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LETTER TO THE EDITOR

Problems of Interpreting Diagnostic Tests for
SARS-CoV-2: Analytical Chemistry Concerns

ISABELA A. MATTIOLI & FRANK N. CRESPILHO

Abstract: The COVID-19 pandemic outbreak made the development of reliable, sensitive,
and reproducible testing methods crucial throughout the world. Without proper
analytical validation, testing results can be misinterpreted, leading to a certain degree of
misinformation in the clinical area. To accurately assess the methods, the determination
of an analytical linear range of response of the assay is fundamental. Based on this
curve, the evaluation of some parameters as sensitivity, limit of detection, and limit of
quantification can be done, as well as the establishment of cut-off values. Statistical
treatments of the collected data can be performed for reproducibility and reliability
evaluations. In this context, there is a wide range of analytical concerns that should be
in-depth discussed in medical, biomedical and chemical areas. This letter aims to briefly
clarify some analytical chemistry concepts, as sensitivity, cut-off and limit of detection,
and their application towards clinical diagnosis.
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The COVID-19 pandemic outbreak highlighted one of the most relevant issues in analytical chemistry:
the differences between the testing technique (TT) and testing method (TM) isa common misinterpreted
concept in clinical area. TT consists of several procedures beyond the testing technique, such as the
collection of specimens, its preservation, handling, transporting, labelling, and delivering. Patient
pre-test preparation procedures are also part of the method (Fischbach & Dunning Il 2015). These
protocols, also known as preanalytical factors, were previously reported to be the main sources of
testing errors in laboratories (Lippi et. al. 2020). While developing the TM, the most suitable TT for the
TM must be validated for the detection of the target analyte, otherwise the analysis is executed within
a wide range of analytical errors that lead to false results.

A successful validation comprises various factors: 1) characteristics of the samples to be
analyzed (i.e.,, blood, serum, plasma, solid residues); 2) the need of a previous step concerning
sample preparation; 3) the specimens to be quantified (i.e., genetic material or antibodies); 4) the
determination of analytical parameters, such as the limit of detection (LOD), sensitivity and ultimately
5) the statistical treatment on the applicability of the TT in a suitable sample population. When a TT
is validated for clinical purposes, sensitivity is a key factor to determine. It is defined as the slope of
a calibration curve and is therefore relevant when a concentration range of detections is determined
only. It provides information on the testing assay sensitivity to changes in the analyte concentration
(Massart et. al. 1978, Mikkelsen & Corton 2016). In many binary immunological assays, (i.e. those which
gives a yes/no result) sensitivity is reported as a percentage quantity, related to the ability of the
test in recognizing a positive result (Parikh et al. 2008). However, sensitivity is often misinterpreted as
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the LOD of an assay in several reports in the clinical area relates to COVID-19 diagnosis (Whitman et
al. 2020). By definition, LOD is the minimum amount of an analyte that can be detected, generating
a signal three times higher (in standard deviations magnitude) than the blank signal (Mikkelsen &
Corton 2016). It is possible for a TT to exhibit low sensitivity and low LOD, and vice-versa (Massart
et. al. 1978). Reproducibility of TT should be correctly determined along with a proper statistical
treatment, especially for COVID-19 diagnosis. To determine reproducibility, a large population of
samples is necessary and a t-student test can be helpful to determine if the obtained results follow
a normal distribution (De Winter 2013). Nonetheless, lack of reproducibility spoils the robustness of
the T™.

One of the main side effects of the lack of robustness and reproducibility of TT is the occurrence
of false positive and false negative results. Cut-off values that establish false negative-and positive
results should be determined. Generally, cut-off values can be chosen as the correspondent signal to
the LOD or LOQ (Limit of Quantification) of the assay (Mikkelsen & Corton 2016). If the target analyte
is present in a concentration lower than the cut-off value, and yet the technique indicates that it
is present above this value, a false positive result occurs. Conversely, a false negative result occurs
when the analyte is present in a concentration above the cut-off value, but the technique indicates
that it is absent in the sample (Mikkelsen & Corton 2016). It should be noticed that cut-off value is
not related to the sensitivity of the assay and its TT (Mikkelsen & Corton 2016).

Based on what has been pointed out in this letter and differently to what is being made in clinical
literature (Sethuraman et. al. 2020), we strongly encourage that a proper discussion concerning TT
for COVID-19 diagnosis and effectiveness of testing assays should include how these TTs are being
validated and if the employed analytical concepts are being correctly interpreted (Figure 1).
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Figure 1. Steps involved in the development of a testing method for COVID-19 diagnosis. The TT to be employed
is part of the entire method, although the main source of testing errors is not related to its execution. During
the technique validation, it is fundamental to determine the assay reproducibility, sensitivity, LOD, and standard
deviations through a statistical treatment of the results.

An Acad Bras Cienc (2020) 92(4) 20201208 2|3



ISABELA A. MATTIOLI & FRANK N. CRESPILHO LETTER TO THE EDITOR

Acknowledgments

The authors gratefully acknowledge the Fundacao de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP) for the
financial support of the research projects under the grant numbers: 18/11071-0, 19/15333-1, 19/12053-8 and 18/22214-
6. Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), MeDiCo Network CAPES-Brazil grant
number: 88881.504532/2020-01. Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPg) project
number 305486/2019-5.

REFERENCES

DE WINTER JCF. 2013. Using the student’s t-test with extremely small sample sizes. Pract Assess Res Evaluation 18: 1-12.

FISCHBACH F & DUNNING Il MB. 2015. A Manual of Laboratory Diagnostic Tests. 9 ed., [s.l.] Wolters Kluwer Health,
Lippincott Williams & Wilkins

LIPPI G, SIMUNDIC AM & PLEBANI M. 2020. Potential preanalytical and analytical vulnerabilities in the laboratory diagnosis
of coronavirus disease 2019 (COVID-19). Clin Chem Lab Med 58(7): 1070-1076.

MASSART DL, DIJKSTRA A & KAUFMAN L. 1978. Sensitivity and Limit of Detection. In: Techniques and Instrumentation in
Analytical Chemistry. [s.l.] Elsevier, p. 143-156.

MIKKELSEN SR & CORTON E. 2016. Bioanalytical Chemistry. 2" ed., [s.l.] John Wiley & Sons.

PARIKH R ET AL. 2008. Understanding and using sensitivity, specificity and predictive values. Indian J Ophthalmol 56(4):
341,

SETHURAMAN N, JEREMIAH SS & RYO A. 2020. Interpreting Diagnostic Tests for SARS-CoV-2. JAMA 2019: 2019-2021.

WHITMAN JD ET AL. 2020. Test performance evaluation of SARS-CoV-2 serological assays. medRxiv, [s. L, s. n.].

How to cite
MATTIOLI IA & CRESPILHO FN. 2020. Problems of Interpreting Diagnostic Tests for SARS-CoV-2: Analytical Chemistry Concerns. An Acad Bras Cienc 92:
€20201208. DOI 10.1590/0001-3765202020201208.

Manuscript received on July 29, 2020;
accepted for publication on August 31, 2020

ISABELA A. MATTIOLI
https://orcid.org/0000-0002-1646-3996

FRANK N. CRESPILHO
https://orcid.org/0000-0003-4830-652X

University of Sao Paulo, Sao Carlos Institute of Chemistry, Av. Trabalhador
Sao-Carlense, n° 400, Pg. Arnold-Schmidt, 13560-970 Sao Carlos, SP, Brazil

Correspondence to: Frank Nelson Crespilho
E-mail: frankcrespilho@igsc.usp.br

Author Contributions

FN.C and I.AM conceived and discussed the main ideas of the manuscript. Bibliographic revision was carried out by I.AM. This
manuscript was prepared with equal contributions of all authors.

[@)sy |

An Acad Bras Cienc (2020) 92(4) 20201208 3|3



