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Abstract

Introduction: Upper respiratory tract (URT) SARS-CoV-2 viral load (VL) kinetics influence the clinical course of COVID-19, but their relationship to symptoms remains poorly understood. We hypothesised that VL kinetics affect the timing, intensity, and duration of symptoms in community cases.
Methods: Our prospective community cohort provided daily URT swabs for VL quantification for 2 weeks and symptom diaries for 28 days post-recruitment. Symptom data were summarised using a composite Symptom Burden Score (SBS) incorporating symptom presence and severity. Only cases who enrolled sufficiently early post-exposure to discern peak (p)VL were included (n=89). Infectious viral shedding was assessed in a subset (n=37) through quantitative viral culture.
Results: The day of pVL correlated with the day of peak symptom burden score (pSBS) (p<0.001, n=89). Very high pVL (>170,000,000 RNA copies/ml) was linked to prolonged illness, with a subset experiencing symptoms ≥3 weeks (p<0.001). Cases reported more symptoms, as well as an increase in URT symptom burden, on the first day of virus cultivability compared to the preceding day (p<0.001 and p=0.005, n=31). Peak systemic symptom score, and specifically muscle aches, significantly associated with prolonged infectious viral shedding (p=0.012 and p=0.033, n=34). URT symptoms such as rhinitis, sore throat, and hoarse voice showed the steepest increase at infectiousness onset.
Conclusions: The timing of pSBS aligns with pVL, and pVL above 170,000,000 RNA copies/ml predicts prolonged symptom duration. URT symptom escalation often marks the onset of infectiousness, while systemic symptoms, particularly muscle aches, signal prolonged infectiousness. These findings identify symptom-based markers of infectiousness with implications for testing strategies. They also highlight the importance of collecting early, frequent longitudinal symptom and virological data as a core element of the public health response to novel pathogens and future pandemics.
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Introduction

Common respiratory viruses result in a wide range of symptoms with marked inter-individual heterogeneity in the dominance and duration of individual symptoms. Understanding how symptom patterns relate to infectiousness may help to define the onset and duration of infectiousness and inform practical containment measures such as workplace exclusion or self-isolation. However, this has not hitherto been achieved for any naturally acquired respiratory virus infection. Given that in vivo upper respiratory tract viral load (VL) dynamics likely contribute to clinical presentation, it is reasonable to assume that the pattern of symptoms may correlate with certain parameters of the VL trajectory such as peak VL, quantified as RNA copy number, and infectious viral shedding, quantified as cultivable virus. 
The response to the COVID-19 pandemic resulted in the creation of the most detailed longitudinal cohort studies of a respiratory virus infection with tracking of RNA VL kinetics to date [1][2][3][4][5]. A very small number of these studies additionally included symptom data and infectious virus shedding [1][4][5]. One of these, the Assessment of Transmission and Contagiousness of COVID-19 in Contacts (ATACCC), enrolled and followed recently exposed contacts of SARS-CoV-2 index cases, enabling the collection of data from COVID-19 cases from the very onset of infection through the full course of illness with daily quantification of infectious virus shedding as well as RNA VL. This made it possible to define the onset and average duration of the SARS-CoV-2 window of infectiousness [1]; however, relationships of infectious virus shedding and RNA VL with specific symptoms, their evolution and duration were not described.
The comprehensive, quantitative self-reported symptom data collected daily from the onset of infection in ATACCC participants presents a unique opportunity to triangulate the temporal evolution of specific symptoms with RNA VL and quantitative infectious virus shedding trajectories. We hypothesised that certain patterns of symptoms, or the temporal evolution of symptoms and symptom intensity, would predict the onset and, potentially, the duration of infectious virus shedding. Since ATACCC participants were enrolled at the very start of their infections, it was possible to resolve peak VL (pVL) in a substantial proportion. To assess whether viral kinetics might be associated with symptom burden as well as infectiousness, we also tested the hypothesis that higher pVL predicts more intense, or longer-lasting, symptomatic illness. 
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Study Design
The Assessment of Transmission and Contagiousness of COVID-19 in Contacts (ATACCC) study was an observational longitudinal cohort study of community contacts of newly diagnosed, PCR-confirmed SARS-CoV-2 index cases [6]. ATACCC enrolment spanned from Sept 2020 to Oct 2021, during the pre-alpha to delta variant waves. Contacts performed daily nose and throat swabs for up to 2-weeks and provided demographic information on the day (D) of enrolment (D0). 
COVID-19 vaccination history was determined from the UK National Immunisation Management System (NIMS) and GP records. A contact was defined as unvaccinated if they had not received a single dose of a COVID-19 vaccine before enrolment and fully vaccinated if they had received two doses of a COVID-19 vaccine at least a week before study enrolment.
Ethical approval was obtained from the Health Research Authority (20/NW/0231) and samples were obtained with written informed consent. 
Symptom Diary Recording
Contacts retrospectively completed symptom questionnaires indicating the presence or absence of twenty symptoms and, where applicable, their respective severities up until the day of recruitment and then prospectively completed symptom questionnaires from D0 up to D28. A composite score, the Symptom Burden Score (SBS), was used to account for both the presence and absence of all reported symptoms, as well as their respective severities (Table-S1). Symptoms were further stratified into body domain scores consisting of the upper respiratory tract (URT), lower respiratory tract (LRT), gastrointestinal (GI) and systemic symptoms (Table-S1). All COVID-19 cases had asymptomatic to symptomatic ambulatory illness.


Laboratory Procedures
Viral RNA load was quantified daily by RT-PCR and the ORF1ab cycle threshold (Ct) values were converted to viral genome copies, as previously described [7]. Peak RNA viral load (pVL) was defined as the log10 maximum measured ORF1ab RNA copies/ml during the study period. 
COVID-19 cases were assigned variant lineages via whole-genome sequencing where possible (64 of 89 cases), or by S-gene target assay on their index case (5 of 89 cases) or the predominant circulating variant at the time of recruitment (20 of 89 cases) as previously described [8]. Viral transport media (VTM) from a subset of cases were subjected to serial plaque assay culture as previously described [1]. 
Statistical Analysis
Statistical analyses were performed using R 4.1.0, Survival (3.7-0). All correlations were calculated using Pearson's correlation coefficient, unless stated otherwise. 










Results
Symptom profiles in recently infected ambulatory COVID-19 cases
Recently exposed contacts of SARS-CoV-2 index cases underwent serial daily nose and throat swabbing for SARS-CoV-2 PCR testing for up to 2-weeks. 228 contacts tested PCR-positive and are hereafter referred to as cases. Of the 228 COVID-19 cases, 108 completed longitudinal daily symptom diaries, which documented in detail the onset and progression of their symptoms (Fig.1). 89 of the 108 cases (82%), contributing 1,207 nose and throat swabs, reached their RNA peak viral load (pVL) after their initial study enrolment, indicating that they were recruited early enough to accurately observe their VL kinetics, thus constituting our final cohort for analysis (Fig.1, Fig.S1). 
The cohort was mostly White (77 [86.52%] of 89), a median age of 42 years (IQR 28–51) and a median BMI of 25.18 kg/m² (IQR 22.19–29.55), with few reporting comorbidities or pregnancy (24 [26.97%]) (Table.S2). 25 cases were Pre-Alpha, 20 Alpha and 44 Delta variant infected. 34 cases were fully vaccinated, and 55 were unvaccinated. Neither variant nor vaccination status was significantly associated with peak body domain symptom score, or symptom duration within our cohort, however, Delta variant infected cases had a significantly higher pVL than Alpha infected cases (p=0.042) (Fig.S2). 
No participants reported haemoptysis, consistent with an ambulatory illness phenotype. Sore throat, fever, headache, and muscle aches followed a distinct temporal pattern, with the highest proportion of cases reporting these symptoms in the days immediately preceding pVL (Fig.2). This observation raises the possibility that these early symptoms could precede peak viral replication, highlighting a temporal sequence that may be relevant for understanding symptom progression. Productive cough generally emerged after persistent cough. Interestingly, although only a few cases reported experiencing a rash (n=8), all reports of rash occurred after the day of pVL (Fig.2).
Higher peak RNA viral load associates with both increased symptom burden and prolonged symptom duration
The number of days it took to reach peak symptom burden score (pSBS) from the day of pVL followed a normal distribution, with most cases reaching pSBS on the day of, or the day before pVL (Fig.3a). The day of pVL and pSBS were significantly correlated (p<0.001, R2=0.29, n=89) (Fig.3b), leading us to hypothesise that pVL magnitude might also associate with pSBS magnitude. pVL and pSBS were only weakly correlated (p=0.002, R2=0.11, n=89) (Fig.4a), and residuals deviated from normality (Shapiro-Wilk test p=0.003), reflecting heterogeneity in the relationship. 
To assess longitudinal associations between viral load and symptoms, we analysed within-case, day-by-day correlations between VL and symptom scores across study days 1–7. (Fig.4b). To ensure comparability across timepoints, analyses were restricted to a consistent cohort with complete VL and symptom data across all study days and whose pVL occurred between study days 1-3 (n=34), thereby minimising heterogeneity in enrolment timing relative to infection. VL correlated modestly with symptom burden score at the earliest timepoints in infection (study day 1: p=0.04, R2=0.12; study day 2: p=0.037, R2=0.13), before attenuating over subsequent study days (Fig.3d). We next examined symptom body domains and found that upper respiratory tract (URT) and systemic symptom scores showed similar early associations with VL, reaching significance on day 1 (URT: p=0.028, R2=0.14 systemic: p=0.039, R2=0.13) and day 2 for systemic symptoms (p=0.029, R2=0.14) (Fig.4b). In contrast, lower respiratory tract (LRT) and gastrointestinal (GI) symptom scores showed weak or no association with VL at any timepoint (Fig.4b).
Symptom duration was analysed in a sub cohort of cases (n=71) (Fig.1) that either reported no longer experiencing symptoms or were only experiencing one mild symptom (n=12), usually anosmia (7/12), at the end of their diary reporting. In this cohort, COVID-19 symptoms persisted for a median of 12 days (IQR 7–16), and a greater pVL correlated with a longer symptom duration (p<0.001, R2=0.2, n=71). Notably there was a distinct cluster of nine cases which exhibited symptoms lasting three weeks or more, and all had a pVL exceeding 170,000,000 RNA copies/ml (Fig.4c). These cases did not display any distinguishing demographic characteristics compared to the rest of the cohort (Fig.S3). Therefore, a pVL exceeding 170,000,000 RNA copies/ml was identified as the necessary threshold for experiencing symptoms for three weeks or more (100% sensitivity), however, a high pVL did not consistently result in a long symptom duration, with many cases having a high pVL but shorter symptom duration (52% specificity). Cases with a pVL exceeding 170,000,000 RNA copies/ml had a significantly longer symptom duration than cases with a lower pVL (Fig.S4).
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[bookmark: _Hlk187504245]We next investigated whether symptoms associated with the onset of infectious viral shedding. We previously conducted serial plaque assay cultures on PCR-positive viral transport media (VTM) from 42 ATACCC cases from which we had successfully captured their RNA viral growth phase [1]. Of these 42 cases, 34 had completed detailed symptom diaries and had shed infectious virus for at least one timepoint (Fig.S5). 
We compared the frequency of symptoms reported before the onset of infectious virus shedding and on the first day of infectious virus shedding in cases with both culturable virus and symptom data available at both timepoints (n=31).  Although no individual symptom showed a significant increase at the onset of infectiousness (Fig.S6a), there was a notable rise in both the count of symptoms reported and SBS at the onset of infectiousness compared to the day prior (p<0.001 and p=0.017 respectively, paired t-test, n=31) (Fig.S6b). Interestingly, this increase in symptom reporting was primarily driven by a worsening of URT symptoms rather than any other symptom body domain (paired t-test, Bonferroni corrected p=0.019, n=31) (Fig.5a).
Systemic symptom burden is linked to a prolonged duration of infectiousness
We next investigated whether symptoms associated with the duration of infectious viral shedding. Among the symptom body domain scores, only a higher peak systemic symptom score significantly associated with a prolonged infectiousness (Bonferroni corrected p=0.012, R2=0.24, n=34) (Fig.5b). 
We therefore investigated whether there was a specific component of the systemic symptom score that would associate with the duration of infectiousness. Of the symptoms comprising the systemic symptom score, we excluded rash as it exclusively appeared after pVL (Fig.2), thereby retaining muscle aches, fever, fatigue and headache in our analysis. Of these, only muscle aches were significantly associated with a longer duration of infectious virus shedding (Bonferroni corrected p=0.033, n=34) (Fig.5c). To further evaluate this association, we compared the duration of infectious virus shedding in cases reporting muscle aches using Kaplan-Meier analysis, which confirmed that these had significantly longer infectious periods than those without muscle aches (log-rank test, p=0.01) (Fig.5d). 














Discussion
Symptoms are the primary trigger for individuals in the community to seek testing for respiratory infections, such as SARS-CoV-2, or to modify their behaviour in ways that reduce transmission risk, such as limiting contact with vulnerable individuals or initiating self-isolation. As a result, understanding how symptoms relate to infectiousness is critical for effective public health strategies, especially during pandemics. Tracking viral kinetics from the onset of infectiousness in naturally exposed individuals is logistically challenging, and therefore rarely done; even fewer studies have simultaneously examined the relationship between VL, symptoms, and infectiousness over time. This limits our understanding of how symptoms relate to infectiousness in real-world cases. To address this fundamental knowledge gap, we investigated the temporal relationship between VL, symptoms, and infectiousness in community-based COVID-19 cases, using a unique dataset comprising longitudinal daily measurements of both symptoms and VL from the earliest stages of infection.
We found that the number of symptoms reported increased at the onset of infectiousness, including in cases who were already symptomatic, with a particularly pronounced rise in the intensity of URT symptoms, including rhinitis, sore throat, conjunctivitis, hoarse voice and anosmia. Biddle et al and Ke et al both reported that sore throat and rhinitis were more likely to be present on days when individuals were culture-positive [4] [5]. While those findings suggest that certain symptoms associate with presence of infectious viral shedding, our study is the first to identify temporal symptom patterns that predict the onset of infectiousness. Importantly, we observed that sore throat often increases prior to peak viral load, highlighting it as a potential early warning signal of imminent peak infectiousness. 
Gunatilaka et al reported a shorter duration of PCR positivity in asymptomatic compared to symptomatic cases, suggesting that symptoms may also provide useful insights into the duration of viral shedding [9]. Our findings reveal a strong association between the severity of systemic symptoms and prolonged infectious SARS-CoV-2 viral shedding. Among the systemic symptoms, muscle aches emerged as a particularly strong marker for prolonged infectiousness. The presence of early muscle aches is a common feature of COVID-19 [10] and may vary with different SARS-CoV-2 variants [11]. These findings indicate a role for early muscle aches as an indicator of prolonged infectiousness or increased transmission risk in the context of SARS-CoV-2 variant evolution; however, targeted surveillance and further research are needed to confirm the generalisability of this across emerging variants.
Given that we previously showed that LFDs are poor tools for early diagnosis of COVID-19 unless used daily [1], our new findings suggest a more pragmatic strategy: repeating LFD testing in response to self-identified escalation of URT symptoms when already symptomatic. This approach may enhance diagnostic accuracy while avoiding the impracticality of daily testing in community settings. From a practical perspective, the combination of escalating URT symptoms (particularly sore throat) followed by prominent systemic symptoms (particularly muscle aches) may represent a symptom profile with heightened relevance for both the onset and persistence of infectiousness. Such symptom constellations could be incorporated into risk-based guidance for testing frequency or isolation duration, rather than relying solely on calendar-based rules.
The day of pVL, marking the highest concentration of the virus before the immune response begins to effectively suppress viral replication, represents a pivotal early moment in the course of SARS-CoV-2 infection [12]. Since viral replication is closely linked to both tissue damage and immune activation, this raises the question of whether the timing of pVL is directly related to symptom burden and duration. Interpretation of prior studies has been challenging, as differences in study design and the infrequent resolution of pVL have led to conflicting results regarding its relationship with symptom burden [13]. In contrast here we were able to resolve pVL in 89 community-acquired infections in a single study, enabling us to demonstrate a clear correlation between the timing of pVL and peak symptom burden. This relationship, until now, had only been identified in controlled human challenge studies involving nasal inoculation in healthy young adults [14]. 
When symptom burden was disaggregated into its constituent domains (URT, LRT, GI and systemic symptoms), associations with VL were modest and largely confined to the period around pVL for URT and systemic symptoms. In contrast, associations with LRT and GI symptom scores were non-significant and showed no temporal pattern. These findings suggest that the observed association between VL and symptom burden is driven predominantly by early URT and systemic manifestations of COVID-19, whereas symptoms in other domains may reflect compartmentalised viral replication or downstream immunopathological processes not captured by upper airway VL measurements [15] [16] [17].
These time- and domain-specific relationships suggest that VL exerts its strongest influence on symptom manifestation early in infection, particularly via URT and systemic symptoms, but the subsequent clinical course may depend on the magnitude of this early viral burden. Consistent with this, we identified a weak, non-linear association between the magnitude of pVL and both symptom burden and duration. Notably, we observed a distinct cluster of cases in which symptoms persisted for three weeks or more, all with exceptionally high pVL, suggesting a possible in vivo VL threshold for prolonged illness. However, not all cases with high pVL exhibited extended symptoms, highlighting that high VL is a likely prerequisite, but not on its own sufficient, condition for prolonged symptom duration.
Although our cohort was relatively small, we applied appropriate statistical adjustments, including Bonferroni corrections, to ensure the reliability of our findings. While we identified statistically significant associations between pVL and both symptom burden score and symptom duration, the strength of these correlations were weak, an outcome that was anticipated. Symptom expression arises from a complex interplay of viral dynamics, host immune and inflammatory responses, and individual variability, rather than from VL alone. Given this multifactorial pathogenesis, it is perhaps remarkable that we observed any associations at all. The modest effect sizes we found should not diminish the relevance of these relationships but instead highlight the need for integrated approaches to understanding infectiousness and symptom burden.
Our study had several limitations. We did not directly assess prior immunity from natural infection, as serological data were not collected in this cohort. Prior immune history, including vaccination or previous SARS-CoV-2 infection, can influence viral kinetics, symptoms, and infectiousness, with vaccinated or previously infected individuals often exhibiting lower viral loads, faster viral clearance, and reduced symptom severity [5] [18] [19]. In our cohort, we observed no significant differences between vaccinated and unvaccinated participants in pVL, systemic symptom burden, or symptom duration, though the study was underpowered to detect subtle effects of immunity. Therefore, heterogeneity in symptom-infectiousness relationships may partially reflect unmeasured differences in prior immune exposure. Future studies incorporating both vaccination and serological assessment of previous infection will be critical to understand how host immune history shapes viral load trajectories and symptom profiles.
Our cohort predates the Omicron variant, and some studies have shown that in vaccinated individuals, symptoms caused by Omicron are distinct, milder, and shorter in duration compared to those associated with the Delta variant [20]. In particular, Omicron BA.1 and BA.2 infections are characterised by less frequent loss of smell or taste and a relative increase in URT symptoms such as sore throat and rhinitis, with modest reductions in muscle aches compared with Delta [21]. These differences indicate that the relative importance of individual symptoms has evolved over time and across variants, even in highly vaccinated populations, yet they remain consistent with our central observation that temporal changes in URT symptoms, particularly sore throat, can help identify the onset of infectiousness. Omicron is also associated with a shorter median duration of viable virus shedding (median 4 days, IQR 1-7) than Delta (median 8.5 days, IQR 5-12) [22]. This pattern aligns with our finding that muscle aches characterise individuals with prolonged infectiousness, implying that in an Omicron-dominant setting a smaller proportion of infected individuals will report prominent muscle aches, but those who do are more likely to fall into the longer-shedding tail of the distribution. Because our analysis used a heterogeneous, community-based cohort encompassing multiple pre-Omicron variants and both vaccinated and unvaccinated individuals, our conclusions are likely to generalise beyond any single variant, while still requiring formal validation in Omicron-dominant, highly immune settings. 
Our small cohort size limited statistical power to compare demographic subgroups, and while symptom presentation varies with age, sex, and pre-existing health conditions, our study was not designed to assess differences across subgroups. However, because demographic factors also influence VL [23] [24] [25], shaping the VL-symptom relationship rather than acting solely as confounders, our diverse cohort helps capture the natural variability in VL and symptom trajectories. Within our study, cases self-reported symptoms, relying on subjective perceptions, especially with regards to symptom burden. We acknowledge that this introduces an element of subjectivity, which may be considered a limitation when aiming to accurately assess our hypotheses. However, we also note that self-reported symptoms offer a practical advantage by reflecting real-world conditions, where individuals rely on personal symptom monitoring to make informed decisions, such as whether to perform an LFD. Finally, we acknowledge that plaque assays have limitations for inferring infectivity, as the presence of viable virus does not necessarily equate to transmissibility, and the lack of cultivability does not always indicate the absence of infectiousness. However, plaque assay remains the gold-standard virological measurement of infectivity [3], and an association between culture positivity and secondary SARS-CoV-2 transmission risk within households has been established [26].
In conclusion, increased URT symptoms often mark the onset of infectiousness in SARS-CoV-2 infection. In particular, recognition of sore throat as an early symptom that rises before pVL could inform public health guidance by prompting earlier testing and timely isolation, thereby improving the interruption of transmission chains. Given the limited sensitivity of LFDs early in infection, repeat testing after an initial negative result is advisable if URT symptoms intensify. Severe systemic symptoms, particularly early muscle aches, may signal prolonged infectiousness, warranting extra caution when ending isolation, especially before contact with vulnerable individuals. RNA pVL also emerged as a key parameter, relevant not only to acute clinical features such as symptom severity at peak, but also to predicting the overall duration of illness. For epidemiologists, this makes pVL a critical input for modelling disease burden, forecasting healthcare demand, and estimating isolation duration. These findings highlight the importance of collecting early and frequent longitudinal symptom and virological data as a core element of the public health response to novel pathogens and future pandemics.
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Figure 1. Selection of ambulatory COVID-19 cases with longitudinal symptom and viral load data.
Flow diagram showing stepwise inclusion of 89 ambulatory SARS-CoV-2–infected participants with daily symptom diaries and RNA viral load measurements. The cohort captures symptom onset, progression, and peak viral load. All symptomatic participants completed symptom diaries for ≥7 days following enrolment (median: 16 days; IQR: 14–28).
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Figure 2. Temporal pattern of symptom reporting relative to peak viral load. 
Proportion of ambulatory COVID-19 cases reporting each symptom aligned to the day of peak RNA viral load (vertical red line) (pVL). For each symptom, numerators and denominators indicate the number of participants reporting the symptom and the total number assessed on that day, respectively.
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Figure 3. The temporal relationship between peak viral load and peak symptom burden. 
(A) Distribution of the day of peak symptom burden score (pSBS) relative to the day of peak RNA viral load (pVL) (n=89). (B) Correlation between the day of pVL and the day of pSBS. Line of best fit shown in blue with 95% confidence interval (grey shaded area) (n=89). 
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Figure 4. The relationship between viral load and symptom magnitude and duration.
(A) Correlation between the magnitude of pVL (Log10 transformed) and pSBS (n=89). (B) Spearman’s rank correlation was used to assess associations  between viral load (Log10 transformed) and symptom burden score, upper respiratory tract (URT), lower respiratory tract (LRT), gastrointestinal (GI), and systemic symptom scores across study days 1-7. R2 values correspond to the overlaid linear regression fit. Red points indicate the day of peak viral load (n=34). (C) Correlation between pVL (Log10 transformed) and symptom burden duration. Triangular points represent participants with one ongoing mild symptom on the final day of diary recording, with colours indicating the symptom reported. Horizontal dashed line denotes cases symptomatic for >21 days, all with peak pVL >170,000,000 RNA copies/ml (n=71). Line of best fit shown in blue with 95% confidence interval (grey shaded area).
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Figure 5. Association between symptoms and infectiousness inferred from culturable virus.
(A) Paired t-test comparing severity of lower respiratory tract (LRT), upper respiratory tract (URT), gastrointestinal (GI), and systemic symptoms on the day before and the day of first infectious viral shedding, defined by virus capable of forming plaques (PFUs) (n=31). (B) Correlation between peak severity of LRT, URT, GI, and systemic symptoms and the duration of infectious viral shedding. Best-fit lines shown in blue with 95% confidence intervals (grey shaded area) (n=34). (C) Duration of infectious viral shedding in cases with systemic symptoms (Confusion, Fatigue, Fever, Headache, Muscle aches) occurring prior to peak pVL, compared with those who did not experience the symptom or only after peak pVL. Analysed using Mann–Whitney U test with Bonferroni correction (n=34). (D) Kaplan–Meier survival curves for presence of infectious virus determined by plaque assay (n=34) with summary table of values. (number at risk = number of ppts at each timepoint; number of events = number of ppts which converted to PFU negative; number censored = number of ppts which left the study before becoming PFU negative, at each time point). 
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