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Background: Echinacea purpurea has clinical antiviral activity against respiratory viruses and modulates immune functions. In this study, we compared higher doses of new Echinacea formulations with conventional formulations at lower, preventive doses for therapy of respiratory tract infections (RTIs).

Methods: In this randomized, blinded, controlled trial, healthy adults (n = 409) were randomized between November 2018 and January 2019 to one of four Echinacea formulations, which were taken in case of an RTI for up to 10 days. New formulations A (lozenges) and B (spray) delivered an increased dose of 16,800 mg/d Echinacea extract during days 1–3 and 2,240–3,360 mg/d afterward; as controls, conventional formulations C (tablets) and D (drops) delivered a lower daily dose of 2,400 mg, usually taken for prevention. The primary endpoint was time to clinical remission of first RTI episodes based on the Kaplan–Meier analysis of patient-reported, investigator-confirmed, respiratory symptoms assessed for up to 10 days. In a sensitivity analysis, the mean time to remission beyond day 10 was calculated by extrapolating the treatment effects observed on days 7 to 10.

Results: A total of 246 participants (median age 32 years, 78% female participants) were treated for at least one RTI. Recovery by day 10 (complete absence of symptoms) was achieved in 56 and 44% of patients with the new and conventional formulations, respectively, showing a median time to recovery of 10 and 11 days, respectively (p = 0.10 in intention-to-treat analysis, p = 0.07 in per-protocol analysis). In the extrapolated sensitivity analysis, new formulations resulted in a significantly shorter mean time to remission (9.6 vs. 11.0 days, p < 0.001). Among those with an identified respiratory virus, viral clearance until day 10 based on real-time PCR from nasopharyngeal swabs was more frequent with new formulations (70 vs. 53%, p = 0.046). Tolerability and safety (adverse events: 12 vs. 6%, p = 0.19) were good and similar between formulations. There was one severe adverse event with a potential hypersensitivity reaction in a recipient of the novel spray formulation.

Conclusion: In adults with acute RTI, new Echinacea formulations with higher doses resulted in faster viral clearance than conventional formulations in prophylactic dosages. The trend for faster clinical recovery was not significant by day 10 but became so upon extrapolation. A dose increase during acute respiratory symptoms might improve the clinical benefits of orally administered Echinacea formulations.

Trial registration: The study was registered in the Swiss National Clinical Trials Portal (SNCTP000003069) and on ClinicalTrials.gov (NTC03812900; URL https://clinicaltrials.gov/ct2/show/NCT03812900?cond=echinacea&draw=3&rank=14).
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Introduction

Respiratory tract infections (RTIs) represent the most frequent illness in industrialized countries (1). The great majority of these infections are of viral origin (2), and over 200 respiratory pathogens have been identified. Despite being typically self-limiting (3), they are one of the leading causes of inappropriate antibiotic prescription and have a large societal impact (4, 5).

Effective therapies against influenza-like illness (ILI) or common cold are urgently needed, as currently available management is mainly symptomatic only (6). Echinacea purpurea was originally discovered as a medicinal plant by the indigenous population of North America who used it for the treatment of various ailments including respiratory tract infections, as an analgesic (tooth pain) as well as for snake bites (34). More recently, antiviral, anti-inflammatory, and immune-modulatory models of action were explored for particular plant preparations (7–9). It affects macrophage's antiviral function (10) and modulates chemokine and cytokine secretion (11). The virucidal activity is primarily directed against enveloped viruses such as influenza, parainfluenza, respiratory syncytial viruses (RSV), endemic coronaviruses, and SARS-CoV-2 (8, 11, 12). Randomized, controlled clinical studies (RCTs) have demonstrated efficacy for a 65% hydroethanolic extract from Echinacea purpurea herb and roots (Echinaforce® [EF]) in the prevention and the treatment of RTIs including secondary complications (13–17). Five months of EF prevention during the COVID-19 pandemic (2020–2021) reduced enveloped virus infections by 43.2%, coronavirus infections by 48.3%, and SARS-CoV-2 by 63.1% (p < 0.05) (15). Moreover, Nicolussi et al. found significantly reduced enveloped virus infections in adults and children and >98% decreased viral loads with increased EF dosages used for the acute treatment (18).

In a previous clinical study on the treatment of the common cold, a preparation with a seven times higher content of Echinacea (16,800 mg EF daily) performed better than placebo and than dosages that are typically administered for the long-term prevention of RTIs (2,400 mg EF extract daily) (17).

We hypothesized that higher and more acute Echinacea doses increase therapeutic efficacy over preventively administered lower dosages. Furthermore, it is unknown whether liquid or solid formulations are more effective against different respiratory symptoms.

Therefore, we performed a randomized clinical trial (RCT) to investigate the superiority of higher doses of newly developed solid and liquid Echinacea formulations compared to preventive doses of conventional formulations regarding clinical efficacy, safety, and tolerability in the treatment of acute RTIs in healthy adults.



Materials and methods


Study design, participants, and randomization

This parallel-designed, blinded, RCT was conducted at the outpatient Clinic of Infectious Diseases and Hospital Epidemiology of the Cantonal Hospital St. Gallen. Healthy individuals of ≥18 years or those with respiratory symptoms of <24 h were invited to participate. Recruitment occurred through paper and electronic announcements throughout local hospitals and universities. Participants were enrolled by the study physicians from November 2018 to January 2019 after obtaining written informed consent. Inclusion and exclusion criteria are listed in Table 1. Baseline testing for hematological and metabolic parameters was performed.


TABLE 1 Inclusion and exclusion criteria.
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Participants were randomly allocated by the study coordinator to receive either a conventional (drops or tablets, active control) or a newly developed Echinacea formulation (spray or lozenges) at a 1:1:1:1 ratio. A randomization list was generated by applying a block size of 8 using RANCODE, version 3.6 (IDV, Gauting, Germany) and retained by the study statistician (P.K.) in a sealed envelope. Participants received three sealed boxes of study medication allocated in ascending order according to the study medication number.

The formulations were fundamentally different with respect to taste, appearance, and method of application and were obviously distinguishable. Blinding of the study team and participants was nevertheless achieved by packing the medications into identically looking and labeled treatment boxes. Medications were handed out and returned exclusively in closed boxes in order to keep study personnel blind regarding the dispensed formulation. Likewise, participants were not instructed on the galenic appearance and posology of the respective new and conventional formulations.

At enrollment (visit 1), participants were instructed on symptoms of RTIs, and indications of when to start therapy with the assigned medication or when to immediately seek professional medical consultation. Study medication was issued to healthy subjects at inclusion for the prospective treatment of up to three future episodes of RTIs. Patients with acute RTI at inclusion, pre-existing for no more than 24 h, immediately started the first treatment. Concomitant medications for RTI episodes were allowed but recommended to be used only sparingly.



Intervention and procedures

The participants were instructed to start treatment upon the occurrence of at least one respiratory symptom and/or the subjective feeling of a cold. They were told to inform the study team by phone to confirm treatment exclusion criteria (symptoms of complicated illness or pneumonia, in particular, confusion, dyspnea, neck pain or stiffness, thoracic chest pain, severe illness, or signs of non-respiratory tract infections). The participants were further instructed about the required diagnostic/monitoring procedures and received kits for self-collection of nasopharyngeal swabs (NPS) before and on days 5 and 9 of treatment of the first episode. Self-collection of the NPS was tutored at enrollment; an instruction brochure was provided, and a video was accessible on the study website. The kits included NPS (minitip Flocked Swabs, COPAN, Italy), vials with transport medium for storage at room temperature (Opti-Swab™, COPAN, Brescia, Italy), and sealable envelopes for postal delivery on the next working day to the laboratory (Labormedizinisches Zentrum Dr. Risch, Buchs, Switzerland) for semi-quantitative molecular detection of respiratory virus nucleic acid (Allplex® RT-PCR, Seegene, South Korea) for 19 viruses (influenza A, influenza A H1, influenza A pdm09, influenza A H3, influenza B, respiratory syncytial virus (RSV) A, RSV B, parainfluenza virus (PIV) 1, PIV 2, PIV 3, PIV 4, human adenovirus, human enterovirus, human rhinovirus (A/B/C), human metapneumovirus, human bocavirus (1/2/3/4), coronavirus OC43, coronavirus 229E, and coronavirus NL63). Participants also received a diary to daily record the presence and severity of the symptoms of runny nose, congestion, sneezing, coughing, shivering, sore throat, malaise, headache, and myalgia using a Likert scale [absent (0), mild (1), moderate (2), or severe (3)], adverse events, and concomitant medications for each episode until recovery for up to 10 days.

During the first episode, participants were requested to return to the study center on day 5 (±1) for clinical evaluation, blood collection, verification of inclusion and exclusion criteria, diary entries, and medications (visit 2). Patients returned for a final visit (visit 3), which occurred between 3 weeks after starting the treatment for the first infection episode and 3 weeks after completion of the treatment for the third episode, depending on the last possible follow-up (5 July 2019).



Treatments

All four investigated formulations (A–D) contained different concentrations of Echinaforce® (EF) extract as the active substance, which is a 65% hydroethanolic extract made from freshly harvested Echinacea purpurea herb and roots at a ratio of 95:5 and uses a drug to extract ratio (DER) of 1:12 and 1:11. New formulations A (lozenges) and B (spray) delivered increased doses of 16,800 mg/d EF extract (7 × 2 puffs or five tablets) during days 1–3 and 2,240–3,360 mg/d (2–3 puffs or one tablet) afterward. Control formulations C (tablets) and D (drops) were used at 6 × 1 tablets or 6 × 10 drops, delivering a constant lower daily dose of 2,400 mg that is usually administered for prevention (Table 2). A typical characterization of the phytochemical marker substances found in EF extract is available in Sharma et al. (29). The formulations were filled into dark brown glass bottles sealed by screw closures and a nozzle (for the spray) and were manufactured and released by A. Vogel AG Switzerland under GMP guidelines. In the case of an RTI, the participants were instructed to use medications as described in Table 2. Formulations A to D were shown to contain 25 mg (A), 22 mg (B), 6.3 mg (C), and 4.6 mg (D) of dodeca-2E, 4E, 8E, and 10E/Z-tetraenoic acid isobutylamide per 100 g and contents remained stable throughout the duration of the study (>90% at 25 and 40°C). The stability of samples was further monitored by the TLC fingerprint analysis.


TABLE 2 Dosing of treatments: new Echinacea formulations (A and B) and conventional Echinacea formulations (C and D).
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Patient compliance was determined based on diary entries for each RTI episode and considered acceptable if the medication was taken on ≥75 % of days with symptoms of at least moderate severity. At the third visit, glass bottles were collected for pill count or weighing of solid or liquid drugs, respectively.



Clinical outcomes

The primary endpoint was the duration until complete clinical remission of the first episode (all symptoms rated as absent) based on verified diary entries. The primary aim was to compare time to clinical remission for the new formulations A and B vs. conventional formulations C and D using the Kaplan–Meier analysis. Secondary outcomes included time to clinical remission if remission was defined as mild or absent symptoms, if all episodes were accounted for, cross-comparisons between different formulations, sick days defined by the presence of at least “mild” symptoms, and the patient's global impression of efficacy, safety, and tolerability rated as “bad,” “moderate,” “good,” or “very good” as a patient-centered outcome at the final study visit. Another secondary analysis of diary entries defined clinical remission as the time point when all symptoms in diaries were rated as “mild” or “absent.”

The virological response was defined as negative subsequent NPS (on day 5 or day 9/10) in individuals with a positive NPS on day 1 of symptoms. Virological non-responders were defined by a persistent positive test on day 9/10. There was no further viral testing beyond this date, i.e., no testing to confirm viral clearance. Subjectively perceived effectiveness and acceptance by the patient were compared between treatment groups as relative frequencies of Likert scores.

Cell counts, creatinine, transaminases, and bilirubin levels were measured at inclusion, on day 5 of the episode, and if abnormal at the final visit as safety endpoints. Adverse events and co-medications were compared between groups. All subjects who were administered at least one dose of study medication for an RTI represented the safety population.

The intention-to-treat (ITT) population consisted of all subjects with verified compliance based on returned medication glasses, who had at least one RTI episode, and who treated more than 75% of the episode days with at least “moderate” symptoms (i.e., no serious non-compliance). The per-protocol (PP) population consisted of all subjects in the ITT collective excluding those who had delayed follow-up (>28 days) and violated inclusion or exclusion criteria.



Statistical analysis

Based on the results of previous studies (14, 19), a proportion of 98, 65, and 19% of symptomatic subjects was assumed for treatment days 2, 5, and 10 for new formulations (A and B) and of 99%, 83%, and 25% on the same treatment days for conventional formulations (C and D). From those frequencies, a median time to remission between days 6 and 7 (A and B) and between days 7 and 8 (C and D) could be expected. According to these assumptions, 127 patients were required for new (A and B) and conventional (C and D) formulation groups to reject equality between grouped treatments with an α error of 0.05 and 80% power (Gehan-Wilcoxon test). Due to uncertainty of how many participants would develop an RTI episode during the respiratory season, we decided to enroll at least 400 participants. The end of the study was defined as the time point when the first 300 RTI episodes were documented.

Statistical analyses were performed using SAS® (version 9.4) and Testimate 6.5 (IDV, Data analysis and study planning, Gauting, Germany). For quantitative and ordinal variables, descriptive statistics were calculated; for categorical and dichotomous variables, absolute and relative numbers of score categories were determined. Clinical remission was reached when all symptoms were rated as absent (<1) and was analyzed using the Kaplan–Meier method and Peto log-rank test (assumption of late responses) or the Gehan-Wilcoxon test (assumption of early responses), as appropriate. The primary analysis compared new formulations (A and B) with conventional formulations (C and D) in the ITT population. Since there were only 223 instead of 300 targeted first episodes and since only ~50% of first episodes were fully resolved until the last day of documentation, group differences tended to be seen late (after day 5). Therefore, a sensitivity analysis extrapolated the mean slope of the recovery rate (between days 7 and 10) observed after day 10 until full recovery. Secondary efficacy endpoints were analyzed in an exploratory method using the Mantel–Haenszel chi-square test for ordinary variables, Fisher's exact test for dichotomous and categorical variables, and the t-test or analysis of variance (ANOVA) for quantitative variables. All statistical tests were performed two-sided at α = 0.05 significance level by a blinded statistician.



Ethics and regulatory

The study was conducted in accordance with the latest version of the Declaration of Helsinki (October 2013) and ICH Good Clinical Practice (GCP) guidelines. Ethical approval was received by the local ethics committee (EKOS 2018-01383), and the trial was authorized by the Swiss national competent authority (Swissmedic 2018DR2140). The study was registered in the Swiss National Clinical Trials Portal (SNCTP000003069) and on ClinicalTrials.gov (NTC03812900).




Results

A total of 409 adults provided informed consent after screening and were randomized to one of the four treatment groups between November 2018 and January 2019 (Figure 1). The target of 400 participants was reached but, unexpectedly, they experienced only 246 RTIs by May 2019 (the end of the cold season), and the study was closed. The mean duration of observation of individual participants was 4.7 months (median 4.6 months) and more than 3 months in 80% of patients. A total of 11 patients prematurely terminated the study, one because of an adverse event and the others due to moving out of the area.


[image: Figure 1]
FIGURE 1
 Study flow diagram. Number of patients are shown in both, PP and ITT populations; formulation A, lozenges; formulation B, spray; formulation C, conventional tablets; formulation D, conventional drops; RTI, respiratory tract infection; SAE, severe adverse event. 1Two patients were excluded from PP analysis due to seriously delayed follow-up phone call and medication of obstructive airways disease (exclusion criteria).



Baseline characteristics

There was a similar sex distribution between groups (female: range 75–86%). The mean age (32 years) varied between groups (range 31.9–40.0 years). Otherwise, the four study arms were well-balanced for baseline characteristics (Table 3).


TABLE 3 Baseline characteristics.
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Primary endpoint

Most (246/409, 60.1%) participants were treated for at least one RTI, 31/246 (12.6%) for a second, and four (1.6%) for a third RTI episode. A total of 23 participants were excluded from the ITT and PP analyses mainly because of non-compliance with the intake of study medication, leaving 223 participants for the ITT analysis. Treatment compliance among the ITT population (i.e., treatment during >75% of days with moderate symptoms) was >98% in all study arms for the first episode.

The median time to complete symptom recovery from the first episode as per RTI symptom assessment in diaries was not significantly different between the new and old formulations (10 and 11 days, p = 0.10 in ITT, p = 0.07 in PP; Figure 2A). Recovery curves diverged toward the end of treatment favoring the new formulations (A and B). Recovery was reached by day 10 in only 56% of participants with the new formulation and 44% with the conventional formulation. Extrapolating the recovery curve beyond day 10 presuming a linear continuation of recovery resulted in a 1.4-day reduction from 11.0 days with old formulations (C and D) to 9.6 days with new formulations (A and B; p < 0.001; Figure 2B).


[image: Figure 2]
FIGURE 2
 (A) Remission of first infection episode. Comparison of new (dashed line, A + B) vs. conventional (solid line, C + D) formulations in ITT population; x-axis: day free of symptoms; y-axis: the probability of recovery (Kaplan–Meier analysis). (B) Remission of first infection episode extrapolated until full recovery. Comparison of new (dashed line, A + B) versus conventional (solid line, C + D) formulations in ITT population; x-axis: day free of symptoms, y-axis: the probability of recovery (Kaplan–Meier analysis).




Secondary endpoints

In a secondary analysis of episode remission—predefined as RTI symptoms in diaries rated as “absent” or “mild”—there were no significant differences in time to remission between new and old formulations (median 6 vs. 7 days, p = 0.36).

Combining the effects on all episodes, including the 31 participants with second and the 4 with third episodes, the new formulations (A and B) resulted in faster recovery than conventional formulations (C and D; mean durations 8.5 vs. 9.0 days, median durations 10 vs. 11 days, p = 0.009). The mean difference of the extrapolated recovery times was 1.8 days (p <0 .001; Figure 3). For analyses of recovery to absent or mild symptoms, as used in previous publications (19, 20), there was a non-significant trend to faster recovery with new formulations (median 6d vs. 7d, p = 0.36 and median: 5d vs. 7d, p = 0.08, respectively; Supplementary Figure S1) when evaluating first and all treated episodes, respectively.


[image: Figure 3]
FIGURE 3
 Remission of all infection episodes extrapolated until full recovery. Comparison of recovery times of new (dashed line, A + B) vs. conventional (solid line, C + D) (p < 0.001) formulations extrapolated beyond day 10 to absent symptoms; y-axis: the probability of recovery; x-axis: day free of symptoms; the Kaplan–Meier analysis.


Several cross-comparisons were carried out in order to find differences between galenic forms (Supplementary Figure S2). Overall, there were no significant differences for any of these comparisons in the ITT population (p ranging from 0.07 to 0.6); however, extrapolated recovery times were significantly shorter for the new formulations than the conventional formulations (solid: 9.4d vs. 11.1d, p <0 .001; liquid: 10.1d vs. 10.9d, p = 0.03). Overall, there were no consistent or statistically significant differences between the different formulations regarding individual symptoms (Supplementary Figures S5a–i), except for slightly faster relief of sore throat with liquid preparations (reduction by up to 20% with new spray vs. conventional tablets on days 1–3) and faster responses of cough with new tablets (reduction by 42% on day 4 vs. conventional drops).



Number of sick days

The mean number of sick days during the first episode was not different between solid formulations (4.7 d vs. 4.8 d; p = 0.74), but 4.6 and 5.0 sick days were found for the new spray and conventional drops, respectively (p = 0.46). The overall median number of sick days was 4 and 5 days for new and old formulations, respectively (p = 0.43).



Global assessments

In total, 53% of participants (n = 57/107) correctly judged that they received a new formulation, and 46% judged correctly that they received an old formulation (n = 54/116, Supplementary Table S1).

The participants' global assessment of treatment effectiveness at the study end was better with new than with conventional formulation for the first episode (62.5 vs. 48.2% ratings “good” or “very good,” p = 0.02) and was more pronounced for the liquid (64.7 vs. 46.5%) than the solid (60.3 vs. 50.0%) formulations.



RTI complications and antibiotic use

Of 288 RTI with Echinacea-treated episodes, three required antibiotic therapy. Excluding one patient who received antibiotics from the start for sinusitis, the remaining two patients (0.7%) who required subsequent treatment with antibiotics for tonsillitis and a non-specified bacterial infection, respectively, had received conventional Echinacea drops (2/64, 3.1%).



Virus identification

The nasopharyngeal specimen analyses most commonly detected rhinovirus (28.7%) and endemic coronaviruses (23.8%) (Supplementary Table S2). Virological responders were more frequent with the new (n = 48/69) than the conventional formulations (n = 44/83 or 70 vs. 53%, p = 0.046). This difference was mainly due to the effects of the new lozenges (n = 28/35 or 80%) in comparison to 58.8% (n = 20/34) with conventional tablets (p = 0.03, Supplementary Table S3).



Adverse events

Overall, 21 patients experienced AEs with the new formulations (16.6%) and 22 patients with the old formulations (18.0%), showing no difference (p = 0.87). In 22 patients, events were assumed adverse drug reactions (ADRs), and two of them were classified as serious: one with a potential link to the novel spray formulation (hypersensitivity reaction; Table 4 and Supplementary Table S4). Despite assessment by allergy specialists including oral and epicutaneous re-challenge assays, it remained unclear whether this was caused by Echinacea or the excipients used, such as anise oil, which is known to trigger such reactions (21).


TABLE 4 Adverse events.
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Tolerability was rated better in the group with conventional than with novel formulations (98.3 vs. 87.6% with good or very good, p = 0.007).

There was no apparent difference in the use of co-medications between treatment groups (Supplementary Table S5).



Blood laboratory evaluation

Statistically significant changes in some laboratory values on day 5 (±1 day) after treatment initiation for the first episode in comparison to the inclusion visit (decreases in absolute lymphocyte counts) were observed but those were small, remained within normal limits, and were judged as related to the infectious episodes. All initially abnormal values returned to normal levels at the final visit. No consistent differences were observed between different Echinacea formulations.




Discussion

This study showed possible beneficial effects of new Echinacea formulations used at higher cumulative doses compared to conventional formulations (in prophylactic dosages) for acute RTI treatment in adults. First, the new formulations resulted in a significantly shorter time to complete recovery using an extrapolated analysis and an improved subjective response rate. Second, new formulations had a greater antiviral efficacy with faster viral clearance. Otherwise, there were only minor differences between the new liquid and solid formulations and no significant difference at day 10 of the first episode at a generally low rate of antibiotic prescription.

The tested new formulations reduced time to recovery by 1–1.4 days, which is similar to the reduction in symptom duration for the common cold by 1.4 days compared to placebo in a large meta-analysis (22). Comparison of our results with previous data is hampered by the variety of different Echinacea products and formulations available worldwide which vary in plant species and parts used, harvesting region and season, extraction methods, formulation, and dosages (23). Therefore, each preparation has to be evaluated individually or at least grouped by similar formulations. Generally, lipophilic extracts were shown to have a higher efficacy than pressed juices in the prevention of recurrent infections (16). Dose-dependent effects as seen in our study were previously also demonstrated in two studies using the same EF extract (17, 19). A recent treatment study in children showed that a dose of 2,000 mg EF extract reduced the duration of cold episodes by 1.7 days compared to a 1,200 mg dose (19). A dose seven times higher than the standard dose (16,800 vs. 2,400 mg/d) in adults achieved a 63 vs. a 45% reduction of symptoms after 5–7 days in a placebo-controlled randomized trial (17). Overall, all available studies provide evidence of increased therapeutic benefits for increased dosages over lower dosages, usually applied for the prevention of RTIs.

There were two main reasons for our study being underpowered to show a difference between formulations. First, our power analysis assumed faster symptom resolution than observed in our study (3, 19, 20, 24). Only half of the patients achieved a complete recovery by day 10, and therefore, there were fewer recovery events for the Kaplan–Meier analysis. In contrast, Raus et al. (20) demonstrated a comparable effect between Echinaforce® Hot Drink and oseltamivir in patients with influenza-like illness after 10 days of treatment reaching symptom alleviation (rated as mild or absent) in 90 vs. 84.8%. Similarly, complete symptom resolution was achieved in 90% of children by day 10 (19). It is unclear why symptom duration was longer in our participants, who all received Echinacea preparations. Since many participants in our study were healthcare workers, they might have particularly diligently documented their symptoms and rated very minor symptoms as present, leading to delayed resolution. We defined the resolution of symptoms as the complete absence of respiratory symptoms, which might be considered clinically less relevant and was stricter than in those studies mentioned earlier (19, 20). Second, participants experienced fewer RTI episodes than expected possibly due to a mild influenza season in 2018/2019 (33). As such, this study was unable to falsify the null hypothesis of no benefit of newly developed over conventional EF formulations.

In an attempt to increase statistical power, missing data points were substituted through extrapolation of recovery trends observed on days 7–10 to illustrate the entire course of the disease beyond day 10. These measures allowed a more detailed assessment of symptom resolution, indicating a significant difference by 1.4 days, which is similar to the benefit of oseltamivir in influenza and is clinically relevant (25).

There was no consistent difference between liquid or solid formulations. The trend for a faster resolution of nasal complaints and sore throat (data not shown) with the new spray might be due to the local anti-inflammatory and immunomodulatory effect of alkylamides, which are considered the main active principle of Echinacea (26, 27).

In vitro, EF extract has antiviral activity, especially against enveloped viruses including influenza, parainfluenza viruses, coronaviruses (including SARS-CoV-2), or respiratory syncytial virus, and considerably less antiviral activity against non-enveloped viruses such as rhinovirus and adenovirus (12, 28, 29). Interestingly, the strongest antiviral effects were found when epithelial cells were in direct contact with EF indicating immediate treatment or prophylactic benefits rather than with post-exposure of cells (8, 12). In randomized, double-blind placebo-controlled trials, the prophylactic use of EF significantly reduced the incidence of laboratory-confirmed viral RTIs and was non-inferior to the placebo in terms of safety (13–15). Similar results were found for Echinaforce Hot Drink® which was non-inferior to oseltamivir in the treatment of ILI.

Vos et al. (3) showed that the baseline viral load was associated with symptom severity in RTIs but not with symptom duration. In our study, significantly more patients turned from initial positive detections to negative RT-PCR results for any virus detected using “new” galenic with considerably higher EF doses. Remarkably, the rate of antibiotic intake was very low in both groups compared to often inappropriate high prescriptions in RTI. Echinacea in both dosages could have contributed to this finding.

The new formulations were slightly less well-tolerated than conventional formulations. The majority of adverse events were related to the known and expected “tingling” sensation of alkylamides in the more highly concentrated new formulations. One severe adverse event (hypersensitivity reaction) was documented, in which a causal link could not be excluded. There were no safety differences between formulations with regard to laboratory parameters. Overall, adverse events were rare in the present study and confirmed the known good safety profile for Echinacea (13, 17, 20, 30, 31).

A limitation was the inability to perform complete blinding as formulations were different in terms of application. However, reasonably good blinding was achieved in that approximately only half of participants correctly judged their treatment group assignment to “new” or “conventional” Echinacea formulations, while approximately a third were unclear, and 10–20% of participants wrongly guessed the medication's identity. The lack of a placebo arm is a weakness of this study, but earlier studies showed the benefit of Echinacea preparations over placebo in common colds (17) or similar efficacy compared to oseltamivir in influenza (20). Furthermore, blinding in a placebo-controlled study would be difficult to achieve due to the tingling sensation with EF. On the contrary, the effect of the intervention group (new formulations) was measured against an active control of conventional EF in prophylactic dosages rather than an inactive placebo.

The usage of prophylactically dosed Echinacea formulations in the control group might have influenced the results. Possibly, the usage of higher therapeutic dosages might have resulted in less or not even any difference compared to the new formulations.

The strengths of this study are the randomized controlled trial design with systematic daily documentation of symptoms in the diary, which was confirmed by the study team. In addition, viral testing using semi-quantitative multiplex PCR allowed us to determine an antiviral response. A high proportion of the study subjects were healthcare workers with a high sensitivity and motivation to report even residual symptoms that others might have considered resolved. Thus, the population is representative of generally healthy younger adults. The professional qualification might have also supported the quality of the nasopharyngeal swab collection. In addition, it has been recently shown that instructed anterior nasal self-sampling had similar sensitivities to professional nasopharyngeal for viral PCR (32).



Conclusion

In adults with acute RTI, new Echinacea formulations at higher initial doses resulted in a faster viral clearance than conventional formulations at prophylactic dosages. The trend for a faster clinical recovery was not significant by day 10 but became so upon extrapolation. A dose increase during acute respiratory symptoms might improve the clinical benefits of orally administered EF formulations.
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Parameter Baseline Characteristics

Echinacea A Echinacea B Echinacea C Echinacea D

lozenges spray tablets drops

(=5 ((n =52) (0 =57) (ln="5R)
Sex (females in %) 174 (78.0%) 47 (85.5%) 39 (75.0%) 43 (75.4%) 45 (76.3%) 0.479
Age—median (IQR) 32(23.0-48.0) 30 (23.0-48.0) 38.5 (27.0-52.0) 27 (23.0-38.0) 36 (22.0-51.0) 0.04
BMI 227 (3.43) 22.4(3.63) 229(2.87) 21.8(2.42) 23.5(4.29) 0.083
Weight (kg)—mean (SD) 65.8 (12.83) 64.5 (12.28) 66.4(12.94) 64.2 (11.18) 67.8 (14.62) 0.676
Height (cm)—mean (SD) 169.9 (8.63) 169.6 (7.47) 169.8 (9.19) 171.0 (9.49) 169.3 (8.38) 0.842
Relevant medical condition 54 (24.2%) 17 (30.9%) 15 (28.8%) 11 (19.3%) 11 (18.6%) 0.301*
Comorbidities
Anemia 1(0.4%) 0(0.0%) 0(0.0%) 1(1.8%) 0(0.0%)
Hypothyroidism 5(2.2%) 2(3.6%) 2(3.8%) 0(0.0%) 1(1.7%)
Hypertension 8 (3.6%) 3(5.5%) 3(5.8%) 0(0.0%) 2(3.4%)
Intake of Echinacea in last 3 32 (14.3%) 8 (14.5%) 8 (15.4%) 9 (15.8%) 7 (11.9%) 0.939
months
Mean number of infections 0.403
per year (per participants’
history)
0 6(2.7%) 1(1.8%) 1(1.9%) 1(1.8%) 3(5.1%)
1 90 (40.4%) 25 (45.5%) 22 (42.3%) 20 (35.1%) 23 (39.0%)
2 83 (37.2%) 20 (36.4%) 19 (36.5%) 20 (35.1%) 24 (40.7%)
3 35 (15.7%) 8 (14.5%) 8 (15.4%) 12 (21.1%) 7 (11.9%)
4 6(2.7%) 1(1.8%) 1(1.9%) 2(3.5%) 2(3.4%)
5 1(0.4%) 0(0.0%) 0(0.0%) 1(1.8%) 0(0.0%)
6 2(0.9%) 0(0.0%) 1(1.9%) 1(1.8%) 0(0.0%)
Influenza vaccination 0415
Yes 47 (21.1%) 12 (21.8%) 13 (25.0%) 15 (26.3%) 7 (11.9%)
No 159 (71.3%) 40 (72.7%) 34 (65.4%) 37 (64.9%) 48 (81.4%)
Unknown 17 (7.6%) 3(5.5%) 5(9.6%) 5(8.8%) 4(6.8%)
Ongoing smoking 20 (9.0%) 3(5.5%) 6(11.5%) 5(8.8%) 6(10.2%) 0.719
Co-medication at baseline
Corticosteroids/ 2(0.9%) 0(0.0%) 0 (0.0%) 2 (3.6%) 0(0.0%)
glucocorticoids
Concomitant medications 72 (32.3%) 21(38.2%) 17 (32.7%) 18 (31.6%) 16 (27.1%) 0.667*

*P-value using Kruskal-Wallis.
**Using Fisher’s exact test.
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Echinacea A Echinacea B Echinacea C Echinacea D
lozenge (N = 61) spray (N = 66) tablet (N = 57) drops (N = 64)

N (%) N (%) N (%) N (%)
Patients with | Adverse events 10 (16.4%) 11(16.7%) 8 (14.0%) 14 (21.9%)
Drug related AEs* 9 (14.8%) 6(9.1%) 3(5.3%) 4(63%)
Serious AEs 0(0.0%) 2(3.0%) 0(0.0%) 0(0.0%)
Drug related serious adverse events* 0(0.0%) 1(1.5%) 0(0.0%) 0(0.0%)

Adverse events in the safety population.
3Causality judged at least possible.
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