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Abstract

Full Blood Count (FBC) is a significant laboratory investigation often requested in clinical care and trials; laboratories should have comparable
alternative methods for this test to ensure uninterrupted services. This study evaluated to what extent the Abbott CELL-DYN Ruby and Boule Medonic
M-series haematology analysers can be used interchangeably. Using 110 leftover EDTA blood samples to test twelve haematological parameters,
correlations and bias between the two analysers for each blood parameter were determined by plotting Passing & Bablok and Bland-Altman'’s plots
respectively. The two analysers were assessed comparable for a test when the bias with the 95% CI falls within the clinically acceptable limits which
had been defined a priori. All the twelve FBC parameters showed strong positive correlations between the measurements from the two analysers.
The measurements on both analysers however showed some bias for all the parameters evaluated except Red Blood Cells (RBC), whose bias was
0.00x10-12/L (-0.01, 0.02). The observed biases met the acceptance criteria, except Haematocrit (HCT), Mean Cell Volume (MCV) and Lymphocytes
-% (Lym-%). Abbott CELL-DYN Ruby and Boule Medonic M-series haematology analysers are comparable for Haemoglobin (HGB), White Blood
Cell Count (WBC), RBC, Platelets (PLT), Mean Cell Haemoglobin (MCH), Mean Cell Haemoglobin Concentration (MCHC), Red Cell Distribution Width
(RDW), Mean Platelets Volume (MPV) and Lymphocytes -Absolute (Lym-Abs), but not for HCT, MCV, and LYM which will require interpreting results
using equipment-specific reference intervals. The results of this study may help laboratories and clinics in selecting comparable methods for FBC.
Moreover, the two study analysers have closed sampling facilities which make them safe for handling suspected infectious samples, as contact with
personnel is minimal.
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Introduction

Full Blood Count (FBC) also referred to as Complete Blood
Count (CBC) is an important laboratory investigation required for
disease diagnosis, patient management, subject screening and safe-
ty testing for vaccine or drugs during clinical trials [1-3]. A recent
assessment of all laboratory test requests made from general prac-
tice in Oxfordshire, UK, showed FBC as the second most commonly
requested blood tests [4]. As a result of its importance in healthcare
delivery, it is crucial that Haematology laboratories provide FBC
tests consistently. To achieve this, the laboratory must be equipped
with alternative options, hence the need to have comparable hae-
matological analysers that can be used interchangeably. The MRCG
at LSHTM Clinical laboratory recently acquired the Abbott CELL-
DYN Ruby (Abbott Laboratories, Diagnostic Division, Abbott Park,
IL, USA) 5-parts differential haematology analyser as an addition to
the existing one.

As part of quality assurance procedures, and in fulfilment of
[S015189 requirement, the newly acquired CELL-DYN Ruby analy-
ser was evaluated before it was commissioned for use. The evalua-
tion process included comparing the new analyser with the existing
Medonic M-series (Medonic-M) analyser (manufactured by Boule
Medical, SWEDEN). Clinical laboratories’ method comparisons of-
ten involve estimating “bias” between the methods in addition to
correlation analysis. Bias in this context expresses the closeness of
agreement between the two methods [5] and is currently used as
one of the most important components of method verification in
clinical laboratories when establishing comparability between two
methods [6].

As an alternative to estimating limits of agreement, this study
assessed the clinical significance of observed bias between the two
analysers to determine to what extent the two methods can be used
interchangeably.

Materials and Methods

We followed the Clinical and Laboratories Standard Institute
(CLSI) guidelines on Measurement Procedure Comparison and Bias
Estimation Using Patient Samples [7] to compare full blood counts
using both analysers simultaneously.

Study setting and sampling

This study was carried out at the IS015189:2012 accredited
Clinical Laboratories of the Medical Research Council Unit The Gam-
bia at the London School of Hygiene & Tropical Medicine (MRCG at
LSHTM), as part of the method evaluation prior to commissioning
of the CD-Ruby analyser for use in the Haematology laboratory.
Anonymised leftover EDTA-anticoagulated clinical blood samples
submitted for routine FBC, including both normal and patholog-
ical samples, ranging from low to high measurement parameters
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concentrations, were used for this method comparison. Sample
selection criteria were strictly based on the available volume, i.e.,
samples with insufficient volume to accommodate a minimum of
two runs were not included in the study. The samples were collect-
ed into Becton-Dickinson vacutainer Ethylene Diamine Tetra Ace-
tic acid (EDTA)-anticoagulated tube (Becton Dickson vacutainer,
cat. No. 388010) by a competent phlebotomist. The samples were
maintained and transported into the Haematology laboratory with-
in one hour at room temperature. After completing the requested
haematological assays on the EDTA samples, residual samples were

anonymously analysed simultaneously using both analysers.

Sample analysis

The samples were analysed using Medonic-M 3-parts haema-
tology analyser as reference method, and CD Ruby 5-parts analyser
as the candidate method. Quality controls were run prior to sample
analysis to ascertain the functionality of both analysers as required
by the [S015189:2012 standard [8].

Medonic-M analyser is a fully automated haematology analyser
intended for in vitro examination of human blood samples under
well-monitored laboratory condition. The measuring principles of
the Medonic-M are based on impedance for cell count and spectro-
photometry for Haemoglobin (HGB) [9].

CD-Ruby is an integrated multi-parameter full automated hae-
matology analyser designed for in vitro diagnostic use in clinical
laboratories. The instrument measures blood parameters through
laser flow cytometry. The analyser uses 632.8nm helium-neon la-
ser as the light source and four optical detectors for the scattered
light detection; 0°-3° for cell size, 10° for cells internal complexity,
90°-polarised for lobularity and 90°-depolarised for the specific
identification of polynuclear eosinophils (PNE). For the counting of
Red Blood Cells (RBCs) the scattered light is measured at 0°, 10°,
and 90° and for Platelets (PLTs), at 0° and 10°. WBCs counts and
differentials are established by the light scattered at four different
detectors located in the forward (0° and 10°) and side (90° and
90°D) angles. The information from these four detector channels
is used to construct the five different types of WBCs by a process
known as Multi-Angle-Polarised-Scatter-Separation. In the case of
sample containing fragile WBCs or resistant RBCs, an alternative
mode of FBC analysis known as Nucleated Optical Count (NOC) is
used to accurately determine WBCs count. For HGB concentration,
a low-energy LED attached to the HGB Flow Cell measures the ab-
sorbance of light at 555 nm and the absorbance is proportional to
the HGB concentration of the sample [10].

Prior to analyses, the two analysers were calibrated, and rou-
tine maintenance were performed in accordance with the manufac-
turer’s recommendations and internal quality management system.
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Statistical Analysis

The CLSI recommends a minimum of 40 patient samples to es-
tablish bias between two methods [7]. We used 110 samples to im-
prove the confidence in our statistical estimates and to incorporate
the effects of unexpected interfering substances.

The data were entered and managed using Microsoft Access®
Version 12.0. Statistical analysis was done using the MedCalc for
Windows, version 17.6 [11] and Minitab Version 18.1 [12]. Data
were visually inspected for outliers using plots but formal assess-
ment and decision to remove outliers was based on Turkey’s meth-
od [13].

The CLSI guidelines [7] recommend that clinical laboratories
may provide a statement of bias determination through either re-
gression or difference plots; this study presents results from the
latter, using Bland-Altman plots [14]. Variability and linear rela-
tionship in differences between the two analysers’ measurements
of each parameter were assessed using scatter plots based on Pass-
ing & Bablok regression [7,15]. A correlation was considered strong
if the correlation coefficient (R) was 0.6 or more [16,17]. Deviation
from linear relationship was tested using the Cusum test [18]. We
used the Anderson-Darling method [19] to check for normality in
the distribution of the differences. For tests whose differences were
normally distributed, Bland-Altman'’s plots were made, the average
overall bias for the measured range was simply computed as the
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mean of all the differences. On the other hand, for the parameters
whose differences data followed a skewed distribution, the medi-
an of the difference at 95% CI interpolation values represented the
bias [7]. We established that the two methods can be used inter-
changeably for a given haematological index if the bias and related
95% CI fell within the limits of clinical acceptability which we had
defined a priori in collaboration with clinicians and in consider-
ation of the total allowable errors [20,21].

Ethics

The study was approved by the Science Coordinating Commit-
tee of MRCG at LSHTM and the Gambia Government/MRCG Joint
Ethics Committee.

Results and Discussion

Results

We compared the CD-Ruby and Medonic-M for the twelve fol-
lowing haematological parameters: (i) Haemoglobin (HGB) , (ii)
White Blood Cells count (WBC), (iii) Haematocrit (HCT), (iv) Red
Blood Cells count (RBC), (v) Platelets (PLT), (vi) Mean Cells Volume
(MCV), (vii) Mean Cell Haemoglobin (MCH), (viii) Mean Cell Hae-
moglobin Concentration (MCHC), (ix) Red cells Distribution Width
(RDW), (x) Mean Platelets Volume (MPV), (xi) Absolute Lympho-
cytes [Lym-Abs], and (xii) percentage Lymphocytes [Lym(%)] (Ta-
ble 1).

Table 1: Description of the blood samples evaluated by CELL-DYN RUBY and Medonic M-Series Haematology Analysers.

Sample Medonic M Series Celldyn Ruby
Parameters Measured
SIZE (N) Measured Range Mean SD Measured Range Mean SD
Haemoglobin (HGB) 107 5.60-17.2g/dl 11.84 2.36 5.5-18.4g/dl 12.68 | 2.65
White Blood Cell Count 106 2.8-20.2x10°/L 6.5 5.9 2.7-20.7x10°/L 6.6 2.7
(WBC)
Haematocrit (HCT) 107 16 -57% 36 7.2 17-61% 38 7.6
Red Blo?gggls Count 106 1.85-7.17x10%2/L 437 0.81 1.81-7.23x10%/L | 437 | 0.85
Platelets (PLT) 107 29-584x107/L 205 74 36-615x107/L 260 84
Mean Cell Volume
(MCY) 107 54.2-100.8f] 83 8.5 54.1-10.5f1 87.1 9.1
Mean Cell Haemoglobin 108 15.4-36.8pg 27.2 3.2 15.4-37.9pg 29 3.7
(MCH)
Mean Cell Haemoglobin
Concentration (MCHO) 108 28.4-37.2g/dl 328 13 28.4-36.2g/dL 33.4 15
Red Cell Distribution
Width (RDW) 108 11.8-31.2fl 14.7 3.1 10.7-33.61 14.1 3.4
Mean Platelets Volume
MPY) 108 7.6-15.0fl 9.4 1.1 4.9-11.7f 7.7 1.6
Lymphocytes -Absolute 108 0.7-6.0x10°/L 21 0.87 0.5-5.6x10°/L 22 | 088
(Lym-Abs)
-0, -
Lymphocy(f/j)s % (Lym 108 1.8-57.3% 34.2 10.8 6.3-61.2% 36.3 11
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Table 2: Summary of correlation and bias between CELL-DYN RUBY and Medonic M-Series Haematology Analysers

. . . . Bias (95% CI) .
frElgi sample size (N) Correl?tlon Coeffi- | Cusum Test le_fere.nce_s data points based on Bland-Alt- Clinically A.ccept
cient (r) p-value distribution pattern , able Bias
man’s Plot
Hae{;‘;’i‘)’bm 107 0.99 0.57 Skewed (P=0.012) -0.84 (-0.92, -0.76) +/-0.83
White Blood
Cell Count (x 106 0.985 0.72 Normal (P =0.243) -0.10 (-0.16, -0.04) +/-0.33
10°/L)
Hae‘g)zt)"mt 107 0.983 0.71 Normal (P =0.847) -1.71 (-1.88, -1.54) +/-1.44
Red Blood
Cells Count (x 106 0.987 0.57 Skewed (P =0.043) 0.00 (-0.01, 0.02) +/-0.18
10%2/L)
Plitgijis) (x 107 0.838 0.96 Normal (P =0.504) .55 (-61.07, -49.22) +/-51
Mean Cell 107 0.988 0.97 Skewed (P =0.005) -4.18 (-4.37,-3.98) +/-2.5
Volume (fL) : : : ' 2 :
Mean Cell Flae- 108 0.974 0.41 Normal (P =0.106) -1.89 (-2.05,-1.72) +/-2.5
moglobin (pg)
Mean Cell
Haemoglobin 108 0.618 0.97 Normal (P =0.241) -0.68 (-0.85,-0.51) +/-25
Concentration
(g/dL)
Red Cell Distri-
bution Width 108 0.942 03 Skewed (P =0.005) 0.65 (0.53, 0.78) +/-2.5
(%)
Mean Platelets
Volume (1L) 108 0.687 0.55 Normal (P =0.764) 1.65 (1.37, 1.84) +/-2.5
Lymphocytes
(Absolute) (x 108 0.937 0.87 Normal (P =0.935) -0.17 (-0.21,-0.13) +/-0.5
109/L)
Ly m}zi}o}cy tes 108 0.92 0.43 Skewed (P =0.005) -1.60 (-2.11, -1.10) +/-0.5
0

Of the five WBCs components, comparison could only be done
on lymphocytes since the Medonic-M can only estimate three dif-
ferentials (Granulocytes, Lymphocytes and MID Cells), while the
CD-Ruby can estimate all the five white blood cells components
(Neutrophils, Lymphocytes, Monocytes, Basophils and Eosino-
phils).

All tested parameters showed strong positive correlations (rz
0.60) and linear relationships between the measurements from the
two analysers (Table 2).

The differences in measurements between the two methods for
WBCs, HCT, MCH, MHCH, PLTs, MPV and LYM-ABS followed a nor-
mal distribution while those for HGB, RBCs, RDW, MCV and LYM-%
were skewed. Table 2 shows correlation coefficients and estimated
bias (95% CI) for each parameter with the corresponding clinically
acceptable bias. Figure 1 shows the Bland-Altman plots for the nor-

mally distributed differences.

The difference in measurements between CD-Ruby and Medo-
nic-M showed some bias for all the parameters evaluated except

RBC. The bias and their 95% CI for HGB, WBCs, HCT, RBCs, PLTs,
MCV, MCH, MCHC, RDW, MPV, LYM-Abs and LYM(%) were -0.84g/
dL (-0.92,-0.76),-0.10 x 109/L (-0.16, -0.04), 1.71% (-1.88, -1.54),
0.00 x 1012/L (-0.01, 0.02), -55 x 109/L (-61.07, -49.22), -4.18fL
(-4.37,-3.98),-1.89pg (-2.05, -1.72) -0.68g/dL (-0.85,-0.51), 0.65%
(0.53, 0.78), 1.65fL (1.37, 1.84), -0.17 x 109/L (-0.21, -0.13) and
-1.6% (-2.11, -1.10) respectively. The bias of CD-Ruby in compar-
ison to Medonic-M for WBC, RBC, RDW, MCH, MCHC, Lym-Abs, and
MPV met the bias acceptance criteria based on the 95%CI; those of
HGB and PLTS are acceptable but with lower accuracy, while those
of HCT, MCV and Lym-% fell outside acceptable bias limits. Figure
2 shows the bias interpretation in relation to clinical significance.

Discussion

The CD-Ruby and Medonic-M Haematology analysers showed
positive strong correlations for all the red blood and white blood
cells indices and platelets. All the bias between the two analysers
were within clinically acceptable limits except those of HCT, MCV
and LYM-%. Of all the FBC parameters analysed by the two equip-
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ment, only HGB, RBC, WBC, and PLTS are actually measured while analysers software [9,10]. Interestingly, all the four measured pa-
others are usually calculated from the measured parameters by the = rameters met the set clinically acceptable bias limits.
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Figure 1: Bland-Altman’s Plots for 7 parameters whose differences were normally distributed
White Blood Cells (WBC), Haemacrit (HCT), Platelets (PLTs), Mean Cell Haemaglobin (MCH), Mean Cell Haemoglobin Concentration (MCHC),
Mean Platelets Volume (MPV), Lymphocytes — Absolutes (Lym-Abs)
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Figure 2: Bias and their 95% CI in Relation with Clinically Acceptable Limits for 12 hematological parameters
Legends: Upper and lower clinically acceptable limits Bias Upper and Lower 95% CI of Bias
Haemoglobin (HGB), White Blood Cell Count (WBC), Hematocrit (HCT), Red Blood Cells Count (RBC), Platelets (PLT), Mean Cell Volume (MCV),
Mean Cell Haemoglobin (MCH), Mean Cell Haemoglobin Concentration (MVCHC), Red Cell Distribution Width (RDW), Mean Platelets Volume
(MPV), Lymphocytes -Absolute (Lym-Abs), Lymphocytes -% (Lym-%).

All parameters showed negative bias, except RDW and MPV,
suggesting that CD-Ruby is measuring higher than the Medonic-M
and might therefore be more sensitive. This findings are in line with
those reported by Leers et al [22] in their comparison of CD-Ruby
with Sysmex XT-2000i. However, the rationale for the higher sensi-
tivity of CD-Ruby as observed in our study, though not explored in
detail here, might be attributed to its principles of measurement,
which are the optical laser and flow cytometry, unlike the Medon-
ic-M whose principle of measurement is impedance [23]. Further
studies are required to substantiate this claim.

In line with the CLSI [7] interpretation of bias in relative to clin-
ical significance, our findings showed that the bias for HGB, WBC,
RBC, RDW, MCH, MCHC, Lym-Abs, PLTS and MPV met clinically ac-
ceptance criteria based on 95% Cls, we recommend that the CD-Ru-
by and Medonic-M are comparable and can be used interchange-
ably for the above mentioned parameters. On the other hand, the
analysers were not comparable in our samples and may not be used
interchangeably for HCT, MCV and LYM (%) as their bias did not
meet the clinically acceptable criteria; their results should be inter-
preted using the locally established equipment specific reference
intervals [22].

The fact that the bias for MCV and HCT were out of clinically ac-

ceptable limits was not unexpected as MCV is a red blood cell index

which is directly proportional to HCT, and it is calculated from HCT
and RBC. The high bias observed for MCV in this present study also
agrees with Leers et al who proposed that this might be due to dif-
ferent measuring principles of the two analysers [22]. Also the bias
for LYM (%) was unacceptable, whereas that of LYM-ABS was; both
parameters are analyser-calculated lymphocytes values, expressed
in percentage and absolute count respectively. This disparity might
be due to variation in automated calculation software of the anal-
ysers.

Of great importance is that this study evaluated bias across low
to high concentrations of medical decisions for all the parameters,
and, given that FBC is a crucial laboratory investigation for diag-
nosis, case management and in clinical trials [3], replacement or
backup laboratory methods for this test should have high level of
agreement and any observed bias should be clinically acceptable.
Further studies to assess comparability of various automated hae-
matology analysers will be of great benefit.

Our study had a few limitations as it did not evaluate the flag-
ging capacity or the operational efficiency comparability of the two
analysers. In addition, we could not study comparisons of the WBCs
differential since Medonic-M is a 3-parts differential haematology
analyser, while CD-Ruby is 5-parts differential haematology anal-
yser.
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Conclusion

This study has indicated that the Medonic-M and CD-Ruby Hae-
matology analysers are generally comparable and can be used in-
terchangeably for full blood count parameters except for HCT, MCV
and Lym-% which require results being interpreted using equip-
ment specific reference intervals. The results of this study may help
laboratories and clinics in selecting comparable methods for FBC.
Moreover, the two study analysers have closed sampling facilities
which make them safe for handling suspected infectious samples,
as contact with personnel is minimal.
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