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Decreased Sensitivity of Rapid Antigen Test Is Associated with a Lower Viral Load of Omicron than Delta SARS-CoV-2 Variant
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INTRODUCTION

In the context of the COVID-19 pandemic, large-scale screening for SARS-CoV-2 infection with fast reporting results are major tools of the control strategy for COVID-19 pandemic and the aim of disrupting the chains of contamination [START_REF]Recommendations for national SARS-CoV-2 testing strategies and diagnostic capacities n[END_REF].

To assist the use of standard RT-PCR tests carried out by laboratories, rapid diagnostic tests (RDTs) based on viral antigen detection have been deployed on a massive scale at national and international level. Sensitivity is a major criterion for screening test to detect individuals infected with SARS-CoV-2 as fast as possible [START_REF] Fourati | Performance of six rapid diagnostic tests for SARS-CoV-2 antigen detection and implications for practical use[END_REF]. RDTs were developed on the wild-type SARS-CoV-2 antigens and since then, new variants of concern (VOCs) have been identified with specific patterns of mutations which could impact their detection due to the modification of epitopes. Recently, the emergence and rapid spread of the highly mutated Omicron variant, responsible of the 5 th epidemic wave in the European Union[3], could impact a screening strategy based on RDTs in comparison to a previous circulating VOC Delta because of alteration of antigen recognition.

In this study, we aimed to estimate the sensitivity of a commercial RDT against these two major VOCs circulating during the 4 th and 5 th epidemic waves in France and to assess the factors associated with the performances of this RDT.

METHODS

A retrospective study was carried out on SARS-CoV-2 RT-PCR positive nasopharyngeal specimen from healthcare workers of the Pitié-Salpêtrière Hospital between July 2021 and January 2022. Panbio TM COVID-19 Ag RDT (Abbott) detecting SARS-CoV-2 nucleoprotein (N)-antigen, viral load (VL) and presence of replication intermediates (RIs) using RT-PCR assays as previously described [START_REF] Marot | Interpretation of SARS-CoV-2 replication according to RT-PCR crossing threshold value[END_REF] were performed on the remaining part of samples stored at -80°C. The clinical data were obtained from the Occupational Health Department. All participants' samples and data were collected in the context of routine clinical care and our institutional review board approved this study.

Continuous variables were expressed as median and interquartile range [IQR] and categorical variables were expressed as numbers and percentages. Group comparison was performed using Chi-squared test or Fisher's test for categorical variables, and Mann-Whitney U-test for continuous variables. Univariate and multi-variate logistic regression analyses were performed with GraphPad Prism 6.0 to identify associated factors with a positive RDT result.

Relevant factors with a p<0.20 on univariate analysis were included in the multivariate analysis and encompassed: SARS-CoV-2 variant (Delta or Omicron variant determination was performed using specific RT-PCR as previously described [START_REF] Bouzid | Comparison of Patients Infected With Delta Versus Omicron COVID-19 Variants Presenting to Paris Emergency Departments[END_REF]), SARS-CoV-2 E gene estimation by RT-PCR cycle threshold (Ct) value [START_REF] Marot | Interpretation of SARS-CoV-2 replication according to RT-PCR crossing threshold value[END_REF]; data on number of symptoms, type of symptoms (fever, dry cough, and myalgia) and time between onset of symptoms and clinical sampling were obtained from clinical questionnaires at the Occupational Health Department. versus 36 [29-50] years old respectively, p=0.016). There was no difference in the delay between onset of symptoms and sampling for Delta and Omicron (1 [START_REF]Recommendations for national SARS-CoV-2 testing strategies and diagnostic capacities n[END_REF][START_REF] Fourati | Performance of six rapid diagnostic tests for SARS-CoV-2 antigen detection and implications for practical use[END_REF] versus 1 [0-3] days, p=0.7) but a significant higher delay between last vaccine injection and onset of symptoms for Delta variant (167 [99 -220] versus 41 [1 -159] days, p=0.001) (Table 1). The mean number of symptoms was higher in the Omicron group (2 [1-3] versus 2 [1-2], p=0.01) with a different pattern of clinical signs; Omicron infected individuals had significantly more dry cough and sore throat than Delta infected individuals (p=0.012 and p<0.001, respectively) and they tended to present more fever and myalgia. Whereas Delta infected individuals had significantly more anosmia and ageusia symptoms (p=0.006 and p=0.018, respectively). The VL was significantly higher for Delta than for Omicron (Ct values: 21.2 [17.8-25.2] versus 24.1 [21.2-28.0], p<0.001) and no significant difference was observed concerning the presence of RIs (89% versus 85% for Delta and Omicron, p=0.4). The RDT's sensitivity for Omicron was significantly lower than that observed for Delta (53.8% versus 74.7%, p=0.004) (Table 1).

RESULTS

In

Then, factors associated with the RDT's sensitivity were investigated. On univariate analysis, a better sensitivity was associated with Delta variant infection (odds ratio (OR) 2.54, 95% confidence interval (CI) 1.35-4.89, p=0.004)), number of symptoms (OR 1.34, 95%CI 1.02-1.79, p=0.042), myalgia reporting (OR 3.17, 95%CI 1.26-9.15, p=0.020) or a higher VL (OR 0.44, 95%CI 0.31-0.57, p<0.0001) (Table 2). No significant association was found with the delay between onset of symptoms and sampling (OR 0.86, 95%CI 0.71-1.04, p=0.127) or the delay between last vaccine injection and onset of symptoms (OR 1.01, 95%CI 0.99-1.01, p=0.066). Interestingly, a high level of VL remained significantly associated with the positivity of the RDT (OR 0.34, 95%CI 0.14-0.55, p=0.001) independently of the SARS-CoV-2 variant (Table 2).

DISCUSSION

At the time of diagnosis, our results show that the RDT's sensitivity is decreased for Omicron variant compared to Delta variant, associated with a lower VL in nasopharyngeal samples of individuals rather than an alteration of the N-antigen recognition by the RDT. These results is in accordance with other studies which explored different available RDTs in patients infected by these two VOCs [START_REF] Bekliz | Sensitivity of SARS-CoV-2 antigen-detecting rapid tests for Omicron variant[END_REF][START_REF] Bayart | Analytical Sensitivity of Six SARS-CoV-2 Rapid Antigen Tests for Omicron versus Delta Variant[END_REF]. Moreover, a lower VL of the Omicron variant was also supported by two studies based on infectious or genomic VLs [START_REF] Migueres | Influence of immune escape and nasopharyngeal virus load on the spread of SARS-CoV-2 Omicron variant[END_REF][START_REF] Puhach | Infectious viral load in unvaccinated and vaccinated individuals infected with ancestral, Delta or Omicron SARS-CoV-2[END_REF].

When the 5 th epidemic wave occurred on December 2021, we were concerned about the low VL of Omicron that could be the consequence of early diagnosis due to broad screening before the end of year gathering rather than a low viral replication. However in our study, the delay between onset of symptoms and sampling was comparable between Omicron and Delta infected individuals and proportion of samples with RIs were similar, which allows us to argue either a similar infection stage of the disease and a similar replication cycle profile for both groups. A study demonstrated that Omicron VL was highest 2-5 days after diagnosis or after symptom onset [START_REF] Takahashi | Duration of Infectious Virus Shedding by SARS-CoV-2 Omicron Variant-Infected Vaccinees[END_REF].

This lower VL at the time of diagnosis could be explain by the characteristics of our population with a possible better immune status in Omicron infected individuals which could either cause a reduce viral replication or promote a direct scavenge of viral antigens. Indeed, we observed a significant difference of the delay between last vaccine injection and onset of symptoms that was probably explained by the vaccine strategy in France: healthcare workers were required to receive a booster injection since early December 2021 concurrently to the 5 th epidemic wave of infection.

We also showed a different pattern of symptoms between Omicron and Delta variants with more dry cough and sore throat for Omicron and more anosmia and ageusia for Delta. These results are in accordance with other studies carried out in asymptomatic and symptomatic individuals [START_REF] Bouzid | Comparison of Patients Infected With Delta Versus Omicron COVID-19 Variants Presenting to Paris Emergency Departments[END_REF][START_REF] Menni | Symptom prevalence, duration, and risk of hospital admission in individuals infected with SARS-CoV-2 during periods of omicron and delta variant dominance: a prospective observational study from the ZOE COVID Study[END_REF], strengthening our findings.

Nevertheless, our study present some limits. First, due to its retrospective design on frozen samples, although this conservation method should not affect antigen conformation and was identical for Delta and Omicron positive nasopharyngeal samples, limiting the bias of direct inter-variant comparison. Secondly, due to the small number of samples and due to missing clinical data, including previous SARS-CoV-2 infection, limiting our interpretation of the RDTs performances on symptomatic or asymptomatic either with the information groups which were mostly explored in the context of the historical SARS-CoV-2 lineage [START_REF] Ferté | Accuracy of COVID-19 rapid antigenic tests compared to RT-PCR in a student population: The StudyCov study[END_REF][START_REF] Bulilete | Panbio TM rapid antigen test for SARS-CoV-2 has acceptable accuracy in symptomatic patients in primary health care[END_REF]. 

  total, 205 participants were included, 104 individuals infected with Delta and 101 with Omicron VOC. We performed 200 RT-PCRs and 176 RDTs because of an insufficient available quantity of sample and obtained 145 participant questionnaires.First, we compared the clinical and virological characteristics of individuals infected with the two VOCs. Participants were mostly female (68.3% versus 71.3%, p=0.6) but Omicron infected individuals were significantly younger than those infected with 

  Number of studies have shown that RDTs have a lower sensitivity than RT-PCR assays on the historical SARS-CoV-2 lineage. In our knowledge, our study is a first to demonstrate a lower RDT's sensitivity associated with a lower VL at the time of diagnosis on Omicron infected individuals in comparison to Delta infected individuals. This should be considered in the large-scale screening strategy and in particular in case of strong suspicion of infection where testing should be repeated.
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