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ABSTRACT

Objective: early diagnosis for COVID-19 with rapid antigen test (PRA) and real-time polymerase chain 
reaction (TR-PCR), applying a predictive model. 
Method: retro-prospective, observational, longitudinal study; in 2020, a PRA and TR-PCR indication score for 
COVID-19 was applied to 98 patients (age, fever, respiratory symptoms, chest X-ray, comorbidities, place of 
residence and work activity); > 4 indicated taking TR-PCR (χ2=0,531, p>0,05), area under the curve (AUC) 
of 0,5; 3 regression models were performed, the third was more effective (vital signs and clinical signs) to 
decide positivity; in 2023, 284 patients were included to validate the model. 
Results: mean age 47,7±16,7, frequent symptoms with cough, fever and asthenia; mean systolic pressure 
119,7±15,6 mmHg and diastolic 74,8±10,9 mmHg; TR-PCR with a sensitivity of 85 %, a validity rate of 49 %; 
positive predictive value of 48 %; negative predictive value 55 %, positive likelihood ratio 1,019; Cohen’s 
Kappa index, (κ=0,016, 95 % CI: -0,073 to 0,1). 
Conclusions: molecular tests were contrasted with vital signs and clinical signs; We consider that our model 
can be useful, but its validation still needs to continue and be applied to more patients.

Keywords: COVID-19; Molecular Diagnostic Techniques; Predictive Models; Rapid Diagnostic Tests; Sensitivity; 
Specificity.

RESUMEN

Objetivo: el diagnóstico precoz, para COVID-19 con prueba rápida de antígeno (PRA) y la reacción en cadena 
polimerasa en tiempo real (TR-PCR), aplicando un modelo predictivo. 
Método: estudio retro-prospectivo, observacional, longitudinal; en 2020 se aplicó a 98 pacientes, un score 
de indicación de PRA y TR-PCR para COVID-19 (edad, fiebre, sintomatología respiratoria, Rx de tórax, 
comorbilidades, lugar de residencia y actividad laboral); > de 4 indicaba tomar TR-PCR (χ2=0,531, p>0,05), 
área bajo la curva (ABC) de 0,5; se practicaron 3 modelos de regresión, el tercero fue más eficaz (signos 
vitales y clínica), para decidir positividad; el 2023 se incluyeron 284 pacientes para validar el modelo. 
Resultados: media de edad 47,7±16,7, síntomas frecuentes con tos, fiebre y astenia; media de presión 
sistólica 119,7±15,6 mmHg y 74,8±10,9 mmHg diastólica; la TR-PCR con sensibilidad del 85 %, un índice de 
validez del 49 %; valor predictivo positivo de 48 %; valor predictivo negativo 55 %, razón de verosimilitud 
positiva de 1,019; índice Kappa de Cohen, (κ=0,016, IC 95 %: -0,073 a 0,1). 
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Conclusiones: las pruebas moleculares, se contrastaron con signos vitales, clínica; consideramos que nuestro 
modelo puede ser útil, empero aún se necesita continuar su validación y aplicarlo en más pacientes.

Palabras clave: COVID-19; Modelos Predictivos; Pruebas de Diagnóstico Rápido; Técnicas de Diagnóstico 
Molecular; Sensibilidad; Especificidad.

INTRODUCTION
An outbreak of a new pneumonia in Wuhan, China, in 2019, caused by the coronavirus (SARS-CoV-2, 2019-

nCoV, COVID-19), spread rapidly. 81 % of the patients had mild to moderate pneumonia; in 2020, the mortality 
rate was 2,3 %.(1,2,3,4) COVID-19 can progress to severe disease with high mortality; the severity factor is males 
over 65 years of age, who are at a higher risk of requiring intensive care.(3,4)

For detection, rapid antigen tests (RAT) and RT-PCR (reverse transcription polymerase chain reaction) are 
used; RAT tests began to be marketed in November 2020, and RT-PCR as a complement; RATs detect antigens 
from nasal swabs and return results in minutes; it has a sensitivity of 40,2 to 74,1 % and a specificity of 93 to 
99,8 % in asymptomatic individuals, which is lower than that of RT-PCR (86 to 92 % and 99 %, respectively); 
however, RAPs are cheaper and easier to implement on a large scale.(2,5)

Hospitals should have RT-PCR and RATs available to detect these patients in the acute, convalescent, or 
seroconversion stages.(6) The WHO (World Health Organization) mentioned that RT-PCR, performed on blood and 
respiratory tract samples, was the test of choice for diagnosis.(5,6)

Rapid diagnosis and isolation of people carrying SARS-CoV-2 are key to breaking the transmission chain; RT-
PCR is a painful process, it has complications, it requires trained personnel, and it poses a risk of infection for 
the person taking the sample; thus, several options have emerged, such as that of Kocagoz T et al., where they 
applied nasal swabs, gargles, and mouthwashes and identified the virus before and after with 76 (66,7 %), 67 
(58,8 %) and 101 (88,6 %) respectively.(7)

A prospective cohort from 2022 compared the PRA with the RT-PCR positivity index (0 asymptomatic and 
two symptomatic); the PRA showed 93,4 % sensitivity at 48 hours in symptomatic patients and, in comparison 
with the index, the sensitivity rose from 62 to 79 % with the third sample.(8) Another study carried out with the 
creation of 4 prototypes by 3D of nasopharyngeal swabs found an agreement rate of 80 % (K=0,85-0,89) with 
RT-PCR tests.(9)

On the other hand, there are many positive patients, while for the negative ones, the possibility cannot 
be ruled out, generating false negatives, which represent a threat to the community; thus, there are other 
diagnostic options, such as checklists, 3D devices, etc.; in this way, after the invention of a prediction score, 
both for the PRA and the RT-PCR, a predictive model was created with clinical and epidemiological variables and 
vital signs, which was applied to people who had COVID-19; in this way, it was possible to make a comparison 
of whether or not this model is helpful for the diagnosis of COVID-19, as opposed to the rapid test or RT-PCR

METHOD
The present work arose from a retrospective study carried out between July and September 2020, where a 

score for the indication of RT-PCR for COVID-19 was created and applied in 98 patients (age, fever, respiratory 
symptoms, chest X-ray, comorbidities, place of residence and work activity), where a value > 4 indicated the 
need to take an RT-PCR about a PRA; however, it was shown that there is no relationship to indicate RT-PCR 
or PRA (χ2=0,531, P>0,05), with an AUC of 0,5 (p-value= >0,05) (see additional file 1 [https://drive.google.
com/file/d/1kjvPcL_JBXbbohTr67MlNftNk4y66Wif/view]); subsequently, three binary logistic regression models 
were performed, where the third allowed the creation of a predictive model to decide on the positivity of a 
RT-PCR or PRA.

Subsequently, two stages were applied to evaluate the predictive model’s usefulness based on an 
observational, analytical, retrospective, and cross-sectional study. In the first stage, between January and 
July 2023, 163 patients from the Univalle Sud hospital were included. A descriptive analysis was carried out to 
validate the predictive model, with summary tables of information about the covariates; on the other hand, 
the results of the model were presented, contrasted with the laboratory results; for vital signs, box plots were 
presented, discriminated according to the positive or negative result for COVID-19.

The model was evaluated using a relational analysis between its output and the RT-PCR results. It was also 
used for the laboratory results and the different covariates, using the χ2 independence test or Fisher’s exact 
test. Subsequently, Cohen’s Kappa index (κ) was determined for valid cases. Additionally, sensitivity, specificity, 
positive predictive value, negative predictive value, and likelihood ratio values were determined.

In the second stage, between August and September 2023, taking into account specificity and negative 
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predictive value as null, it was decided to expand the sample, especially considering a more significant number 
of cases with negative RT-PCR, so from 121 patients, 163 were added, with a total of 284 cases; Similarly, the 
model results and the laboratory results were contrasted using a χ2 independence test and the calculation 
of Cohen’s kappa index (κ); only the RT-PCR laboratory test was performed, because the rapid test was not 
performed in about 50 % (n=143). The process was carried out in R v. 4.2.2, SPSS v. 19, and Excel v. 2018

RESULTS
The average age was 47,7±16,7 years, higher in women than in men, with 48±18 years and 47±16 years, 

respectively (p>0,05). The most frequent symptoms were cough, fever, and asthenia, with 55 %, 60 %, and 69 %, 
respectively; the frequencies recorded show a significant relationship with the results of the model for fever, 
asthenia, and dyspnea (p<0,05) (table 1).

Table 1. Frequency of cases for model covariates, according to modeled results for PCR

Characteristics General N=2841 Negative, N=421 Positive, N=2421 Value of p2

Cough 0,2

Absent 74 (45 %) 7 (33 %) 67 (47 %)

Present 89 (55 %) 14 (67 %) 75 (53 %)

Not registered 121 21 100

Fever 0,002

Absent 65 (40 %) 15 (71 %) 50 (35 %)

Present 98 (60 %) 6 (29 %) 92 (65 %)

Not registered 121 21 100

Asthenia 0,001

Absent 50 (31 %) 0 (0 %) 50 (35 %)

Present 113 (69 %) 21 (100 %) 92 (65 %)

Not registered 121 21 100

Headache 0,7

Absent 95 (58 %) 13 (62 %) 82 (58 %)

Present 68 (42 %) 8 (38 %) 60 (42 %)

Not registered 121 21 100

Dyspnea 0,038

Absent 90 (55 %) 16 (76 %) 74 (52 %)

Present 73 (45 %) 5 (24 %) 68 (48 %)

Not registered 121 21 100

Myalgia 0,4

Absent 84 (52 %) 9 (43 %) 75 (53 %)

Present 79 (48 %) 12 (57 %) 67 (47 %)

Not registered 121 21 100

Characteristics General N=2843 Negative, N=423 Positive, N=2423 Value of p4

Systolic pressure (mmHg) 120 (110, 130) 110 (100, 120) 120 (110, 130) <0,001

Diastolic pressure (mmHg) 80 (70, 80) 70 (60, 70) 80 (70, 80) <0,001

Mean arterial pressure 
(mmHg)

91 (83, 97) 80 (73, 90) 92 (87, 97) <0,001

Heart rate 90 (81, 105) 87 (76, 100) 90 (81, 105) 0,4

Respiratory rate 22 (18, 24) 20 (20, 24) 22 (18, 24) >0,9

Temperature (°C) 36,70 (36,40- 37,50) 36,50 (36,30-36,70) 36,70 (36,40-37,50) 0,010

Oxygen saturation (%) 89 (84, 92) 86 (82, 93) 90 (85, 92) 0,14

Note: 1n (%); 2Pearson’s chi-squared test; 3Median, interquartile range (IQR); 4Wilcoxon rank sum test.

The mean systolic pressure was 119,7±15,6 mmHg, with a mean diastolic pressure of 74,8±10,9 mmHg; 
neither the pressures nor the heart or respiratory rates usually behaved (table 1), in terms of the median (P50) 
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and interquartile range (IQR). The recorded pressures and temperature are related to the group to which the 
positive TR-PCR test prediction model result for COVID-19 belongs (p<0,05). On the other hand, it can be seen 
that the estimators for the group predicted as positive for the TR-PCR test are higher in all vital signs.

Figure 1 presents the distribution of values recorded for the groups according to the result of the COVID-19 
case prediction model in the RT-PCR test.

Figure 1. Vital sign measurement results according to predictive model results for CRP

Within the validation process of the model for the rapid test, the proportion of cases in which it was not 
performed was 89 % (n=143), so the values that could be contrasted between the prediction model for the rapid 
test and the observed values of the rapid test lack relevance; for this reason, an additional validation process 
was ruled out.

Around 16 % of the cases were not analyzed by RT-PCR (n=45); the observed result of positive cases was 
113. The model cataloged these in 85 % of the occasions (n=96); however, the model was not successful for 17 
% of the cases of negative RT-PCR (n=21). The χ2 test of independence indicates that there is no relationship 
between the observed and modeled levels (p>0,05) (table 2).

Table 2. Contingency matrix for PCR model results and results observed in PCR laboratory

Characteristics General, N=2841 Negative, 
N=1261

Not realized, 
N=451

Positive, N=1131 Value of p2

PCR model result 0,4

Negative 42 (15 %) 21 (17 %) 4 (8,9 %) 17 (15 %)

Positive 242 (85 %) 105 (83 %) 41 (91 %) 96 (85 %)

Note: 1n (%); 2 Pearson’s chi-squared test.

Graphically, the proportion of correct and incorrect predictions of the model can be better appreciated 
regarding the laboratory results (figure 2); the number of cases in which the laboratory analysis was not performed 
could generate random results. Disregarding the instances in which the RT-PCR test was not performed, the 
contingency matrix shows a validity or accuracy index of 49 %; sensitivity is high (85 %), although the positive 
predictive value is moderate (48 %); on the other hand, the positive likelihood ratio is 1,019; however, both 
specificity (17 %) and negative predictive value (55 %) reflect the weakness of the model for true negatives.
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Figure 2. Mosaic diagram between model results and PCR test results

Cohen’s Kappa index indicates an insignificant concordance between the modeling values and laboratory 
results due to the influence of the model’s weakness in classifying the actual negative values (κ=0,016, 95 % 
CI: -0,073 to 0,1).

DISCUSSION
The impact of the COVID-19 pandemic reflected the lack of resources to deal with a misfortune of this 

magnitude and an economic shock; this drawback was exposed in contrast to early diagnosis and suitable 
treatment; on the other hand, it demonstrated the fragility of being; in this way, this study showed an average 
age of 47,7±16,7 years, with no significant difference between men and women (p-value >0,05); very similar to 
the survey by Soni A. et al where they presented a mean of 37,4 years (8) and others took into account varied 
age groups with ranges from 2 to 90 years or the majority over 18 years.(7,9)

The symptoms are respiratory, such as cough, fever, and asthenia, with 55 %, 60 %, and 69 %, respectively, 
as in the study by Achenbach C. et al., which showed more than 40 % with cough, fever, and headache.(10,11,12,13) 
Based on vital signs in the prediction score and the third prediction model, it has been observed that blood 
pressure and temperature are related to the prediction group for the positive RT-PCR test (p-value =<0,001); 
similarly, a study with a similar structure to ours, by Youssef Ali Amer A. et al. in Belgium, with the creation of 
five predictive models, using vital signs, determined a prediction of health status for COVID-19, with 8 %, 4,8 
%, and 17,8 % for heart rate, oxygen saturation, and respiratory rate respectively, dissimilar to our findings.(14)

Due to a reduced performance of RAT, the validation process for this model only considered Fisher’s exact 
test; according to the test, the results of the model are independent of the laboratory results (p>0,05); 
however, in a study by Callahan C. et al., where it reflects the usefulness of nasopharyngeal swabs as a rapid 
3D antigen test in comparison with a positivity index of RT-PCR; the PRA showed 93,4 % sensitivity at 48 hours 
in symptomatic patients, and in contrast with the index the sensitivity rose to 79 % with the third sample;(8,13) 
Another study involving the creation of four prototypes by 3D printing of nasopharyngeal swabs found an 80 % 
concordance rate (K=0,85-0,89) with RT-PCR tests,(9,13) which expresses a dissimilarity with our environment due 
to the low Kappa index since the tendency is to request more RT-PCR tests.

Molecular tests have undergone technological evolution, as in the study by Bos D. et al. where they revealed 
that a rapid COVID-19 RT-PCR test (diagnostics ®) achieved a sensitivity of 95,5 % to 98,6 %;(14,15) similarly, were 
compared to the classic nasal swab, gargles and mouthwashes as molecular tests, before and after, showing 76 
(66,7 %), 67 (58,8 %) and 101 (88,6 %) sensitivity respectively;(7,14) in our study, the model adequately cataloged 
85 % of the cases, which is reflected in high values of sensitivity, likelihood ratio, and positive predictive value; 
the index of validity or overall accuracy is also reasonable (81,4 %); however, specificity and negative predictive 
value are zero.

In another study by Joshi R. et al., where they used a blood count based on a predictive model and confirmed 
RT-PCR (+) in 33 patients and RT-PCR (-) in 357 patients in emergency departments, demonstrated a sensitivity 
of 93 %, with a saving of more than 30 % compared to RT-PCR; they indicate that out of 1000 patients, 60 % 
would avoid ordering RT-PCR; in our case, when the patient is symptomatic, the model can coincide with the 
laboratory in at least 8 out of 10 cases.(15,16)
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Compared to chest CT and the patient’s clinical history, artificial intelligence demonstrated an AUC of 0,92, 
identifying RT-PCR (+) at 68 %, as demonstrated by Mei X. et al. in China.(17) In another study in 2023, led by 
Alemi F. et al., where they applied clinical aspects identified by predictive models in addition to a rapid home 
test, obtaining a sensitivity of 69 % and specificity of 98 % for a TR-PCR (+),(18) not so in ours, which identified 
an 85 % sensitivity, mainly due to the number of negative results; in contrast, another study using a diagnostic 
analyzer for PCR, selective hybridization (DASH), which also used the rapid test, reflected a sensitivity of 96 % 
and specificity of 98 %; a PPV of 85 % and 99 % NPV.(13,18)

There is no agreement between the model results and the observations, reflected in the value of Cohen’s 
Kappa index (κ=0,016), in contrast to other studies, such as Callahan CJ. et al., where using swabs made 
by 3D, a concordance of κ=0,85-0,89 was demonstrated;(9,18) the results indicate the need to increase the 
sample, considering negative RT-PCR values; the model adequately classified 85 % of positive cases, which 
is corroborated by its sensitivity values and positive likelihood ratio; it is weak in the classification of actual 
negative cases, reflected in a reduced specificity (17 %) and a moderate negative predictive value (NPV).

Following the line of versatile tests, Zowawi HM et al., 2021 developed a portable device (Biomeme SARS-
CoV-2® System), using nasal and nasopharyngeal swabs, which provides a molecular result in 80 minutes, with 
a percentage of similarity for positive (99 %) and negative (97,8 %). However, in our study, it reaches 85 %; it is 
still a relevant system,(1,17) from another point of view. In 2023, an ultra-fast PRA was evaluated in comparison 
with TR-PCR (Diagnovir ®), reflecting a sensitivity of 100 and 96,97 %, respectively, not so in our study, which 
showed 85 %; specificity with 94 and 99,2 %, different from ours, showing that our model still needs more 
testing and validation.(2,18)

CONCLUSIONS
The need for accessible, affordable, easy-to-use, and reliable tests has led to testing various techniques, 

scores, 3D swabs, and, in many cases, the application of artificial intelligence. Still, so far, none have been 
recommended. Therefore, the model in this study, with zero specificity, should be considered in the diagnosis 
due to its sensitivity. However, more patients may indeed be needed, adequately combining positive and 
negative results for RT-PCR and evaluating whether it is possible to continue requesting PRA since lately, it has 
been common to request only molecular tests; from another perspective, it is vital to apply this model in other 
institutions looking for more heterogeneous patients.
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