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the agreement was calculated using the Kappa index and interpreted following the criteria of

Landis and Koch (1977) [15] as follows: <0, no agreement; 0–0.2, slight agreement; 0.2–0.4,

fair agreement, 0.4–0.6, moderate agreement; 0.6–0.8, substantial agreement; 0.8–1, almost

perfect agreement. The sensitivity, specificity, accuracy and Kappa index were presented with

95% confidence intervals (95% CIs). For each Ag-RDT, complementary analyses were per-

formed stratifying patients into days of symptoms (7 days) and the total CT mean using logis-

tic regression with Minitab Statistical Software. Although the Ct mean gathering the three

genes’ targets has no diagnostic meaning, we have used this value as proxy for the magnitude

of the total viral load in the sample, a mathematical strategy to correlate the viral load with test

performances.

Results

Population characteristics

A total of 162 nonvaccinated participants were included from March 22 to April 21, 2021. The

flow diagram showing the patients included in the study and its primary outcome according to

the test is presented in the S1 Fig. The median age of the participants was 56.3 years (IQ 25–

75%: 46–65 years), and 53.7% were female. The median duration of symptoms was 9.8 days

(IQ 25–75%: 6–13 days), and the most frequent clinical manifestations were cough (84.6%),

shortness of breath (74.1%) and fever (67.3%), followed by myalgia (62.4%), headache (54.9%)

and diarrhea (43.2%). The most commonly observed comorbidity was hypertension, which

was present in 51.2% of the patients, followed by diabetes (29.6%) and respiratory chronic dis-

eases (9.9%). Forty-nine hospitalized patients (30.2%) did not present any comorbidities. The

prevalence of SARS-CoV-2 infection defined by RT–qPCR positivity was 80.9%, comprising

131 confirmed patients, with a mean Ct of 23.5 (interquartile range [IQR]: 19.7–27.4]. The

characteristics of each population according to Ag-RDT are detailed in Table 2.

Ag-RDT results

Overall, the sensitivity of the Ag-RDTs ranged from 9.8 to 81.1%, and the specificity was

higher than 83.3% for all evaluated tests (Table 3). The agreement beyond chance expressed by

the Kappa index demonstrated fair agreement (K�0.2 < 0.4) for most Ag-RDTs except for

the Ag-RDT COVID-19 (Acro Biotech) test, for which moderate agreement was observed

(K = 0.53) and for CORIS Bioconcept1 Ag-RDT (Nanosens) that presented slight agreement

(K = 0.04).

The agreement between the results of three commercial tests (COVID-19 Ag ECO teste

(Eco Diagnostica), Coris Bioconcept Ag-RDT (Nanosens) and SARS-CoV-2 Ag-RDT (SD

BIOSENSOR)) performed on the same patients using directly obtained respiratory secretions

and MTU source is shown in (S1 Table) and was considered slight or fair.

The indirect method of quantifying viral load expressed by the Ct value, obtained by RT–

qPCR, was correlated with Ag-RDT positivity. False negative Ag-RDT results were mostly

observed in patients with high Ct values for all Ag-RDTs evaluated (t test; p<0.05; Fig 1a). For

some Ag-RDTs, patients with more days of symptom onset had more false negative results (t

test; p<0.05; Fig 1b). The greater sensitivity among patients with Ct<25 corroborates these

findings (Table 4). Only for the Ag-RDT COVID-19 (Acro Biotech) test was there no statisti-

cally significant difference in sensitivity according to the Ct values. Regarding the days of

symptom onset, a numerical sensitivity reduction in the second week of symptoms was

observed for all Ag-RDTs, with a significant difference only for CorisBioconcept and Celler

Wondfo tests.
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directly affected by viral load and indirectly affected by disease length. These observations rein-

force that the ideal period for the use of rapid tests may be at least until the first seven days of

illness. However, the need for judicious allocation of patients in the hospital environment and

diagnostic opportunity represented by attendance at the health unit when clinical symptoms

intensified in the second week of illness justify the interest in evaluating the performance of

antigen-based tests in this population.

Fig 1. Antigen-detection rapid diagnostic test results according to the cycle threshold value observed by RT–qPCR (a) and days of symptom onset (b).
�p< 0.05; +: positive Ag-RDT; -: negative Ag-RDT.

https://doi.org/10.1371/journal.pone.0269997.g001
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The total sample of patients to be included was supported by sample calculation; however, sub-

group analysis should be interpreted carefully considering the heterogeneity of the population.

Although Ag-RDTs presented lower sensitivity than RT–qPCR, those tests may be a useful

diagnostic tool for COVID-19, rapidly detecting patients with high viral loads. These results

confirm that the performance of rapid tests based on the antigen search for SARS-COV-2 in

Fig 2. Association between the Ct value and Ag-RDT results. All dots reflect positive RT–qPCR results, shown on

the x-axis at the observed mean Ct value. Red dots indicate positive Ag-RDT samples, and blue dots indicate negative

Ag-RDT samples. The red line reflects the probability of a positive Ag-RDT based on the Ct value, and the red dotted

line denotes the point where 50% of Ag-RDTs are expected to become positive.

https://doi.org/10.1371/journal.pone.0269997.g002
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