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Introduction 

The outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic 
has become a major challenge for national healthcare systems. To date, a total number of 
267,184,623 confirmed cases and 5,277,327 deaths have been reported since the first known 
case in Wuhan city, People Republic of China (1). The fast spread of the novel coronavirus 
disease (COVID-19) caused by SARS-CoV-2 and the worldwide burden of this disease demand 
rapid, simple, accurate, and cost-effective point-of-care tests for SARS-CoV-2 detection. 
Despite the recognition of reverse-transcriptase polymerase chain reaction (RT-PCR)-based 
assays as the gold standard for molecular detection of SARS-CoV-2, these techniques present 
some disadvantages such as their high time consumption and the requirement of expensive 
and sophisticated equipment and trained personnel. 

Isothermal amplification assays such as reverse-transcriptase loop-mediated 
isothermal amplification (LAMP) are gaining progressive uptake due to their simplicity and 
capability of detecting few copies of the targeted nucleic acid sequences under constant 
thermal conditions (65ºC) in less than 1 hour (2). Diverse LAMP techniques have been reported 
to have similar diagnostic accuracy to PCR for detecting viral and bacterial infectious 
pathogens (3–7). In particular, the use of a polymerase with strand-displacing activity and 
reverse transcriptase enzymes (RT-LAMP) allow RNA amplification for detection of SARS-CoV-2 
(8) and other respiratory viruses (9). 

 Direct SARS-CoV-2 RNA amplification on non-invasive saliva samples without 
performing a previous purification and concentration step has great potential to make 
screening and diagnosis of COVID-19 faster, easier, and more accessible to the population (10). 
 

Objectives 

The main aim of this study was to evaluate diagnostic accuracy (sensitivity and specificity) of a 
procedure that combines use of raw saliva samples, single-step heat-treated virus inactivation 
and RNA extraction, and direct RT-LAMP for detection of SARS-CoV-2 RNA by the Hibergene 
(HG) COVID-19 assay. Accuracy of this procedure will be compared against the reference 
reverse transcription RT-PCR-based procedure (GeneFinder COVID-19 PLUS RealAmp assay) 
that is routinely used in the Clinical Laboratory of Hospital Sant Joan de Déu for SARS-CoV-2 
diagnosis. A secondary objective was to determine the time to detection of SARS-CoV-2 RNA 
by the HG COVID-19 assay. 



Methods 

Saliva samples collected for SARS-CoV-2 detection that were received in the University 
Children’s Hospital Sant Joan de Déu (Barcelona, Spain) from July to November 2021 were 
routinely inactivated by heating to 96ºC for 15 min and analysed by different RT-PCR assays. 
The surpluses of inactivated saliva samples were stored at -80ºC. For the present study, 
selected samples were defrozen and processed in parallel by the HG COVID-19 assay 
(considered the index method) and the GeneFinder COVID-19 PLUS RealAmp assay (considered 
the reference method) on the same day. Sample selection criterium was to cover a wide range 
of viral loads measured in cycle threshold (Ct) values by the GeneFinder COVID-19 PLUS 
RealAmp assay.  

GeneFinder COVID-19 PLUS RealAmp procedure 

This assay allows the qualitative detection of SARS-CoV-2 virus, targeting N, R and E genes and 
RNase P of human cells as an internal control. Probes were fluorescence-marked in VIC, FAM, 
TexasRed and Cy5, respectively. 

5 µl of inactivated saliva were processed by RT-PCR in the thermal cycler platform 
CFX96 Real-Time PCR Detection System (BioRad Laboratories, CA, US) using the following 
cycling parameters:  50ºC for 20 min, 95ºC for 5 min, followed by 45 cycles at 95ºC for 15 sec. 
and 58ºC for 1 min (total time: 1 h and 55 min). Results were interpreted as positive if at least 
two target genes of SARS-CoV-2 were detected before 40 cycles and the amplification curves 
were adequate, inconclusive if either only one gene was detected or amplification curves were 
unusual, and inhibited if RNaseP gene was not detected in absence of detection of SARS-CoV2 
genes. 

Hibergene COVID-19 assay procedure 

The preparation of the enhanced buffer was performed by adding 250 µL of HG COVID-
19 dilution buffer to a vial of lyophilised HG COVID-19 enhancer. Then, 20 µL of COVID-19 
enhancer were mixed with 5 µL of inactivated saliva and introduced into ready-to-use reaction 
strips containing lyophilized RT-LAMP reagents. HG Swift LAMP instrument, which interprets 
generated fluorescent signals in real time and maintains precise temperature control for the 
duration of the runs, was used to perform all RT-LAMP reactions (Figure 1). 

 

Figure 1.Scheme of the operational procedure carried out 
from patient-saliva collection to results’ achievement. 



Statistical analysis 

Diagnostic sensitivity and specificity values of HG COVID-19 against GeneFinder COVID-
19 PLUS RealAmp were determined as reported elsewhere (11). Confidence intervals (CI) were 
set at 95%. All statistical analyses were performed using Stata v.15 software (Stata Corp., 
TX,US). 

Ethical considerations 

All data linked to individuals’ identification were duly anonymized. No clinical or 
epidemiological data of patients were registered. The study was approved by the Ethics 
Committee of the hospital setting. 
 

Results 

One-hundred and thirty-eight saliva samples were processed by GeneFinder COVID-19 Plus 
RealAmp and six (4.3%) specimens yielded inconclusive results. Of the 132 samples with valid 
results by GeneFinder COVID-19 Plus RealAmp, seven (5.1%) had invalid results by HG COVID-
19. Among the seven HG COVID-19-invalid samples, four were negative by GeneFinder COVID-
19 Plus RealAmp while three were positive and yielded Ct values for the N gene of 33.4, 26.8, 
and 19.2, respectively. A total of 125 saliva samples with valid results by both techniques were 
considered for evaluating diagnostic accuracy of HG COVID-19. 

One-hundred specimens were identified as positive by GeneFinder COVID-19 Plus 
RealAmp, including 25 with Ct < 23, 25 with Ct in the range 23 - < 28, 25 in the Ct range 28 - < 
33, and 25 with Ct ≥ 33. Among the 100 RT-PCR-positive samples, 82 were also positive by HG 
COVID-19 while 18 were negative. There were 25 samples negative by both GeneFinder 
COVID-19 Plus RealAmp and HG COVID-19 (Table 1). 

A. HG COVID-19 GeneFinder COVID-19 Plus RealAmp  
  Positive Negative Total 
 Positive 82 0 82 
 Negative 18 25 43 
 Total 100 25 125 

 
 

 

B. HG COVID-19 GeneFinder COVID-19 Plus RealAmp  
  Positive Negative Total 
 Positive 72 0 72 
 Negative 3 25 28 
 Total 75 25 100 

 

Table 1. Comparison of diagnostic results by HG COVID-19vs.GeneFinder COVID-19 
Plus RealAmpincluding all valid samples (A) and excluding those weakly positive samples with 

GeneFinder COVID-19Plus RealAmpCt values ≥ 33 (B). 

Overall values of sensitivity (Se) and specificity (Sp) for HG COVID-19 were 82.0% (95% 
CI 73.3 - 88.3%) and 100.0% (95% CI 86.7 - 100.0%), respectively. HG COVID-19 Se was optimal 
(100.0%, 95% CI 86.7 - 100.0%) for samples with GeneFinder COVID-19 Plus RealAmp Ct values 
< 23, high for samples within the Ct ranges of 23 -  <28 (92.0%, 95% CI 75.0 - 97.8%) and 28 - 
<33 (96.0%, 95% CI 80.5 - 99.3%), and low for samples with Ct values ≥ 33 (40.0%, 95% CI 23.4 - 
59.3%) (Table 2). 



Ct value Sensitivity 95% CI 
< 23 100.0% (25/25 samples) 86.7 - 100.0% 

23 -  <28 92.0% (23/25 samples) 75.0 - 97.8% 
28 - <33 96.0% (24/25 samples) 80.5 - 99.3% 

≥ 33 40.0% (10/25 samples) 23.4 - 59.3% 
 

Table 2. Sensitivityof HG COVID-19 according to GeneFinder COVID-19 Plus RealAmp Ct ranges. 

Excluding weakly positive samples with GeneFinder COVID-19 Plus RealAmp Ct ≥ 33 
from analysis (it is debatable whether low viral load is a maker of infectivity), HG COVID-19 Se 
was very high (96.0%, IQR 88.9 - 98.6%). 

Median time to detection of SARS-CoV-2-positive samples by HG COVID-19 was 23.1 
minutes (IQR 19.3 - 27.8 minutes) for the GeneFinder COVID-19 Plus RealAmp Ct range of 23 -  
<28, 24.6 minutes (IQR 23.1 - 25.9 minutes) for the Ct range 23 -  <28, 25.7 minutes (IQR 23.6 - 
29.4 minutes) for the Ct range 28 - <33, and 28.4 minutes (IQR 23.7 - 32.3 minutes) for Ct 
values ≥ 33. 
 

Conclusions 

Diagnostic sensitivity of the procedure of direct HG COVID-19 on raw saliva was moderately 
high (82.0%) for any sample positive by GeneFinder COVID-19 Plus RealAmp and high (96.0%) 
for the subset of epidemiological and clinically rellevant samples (with potential for infectivity). 
Diagnostic specificity of the new procedure was optimal (100%). 

The direct HG COVID-19 assay on raw saliva proved to be a rapid method for detection 
of SARS-CoV-2 RNA, allowing for more than a 4.5-fold run time reduction in comparison to the 
2-h time typically taken by RT-PCR techniques to deliver results. 

A noticeable proportion (5.1%) of samples yielded inhibited results by the direct HG 
COVID-19 assay at different Ct values ranging from 19.2 to 33.4 by the GeneFinder COVID-19 
Plus RealAmp. We speculate that inhibitions may be due to changes made in the chemistry of 
the reaction buffer that could have compromised the viability of the amplification, since the 
proportion of inhibitions observed in a precedent analysis was minor. 
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