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Abstract This chapter explores the use of quality statistical tools for the develop-
ment of diagnostic tests for SARS-CoV-2 and the different metrological parameters
recommended to laboratories towards guaranteeing the quality assurance of the tests,
according to ISO/IEC 17025. Tools such as validation, uncertainty estimation, and
proficiency testing are presented and the importance of their application to the current
scenario and their perspectives and scarcity in the tests developed and made available
are discussed.
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1 Introduction

The current global pandemic caused by Severe Acute Respiratory Syndrome 2
(SARS-CoV-2) is considered constant challenge for global public health. Diag-
nostic methods, or in vitro tests, developed for the detection and diagnosis of
the contagion of viruses act towards a quick and effective response in a crisis,
contributing to the screening, diagnosis, follow-up/treatment of patients, and
recovery/epidemiological surveillance [1]. Their performance must be qualified and
reported so that their compliance with legislation can be assessed. However, the
currently available database has revealed a mismatch between existing or reported
results of method/test/device information from metrology tools applied and perfor-
mance criteria, which requires the performance characteristics of the method be
defined so that it is scientifically consistent under the conditions for its adoption [1].
A set of qualitative analysis checks should therefore be applied to the method through
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different metrological tools (e.g., validation, uncertainty estimation, and proficiency
testing) for ensuring the tests are suitable and compliant with their application.

This chapter addresses the importance of a correct application of metrology tools
for ensuring both quality and reliability of the results of SARS-CoV-2 detection
methods. The analysis is based on a review and an evaluation of such tools and their
best practices are highlighted.

2 SARS-CoV-2

Emerging and re-emerging infectious diseases are regarded as ongoing challenges
for global public health. Among such diseases, the current Severe Acute Respiratory
Syndrome 2 (or SARS-CoV-2), formerly known as novel coronavirus (2019-nCoV),
has been considered a global pandemic. It is transmitted by a new zoonotic agent that
emerged in Wuhan, China, in December 2019, and has caused respiratory, digestive,
and systemic manifestations articulated in the clinical picture of a disease called
COVID-19 (Coronavirus Disease 2019). COVID-19 spreads to humans from an
animal host and, according to its origin, SARS-CoV-2 virus is known to be 96%
identical to a bat coronavirus, which spreads through intermediate hosts and now
from human to human (Fig. 1) [2, 3].

SARS-Cov-2 is a P-coronavirus type virus that uses angiotensin-converting
enzyme II (ACE II) for cell adhesion and subsequent replication [4]. It is trans-
mitted by various means [e.g., aerosols (coughing/sneezing)], direct contact (e.g.,
fomites, handshake, kissing, and hugging), and possibly through sexual contact [5].
COVID-19 can develop asymptomatically or with symptoms such as runny nose,
fever, cough, diarrhea, and, in more advanced cases, severe pneumonia [6].

The virus is known to have a high transmission rate and cause an acute respiratory
syndrome that ranges from mild cases—approximately 80%—to very severe ones—
between 5 and 10%—with respiratory failure and a variable fatality rate, mainly
according to age group [2, 5], thus requiring specialized treatment in intensive care
units (ICU).

2019-nCoV (SARS-CoV-2)
Close contact?
Foodborne?

Coronavirus Natural hosts (bat) * m W

Intermediate hosts

Human to human transmission

Fig. 1 Potential transmission cycles of SARS-CoV-2 (based on Ahmad et al. [3])
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An early diagnosis of COVID-19 is essential for the identification of cases and
control of the pandemic [7]. Suspected cases can be confirmed by SARS-CoV-2
ribonucleic acid amplification molecular tests, immunological tests for antibody
detection, clinical presentation, and clinical-epidemiological investigation [8].

2.1 Diagnostic Tests for SARS-CoV-2 Detection

Diagnostic methods developed for confirming diagnoses and better estimating conta-
gion of SARS-CoV-2 have emerged in the pandemic as essential tools that monitor
cases at a population level, understand the immune response, and assess the expo-
sure of individuals and possible immunity from reinfection [7]. Such tests are simple
and usually do not require equipment; moreover, they enable the visualization of the
result in a few minutes (10-30 min on average, depending on the type of test applied)
[9].

The use of different diagnostic methods for detecting SARS-CoV-2 infection
should consider their purpose of detection, since their characteristics vary according
to the context of infection (e.g., timing of symptoms, type of sample, among others).
Their use can help from clinical decision-making to the development of a health
surveillance strategy [10, 11]. Among other aspects, individuals to be tested, clinical
stage of their disease, definition of samples to be used, and minimum acceptable
requirements for clinical performance (Fig. 2) [12] must also be identified.
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Fig. 2 Testing in the context of SARS-CoV-2 disease. Reprinted from European Commission [13]
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The tests can be classified into two groups, i.e., those that can detect the presence of
the virus (RNA and antigen tests) for supporting the diagnosis of patients with symp-
toms similar to those of 2019-nCoV, and tests with detection of the immune system
and body response against SARS-CoV-2 virus, which identify previous infections or
current infections in the presence of the virus (antibody tests) [12, 13].

Technologies based on polymerase chain reaction (PCR) and high-throughput
sequencing are commonly used in the molecular approach for replicating nucleic
acids and detecting the virus in respiratory samples [14]. Different targets include
genes E, S, and Orflab, and in RDT tests, antigens or antibodies detect the presence
of the virus. Antibody-based tests use ELISA or immunity-based technologies to
detect antibodies in patients and identify if a patient has been previously infected.
Antibodies of IgG, IgM, and IgA types related to SARS-CoV-2 infection are detected
by qualitative methodology [7, 15]. Antibody tests use blood, plasma, or serum
samples, and antigen-based testing methods can detect the presence of viral antigens
in respiratory samples and diagnose an active infection using S and N proteins as the
main targets of such antigens [7, 14].

A variety of laboratory parameters assists in monitoring the virus; apart from
the aforementioned methods, radio imaging such as computed tomography (CT)
monitors the shape of the chest throughout an infection, and inflammatory biomarkers
[e.g., interleukin-6 (IL-6)] have also been detected in patients with COVID-19[8, 12].

In addition to playing an essential and effective role in a crisis, diagnostic tests,
contribute to a rapid response to patient triage, diagnosis, monitoring/treatment,
and epidemiological recovery/surveillance [13]. Some of the several commercially
available diagnostic tests for SARS-CoV-2 have received authorizations for use by
national and international regulatory agencies [10].

Manufacturers of diagnostic methods for SARS-CoV-2 should evaluate the perfor-
mance of the test device and report the performance parameters and the technical
documentation of the device in the instructions for use—usually through perfor-
mance studies—towards assessing the compliance of the test specifications with the
legislation. Furthermore, after the commercialization of a diagnostic test, the perfor-
mance of the methods should be validated for helping public health decision-making,
especially in the context of the current crisis [9, 16].

According to a study conducted by the European Union [13], the current perfor-
mance of test methods and devices for 2019-nCoV (Working document of Commis-
sion services) has shown a clear mismatch between the existing or reported quality
assurance and the information about the tests/devices and performance criteria, which
are based on good analytical practice principles and corresponding international stan-
dards such as ISO/IEC 17025 [16] and ISO 15189 [17]. The study has shown a current
need for ensuring the performance characteristics of a test method are understood
and certifying the method is scientifically consistent under the conditions for its use,
which requires a set of checks regarding an analytical method, such as validation.
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3 Quality Assurance

Quality assurance was considered quite revolutionary for laboratories a few years ago,
since it justified laboratory credibility and proved effective in increasing the reliability
of results [18]. It has been adopted in the daily processes of laboratory management,
therefore, several organizations have implemented quality management systems in
their routine [19].

The concept of quality is mainly associated with the reliability and traceability of
analytical results in laboratories. A quality management system provides tools for
the management of factors that may affect the quality of laboratory results according
to documented procedures so that tools are properly applied and always in the same
way [18, 19].

In clinical laboratories, the implementation of a quality control system represents
all the systematic actions necessary to provide reliable results for satisfying patients’
needs and avoiding errors [20]. A regular testing of quality control samples and
samples from diseased individuals, as well as comparisons of quality control results
with specific statistical results already known are required for ensuring quality in
diagnostic tests [17].

Among the specific standards that regulate the implementation of a quality
management system in laboratories is ISO/IEC 17025:2017 [16], more flexible for
any type of laboratory and applied by several routine laboratories. However, GLP
[21] (Good Laboratory Practice) focuses on each study performed and on the organi-
zational processes and conditions under which non-clinical environmental health and
safety studies are planned, performed, monitored, recorded, archived, and reported.
As shown in Fig. 3, research laboratories apply quality principles and practices
towards guaranteeing their activities.

Among the management requirements in NBR ISO/IEC 17025:2017 [16] for the
functioning of the quality management system and the administration of the labo-
ratory, laboratories must assure their customers they provide data with the expected
quality through tools related to technical requirements and considered essential for
the reliability and traceability of the results associated with each other by AQAC
(Analytical Quality Assurance Cycle) [23] (see Fig. 4).

I.  Method validation: refers to the evaluation of a method’s suitability for an
intended use;
II. Uncertainty estimation: the confidence level of a result is evaluated with data
obtained in the validation stage;
III. Quality control: refers to a continuous evaluation of the validity of results after
the validation and uncertainty estimation stages. The method is continuously
monitored and data provided are incorporated into the validation ones.

After the evaluation of a method (during validation) and obtaining of the confi-
dence level of the result (knowing the uncertainty), the quality control is applied
towards demonstrating the method can provide reliable results in each test batch.
The use of “calibrated equipment” and “certified standards” assists in proving the
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Fig. 3 Major goals and quality systems from different kinds of laboratories, classified according
to their activities. Reprinted from Valcarcel and Rios [22]
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Fig. 4 Analytical quality assurance cycle (AQAC) with CRM and PT concepts. Modified from
Olivares et al. [24]

reliability and traceability of the results and provides sustainability to the application
of validation, uncertainty, and quality control [19, 25].

Quality Control can be applied either inter-laboratorial, or intra-laboratorial. The
inter-laboratory control employs proficiency tests (PT) periodically elaborated by
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laboratories and that help the traceability control of a given standard, whereas the
intra-laboratory control uses reference material (RM) or certified reference material
(CRM) [26].

3.1 Qualitative and Quantitative Methods

Analytical methods can be classified as quantitative or qualitative. A quantitative
method establishes the amount of substance analyzed through a numerical value with
the appropriate units [23, 24], whereas a qualitative method classifies a sample based
on its physical, chemical, or biological properties. A binary response can be provided
by a measurement instrument and test kits, which involve sensory changes detected
through the presence or absence of a microorganism, directly (mass or volume) or
indirectly (color, absorbance, impedance, etc.) in a given sample [23, 24].

Semi-quantitative methods of analysis lie between qualitative and quantitative
ones; they provide an approximate answer regarding the quantification of an analyte
and usually assign a certain class to a test sample (e.g. concentration can be high,
medium, low, or very low) [27].

Prior to the validation process in the analysis of samples, studies on the perfor-
mance parameters of a qualitative method, i.e., parameters analyzed during the valida-
tion of quantitative methods, must be conducted [27, 28]. Qualitative methods provide
a response on the presence or absence of a particular analyte in a sample; therefore,
the results of a qualitative analysis are binary responses such as present/absent, posi-
tive/negative, or yes/no. The parameters evaluated (Table 1) for qualitative methods
are generally specificity, sensitivity, precision, false-positive rate, and false-negative
rate, whereas repeatability and reproducibility are assessed for quantitative methods.

Quantitative methods can be described by a well-established set of performance
characteristics to be used. In a comparison of such characteristics with those of
qualitative methods, only the limit of detection (LOD) provides essentially the same

Table 1 Relationship

between performance
parameters studied in
quantitative and qualitative
analyses

Quantitative method

Qualitative method

Accuracy: trueness, precision

False positive and negative
rates

Range and linearity

Cut-off limit

Uncertainty

Uncertainty region

Detection limit

Detection limit

Selectivity

Selectivity: interferences

Sensitivity and specificity

Sensitivity and specificity

Precision: reproducibility and
repeatability

Accordance and concordance

Robustness

Robustness
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Validation of the
qualitative
analysis method

Fig. 5 Qualitative analysis process: (1) problem description, (2) method development and (3)
validation, (4) tests on unknown items checked through quality control, and (5) reporting of results
(Based on EURACHEM/CITAC Guide (2021) [30])

meaning for the methods, while concepts related to selectivity are important for
both. The major features of qualitative methods are measures of “correctness” (ie,
indications of false response rates), which have no direct counterpart in quantitative
methods [29].

Qualitative analyses have gained importance in laboratories and several sectors,
since they provide fast, objective, low cost, simple, and error minimization results
due to the shorter interval between sampling and analysis frequently selected for
screening [27].

A qualitative analysis (Fig. 5) requires both specification of the property and
assessment of the suitability of the analysis for the intended use. The reporting of a
qualitative analytical result must be supported by valid procedures and an adequate
quality control of the test, and the way the results are reported depends on the purpose
of the analysis and the recipient of the report [30].

The aforementioned analyses can be implemented in several analytical areas. For
example, rapid testing methods, including qualitative tests, detect microbiological
contaminants, heavy metals, pesticides, foreign bodies, mycotoxins, allergens, and
other analytes in foods [27].

3.2 Method Validation

The quality of a method must comply with national and international regulations
in all areas of analyses. Therefore, a laboratory must take appropriate steps (e.g.,
use of validated methods of analysis, internal quality control procedures, proficiency
testing, and accreditation to an International Standard such as ISO/IEC 17025 [20,
23]) towards providing high quality data.

During the development of a method or a test, its performance characteristics must
be evaluated towards their optimization and undergo preliminary validation studies
[25] for the establishment of criteria for their performance parameters. Validation
refers to confirmation and involves the provision of evidence that the minimum
requirements for acceptance of a specific intended application or use have been met,
thus proving its applicability for a particular purpose [16].

Method validation is an essential component of the measures implemented by a
laboratory for the production of reliable analytical data, as shown in Table 2.
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Table 2 Definitions of ‘validation’

Definition Reference

Confirmation through examination and provision of objective evidence | ISO/IEC 17025 [16]
that the particular requirements for a specific intended use have been
fulfilled

Confirmation through the provision of objective evidence that the 1SO 9000 [19]
requirements for a specific intended use or application have been fufilled

Verification through analyses of whether specified requirements are VIM [31]
adequate for an intended use

The validation process consists of evaluation of the performance characteristics
of a method and their comparison with analytical requirements [16]. Therefore, prior
to the implementation of tests, the laboratory must prove it can properly operate a
standardized method and provide objective evidence that the specific requirements
for an intended use have been met. It must also define the validation parameters and
criteria that best demonstrate the suitability of the method for that use [25].

Figure 6 illustrates the general process of validation of qualitative methods
that involves both experimental and qualitative non-experimental steps. If the final
result has been satisfied, the method can be considered “validated”; otherwise, it is
necessary to return to the previous steps [32].

_ Re-validation

Fig. 6 General validation process of a qualitative method: (1) Conversion of the client’s informa-
tion needs (e.g., threshold limit and % reliability required) into the expected characteristics of the
analytical information provided by the qualitative method; (2) A priori selection of the qualitative
method (e.g., standard, standard modified or developed by the laboratory) most appropriate to solve
the analytical problem; (3) Selection of the key characteristics of the qualitative method; (4) Estab-
lishment of the set of experimental processes for the determination of the selected characteristics
of the method; and (5) Comparison of the characteristics in step (4) with those established a priori
(i.e., confirmation of the fitness for the purpose of the qualitative method). (Based on Cardenas and
Valcarcel [32])
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If an existing method has been modified towards meeting specific requirements,
or if an entirely new method has been developed, the laboratory must ensure their
performance characteristics meet the requirements of the intended analytical oper-
ations. Regarding modified methods (standardized or not) or those developed by a
laboratory, a series of parameters defined by the laboratory must be evaluated for
ensuring the suitability of the method for the intended use [33].

The main characteristics of the methods during the validation process are selec-
tivity, limit of detection (LOD) and limit of quantification (LOQ), working range,
analytical sensitivity, trueness (bias, recovery), precision (repeatability, interme-
diate precision, and reproducibility), measurement uncertainty, and ruggedness
(robustness) [25].

Harmonized TUPAC [34], AOAC [35], and EURACHEM [25] protocols, among
others, describe the way validation studies must be conducted and the way the results
must be analyzed regarding the performance of quantitative methods. The valida-
tion of qualitative methods is an important bottleneck for the recognition of the
competence of laboratories. Although several publications on validation procedures
for qualitative methods are available in the literature, no harmonized document has
established the parameters to be evaluated in each process, as in quantitative methods
[27, 36]. A specific approach to this topic can be found in Trullols et al.’s “Validation
of qualitative analytical methods” [27].

3.3 Uncertainty Estimation

An assessment of the risk of misclassification is recommended in the development of
any test procedure; therefore, a laboratory is commonly expected to establish or have
access to information on the risks of incorrect results [25]. Regarding standardized
test procedures established by groups outside the laboratory and suitable for an
intended purpose, access to performance data may be limited or even non-existent
[16].

The aforementioned evaluation can provide a detailed test specification; moreover,
relevant factors under the control of the laboratory often satisfy the requirements
of a test procedure [25]. The evaluation may involve the demonstration that the
uncertainty of the control parameters and the performance of the test are adequate to
the ultimate objective of the testing [37].

Measurement uncertainty is defined as a parameter that characterizes the disper-
sion of values assigned to measurement, this is non-negative, based on the information
used, according to the International Vocabulary of Measurements—VIM [31].

The establishment of an uncertainty usually requires a range related to a measure-
ment result, which is expected to cover a large fraction of the distribution of values
attributed to a quantity subjected to measurement [37]. The method should readily
provide an interval with a scope probability or confidence level that realistically corre-
sponds to the required level for the assessment and expression of the measurement
uncertainty [38].
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Laboratories are currently not expected to assess or report uncertainties associated
with qualitative analysis results. However, some specifications, such as ISO/IEC
17025 [16] and ISO 15189 [17], require laboratories ensure they can obtain valid
qualitative and quantitative analysis results and are aware of their reliability. When
necessary, such laboratories report limitations for interpreting results and accurately
answering customers’ questions about reliability [28].

The assessment of uncertainties associated with quantitative parameters or anal-
ysis results has been the subject of considerable efforts [1]. On the other hand,
uncertainties in qualitative analysis have received much less attention due to chal-
lenges for the establishment of uncertainty parameters associated with the method
of analysis [39].

Despite a wide variety of metrics that express uncertainty in qualitative results,
only a limited consensus on those to be used has been reached [5]. The most basic
way to quantify the performance of qualitative analysis is to calculate rates of false
results, which leads to “positive” or “negative” results, reported as “true positive” and
“false positive” or “true negative” and “false negative” rates, respectively. However,
such rates can be related to the total number of a specific type of case or result or to
the total number of possible causes or results [30].

“Assessment of performance and uncertainty in qualitative chemical analysis”
[30], a recently published guide produced by a joint Eurachem/CITAC working
group, is based on experiences from several analytical fields through performance
and qualitative uncertainty analyses and provides some performance alternatives to
express the quality of qualitative analytical results (see Table 3).

3.4 Proficiency Testing

The laboratory must implement a quality assurance (QA) system that includes the
monitoring of its performance through comparisons with results from other laborato-
ries, when available and appropriate, for controlling the validity of its measurements
[26, 30], which are an important aspect of the requirements for accredited laboratories
or those seeking accreditation [16].

Participation in a proficiency test (PT) complements a laboratory’s internal quality
control (IQC) procedures, since it provides an additional external measure of the
laboratory’s measurement capability [26, 30].

Proficiency tests are considered interlaboratory studies used as tools for external
evaluations and demonstration of the reliability of laboratory analytical results. They
help the identification of failures and enable corrective or preventive actions to be
taken. Moreover, they are one of the items required for laboratory accreditation by
ISO/IEC 17025:2017 [16].

According to ISO/IEC 17043 [40], the proficiency testing provider must follow
some steps, such as instruction to participants, handling of PT items, distribution,
data analysis, and evaluation, as shown in Fig. 7.
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Table 3 Alternative
performance characteristics
for expressing the quality of
qualitative analytical results

Fig. 7 Steps of a proficiency
test according to ISO/IEC
17043:2011 [40]

C. de Oliveira Rodrigues and I. R. B. Olivares

Performance characteristics

Expression

True positive rate, TP
(sensitivity, SS)

tp/pc =tp/(tp+ fn) =
1—FN

False positive rate, FP

fp/nc= fp/itn+ fp) =
1-TN

True negative rate, TN
(specificity, SP)

tn/nc =tn/(tn + fp) =
1—-FP

False negative rate, FN

fn/pe= fn/(tp+ fn) =
1-TP

Precision or positive predictive
value, PPV

tp/p=tp/(tp+ fp)

Negative predictive value, NPV

tn/n=tn/(p +n)

Efficiency, E

(tp+1n)/(p+n)

Youden Index, Y

SS(%) + SP (%) — 100

Likelihood ratio of positive
results, LR(+)

TP/FP

Likelihood ratio of negative TN/FN
results, LR(—)
Posterior probability* O0(A) = 7 L 1()/21)4) :
_ 0
P(A) = pay

tp—number of true positive results; fp—number of false posi-
tive results; tn—number of true negative results; fr—number of
false negative results; p—number of positive results (p + fp); n—
number of negative results (n + fin); pc—number of positive cases
and nc—number of negative cases

*A probability P is usually expressed as a number between 0 and
1. However, it can also be expressed in the form of “odds”, a term
perhaps most familiar in sports betting. If the probability of an
event A is P(A) and the alternative possibility is simply “Not A”,
the odds O(A) in favor of A can be calculated. Unlike probabil-
ities, odds can take any non-negative value; 106 or “a million to
one” odds are possible and can be converted back to probabilities
through rearrangements

The interlaboratory ensures a validated method whose uncertainty has been calcu-
lated continues working satisfactorily. In principle, method validation and internal
quality control are sufficient to ensure a method’s accuracy; however, in practice,
they are often not perfect [41]. Regarding method validation, unknown influences can
interfere with the measurement process and Certified Reference Materials (CRMs)
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are not available in several industries [27]. Given these factors, it is difficult to estab-
lish traceability of results and unidentified sources of error may be present during the
measurement process. Proficiency testing has the advantage of providing a means
for participants to obtain an external and independent assessment of the accuracy of
their results [42].

In a general context, some of the benefits of PTs are [40]:

e [aboratory performance evaluation and continuous monitoring;

Evidence of reliable results and identification of problems related to the testing
system,

Possible corrective and/or preventive actions;

Evaluation of the efficiency of internal controls;

Determination of performance characteristics and method validation; and
Standardization of market-facing activities and recognition of test results at
national and international levels.

The development and application of PT involve a series of steps that include
different approaches chosen according to the matrix and analytes to be evaluated,
e.g., assignment of values obtained by consensus or by a reference value calculated
by different strategies, performance evaluation (z-score, Zeta-score, etc.), graphical
methods (Youden plot, histograms, etc.), and evaluation of stability and homogeneity
of PT items, among others [24].

The use of PT or other external control schemes in quality control enables the
laboratory to guarantee the effectiveness of the quality control implemented inter-
nally, an external reference of the accuracy of the results, and their comparison with
those provided by other laboratories. Among the several parameters calculated for
assessing the quality of a laboratory’s performance is the homogeneity of the results
from the participating laboratories [16, 40].

ISO/IEC 17043 [40] describes requirements for the competence of PT providers
and ISO 13528 [42] provides an approach to data for qualitative methods. Some
practical information on how to select, use, and interpret PT schemes can be found in
the Eurachem Guide [25]. However, no fully appropriate scheme has been developed
for emerging fields of analysis or rare applications.

4 Application of Quality Statistical Tools in Tests
for the Detection of SARS-CoV-2

Quality control, one of the tools strongly related to metrology [19], involves a set of
measurement operations that ensure the products manufactured by a company meet
the technical specifications to be introduced in the Market [20].

An increasing number of SARS-CoV-2 RNA tests (mostly through RT-PCR) and
tests for antibodies against coronavirus (mostly immunoassays) have been reported,
whereas a small number of antigen tests is available [13].
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The pandemic crisis caused by SARS-CoV-2 and the need for tests that diagnose
the virus have required adequate evaluations (i.e. validations) of the performance of
the emerging test methods, as well as the development of protocols that standardize
their specification of quality, safety, and efficacy, which involves validation of the
methods and determination of their uncertainty for ensuring public health safety
during their use. Furthermore, the development of proficiency tests in the public
domain enables laboratories to prove their competence in test design.

Among the main metrological quality tools are validation, uncertainty estima-
tion, and proficiency testing, as discussed elsewhere. Figure 8 displays a complete
set of measurements to be performed by laboratories towards high-quality results.
Apart from validation and/or standardized methods, internal quality control (IQC)
procedures (use of reference materials (MRs), control charts, etc.), participation in
proficiency tests, accreditation to an international standard, usually ISO/IEC 17025
[16], and registration of the test with regulatory agencies such as ANVISA [23] are
effective measures.

SARS-CoV-2 diagnostic tests have been performed worldwide in laboratories with
extensive experience and technical capacity for nucleic acid amplification testing.
Although such tests, which have been commercialized, have been validated and
approved by regulatory agencies, few data on their efficacy in wide implementations
are currently available.

According to a survey on SARS-CoV-2 diagnostic tests in use, of those registered
with Agéncia Nacional de Vigilancia Sanitdria (ANVISA) [10], 64 were analyzed,
as shown in Fig. 9, and no standardization of the performance parameters has been
established for ensuring the quality of their results, thus leading to public health risks.

Most parameters analyzed by the manufacturers (e.g., sensitivity and speci-
ficity) have shown discrepancies and followed no standard. The low sensitivity of
a diagnostic test may lead to false negatives, thus interfering mainly in cases of
asymptomatic individuals.
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Fig. 9 Main performance parameters used in tests for the diagnosis of SARS-CoV-2 in Brazil,
according to ANVISA (2020) [10]

A study developed by the European Commission [13] on the current performance
of COVID-19 test methods and devices revealed an urgent need for adequate assess-
ments (i.e. validation) of the performance of both existing and emerging test methods
with a view to SARS-CoV-2 viral RNA, such as antigen or antibody tests [1].

We can conclude no standardization has been established for the detection of
the quality of tests and no data or parameters for their measurement uncertainty are
available.

Regarding the proficiency tests currently available worldwide, only 01 PT has been
identified for the diagnosis of COVID-19 in Brazil and only 07 international tests
(offered by private companies) have been reported. Therefore, given the importance
and urgency of diagnostic methods for COVID-19, the development of a public
and widely applicable PT for laboratory comparisons and assurance of results are
crucial, since they can be used as a model for other qualitative PTs in emerging
disease diagnoses for ensuring interlaboratory testing reliability.

New protocols for validation, calculation of uncertainty, and development of profi-
ciency assays must be implemented not only for the current scenario, but also for
future detection tests for SARS-CoV-2 for diagnosing the immunity obtained after
infection or vaccination. Once issues of reliability and evaluation of diagnostic tests
have been clarified, they will be an essential tool for the development of strategies
against SARS-CoV-2 and diseases that may emerge.

5 Conclusions and Future Perspectives

This chapter has discussed statistical quality tools for the quality control of diagnostic
tests for SARS-CoV-2.
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Among such tools, validation proves an analytical method is suitable for its
purpose, thus ensuring routine analyses reproduce consistent values when compared
to a reference value. A method is considered validated when evaluated according
to a series of established parameters, such as specificity and selectivity, linearity,
working range or range, precision, detection limit, quantification limit, accuracy,
and robustness (repeatability) and if it has achieved the expected performance.

The uncertainty estimate that provides the confidence level of the result of each
test must also be established, and laboratories must be aware of the reliability
of qualitative analysis results so that, when necessary, they can report limitations
for interpreting results and accurately responding to customers’ questions about
reliability.

Moreover, well-characterized reference (control) materials that simulate real
patient samples and reference test methods should be inventoried, verified, or estab-
lished towards comparisons of the performance of different tests according to the
quality standards required. Other proficiency testing exercises must be organized, so
that laboratories can prove their competence in COVID-19 testing.

Despite the importance of application of statistical tools to diagnostic tests for the
detection of SARS-CoV-2, no standardization has been established for the registra-
tion process with regulatory bodies. Therefore, this chapter has addressed an eval-
uation and application of statistical tools (validation, uncertainty estimation, and
proficiency testing) for the development and monitoring of such tests. The trans-
mission cycles of SARS-CoV-2 must be understood and mechanisms that help the
prevention and mitigation of transmission must be developed for use in future risk
conditions in the context of emerging zoonotic diseases, including the current one.
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