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ORIGINAL ARTICLE

Performance of the manual and Sofia rapid antigen test in medical staff exposed to Omicron variants
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Abstract

Background: Variable COVID-19 rapid antigen test sensitivity had been reported and the effect of viral variants drew attention to the impact in the early detection of cases.

Objective: The study aims to compare the performance of antigen tests (manual rapid antigen tests [RAT], and Sofia test) in medical staff exposed during the circulation periods of different Omicron variants.

Methods: The descriptive study of samples collected for the diagnosis of SARS-CoV-2 infection included medical staff at The Cuban Hospital (TCH) Hospital repeated from December 2021 to December 2022, including cases confirmed by SARS CoV-2 polymerase chain reaction (PCR), and a RAT. December 2021–March 2022 and June-December 2022 were considered the periods of Omicron BA.1.1. variants and Omicron BA.4/5 respectively. Comparison of Ct figures between categories was carried out using the Wilcoxon–Mann–Whitney test, and sensitivity (95% confidence intervals [CI]) values were calculated. Results: 287 healthcare workers were diagnosed with COVID-19 during the study period, 56.1% during the B.1.1. variant period, and 43.9% when B.4/5 variants were predominantly in circulation. Sensitivity of the manual RAT test (82.5%; 95% CI 73.4–89.4) was higher during the B.1.1. variant circulation in comparison with the B.4/5 period (68.9%;53.4–81.8). These two methods during this B.4/5 period had quite similar sensitivity figures when compared to each other; manual 68.9% (95% CI 53.4–81.8) and Sofia 72.7% (95% CI 60.4–83.0).

Conclusion: The variation in sensitivity of the RAT for SARS CoV-2 variants and the similar performance of manual and SOFIA methods of RAT could be considered in the diagnostic approach of COVID-19 and the appropriate isolation of potentially infectious cases.
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Early detection and prompt isolation constituted key components for preventing infectious disease transmission. During COVID-19, various challenges were faced including the development of diagnostic technology for a new disease and the effect on test accuracy of viral variants (1, 2). The standard for SARS CoV-2 diagnosis is a reverse transcriptase polymerase chain reaction (PCR) assay performed with nasopharyngeal swabs. Other technologies include antigen and immunoassay-based and antibody-based detection (1, 2).

The use of rapid antigen tests (RAT) and point-of-care (POC) diagnostic tests was recommended by the World Health Organization (WHO) to face the limitations of trained laboratory staff in performing molecular tests during the pandemic and to improve the turnaround times (3). Various reports describe variable antigen test sensitivity according to various factors, especially the viral load (4–6). Moreover, according to published reports the antigen test accuracy in real life is lower than the manufactured data (5, 6)

A false-negative test impacts infection prevention and control in healthcare facilities generating a significant risk of transmission to patients, visitors, and staff members. The WHO recommends RAT that meets minimum performance requirements of ≥ 80% sensitivity and ≥ 97% specificity (7, 8).

In healthcare settings, the early diagnosis of staff exposed to COVID-19 plays a remarkable role in preventing transmission to patients, visitors, and staff. The impact of COVID-19 on health workers was significant worldwide, and in the State of Qatar, where 10.6% of staff from Hamad Medical Corporation (HMC) (the main healthcare provider in the country) had been confirmed to be COVID positive (9, 10).

During 2022, two peaks of COVID-19 had been documented in the medical staff at The Cuban Hospital (TCH) (an HMC member); this was during a period of predominant circulation of Omicron variants (B.1.1.529, BA.1, BA.1.1 and BA.4/5 lineages). In addition to the SARS CoV-2 PCR test, during the first peak (January–March 2022) antigen test (RAT) was used for diagnosing, and during the second peak (June–December 2022) Sofia SARS rapid antigen fluorescent immunoassay (FIA) test was introduced (7). A study was conducted to compare the performance of antigen tests (manual RAT, and Sofia test) in medical staff exposed during the circulation periods of different Omicron variants.

Methods

This is a descriptive study of samples collected for the diagnosis of SARS-CoV-2 infection in medical staff at TCH from December 2021 to December 2022. It involves cases confirmed by SARS CoV-2 PCR, and a RAT, either by manual method or SOFIA. December 2021 to March 2022 was considered the period of circulation of Omicron BA.1.1. variants and the June to December 2022 period was considered the period of circulation of Omicron BA.4/5 variants circulation.

The staff category (nurse, physician, technologist), confirmation test (RAT or PCR SARS CoV-2 test), probable source (hospital-acquired, community-acquired), infection type either primo infection (COVID-19 infection without laboratory evidence of previous infection) or reinfection (new COVID-19 infection with previous laboratory-confirmed infection) were extracted from the infection control department records. Data of demographics, test results at diagnosis, and follow-up RAT (usually performed 7–10 days after COVID-19 diagnosis), including the PCR cycle threshold value (Ct) with a positivity cutoff of less than 30, and COVID-19 vaccine received were collected from the staff electronic medical records. COVID-19 infection was defined as pre-vaccination when the staff received neither the COVID-19 vaccine nor completed the primary vaccination; however, post-vaccination was determined when the staff received the primary vaccination before COVID-19 confirmation.

The staff were trained to carry out the RAT in situ by the manual method (Panbio™ COVID-19 Ag Rapid Test Device) or by using the Sofia antigen FIA (Quidel Corporation) (11, 12). The Sofia FIA is a sandwich-based lateral flow assay and provides automated and user-independent read-out using the Sofia 2 FIA analyzer.

The study was approved by the Medical Research Center (Hamad Medical Corporation, Doha, Qatar) (MRC-01-22-593).

Analysis: Descriptive statistical methods for data analysis were used in the statistical packages IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA), and MedCal version 12.1.0.0. (https://www.medcalc.org). Comparison of Ct figures between categories was carried out using the Wilcoxon–Mann–Whitney test, and sensitivity values at 95% confidence intervals (CI) were calculated.

Results

A total of 287 healthcare workers were diagnosed with COVID-19 during the study period, of which 167 were nurses (58.2%), 62 (21.6%) physicians, and 58 (20.2%) technologists. The mean age was 46.3 years (standard deviation [SD] 6.2 years), without differences among categories. Female sex predominated (68.6%) mainly among nurses and technologists (Table 1). COVID-19 infection was confirmed by PCR in 239 (83.3%) workers, out of which 199 (83.2%) had Ct figures ≤30 and 28 (11.7%) had Ct figures >30. Among the ones with lower Ct figures, a higher RAT positivity was observed, and vice versa (Figure 1). A follow-up RAT test was performed in a mean time of 6.5 (1.3) days in 254 (88.5%) staff members and 97 (38.2%) had a positive test.




Table 1.Demographics, source and type of infection, vaccination, and virus variants according to the category of health workers with COVID-19


	Variables*
	Nurse
	Physician
	Technologist
	Total



	n = 167
	n = 62
	n = 58
	n = 287





	Age (mean ± SD) (years)
	46.2 (5.0)
	48.2 (7.8)
	44.4 (6.7)
	46.3 (6.2)



	Female sex
	126 (75.4)
	33 (53.2)
	38 (65.5)
	197 (68.6)



	Male sex
	41 (24.6)
	29 (46.8)
	20 (34.5)
	90 (31.4)



	Probable source of COVID-19 infection
	
	
	
	



	 Community 
	57 (34.1)
	30 (48.4)
	33 (56.9)
	120 (41.8)



	 Hospital
	104 (62.3)
	32 (51.6)
	22 (37.9)
	158 (55.1)



	 Unknown
	6 (3.6)
	0 (0.0)
	3 (5.2)
	9 (3.1)



	Infection
	
	
	
	



	 Primo infection
	146 (87.4)
	58 (93.5)
	51 (87.9)
	255 (88.9)



	 Reinfection
	21 (12.6)
	4 (6.5)
	7 (12.1)
	32 (11.1)



	Disease
	
	
	
	



	 Pre-vaccination
	3 (1.8)
	1 (1.6)
	0 (0.0)
	4 (1.4)



	 Postvaccination
	164 (98.2)
	61 (98.4)
	58 (100)
	283 (98.6)



	Vaccine received
	
	
	
	



	 Pfizer
	160 (95.8)
	60 (96.8)
	54 (93.1)
	274 (95.5)



	 Moderna
	7 (4.2)
	0 (0.0)
	3 (5.2)
	10 (3.5)



	 Abdalla
	0 (0.0)
	2 (3.2)
	0 (0.0)
	2 (0.7)



	 Aztra Seneca
	0 (0.0)
	0 (0.0)
	1 (1.7)
	1 (0.3)



	Probable COVID-19 variants
	
	
	
	



	 B.1.1.
	94 (56.3)
	33 (53.2)
	34 (58.6)
	161 (56.1)



	 B.4/5.
	73 (43.7)
	29 (46.8)
	24 (41.4)
	126 (43.9)



	*data presented as number (%) unless specified.





Fig. 1.Diagnostic test in the COVID-19 staff.
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Hospital-acquired exposure (during direct patient contact, contact with health workers in the hospital) was identified in 55.1%, and community exposure in 41.8%, either in common places of the community (e.g. markets) or in shared staff accommodation. Hospital exposure was more frequent among physicians and nurses, while the community predominates among technologists. Out of 32 staff members (11.1%) with confirmed COVID-19 reinfection, 95.5% received the Pfizer BionTech vaccine. The diagnosis of COVID-19 was done during the period of predominant circulation of the B.1.1. variant in 56.1% of staff, and 43.9% during B.4/5 variants predominant circulation (Table 1).

The time between a more recent vaccine dose and COVID-19 diagnosis was 192.8 days (SD 123.8 days) for Pfizer vaccinated staff and 193.0 days (SD 86.8 days) (p = 0.73) for Moderna vaccinated staff.

Ct figures were lower in staff with positive RAT in manual and Sofia test on diagnosis when compared with those with negative RAT tests (p = 0.00) (Figure 2A and B). Also, Ct figures were lower in staff with primo-infection (Ct = 22.6 (SD 5.5) in comparison with reinfection (25.2 (6.3) (p = 0.03) (Figure 2C). The Ct figures in post-vaccinated staff confirmed during B.1.1 variants (23.2 (5.4) and B.4/5 variants (22.4 (5.8) were similar (p = 0.18) (Figure 2D). Ct figures analysis of pre-vaccinated cases was not feasible due to the low number of cases.

Fig. 2.Box plot to describe the PCR cycle threshold figures according to antigen test methods (A, B), COVID-19 infection type (C), and potential infectious variant (D).
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Figure 3 shows the sensitivity, and 95% CI, for the antigen test performed, according to the method used for antigen detection, and the period of COVID-19 variants circulation. It can be noted that the sensitivity of the manual RAT test (82.5%; 95% CI 73.4–89.4) was higher during B.1.1. variant circulation in comparison with the B.4/5 period (68.9%;53.4–81.8). These two methods during this B.4/5 period had quite similar sensitivity figures when compared to each other; manual 68.9% (95% CI 53.4–81.8) and Sofia 72.7% (95% CI 60.4–83.0).

Fig. 3.Sensitivity (95% confidence interval) for SARS-CoV-2 rapid antigen test according to the method and COVID-19 variants circulation periods. S, sensitivity; LL, Lower limit; UL, Upper limit.
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Discussion

Our study describes higher sensitivity of RAT performed by manual method during periods of Omicron B.1.1. variant circulation compared with B.4/5 variant circulation, and no differences in sensitivity among manual or Sofia method of RAT during B.4/5 circulation.

The sensitivity of RAT in real life reaches variable values ranging from 30 to 80% according to published papers, with figures from manufacturers being much higher (over 90%) (7, 13, 14). Various studies confirm the variable sensitivity of PCR and antigen test in symptomatic patients in comparison with asymptomatic patients, and patients with Ct figures under 30 in comparison with patients over 30 (15–18). Studies conducted using Panbio™ COVID-19 Ag Rapid Test Device have described variable results (19, 20). Albert et al. in primary care services report a sensitivity of 79.6% (95%CI 67.0–88.8%) during the period of Non-Omicron variants circulation, while Galliez RM describes 89% of sensitivity for nasal tests in symptomatic patients during Omicron circulation (19, 20). Most of the COVID-19 staff studied had symptoms, which indicated high sensitivity in our study in comparison with asymptomatic patients. Similar findings have been reported for Sofia RAT with 72.1% sensitivity in symptomatic patients according to Brihn A et al., and 57.1% in emergency department patients reported by Bornemann et al. (6, 7).

New COVID-19 variants have generated great concern due to their potential impact on the performance reduction of diagnostic tests, especially for rapid diagnostic tests. Differences in sensitivity had been observed for Omicron compared with Alpha and Delta variants (21–23). Leuzinger et al. showed lower antigen detection rates for Omicron BA.2 and BA.5 in samples with Ct figures <29, probably related to the variation within the nucleocapsid protein (24). This research confirms the variable sensitivity of RAT in Omicron variants during different circulation periods in healthcare workers, but similar performance of Panbio™ COVID-19 Ag Rapid Test Device and Sofia test. The reduction in the sensitivity of diagnostic tests exposed to new variants of SARS CoV-2 may affect their clinical value in the timely detection and isolation of patients and the prevention of transmission in healthcare and community setting.

This study has few limitations to consider. First, it is a single-center study including healthcare workers and not the general population which limits the comparison; nevertheless, the study includes all healthcare workers confirmed during the study period providing valuable data on the matter. Second, the exclusion of other clinical variables limits the likely analysis of Ct figures with special reference to asymptomatic or symptomatic COVID-19 cases.

Conclusion

The variation in sensitivity of the RAT for SARS CoV-2 variants and the similar performance of manual and SOFIA methods of RAT could be considered in the diagnostic approach of COVID-19 and the appropriate isolation of potentially infectious cases.
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