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Abstract 

A cross-sectional descriptive study was carried out with the objective of describing the performance of UMELISA SARS-
CoV-2 Antigen and STANDARD F COVID-19 Ag FIA in the diagnosis of COVID-19, at the Provincial Laboratory of 
Microbiology and Sanitary Chemistry of Villa Clara, during the month of February 2022. 1056 patients who underwent 
Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) using the QIAcube HT genome extraction technique, 
UMELISA SARS-CoV-2 Antigen and STANDARD F COVID-19 Ag FIA were included. Sensitivity, specificity, positive and 
negative predictive value were calculated as efficacy indicators and Spearman's Rho coefficient for the correlation 
between variables. The result was that 29.3% were sick, of which 189 were female, with a median age of 46 years. 74.8% 
had symptoms, most often fever, cough and runny nose. UMELISA SARS-CoV-2 Antigen showed higher specificity with 
97.45%; while STANDARD F COVID-19 Ag FIA had higher sensitivity with 99.35%. It was shown that there is a 
significant inverse correlation between the RT-PCR cycle threshold and the fluorescence values of both techniques 
studied (p=0.000). About a third of the patients studied were sick with symptoms, with a predominance of females. 
UMELISA SARS-CoV-2 Antigen turned out to be more useful in confirming the presence of the disease, while STANDARD 
F COVID-19 Ag FIA showed better performance in ruling out the presence of the disease. 
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1. Introduction

The ongoing SARS-CoV-2 pandemic has been associated with a significant burden and unprecedented pressure on 
healthcare systems [1-3]. Therefore, the availability of accurate and rapid diagnostic tools for COVID-19 is essential for 
both active case monitoring and contact tracing strategies to reduce the circulation of the causative agent [1-4]. 

The gold standard for the diagnosis of SARS-CoV-2 infections is reverse transcription-polymerase chain reaction (RT-
PCR), which is highly sensitive, but requires extensive laboratory infrastructure, expensive materials, and skilled 
personnel. These aspects limit the scalability and implementation of RT-PCR in many settings, especially those with low 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://gsconlinepress.com/journals/gscbps/
https://doi.org/10.30574/gscbps.2022.19.3.0251
https://crossmark.crossref.org/dialog/?doi=10.30574/gscbps.2022.19.3.0251&domain=pdf


GSC Biological and Pharmaceutical Sciences, 2022, 19(03), 279–286 

280 

resources. Antigen detection rapid diagnostic tests (Ag-RDTs) provide results quickly and are easy to use, fulfilling the 
characteristics required for a public health testing tool [4-6].  

Currently, there are different immunological tests that can detect SARS-CoV-2 nucleoprotein antigens. These assays are 
performed using different methodologies, such as enzyme-linked immunosorbent assay (ELISA), chemiluminescence 
immunoassay (CLIA), colloidal gold immunochromatography, and fluorescent immunoassays (FIA) [3-7].  

Antigen tests for SARS-CoV-2 detect or can quantify nucleocapsid (N) or spike (S1 and S2) proteins of the virus. S1 
appears to be the most variable antigen, making it a good candidate for differentiation among other coronaviruses. 
However, the S2 subunit shares similarity in antibody epitopes (region of an antigen recognized by an antibody) with 
S2 of the original SARS-CoV. Nucleoprotein (N) is the most abundant viral protein produced and shed during infection 
with SARS-CoV-2 [4-6].  

Different studies have suggested the usefulness of these methods for pandemic control, by mass testing or testing to 
protect (high-risk settings, such as hospitals), release (contact testing), and enable (regular school or workplace testing) 
[2,5]. For the WHO Emergency Use List (EUL), Ag-RDTs are required to meet the targets of at least 80% sensitivity and 
97% specificity for use in the diagnosis of SARS-CoV-2 [1,4,7,8,11].  

In Cuba, as in the rest of the world, COVID-19 has generated a great impact on the country's economy, especially in the 
field of public health [9], being an important pillar the help provided by many countries, in terms of supplies, medical 
equipment and new diagnostics for SARS-CoV-2 infection. Our country has also worked since the beginning of the 
pandemic, developing PCR reagents, viral transport media and new diagnostic techniques [9,10]. 

Since the introduction of the UMELISA SARS-CoV-2 Antigen and STANDARD F COVID-19 Ag FIA diagnostic methods in 
Villa Clara, in July and September 2021 respectively, they have proven to be two important pillars for the rapid and 
timely diagnosis of COVID-19 positive patient contacts and in the epidemiological surveillance of areas of high 
transmission. The UMELISA SARS-CoV-2 Antigen (CIE, Cuba) is a heterogeneous sandwich enzyme-linked 
immunosorbent assay that employs the advantages of the high affinity reaction between Streptavidin and Biotin. This 
assay uses as solid phase ultramicroELISA plates coated with monoclonal and polyclonal antibodies specific to the SARS-
CoV-2 protein (N). The STANDARD F COVID-19 Ag FIA kit (SD BIOSENSOR, Inc., Republic of Korea) is a test that allows 
rapid and qualitative detection of SARS CoV-2 nucleoproteins in nasopharyngeal exudate samples. It is based on 
immunofluorescence technology and uses europium-conjugated monoclonal antibodies to detect SARS-CoV-2 
nucleoprotein antigens [4,5,6,12]. 

This study aims to describe the performance of UMELISA SARS-CoV-2 Antigen and STANDARD F COVID-19 Ag FIA for 
the diagnosis of COVID-19, at the Provincial Laboratory of Microbiology and Sanitary Chemistry of Villa Clara, during 
the month of February 2022.  

2. Material and methods 

2.1. Type of study and context   

A cross-sectional descriptive analysis was carried out at the Provincial Laboratory of Microbiology and Sanitary 
Chemistry of Villa Clara, during February 2022.  

2.2. Study population 

A total of 1056 patients were included, from nasopharyngeal exudate samples taken in a universal transport medium 
(BTU) for viruses (BIOCEN, Cuba); RT-PCR with the QIAcube HT genome extraction technique, UMELISA SARS-CoV-2 
Antigen and STANDARD F COVID-19 Ag were performed. 

2.3. Data collection 

The data required for the study were obtained from the patient registry of the Molecular Biology Laboratory and SUMA 
SARS-CoV-2 and epidemiological surveys. The procedures performed in each case for the application of the diagnostic 
methods are described below. 

For real-time RT-PCR, the samples were processed using the QIAcube® HT genome extraction equipment (QIAGEN 
Group, Germany) after shaking with the Vortex shaker. This automatic extraction equipment processes from 24 to 96 
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samples in 2 hours and 10 minutes. The first step required extraction of viral RNA with the commercial QIAamp® 96 
Virus QIAcube® HT Kit (QIAGEN Group, Germany) from 200 μL of sample, and the second step involved detection of 
the viral genome. Amplification was performed with the STAT-NAT®SARS-CoV-2 kit (SENTINEL DIAGNOSTICS, Italy) 
with probes amplifying three SARS-CoV-2 target genes; the RNA-dependent RNA polymerase (RdRp) gene, the envelope 
gene (E) and the nucleocapsid gene (N). Ribonuclease P (RNase P gene) was used as internal control (IC). The 
amplification and detection process were performed with the real-time RT-PCR platform: Rotor-Gene® Q MDx (QIAGEN 
Group, Germany). Samples with threshold value (Ct) of the SARS-CoV-2 RT-PCR cycle lower or equal to 33 were 
considered positive, according to the manufacturer's instructions. The expected run time of the process is about 2 hours. 

For diagnosis with the UMELISA SARS-CoV-2 Antigen technique, samples were initially vortexed and diluted 1:2 with 
the R2 working solution (40 ul of sample + 40 ul of solution is recommended), using 96-well dilution plates with lids. 
The diluted samples were then shaken for 1 minute with the Shake option of the SUMA technology plate washer; they 
were incubated for 1 hour in a humid chamber at room temperature (20-250C). Subsequently, 10 ul were transferred 
to each well of the reaction plate, and the assay controls (2 positive and 4 negative) were added. The reaction plates 
were incubated for 1 hour at 37 0C in a humid chamber. Then, after washing to remove unbound sample components, 
biotylated protein N-specific antibodies were added and bound to the antibody-antigen complex formed on the solid 
phase. A new washing eliminated the biotinylated antibodies that did not react and remained in excess after incubation 
for 30 minutes at 37 0C in a humid chamber. 

Next, the Streptavidin/Alkaline Phosphatase conjugate (binding to biotin molecules) was added and after another 
incubation step for 30 minutes at 37 0C in a humid chamber and washing, the fluorogenic substrate (4 
Methylumbelliferyl phosphate) was added, which allowed detecting the presence of SARS-CoV-2 antigens in the sample 
by the intensity of the emitted fluorescence. They were incubated for 30 minutes at 20 - 25 0C in a humid chamber. 
Under these conditions, a fluorescence signal of the Positive Control ≥ 100 units and of the Negative Control between 4 
and 12 units was guaranteed. Complying with these incubation conditions, it is common for the freshly reconstituted 
Positive Control to yield a value of 210 fluorescence units (FU), without constituting an erroneous execution of the 
technique. Therefore, this incubation time should not be shortened unnecessarily. The reading of the intensity of the 
fluorescence emitted in each determination was performed using a SUMA technology reader. The validation, 
interpretation of results and their printing were performed automatically by the SUMA reader with the UMELISA SARS-
CoV-2 Antigen program. They can also be done manually by the operator following the instructions described below: 
the minimum conditions required to ensure the quality of the assay are as follows: at least one of the Positive Control 
(P1 or P2) duplicates must have a fluorescence value ≥ 100 units and at least two of the four Negative Control replicates 
must have a fluorescence between 4 and 12 units. 

The STANDARD F COVID-19 Ag FIA test was performed according to the manufacturer's instructions: 1) the 
nasopharyngeal exudate sample was inserted into an extraction tube buffer and then shaken at least five times; 2) after 
removing the swab, 4 drops (approximately 100 μL) of plain mixture were added into the test device. When the sample 
came in contact with the strip, passive diffusion allowed the sample to react with the anti-SARS-CoV-2 antibodies 
immobilized on the membrane and generate a fluorescence signal. A control line is included in the strip to assess the 
correct migration of the sample. Interpretation of the result was performed after 30 min using the STANDARD F200 
Analyzer (SD BIOSENSOR, Inc., Republic of Korea), which provided a COI (cut-off indices) value (Negative <1 and 
Positive ≥ 1). 

2.4. Data processing 

Data were brought to a file in Microsoft Excel program version 2016 and processed through SPSS version 22.0 and 
EPIDAT version 3.1 programs. Absolute (number of cases) and relative (percentages) frequencies were determined in 
the conformed frequency distributions, and measures of central tendency (median) were calculated for the variable age. 
To evaluate the performance of UMELISA SARS-CoV-2 Antigen and STANDARD F COVID-19 Ag FIA as diagnostic tests in 
relation to RT-PCR, as a reference test, the basic indicators were determined: sensitivity, specificity, positive and 
negative predictive value as indicators of efficacy, as well as their intervals, with a confidence level (CI) of 95%. 
Spearman's Rho coefficient was determined for the correlation between the variables, cycle threshold (Ct) of the RT-
PCR and the fluorescence value (Fluor) of the UMELISA SARS-CoV-2, and the Ct of the RT-PCR and the cut-off index (COI) 
of the STANDARD F COVID-19.  
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3. Results  

Table 1 shows the distribution of patients according to the RT-PCR results. Of a total of 1056 patients, 310 were found 
to have COVID-19, or 29.4%. Of the 310 patients confirmed as having COVID-19, 189 were female (61.0%), with a 
median age of 46 years. 

Table 1 Status of patients according to RT-PCR results at the Provincial Laboratory of Microbiology and Sanitary 
Chemistry of Villa Clara, February 2022  

Status of patients Number  % 

Diseased 310 29.4 

Healthy 746 70.6 

Total 1056 100 

Source: Molecular Biology Laboratory patient registry 

Of the total number of patients studied, 676 presented symptoms. Of the 310 patients, 232 presented symptoms, which 
constitutes 74.8% (Table 2). 

Table 2 Distribution of patients according to symptomatology  

Symptomatology PCR Total 

Diseases Healthy 

Yes Number 232 444 676 

% 74.8 59.5 64.0 

No Number 78 302 380 

% 25.2 40.5 36.0 

 Total 310 746 1056 

% 100 100 100 

Source: Epidemiological survey of patients 

Among the main clinical manifestations reported by the ill patients, fever, cough and rhinorrhea predominated with 
49.7%, 36.5% and 32.3%, respectively (Table 3). Of the 286 tests that were positive by UMELISA SARS-CoV-2 Antigen, 
267 were truly sick and within the 770 negative tests, 727 were healthy (Table 4).  

Corresponding to the results referred to above, the results of the main indicators to evaluate the performance of this 
diagnostic test were obtained. The percentage of patients with positive results to UMELISA SARS-CoV-2 within the total 
number of patients was 86.13 (sensitivity) and the percentage of patients with negative results to UMELISA SARS-CoV-
2 within the total number of healthy patients was 97.45 (specificity). The percentage of patients among those who tested 
positive was 93.36 (positive predictive value) and the percentage of healthy patients among those who tested negative 
was 94.42 (negative predictive value) (Table 5). 

Table 3 Clinical manifestations in patients suffering from COVID-19 

Clinical manifestations Number (n = 310) %* 

Fever 154 49,7 

Tos 113 36,5 

Rhinorrhea 100 32,3 

Cephalea 72 23,2 
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General malaise 42 13,6 

Sore throat 36 11,6 

Nasal congestion 31 10 

Arthralgias 21 6,8 

Expectoration 19 6,1 

Myalgias 10 3,2 

Retrocular pain 6 1,9 

Diarrhea 5 1,6 

Dyspnea 4 1,3 

Loss of taste 3 0,9 

Loss of appetite 2 0,7 

Odynophagia 2 0,7 

 *Percentage calculated in relation to n Source: Epidemiological survey of patients 

 

Table 4 Results of patients tested with UMELISA SARS-CoV-2 Antigen and RT-PCR  

UMELISA SARS-CoV-2 Antigen RT-PCR 

Deseases Healthy Total 

Positive 267 19 286 

Negative 43 727 770 

Total 310 746 1056 

Source: Molecular Biology Laboratory patient registry and SUMA SARS-CoV-2.  

Table 5 Performance of UMELISA SARS-CoV-2 Antigen for the diagnosis of COVID-19  

Indicators Value Confidence interval (95 %) 

Lower limit Upper limit 

Sensibility 86.13 82.12 90.14 

Specificity 97.45 96.26 98.65 

Predictive value + 93.36 90.30 96.42 

Predictive value - 94.42 92.73 96.10 

Source: table 4. 

Of the 340 tests that were positive for STANDARD F COVID-19 Ag FIA, 308 were truly diseased and of the 716 that were 
negative, 714 were healthy (Table 6). 

Table 6 Result of patients tested with STANDARD F COVID-19 Ag FIA and RT-PCR 

STANDARD F COVID-19 Ag FIA RT- PCR 

Sick Healthy Total 

Positive 308 32 340 

Negative 2 714 716 
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Total 310 746 1056 

 Source: Molecular Biology Laboratory patient registry and SUMA SARS-CoV-2.  

STANDARD F COVID-19 Ag FIA showed a sensitivity level of 99.35% and specificity of 95.71% and positive and negative 
predictive values of 90.59% and 99.72%, respectively (Table 7). 

Table 7 Performance of the STANDARD F COVID-19 Ag FIA for the diagnosis of COVID-19  

Indicators Value Confidence interval (95 %) 

Lower limit Upper limit 

Sensibility 99.35 98.30 100.00 

Specificity 95.71 94.19 97.23 

Predictive value + 90.59 87.34 93.84 

Predictive value - 99.72 99.26 100.00 

Source: table 6. 

Table 8 shows the correlation between the cycle threshold (Ct) of the RT-PCR and the fluorescence value (Fluor) of 
UMELISA SARS-CoV-2 Antigen, as well as between the Ct of the RT-PCR and the cut-off index of STANDARD F COVID-19 
Ag FIA. In both cases an inverse correlation with statistical significance (p=0.000) was observed; as Ct values increase, 
there is a decrease in the fluorescence values of UMELISA and COI values of STANDARD F COVID-19 Ag FIA. 

Table 8 Correlation between the fluorescence value (Fluor) of UMELISA SARS-CoV-2 Antigen and cut-off index (COI) of 
STANDARD F COVID-19 Ag FIA with the cycle threshold (Ct) of RT-PCR  

Variables Cycle Threshold (Ct) RT-PCR 

Rho de Spearman Significance * 

Fluor Value 

UMELISA SARS-CoV-2 Antigen -0.227 0.000 

COI Value 

STANDARD F COVID-19 Ag FIA -0.228 0.000 

 * Correlation is significant at the 0.01 level (2-tailed); Source: Molecular Biology Laboratory patient registry and SUMA SARS-CoV-2.  

4. Discussion 

According to the results presented in Table 5, the UMELISA SARS-CoV-2 Antigen proved to be a more specific than 
sensitive diagnostic test, expressing fewer false positive results and indicating the presence of the disease within 
diagnosed patients, results that agree with those obtained by Zang et al. (2020) [3] and Liu et al. (2022) [6].  

The results obtained in our study with the UMELISA SARS-CoV-2 Antigen agreed with the targets set by WHO for antigen 
detection tests [13,14], of at least 80% sensitivity and 97% specificity to be used in the diagnosis of SARS-CoV-2, which 
agrees with other authors in this regard [4,5,15]. The results showed similarity with those obtained by the manufacturer 
of the test and with the "Pedro Kourí" Institute of Tropical Medicine (IPK - reference laboratory of the country), 
according to information provided by the UMELISA SARS-CoV-2 Antigen of the Immunoassay Center, edition No. 1 of 
2021.  

Table 7 shows the results in relation to the STANDARD F COVID-19 Ag FIA, which proved to be a more sensitive than 
specific diagnostic test, expressing fewer false-negative results and indicating the absence of the disease in diagnosed 
patients [15-19].  

In a study conducted in Milan, Italy, in 2020, where the rapid diagnostic test STANDARD F COVID-19 Ag FIA was 
evaluated in nasopharyngeal swab samples from symptomatic patients, they obtained a sensitivity of 45% and 
specificity of 100% [7]; not agreeing with our results; it should be noted that the population studied in this research 
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was smaller than ours. In Spain, in a study in symptomatic patients with a high viral load (Ct ≤ 30), they obtained a lower 
sensitivity (92.9%) and a higher specificity (99.6%) in relation to our results, highlighting that their studied population 
was much smaller (n=68) [12]. 

Table 8 presents the results regarding the correlation between the fluorescence value (Fluor) of UMELISA SARS-CoV-2 
Antigen and cut-off index (COI) of STANDARD F COVID-19 Ag FIA with the cycle threshold (Ct) of RT-PCR. Interpreting 
diagnostic test values for COVID-19 is essential for clinicians, epidemiologists and microbiologists [20-25]. Ct is a 
semiquantitative value inversely related to the amount of RNA in the sample, so that a low Ct number is related to higher 
viral load and vice versa [4,5,12,15,21,26]. RT-PCR Ct analysis for SARS-CoV-2 is key in deciding the therapeutic 
algorithm for positive patients [18,21,23,26] 

5. Conclusion 

UMELISA SARS-CoV-2 Antigen proved to be more useful in confirming the presence of the disease, while STANDARD F 
COVID-19 Ag FIA showed better performance in ruling out the presence of the disease.  
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