obtained by XPEN60 were 
compared with those obtained by the Roche Cobas E601 (Roche, 
Basel, Switzerland, E601) and the Mindray CRP-M100 (Mindray, 
Shenzhen, China, CRP-M100) automated biochemical analyzers. For 
SAA comparison, the study was performed with a WeimiBio-Tech 
AFS-2000A (WeimiBio-Tech, WBT).
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3  | RESULTS

3.1 | Precision

In this study, no outliers were detected while the repeatability met 
the requirements for all evaluated analytical parameters (1.67% for 
WBC, 1.29% for RBC, 0.99% for HGB, 0.35% for MCV, and 3.35% 
for PLT). The total imprecision was within desirable specifications for 
the low-, middle-, and high-level controls (see Table 1). The impreci-
sion values of HGB counts with low and middle concentrations were 
equal to specifications, and the SD values were within the limit of 
validation (1.0 vs 3.0 g/L and 2.0 vs 3.0 g/L).

As shown in Table  2, the repeatability ranged from 4.63% to 
5.37% for CRP and 5.37% to 7.14% for SAA, and the total impreci-
sion varied from 5.39% to 6.36% for CRP and 5.54% to 10.87% for 
SAA.

3.2 | Carryover

The carryover was 0.04% for WBC, 0.09% for RBC, 0.93% for PLT, 
0.26% for CRP, and 0.36% for SAA. No carryover for hemoglobin 
has been found. There was no clinical significance, and all values fell 
within the manufacturer's limits of 3.0%, 2.0%, 2.0%, 4.0%, and ≤1%, 
respectively.

3.3 | Linearity

All results, including WBC (113.35 × 109/L), RBC (10.43 × 1012/L), 
HGB (226.67 g/L), PLT (1208.67 × 109/L), CRP (208.03 mg/L), and 
SAA (243.13 mg/L), showed excellent linearity. The slopes closely 
equaled to 1, and determination coefficients (R2) were all >.99 (see 
Figure 1).

TA B L E  1  Total imprecision of CBC

Total imprecision Units

Low level Medium level High level

TEa%Mean ± SD CV% Mean ± SD CV% Mean ± SD CV%

WBC ×109/L 3.68 ± 0.18 4.89 8.31 ± 0.33 3.96 17.82 ± 0.41 2.30 6.00

RBC ×1012/L 2.64 ± 0.06 2.27 4.78 ± 0.10 2.09 5.53 ± 0.09 1.63 2.50

HGB g/L 57.8 ± 1.00 2.00 129.04 ± 2.00 2.00 164.68 ± 2.00 1.00 2.00

MCV fl 88.06 ± 1.41 1.57 92.44 ± 1.45 1.60 92.21 ± 0.63 0.68 2.50

PLT ×109/L 55.48 ± 4.00 7.00 269.16 ± 9.00 3.00 468.52 ± 13.00 3.00 8.00

Abbreviation: CV, coefficient of variation; HGB, hemoglobin; MCV, mean cellular volume; PLT, platelets; RBC, red blood cells; SD, standard deviation; 
WBC, white blood cells.

CRP SAA

Level1 Level2 Level3 Level1 Level2 Level3

Repeatability

Mean value(mg/L) 4.51 34.1 96.41 9.73 41.47 139.92

SR(mg/L) 0.22 1.83 4.46 0.68 2.23 9.99

95% lower limit (CV%) 4 4.41 3.8 5.74 4.42 5.86

95% upper limit (CV%) 6.24 6.87 5.92 8.94 6.89 9.14

CV% 4.84 5.37 4.63 7.03 5.37 7.14

1/4 TEa (CV%) 14.15 9.28

Total imprecision

Mean value(mg/L) 4.51 34.1 96.41 9.73 41.47 139.92

SWL(mg/L) 0.24 2.09 6.13 0.8 2.3 15.21

95% lower limit (CV%) 4.94 5.54 5.43 7.33 5.12 8.54

95% upper limit (CV%) 6.99 7.84 7.68 10.37 7.24 12.07

CVWL% 5.39 6.13 6.36 8.26 5.54 10.87

1/3 TEa (CV%) 18.87 12.37

Note: 95% verification limit determined as F×%CV (SR or SWL) according to the CLSI document EP5-
A3; SR, user estimate for repeatability; SWL, user estimate for total imprecision; TEa is from CLIA'88 
deduced by Biological Variation.

TA B L E  2   Repeatability and 
total imprecision of CRP and SAA 
determinations on the XPEN60
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3.4 | Accuracy

The certified value of 41.1 mg/L was within the 95% confidence in-
terval (34.13-44.45 mg/L). SAA was measured at 152.4 mg/L, and 
the calculated % bias was −2.31%, which is less than half of the per-
mitted total error (8.24%) deduced from biological variation.

3.5 | Detection capability

The observed LoBs were 0 and 1.1 mg/L for CRP and SAA. The LoD 
and LoQ values were 0.21 and 0.61 mg/L for CRP, and 2.27 and 
3.62 mg/L for SAA, respectively (see Figure 2).

3.6 | Clinical reportable range

For both CRP and SAA, the maximum dilution ratio was within six-
fold and the recovery rates ranged between 90% and 110%. The 
clinical reportable range of CRP and SAA was 0.61  ~  1836 and 
3.62 ~ 1896 mg/L, respectively (see Table S1).

3.7 | Interference study

The % biases were within the expected bias range (±10%). Therefore, 
the interference substances did not significantly affect the measure-
ments for CRP and SAA (see Table S2).

F I G U R E  1  Linearity of complete blood cell count, CRP, and SAA observed with XPEN60. X-axis represents the theoretical dilution 
concentration. Y-axis represents the mean concentration of each sample

F I G U R E  2  Assay imprecision 
profile, LoQ determination (with 20% 
imprecision); Each dot denotes the 
CV% of 20 measurements for a pool. 
The non-linear relationship represents 
the imprecision (CV%, y-axis) and 
concentration of the CRP and SAA, 
respectively (mg/L, x-axis). Dashed lines 
around the curve showed predicted 95% 
confidence interval
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3.8 | Method comparison

The agreement of XPEN60 with XN1000 was excellent for CBC and 
5-DIFF comparison, except for Eos and Bas. The observed correlation 

equations were y = 0.0834 + 0.848x and y = 0.08 + 0.800x (Figure 3 
and Table 3). The Passing-Bablok regression of correlation revealed 
very high consistency for CRP and SAA. The Pearson's correlation 
coefficient (r) ranged from .92 to 1.00 (P <  .0001); however, a few 

F I G U R E  3  Comparison of the XPEN60 
(ordinate) with the Symex XN-1000 
(abscissa) for 5-Diff. The blue line shows 
the regression curve; the dashed brown 
lines indicate 95% confidence interval; 
the dashed red line shows the perfect 
correlation



     |  7 of 9ZONG et al.

TA
B

LE
 3

 
C
or
re
la
tio
n 
of
 X
PE
N
60
 a
nd
 S
ys
m
ex
 X
N
10
00
 re
su
lts
 fo
r C
BC
 a
nd
 5
-D
iff
, a
nd
 c
or
re
la
tio
n 
fo
r C
RP
 a
nd
 S
A
A

M
ea

su
ra

nd
U

ni
t

Ra
ng

e(
m

ed
ia

n)

Bl
an

d-
A

ltm
an

 s
ta

tis
tic

s
Pa

ss
in

g 
an

d 
Ba

bl
ok

 re
gr

es
si

on

M
ea

n 
D

iff
(9

5%
 C

I)
95

%
Lo

A
Sl

op
e(

95
%

 C
I)

In
te

rc
ep

t(9
5%

 C
I)

Co
rr

el
at

io
n 

co
ef

fic
ie

nt
( R

)

W
BC

10
9 /
L

1.
03
 ~
 1
8.
61
 (7
.3
7)

−0
.1
0 
(−
0.
23
 to
 0
.0
4)

−0
.9
2 
to
 0
.7
3

0.
98
 (0
.9
4 
to
 1
.0
1)

0.
07
 (−
0.
04
 to
 0
.3
3)

0.
99
 (0
.9
9 
to
 1
.0
0)

RB
C

10
12
/L

1.
33
 ~
 6
.5
4 
(3
.9
3)

−0
.1
3 
(−
0.
19
 to
 −
0.
08
)

−0
.4
5 
to
 0
.1
9

0.
92
 (0
.8
9 
to
 0
.9
4)

0.
21
 (0
.1
4 
to
 0
.3
0)

1.
00
 (0
.9
9 
to
 1
.0
0)

H
G
B

g/
L

36
 ~
 1
56
 (1
14
.5
)

−0
.9
7 
(−
1.
58
 to
 −
0.
37
)

−4
.6
7 
to
 2
.7
2

1.
00
 (1
.0
0 
to
 1
.0
2)

−1
.0
0 
(−
3.
01
 to
 −
1.
00
)

1.
00
 (0
.9
9 
to
 1
.0
0)

M
C
V

fL
57
.4
 ~
 1
02
.3
 (8
6.
7)

−0
.6
7 
(−
1.
39
 to
 0
.0
5)

−5
.1
1 
to
 3
.7
7

0.
97
 (0
.8
8 
to
 1
.0
8)

1.
96
 (−
7.
19
 to
 9
.2
3)

0.
92
 (0
.8
5 
to
 0
.9
6)

PL
T

10
9 /
L

13
 ~
 7
49
 (2
32
)

−1
1.
72
 (−
20
.1
4 
to
 −
3.
31
)

−6
3.
31
 to
 3
9.
86

0.
92
 (0
.8
8 
to
 0
.9
6)

9.
07
 (−
3.
35
 to
 1
9.
97
)

1.
00
 (0
.9
9 
to
 1
.0
0)

N
eu

10
9 /
L

0.
39
 ~
 1
7.
7 
(4
.8
4)

0.
05
 (−
0.
05
 to
 0
.1
6)

−0
.5
9 
to
 0
.6
9

0.
98
 (0
.9
5 
to
 1
.0
1)

0.
05
 (−
0.
03
 to
 0
.1
9)

1.
00
 (0
.9
9 
to
 1
.0
0)

Ly
m

10
9 /
L

0.
46
 ~
 4
.6
8 
(1
.4
9)

−0
.0
5 
(−
0.
08
 to
 −
0.
01
)

−0
.2
8 
to
 0
.1
9

1.
02
 (0
.9
5 
to
 1
.0
8)

0.
03
 (−
0.
04
 to
 0
.1
1)

0.
99
 (0
.9
7 
to
 0
.9
9)

M
on

10
9 /
L

0.
07
 ~
 1
.0
5 
(0
.3
8)

0.
03
 (−
0.
00
 to
 0
.0
6)

−0
.1
7 
to
 0
.2
4

0.
92
 (0
.7
8 
to
 1
.1
2)

−0
.0
2 
(−
0.
09
 to
 0
.0
3)

0.
92
 (0
.8
5 
to
 0
.9
6)

Eo
s

10
9 /
L

0.
00
 ~
 0
.9
1 
(0
.1
3)

0.
03
 (0
.0
1 
to
 0
.0
5)

−0
.0
8 
to
 0
.1
5

0.
85
 (0
.8
0 
to
 0
.9
2)

0.
01
 (0
.0
0 
to
 0
.0
2)

0.
94
 (0
.8
9 
to
 0
.9
7)

Ba
s

10
9 /
L

0.
00
 ~
 0
.2
2 
(0
.0
3)

−0
.0
0 
(−
0.
01
 to
 0
.0
0)

−0
.0
4 
to
 0
.0
4

0.
80
 (0
.6
2 
to
 1
.0
0)

0.
01
 (0
.0
0 
to
 0
.0
1)

0.
69
 (0
.4
9 
to
 0
.8
3)

C
RP
(E
60
1)

m
g/
L

0.
58
 ~
 3
20
 (9
8.
64
)

−1
4.
52
 (−
18
.0
9 
to
 −
10
.9
5)

−3
6.
39
 to
 7
.3
5

0.
92
 (0
.8
8 
to
 0
.9
6)

−4
.7
7 
(−
7.
94
 to
 −
0.
92
)

0.
99
 (0
.9
8 
to
 1
.0
0)

C
RP
(C
RP
-1
00
)

m
g/
L

0.
58
 ~
 3
20
 (9
8.
64
)

−8
.8
6 
(−
2.
11
 to
 1
9.
84
)

−5
8.
39
 to
 7
6.
12

0.
92
 (0
.8
8 
to
 0
.9
6)

−1
5.
97
 (−
31
.3
3 
to
 −
6.
94
)

0.
97
 (0
.9
4 
to
 0
.9
8)

SA
A

m
g/
L

8.
9 
~ 
12
7.
2 
(3
7.
65
)

19
.3
3 
(1
3.
36
 to
 2
5.
30
)

−1
7.
23
 to
 5
5.
89

0.
69
 (0
.6
0 
to
 0
.7
8)

1.
55
 (−
2.
14
 to
 4
.8
4)

0.
93
 (0
.8
8 
to
 0
.9
6)

N
ot

e:
 B
la
nd
-A
ltm
an
 (m
ea
n 
di
ff
er
en
ce
 a
nd
 li
m
its
 o
f a
gr
ee
m
en
t) 
st
at
is
tic
s 
an
d 
Pa
ss
in
g 
an
d 
Ba
bl
ok
 re
gr
es
si
on
 (s
lo
pe
, i
nt
er
ce
pt
, a
nd
 c
or
re
la
tio
n 
co
ef
fic
ie
nt
) a
re
 s
ho
w
n.

A
bb
re
vi
at
io
ns
: 9
5%
 C
I, 
95
%
 c
on
fid
en
ce
 in
te
rv
al
; B
as
, b
as
op
hi
ls
; E
os
, e
os
in
op
hi
ls
; L
oA
, u
pp
er
 a
nd
 lo
w
er
 li
m
its
 o
f a
gr
ee
m
en
t; 
Ly
m
, l
ym
ph
oc
yt
es
; M
ea
n 
di
ff
., 
m
ea
n 
di
ff
er
en
ce
; M
on
, m
on
oc
yt
es
; N
eu
, 

ne
ut

ro
ph

ils
.



8 of 9  |     ZONG et al.

outliers were observed for CRP and SAA. Bland-Altman analysis 
showed negative mean % biases of −14.52% (−18.09% to −10.95%) 
and −8.86% (−2.11% to 19.84%) for CRP compared with E601 and 
CRP-100, respectively, and a positive mean % bias of 19.33% (13.36% 
to 25.30%) for SAA compared with WBT (Figure 4 and Table 3).

4  | DISCUSSION

Currently, most instruments are capable of individually measuring 
CBC  +  5-DIFF, CRP, or SAA. XPEN60 introduces a medium-sized 
automated hematology analyzer that could simultaneously measure 
the CBC with 5-DIFF, CRP, and SAA. In this study, the performance 
characteristics of XPEN60 were evaluated according to CLSI proto-
cols and ICSH guidelines.

XPEN60 showed acceptable imprecision and excellent linear-
ity for CBC (Table 1 and Figure 1), which is comparable with other 
hematology analyzers.17,18 The imprecision values for CRP and SAA 
were less than that of criteria derived from biological variation and 
the 95% verification limit determined (Table 2). No significant car-
ryovers were observed for these parameters, and the carryovers of 
WBC, RBC, and HGB were even up to state-of-the-art performance 
levels.19 Although the carryover of PLT was slightly higher than 
the state-of-the-art performance level (0.93% vs 0.5%), it was pre-
sumably limited by the concentrations of the samples (range: 21.7-
440 × 109/L). This range was dominated by the samples available, 
and clinical samples with both extremely low and high values were 
not able to obtain in this work. The observed LoBs and LoDs of CRP 
and SAA were less than those claimed by the manufacturers. In ad-
dition, the LoQs were established by ourselves in this study, which 
were not declared by the manufacturer. The LoQs were determined 
as 0.61 and 3.62 mg/L for CRP and SAA, which indicates high sensi-
tivity for the detection of low-level samples.

In this study, the accuracy of CBC was not evaluated; instead, 
comparisons were carried out with a routine hematology analyzer 
(reference method) that had previously been demonstrated to 

exhibit good performance.20,21 The comparison with XN1000 re-
vealed high consistency and accuracy of the new instrument (Table 3 
and Figure 3); however, a poor slope and a few outliers in Eos and 
Bas comparison were observed (Figure  3). This phenomenon may 
be related to the different type of analyzers equipped (XPEN60: 
cytochemical staining analyzer, XN1000: fluorescence staining and 
flow cytometry analyzer20,22), or, the extremely low values of Eos 
and Bas tested. The similar results were also found in other previous 
reports.7,18,23

For CRP and SAA, the accuracy was evaluated using standard 
materials and adequately met the requirement of practical work. The 
results from XPEN60 showed a strong correlation with those from 
E601 and Mindray. It is worth noting that there was a systematic 
deviation. The results measured by XPEN60 were all lower in com-
parison with E601, with a % bias of −14.5%. This was probably re-
ferred to the different reference material used for calibration in each 
system. We found that ERM-DA474 was used for XPEN60, while 
ERM-DA470 was applied to E601. Therefore, it is easy to make a 
conclusion that the importance of traceability should be taken se-
riously to ensure interchangeability. In this work, a wide intercept 
of −15.97 and % bias of −8.86% were also observed on the compar-
ison of CRP-M100 and XPEN60. This may refer to the upper detec-
tion limit of the CRP-M100 for CRP declared by the manufacturer 
(160 mg/L), which is far less than that of the XPEN60 (306 mg/L). 
Given this, it is suggested that laboratories should establish a refer-
ence interval for their individual instruments. For SAA comparison, 
there was a % bias of 19.33% compared with the WBT. This was orig-
inated to the different detection principle between two platforms 
(immunofluorescence principle vs latex-enhanced scatter immuno-
turbidimetric technologies). Therefore, the sample from one patient 
should avoid to be tested separately on two different systems in the 
same laboratory.

There are several limitations in current study: A strong agree-
ment in a broad concentration range was shown, but the sample 
size of the comparison study was insufficient. In addition, although 
the accuracy of the SAA analysis was verified using the standard 

F I G U R E  4  The comparison of XPEN60 with Roche E601 and Mindray CRP-M100 in detecting for CRP, and with WeimiBio-Tech AFS-
2000A for SAA. The blue line shows the regression curve; the dashed brown lines indicate 95% confidence interval; the dashed red line 
shows the perfect correlation
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material, further evaluation of the comparability of SAA with a refer-
ence method would be useful. Another limitation of the study is that 
some of the items, including morphology flags and manual differen-
tial results, were not performed, so these parameters could be the 
subjects of future research.

In conclusion, this study demonstrated that XPEN60 delivers 
satisfactory analytical performance for CBC, CRP, and SAA determi-
nation. XPEN60 is a convenient laboratory analyzer that can simul-
taneously measure CRP, SAA, and CBC, including 5-DIFF. Especially, 
it is suitable for patients with inflammatory diseases at emergency 
departments and community hospitals.
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