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This study aimed at assessing the validity of self-collected (self-sampled) oropharyngeal (OP) swabs among healthcare workers compared to those collected by trained sentinel general practitioners (GP-sampled) from individuals with influenza-like illness (ILI), to be implemented in epidemiological studies and/or surveillance programs of viral pathogens involved in community respiratory infections. In our study, OP swabs were collected from adults (>18 years) with ILI during the 2018–2019 influenza season. Two groups of samples were considered: group 1−131 self-sampled OP swabs collected by healthcare workers after being trained on the sampling procedure; group 2−131 GP-sampled OP swabs collected from outpatients by sentinel GPs operating within the Italian Influenza Surveillance Network. To assess swabbing quality, following RNA extraction, each sample was tested for the presence of the human ribonuclease P gene (RNP) by in-house real-time reverse transcriptase–polymerase chain reaction (RT-PCR). Samples with a cycle threshold (Ct) <35 were considered adequate for further virological analysis. Influenza viruses (IVs), respiratory syncytial virus (RSV), and rhinovirus (RV) genomes were detected by in-house real-time RT-PCR. All samples were positive to RNP detection with Ct <35. The mean Ct value was similar in the two groups (group 1 vs. group 2: 25.93 ± 2.22 vs. 25.46 ± 2.40; p = 0.10). IVs, RSV, and RV positivity rates were 26.7 vs. 52.7% (p < 0.01), 7.6 vs. 9.9% (p = 0.52), and 21.4 vs. 19.9% (p = 0.76), respectively. Self-sampled OP swabs resulted as valid as GP-sampled OP swabs for molecular detection of respiratory viruses. Self-swabbing can thus be a worthwhile strategy for sample collection to implement molecular surveillance of respiratory pathogens and carry out epidemiological studies, easily reaching a larger population size.
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INTRODUCTION

An adequate specimen collection is essential to identify viral pathogens involved in respiratory infections. A gold-standard sample for viral detection in upper respiratory tract infections is the oropharyngeal (OP) swab, which is usually collected in healthcare structures, such as hospitals, clinics, and practices (1). However, going to see the doctor to collect a swab could be perceived as a waste of time by the patient, particularly if disease symptoms are mild, and the identification of the etiological agent does not improve treatment or prognosis. Collecting respiratory secretions at home could overcome this negative feeling and may increase patient compliance to epidemiological studies and surveillance programs of respiratory pathogens, especially useful for estimating the circulation of those pathogens causing mild diseases, such as influenza-like illness (ILI). In Europe, influenza surveillance relies mainly on sentinel general practitioners (GPs) in charge of recording the number of ILI cases per week and collecting respiratory specimens from their patients for laboratory tests (2). Self-sampling of OP swabs could be a successful, time-, and cost-effective approach for the detection of viruses involved in community respiratory infections and could be a valuable sampling strategy to rapidly assess viral community transmission and maximize containment measures such as patient isolation or quarantine during a respiratory outbreak.

This study aimed at assessing the validity of self-sampled OP swabs compared to those collected by trained sentinel GPs from individuals with ILI in terms of swabbing quality (evaluated by testing an endogenous human gene) and efficiency of molecular detection of respiratory viruses.



MATERIALS AND METHODS


Study Samples and Population

OP swabs were collected from adults (≥18 years) with ILI during the 2018–2019 influenza season (from week 46/2018 to week 17/2019). According to the European Center for Disease Prevention and Control case definition, an ILI case is defined as a sudden onset of symptoms, with at least one systemic (fever or feverishness, malaise, headache, and myalgia) and one respiratory (cough, sore throat, and shortness of breath) symptom (3). Sampling had to be performed within 7 days from symptom onset. OP swabs were collected by means of Sigma Virocult® kit (Medical Wire—MWE, United Kingdom) that consisted in a prepackaged sterile kit containing a small vial with 1 mL transport medium, stable at room temperature, and a dry swab composed by an open-celled foam bud and a stick with a specific breakpoint (4). Once collected, OP swabs were stored at +4°C and sent to the reference laboratory for the Lombardy region (Department of Biomedical Sciences for Health, University of Milan) of the Italian Influenza Surveillance Network (InfluNet) within 72 h.

Two groups of samples were considered and compared:

- Group 1: 131 OP swabs that were self-collected (self-sampled OP swabs) by healthcare workers (including doctors, nurses, technicians, ancillary workers, in-training students, etc.) at a university and research hospital in Milan (Fondazione IRCCS Ca' Granda, Ospedale Maggiore Policlinico) in the framework of a cohort study aimed at estimating the 2018–2019 influenza vaccine effectiveness. Each participant was provided with the swab, along with an explanatory brochure describing the steps of swab collection. If ILI symptoms were developed during the course of the influenza season, each participant was instructed to contact the study staff via phone call: if an ILI was confirmed by the abovementioned definition, the participant had to self-collect the OP swab in accordance with the sampling procedure illustrated in the explanatory brochure provided at the time of enrollment, and following the instructions provided telephonically by the study staff member.

- Group 2: 131 OP swabs that were collected by sentinel GPs (GP-sampled OP swabs) operating within InfluNet in the Lombardy region. These trained physicians collected OP swabs from ILI outpatients seeking medical attention at their practices (5).

OP swabs were collected from as many ILI cases (N = 262); the median age of ILI cases in the two groups was similar [group 1: median age, 38.8 years; interquartile range (IQR), 26.5 years; group 2: median age, 43.4 years; IQR, 17.9 years; p = 0.94].



Laboratory Tests

For molecular analyses, RNA was extracted from 200 μL of each swab by a commercial kit (Invisorb® Spin Virus RNA Mini kit, Stratec Biomedical AG, Germany) following the manufacturer's instructions. Each sample was tested for the presence of the endogenous human ribonuclease P gene (RNP) to assess the swabbing quality and the extraction performance. The RNP detection was performed by an in-house real-time one-step reverse transcriptase–polymerase chain reaction (RT-PCR) assay using 5 μL of RNA to be added in 15 μL of reaction mixture (Luna Universal Probe One-Step RT-qPCR kit; New England Biolabs Inc., United States) including a specific set of primers (final concentration: 0.8 μM each) and probe (final concentration: 0.2 μM) (6). The thermal profile was 55°C for 10 min, 95°C for 1 min, 45 cycles at 95°C for 10 s, and 55°C for 30 s. RNP has to be positive for each swab indicating that human cellular RNA/DNA is present in the sample, and the extraction process was successful. The RNP cycle threshold (Ct) value of each tested sample was normalized against a positive control. Only samples with a Ct <35 were considered adequate for further molecular virological analyses.

Study specimens were then tested for the detection of influenza viruses (IVs) types A and B, respiratory syncytial virus (RSV) and rhinovirus (RV) by means of specific in-house one-step real-time RT-PCR assays (7, 8). For all assays, 5 μL of RNA was added to 15 μL of reaction mixture (Luna Universal Probe One-Step RT-qPCR kit; New England Biolabs Inc., United States). The final concentrations of the oligonucleotides were 0.8 μM of IVs primers and 0.2 μM of IVs probes, 0.5 μM of RSV primer forward, 0.25 μM of RSV primer reverse and 0.05 of RSV probe, and 1 μM of RV primers and 0.1 μM of RV probe. The thermal profile was 55°C for 10 min, 95°C for 1 min, and 45 cycles at 95°C for 10 s followed by an annealing/extension phase of 55°C for 30 s for IVs, and 55°C for 1 min for RSV and RV. A sample was considered positive to a viral target when its Ct value was <40. Real-time assays were performed by using a StepOnePlus real-time PCR system (Thermo Fisher Scientific, United States).



Statistical Analysis

Mean values [and standard deviation (SD)] by group were calculated and compared by means of the unpaired t-test. The frequencies of samples positive to a specific target were compared by χ2 test. A two-tailed p < 0.05 was considered significant.




RESULTS

All study swabs (N = 262) were collected within 7 days from ILI symptoms onset, with a mean time of collection of 2.2 ± 1.5 days for self-sampled OP swabs and 1.8 ± 1.3 days for GP-sampled OP swabs (p = 0.02); 95.4% (125/131) of self-sampled OP swabs and 98.5% (129/131) of GP-sampled OP swabs were collected on or before day 5 (mean time of collection, 2.0 ± 1.2 days vs. 1.7 ± 1.1 days; p = 0.05).

All OP swabs were positive for the detection of RNP, indicating a good swabbing technique quality and a successful extraction process. All self-sampled and GP-sampled OP swabs had an RNP Ct value <35 cycles, showing that all study specimens resulted adequate for virus detection analysis. The mean RNP Ct value was 25.93 (SD, 2.22; range, 19.48–33.13) for self-sampled OP swabs and 25.46 (SD, 2.40; range, 18.65–30.10) for GP-sampled OP swabs, with no statistically significant difference between the two groups (p = 0.10).

The IV positivity rate was 26.7% (35/131) for self-sampled OP swabs and 52.7% (69/131) for GP-sampled OP swabs (p < 0.01). All IV-positive swabs were collected within 7 days regardless of the group considered (mean time of collection, 2.4 ± 1.9 days for self-sampled OP swabs vs. 1.8 ± 1.3 days for GP-sampled OP swabs; p = 0.15).

The frequency of RSV-positive samples was similar between the two groups: 7.6% (10/131) in self-sampled OP swabs and 9.9% (13/131) in GP-sampled OP swabs (p = 0.52). All RSV-positive swabs were collected within 4 days of symptom onset (mean time of collection, 2.5 ± 1.2 days for self-sampled OP swabs vs. 1.7 ± 1.2 days for GP-sampled OP swabs; p = 0.18). RV positivity rate was similar between the two groups: 21.4% (28/131) in self-sampled OP swabs and 19.9% (26/131) in GP-sampled OP swabs (p = 0.76). The RV-positive swabs were collected within 7 days (mean time: 2.1 ± 1.5 days) for self-sampled OP swabs and within 6 days (mean time, 2.0 ± 1.7 days) for GP-sampled OP swabs (p = 0.80).



DISCUSSION

Surveillance systems of respiratory infections (such as influenza surveillance) usually rely on sentinel physicians who monitor the epidemiological trend of a specific illness and collect respiratory samples from their outpatients for virological analyses (2). In this study, self-swabbing was evaluated as an alternative to trained physician sampling as it may be an effective, time-, and cost-efficient approach for epidemiological studies and surveillance programs.

We compared the self-sampled OP swabs to those collected by trained sentinel GPs and demonstrated that self-swabbing is as valid as the OP sampling by trained physicians to be used in molecular assays to investigate respiratory viruses involved in ILI. We assessed the RNP detection to check the quality of each sample. The positivity for RNP in self-sampled OP swabs as well as in the GP-sampled OP swabs indicates the presence of human cells in all samples, thus revealing that all swabs were taken with enough thoroughness to contain exudate fragments from the back walls of the throat and highlighting the good quality of both sampling approaches. As observed in other studies (9, 10), no difference was observed in this human housekeeping gene Ct values between the self-sampled and the not self-sampled respiratory swabs (p = 0.93), suggesting that the two swabbing strategies are equivalent in obtaining adequate samples for molecular virological analyses (9, 10). Moreover, previous studies on acute respiratory infections have demonstrated the feasibility and acceptability of the self-swab sampling approach (11–13) and have verified the quality and efficiency of viral detection of self-collected respiratory swabs, with excellent agreement in viral detection (10, 14). In fact, in these latter studies, no significant difference was observed in the rate of respiratory samples testing positive for a panel of respiratory pathogens obtained from self-sampling vs. clinician-sampling schemes (10–14). Our results confirmed that self-swabbing is a non-inferior sampling strategy compared to trained physician swab collection in terms of viral detection rates, as the frequencies of positive samples to viral target were similar among the two groups. Self-swabbing can thus be used more routinely to supplement or replace trained sentinel GP sampling to assess community transmission of a known organism.

Although the self-sampled OP swabs were collected later compared to the GP-sampled OP swabs, all swabs were collected within 7 days, and the mean time of collection for almost all specimens was similar (~2 days from symptom onset) among the two study groups, suggesting that self-swabbing can be used as much as the trained physician sampling without compromising the timeliness of sample collection in the acute virological phase. Our study also provided the opportunity to evaluate the best collection time of OP swabs from symptom onset in order to investigate respiratory viruses involved in upper respiratory tract infections. While IVs and RV positive swabs were detected up to 7 days after symptoms onset, RSV was identified within 4 days only, probably as a consequence of the different viral shedding (15–17). As the time of sample collection can affect virus detection, for a more sensitive identification of viral targets in respiratory samples, a swabbing period of 4 days instead of 7 days should be preferred. However, further analyses including the detection of a larger panel of respiratory viruses are needed to better clarify this issue.

Particularly, when a surveillance program on new targets is in the pipeline, an ad hoc evaluation of the sampling time should be carefully considered. This study highlighted the potential of self-swabbing in the public health setting as a worthwhile strategy of sample collection for scientific research and surveillance programs. Self-swabbing can be a valuable tool for epidemiological studies, monitoring the circulation of viral infectious agents, implementing molecular surveillance of respiratory viruses, or evaluating vaccine effectiveness. This technique allows more easily reaching an appropriate number of enrolled subjects to achieve adequate statistical power.

Furthermore, avoiding a doctor's appointment for swab collection could increase the willingness of individuals to participate in epidemiological studies and surveillance programs of respiratory pathogens, especially to investigate the etiology of mild diseases. Moreover, it can be an opportunity to study respiratory infections in low-income communities (18).

A previous study aimed at investigating the comparative accuracy of paired OP, and nasopharyngeal swabs for molecular diagnosis of a panel of respiratory pathogens has shown that neither specimen was consistently more effective than the other and that the relative performance of specimen type may vary by the investigated virus (19). Self-sampling of OP swabs, or other respiratory specimens, may be a sampling strategy with great potential and impact during pandemics such as the ongoing (at the time of writing) COVID-19 (coronavirus disease 2019); in fact, self-sampling may aid in the rapid assessment of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) community transmission among healthcare workers and may maximize containment measures. This could provide pivotal insight for staff management, as well as for establishing and tracking the source of infection and determining infection prevention measures (20, 21).

Self-swabbing can be a practicable sampling strategy, also thanks to technological innovations. Respiratory swabs currently on the market are simple enough to be used independently by an adult patient, following few simple instructions. These swabs usually incorporate a specific liquid transport medium, which is stable at room temperature and guarantees proper conditions for the collection, transport, maintenance, and long-term frozen storage of viruses. Moreover, the use of biomolecular techniques, for the detection of respiratory viruses, which are more sensitive than culture-based assays, makes self-swabbing an efficient sampling strategy to investigate community respiratory infections. In fact, virus detection by cell cultures requires careful storage of the sample, in terms of both time and temperature, in order to keep the pathogen alive. Furthermore, only cultivable viruses can be investigated. Conversely, molecular assays are robust virological investigation techniques that offer the opportunity to potentially detect all viral pathogens, even in small samples or following suboptimal storage conditions.

A limitation of this study was the enrollment of a selected study population, the healthcare workers, as participants for self-sample testing. This population was recruited within a university and research hospital, meaning most of the subjects were probably skilled at swab collection. Further studies considering a larger sample size and, particularly, involving the general population could be considered to strengthen our results.

In conclusion, our results support that self-sampling is a valid method of enhancing community-based epidemiological studies and surveillance programs for molecular detection of respiratory viruses in upper respiratory tract illnesses.
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