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Evaluation of PanbioTM COVID-19 Ag Rapid Test as a Point of care for triage of symptomatic patients at the entry points of a public hospital in Gabon
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	Aims: Rapid antigen testing plays a crucial role in COVID-19 triage, particularly in settings where access to molecular diagnostics is limited. The aim of this study was to evaluate the performance of the PanbioTM COVID-19 Ag Rapid Diagnostic Test in symptomatic patients for the diagnosis of SARS-CoV-2 infection using RT-PCR as a reference technique in Gabon.
Study design:  A cross-sectional prospective study.
Place and Duration of Study: Patients: Centre Hospitalier Universitaire d’Owendo from February to June 2021.
Methodology: Symptomatic patients aged 6 to 75 years old, presenting within six days of symptom onset were consecutively enrolled. Two nasopharyngeal swabs were collected from each participant: one was tested using the PanbioTM COVID-19 Rapid Diagnostic Test, and the second was analyzed by RT-PCR (Sansure Biotech) as the reference method. Sensitivity, specificity, positive and negative predictive values, as well as likelihood ratios, were calculated to assess the diagnostic performance of the PanbioTM RDT compared with RT-PCR.
Results: Overall, 431 patients were included: 33.6% (n=145) tested positive by RT-PCR and by PanbioTM COVID-19 Ag RDT (P=.9). The sensitivity of the test was 95.2% [90-98] and the specificity was 97.5% [95-99]. PanbioTM COVID-19 Ag RDT showed a Sensitivity of 95.5% [90-98] among the participants with simple COVID-19 form while it was 90.9% [62.7-98.5] in those with moderate to severe form (P =.03).
Conclusion: PanbioTM COVID-19 Ag RDT kit met the WHO cut-off standards for patients screening for COVID-19 when compared to the RT-PCR reference methods. This test is a good alternative for the screening, rapid clinical management of suspected COVID-19 patients. Future studies are needed to assess its diagnostic performance in asymptomatic individuals, who constitute an important reservoir for SARS-CoV-2 transmission.
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1. INTRODUCTION 
In December 2019, series of acute respiratory symptoms sometimes leading to death were reported in Wuhan, Hubei province in China (Ksiazek et al., 2003). In a short time, this infection due to the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) quickly spread from Wuhan to Taiwan and then around the world, creating a pandemic (Lescure et al., 2020). Over two hundred countries have reported cases of Coronavirus Disease 19 (COVID-19), more than 5 billion (516,757,582) confirmed cases of which about 6 million (6,249,626) deaths occurred (WHO, 2020). COVID-19 had a greater impact in Europe, Asia and America rather than in Africa.
Although the first cases of COVID-19 in many low- and middle-income countries (LMICs) were described as imported by travellers from China and Europe, community transmission has now become the major cause of new COVID-19 infections (Han et al., 2020; Helmy et al., 2020; Kaboré et al., 2022).
Timely and accurate testing for SARS-CoV-2 is an essential part of COVID-19 response strategy. Indeed, diagnosis is crucial in the algorithm of care providing in the case of this disease, to reduce contamination and to discriminate from other febrile illnesses. The detection of SARS-CoV-2 RNA by RT-PCR is the reference method for the diagnosis of COVID-19 (WHO, 2021a). However, this molecular technique may not be available everywhere, especially in remote areas. Indeed, this laboratory test requires specific equipment and often takes hours to produce a result.
In order to limit SARS-CoV-2 infection propagation, rapid screening and isolation of positive patients are recommended. For this purpose, the World Health Organization (WHO) recommends the use of rapid antigen test kits with at least 80% of sensitivity and 97% of specificity (WHO, 2021b). The use of RDTs spreads rapidly in almost all the countries as it helps with patient triage and isolation. The PanbioTM COVID-19 Ag RDT, which was among the first recommended RDTs by WHO, generates results in 15 minutes (Abbott, 2021). It was the first COVID-19 RDT used in Gabon. It is less laborious and, like other RDTs, does not require specific equipment or complicated training.
In Gabon, where almost 2.4% of the population has been tested positive for SARS-CoV-2 since November 2020, the Abbott RDT was first used for the rapid screening of symptomatic patients in ambulatory wards and in hospital wards (COPIL Gabon, 2023). Since 2021, several RDTs are purchased in Gabon. While PCR diagnostic equipment are available in the main cities of the country, shortage of reagents is frequent. Moreover, due to its time-consuming nature, the molecular diagnosis of SARS-CoV-2 is being replaced by rapid antigen testing for the first screening in health structures in outpatient wards. However, field evaluation of COVID-19 antigen RDTs is scarce in the country, although the derived information is necessary for the local recommendation of symptomatic patients’ screening tests.
The aim of this study was therefore to evaluate the performance of the Panbio™ COVID-19 Ag Rapid Diagnostic Test in symptomatic patients for the diagnosis of SARS-CoV-2 infection using RT-PCR as a reference technique at the University Hospital, Centre Hospitalier Universitaire d’Owendo (CHUO), in Gabon.


2. material and methods
2.1 Study site and population
A cross-sectional prospective study was conducted from February to June 2021 at the Centre Hospitalier Universitaire d’Owendo (CHUO), located at 20 km in the southwestern suburbs of Libreville.
At the CHUO, an outpatient wards dedicated to the triage of COVID-19 suspected patients was set up in January 2021. According to the COVID-19 response national committee, suspected patients benefitted first from a rapid screening using a rapid diagnostic test before a confirmation by RTPCR in the hospital Laboratory. Thus, consenting volunteers were invited to participate in the present study after they gave written informed consent, if they were older than six years. Parents and guardians signed for children aged below six years old. Those aged between 6 and 12 years gave their assent and informed consent which was completed by their parents or guardians. Patients benefitted from physical examination by the medical doctors of the hospital before nasopharyngeal sampling. Those who were under treatment or who came for a control test were not included.


2.1.1 Patients’ inclusion criteria
Eligible participants should be aged over 6 years old and present symptoms suggestive of COVID-19 disease which lasted less than six days.

2.1.2 Patient non-inclusion criteria
Non-inclusion criteria were being tested positive in another structure and benefiting from treatment or coming for a control test.

2.1.3 Data collection
Patients’ data were collected on a standardized questionnaire. Socio-demographic, symptoms, medical history information were reported on the form.
Classification of simple COVID-19 form and moderate to severe Covid-19 is described in the national Guidelines of SARS-COV-2 (COPIL). The distribution according to clinical forms of COVID-19 was done according to the WHO criteria:
- mild or pauci-symptomatic form: clinical manifestations such as cough, fever, anosmia, ageusia, pain without moderate and severe signs,
- Moderate form: signs of pneumonia and polypnea with an oxygen saturation to ambient air above 90%;
- Severe form: clinical signs of pneumonia plus one of the following symptoms: respiratory rate > 30 breaths/min; severe respiratory distress; or SpO2 < 90 % to ambient air11-12.

2.2 SARS-COV-2 infection diagnosis
Two nasopharyngeal swabs samples were collected from each participant. After introducing the swabs, a delicate scraping was performed. One sample was taken from the left and the other from the right nasal cavities by trained nurses or physicians.  One swab was put in viral medium for RT-PCR. The other sample was directly used for RDTs analysis. Both tests were performed less than an hour after collection by independent trained technicians.
2.2.1 PanbioTM COVID-19 Ag RDTs
PanbioTM COVID-19 Ag rapid test device by Abbott (Lake country, Il, USA) was performed to detect SARS-CoV-2 Ag. It is a membrane-based immunochromatographic test which detects the nucleocapsid (N) protein of the SARS-CoV-2 virus in a direct nasopharyngeal or nasal swab. The reading and interpretation of the results were performed after 15 to 20 minutes according to the manufacturer’s instructions (Abbott, 2021). In case of positive result, the patient received a complete treatment according to the national guidelines. 
2.2.2 Real Time-PCR (RT-PCR)
Samples collected were sent to the laboratory for molecular analysis within one hour. After automated RNA extraction (Thermo Scientific KingFisher), RT-PCR was carried out using the Sansure kit in a MA 6000 thermocycler (Suzhou Molarray Co., Ltd, China) (FIND, 2020). The RT-PCR kit detected genes (ORF1ab gene and N gene) and fragments of the RNaseP gene the internal control. Positive and negative controls were processed in parallel to the samples. Samples were considered as positive when amplification was detected for one of the two SARS-COV-2 genes in presence of one or more sigmoidal curves, in addition to the RNAseP gene curve. Considering the threshold Cycle (Ct), a sample with a value less than or equal to 40 with a sigmoidal curve was considered positive. A result was negative if the Ct value was greater than 40 and if there was no sigmoidal curve. A Ct cut-off of 40 cycles was chosen in line with current recommendations for SARS-CoV-2 diagnostic RT-PCR assays, as Ct reflects the number of amplification cycles required for the fluorescent signal to cross the detection threshold; lower Ct values correspond to higher viral loads, while amplification beyond 40 cycles is more likely to reflect non-specific background noise rather than true viral RNA (https://microbeonline.com/understanding-cycle-threshold-ct-in-sars-cov-2-rt-pcr/). 
Ct values were categorized into <25, 25–35 and >35, in line with thresholds widely used in SARS-CoV-2 diagnostic performance studies. Ct <25 corresponds to high viral load and high infectivity, as samples in this range are almost always culturable (Bullard et al., 2020). Ct values between 25 and 35 represent intermediate viral loads, where antigen-test sensitivity decreases progressively (Dinnes et al., 2021). Ct >35 reflects low viral loads, typically associated with non-infectious or residual RNA, for which antigen detection is expectedly limited (Bullard et al., 2020; Dinnes et al., 2021).

2.3 Performance indicators
To assess the RDTs performance, sensitivity and specificity were calculated with RT-PCR as the reference standard. Likewise, Positive Predictive Value (PPV) and Negative Predictive Value (NPV) were also estimated. Positive and negative likelihood ratio were assessed as follows:
Positive Likelihood Ratio:  LLR+= (Sensitivity)/(1-specificity). It was considered very strong if LLR+ ˃10.
Negative Likelihood Ratio:  LLR-= (1-Sensitivity)/specificity. It was considered very strong if LLR- ˂.1.


2.4 Ethical consideration
The study was conducted in accordance with the Helsinki Declaration and the  recommendations of the National Vaccination Committee, under the direction of the COVID-19 Response Steering Committee (COPIL). It received ethical approval from the national scientific committee for regulating studies on COVID-19 in Gabon under the reference PROT-019-CSCOVID-19.
In Gabon, the legal age for independent informed consent is 18 years. Accordingly, all participants under 18 years of age were enrolled through a two-step process requiring both minor assent and parental or legal guardian consent. For children aged 6-12 years, written informed consent was obtained from the parent or guardian, and age-appropriate verbal assent was obtained from the child. For adolescents aged 13-17 years, written informed consent was provided by the parent or guardian, written assent was obtained from the adolescent. No minor was enrolled without parental or guardian authorization. All procedures adhered to national ethical regulations and COPIL guidelines.


2.5 Data Management and Statistical Analysis
Data collected were entered in an Excel file. Variables were expressed as proportions or medians. Null hypothesis H0 was “the Panbio™ COVID-19 Ag RDT test has acceptable or achieved diagnostic performance compared to RT-PCR” and the alternative one “the Panbio™ COVID-19 Ag RDT test does not have acceptable or achieved diagnostic performance compared to RT-PCR”. Type I errors (alpha) essentially correspond to false positives in the Panbio™ test while type II (Beta) error essentially corresponds to false negatives of the Panbio™ test. Sensitivity and specificity were determined with 95% confidence intervals (95% CI) using RT-PCR as a reference. Sensitivity was assessed globally and based on Ct values for ORF1ab gene and N gene amplification. Chi-square (χ²) tests were performed to compare proportions, particularly the difference in sensitivity across clinical severity groups. Statistical analysis was performed using Statview 5.0 software. For comparisons, a p-value less than or equal to .05 was considered significant.


3. results
Overall, 431 patients were included. The median age was 37 [27.2-49] years and 32.0% (n=138) were male. Health workers represented 9.5% (n=41) of the volunteers. The median symptom duration since onset was 3 [2-4] days. The rate of participants with at least one comorbidity was 13.7% (n=59). Hypertension and diabetes were the most common comorbidities (n=12 HTA + diabetes). Flu-like symptoms were the most common symptom in the study population (n=198; 45.9%) (Table 1). 

Table 1 : Socio-demographic and clinical characteristics of the study participants
	
	Study population (n=431)

	
	N
	%

	Sex
	
	

	Male
	138
	32.0

	Female
	293
	68.0

	Age groups in years
	
	

	6-14
	24
	5.6

	15-30
	107
	24.8

	31-59
	257
	59.6

	≥60
	43
	10.0

	Comorbidities
	
	

	HTA
	46
	10.6

	Diabetes
	21
	4.9

	Asthma
	2
	.5

	Obesity
	2
	.5

	Symptoms
	
	

	Flu like-symptoms
	198
	46.0

	Respiratory distress
	32
	7.5

	Loss of taste 
	60
	13.9

	Loss of smell
	47
	10.9

	Odynophagia
	6
	1.4

	Headache 
	34
	7.8

	Fever 
	35
	8.1

	Chest pain 
	14
	3.2

	Cough 
	19
	4.4

	Polyarthralgia 
	13
	3.0

	SARS-Cov-2 detection
	
	

	Positive RT-PCR
	145
	33.6

	Positive PanbioTM RDT
	145
	33.6




Other symptoms such as odynophagia, polyarthralgia, chest pain and cough were rarely found (<10%). None of the patients was vaccinated.


3.1 Frequency of SARS-CoV-2 infection detected by RT-PCR and PanbioTM COVID-19 Ag RDT
Table 2 shows that 33.6% (n=145) of volunteers tested positive by RT-PCR as well as by PanbioTM COVID-19 Ag RDT (33.6%) (P=.9). With the reference method, mild COVID-19 was more prevalent (30.4%; n=134) than moderate to severe form (2.3%; n=11).
The frequency of SARS-CoV-2 infection was comparable according to age: ˃30% (table 2). Among patients with comorbidities (HTA, diabetes, obesity, asthma), the frequency of SARS-CoV-2 infection detected by RT-PCR and by PanbioTM COVID-19 Ag Test was comparable (Table 2).

Table 2: SARS-Cov-2 infection according to sociodemographic and clinical characteristics
	
	Positive RT PCR (n=145)
	Positive RDT (n=145)

	
	N
	%
	N
	%

	6-14 years
	8
	33.3
	8
	33.3

	15-30 years
	34
	31.8
	33
	30.8

	31-59 years
	87
	33.9
	87
	33.9

	≥60 years
	16
	37.2
	17
	39.5

	
	
	
	
	

	HTA
	17
	37.0
	16
	34.8

	Diabetes
	8
	38.1
	6
	28.6

	Asthma
	0
	.0
	0
	.0

	Obesity
	1
	50.0
	1
	50.0



In total, 14 patients (3.2%) had discordant results with both techniques, 7 had negative RT-PCR but positive RDT tests and 7 had positive RT-PCR and negative RDT. Among the first ones, all had simple COVID-19 clinical form; 1 had hypertension. Six out of the 7 cases with positive RT-PCR and negative RDT (85.7%) had a simple COVID-19 clinical form, 1 had hypertension, 1 diabetes and 1 had both diabetes and hypertension.
The Ct median values were comparable according to ORF1ab (34.3[32.1-36.6]) and N (34.1 [31.4-36.6]) genes amplification (P=.93). Rho between both tests results were rho=0.64 for discordant samples and rho=.21 for the concordant ones. Ct values of ORF1 and N gene positively correlated (rho=.24, P=.02). Median Ct value was lower in discordant samples (33.0 [30.2-34.4] than in concordant (34.4 [ 32.2-36.9]) for the ORF1ab gene. Opposite results were observed for N gene; Ct median of discordant samples was 36.3 [29.9-37.0] and 34.0 [31.5-36.6] for the RDT positive and PCR positive samples.


3.2 Diagnostic performance of PanbioTM COVID-19 Ag RDT
Diagnostic performance analysis indicated that the overall sensitivity of the PanbioTM COVID-19 Ag test was 95.2% [90-98] and the specificity was 97.5% [95-99]. The proportion of False Positives was 4.8% (n=7) and that of False Negatives 2.4% (n=7). The positive and negative predictive values were 95.2% [90-98] and 97.6% [95-99], respectively. The positive and negative likelihood ratios were 38 and .04, respectively. According to each gene amplification, the sensitivity of the PanbioTM COVID-19 Ag RDT was 100% when Ct values were below 25. RDT sensitivity decreased when Ct values increased more likely with the N gene amplification (table3). 

Table 3: Performance indicators of PanbioTM COVID-19 Ag RDT according to Ct values
	
	Sensitivity, % [IC95%]

	Ct values
	N gene	
	ORF1ab gene

	˂ 25
	100.0 [54.6-100.0]
	100.0 [30.9-100.0]

	[25-35]
	95.7 [87.1-98.8]
	91.5 [81.8-96.5]

	˃35
	90.4 [76.4-96.9]
	97.9 [87.7-99.8]



Globally, 152 patients had positive COVID-19 RT-PCR or RDTs results. Among them, 11 (7.2%) patients had moderate to severe COVID-19 disease. According to the severity of the disease, PanbioTM COVID-19 Ag RDT showed a Se of 95.5% [90.0-98.0] among the participants with simple covid19 form while it was 90.9% [62.7-98.5] in those with moderate to severe form (P=.03). 
The PanbioTM COVID-19 Ag RDT sensitivity varied depending on the symptoms. It was 90.9% [62.0-98.0] in the group of the 32 patients with a respiratory distress, 94.7% [88.0-98.0] in those (n=198) with flu like symptoms (P=.03). Among samples from patients with anosmia (n=47), fever (n=35) and headache (n=34), Se was 100.0% [78.0-100.0].


DISCUSSION
Rapid detection of SARS-COV2 is critical for the screening of suspected patients, mainly in settings with other diseases overlapping symptoms. Moreover, it will allow the rapid isolation of infectious patients and may reduce the transmission.
In the present study, PanbioTM COVID-19 Ag RDT was able to detect the same proportion of COVID-19 patients (33.6%) as RT-PCR which is the reference method for COVID-19 diagnosis in the country. Thus, 1 symptomatic person out of 3 had SARS-COV-2 infection during this period. This study period corresponded to the highest circulation of the Beta VOC with the first highest peak of the number of cases detected since March 2020 (WHO, 2021c).
Our findings are in line with WHO-recommended COVID-19 Ag RDT performances, showing a high sensitivity - above 80% (95.2%) - and a specificity of 97.5%.
The PanbioTM COVID-19 Ag RDT sensitivity was higher compared to those reported from other studies carried out in Africa and elsewhere (Faíco-Filho et al., 2022; Kolwijck et al., 2021; Treggiari et al., 2022; Ngo Nsoga et al., 2021). RDT sensitivity was also shown to vary according to Ct values. Our analysis showed that Ct values of the ORF1 gene and the N gene had a good correlation with similar median Ct values. With both genes, an inverse correlation was found between Ct value and sensitivity. This observation is common with PanbioTM COVID-19 Ag and other RDTs (Ashagre et al., 2022; Dinnes et al., 2021; Al Bayat et al., 2021). All samples with Ct values below 25 were tested positive with RDT, and sensitivity decreased with higher Ct values. These results are consistent with reports from Mozambique and China (Sitoe et al., 2022; Dong et al., 2022). In samples with concordant RDT and PCR results, the median Ct value was below 35. In Ethiopia, all RDT-negative samples had Ct values above 39 (Ashagre et al., 2022). Here, the calculated sensitivity was above 90% for Ct values >35.
The low false-positive rate (2.4%) and the high negative predictive value (97%) also confirm the good performance of this test for the screening and triage of patients. Its ability to accurately diagnose SARS-Cov-2 infection is also highlighted by good positive (38) and negative (.04) likelihood ratios. This confirms the low risk of a patient being tested positive in the absence of SARS-COV-2 virus; inversely, the likelihood of a positive result in case of infection is high. Indeed, we included symptomatic patients with recent onset of symptoms. Several studies highlighted the higher sensitivities of COVID-19 antigen RDTs (including PanbioTM COVID-19 Ag) among symptomatic individuals compared to asymptomatic individuals and controls (Irungu et al., 2023; Eleftheriou et al., 2021). In Ethiopia, a higher sensitivity (99.6%) of the test was found for the detection of the virus in samples from symptomatic and asymptomatic individuals (Sisay et al., 2022). Average RDT sensitivity was also shown to be higher during the first week after symptom onset (Dinnes et al., 2021).
The need for questioning the performance of SARS-COV-2 RDT kits is also important when considering disease severity and the diversity of symptoms. In this study, performances of the PanbioTM COVID-19 Ag RDT according to the severity of the disease showed that the sensitivity of the test was 95.4% in patients with simple COVID-19 forms, while it was slightly lower (90.0%) in those with moderate to severe forms. Although the number of patients with moderate to severe forms was limited, PanbioTM COVID-19 Ag RDT detected infection in 10 out of 11 such patients (sensitivity 90.5%). However, Kolwijck et al. reported a sensitivity of 86.7% in patients with mild symptoms (Kolwijck et al., 2021). According to the main symptoms, the test sensitivity was above 90% for all clinical presentations, including flu-like symptoms, agueusia, anosmia, fever, headache and respiratory distress. Studies comparing sensitivity according to severity and specific symptoms remain scarce. Thus, comparisons are limited; moreover, the low proportion (2.3%) of patients with complicated COVID-19 forms prevents drawing firm conclusions. Nonetheless, attention should be given to RDT performance indicators in asymptomatic individuals, who can present lower Ct values (thus higher viral load) and are known to be major contributors to transmission (Zuin et al., 2021).
Our data confirm the importance of this tool even in health structures equipped with reliable molecular platforms. PanbioTM COVID-19 Ag RDT allows effective triage of symptomatic patients, with a low proportion of false negatives (2.4%). The observed specificity and NPV (97.0%) align with WHO criteria for COVID-19 test use. These values suggest that among symptomatic individuals who test negative by this RDT, very few will be misclassified as uninfected. Nevertheless, COVID-19 confirmation based on antigen RDT should always be interpreted considering epidemiological patterns and clinical symptoms.
This study has some limitations. The majority of enrolled patients had mild symptoms; therefore, these results may not reflect the real diagnostic performance in the general population, including asymptomatic and severely or critically ill COVID-19 cases. It is important to note that COVID-19 Ag RDT indications focus on individuals with recent onset of symptoms, and our study highlights the importance of respecting these recommendations to ensure accurate diagnosis. At the time of the study, only the Beta and Delta variants were circulating in Gabon. Since then, several variants have emerged worldwide, including in Gabon, and antigen RDT performances might vary depending on the SARS-COV-2 variant (Bourassa et al., 2021). The vaccination rate was also low between January and June 2021, with less than 1% of the population vaccinated.
To our knowledge, this is the first study to prospectively assess the Abbott PanbioTM COVID-19 Ag RDT performance in Gabon, under field conditions with a relatively acceptable number of patients. Such evaluations remain scarce in West and Central Africa, and the data generated here can serve as a baseline for future assessments. Further evaluation of the Panbio™ test in asymptomatic individuals is warranted, as asymptomatic carriers play a key role in silent SARS-CoV-2 transmission. Generating such data would help determine the utility of this RDT for broader community screening strategies.


4. Conclusion
Under field conditions, the PanbioTM COVID-19 Ag RDT kit met the WHO cut-off standards for patients screening for COVID-19 when compared to the RT-PCR reference methods. This test, due to its lower cost and easy to use, is a good alternative for the screening, rapid clinical management and decision of isolation of suspected COVID-19 patients in health structure from resource-limited countries including Gabon.
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