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Abstract

Laboratory medicine is under constant pressure from changes in the operating environment.
Organisational changes and tendering processes have led to a trend towards shorter turn-around
times and more cost-effective choices. Analysis tools that were previously only available at
research laboratories, such as the mass spectrometer and polymerace chain reaction (PCR), have
now made their way to university hospital laboratories and even mid-sized laboratories.
Organisational changes have increased the need to monitor the pre-analytical steps. The specimen
can be drawn from the patient in a satellite laboratory, which may be located several hours from
the central laboratory. The increased transportation times may change the analytical properties of
the specimens, which is why the stability of different analytes should be investigated thoroughly
in different temperatures. It should be born in mind that doctors are treating the patients based on
the results they receive from the laboratory. To avoid possible malpractice, the analytical
properties should remain reliable. Traditionally, some analyses have been carried out manually,
which is known to be time-consuming and carries the possibility of wide intra-observatory
mistakes. For that reason, it would be reasonable to perform some manual analyses, such as body
fluid analysis, in an automated manner. Automating the manual steps taken in the laboratory
would release labour for other tasks and may increase the cost-effectiveness of the work.
Organisational changes have redirected the needs of a clinical laboratory towards automated
options instead of manual ones and finding more economically-based alternatives to replace or
complement traditional methods.

Keywords: body fluid, clinical laboratory, hematology, ISO, LC-MS, NCCLS, PEth,
preanalytic, validation





Lehto, Tiina, Uusien kliinisen kemian laboratoriomenetelmien validointi
rutiinikäyttöön. 
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta; Pohjois-Suomen
laboratoriokeskus NordLab; Oulun yliopistollinen sairaala
Acta Univ. Oul. D 1339, 2016
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Laboratoriolääketiede on jatkuvan muutospaineen alla. Organisaatiomuutokset ja kilpailutus
ovat saaneet aikaan sen, että laboratorioiden analytiikkatarjonnan tulee olla kilpailukykyistä niin
hinnan kuin tulosten vastausnopeuden suhteen. Aikaisemmin pelkästään tutkimuskäytössä olleet
menetelmät, kuten PCR ja massaspektrometri, ovat jalkautuneet jo keskussairaalatasoiseen tutki-
musvalikoimaan. Organisaatiomuutokset ovat saaneet aikaan myös sen, että näytteet voidaan
ottaa potilaasta alueellisissa toimipisteissä ja kuljettaa päivän aikana keskuslaboratorioon analy-
soitavaksi. Kuljetusmatkat ja -ajat saattavat olla hyvinkin pitkiä. Tämän johdosta on erittäin tär-
keää selvittää näytteiden säilyvyys niin, että tulokset pysyvät luotettavina eikä potilaan hoito
kärsi. Perinteisesti osa tutkimuksista, kuten punktionesteen solut, on tehty käsin mikroskopoi-
malla, jonka tiedetään olevan aikaa vievää ja näin ollen myös kallista analysointia. Kyseisen tut-
kimuksen siirtäminen analysaattoreille tehtäväksi voi tuoda laboratoriolle taloudellisen säästön
lisäksi työvoiman vapautumista manuaalisesti suoritettavalta mikroskopoinnilta. Muutospaineet
laboratoriotoiminnoissa ovat saaneet aikaan tarpeen automatisaation lisääntymiselle ja taloudel-
lisempien vaihtoehtojen löytämiselle perinteisten menetelmien rinnalle tai niiden sijaan.

Asiasanat: hematologia, ISO, kliininen laboratorio, LC-MC, NCCLS, PEth,
preanalytiikka, punktiosolut, validointi
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ALL Acute lymphoid leukaemia 

ANOVA Analysis of variance 

APCI Atmospheric pressure chemical ionisation 

AS Ascites fluid 

BAND Immature forms of neutrophils 

BF  Body fluid 

BLAST Abnormal immature cell 

CAPD Continuous ambulatory peritoneal dialysis 

CBC Complete blood count 

CE Capillary electrophoresis 

CID Collision-induced dissociation 

CSF Cerebrospinal fluid 

CV Coefficient of variation 

CV% Coefficient of variation %  

CVP Coefficient of variation originating from preanalytical phase 

CVA Coefficient of variation originating from analytical phase 

CVI Coefficient of variation originating from individual  

CLSI Clinical Laboratory Standars Institute 

EDTA Ethylenediaminetetraacetic acid 

EOS Eosinophils 

ESI Electrospray ionisation 

FDA U.S. Food and Drug Administration 

FP? Unidentified fluorescent population 

FWB Fragile white blood cell 

FWHM Full width half maximum 

GC Gas chromatography 

HCT Haematocrit 

HDL High-density lipoprotein 

HF-BF Highly fluorescent body fluid 

HPLC High-pressure liquid chromatography 

HPLC- 

ELSD High-performance liquid chromatography with evaporative light-

scattering detection 

ICSH The International Council of Standardization of Hematology 

IDL Intermediate-density lipoprotein 
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IG Immature granulocyte 

IRF Immature reticulocyte fraction 

ISO International Organization for Standardization 

K2 Potassium salt 

LC Liquid chromatography 

LC/MS Liquid chromatogram coupled with mass spectrometry  

LC-MS/MS Liquid chromatography-tandem mass spectrometry 

LDL Low-density lipoprotein 

LoD Lowest limit of detection 

LoQ Lowest limit of quantitation 

LYMPH Lymphocytes 

MAPSS Multi-Angle Polarized Scatter Separation 

MCH  Mean corpuscular haemoglobin 

MCHC Mean corpuscular haemoglobin concentration 

MCV Mean corpuscular volume 

MN Mononuclear cells 

MgCl2 Magnesium dichloride 

MONO Monocytes 

MPV Mean platelet volume 

m/Q Mass-to-charge ratio 

m/q Mass-to-charge ratio 

MRM Multiple reaction monitoring 

MS Mass spectrometry 

MS-GC Gas chromatography coupled with mass-spectrometry  

m/Z Mass-to-charge ratio 

m/z Mass-to-charge ratio 

NaCl Natrium chloride 

NCCLS National Committee for Clinical Laboratory Standards 

NCEP National Cholesterol Education Program 

NEUT Neutrophils 

NOC Nucleated cell population 

NRBC Nucleated red blood cells 

PA Phosphatidic acid 

PC Phosphatidylcholine 

PCR Polymerace chain reaction 

PDW Platelet size variability 

PEth Phosphatidylethanol 
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PF Pleural fluid 

PLD Phospholipase D 

PLT Platelet 

PMN Polymorphonuclear cells 

PProp Phosphopropanol 

Q-TOF Quadrupole-time-of-flight 

R% Reticulocyte percent  

RBC Red blood cell 

RCV Reference change value 

RDW Red cell distribution width 

RETC Reticulocyte absolute count 

RRBC Resistant red blood cell 

SD Standard deviation 

SIM Selected ion monitoring 

SRM Selective multiple reaction monitoring 

SY Synovial fluid 

TAT Turn-around time 

TIC Total ion chromatogram 

UV/Vis Ultraviolet/visible 

VARLYM Variant lymphocytes 

VLDL Very-low-density lipoprotein 

WBC White blood cell count 

WBC Diff White blood cell differential count 
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1 Introduction  

The field of laboratory medicine is under constant pressure from changes in the 

operating environment. The establishment of larger central laboratories has 

brought a new perspective on specimen distribution, in addition to promoting the 

development of new, faster and automated methods. The transportation distances 

may increase, which calls for more attention to the stability properties of 

specimens. In addition to logistical problems, the quality of laboratory results 

should meet national and international standards. The Clinical Laboratory 

Standard Institute (CLSI) which is formarly known as the National Committee for 

Clinical Laboratory Standards (NCCLS) and The International Organization for 

Standardization (ISO) have released a series of guidelines on the validation and 

evaluation of analytical properties of methods in the field of clinical chemistry. 

The changes in laboratory organisation have necessitated the development of new 

automated methods to replace manual ones, in addition to the introduction of 

new, faster methods of quantitation and identifying interesting markers for 

diseases. 

Firstly, this study focuses on evaluating the analytical performance of a new 

haematology analyser by using the NCCLS/CLSI guidelines partly modified 

according to the Finnish Labquality recommendations. Secondly, the aim was to 

investigate how time and temperature affect the stability properties of complete 

blood count and white blood cell differential parameters. The third objective of 

this study was to evaluate the analytical performance as well as the sensitivity and 

specificity of the body fluid mode of a haematology analyser according to the 

international guidelines (NCCLS/CLSI). The fourth aim was to develop a new 

method for the detection of phosphatidylethanol (PEth) from high-density 

lipoprotein (HDL) particles. The method utilises high-performance liquid 

chromatography (HPLC) with mass spectrometric (MS) detection in selective ion 

monitoring (SIM) or multiple reaction monitoring (MRM) modes. 
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2 Review of the literature 

2.1 Good clinical laboratory practice standards – international and 

national standards  

To assure appropriate patient care and disease management, it is crucial to 

maintain accurate laboratory measurements regardless of time and location. Both 

of these elements can be achieved by standardising measurements and 

establishing traceability to a reference system and appropriate reference materials 

(Vesper et al. 2007). 

A good example of the importance of standardisation is the measurement of 

blood cholesterol levels. By the early 1960s, several clinical investigators had 

drawn conclusions on the epidemiological works to the effect that cholesterol 

measurements were subject to an unacceptable level of variation (Rifai et al. 
2004). The awareness of the problem led to the first Cooperative Cholesterol 

Standardization Program, which played a crucial role in the identification of risk 

factors associated with coronary heart disease and the development of clinical 

practice guidelines. Eventually, these actions led to international efforts in 

lowering cholesterol, such as the National Cholesterol Education Program 

(NCEP) in the USA (Cleeman 1987, The Expert Panel 1988) and the 1973 North 

Karelia Project in Finland (Puska 1973, Puska 1974, Puska and Mustaniemi 1975, 

Puska et al. 1976). NCEP, which was established in 1985 by the National Heart, 

Lung and Blood Institute in the USA, recommended that cholesterol 

measurements in clinical use should be standardised and the result traced to a 

reference system (Boyd 1988). Ultimately, the programmes and guidelines that 

developed from the efforts to standardise cholesterol measurements have been 

essential in the pursuit to reduce the risk and incidence of heart disease. These 

encouraging results revealed and underlined the universal importance of 

standardisation and common guidelines for clinical laboratory analyses.  

The Clinical and Laboratory Standards Institute (CLSI), which has been 

formerly known as the National Committee for Clinical Laboratory Standards, 

(NCCLS; Table 1) and the International Organization for Standardization (ISO; 

Table 1) have published a series of guidelines for evaluating a new method in a 

clinical laboratory. These include guidelines on establishing the accuracy, 

precision, analytical specificity, and detection limits as well as assessing any 

interfering factors in clinical laboratory methods. 
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Table 1. Examples of guidelines, standards and method requirements established by 

the Clinical Laboratory Standards Institute (CLSI), formerly known as the National 

Committee for Clinical Laboratory Standards (NCCLS), and the International 

Organization for Standardization (ISO). 

NCCLS / CLSI ISO 

NCCLS EP5-A (1999) Evaluation of precision 

performance of clinical chemistry devices; Approved 

guideline. 

ISO/IEC Guide 98-1 (2009) Uncertainty of 

measurement — Part 1: Introduction to the 

expression of uncertainty in measurement. 
  

NCCLS EP06-A (2003) Evaluation of the linearity of 

quantitative measurement procedures: A Statistical 

approach; Approved Guideline.  

ISO/TR 22971 (2005) Accuracy (trueness and 

precision) of measurement methods and results — 

Practical guidance for the use of ISO 5725-2:1994 

in designing, implementing and statistically 

analysing interlaboratory repeatability and 

reproducibility results.  
  

NCCLS EP07-A2 (2005) Interference testing in 

clinical chemistry; Approved Guideline – Second 

edition.  

ISO 11843-1 (1997) Capability of detection — Part 

1: Terms and definitions. 

  

NCCLS EP9-A2 (2002) Method comparison and bias 

estimation using patient samples; Approved guideline 

–Second edition 

ISO 15193 (2009) In vitro diagnostic medical 

devices — Measurement of quantities in samples 

of biological origin — Requirements for content 

and presentation of reference measurement 

procedures. 
  

NCCLS EP10-A3-AMD (2014) Preliminary evaluation 

of quantitative clinical laboratory methods; Approved 

Guideline, Third edition. 

ISO 11843-2 (2000) Capability of detection — Part 

2: Methodology in the linear calibration case. 

  

NCCLS EP12-A2 (2008) User protocol for evaluation 

of qualitative test performance; Approved guideline. 

ISO/TR 22869 (2005) Medical laboratories — 

Guidance on laboratory implementation of ISO 

15189: 2003. 
  

 ISO 17511 (2003) In vitro diagnostic medical 

devices — Measurement of quantities in biological 

samples — Metrological traceability of values 

assigned to calibrators and control materials. 
  

 ISO 11843-6 (2013) Capability of detection — Part 

6: Methodology for the determination of the critical 

value and the minimum detectable value in 

Poisson distributed measurements by normal 

approximations. 
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2.2 The method validation process in a clinical laboratory 

In order to validate a laboratory method for clinical use, the NCCLS (currently 

known as CLSI), and ISO have issued strict guidelines for testing the trueness 
(i.e. accuracy and precision) of results. This term is defined as the closeness of 

agreement between the average values obtained from a large series of 

measurement results and a true value (ISO/TR 22971, 2005). The difference 

between the average value and the true value is the bias, which is expressed 

numerically and is therefore inversely related to the trueness. Accuracy is thus 

influenced by both bias and imprecision and, in this way, reflects the total error.  

In relation to trueness, the concepts of recovery drift and carryover may also 

be considered. Recovery is the fraction or percentage increase in concentration 

that is measured in relation to the amount added. Drift is caused by instrument 

instability over time so that calibration becomes biased. Assay carryover must 

also be close to zero to ensure unbiased results. Drift or carryover or both may be 

conveniently estimated by multifactorial evaluation protocols (Krouwer 1991). 

For this purpose, the NCCLS guideline EP10-A3, “Preliminary evaluation of 
quantitative clinical laboratory methods”, has been introduced (Krouwer et al. 
2014). 

The method under evaluation has to be compared against a gold standard 

reference method or a method that has been proven to provide clinically valid 

results. The evaluation of a clinical method can be divided into the assessment of 

accuracy, precision, linearity, analytical detection range and analytical specificity. 

Both ISO and NCCLS have made guidelines concerning this process. NCCLS has 

published guideline EP07-A2 (McEnroe et al, 2005) for that purpose and ISO has 

it’s own standard for equivalent purpose (ISO 11843-2, 2000). 

The ISO has introduced the trueness expression as a replacement for the term 

accuracy, which is the closeness of the agreement between the result of a 

measurement and a true concentration of the analyte (ISO/TR 22971, 2005).  

Precision (i.e. the variation or random error between repeated measurements) 

of a test must be established by performing repeat measurements of samples at 

different concentration or activity levels (ISO 11843-2, 2000). The precision of 

each test should be tested by assessing day-to-day, run-to-run and within-run 

variations which is advised in NCCLS EP5-A (Kennedy et al. 1999). The level of 

precision is usually represented as mean, standard deviation (SD) and coefficient 

of variation (CV%). 
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According to the NCCLS guidelines EP06-A, linearity is defined as the 

measure of the degree to which a curve approximates a straight line (Tholen et al. 
2003). Linearity is used to control the analytical or reportable range, i.e., how low 

and high concentrations the method can accurately measure. The straight line is 

operationally defined by the method of the least squares fit to a straight line, with 

visual or the lack-of-fit test as the criterion for acceptance or rejection. The visual 

evaluation is subjective, and the lack-of-fit test definition of linearity is based on 

statistical properties and does not quantify the non-linearity. The lack-of-fit test is 

considered to represent the sum of squares due to bias and the sum of squares due 

to the pure error (Kroll & Emancipator 1993).  

Analytical detection range refers to the lowest and highest test results that are 

reliable and can be reported (ISO 11843-2:2000). The highest limit on an 

analytical detection range is the highest limit of linearity. The lowest limit on the 

analytical detection range is reported as the lowest limit of quantitation (LoQ). 

The analytical sensitivity (lower detection limit; LoD) estimates the lowest 

concentration of an analyte that is reliable and reproducible. Analytical sensitivity 

may be verified by the laboratory by preparing dilutions of controls, standards or 

specimens and determining the lowest concentration that can be determined 

reliably. The LoD is calculated from a matrix without an analyte and multiplied 

by 1.65 according to NCCLS EP07-A2 (McEnroe et al. 2005). 

Analytical specificity, which has to do with analytical interferences, is an 

estimate of the systematic error caused by other materials that may be present in 

the specimen being analysed. The analytical specificity experiment is performed 

to estimate the systematic error caused by non-analyte materials (such as 

haemolysis, icterus, lipaemia or medications) that may be present in the specimen 

being analysed. The analytical interferences for each test are established in the 

NCCLS guidelines EP07-A2 (McEnroe et al. 2005).  

Chromatographic method validation involves inspecting the selectivity, 

sensitivity, accuracy, precision, reproducibility and stability. All these sectors are 

carefully regulated, and the U.S Food and Drug Administration (FDA), for 

example, have enforced a strict Guidance for method validation process (Bansal 

& DeStefano 2007).  

Specificity or selectivity is defined as the ability of the method to distinguish 

the analyte from all other substances present in the sample (i.e. degradation 

products or known metabolites) (Massart et al. 1988). Specificity should be 

defined for each analyte in the assay.  
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With high pressure liquid chromatography (HPLC) or gas chromatography 

(GC) with detection other than mass spectrometry (MS), it is compulsory to 

confirm that the biological matrix will not interfere significantly with the assay by 

using at least six independent sources of matrices (Viswanathan et al. 2007, 

Bansal & DeStefano 2007, Causon 1997). The blank matrix should not produce 

any significant interference at the retention time of the analyte for 

chromatographic assays. The peak response in the blank matrix should be no 

more than 20% of the response for the LoQ sample (Bansal & DeStefano 2007). 

The effect of the matrix can be calculated by the following formula (Food 

and Drug Administration 2001): 

  
Ions  Matrixof Absence in Response Peak
Ions  Matrixof Presence in Response Peak= Factor Matrix , (1) 

The analytical sensitivity of the method is defined as the lowest concentration that 

can be measured with a limit of accuracy and precision. These components should 

be determined by analysing at least five replicates of the sample at the 

concentration of LoQ on at least one of the validation days. The sample used for 

the sensitivity studies should differentiate from the sample which is used for the 

calibration curve. The CV and the error with the accuracy should be within 

± 20%. A method is said to be sensitive if small changes in concentration cause 

larger changes in the response function (Butfner 1976). 

The accuracy of the method should be within ± 15% at all concentrations. In 

the calculation, all results other than those rejected for analytical reason, should 

be used. The accuracy is calculated with the following formula and expressed as 

percentage bias (Causon 1997): 

 100
value true

value true - value measured = %Bias ∗ , (2) 

For the validation of a new bioanalytical method for routine use in clinical 

studies, it is suggested that precision should be assessed at four unique 

concentrations in replicates of six, on four separate occasions, i.e. 4 x 6 x 4. This 

approach will allow the data for individual analytes to be analysed by one-way 

analysis of variance (ANOVA), which gives estimates of both the intra-assay and 

inter-assay precision of the method at each concentration. To be acceptable, both 

measures should be within ± 15% at all concentrations (Bansal & DeStefano 

2007). 
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The recovery of a bioanalytical method is measured as the response of a 

processed spiked matrix standard expressed as a percentage of the response of a 

pure standard. A pure standard has not been subjected to sample pre-treatment. 

This indicates whether the method provides a response for the entire amount of 

the analyte that is present in the sample (Taylor 1987). It is best established by 

comparing the responses of extracted samples at low-, medium- and high-spiked 

matrix concentrations in replicates of at least six with those of non-extracted 

standards, which represent 100% recovery. Absolute recovery is calculated with 

the following formula (Causon 1997): 

100
ed)(unprocess  standardpure of analyte of response

)(processed matrix into  spikedanalyte of response=recovery  Absolute ∗ , (3) 

In addition, the effect of co-extracted biological material should be studied by 

comparing the response of extracted samples spiked before extraction with the 

response of extracted blank matrix samples to which the analyte has been added 

at the same nominal concentration immediately before injection (Braggio et al. 
1996). If an internal standard is used, its recovery should be determined 

independently at the concentration level used in the method. The recovery of the 

internal standard should be within ± 15% of that determined for the analyte. 

However, it is desirable to attain recovery as close to 100% as possible in order to 

maximise the sensitivity of the method (Braggio et al. 1996). 

Stability studies ensure that the concentration of an analyte in the sample at 

the time of analysis corresponds to the concentration of the analyte at the time of 

sampling (Dadgar & Burnett 1995, Dadgar et al. 1995). Stability samples must be 

compared against freshly prepared 100% controls analysed in the same analytical 

run, preferably in replicates of six. Changes in stability greater than ± 10% are 

likely to compromise the integrity of the data, although variations in stability of 

up to ± 20% may be acceptable under certain conditions (Hill 1994). When 

instability is proven, appropriate additives – e.g., buffers, antioxidants or enzyme 

inhibitors – may be essential in order to minimise the degradation of the analytes 

or losses due to adsorption (Buick et al. 1990). 

2.3 Biological variation 

Biological variation may be used to estimate the importance of changes in test 

values within an individual from one occasion to another (Fraser 2011). 

Biological variation includes two different types of categories: within or between 
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individuals (Burtis et al. 2006). Studies of biological variation provide insight 

into the physiological changes that occur within and between individuals for a 

given analyte (Bailey et al. 2014). Biological variation can be used to establish 

quality specifications such as bias, precision and total allowable error (Fraser 

1994).  

2.4 Reference change values 

Reference change values (RCV), also known as critical difference, provide an 

objective tool for the assessment of the significance of differences in serial results 

from an individual (Harris & Yasaka 1983). RCV helps the interpreter of 

laboratory test result to decide whether the result has changed in a significant 

way. The concept introduces a scientific approach to an area where clinicians 

have largely relied on intuition and experience (Burtis et al. 2006). The results 

have to have changed more than the difference expected from the inherent sources 

of variation (Fraser 2011). These sources are preanalytical (CVP), analytical 

imprecision (CVA) and within biological imprecision (CVI). The appropriate 

number of standard deviation is marked as the Z-score, which is 1.96 for P < 0.05 

and 2.58 for P < 0.01 (Fraser 2011). The formula for calculating RCV is: 

 21)CV + CV + (CV   Z2 = RCV 2
I

2
A

2
P

21 ∗∗ , (4) 

2.5 Automated white blood cell and erythrocyte counter 

Automated haematology analysers are able to perform thousands of complete 

blood count (CBC) analyses per day in a completely automated manner. This 

makes haematology analysers one of the most important instruments in a clinical 

laboratory. There are several different manufacturers of haematology analysers, 

and each analyser has particular performance characteristics that can be highly 

specimen-dependent (Hedley et al. 2011, Barnes et al. 2010, Jean et al. 2011, 

Park et al. 2007, Kang et al. 2008, Müller et al. 2006).  

Some haematological specimens require operator intervention or 

confirmatory studies such as a smear review or/and manual differential cell 

counting. Each of these additional steps have an impact on the laboratory turn-

around time and further increase the cost of each specimen. Therefore, each 

laboratory should select the optimum analyser performing an in-house 
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comparison of candidates using specimens that reflect their intended use (Tan et 
al. 2011).  

Because predetermined criteria are substituting visual perception by 

laboratory personnel with varying skills and training, automation should improve 

the reproducibility of the results (van Acker et al. 2001). An opportunity also 

exists to improve the precision of the results by performing counts on many more 

cells than can be conveniently classified by human visual examination (Ruutu et 
al. 2000).  

In addition, CBC analysis and the white blood cell differential (WBC Diff) 

count should have medically acceptable false–negative rates for unusual or 

abnormal conditions in economically feasible false–positive rates (England et al. 
1994). 

For manufacturers of WBC Diff systems, there are precise guidelines on how 

to establish the performance specifications (Zwart et al. 1996). A simplified 

version of this guideline requires relatively few specimens and no complicated 

statistical procedures (Briggs et al. 2014). The use of alternate methods should 

always be confirmed by the laboratory director. The guideline recommends using 

absolute concentrations of circulating white blood cell (WBC) values, since those 

are the medically important values, rather than percentages. The guideline for 

WBC Diff counting gives useful information on routine haematology laboratory 

works, such as quality control procedures. The production of good blood films 

and their evaluation has been presented in detail in the NCCLS guideline H20-

A2 ’’Reference Leukocyte (WBC) Differential Count (Proportional) and 
Evaluation of Instrumental Methods’’ (Koepke et al. 2007). 

Advances in instrumentation have resulted in the possibility of an extended 

use of haematology devices to quantitatively measure the nucleated cells in the 

blood without the necessity of confirmation by a blood film review. It has already 

achieved generally excellent analytical performance for WBC, red blood cell 

(RBC), and haemoglobin concentration as well as for mean corpuscular volume 

(MCV) (Buttarello 2004). For WBC Diff, reticulocyte or platelet counting with 

low concentrations, the analytical performance is less satisfactory (Segal et al. 
2005, Buttarello et al. 2001). For reticulocy analysis there is an approved NCCLS 

guideline H44-A2 for counters, flow cytometry and dyes (Arkin et al. 2004). The 

guideline H44-A2 has been developed through the cooperation of the NCCLS 

Area Committee on Hematology and the International Council for 

Standardization in Hematology (ICSH). 
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The WBC Diff consists of the quantification of the various WBC populations 

which are present in peripheral blood (Figure 1). Even though they derive from 

the same progenitor cell and interact with one another, each population can be 

considered relatively independent in terms of maturation, function and control 

mechanisms (Figure 2). It is, therefore, fundamental to express the results in 

absolute values (Zwart et al. 1996). WBC Diff counting has two essential 

purposes: to be able to search for quantitative abnormalities and to be able to 

search for morphological abnormalities in normal WBC populations. Both of 

these substances require high levels of precision, accuracy and clinical sensitivity 

(Buttarello et al. 1992). 

 

Fig. 1. Distribution of blood cells. Lymphocytes, monocytes, neutrophils, eosinophils 

and basophils are counted as WBC and analysed by using the flow cytometric 

method. Lymphocytes and monocytes are characterised as mononuclear cells. 

Neutrophils, eosinophils and basophils are characterised as polymorphonuclear cells. 

Erythrocytes and platelets are mainly analysed using an electric resistance detecting 

method, impedance and optical methods, respectively. 

WBC Diff counting of other types of cells besides the five WBC populations 

normally present in peripheral blood is offered by some analysers. These cell 

types are immature or atypical cells such as blasts, immature granulocytes (IG), 

atypical lymphocytes (Figure 2) and nucleated red blood cells (NRBC) (Houwen 

2001). The main goals for automated WBC Diff counting is to reduce the need for 

manually performed microscopic counting and to obtain more precise and 

accurate counts for rare populations, in addition to allowing the manual counting 

of material with a more complex cell composition like marrow blood.  
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Fig. 2. The maturation of different blood cells from the same progenitor stem cell. Red 

blood cells, platelets and polymorphonuclear white blood cells (eosinophils, 

neutrophils and basophils) originate from the myeloid stem cells. The mononuclear 

white blood cells (lymphocytes) originate from the lymphoid stem cells. BSC 

represents Blood Stem Cell, MSC represents Myeloid Stem Cell, LSC Lymphoid Stem 

Cell, RBC Red Blood Cell, PLT platelets, MB Myeloblast, GC Granulocytes, NP 

Neutrophils, EP Eosinophils, BP Basophils, LB Lymphoblast, BL B Lymphcytes, T 

Lymphocytes and NKC Natural Killer Cells. 

The measurement of the immature cells of the myeloid series, specifically 

“band” cells, is considered clinically useful for the diagnosis of infections, 

especially neonatal sepsis (Rodwell et al. 1988, Seebach et al. 1997). The 

morphological definition is still not universally accepted (Cornbleet et al. 1995), 

and the main problem is the high inter-observer variability (Dutcher 1984). Other 

immature cells – such as metamyelocytes, myelocytes and promyelocytes, all 

included in the IG compartment – are better defined morphologically and are 

identified together with the multicolour flow cytometry method and monoclonal 

antibodies (Fujimoto et al. 2000). 

Circulating platelets (PLT) are very different in size, metabolism and 

functional activity. The largest are more reactive and produce a greater quantity of 

thrombogenic factors (Martin et al. 1983, Thompson et al. 1984). Automated 
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counters provide a PLT count and generate the mean platelet volume (MPV) and a 

measure of their size variability (PDW).  

The reduced concentration of PLT in thrombocytopenia requires the analysers 

to distinguish the normal or moderately low concentrations (Sandhaus et al. 2002, 

Felle et al. 2005).  

A typical output result of a haematology analyser produces the information 

on CBC and WBC Diff parameters with different flags. In addition to the 

aforementioned parameters, the output results yield graphical data on the WBC, 

RBC and PLT parameters (Figure 3). 

 

Fig. 3. Example of a typical graphic result page from an automated white blood cell 

and erythrocyte counter (Sysmex XE-2100, Kobe International, Japan). 

2.6 The technological principle behind CBC counters 

Different manufacturers of haematology analysers use various types of reagents 

and measuring principles. Approximately 98% of all automated cell counters use 

the Coulter Principle. This technology was developed in the 1950s to count blood 
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cells by measuring the changes in electrical conductance as cells suspended in a 

conductive fluid pass through a small orifice (Marshall 2003) (Figure 4). 

 

Fig. 4. The Coulter Principle. The method counts the blood cells by measuring the 

changes in electric conductance as cells suspended in a conductive fluid pass 

through a small orifice. The quantity of the signal correlates with the quantity of the 

cells, and the height of the signal correlates with the size of the cells.  

According to the Coulter Principle, the quantity of signals correlates with the 

quantity of the cells and the height of signal with the size of the cells (Ruutu et al. 
2000) (Figure 4). High-end technology employs fluorescent flow cytometry and 

hydrodynamic focusing technologies. Fluorescent flow cytometry provides the 

sensitivity needed for measuring and differentiating between cell types in whole 

blood samples (Figure 5). Fluorescent technology and hydrodynamic focusing 

enables the classification of normal WBC populations from abnormal ones, 

leading to fewer manual processes. For measurement by flow cytometry, the cells 

are stained with fluorescent dyes that bind to both DNA and RNA. In this way, 

the proportional count of different WBC subpopulations are detected and further 

expressed as a percentage of the total WBC count (Hill et al. 2009). Some of the 

analysers use immunology-based technology to separate different WBC 

subgroups (Müller et al. 2006). The early stages of RBC contain RNA, which is 

lost during the maturation of a cell (Riley et al. 2001). These RNA-containing 

cells (reticulocytes) are valuable in the diagnosis of anaemia (Kim A et al. 2012, 
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Kim SK et al. 2012) and serve as a good marker of bone marrow activity (Nielsen 

et al. 1994). 

 

Fig. 5. An example of the flow cytometric principle, which measures and differentiates 

between cell types in whole blood samples. The flow cytometric principle gives 

information on internal cell structure and cell size.  

Haematological analysers are able to distinguish RBC, platelets (PLT), MPV, 

MCV and haematocrit (HCT) using an electric resistance detecting method 

(impedance technology). Fluorescence flow cytometry is used to measure WBC, 

WBC Diff, the optical PLT count and the reticulocyte count. For these, flow 

cytometry provides the proportional count of neutrophils (NEUT), lymphocytes 

(LYMPH), monocytes (MONO) and eosinophils (EOS) based on their size and 

granularity (Hill et al. 2009). 

In addition to the Beckman Coulter (Hialeah, FL) haematology analyser, 

examples of today’s major high-end analyser providers are Siemens Diagnostics 

(Tarrytown, NY), Sysmex (Kobe, Japan), Pentra (ABX-Horiba, Montpellier, 

France) and Abbott (Abbott Park, IL, USA).  

The automated counters use flags for indicating the presence of pathological 

cells (Herklotz & Huber 2001). For some instruments, the flags suggest the 
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probability of pathological cells, based on an increased number of cells in defined 

areas of the scattergrams. The usefulness of the flags depends on their diagnostic 

sensitivity and specificity. For these reasons, particular attention should be paid to 

the optimisation of cut-offs to balance the risk of no detection of pathological 

cells with laboratory efficiency (Gossens et al. 2000). The factors and algorithms 

providing flags depend partly on the underlying technology of the instrument, 

which is why the flags vary from one manufacturer to another.  

2.7 Automated analysis of body fluid samples  

Traditionally, synovial (SY), pleural (PF), ascites (AS), cerebrospinal (CSF) and 

continuous ambulatory peritoneal dialysis (CAPD) fluids are considered body 

fluid (BF) samples. Body fluid analysis is essential for the diagnosis of numerous 

medical conditions (Gray & Fedorko 1992, Anderson & Irving 1990, Freemont 

1991, Maxwell-Armstrong et al. 2002, Swan 2002, Maskell 2003, Balfour-Lynn 

et al. 2005, Link et al. 2006).  

A WBC differential to mononuclear (MN) cell (lymphocytes and monocytes) 

and polymorphonuclear (PMN) cell (neutrophils, basophils and eosinophils) 

(Figure 1) distribution in CSF samples can be used in the diagnosis of bacterial, 

viral and fungal meningitis (Boer et al. 2009). An elevated WBC count with an 

increased proportion of PMN cells is usually an indication of bacterial 

meningoencephalitis, whereas in viral meningitis, the total WBC count is 

generally lower with a predominance of MN cells (Mahieu et al. 2004). In 

patients with acute lymphoid leukaemia (ALL) or non-Hodgkin’s malignant 

lymphomas, CSF analysis is also useful to monitor the response to intrathecal 

chemotherapy (Paris et al. 2010, Cornet et al. 2008). 

In SY samples, the increased level of WBC is an indicator of infection 

(Shmerling et al. 1990) and is used in the aetiology and classification of arthritis 

(non-inflammatory, inflammatory or septic). In CAPD fluid samples, increased 

PMN cell distribution may hint towards a bacterial infection, although the 

presence of eosinophilia alone can be unrelated to an infection (Piraino et al. 
2005). In PF samples, an increased level of PMN cell distribution can indicate a 

bacterial infection, lymphomas or parasitosis. Increased PMN cell distribution 

means that the patient has an acute process affecting the pleural surfaces. When a 

predominance of lymphocytes is found, either tuberculosis or malignancy is 

suspected. The presence of AS fluid is considered a pathological situation, and an 
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increased WBC count with an increased proportion of PMN cell (> 50%) 

distribution is considered an indication of peritonitis (Runyon 2009). 

Traditionally, the analyses of body fluids are done by manual microscopy, 

which is regarded as the gold standard for differential WBC count. Microscopic 

analysis of BF and especially CSF samples is known to be imprecise with wide 

inter-observer variability (Salinas et al. 1997, Aune & Sandberg 2000, Aulesa et 
al. 2003, de Jonge et al. 2004). The obvious solution to these problems could be 

the introduction of automated methods of analysis. Automation could reduce the 

intra-operator variability and also improve the turnaround time (TAT), precision, 

and accuracy of CSF analysis (van Acker et al. 2001).  

In contrast to blood cell count analysis, the automated hemocytometric 

analysis of BFs is a relatively unexplored area of research. Recently, different 

automated blood cell counters have been evaluated for CSF cell count (Hoffmann 

& Janssen 2002, Aulesa et al. 2003, Aune et al. 2004, Barnes et al. 2004, 

Andrews et al. 2005, Heller et al. 2008, Boer et al. 2009, Glasser et al. 2009, De 

Jonge et al. 2010) and urine analysers (Van Acker et al. 2001, Yamanishi et al. 
2006, Butch et al. 2008, Nanos & Delanghe 2008).  

2.8 Automated body fluid cell counter 

During the last decade, new haematology analysers with a distinct BF analysis 

mode have been introduced. These analysers include the Advia 120 (Siemens 

Diagnostics, Tarrytown, NY, Mahieau et al. 2004) and Sysmex XE-5000 

(Sysmex, Kobe, Japan), which is the only FDA-approved haematology analyser 

with a dedicated BF cell mode (de Jonge et al. 2010). 

With the Cell-Dyn Sapphire (Abbott, Abbott Park, IL, USA) (De Smet et al. 
2010), the BFs are measured with the CBC mode. Cell-Dyn Sapphire was 

revealed to have a poor specificity, but, on the other hand, it includes a screening 

option with very good sensitivity (97.4%). The authors concluded that Cell-Dyn 

Sapphire is a useful screening tool for total WBC and RBC count, owing to the 

high imprecision at low cell counts (De Smet et al. 2010). The Advia 120 was 

evaluated for CSF samples, but based on the authors observations, the capability 

of WBC Diff analysis was questioned (Mahieau et al. 2004). The Sysmex XE-

5000 has been evaluated for the analysis of WBC in CSF (Boer et al. 2009, Perne 

et al. 2012) and in connection with other BF samples (de Jonge et al. 2010). Both 

evaluations demonstrated good performance for WBC count and differentiation. 

Among the aforementioned, the cost-effectiveness of the automated versus 



38 

manually performed BF analysis have recently been in focus (Zimmermann et al. 
2011). The fully automated cell counting of BF and CSF samples reduces the TAT 

of the process. 

2.9 The stability of haematological samples 

The centralisation of clinical laboratory analyses from smaller laboratories to 

larger central facilities has increased the focus on the specimen’s transportation 

methods and environment. Due to centralisation, the transportation time of 

specimens may increase, and the samples may be influenced by outdoor 

temperatures. The NCCLS and recently CLSI has published guideline H21-A5 on 

the handling and transportation of samples as well as the inspection of the 

stability properties of each specimen type for different analytes (Adcock et al. 
2008). 

The stability properties of haematological samples have been examined in 

different studies over the past decade (Warner & Reardon 1991, Briggs et al. 
2000, Wood et al. 1999, Walters & Garrity 2000, Gulati et al. 2002, Langford et 
al. 2003, Buttarello et al. 2004, Hill et al. 2009). Multi-centre studies have 

revealed that samples may be drawn off-site and transported at ambient 

temperatures to the laboratory (Lewis 1998). The transportation time of the 

specimens to the analysing laboratory may vary depending on the distance to the 

laboratories. The stability of different CBC and WBC Diff parameters may also 

depend on the temperature during transportation (Hill et al. 2009, Langford et al. 
2003). 

Potassium salt (K2) is the most readily soluble EDTA salt and is used for the 

anticoagulation of blood specimens for haematological testing (England et al. 
1993). In part for this reason, the International Council of Standardization of 

Hematology (ICSH) has recommended the use of K2EDTA as the anticoagulant in 

specimen collection for blood cell counting and sizing (England et al. 1993). The 

EDTA has been shown to have an effect on the cellular properties of blood 

specimens depending on time and temperature of storage as well as the 

technology the analyser is based on (Wood et al. 1999, Buttarello et al. 2004). To 

achieve the most accurate and reproducible haematological results, whole blood 

specimens should be analysed as soon as possible after collection (Centers for 

Disease Control and Prevention 1997). The stability of CBC and WBC Diff 

specimens are known improve if the sample is stored at +4 °C instead of room 

temperature (+23 ± 2 °C) (Buttarello 2004). To date, there are no systematic 
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reviews that deal whith all the modern instruments and analyses of normal and 

pathological specimens as well as delays in analysis. 

It has been demonstrated that different analysers have different stability times 

for specimens. The use of impedance or optical methods may have an effect on 

the stability properties, which should be taken into account (Wood et al. 1999). 

The size and scatter properties of WBC change as a blood sample ages, leading to 

an unreliable automated analysis of the WBC Diff over time (Ruzicka et al. 2001, 

Hill et al. 2009). New technologies of automated WBC Diff dependent on scatter 

properties have reduced most of these problems (Imeri et al. 2008, Lacombe et al. 
1999, Langford et al. 2003). 

The manufacturer recommends that each laboratory should establish its own 

standards of acceptability for results on samples kept beyond the optimal time for 

analysis (Sysmex XT-2000i/XT-1800i Instructions for Use, 2006). As an example 

of recommendations, the NCCLS suggests that a preparation of smears for 

microscopic analysis should be prepared within four hours (Koepke et al. 2007). 

2.10 High-performance liquid chromatography 

The basic concept of HPLC is to separate a mixture of compounds in order to 

identify, quantify or purify the individual components of the mixture. This 

process is carried out by separating the mixture of components into a differential 

distribution between stationary and mobile phases (Ettre 1993). 

In HPLC, analyte molecules are injected into a column which is filled with 

particles capable of retaining them (stationary phase). The analyte molecules are 

eluated out from the column with solvents (mobile phase) so that the least 

strongly retained analyte is eluted into the detector first (Meyer et al. 1998, 

Martin & Synge 1941).  

More than 50% of the various types of columns used in HPLC are reverse-

phase, approximately 25% normal-phase and roughly 14% ion-exchange columns 

(Lab Technology 2006), with various configurations from nano-liquid LC 

(100 µm internal diameter columns) to conventional bore LC (4.6 mm internal 

diameter columns) including column-switching setups (Hopfgartner & Bourgogne 

2003). 

Separation of the different components of a mixture is achieved by allowing 

the sample to migrate through the column at selected experimental conditions. 

These conditions can be adjusted through modifying the mobile phase 
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composition, flow rate, pH, temperature of the column and other column 

properties such as dimensions and stationary phase material (Tolonen 2003). 

The detection of chromatograms in a clinical laboratory is most often done 

with ultraviolet/visible (UV/Vis) detectors or mass spectrometry. Coupling HPLC 

with a mass spectrometer (LC/MS) has become almost a routine method in the 

field of clinical chemistry in the last decade (Vogeser & Kirchhoff 2011, Tolonen 

2003, Grebe & Singh 2011, Tolonen et al. 2009, Korfmacher 2005) and is being 

used for a wide range of applications. 

2.11 Mass spectrometer – basic concepts and definitions 

A mass spectrometer (MS) is a device that measures charged particles according 

to their mass-to-charge ratios (abbreviated m/Q, m/q, m/Z, or m/z) (Todd 1991). 

MS first ionises a sample then separates its molecules according to their charge. 

The mass of the target molecules is quantitatively measured, producing the 

aforementioned ratio between mass and charge. The analysis is qualitative, 

quantitative and highly useful for determining the elemental composition and 

structure of compounds (Burtis et al. 2006). 

A MS consists of four fundamental components. First, it has a sample inlet 

device that mediates the transition of a solid or liquid bio-specimen into the 

gaseous phase; secondly, it has an ionisation device that ionises vaporised bio-

samples. The third part is an ion path that transitions ions from the near-

atmospheric pressure of the source into the high vacuum of the actual mass 

analyser and moves them towards a detector while separating them from each 

other based on their m/Q. The fourth part is an ion detector which detects and 

quantifies ions (Grebe & Singh, 2011) (Figure 6). 

When the mass analysis is performed by a quadrupole consisting of four 

parallel rods, it is called as a quadrupole instrument (Niessen 1999, Siuzdak 1996, 

Dawson 1986). When the fields of these parallel rods are correctly chosen, only 

the ions with the chosen m/z ratios pass through the quadrupole to the detector. 

When the quadrupole units are connected linearly with a collision cell placed 

between them, the instrument is capable of tandem mass spectrometry (MS/MS) 

(Niessen 1999, Siuzdak 1996). The mass filter chooses the ions of interest and the 

collision cell collides the ions with gas (usually argon or nitrogen), and the 

forming fragment ions are analysed with the second mass analyser (Tolonen 

2003). 
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Fig. 6. A mass-spectrometer consists of four fundamental components: a sample inlet 

device (source), ionisation device (collision cell), ion path and ion detector. MS1 (Q1) 

is the first ion selection part. Q2 is a collision cell and MS2 (Q3) is the second mass 

filter. The last component is a detector. In the field of clinical chemistry, the two major 

ionisation sources are electrospray ionisation (ESI) and atmospheric pressure 

chemical ionisation (APCI). 

Usually, triple quadrupole mass spectrometers are preferred in LC/MS detection 

mainly due to the highly specific multiple reaction monitoring (MRM or selective 

multiple reaction monitoring, SRM). For ion selection, two mass filters are used. 

In MRM, the parent or precursor ion is selected (Q1) to the collision cell (Q2). 

After Q2, the collision-induced dissociation (CID) facilitates the formation of 

fragment ions from parent ions, which are selected with the second mass filter 

(Q3) (Petsalo 2011) (Figure 6). 

2.11.1 Ionisation 

For metabolic studies and in current clinical instruments, two principal types of 

ionisation sources are used: electrospray ionisation (ESI) (Yamashita & Fenn 

1984, Whitehouse et al. 1985, Fenn et al. 1989, Fenn et al. 1990) and 

atmospheric pressure chemical ionisation (APCI) (Horning et al. 1973, Bruins et 
al. 1987, Mitchum & Korfmacher 1983, Proctor & Todd 1983, Fenn et al. 1973). 

Both high-performance liquid chromatography and mass spectrometry are 

atmospheric ionisation methods (API). 
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Fig. 7. In ESI, the sample passes through a small capillary where the charge is 3–5 kV. 

The droplets become smaller, leading to the formation of bare ions, which enter the 

detector. Collision cell gas (N2) is forming the fragment ions, which are analysed in 

the second mass analyser. 

In ESI, a sample is ionised at atmospheric pressure before introduction into the 

mass analyser (Yamashita & Fenn 1984, Whitehouse et al. 1985). The sample 

passes through a narrow metal or fused silica capillary to which a 3–5 kV charge 

has been applied (Figure 7). Charged droplets are formed, which in turn migrate 

through the atmospheric pressure region, expelling smaller droplets and leading to 

the formation of bare ions, which then enter the mass detector. The ion sources 

are referred to as APCI sources, as the ionisation does not take place in a vacuum 

but in atmospheric pressure. In APCI, no voltage is applied to the inlet capillary. 

Instead, a separate corona discharge needle (Carroll et al. 1975), located 

perpendicularly to the capillary, is used to emit a cloud of electrons that ionise 

compounds after they are converted to the gas phase (Horning et al. 1973).  

The unique feature of ESI is the production of multiple charged ions, 

particularly from peptides and proteins. ESI is suitable for almost all drug-like 

molecules with at least one easily ionisable functional group (Cech & Enke 

2001), whereas for steroids and other less polar compounds, APCI is often 

utilised (Leinonen et al. 2002). Of these two methods, APCI is generally less 

susceptible to matrix effects (Dams et al. 2003, Niessen et al. 2006). 

A mass spectrum is represented by the relative abundance of each ion plotted 

as a function of its mass-to-charge (m/z) ratio (Todd 1991) (Figure 8). Usually, 

each ion has a single charge (z = 1), and the m/z ratio is thus equal to the mass. 

The ion with the highest abundance in the mass spectrum is assigned a relative 

value of 100% and is referred to as the base peak (Burtis et al. 2006). Since the 

fragmentation at specific bonds can be predicted from their chemical nature, the 
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structure of an analyte can be reconstructed from its mass spectrum. The sum of 

all ions produced is displayed as a function of time to yield a total ion 

chromatogram. 

When only a few analytes are of interest for quantitative analysis and their 

mass spectrum is known, the mass spectrometer can be programmed to monitor 

only those ions of interest. Therefore, more signals can be collected for each 

selected mass (Burtis et al. 2006). This selective detection technique is known as 

selected ion monitoring (SIM). 

2.11.2 Clinical applications  

The clinical use of LC-MS/MS has expanded during the last ten to fifteen years. 

When the SRM mode is used, LC-MS/MS combines high analytical specificity 

with high analytical sensitivity, often allowing relatively short chromatography 

run times (Grebe & Singh 2011). LC-MS has become a widespread technology in 

clinical reference and referral laboratories worldwide, and it has begun to 

penetrate large and medium-sized hospitals and regional clinical laboratories. 

Applications range from rare and highly esoteric analytes to high-volume tests in 

drugs/toxicology as well as newborn screening and endocrinology (Want et al. 
2005). 

The main reason for the expanding applications and use of LC-MS 

techniques in clinical laboratories is based on the fact that traditionally used 

HPLC or GC-MS have a lower throughput and more demanding workflows, 

leading to less cost-effective alternatives. In addition, traditionally used 

immunoassays are not as suitable for small-molecule detection as are LC-MS 

applications (Grebe & Singh 2011). For drug measuring, the LC-MS methods 

allow the total drug concentration, and in some special extraction methods, it 

yields the concentration of the free antibody. With immunoassays, this is not 

possible, and it is recommended that a laboratory should implement comparisons 

of MS and immunoassay methods (Ezan & Bitsch 2009). 

2.11.3 Pitfalls of using LC-MS in a clinical laboratory 

The high degree of variation in the ionisation of different analytes makes internal 

standardisation mandatory for quantitative LC-MS/MS analysis, in addition to 

requiring compensation to account for potential variations in sample extraction 

and injection volume. 
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The accuracy of LC-MS/MS analysis will be good if the physicochemical 

properties of the target analyte and internal standard compound are very similar. 

Stable isotope-labelled compounds are ideal internal standards because they have 

almost identical overall physicochemical properties compared to their unlabelled 

counterpart, the target analyte. Notably, stable isotope-labelled internal standards 

are not currently available for the majority of potential small-molecule analytes 

(Vogeser & Seger 2010). This problem applies particularly to therapeutic drugs 

whose concentrations are monitored by means of this technique. In such cases, 

compounds having similar molecular structures (i.e. homologs or analogs) are 

typically used as the internal standard. The availability of an appropriate internal 

standard is crucial for the development of reliable LC-MS/MS methods and it 

could help to compensate for any residual ion suppression and improve precision 

(Sauvage et al. 2008). Furthermore, some disadvantages have been revealed with 

isotope-labelled internal standards (Wang et al. 2007, Lindegardh et al. 2008). 

Both ion enhancement and ion suppression should be avoided when 

optimising the LC-MS/MS conditions. The term ‘ion suppression’ is used when 

the matrix suppresses the ionisation of an analyte (Annesley 2003, Taylor 2005). 

On the other hand, the term ‘ion enhancement’ is used when the matrix increases 

the ionisation of the target analyte (Vogeser & Seger 2010). It should be noted 

that HPLC-grade solvents and water interact with analytes during ionisation 

(Annesley 2007, Napoli 2009, Keller et al. 2008, Guo et al. 2006), highlighting 

the fact that no truly matrix-free analyses are possible with the use of LC-MS/MS 

and, therefore, it is one of the major issues to be addressed in method 

development and validation (Shafeeque et al. 2012). Furthermore, the ion 

suppression profile can vary substantially between different human serum 

samples (Matuszewski et al. 2003). HPLC settings and conditions are 

recommended to be adjusted to avoid ion suppression during the chromatographic 

run (Gustavsson et al. 2007). This requires increased run times, leading to 

diminished sample throughput and increased costs per analyte (Vogeser & Seger 

2010). 

To avoid systematic under- or overestimation of analyte quantitation, the LC-

MS/MS calibration material should be as similar as possible to the analyte. It 

should be noted that mass accuracy differs from the reproducibility of mass 

measurements. A mass spectrometer, which has a good reproducibility in regard 

to mass measurement, can have a poor mass accuracy in a specific mass range if 

the instrument is not well calibrated. From this point of view, instrumental 

calibration on a daily basis plays an important role in maintaining high mass 
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accuracy (Forcisi et al. 2013). Matrix effect is recommended to be detected by 

systematic experiments during method development. 

To avoid the analytes’ conjugate metabolites within the ion source by 

fragmentation, target-analyte-specific optimisation for the chromatographic 

resolution is the most reliable approach. The use of a patient’s samples that 

contain relevant metabolites is crucial for reliable validation of LC-MS/MS 

methods (Smith et al. 2006, Kenar et al. 2014, Vogeser & Seger 2010). 

Still, despite all precautions, not all interfering substances can be thoroughly 

investigated (Peters et al. 2007). The validation of an LC-MS method should 

enable the differentiation of the interfering compounds from those of interest and, 

eventually, confirm the presence or absence of the latter based on predefined 

criteria (De Zeeuw 2004, Rivier 2003, Milman 2005, Maralikova & Weinmann, 

2004). 

However, in clinical practice, almost all mass spectrometers are single- or 

tandem-mass filter designs, fronted by either GC or LC. In clinical laboratories, 

LC-MS/MS now makes up most of the instruments within this field (Grebe & 

Singh 2011). 

2.12 Phosphatidylethanol 

Phosphatidylethanol (PEth) is formed by the action of phospholipase D (PLD) on 

phosphatidylcholine in the presence of ethanol in the membranes of red blood 

cells (Gustavsson 1995, Aradottir et al. 2004, Gnann et al. 2009). The function of 

PLD is to hydrolyse phosphatidylcholine (PC) into phosphatidic acid (PA) and 

choline. The affinity to PLD of ethanol is much higher than that of water, which is 

why PEth is formed at the expense of PA only when ethanol is present (Kobayashi 

& Kanfer 1987, Chalifa-Caspi et al. 1998). 

PEth has a nonpolar phosphoethanol head group onto which two fatty acid 

moieties, typically with a chain length of 16, 18 or 20 carbons, are attached at 

positions sn-1 and sn-2 (Gunnarsson et al. 1998, Holbrook et al. 1992. The 

combinations of the chain lengths enable the formation of different numbers of 

PEth species (Helander & Zheng 2009) (Figure 8).  

PEth was originally measured by thin-layer chromatography and, later on, the 

method was replaced by high-performance liquid chromatography with 

evaporative light-scattering detection (HPLC-ELSD) (Gunnarsson et al. 1998, 

Aradottir & Olsson 2005). More recently, capillary electrophoresis (CE) coupled 

with mass spectrometric (Varga & Nilsson 2008) detection and HPLC coupled 
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with MS detection (LC-MS and LC-MS/MS) (Nalesso et al. 2010) have been 

introduced. The aim of these methods is to make them practical for routine 

laboratory use in the detection of PEth from patient samples. 

PEth has been suggested to act as a specific marker of alcohol misuse. In 

clinical studies, PEth was not detected after a single high alcohol intake, but only 

after sustained drinking of more than 50 g/day for three weeks (Varga et al. 
1998). PEth has been shown to be detected for up to 2–4 weeks after the cessation 

of heavy drinking (Hansson et al. 1997, Gunnarsson et al. 1998, Varga et al. 
2000). 

For clinical application as an alcohol biomarker, the detection of PEth has its 

limitations. Mainly, the challenging analytical method employed with lipid 

extraction and highly specific detections, which may not be suitable for a clinical 

laboratory (Helander & Zheng 2009). More recently, the development of a 

monoclonal PEth antibody has been initiated, which is introduced to be useful in 

detecting PEth formation by immunoassays (Nissinen et al. 2008). PEth has been 

suggested to act through lipoprotein particles by acting as a carrier of PEth 

(Liisanantti et al. 2004). 

 

Fig. 8. LC-MS/MS spectra of PEth. The fatty acid composition has typically 16, 18 or 20 

carbons (marked as 16:0/16:1, 16:0/18:1 or 18:1/18:1). A mass spectrum is represented 

by the relative abundance of each ion plotted as a function of its mass-to-charge (m/z) 

ratio. 

 



47 

3 Aims of the study 

The aim of the present study was to investigate and validate new laboratory 

methods for routine use in laboratory medicine. The specific aims were: 

I  To evaluate the analytical performance of the haematology analyser Abbott 

Cell-Dyn Ruby (Abbott Laboratories, Abbott Park, IL, USA) by using 

NCCLS guidelines partly modified according to the Finnish Labquality 

recommendations (Rajamäki & Laitinen 1990), which are summarised from 

the International Committee for Standardization in Haematology guidelines 

(England et al. 1984). The accuracy, precision, carryover and linearity were 

evaluated with the following parameters: haemoglobin (Hb), haematocrit 

(HCT), red blood cell count (RBC), WBC, WBC Diff, reticulocyte absolute 

count (RETC) and platelet count (PLT).  

II  To investigate how time affects the stability of complete blood count (CBC) 

and WBC Diff parameters in (K2)EDTA-anticoagulated blood samples at 

different temperatures (+23 ± 2 °C and +4 °C) at different time points 

(baseline, 6 h, 24 h, 48 h and 72 h) after blood sampling. The WBC viability 

fraction (WVF) and WBC flagging changes were followed. The 

measurements were undertaken using an Abbott CELL-DYN Sapphire 

analyser.  

III  To evaluate the analytical performance of automated body fluid analysis the 

BF-mode of XT-4000i analyser by comparing its performance and turn-

around time TAT with classic chamber counting and microscopic analysis. 

IV  To develop a fast and sensitive method of detection of very low 

phosphatidylethanol (PEth) concentrations from human specimens. The 

reversed-phase (RP) column in HPLC with electrospray mass spectrometry 

(ESI-MS) as a detector was used. 
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4 Materials and Methods 

4.1 Patient samples 

4.1.1 Patient samples for the evaluation of CELL-DYN Ruby 

K2EDTA-anticoagulated samples were drawn into Becton Dickinson Vacutainer 

tubes (Becton Dickinson, Plymouth, UK). The samples were fresh (< 4 h) and 

maintained at room temperature (+23 ± 2 °C). Data was excluded only in cases 

where clear evidence of incomplete or suboptimal sample processing occurred. 

The samples were submitted for routine complete blood cell counts. No specific 

ward criteria for sample selection were used, and processing was done 

anonymously at Oulu University Hospital. 

4.1.2 Patient samples for aging stability studies 

For stability studies, the residual of the samples from the Oulu University 

Hospital measurements of routine full CBCs were used. The specimens were 

randomly collected from the workflow. The stability of haematologically 

abnormal samples differs from normal samples with no cell abnormalities. The 

first (baseline measurement) was analysed at the time point of < 2 h. Twenty-five 

samples were maintained at room temperature (+23 ± 2 °C) and reanalysed after 

6, 24, 48, and 72 hours of storage. Forty samples were divided into four aliquots 

and stored in polystyrene tubes (75 · 12 mm, Sarstedt) at +4 °C. One aliquot from 

each sample was analysed after 6, 24, 48, and 78 hours. Samples were reanalysed 

within 1–5 minutes at room temperature. At the validation process, the different 

flags were followed according to different pathological situations. The various 

flags are listed in Table 2.  
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Table 2. The different flags of Abbott Cell-Dyn Sapphire in the samples used for 

stability studies. Variant lymphocytes (VARLYM), unidentified fluorescent population 

(FP?), nucleated red blood cells (NRBC), immature granulocytes (IG), immature forms 

of neutrophils (BAND), abnormal immature WBC (BLAST). 

Group stored (+4 °C) Flagging Quantity 

6 h VARLYM 1 

 IG 3 

 FP? or NRBC 1 

 BAND 1 

24 h IG 5 

 BAND 4 

48 h VARLYM 5 

 IG 1 

 FP? or NRBC 1 

 BAND 1 

72 h IG 4 

 FP? or NRBC 1 

 BLAST 3 

4.1.3 Patient samples for the evaluation of XT-4000i 

The evaluation of XT-4000i was performed using 51 CSF and 82 BF samples, 

which consisted of nine ascites, seven synovial, 40 pleural and 26 CAPD fluid 

samples. The CSF specimens were collected into sterile containers. All other 

types of fluids were drawn into Li-heparin tubes (Becton Dickinson). Samples 

were kept at room temperature (+23 ± 2 °C) and analysed within one hour from 

sample collection. All samples were collected from the routine workflow of the 

Päijät-Häme Social and Healthcare laboratory and processed anonymously. 

4.1.4 Patient samples for LC/MS studies 

The samples were drawn from male alcohol abusers with no diagnosis of any 

apparent alcohol-related organ disease. The alcohol abusers were recruited from 

the City of Oulu alcohol detoxication unit. Healthy male controls were selected 

from the Oulu area. The alcohol consumption level past 14 days prior to blood 

sampling was estimated using a questionnaire and was expressed in grams of 

ethanol per day. 

Blood samples were taken into ethylenediaminetetraacetic acid (K2EDTA) –

containing tubes for plasma or tubes without an anticoagulant. Serum was 
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separated by centrifuging at 1500 x g for 15 min at +4 °C. All samples were taken 

after an overnight fast.  

4.2 Ethical consideration 

Ethical approval for study part I – III was not applied. The study was carried out 

by using left-over samples and handling and processing of the samples was done 

anonymously.  

For the study part IV all subjects volunteered for the study, which was 

approved by the Ethical Committee of the Faculty of Medicine, University of 

Oulu. The study was carried out according to the instructions of the Declaration 

of Helsinki and an informed conset was obtained from each participant.  

4.3 Methods 

4.3.1 Abbott CELL-DYN Ruby  

The Abbott CELL-DYN Ruby uses flow cytometric techniques with four 

different laser beam channels (0°, 7°, 90° and 90°D). The light source for the 

optics consists of a 10mW helium-neon laser, which emits a 632.8 nm laser beam. 

This technology is known as Aulti-Angle Polarized Scatter Separation (MAPSS). 

The CELL-DYN Ruby uses a Windows NT -based platform with the capacity to 

store analysis data plus histograms for 10,000 samples. The CELL-DYN Ruby is 

developed for small and mid-sized laboratories. 

The analyser employs flow cytometric techniques to analyse the RBC, PLT, 

WBC and nucleated cell (NOC) populations. For WBC, RBC and platelets, the 

CELL-DYN Ruby uses four different laser channels. The sample volume in the 

open and sample loader modes is 150 μl and 250 μl, respectively. 

The presence of fragile WBCs is suspected if the FWBC flag is displayed. If 

the resistant red blood cell (RRBC) and NRBC flags are displayed, the presence 

of resistant red blood cells should be suspected. The alternative test selections are 

used to measure the WBC count if the sample contains fragile WBCs or RRBCs. 

The results of these test selections are referred to as NOC. 
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4.3.2 Abbott CELL-DYN Sapphire 

The Abbott CELL-DYN Sapphire uses flow cytometric MAPSS techniques, 

which are similar to those of the CELL-DYN Ruby. The CELL-DYN Sapphire 

applies impedance technologies combined with three-colour fluorescent flow 

cytometry. This system provides fully automated reticulocyte analysis with 

Immature reticulocyte fraction (IRF). Moreover, the CELL-DYN Sapphire IRF 

provides 5-part WBC differential, fluorescent DNA staining of NRBC as well as 

optical and impedance platelet measurement. The system is able to provide fully 

automated monoclonal antibody testing (CD3/4/8 and CD61 testing). The Hb is 

measured colorimetrically with a cyanide-free method.  

4.3.3 Sysmex XT-4000i 

The Sysmex XT-4000i employs flow cytometry to analyse WBCs and other 

highly fluorescent cells. It is a haematology analyser with a dedicated BF mode. 

The XT-4000i is able to sort the WBC to MN and PMN cell distribution from BF 

and CSF samples. For the classification, the cells are stained with Polymethylene 

dye, which enters the cell and binds to nucleic acids. By labelling DNA and RNA 

and measuring side scatter and fluorescence intensity, the analyser is able to 

differentiate the WBC to MN and PMN cell distribution. Macrophages and 

endothelial cells are excluded from the WBC count and expressed as high 

fluorescence intensity (HF-BF). According to the manufacturer, the XT-4000i is 

able to analyse 38 BF samples per hour including extended three rinsing cycles 

between every sample. The analyser aspirates 85 µl of the sample. The XT-4000i 
generates eight parameters from BF samples, which are divided into four routine 

diagnostics and four research parameters.  

4.3.4 Manually performed microscopy counting of BF samples 

Microscopic cell counting was performed in a Bürker counting chamber. For each 

sample, 10 microscopic A-fields (1 µl) were examined and the number of counted 

cells was indicated as x106/l. In cases where the samples had a high number of 

cells, 16 microscopic B-fields (0.1 µl) were counted and the number of cells was 

multiplied by 10. WBC differentiation was performed on samples if the WBC 

count was higher than 20 x106/l (in CSF samples) or higher than 200 x106/l in the 

other BF samples. After May-Grunwald-Giemsa staining, slides were examined 
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by light microscopy with 400 x magnification. Differentiation was performed on 

100 cells by experienced technicians. Monocytes and lymphocytes were counted 

as MN cells and neutrophils; basophiles and eosinophils were counted as PMN 

cells.  

4.3.5 Chemicals used for LC/MS studies  

The water used was purified with a Simplicity 185 water purifier (Millipore, 

Molsheim, France). The chemicals employed were HPLC grade – acetonitrale 

and isopropanol were purchased from Merck (LiChrosolv GG, Darmstadt, 

Germany), hexane from LabScan (Dublin, Ireland) and ammonium acetate from 

the BDH Laboratory Supplies (Poole, England). 

The phosphatidylethanol (18:1 / 18:1) and phosphatidylpropanol (18:1 / 18:1) 

standards were purchased from Avanti Polar Lipids Inc (Alabaster, AL, USA). 

4.3.6 Sample preparation for LC/MS studies – isolation of high-

density lipoproteins 

Venous blood samples were obtained from alcohol abusers and control subjects. 

Plasma was separated by centrifugation at 800 x g for 12 min at +4 °C and stored 

in ice until further analysis. The lipoproteins were isolated from plasma by 

sequential ultracentrifugation on the basis of their density (Havel et al. 1955). 

Table 3 represents the isolation protocol for lipoprotein fractions by 

ultracentrifuging plasma in a Kontron TFT 45.6 rotor. All isolated fractions were 

dialysed against 0.15 M natrium chlorid (NaCl), 0.01% EDTA, pH 7.4, over-night 

at 4 °C. 

Table 3. Isolation of lipoprotein fractions for PEth detection studies.  

Lipoprotein fraction Density (g/ml) Speed (g) Time (h) Temperature (°C) 

VLDL < 1.006 114 000 18 15 

IDL 1.006–1.019 114 000 18 15 

LDL 1.019–1.063 114 000 18 15 

HDL 1.063–1.210 114 000 48 15 

To analyse the high-density lipoprotein (HDL) cholesterol concentration in the 

plasma, 1 ml of very-low-density lipoprotein (VLDL) –free fraction (d > 1.006) 

was mixed with 25 µl of 2.8% (w/v) heparin and 25 µl of 2 M 
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magnesiumdicloride (MgCl2) and centrifuged at 1000 g for 30 min at 4 °C. 

Aliquots of the supernatant were taken for cholesterol analysis. The low-density 

lipoprotein (LDL) cholesterol concentration was calculated by subtracting the 

cholesterol concentration in HDL from that of the VLDL-free fraction. 

The concentrations of cholesterol, free cholesterol, triglycerides and 

phospholipids (PL) in the lipoprotein fractions were determined by enzymatic 

colorimetric methods using a Kone Specific Selective Chemistry Analyzer (Kone 

Oy, Espoo, Finland) and kits by Roche Diagnostics GmbH (cholesterol, 

triglycerides) and Wako Chemicals GmbH (PLs, free cholesterol). The protein 

concentrations were determined by the Lowry method (Lowry et al. 1951). 

4.3.7 Sample preparation and extraction for PEth analysis 

HDL particles (15 µl) were extracted with 200 µl of hexane-2-propanol 

containing the internal standard (3:2, v/v). After centrifugation at 20 800 g at 

room temperature for 10 min, the supernatant was removed into a new Eppendorf 

tube and the solvent was evaporated in a vacuum dryer. The samples were re-

dissolved in 100 µl of water-2-propanol-acetonitrile (1:1:3, v/v). The samples 

used in the method development were prepared similarly to the PEth-free HDL 

and spiked with PEth. Phosphopropanol (PProp) was used as an internal standard. 

4.3.8 LC/MS 

The Waters 2695 Alliance HPLC system (Waters Corp., Milford, USA) was 

utilised. The HPLC separation was performed with a Waters Symmetry C8 2.1 

100 mm column with a 3.5 µm particle size (Waters Corp., Milford, USA) at 

30 ºC. The injection volume was 20 µl. The HPLC eluents were aqueous 2 mM 

ammonium acetate (A), acetonitrile (B) and isopropanol (C). Isocratic elution 

with 20% A, 58% B and 22% C lasted for 8 minutes, after which it was changed 

in 3 minutes linearly to 0% A, 40% B and 60% C, where it was kept for one 

minute to wash the column. After the wash, the elution was changed back to the 

initial conditions for one minute, and the column was equilibrated for 6 minutes 

with the initial conditions, yielding a total run time of 19 minutes. The eluent 

flow rate of 0.4 ml/min was directed into the ion source of the mass spectrometer 

without splitting.  

Mass spectrometry was performed using a Micromass quadrupole-time-of-

flight (Q-TOF) mass spectrometer (Altrincham, UK) equipped with an ESI Z-
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spray ion source. Negative ion mode ionisation was applied. The capillary voltage 

was –3000 V, the sample cone voltage –50 V and the extraction cone voltage –

2 V. The mass range acquired was m/z 200–780, with an acquisition time of 1.0 s. 

The desolvation temperature used was 350 oC and source temperature 150 oC. 

Nitrogen was utilised as a drying gas with a flow rate of 400 l/h. In MS/MS 

experiments, a mass resolution of 1 u was employed for precursor ions, and a 

collision energy of 30 eV was used with argon as a collision gas. In quantitative 

analyses, the TOF-acquisition mode was used without colliding ions in the CID 

cell. All TOF mode experiments were acquired with a resolution of 5500 FWHM 

(full width half maximum). For the extraction of ion chromatograms, [M–H]– ions 

at m/z 727.5 for PEth and at m/z 741.5 for PProp were employed with a 0.5 amu 

mass window. The size of the window was chosen to make sure that the 

fluctuations in m/z values were exceeded over the long-time-period runs. As the 

analyte was chromatographically well resolved from the matrix compounds, the 

use of a smaller window did not lead to any gain in sensitivity. Masslynx 3.5 

software (Micromass, UK) was used for controlling all instruments and for data 

handling.  

4.4 Statistical analyses 

For XT-4000i studies, the statistical analyses were performed with the SSPS for 

Windows software package (SSPS 10.0.1, SPSS Inc., Chicago, Illinois, U.S.A.). 

The normal distribution of the materials was tested with Kolmogorov-Smirnov 

and Shapiro-Wilks tests. If the observations were < 50, the latter was more 

reliable. The Lilliefors correction gives the test more power. The non-parametric 

methods were used, because the materials were not normally distributed. A p-

value of < 0.05 was considered statistically significant.  

For evaluation of CELL-DYN Ruby and stability studies, the Student’s t-test 

was performed using Excel software. The statistical significance of the 

differences between the means was assessed by Student’s t-test as appropriate. 

P < 0.05 was considered statistically significant. The accuracy and precision of 

different analyses were studied by using Student’s t-test.  
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4.5 Methods of validation 

Imprecision, functional sensitivity and precision studies were carried out 

according to NCCLS and ISO guidelines (Kennedy et al. 1999, Tholen et al. 
2003, McEnroe et al. 2005, Krouwer et al. 2002, ISO 5725-1, 1994). 

4.5.1 Imprecision studies 

The precision studies were accomplished by measuring samples ten times 

consecutively on the analyser. Means and coefficients of variation (CV%) were 

calculated. Within-run imprecision was calculated according to the NCCLS 

guideline EP5-A (Kennedy et al. 1999). 

Between-day precision was calculated by first running commercial controls 

twice a day over a period of 10 days, after which the mean, standard deviation 

(SD) and coefficient of variation (CV%) for each parameter were calculated. 

4.5.2 Functional sensitivity 

The functional sensitivity was defined by running a sample ten times and 

calculating the mean, SD and CV%. The lowest level of cells where the CV% is 

< 20 was defined as the functional detection limit. Functional sensitivity was 

calculated for the BF mode of XT-4000i.  

4.6 Accuracy studies 

Agreement between the methods was determined using a Deming regression 

analysis (Deming 1964). The manual method was considered the reference 

procedure with XT-4000i studies, and CELL-DYN Sapphire with the CELL-

DYN Ruby studies.  

4.7 Linearity studies 

Linearity was verified by serial dilution of fresh samples (from 100% to 10%). 

The analyser’s primary dilution fluid was used as a diluent. Cell-rich plasma was 

obtained from EDTA blood samples after spontaneous sedimentation, and cells 

were diluted with analyser diluent fluid. This was done according to NCCLS 

guideline EP06-A (Tholen et al. 2003). The matrix effect was tested by using 
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dfferent BF sample types (SY, Pf, As, and CAPD) and CSF sample. Bias was 

calculated using the following formula: 

 100 
value expected

value expected - value obtained mean = %Bias ∗ , (5) 

Expected cell counts were plotted against the measured counts. 

4.8 Carryover studies 

Carryover was analysed with a high-concentration sample that was first analysed 

consecutively in triplicate (H1, H2 and H3), followed immediately by a low-

concentration sample consecutive in triplicate (L1, L2, and L3). The mean 

percentage of carryover for each parameter was calculated using the following 

formula: 

 100*
L3H3
L3L1Carryover

−
−=% , (6) 

XT-4000i was evaluated by analysing the cell-free diluent of the analyser after 

running WBC samples with a high cell count. If the analyser revealed cell 

remnants with cell-free diluent analysis, it was considered carryover. 

4.9 Sensitivity and specificity 

Test sensitivity was calculated by determining the number of true positives 

divided by the sum of true positives and false negatives. Test specificity was 

calculated by determining the number of true negatives and dividing it by the sum 

of true negatives and false positives.  

4.10 Turn-around time (TAT) 

TAT was calculated by recording the time it took to handle the sample after it 

arrived at the laboratory. 

With manual microscopy, TAT was the time it took to pipet the cells into the 

Bürker counting chamber and for the cells to settle into the chamber. This was 

marked as the incubation time. After the incubation time, the time it took to count 

the WBC and erythrocytes, the time it took to make the differentiation slides and 

the time it took to calculate the ratio of MN and PMN cells were measured. 
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With XT-4000i, TAT was determined by recording the time it took to change 

the mode from basic blood count to BF, to analyse the specimen and to perform 

the required system wash steps.  
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5 Results 

5.1 Validation of CELL-DYN Ruby  

The within-run precision (CV) of CELL-DYN Ruby was < 2.6% at all levels for 

the CBC parameters except for the low level (1.10%) of reticulocyte percentage 

where the CV% was 5.9. In the WBC differentials, the precision was < 10% with 

neutrophils and lymphocytes, with the exception of basophil count where the 

CV% for basophil distribution (B%) and absolute basophil count was 31.8 and 

31.3, respectively. With the cell types that occur in low numbers (Baso), the CV% 

was 25.2. For the WBC differentiation parameters, the precision was < 7.5% and 

only exceeded 10% for basophils in the open and closed modes. 

The correlation (R2) between CELL-DYN Ruby and CELL-DYN Sapphire 

with WBC, RBC, Hb, HCT, MCV and PLT was > 0.98 (Table 4). The accuracy of 

WBC differential parameters was ≥ 0.87, with the exception of basophils where 

the R2 was 0.34 (Table 5). Carryover was < 0.47% for all studied parameters 

(WBC, PLT, RBC, Hb and RETC). The recovery% of Hb was 90.4–108 with the 

tested range (10.1–187 g/l). The tested ranges and recovery% are summarised in 

Table 6. 

Table 4. Correlation between CELL-DYN Ruby and CELL-DYN Sapphire cell blood 

count and reticulocyte absolute count parameters evaluated by Deming regression 

analysis (Deming 1964). R2 is correlation coefficient. 

Parameter R2 Slope Intercept 

WBC (10e9/L) 0.99 0.96 0.17 

RBC (x 10e12/L) 0.99 0.95 0.37 

HGB (g/L) 0.98 1.00 1.81 

HCT (L/L) 0.98 0.97 0.01 

MCV (fL) 0.98 1.02 -0.92 

PLT (10e9/L) 0.98 1.04 -12.23 

RETC (x 10e9/L) 0.82 0.95 5.29 
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Table 5. Correlation between CELL-DYN Ruby and CELL-DYN Sapphire white blood 

cell differential parameters evaluated by Deming regression analysis (n = 100) 

(Deming 1964). R2 is correlation coefficient. 

Parameter R2 Slope Intercept 

Neutrophils (%) 0.98 0.98 1.05 

Lymphocytes (%) 0.99 1.01 0.78 

Monocytes (%) 0.87 0.92 0.17 

Eosinophils (%) 0.95 0.97 0.15 

Basophils (%) 0.34 0.57 0.18 

Neutrophils (·108/l) 0.99 0.96 0.12 

Lymphocytes (·108/l) 0.98 1.03 0.00 

Monocytes (·108/l) 0.91 0.91 0.01 

Eosinophils (·108/l)  0.97 0.92 0.01 

Basophils (·108/l) 0.46 0.59 0.01 

Table 6. Linearity of CELL-DYN Ruby parameters 

Parameter Tested ranges Recovery (%) 

WBC (10e9/L) 0.49–163 87.8–106.4 

RBC (x 10e12/L) 0.14–7.54 96.2–112.1 

HGB (g/L) 10.1–187 90.4–108 

PLT (10e9/L) 13.3–863 89.5–109.3 

RETC (x 10e9/L) 15.4–203 89.1–123.2 

5.2 Stability of the haematological samples 

5.2.1 Stability at room temperature (+23 ± 2 °C) 

The stability of blood specimens was monitored at room temperature 

(+23 ± 2 °C), at +4 °C and at cycles between room temperature and +4 °C. The 

changes were observed at the time points of 6 h, 24 h, 48 h and 72 h and 

compared to the baseline measurements. 

At room temperature, the mean change in percentage was < ± 10% for WBC, 

impedance measurement of red blood cells (RBCi), optical measurement of RBC 

(RBCo), Hb, mean corpuscular haemoglobin (MCH), red cell distribution width 

(RDW) and impedance measurement of PLT (PLTi). For mean corpuscular 

volume (MCV), haematocrit (HCT) and mean platelet volume (MPV), the change 

from baseline values was > 10%. These parameters changed by 10.6% to 11.1% 

within 72 h. The MCHC (mean corpuscular haemoglobin concentration) value 
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decreased by 13.1% within 48 h. The optical measurement of PLT (PLTo) value 

decreased by 12%, 20% and 24% at the time points of 24 h, 48 h and 72 h, 

respectively. The reticulocyte percent (R%), reticulocyte absolute count (RETC) 

and IRF decreased only at the measuring point of 72 h. The leukocyte viability 

fraction (WVF) index change from the initial value was 30% after 24 h of storage. 

With basophils, the decrease was 30% after 6 h of storage. A statistically 

significant change (P < 0.05) was observed with RDW (48 h and 72 h of storage), 

MCV (24 h, 48 h and 72 h of storage), HCT (after 72 h of storage) and R% (after 

24 h and 72 h of storage). Statistically significant changes (P < 0.05) were 

observed at all storage time points for MCHC.  

5.2.2 Stability at +4 ºC 

The stability of CBC as well as that of the reticulocyte parameters and monocyte 

counts increased when the specimens were stored at +4 ºC instead of room 

temperature. Even at up to 72 h of storage, the change from the initial values was 

within ± 10%. Statistically significant changes (P < 0.05) were observed in 

MCHC (after 48 h and 72 h of storage), MPV and WVF (after 24 h, 48 h and 72 h 

of storage for both). A minor decrease in the absolute counts of lymphocytes and 

neutrophils was present when stored at +4 ºC, which was not seen at +23 ± 2 ºC. 

5.2.3 Stability at +4 ºC and room temperature cycles 

Ten specimens with no cellular abnormalities were analysed at baseline, 6 h, 24 h 

and 48 h after collection. The samples were stored at +4ºC and analysed at room 

temperature. The only change from the original value was observed with absolute 

basophil counts as early as after 6 h of storage (25% from initial value). The 

change was already 150% after 48 h of storage. A decrease in lymphocyte counts 

was also observed. For other parameters, the change was not as notable, being 

less than 10% from the baseline value. Statistically significant changes (P < 0.05) 

were observed for basophil count at 48 h of storage and for WVF at 24 h and 48 h 

of storage.  
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5.3 The analytical performance of the BF mode of XT-4000i 

5.3.1 Imprecision and functional sensitivity 

The within-run imprecision of the XT-4000i analyser was determined with 

different BF samples. For different WBC levels (813–18 cells/µl), the CV% was 

between 2.8 and 19.3. For the WBC differential, the CV% varied from 3.3 to 27.1 

depending on the WBC count. The functional sensitivity for BF samples was 

18 cells/µl (CV% 19.3). 

5.3.2 Sample carry-over  

The cell-free sample which was analysed after running WBC samples with a high 

cell count (> 1000 cells/µl) revealed that 66.7 percent of the analysis was clear. 

Carry-over was detected in some samples, but the background was clean after a 

maximum of two washing steps. 

5.3.3 Linearity studies  

For WBC, the linearity was established at 8–1950 cells/µl with a buffy coat 

sample. The mean bias was 25.2%. As expected, the bias was higher when the 

WBC count was low. For WBC > 100 cells/µl, the bias was 11.2%, and when the 

WBC was < 100 cells/µl, the mean bias was 34.5%.  

With diluted BF samples, the linearity was established at 13–5960 cells/µl. 

The mean biases for SY, PF, AS, CAPD and CSF were 2.0%, 4.6%, 8.8% and 

26.7, respectively. 

5.3.4 Accuracy 

For the comparison of accuracy between automated and manual methods, eighty-

two BF samples including pleural, SY, AS and CAPD fluid samples as well as 

fifty-one CSF samples were used. Regression analyses for the WBC count and 

WBC Diff count are represented in Figure 9. The correlation (R2) was 0.92 or 

0.99 for BF samples where the WBC count was > 200 cells/μl. With BF samples 

where the WBC count was < 200 cells/μl, the squared correlation was 0.53 

(Figure 9 A and B). With CSF samples, the correlation was excellent for samples 
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where the WBC count was > 20 cells/μl. For CSF samples with a WBC count of 

< 20 cells/μl, the squared correlation was 0.36 (Figure 9 C and D). 

 

Fig. 9. Accuracy of the WBC count of BF and CSF samples between microscopy and 

XT-4000i. (A.) Accuracy of the WBC count of BF samples (PF, CSF, SY, As, CAPD). (B.) 

Accuracy of BF samples with low WBC count (< 200 cell/µl). (C.) Accuracy of the WBC 

count of CSF samples. (D.) Accuracy of low WBC count (< 20 cell/µl) of CSF samples. 

The accuracy (R2) of the WBC count of pleural fluid samples and of the MN and 

PMN distribution was ≥ 0.81 and ≥ 0.92, respectively. For SY samples, the 

accuracy was ≥ 0.58 with MN% and PMN%, and with WBC count ≥ 0.92. For 

AS fluid samples and CAPD fluid samples, the accuracy was ≥ 0.99 with both 
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sample media. In CSF samples, the accuracy was > 0.99 for samples where the 

WBC count was > 20 cells/μl. For samples where the WBC count was less than 

20 cells/μl, the correlation was ≥ 0.36. 

5.3.5 Sensitivity and specificity 

Overall, the sensitivity of XT-4000i analysis to detect leukocytosis in BF samples 

was 100% and the specificity 70.0% (threshold value 20 cells/µl). The analysis 

had a negative predictive value of 100% and positive predictive value of 85.0%. 

The sensitivity of the analysis to detect pleocytosis in CSF samples was 91.7% 

and the specificity 82.1% (threshold value 20 cells/µl). The negative predictive 

value for pleocytosis was 97.0% and positive predictive value 61.1%. 

5.3.6 Turn-around time (TAT) 

The whole process of manual WBC differential counting to MN and PMN cell 

distribution took a total of 19.2 min (SD ± 13.2 min). With XT-4000i, the process 

took 4.9 min if the WBC count of the sample was < 1000 cells/µl. The XT-4000i 
performs an extra washing procedure and background checks automatically with 

high-WBC-count (≥ 1000 cells/µl) samples. In our material, 28% of the BF and 

CSF samples combined had a high WBC count. The TAT for these samples was 

5.3 min. Of the BF and CSF samples, 15% had a high-fluorescence cell count 

(HF-BF) that exceeded the threshold. With these samples, manual differential 

counting to arrive at the MN and PMN distribution was required. The TAT for the 

samples was 22 min. The TAT process and times are represented in Table 7. 
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Table 7.  TAT of BF and CSF samples when analysed by microscopy and the Sysmex XT-

4000i analyser. With microscopy, the starting procedure is the process of preparing the 

sample, the sample incubation time is the time it takes for the sample to settle in the 

chamber, and cell counting is the time it takes to calculate erythrocytes and WBC. Slide 

preparation and WBC differential counting are performed if the WBC count exceeds the 

clinical decision limit. All the times are presented as means, with SD in parentheses. Mode 

change is the time which it took to change the mode from CBC to BF. The washing 

procedure is carried out automatically. 

Category Turn-around time  

(Mean ± SD) (min) 

Microscopy  

Starting procedure and sample incubation 5.2 ± 6.3 

Cell counting to RBC and WBC 6.6 ± 5.1 

Cell counting to WBC Diff 7.4 ± 1.8 

All together 19.2 ± 13.2 

Sysmex XT-4000i  

Mode change 3.3 

Analysing time 1.1 

Washing procedure 0.5 

All together 4.9 

5.4 Evaluation of the new LC-MS method for the quantitation of 

PEth from high-density lipoprotein particles 

The authentic blank sample was spiked with PEth and PProp to control the 

eluation of the analyte and the matrix components at the same time. The chemical 

head group structure and non-polar fatty acid chains of phospholipids make them 

hold very strongly with the non-polar hydrocarbon chains of the reverse-phase 

column stationary phase. To avoid this and to decrease the retention, the C8-

hydrocarbon phase was chosen instead of the C18-phase. To shorten the retention 

time, isopropanol was used as a running solution. The retention times were 

6.7 min for PEth and 7.4 min for PProp. The mass spectrometric detection was 

used and selective ion chromatograms were extracted for both compounds from 

the total ion chromatograms. From the total ion chromatogram (TIC), most of the 

matrix components were seen to elute at the column wash stage between 11 and 

16 min. This did not interfere with the chromatography of PEth or PProp. 

To identify PEth from the matrix, the MS/MS spectrum received from the 

HPLC run was used. The m/z 727.5 was used as a precursor ion. The main 

fragments of the precursor ion are m/z 281.3 and 463.3. They are formed from an 
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18:1 fatty acid [C18H33O2]– and from the loss of the 18:1 fatty acid chain from the 

middle of the ester bond [M–H– C18H32O2]–. The internal standard PProp (m/z 

741.5) showed corresponding fragment ions at m/z 283.1 and 477.3. 

For PEth, a good linearity of response with a correlation coefficient 0.998 

was obtained for a range of 1.0–100 ng/ml. The accuracy of PEth standard 

solutions varied within a linear range from 97.5% to 106.3%, the standard 

deviation being between 1.8% and 10.1%. 

The precision varied from 2.4% to 14.1%. The detection limit was 1.0 ng/ml. 

The same concentration was the lowest limit of quantification. In a pure 

unprepared HDL sample, this means 6.7 ng of PEth in one ml. 

The real matrix was present in the samples used in method development 

LC/MS runs, and the chromatographic conditions were adjusted to separate the 

analyte and the internal standard from all of the major matrix components so that 

the real matrix should not introduce considerable differences compared to the 

validation results obtained from the pure standard samples without the HDL 

matrix. However, the effect of the matrix was also studied separately to ensure the 

reliability of the method. 

The peak size at detection limit decreased by 7% due to the matrix effect 

caused by ion suppression by co-eluting minor background components. The real 

matrix is shown to cause no interferences to the specificity or sensitivity of mass 

spectrometric detection in the detection limit concentration. The use of pure-

matrix standards for validation and quantification was an appropriate method. 
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6 Discussion  

Organisational changes in the field of clinical chemistry have increased the sizes 

of central laboratories. The transportation times of specimens from different 

satellite laboratories may vary to a great extent, which is why close attention 

should be paid to the stability properties of various analytes. In addition to these 

factors, the analytical performance of the laboratory tests that are used in satellite 

laboratories should be equal to that used in the central laboratory. In addition to 

these factors, the analytical performance of analysers at satellite and central 

laboratories should be equal. Furthermore, in central laboratories, the analytical 

properties of some special analytes are towards smaller concentrations which 

mean lower detection limits. In central laboratories, the manual workload should 

be minimised and processes should go from manual to automated systems, 

eventually decreasing the TAT of results.  

The aim of this study was to evaluate the method for testing haematological 

and body fluid specimens, and to inspect the stability of haematological samples 

using the international ISO and NCCLS guidelines and to develop a fast and easy 

LC-MS method for clinical laboratory use.  

The first part of this study was aimed at validating the new haematology 

analyser for small and mid-sized laboratories according to NCCLS guidelines. 

The analytical performance such as flags and other abnormalities of a smaller 

analyser should be equal with those of the analyser with a bigger capacity. If the 

transportation times increase, the stability of specimens should be inspected. In 

addition to transportation time, temperature may change the analytical properties 

of specimens. In the second part of the study, we inspected the stability of 

haematological specimens. The third part was dedicated to evaluating the BF 

mode of the haematology analyser according to different NCCLS guidelines. The 

fourth part of the study was developing a new, fast and easy LC-MS method for 

detecting an alcohol marker from serum specimens. This method enables the 

determination of alcohol abuse even several weeks from cessation. For clinical 

laboratory use, the method would be easy to implement.  

6.1 The charasteristics of the haematological analyser CELL-DYN 

Ruby 

During the past years, the technological development of haematology analysers 

has increased the reliability of reticulocyte and platelet counts. The development 
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of WBC differential counting has also allowed the determination and detection of 

the immature fractions in a more reliable manner. In addition to NCCLS, the 

Hematology and the International Society of Laboratory Hematology are 

interested in haematology standardisation with the aforementioned development 

as well as the CBC parameters such as RDW, IRF, MCV and MPV (Buttarello & 

Plebani 2008). 

The detection of low concentrations of PLT from thrombocytopenia patients 

requires the analyser to distinguish moderately low PLT counts. This part of the 

diagnostics still calls for improvement in automated counters. 

In certain cases, the manually performed microscopic counting of 

pathological samples remains mandatory and can be the only option for 

diagnostic decision-making (Bain 2005). It is known that manually performed 

examination of blood films is labour-intensive with significant inter-observer and 

intra-observer variation (Koepke et al. 1985) and significant statistical variance 

(Rumke 1985). Due to the need for shorter TATs and a lack of laboratory 

resources, it is essential to reduce the number of blood film reviews and manual 

differential counts without missing important diagnostic information (Briggs et al. 

2011). Depending on the clinical population and local guidelines for making 

blood films, film review rates range from 10% to 50% in different laboratories 

(Barnes et al. 2005, Briggs et al. 2009). The clinical laboratories performing 

haematological diagnostics should have personnel with specific training and 

profound knowledge in laboratory haematology. The evaluated haematology 

analyser, CELL-DYN Ruby, was compared with CELL-DYN Sapphire, which 

was used as a reference analyser. The correlation between these two analysers was 

good. The observed inaccuracies in the results might be due to the different 

measuring principles (scatter vs. fluorescence). The poor correlation of basophils 

was more likely explained by the very low cell count. In this study the WBC Diff 

accuracy between manually performed cell counting by microscopy and 

automated cell counting by CELL-DYN Ruby was not included. The accuracy of 

WBC Diff counting between CELL-DYN Sapphire and manually performed cell 

counting has been done during the evaluation of CELL-DYN Sapphire before 

taking the analyser to the routine use in the core laboratory. The large multicentre 

study between CELL-DYN Sapphire and manually performed WBC Diff 

counting by microscopy has been done previously (Müller et al. 2006). 

In haematology, especially in cell counts, it is not enough to know the 

imprecision at normal concentrations, as the imprecision of cell counts is 

nonlinear. It is advisable to know the imprecision in the entire range of clinical 
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use, particularly at low values, where the CV% increases dramatically (Buttarello 

2004). Our study also included measurements of imprecision at different levels 

using commercial control materials in the between-days study and patient 

specimens with the different concentration levels in the paired precision study. 

Compared with the goals based on intra-individual biological variation, the 

precision performance using patient specimens for WBC differentials was 

acceptable with all of the parameters in our study, except with basophils. 

International Council for Standardizationin Haematology Expert Panel on 

Cytometry has published an recommendation that WBC Diff part should be 

presented as in absolut count instead of percentual of the total leucocyte count. 

The expert panel recognized that a proportional count always had a number of 

disadvantages. ICSH recommends that reporting proportional differentional 

leucocyte counts alone should be avoided (International Council for 

Standardizationin Haematology Expert Panel on Cytometry 1995). 

Based on our evaluation data, we can conclude that the CELL-DYN Ruby is 

suitable for small laboratories and can even perform as a back-up emergency 

analyser in high-volume laboratories. 

6.2 Inspecting the stability of haematological specimens  

The changes in laboratory organisations towards centralised laboratories have 

brought the distribution of specimens from venipuncture facilities to the analysing 

laboratories to a new perspective. The delays in analysing specimens after 

venipuncture might increase by up to 24 h or even more. However, the quality 

and reliability of results should not suffer. The accuracy and imprecision of 

analysis should stay reliable and constant. For the most accurate and reproducible 

haematological results, whole blood specimens should be analysed as soon as 

possible after collection. Cellular elements are known to have limited stability 

when stored in ethylenediaminetetraacetic acid (EDTA) -anticoagulated blood 

(Buttarello 2004). Furthermore, the different behaviour of automated counters 

using impedance and optical methods may have an effect, and this should be 

taken into account (Wood et al. 1999). Each laboratory should determine which 

haematological parameters can be reported as clinically valid results if a sample 

cannot be analysed in a timely manner (Hill et al. 2009). In addition to the time-

dependent stability properties of blood cells, the temperature changes during 

transportation should receive due attention. 
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The stability of haematological specimens is believed to be good if the 

samples are kept at room temperature or at +4 °C during storage for a maximum 

of 24 h. A more extensive stability study with Abbott CELLDYN Sapphire 

(Müller et al. 2006) revealed changes in WBC populations. The authors found 

that the proportion of nonviable leukocytes (mainly neutrophils) increased when 

the specimens were stored at room temperature as opposed to storage at +4 °C. 

However, the absolute WBC count remained stable at both temperatures. The 

stability of different leukocyte populations was relatively stable when stored at 

+4 °C for up to 72 h. Instead, storage at room temperature revealed that almost all 

parts of the leukocyte differential remained stable for up to 48 h. The only 

exception was the eosinophil fraction where the decline was already significant 

after 12 h of storage. The RBC, reticulocyte and platelet count were relatively 

stable when the specimens were stored at +4 °C for the 72 h.  

In case immediate analysis is not possible, samples that are 24 h old or older 

can be reported within certain limitations. When the sample is stored at room 

temperature for the maximum time of 24 h, it is possible to achieve clinically 

valid CBC and WBC differential results from (K2) -EDTA anticoagulated blood 

specimens. With samples older than 24 h, the MPV and MCHC as well as HCT, 

MCV and RDW should be excluded from the report. The stability of WBC and 

WBC Diff (NEUT, LYMPH, EOS and BASO counts) is acceptable for all 

samples even up to 72 h, except for MONO counts (Hill et al. 2009).  

To summarise these previous studies, the CBC and WBC differential 

specimens should be analysed as soon as possible after collection to avoid the 

aforementioned problems with the accuracy and imprecision of results.  

The aging stability of CBC parameters at room temperature (+23 ± 2 °C) 

revealed that the WBC, RBCi, RBCo, Hb, MCH, RDW and PLTi were stable over 

time. The mean percentage change from initial values was < ± 10% within 72 h. 

Statistically significant changes were found after 24 h, 48 h and 72 h storage 

times for MCV parameter. The percentage change of MCV was 6% from the 

initial value when measured after 24 h of storage. For HCT, the values increased 

significantly after 48 h and 72 h of storage. For MPV, a statistically significant 

change was observed after 72 h of storage. The MCHC value decreased with 

time, and the change was statistically significant as early as after 6 h of storage. 

For PLTo, the decrease in the percentage values was significant (> 12%) after 

24 h of storage. For R%, a statistically significant change was observed after 24 h 

of storage. For the aforementioned changes in MCV, HCT, MCHC, PLTo and R% 

parameters, the results should be excluded from the report after 24 h of storage. In 



71 

the WBC Diff parameters, the WVF results already decreased after 6 h of storage, 

and the decrease was statistically significant in addition to representing a 

significant reduction in percentage. Absolute basophil count values decreased 

by > 30% after 6 h of storage. Basophil count is the smallest fraction of all WBC 

Diff parameters. Eosinophil count changed with time and was significant both 

statistically and in terms of the percentage after 24 h of storage. These WBC Diff 

parameters should be excluded from the report if the specimens are stored at room 

temperature for more than 24 h. Even the examination and results of a smear 

should be questionable with aged samples. 

Storing the specimens at +4 °C increased the stability properties of the 

results. The changes in the CBC and reticulocyte parameter results were less than 

10% from original values except for MCHC and MPV, where the change was 

statistically significant but less than 12 percentage-wise. Only the WVF change 

was statistically significant even though the change in percentage was minor 

(< 10.5%) from baseline within WBC Diff parameters. Slight changes were 

observed in absolute counts of neutrophils and lymphocytes, which were not 

detected when specimens were stored at room temperature. 

Ten specimens without flagging or other cell abnormalities were evaluated to 

identify the effect of storage at +4 °C and rewarming the sample to room 

temperature. With these specimens, the baseline value was measured first and, 

after storage of 6 h, 24 h and 48 h, the samples were reanalysed at room 

temperature. The only major change was observed in basophil counts where the 

change in percentage was almost 25 as early as after 6 h of storage. Even though 

the percentage change was minor (< 3.9%), a statistically significant change was 

observed in WVF after 24 h and 48 h of storage.  

The stability of different flags with the CELL-DYN Sapphire was better 

when the specimens were stored at +4 °C. Only the IG flag appeared at 24 h at 

both storage temperatures and increased progressively with time. With the BAND 

flag, the same effect was observed.  

The most reliable haematological results are obtained from samples analysed 

on the same day as they are collected. To achieve reliable and accurate results, the 

analysis should be done as soon possible after collection. When immediate 

analysis is not possible, the present study allows us to conclude that valid results 

from samples that are 24 h old and older can be reported within the limitations 

discussed above. 

With our study, the stability of a large number of specimens revealed that 

prolonged storage of specimens for up to 72 h at +4 °C did not affect the stability 
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of CBC parameters (change < 10%). However, a statistically significant change 

was seen in the MCHC parameters at 48 h and 72 h of storage. A statistically 

significant change was seen in MPV during storage for 24 h, 48 h and 72 h. 

However, the absolute change from baseline values was minor (< 11%). 

In our study we did not devided the WBC Diff flags or other abnormalities to 

the different groups and investigated the stability of these subgroups. There are 

resent stability studies e.g. iron deficient and thalassemic individuals were the 

stability properties of reticulocyte and erythrocyte parameters were investigated 

(Sudmann-Day et al. 2015). Large multicenter evaluation study where all the 

most typical abnormalities would have been took in count is still unpublished.  

6.3 Evaluation of the haematological analyser for body fluid and 

cerebrospinal fluid specimens 

The automated counting of BF cells is an attractive opportunity and has faced 

significant advances over the past decade. Automated BF and CSF counting has 

been applied to patients with malignant haematological disorders.  

Manually performed microscopic evaluation is considered a reference method 

and plays the central role of an appropriate medical approach. Several studies 

have been carried out on automated counting of CSF (Ziebig 2000, Aune et al. 
2004), synovial (Salinas et al. 1997, de Jonge et al. 2004), pleural (Conner et al. 
2003, de Jonge et al. 2006), ascitic/peritoneal (Angeloni et al. 2003) and body 

fluids in general (Aulesa et al. 2003, Kresie et al. 2005). The evaluations of these 

devices have shown improved accuracy when compared to earlier studies that 

investigated the capabilities of haematology analysers with dedicated modes for 

analysing the BF mode. 

The evaluation studies on Sysmex XT-4000i reveal the technical and 

analytical performance of the analyser. The imprecision, carry-over and linearity 

of the analyser proved to be good in the BF mode.  

The physiological level of WBC is normally extremely low in CSF samples 

(Regeniter et al. 2009). Partly for this reason, extra demands of carry-over 

between samples with high and low cell counts are expected from the analyser. 

Sufficient recognition of background effect is mandatory when analysing 

specimens with low cell counts. The XT-4000i performs background check 

specimens with a high cell count (WBC > 1000 cells/μl). With this action, the 

analyser ensures the purity of the background. If the analyser detects cell 

residuals, it performs extra washing steps until the background check is clean 
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(cells less than 2/μl). The presence of background did not represent a problem in 

XT-4000i, mainly due to the automatic rinsing procedure. The background purity 

was tested using cell-free Cellpack solution. Carry-over could not be detected 

after performing automatic rinsing steps. In general, the overall precision of the 

XT4000i in the analysis of BF samples was good and no matrix effect was 

observed. 

Furthermore, the analyser is expected to perform with high sensitivity and 

specificity to differentiate the MN and PMN cell distribution. 

The linearity of WBC was inspected with a relatively low cell count (8–

1950 cells/μl) sample. The clinical decision limits with CSF and BF samples are 

20 cells/μl and 200 cells/μl, respectively. The inspection of linearity near the 

clinical decision limit is relevant. In our hospital manual WBC Diff counting is 

performed on samples which are over the threshold limits. It was expected that 

the bias was higher at the lower WBC counts, but the overall linearity proved to 

be good with a mean bias of 25%. 

The overall precision and linearity of the BF mode of XT-4000i was good. 

The main concern with the automated analysis of BF and CSF samples was the 

positive predictive value, which was 61%. The low predictive power for a 

positive outcome can lead to difficulties in interpreting the results.  

BF samples with a low WBC count (< 200 cells/μl) revealed that the results 

from XT-4000i and manual microscopy have a poor correlation. This inaccuracy 

might partly originate from the imprecision of microscopic counting (Salinas et 
al. 1997, Aune & Sandberg 2000, Aulesa et al. 2003, de Jonge et al. 2004). In 

addition, the viscosity of BF samples might increase the imprecision of samples 

with a low WBC count when the counting is performed with microscopy. 

Therefore, we conclude that the use of XT-4000i might improve the diagnostic 

capability especially in BF samples with a WBC count of > 200 cells/μl. 

Manually performed microscopy is still the gold standard and will remain a 

reference method for analysing CSF and BS specimens.  

In our study we investigated the TAT of different BF and CSF specimens and 

compared the times between automated WBC Diff cell counting and manually 

performed cell counting from the situation when specimen arrive to laboratory 

and when the result was ready. The time was calculated from laboratory process 

perspective. In this study we did not compared how the process change in 

laboratory would affect to the process in wards. 
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6.4 Development of an LC-MS method for PEth detection  

The use of LC-MS and especially LC-MS/MS in the field of clinical chemistry 

has had incredible success and growth during the last 10–15 years. From its use 

as a newborn screening and drug and toxicology testing tool, LC-MS/MS has 

expanded into endocrine testing. This is mainly due to the fact that LC-MS/MS is 

capable of high sensitivity and specificity on these analytes in a relatively large 

number of patient samples. On the other hand, the limitations of LC-MS/MS have 

become apparent. The limitations are the same as its strength – while the use of 

LC-MS/MS can enable highly accurate analysis, the application of LC-MS/MS 

technology does not necessarily mean accurate results. The pitfalls of this 

technology must be recognised and systematically addressed to avoid the 

inaccurate results of LC-MS/MS analysis (Vogeser & Seger 2010). 

To analyse small amounts of PEth from human specimens, the LC-MS 

method was developed using a reversed-phase column. Previous methods are 

relatively slow and the throughput of samples is time-consuming (Varga et al. 
2000, Gunnarsson et al. 1998, Kemken et al. 2000, Mier et al. 2002). The main 

goal of developing a new method was to reduce the analysis time of PEth and, in 

the future, to determine low PEth concentrations from the plasma of alcohol 

abusers or social drinkers. The new method provides high precision and accuracy 

within the linear range of detection. In addition to these analytical factors, the 

new method reduced the analysis time to one third of the earlier normal-phase 

column methods, and lower detection limits were also obtained. In clinical 

laboratory the PEth detection with LC-MS/MS method is in routine use. The 

clinical use of detecting PEth is critical e.g. in situations when the individuals are 

motivated to decrease or deny the alcohol consumption behaviour in order to 

mitigate the leagal ramification of alcohol abuse (Viel et al. 2012). 

6.5 Future prospects of the LC-MS method for PEth detection 

The immunological detection of PEth from human specimens has developed in 

recent years (Nissinen et al. 2008, Nissinen et al. 2012). In the future, the 

development of PEth detection from human specimens should proceed towards 

exact quantitation and easier and faster methods. The LC-MS/MS method will 

yield accurate PEth results with a low detection level. The methodological 

progress has greatly increased the potential of PEth in blood as a routine alcohol 
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biomarker, as reflected in the growing number of clinical and medico-legal 

evaluations. 
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7 Conclusions  

The findings of this thesis are as follows: 

1. The analytical performance of Abbott CELL-DYN Ruby was acceptable 

concerning precision, carryover and linearity. The accuracy between CELL-

DYN Ruby and the reference analyser Abbott CELL-DYN Sapphire was 

good for most of the parameters. The overall accuracy was acceptable except 

for RETC and basophils. The imprecision performance appeared to be 

acceptable for WBC and RBC count as well as Hb, MCV and reticulocyte 

when compared to the maximum values (CV%) based on the within-subject 

biologic goals (day-to-day variability). The WBC differentials were also 

acceptable with all parameters in our study, except for basophils. The CELL-

DYN Ruby revealed to be easy to use and suitable for routine use in small-

throughput laboratories or as an emergency analyser. 

2. The stability of complete blood count (CBC) parameters revealed to be good 

for up to 24 h–48 h at room temperature, except with PLTo (optical 

measurement of PLT). In this study, the analyser was the Abbott CELL-DYN 

Sapphire, where both the PLTi (impedance measurement of PLT) and PLTo 

are measured. If the difference exceeds the threshold limit, the analyser 

creates an alert. At +4 °C, the CBC parameters were stable at 72 h, except for 

MPV, which increased slightly between 48 h and 72 h. WBC differentials 

were stable at 48 h. A slight decrease was observed in absolute neutrophils 

and lymphocytes as well as lymphocyte percentages. The flagging properties 

are dependent on the calibration of the WBC differential. In our study, the 

BAND flag already appeared after 24 h of storage. According to our results 

and previous studies by others, we conclude that CBC and WBC differential 

parameters should be analysed as soon as possible or, at the latest, 24 h after 

collection. If analysis is delayed for longer than 24 h, the specimens should 

be stored at +4 °C. The collection time of specimens should be clearly 

indicated. If the analysis is delayed, the corresponding results should be 

omitted and substituted by a comment. 

3. The analytical performance of the body fluid (BF) mode of Sysmex XT-

4000i proved good with certain limitations. These limitations were mainly 

concentrated on the low WBC count. The precision, carryover and linearity 

proved to be good. The sensitivity of Sysmex XT-4000i was good, leading to 

a high negative predictive value. This indicates that the analyser could be 
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used to reliably rule out leukocytosis in BF samples. The selectivity of the 

analysis with BF samples was moderate with a specificity of 70% and 

positive predictive value of 85%. The analyser is capable of giving accurate 

and precise results on samples where the WBC count is > 200 cells/µl. 

Almost 15% of the samples had a highly-fluorescent body fluid (HF-BF) cell 

count, which might be an indication of malignant cells. For such samples, 

manually performed microscopic counting is recommended. The turn-around 

time of body fluid and cerebrospinal fluid samples decreased if the samples 

did not entail malignant cells. We conclude that the automation of BF and 

CSF analysis would help the routine workflow of a clinical laboratory and 

that manually performed microscopic counting is still the gold standard and 

will remain a reference method.  

4. Liquid chromatography with a reverse phase column was optimised for 

analysing very small amounts of phosphatidylethanol (PEth) from human 

specimens. The detector was a mass spectrometer. The samples used in this 

study were human high-density lipoprotein (HDL) particles spiked with PEth. 

The main goal was to develop a method that would be fast and reliable as 

well as easy to establish and handle in a clinical laboratory. Total analysis 

time was reduced to one third compared to earlier normal-phase column 

methods, and lower detection limits were obtained. The method provides 

high precision and accuracy within the linear range of detection and might 

thus be useful in future studies for the determination of a low PEth 

concentration from the plasma or serum of alcohol drinkers. 
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