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Why publish a book called “Quality control of qualitative tests for 

medical laboratories”? 

• Address the need for a book dedicated to quality control of 

qualitative tests 

• The is a book written primarily for the laboratorian and aims to 

substantiate the selection of the best statistical tools 

considering the intended use of the qualitative tests’ results 

(fitness for purpose) 

• The purpose of the book is to answer most of qualitative tests 

QC questions in a three-pronged vision: the statistical, the 

clinical and the regulatory vision 



• The book seeks to answer questions important to laboratory 
practice such as: 

 ̶  What is required, and what is not, in the ISO standards? 

 ̶  Which are the most significant sources of uncertainty? 

 ̶  What is the similarity and difference between “Uncertainty 
Approach,” and “Error Approach”? 

 ̶  Which models do we use to compute both methodologies? 

 ̶  And which models to determine conditional accuracy, delta 
values, and seronegative window period? 

 ̶  Which are the best models to compute the agreement of 
binary results? 

 ̶  How do we identify “the best” cutoff point? 

 ̶  How do we control the performance of the qualitative 
results in daily routine? 

• More than 20 examples based on real-world data are 
presented 

• The book includes several cases of immunoassays and NAT 
for screening in virology, ABO blood test, HLA typing, and 
karyotype tests 

• The statistical quality control tools applied to the examples are 

generic; they can be used in most of the qualitative tests 

• Approx. 200 pages printed on coated paper (couché) 90 
grams; cover printed on 170 gram coated paper with soft-
touch plastic coating; 2mm hard card cover 



Why include a CD with spreadsheets? 

• For a more natural comprehension of the approaches 

• Facilitate the understanding of theory based on practice 

• A practical way to demonstrate the case studies included in 

the book 

• The laboratorian can easily replicate the models for his 

practice 

• All the computations can be done using a conventional 

computer  spreadsheet 

• Excel
®
 (Microsoft

®
, Redmond, Washington, USA) is 

immediately recognized as very intuitive software for 

laboratorian 

• Readers will receive free updates to the spreadsheet package 



• Chapter 1 – ISO compliance introduces mainly ISO 15189 

for the accreditation of medical laboratory methods or tests 

• For a consistent application of this global standard, the 

laboratorian must understand its specifications 

• We have discussed the use of most of its technical 

requirements that involve the selection, verification, validation, 

measurement uncertainty, internal quality control, and external 

quality assessment / proficiency testing (EQA / PT) of 

qualitative results 

• Moreover, we have crossed ISO 15189 with ISO 9001 

requirements for a more natural interpretation of this 

guideline, which is oriented to a generic implementation of a 

quality management system 

• How do we meet the referred ISO claims? See the following 

chapters for suggested methodologies 



• Chapter 2 – Significant causes of uncertainty in 

qualitative tests discusses the main sources of error that can 

cause untrue binary results 

• As the test methodology is essential to recognize the most 

common analytical causes of failure, we have presented a 

brief overview of qualitative test design 

• The impact of the analytical error on the cutoff trueness is 

discussed, as well as the effect of the analytical error on the 

accuracy of the classification of binary results 

• The importance of the “gray zone” and the associated trinary 

classification to minimize the impact of analytical error in the 

results is debated 

• The biased results due to biological factors are presented with 

a focus on the seroconversion window period 

• The contribution of other possible sources of bias to the lack 

of representativeness of patients’ samples is also pondered. 

• The impact of interferences in bias is discussed 

• This debate is important for a better focus on the use of the 

quality control tools that allow us to see what is and what is 

not measurable (limitation of the studies) 



• Chapter 3 – Measurement uncertainty and total analytical 

error in qualitative methods introduces both the Uncertainty 

Approach” and the “Error Approach” 

• The challenge is to introduce the laboratorian to the 

similarities and differences of the visions, wherein empirical 

models are considered for both visions 

• While not ignoring the usefulness of the modular models to 

the manufacturer, they are not discussed further here since 

they are not meant to be used in medical laboratory practice 

• The models presented are based on recognized protocols in 

med lab requiring data from single-laboratory validation, 

interlaboratory comparisons or EQA /PT 

• The importance of the metrological traceability of the results is 

considered 

• Compliance assessment is associated with the empirical 

estimate of the “gray zone” and the limit of detection (LoD) 

• The evaluation of analyte concentrations near the cutoff is 

presented as a complementary tool to estimate an identical 

zone 



• Chapter 4 – Performance of binary classification tests is 

based on condition accuracy, probably the most well-known 

methodology for validating qualitative results 

• In this chapter, we introduce the basis of the statistics 

concepts applied and discuss the importance of the samples 

to the robustness of the estimates 

• We have used 2x2 contingency tables, followed by a 

discussion about the value of the analysis of the numerical 

data to distinguish between two or more tests with identical 

condition sensitivity and specificity 

• The concept of “condition uncertainty” is introduced, 

analogous to the “measurement uncertainty” of quantitative 

dimensions 

• The window period is presented using a binary and trinary 



• Chapter 5 – Agreement of binary classification tests is 

intended to lead the reader to validation where samples with a 

true condition are unavailable 

• Since the consistency of the results is dependent on the 

comparative test performance, its selection should be applied 

uniquely if the condition is unknown 



• Chapter 6 – Computation of the cutoff for “in-house” and 

modified tests, as the title refers, applies solely to tests 

prepared in the laboratory requiring cutoff determination 

• The “realism” of the cutoff does not depend only on the 

samples but also on the intended use of the results 

• Usually, false-positive results are better accepted than false-

negative ones 

• The computation of the cutoff by the receiver operating 

characteristic curve (ROC) is discussed 

• Although we have tried to use the most accessible language, 

it is probably the most complex statistical model presented in 

this book 

• However, its principle is simple: it provides the various 

condition sensitivities and specificities for all the possible 

cutoff points 

• The laboratorian selects the point that meets the requirements 

related to the intended use of the results, i.e., according to the 

clinical application 

• An area ranking allows the classification of the detection 

capability of the test for a certain cutoff 



• Chapter 7 – Internal quality control and external quality 

assessment / proficiency testing debate models suitable for 

qualitative tests 

• The internal quality control principles are discussed to aid the 

selection of the best designs based on a qualitative logic 

• Demystification of control rules in qualitative tests statistically 

and clinically supported 

• Novel approaches to compute sigma metrics in qualitative 

tests 

• The DPMO-derived and SEcrit-derived sigma metrics express 

the capability of tests to meet the specifications 

• Models are presented for variables using numerical results 

(ordinal tests), and an application to monitor “pure” qualitative 

results (nominal tests) 

• Both methodologies are intended to control the loss of 

sensitivity in the qualitative tests 

• EQA /PT is introduced 
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Excel
®
 (Microsoft

®
, Redmond, Washington, USA) spreadsheets                             

presents several advantages: 

 

• Study Cases’ Demonstration • Expansion to Book Contents 

• Office Integration • Data Organization 

• Formula and Calculation    
Features 

• Build Great Charts 

• Use Conditional Formatting • Help Identify Trends 

• Bring Data Together • Online Access 

• Easy and Effective          
Comparisons 

• Powerful Analysis of Large 
Amounts of Data 

• Microsoft Excel Mobile & iPad 
Apps 

• Third-Party Support 



 

Verification of outliers 

Verification of normal distribution 

A. Outliers and Normality Evaluation 

Data entry made easy using cells marked in yellow 

• The CD includes more than 25 spreadsheets to 

demonstrate all the examples included in the book 

• Supplemental study cases are included 

• Also Includes empty spreadsheets for med lab data 

computation 

• Spreadsheets are designed and verified using 

harmonized models 



 

B. Measurement Uncertainty (Empirical Approaches) 

Detailed presentation of statistical calculations for a 

more natural understanding of models 

Single-laboratory validation approach using short-term data 

Single-laboratory validation approach using long-term data 



 

Most accurate k value 

Interlaboratory comparisons Using 

intercomparison data 

B. Measurement Uncertainty (Empirical Approaches) 

External quality assessment / proficiency testing 

Using EQA / PT data for bias uncertainty estimate 

Combination with within-laboratory reproducibility standard deviation  

Computation of coverage factors derived from effective degrees of freedom 



 

Probit regression is used to model dichotomous or binary outcome variables. 

The spreadsheet requires 6 dilutions of a positive sample. 

B. Measurement Uncertainty (Empirical Approaches) 

Limit of detection (LoD) in molecular biology tests (probit regression model) 

Titer with 95% positive response based on 

the probit regression model 

The percentage proportion of positive results 



 

The lowest value of 95% CI of the lowest concentration is 28 IU/mL. The 

value is higher than the lower limit of the linear range (8 IU/mL), so sample 

results up to 179 IU/mL are in the linear range with 95% confidence. 

B. Measurement Uncertainty (Empirical Approaches) 
Conformity assessment close to the LoD for a binary reporting qualitative examination based 

on “Uncertainty Approach” principles 



 

C. Total Analytical Error 

Intralaboratory approach using short-term data 

Intralaboratory approach using long-term data 

Using EQA / PT data for bias estimate 

Using intercomparison data 

Single-laboratory validation approach using short-term data 

The calculation of the standard deviation and the bias is the same as for the measurement 

uncertainty. What differs is the mathematical model for combining the total analytical 

error. 

Single-laboratory validation approach using long-term data 

External quality assessment / proficiency testing 

Interlaboratory comparisons 

Combination with within-laboratory reproducibility standard deviation  



 

D. C5-C95 Interval of the Cutoff Value 

Graphical illustration of the bias at the three 

levels 

Compliance assessment 



 

E. Condition Accuracy 

Bubble plots graphic 

2X2 contingency table 

Evaluation of the condition accuracy of a single test 

Condition sensitivity 

Condition specificity 



 

E. Condition Accuracy 

Comparison of the condition accuracy of two tests 

Differences in condition sensitivity and 

specificity 



 

F. Condition Accuracy by Delta-Value 

Graphical illustration of the averages 

and 95% CI for the weakest results 



 

Graphic illustration of the seroconversion 

period considering the cutoff point 

Graphic illustration of the seroconversion 

period considering the “gray zone” 

G. Seroconversion Window Period 

Number of days after day-zero 



 

H. Agreement of Binary Results 

Bubble plots graphic 

2X2 contingency table 

Positive agreement 

Negative agreement 



 

Identification 

of cutoff point 

Youden index 

I. Agreement of Binary Results 

Area under the curve 

ROC 

Graphic illustration of 

efficiency and Youden 

index for hypothetical 

cutoff points 

Graphical illustration 

of the condition sensi-

tivity and specificity 

for hypothetical cutoff 

AUC 

Tests’ 

comparison 



 

J. IQC / EQA: Sigma metrics Based on DPMO 

Possibility of calculation in 

various scenarios, being able to 

be representative of the entire 

laboratory process and not on-

ly of the analytical process 

Short-term sigma metrics 

Long-term sigma metrics  

(“real sigma”) 

Graphical 

illustration of  

sigma metrics 

Compliance assessment 

Low sigma 

Moderate sigma 

High sigma 

DPMO-derived Sigma Metrics: Sigma based on the number of defects per million 

opportunities  



 

K. IQC / EQA: Sigma Metrics Based on Systematic Error 

SEcrit and SE-derived Sigma Metrics 

Compliance assessment 

SE-derived Sigma Metrics: Sigma based on the critical systematic error Allowable 

loss of sensitivity  

Graphical 

illustration of  

sigma metrics 



 

L. IQC / EQA: Internal Quality Control (Numerical Data) 

Accepted results and z value 
Qualitative results classified in an ordinal scale 

QC material traceability 

Rules’ selection 

Reagent traceability 

Rejection or warning notice 

Possibility of rejection 

of results 

Actions taken 



 

L. IQC / EQA: Internal Quality Control (Numerical Data) 

Internal quality control Z-chart for a more natural in-

terpretation of the rejections 

and warnings 

Use of mobile data for a more representative 

illustration of the stability of the test results 

and greater robustness in the application of the 

rules 

Illustration of a test with stable control 

results in which the moving average is 

identical to a fixed average 



 

M. IQC / EQA: Internal Quality Control (Qualitative/Binary Data) 

Rejection or warning notice 

“Pure” qualitative results not quantifiable 
Binary results entrance  

True and false results 

ratios 

Actions taken 

Possibility of rejection of results 

Illustration of a test with accepted results 

and results in the warning and rejection zones 



 

N. IQC / EQA: External Quality Assessment 

PT / EQA scheme for numerical results of ordinal tests z-value computation 

Actions taken 

PT / EQA scheme for binary results of ordinal or nominal tests 

Conformity assessment 
Actions taken 
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Preface 

“Everything you always wanted to know about Quality Control (but were 

afraid to ask).” 

This phrase, borrowed from the famous Woody Allen’s movie and David 

Reuben’s book, on which it was based, was what I first sensed when the author 

showed me this book. 

In fact, having only experienced the classical tools of Quality Control 

applied to quantitative data, and feeling puzzled by the “Uncertainty vs. Total Error” 

debates, the book filled many of my knowledge gaps on the practical use of Quality 

Control and Quality Assurance in the Medical Laboratory. 

The author’s background in a Blood Bank Laboratory explains the choice 

of the contents, and his teaching experience explains how they are structured, but 

only his passion for these subjects, that the reader will undoubtedly feel, can explain 

the thoroughness of his approach. 

Besides the contents, the reader will find many practical calculation tools in 

Excel
®
. There is, of course, a lot of software available on the market but, for me, 

exploring these tools will be the best way for the reader to learn and acquire more 

deeply the otherwise not so easy concepts presented herein. 

 

Lisbon, October 7, 2019 

 

João Faro Viana, M.D. 
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List of abbreviations and acronyms 

δ+ Delta Positive 

δ- Delta Negative 

ΔREcont Random Error Detectable by Quality Control Procedures 

ΔSEcont Systematic Error Detectable by Quality Control Procedures 

Δse Difference of Sensitivities 

Δsp Difference of Specificities 

A Absorbance 

AL Statistic or Representation of the Number of Control Determinations 

ALS Allowable Loss of Sensitivity 

ANOVA Analysis of Variance 

ATE Allowable Total Error 

AUC Area Under the Curve 

b Bias 

BIPM International Bureau of Weights and Measures 

C0 Negative Condition 

C1 Positive Condition 

C5 Weakest Negative Sample Concentration 

C50 Cutoff Concentration 

C95 Weakest Positive Sample Concentration 

CAPA Corrective-Action / Preventive-Action 

CDC U.S. Centers for Disease Control and Prevention 

CFR U.S. Code of Federal Regulations 

ChLIA Chemiluminescent Immunoassay 

CI Confidence Interval 

CITAC Cooperation on International Traceability in Analytical Chemistry 

CLIA U.S. Clinical Laboratory Improvement Amendments 

CLSI Clinical and Laboratory Standards Institute 

CO Cutoff Signal 

Conc1 Concentration of the Starting Solution 

Conc2 Concentration of the Final Solution 

COI Cutoff Index 

CRM Certified Reference Material 

CV Coefficient of Variation 

D1 Disease 

D0 Non-Disease 

Day0 Day of Infection 

Daypos/ind Difference of the Number of Days Between the Day of the First 

Indeterminate or Positive Result 

df Degrees of Freedom 

DL Decision Limit 

DNA Deoxyribonucleic Acid 

DPMO Number of Defects per Million Opportunities 

E Efficiency 

EA European Co-operation for Accreditation 
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EDTA Ethylenediaminetetraacetic Acid 

EIA Enzyme Immunoassay 

ELISA Enzyme-linked Immunosorbent assay 

EQA External quality Assessment 

EURAMET European Association of National Metrology Institutes 

EUROLAB European Federation of National Associations of Measurement, 

Testing and Analytical Laboratories 

f(x) Mathematical Function 

FDA U.S. Food and Drug Administration 

FDR False Discovery Rate 

FN False-Negative 

FNR False-Negative Rate 

FOR False-Omission Rate 

FP False-Positive 

FPR False-Positive Rate 

GLP Good Laboratory Practices 

GMP Good Management Practices 

GUM Guide to the Expression of Uncertainty in Measurement 

HCV Hepatitis-C Virus 

HIV Human Immunodeficiency Viruses 

HL High Limit of 

HLA Human Leukocyte Antigen 

IEC International Electrotechnical Commission 

IFCC International Federation of Clinical Chemistry and Laboratory 

Medicine 

IPAC Instituto Português de Acreditação 

IQC Internal Quality Control 

ISO International Organization for Standardization 

IT Information Technology 

IUPAC International Union of Pure and Applied Chemistry 

J Youden’s Index 

k Coverage Factor 

k pair Sensitivity and 1-Specificity Pair per Discriminator 

L Control Limits 

LL Low Limit of 

LoD Limit of Detection 

m Number of Replicate Determinations 

n Number of 

NA Negative Agreement 

NAT Nucleic Acid Test 

NCCLS National Committee for Clinical Laboratory Standards 

NIST National Institute of Standards and Technology 

OA Overall Agreement 

ped Probability of Error Detection 

pfr Probability of False Rejection 

pn Percentile of n 
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PA Positive Agreement 

PCP Proportion of the Number of Individuals with True Condition in the 

Population 

PCR Polymerase-Chain-Reaction 

PDCA Plan-Do-Check-Act 

PDTS Preliminary Draft Technical Specification 

PT Proficiency Testing 

Pr Prevalence 

QC Quality Control 

QMS Quality Management System 

QCM Quality Control Material 

R&D Research and Development 

RIBA Recombinant ImmunoBlot Assay 

RMS Root Mean Square 

RNA Ribonucleic Acid 

ROC Receiver Operating Characteristic 

s Standard Deviation 

s
2
 Variance 

sb Bias Standard Deviation 

sd Standard Deviation of the Differences of Paired Results 

sI Intermediate Standard Deviation 

sr Repeatability Standard Deviation 

sRw Within-Laboratory Reproducibility Standard Deviation 

S Sample Signal 

S/CO Signal-to-Cutoff Ratio 

se Sensitivity 

SEcrit Critical Systematic Error 

sp Specificity 

SPC Statistical Process Control 

SYKE Finnish Environment Institute 

TAE Total Analytical Error 

TAT Turnaround Time 

TC Technical Committee 

TN True Negative 

TNR True Negative Rate 

TP True Positive 

TPR True Positive Rate 

TQM Total Quality Management 

TR Technical Report 

TS Technical Specification 

ub Bias Uncertainty 

uc Combined Uncertainty 

uc(ref) Reference Value Standard Uncertainty 

U Expanded Uncertainty 

UV Ultraviolet 

WHO World Health Organization 
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WP Window-Period 
x  Average 

VIM Vocabulary of International Metrology 

Vol1  Volume of the Starting Solution 

Vol2 Final Volume of the New Solution 

 



ix 

 

Introduction 

One of the most famous quotes in business management states that “if you 

don’t measure, you don’t know, and if you don’t know, you can’t manage.” So, “if 

you can’ measure it, you can’t improve it.” “I got my Ph.D. by taking a theory, 

testing it, and then proving my results. Now, proving my results means that I take 

those results and I turn them over to other scientists to see if they can replicate them, 

and if they cannot, then my theory was wrong. See, that’s science. A consensus of 

evidence that we call truth.” These quotations are entirely applicable to laboratory 

quality management, including quality control. 

As a general quality control practice, the laboratorian mostly deals with 

statistical approaches primarily intended to be used in clinical chemistry, 

hematology, urine, and toxicology tests expressing quantitative results. The reason 

for this could be the more substantial use of quantitative experiments in the 

diagnosis when compared to qualitative ones. The primary focus of attention on the 

quality control of qualitative results should be to assure the trueness thereof. From a 

risk-based viewpoint, untrue results are related to a high-risk of wrong clinical 

decisions. For example, false-negative results in virology tests in a Blood Bank are 

associated with a high-risk of the receptor of the blood component being infected 

post-transfusion. Usually, the beginners in the validation of qualitative tests are 

introduced to the Bayesian statistics to calculate the probabilities of binary results 

(positive / negative) occurring in specific samples [1]. Whenever possible, quality 

control practices are similar to those used in quantitative tests. However, this is only 

possible when a numerical result is available, as in the case of binary results 

classified in an ordinal scale according to a specific cutoff. Nevertheless, this 

practice could be viewed as having several limitations, an example of which is the 

application of the classic “Westgard rules” [2] to the Levey-Jennings charts [3]. 

Typically, condition accuracy (condition sensitivity and condition 

specificity), e.g., diagnostic accuracy, is expressed in a single ratio. However, the 

limitations of this practice should be understood, and the importance of confidence 

interval computation recognized. It is critical that laboratorians understand the pros 

and cons of any statistical models for making reliable and consistent (to 

specifications) decisions. 

 The most problematical issue in quality control is probably the 

determination of measurement uncertainty (5.3 of [4],[5]) required primarily by ISO 

standards. Several myths remain in the medical laboratory field, contributing to a 

misinterpretation of its application [6]. The chemistry laboratory faced similar 

problems, but its computation has been harmonized in the empirical methods for 

over 18 years [7]. The “Uncertainty Approach” (D.5 of [5]) and “Error Approach” 

(D.4 of [5]) are different visions to the verification of compliance of results. 

Measurement uncertainty expresses the statistical dispersion of the values attributed 

to a measured quantity, and Physical and Chemical scientists unanimously consider 

it as a more representative concept than the “Error Approach.” However, its 
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application in the med lab is not successful. Its application to binary results based on 

an ordinal scale, has been published [8], and it focuses on the uncertainty of results 

close to the cutoff, i.e., the clinical decision value. Therefore, the determination of 

the “gray zone” using the standard measurement uncertainty is reinforced. 

Whenever the “gray zone” is used, the classification of the results in the 

ordinal scale is trinary (positive / indeterminate / negative). Consequently, a new 

definition of the seroconversion window period is suggested considering the period 

until the first indeterminate result (if it happens) instead of the first positive results 

[9]. This period is viewed as more realistic for specific infected individuals. 

 Nonetheless, measurement uncertainty can be computed solely on 

quantitative results. An alternative method is used to determine the uncertainty of 

qualitative results. Therefore, a novel definition of “condition uncertainty” is 

suggested using a 95% confidence interval [10]. Its interpretation is close to the 

expanded uncertainty, i.e., larger confidence intervals represent a lower statistical 

chance of trueness. 

So, why publish a book called “Quality control of qualitative tests for 

medical laboratories”? Well, the idea for the text began to take shape about three 

years ago. This is a book written primarily for the laboratorian and aims to 

substantiate the selection of the best statistical tools considering the intended use of 

the qualitative tests’ results (fitness for purpose). After reading the standards, 

typically the lab staff poses several questions related to a consistent implementation 

of the requirements. The purpose of the book is to answer most of these questions in 

a three-pronged vision: the statistical, the clinical, and the regulatory vision. The 

reliability of the last two depends on the consistency of the statistical tools for the 

intended use of the results. The technical requirements are seen as being integrated 

into quality management systems based on ISO 15189 [11] or ISO 9001 [12] 

standards. 

The book presents an easy-to-read introduction of the principles and of 

several examples. The laboratorian should have basic statistical skills and know-how 

in quality control for a more natural interpretation of the approaches.  

Study cases are presented for a more practical view of the theoretical 

approaches. Since there are several types of qualitative tests, the examples presented 

here do not include all the methods. Although this could be seen as a limitation, 

statistical tools can be used in most of the qualitative methods. 

All the computations can be done using a conventional computer 

spreadsheet. The reader can, therefore, easily transpose the functions of the 

spreadsheet file. All functions are compatible with Excel
®

 (Microsoft
®
, Redmond, 

Washington, USA) software. Although the robustness of Excel
®
 is often questioned 

by statisticians, its use for laboratory data treatment, when verified by data 

comparison, strongly supports the confidence in its results and the subsequent 

discussions and conclusions. The spreadsheets are intended only for research 

purposes and to demonstrate the case studies presented. We strongly encourage the 
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use of commercial software for laboratory results evaluation, which is available 

anywhere. 

An important pre-evaluation action is the verification of any data point that 

differs significantly from other observations, referred to as “outlier,” to avoid 

misinterpretation. This check is cross-sectional to all statistical tests. Grubbs test 

[13] is suggested. Whenever normality of data is required (parametric tests), their 

distribution can be verified by tests such as the D’Agostino’s K
2
 [14]. See 

SpreadsheetsA-OutliersAndNormalityOfDistribution for examples of data 

verification. 

Harmonized vocabulary is used to be easily recognized by the med lab 

staff. Part of the terminology is from the Vocabulary of International Metrology 

(VIM) [15], and some terms intended solely for the medical laboratory are mostly 

available in the Clinical Laboratory Standards Institute’s “Harmonized terminology 

database” [16]. For instance, the “qualitative” term used in the book title is not part 

of the Vocabulary of International Metrology (VIM). However, it is immediately 

recognized in the medical laboratory. The International Federation of Clinical 

Chemistry and Laboratory Medicine (IFCC) and the International Union of Pure and 

Applied Chemistry (IUPAC) published a “Vocabulary on nominal property, 

examination, and related concepts for clinical laboratory sciences” referred to as 

“IFCC-IUPAC Recommendations 2017” [17]. The ordinal examination results with 

a quantitative background scale are expressed by “ordinal tests.” For example, 

binary results (positive / negative, reactive / no reactive) classified on an ordinal 

scale according to a decision point (cutoff). On the other hand, “nominal tests” are 

those related to qualitative results with no other related expression. For example,  

agglutination / no agglutination in a slide for blood typing. We have avoided using 

terminology that is easily understood in general metrology, but not identified in the 

med lab. 

 Outline of the book’s structure: 

Chapter 1 – ISO compliance introduces mainly ISO 15189 for the 

accreditation of medical laboratory methods or tests. For a consistent application of 

this global standard, the laboratorian must understand its specifications. We have 

discussed the use of most of its technical requirements that involve the selection, 

verification, validation, measurement uncertainty, internal quality control, and 

external quality assessment / proficiency testing (EQA / PT) of qualitative results. 

Moreover, we have crossed ISO 15189 with ISO 9001 requirements for a more 

natural interpretation of this guideline, which is oriented to a generic implementation 

of a quality management system. How do we meet the referred ISO claims? See the 

following chapters for suggested methodologies. 

 Chapter 2 – Significant causes of uncertainty in qualitative tests 

discusses the main sources of error that can cause untrue binary results. As the test 

methodology is essential to recognize the most common analytical causes of failure, 

we have presented a brief overview of qualitative test design. The impact of the 
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analytical error on the cutoff trueness is discussed, as well as the effect of the 

analytical error on the accuracy of the classification of binary results. The 

importance of the “gray zone” and the associated trinary classification to minimize 

the impact of analytical error in the results is debated. Moreover, the biased results 

due to biological factors are presented with a focus on the seroconversion window 

period. Furthermore, the contribution of other possible sources of bias to the lack of 

representativeness of patients’ samples is also pondered. Finally, the impact of 

interferences in bias is discussed. This debate is important for a better focus on the 

use of the quality control tools that allow us to see what is and what is not 

measurable (limitation of the studies). 

Chapter 3 – Measurement uncertainty and total analytical error in 

qualitative methods introduces both the “Uncertainty Approach” and the “Error 

Approach” (also recognized as “Traditional Approach” or “True Value Approach”). 

The challenge is to introduce the laboratorian to the similarities and differences of 

the visions, wherein empirical models are considered for both. While not ignoring 

the usefulness of the modular models to the manufacturer, they are not discussed 

further here since they are not meant to be used in medical laboratory practice. The 

models presented are based on recognized protocols in med lab requiring data from 

single-laboratory validation, interlaboratory comparisons or EQA /PT. The 

importance of the metrological traceability of the results is considered. Compliance 

assessment is associated with the empirical estimate of the “gray zone.” Lastly, the 

evaluation of analyte concentrations near the cutoff is presented as a complementary 

tool to estimate an identical zone. 

Chapter 4 – Performance of binary classification tests is based on 

condition accuracy, probably the most well-known methodology for validating 

qualitative results. In this chapter, we introduce the basis of the statistics concepts 

applied and discuss the importance of the samples to the robustness of the estimates. 

We have used 2x2 contingency tables, followed by a discussion about the value of 

the analysis of the numerical data to distinguish between two or more tests with 

identical condition sensitivity and specificity. Lastly, the window period is presented 

using a binary and trinary results logic. 

Chapter 5 – Agreement of binary classification tests is intended to lead 

the reader to validation where samples with a true condition are unavailable. The 

reliability of this model compared to the condition’s accuracy is weak. Therefore, 

since the consistency of the results is dependent on the comparative test 

performance, its selection should be applied uniquely if the condition is unavailable. 

Chapter 6 – Computation of the cutoff for “in-house” and modified 

tests, as the title refers, applies solely to tests prepared in the laboratory requiring 

cutoff determination. Again, the importance of the samples is critical, now to a 

“realistic” cutoff. However, the “realism” of the cutoff does not depend only on the 

samples but also on the intended use of the results. Usually, false-positive results are 

better accepted than false-negative ones. The computation of the cutoff by the 

receiver operating characteristic curve is discussed. Although we have tried to use 

the most accessible language, it is probably the most complex statistical model 

presented in this book. However, its principle is simple: it provides the various 
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condition sensitivities and specificities for all the possible cutoff points. The 

laboratorian selects the point that meets the requirements related to the intended use 

of the results, i.e., according to the clinical application. An area ranking allows the 

classification of the detection capability of the test for a certain cutoff. 

Chapter 7 – Internal quality control and external quality assessment / 

proficiency testing debate models suitable for qualitative tests. The internal quality 

control principles are discussed to aid the selection of the best designs based on a 

qualitative logic. The DPMO-derived and SEcrit-derived sigma metrics express the 

capability to meet the specifications. Models are presented for variables using 

numerical results (ordinal tests), and an application to monitor “pure” qualitative 

results (nominal tests). Both methodologies are intended to control the loss of 

sensitivity in the qualitative tests. EQA /PT is introduced.  
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