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Objectives: The effect and safety of Nasafytol®, a food supplement combining curcumin, quercetin, and Vitamin D, on hospitalized COVID-19-positive patients as support to standard of care were to be assessed.

Methods: This exploratory, open-label, randomized, controlled trial was carried out among hospitalized adults with COVID-19 infection. Participants were randomly assigned to receive Nasafytol® or Fultium® control. The improvement of the clinical condition and occurrence of (serious) adverse events were evaluated. The study was registered on clincaltrials.gov with the identifier NCT04844658.

Results: Twenty-five patients received Nasafytol®, and 24 received Fultium®. Demographic characteristics were well balanced between the groups. On day 14 (or at hospital leave if < 14 days), no difference was observed between groups regarding their clinical condition, fever, or the need of oxygen therapy. At day 7, however, 19 participants had been discharged from the hospital in the Nasafytol® arm compared to 10 participants in the Fultium® arm. No participants were transferred to the ICU or died in the Nasafytol® arm, vs. 4 transfers and 1 death in the Fultium® arm. The clinical condition of participants in the Nasafytol® arm had improved, as evidenced by a decrease in the COVID-19 WHO score. Interestingly, five SAEs occurred with Fultium®, while no SAE was observed with Nasafytol®.

Conclusion: Supplementation with Nasafytol®, in addition to standard-of-care treatment, led to a faster discharge from the hospital, improved clinical conditions of participants, and a reduced risk of serious outcomes, including transfer to the intensive care unit or death, in patients hospitalized with COVID-19.
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1. Introduction

Since its origin in China in 2019, the global pandemic of the novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has since spread worldwide and caused more than 6.2 million deaths, according to the COVID-19 dashboard 2021 (Available at: https://coronavirus.jhu.edu/map.html, Accessed June 01, 2022). A wide spectrum of symptoms can be observed, ranging from asymptomatic to critical symptoms including respiratory distress and death. While in the majority of the cases only mild symptoms are observed, 10–15% of patients show a moderate to severe course of the disease and require hospitalization and oxygen support (1).

Vaccination has since become the most effective means to prevent a serious course of the disease, with several different forms of SARS-CoV-2 vaccines available around the world. Inequities regarding vaccine availability between different countries and populations remain however an ongoing challenge (2). In addition, despite an ever-growing percentage of the population being fully vaccinated, hospitalizations due to severe COVID-19 symptoms remain high as new SARS-CoV-2 variants keep emerging. Identifying effective and widely available pharmacological treatments against COVID-19 is therefore of utmost importance. More than 2000 active clinical treatment trials are underway as of June 1, 2022 (clinicaltrial.gov Accessed June 01, 2022). The only drug approved by the Food and Drug Administration (FDA) for the treatment of COVID-19 so far is remdesivir. While no effect on mortality was observed for remdesivir in two independent clinical trials (3, 4), the time to clinical recovery in hospitalized patients was reduced in another large, placebo-controlled trial (5). Other antiviral drugs, such as ritonavir-boosted nirmatrelvir or molnupiravir, have received Emergency Use Authorizations from the FDA (NIH COVID-19 treatment guidelines), and anti-SARS-CoV-2 antibody products such as the interleukin-6 (IL-6) receptor inhibitor tocilizumab and immunomodulators, including corticosteroids, are also being evaluated for their efficacy in treating COVID-19 (6–8). The downsides of these treatment options are however the often-important side effects and possible drug–drug interactions, mainly for nirmatrelvir, with concomitant medications.

In addition to antiviral and immune-based therapies, supportive treatments like food supplements are of great interest for the prevention and/or treatment of COVID-19 because of their good safety profiles and their beneficial effect on the immune system (9). Several in vitro studies have demonstrated the potential role of Vitamin D in antiviral innate immunity, and a possible role of Vitamin D to decrease the risk of a COVID-19 infection and mortality has been described (10). However, in a recent clinical trial, a single high dose of Vitamin D was not able to significantly reduce the length of hospitalization in patients with COVID-19 (11).

Quercetin (3,3′,4′,5,7-pentahydroxyflavone) and curcumin [(1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione] are flavonoids with antiviral, immunomodulatory, antibacterial, and antioxidant properties, having demonstrated their effectiveness on several strains of influenza A, hepatitis B and C, Ebola and the coronavirus in vitro (12–14). In mice, curcumin and quercetin have beneficial effects on pneumonia of viral origin and lead to an increased survival rate and reduced severity of pneumonia (15–17). Moreover, a recent review suggests that curcumin could be a potential treatment option for patients with coronavirus disease due to its antiviral, antipyretic, antiemetic, antioxidant and anti-inflammatory properties (18). Interestingly, curcumin showed beneficial immunomodulatory effects in a randomized, placebo-controlled study of patients with allergic rhinitis (19). Both curcumin and quercetin have great safety profiles. Supplementation with 4–8 g/day of curcumin or up to 1 g/day of quercetin for 3 months did not lead to any adverse effects (20, 21).

Most recently, a beneficial effect of a combination of curcumin, quercetin and vitamin D3 as an adjuvant therapy has been reported for mild to moderate early-stage COVID-19 symptoms in ambulatory patients (22). In line with these promising results, the aim of this study was therefore to evaluate the effect and safety of a combination of curcumin, quercetin, and Vitamin D (NASAFYTOL®) in COVID-19 positive hospitalized patients as a supportive treatment to standard-of-care during hospitalization (maximum 14 days).



2. Materials and methods


2.1. Study design

This study was an exploratory standard-of-care comparative, open-label, parallel two-arm, randomized trial in 50 adult patients who were hospitalized because of a COVID-19 infection. It was a monocentric study carried out at the three sites of the CHIREC hospital group in Belgium between April and October 2021.



2.2. Participants

A total of 51 COVID-19 positive hospitalized participants were enrolled in the study, 50 of whom were randomized. Inclusion and exclusion criteria are detailed in the supplementary materials. Oral or written informed consent to participate in the study was obtained from all participants or their authorized legal representatives before enrolment.

Participants had to meet all of the following inclusion criteria: 18 years or older; laboratory-confirmed COVID-19 infection as determined by RT-PCR, or other commercial or public health assay diagnosed not more than 72 h prior to randomization; severity of 3–4–5 according to the WHO 7-point ordinal scale (3: hospitalized, no oxygen therapy; 4: hospitalized, oxygen by mask or nasal prongs; 5: non-invasive ventilation or high-flow oxygen). Participants who met at least one of the following criteria were excluded from the study: any contra-indication to Nasafytol® or its constituents, such as hypersensitivity or allergy to product components; swallowing disorder or inability to take oral capsules; presence of comorbidities that imply a poor prognosis (according to clinical judgment); pregnancy or breastfeeding women; serious or active bacterial infections or documented sepsis by pathogens other than SARS-CoV-2; participation in clinical trials of other products; acute impairment of renal function or nephrolithiasis; liver dysfunction (ALT/AST > 5 times the normal limit), neutropenia (absolute neutrophil count < 500/µl), or thrombocytopenia (platelets < 50,000/µl). Dietary supplements containing one or more ingredients of NASAFYTOL®, i.e., Curcuma extract or Vitamin D had to be stopped at study entry.



2.3. Randomization

Participants were randomly assigned in a 1:1 ratio to receive Nasafytol® or Vitamin D (Fultium®-D3 800; active comparator) in addition to standard-of-care treatment implemented in the hospital according to updated world-wide recommendations (prophylactic enoxaparin, dexamethasone, amoxicillin-clavulanate or ceftriaxone in case of suspicion of bacterial surinfection). Randomization was carried out by blocks of two and four using Castor EDC. No stratification was performed.



2.4. Procedures

All patients enrolled in the study were taking either one capsule of Fultium® (EG, Belgium) or eight capsules of Nasafytol® (Tilman, Belgium) per day for 14 days or until they left the hospital or were transferred to the intensive care unit (ICU). Capsules were ingested orally with a glass of water under the supervision of the investigator. The capsule of Fultium® was taken in the morning, while four capsules of Nasafytol® were taken in the morning and four in the evening.

FULTIUM®-D3 800 is a blue, softgel capsule that contains 800 UI (20 μg) of vitamin D3 (cholecalciferol). NASAFYTOL® is a green softgel capsule of 1,008 mg, containing a highly bioavailable mixture of turmeric extract (Curcuma longa L.) and natural quercetin from Sophora japonica L. (pagoda tree or Chinese scholar tree). Each capsule contains 42 mg of curcumin, 65 mg of quercetin, and 2.25 μg of vitamin D3.

Daily follow-up visits were scheduled for 14 days (or < 14 days if discharged earlier). At each visit, COVID-19 WHO ordinal outcome score, temperature, need for oxygen therapy, blood tests (if possible), adverse events (AEs), serious adverse events (SAEs) and death, if any, product intake and counting of capsules for compliance, and concomitant treatments were assessed. At enrolment, medical history and demographic data including birth, gender, ethnicity, weight, height, and BMI were assessed. In addition, at the end of the study, duration of hospitalization was recorded.



2.5. Outcomes

Due to the exploratory nature of the study, no primary or secondary outcomes were defined. The following outcome measures were evaluated:

• Change of clinical condition of the patient defined by the COVID-19 WHO ordinal outcome score:

o Time evolution of the COVID-19 WHO ordinal outcome score,

o Score at 7 days and 14 days (or at hospital leave if < 14 days) post randomization,

o The distribution of the COVID-19 WHO ordinal outcome score.

o The absolute and relative changes of the COVID-19 WHO ordinal outcome score compared to baseline at day 7.

• Duration (days) of hospitalization (maximum 14 days).

• Number of transfers to intensive care unit and in-hospital mortality during the trial (maximum 14 days).

• Number of discharged vs. hospitalized participants at day 7 and 14.

• Temperature (fever) in degree Celsius:

o Time to resolution of fever for at least 48 h without antipyretics for 48 h from the first fever period,

o Proportion of patients without fever at day 14 (or at hospital leave if < 14 days).

• Need of oxygen therapy:

o Proportion of patients with need of oxygen therapy at day 14 (or at hospital leave if < 14 days),

o Duration of need of oxygen therapy from the first need of oxygen therapy,

• Tolerance as defined by the number of incidents—AEs and SAEs.

• Compliance using pill count.

• Evolution between baseline and day 14 of blood tests, i.e., C-reactive protein (CRP), hematological values including lymphocyte count: vitamin D serum concentrations.

The investigator was responsible for the detection and documentation of AEs and SAEs throughout the study. The description, date, seriousness, duration, outcome, and relationship of (S)AEs with the study product were collected from the signature of informed consent to the end of study. All AEs and medical history (MH) were coded using the last effective version of MedDRA, and all medications according to ATC/DDD Classifications Index.

In compliance with recommendations of WHO COVID-19 Trial, a Data Safety Monitoring Board (DSMB) composed of two independent experts was responsible for safeguarding the interests of the participants and for enhancing the integrity of the trial. Three DSMB meetings were held during the study (after 25, 50, and 100% of recruitment).



2.6. Statistical analysis

Considering a difference between two independent means, two-tails, an alpha of 5%, a difference between two means of 10% and an SD of 10% in each group (effect size of 1) for the endpoint of interest, the total estimated sample size was 46 participants. This has been inflated by 10% to compensate for drop-outs, and a total of 50 participants were recruited for this study. A sample size of 50–100 subjects is also the target size recommended by the WHO for COVID-19 pilot stage studies (23).

Safety analyses and statistical analyses were performed on the full analysis set (FAS) population following the guidelines on statistical principles for clinical trials (ICH E9). There were no differences between the per protocol (PP) population and the FAS population. Statistical analysis results on the PP population would therefore be the same as those derived from the FAS population.

Quantitative variables were summarized using classical descriptive statistics. Mean and standard deviation (± SD) were presented for quantitative variables with a normal distribution. Median and interquartile range (P25–P75) were used for quantitative variables with dissymmetric distribution. Assessment of the normality of quantitative variables distribution was performed numerically by comparing mean and median values and graphically with histograms and quantile-quantile plots. Shapiro–Wilk normality tests completed this investigation of normality. Qualitative variables were assessed using counts and percentage of subjects. Median and interquartile range (P25–P75) were also presented for qualitative ordinal variables.

To detect the presence of potential confounding factors, the homogeneity of demographic data and baseline characteristics was tested between both treatment groups. Chi-squared test was used for qualitative variables while Student’s t-test or its non-parametric equivalent was performed for quantitative variables depending on the distribution. Vaccination status as a potential confounding factor was used as adjustment factors using multivariate models.

Statistical significance was achieved at 95% confidence (value of p significance < 0.05). Due to exploratory nature of the study, no multiplicity adjustment was implemented. All tests were two-sided and performed on observed data only; missing data were not replaced.

Statistical analyses were performed using SAS Software (version 9.4 for Windows) and using R (version 3.6).

All derived p-values were calculated for not adjusted models as well as for multivariate models adjusted by potential confounding factors.


2.6.1. Covid-19 WHO ordinal outcome score

The score at day 7 and 14 (or at hospital leave if < 14 days) was compared between groups using Mann–Whitney’s test. A multivariate linear model was also used to adjust for potential confounding factors.

Time evolution of the COVID-19 WHO ordinal outcome score was summarized using median and interquartile range (P25–P75) in each group at each day and multivariate mixed models with time, groups and interaction between time and groups as covariate were investigated.



2.6.2. Duration of hospitalisation

Duration of hospitalization was analyzed and compared between groups using survival analysis. Not adjusted and adjusted by potential confounding factors Cox survival models were performed to compare duration of hospitalization between groups. In addition, the number of discharged patients at day 7 and at day 14 was compared between groups using a chi-squared test and using a multivariate binary logistic regression adjusted by potential confounding factors.



2.6.3. Transfers to intensive care unit and in-hospital mortality

The number of transfers to intensive care unit and the number of in-hospital deaths was compared between treatments using Fisher’s exact test and using a multivariate binary logistic regression adjusted by potential confounding factors.



2.6.4. Temperature (fever)

The number of patients with no fever at day 14 (or at hospital leave if < 14 days) was compared using a chi-squared test and a multivariate binary logistic regression adjusted by potential confounding factors.

Time to resolution of first fever period was compared between groups using Cox survival models. Resolution of fever was defined as no fever during at least 48 h without antipyretics for 48 h.



2.6.5. Need of oxygen therapy

The need of oxygen therapy at day 14 (or at hospital leave if < 14 days) was compared between groups using a Chi-squared test and a multivariate binary logistic regression adjusted by potential confounding factors.

Time to no need of oxygen therapy from baseline was compared between groups using Cox survival models.



2.6.6. Compliance

Compliance was assessed with the pill count method and was evaluated in percentage of the estimated versus theoretical consumption. Multivariate mixed models with time, groups and interaction between time and groups were performed not adjusted and adjusted for potential confounding factors.



2.6.7. Blood results

Evolution between baseline and the end of the study period (at day 14 or at hospital leave if < 14 days) of routine blood tests, CRP levels and vitamin D concentrations compared between treatments using Mann–Whitney’s tests. Multivariate linear models were performed to adjust for potential confounding factors.




2.7. Ethical approval

The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the University Hospital of Brussels (Erasme-ULB) in Belgium (Comité d’Ethique Hospitalo-Facultaire Erasme-ULB; protocol code B4062020000305 on January 15, 2021). The study was registered on clincaltrials.gov with the identifier NCT04844658.




3. Results

Fifty-one participants were recruited between April 1st and October 29th, 2021. Amongst these, 49 (96.1%) were enrolled in the study without any eligibility violation and took at least one dose of the product, thus constituting the FAS population. All patients included in the FAS population were compliant with the protocol; the PP population was therefore the same as the FAS population (Figure 1). Amongst the 49 participants of the FAS population, 25 (51.0%) received standard treatment and Nasafytol®, while 24 (49.0%) participants received standard treatment and Fultium®.

[image: Figure 1]

FIGURE 1
 Trial profile.


Demographic characteristics, including age, sex, height, weight, body-mass index, and ethnic origin were well balanced between the groups (Table 1). The median age was 54 years (range 46–60) in the Nasafytol® group and 58 years (range 52–67) in the Fultium® group. The Nasafytol® group was constituted of 11 (44.0%), the Fultium® group of 15 (62.5%) women. Most participants were of European ethnic origin (18 (72.0%) in Nasafytol® and 20 (83.3%) in Fultium® group). Interestingly, the median BMI was 29.1 (26.9–32.8) kg/m2 in the Nasafytol® group, and 29.7 (25.4–33.0) kg/m2 in the Fultium® group, indicating that all participants were overweight or obese.



TABLE 1 Descriptive statistics of the demographic characteristics globally and by group—FAS/PP population—N = 49.
[image: Table1]

The median oxygen saturation at baseline was 94.0 (94.0–96.0) % for participants in the Nasafytol® group and 94.0 (92.0–96.0) % for participants included in the Fultium® group. The median oxygen flow rate was 3.5 (2.0–5.5) L/min for participants receiving Nasafytol® and 2.5 (2.0–6.0) L/min for participants treated with Fultium®. There was no significant difference between groups for either parameter (Supplementary Table 1). While temperature and the number of concomitant treatments per patient was different between the two groups, the median number of medical histories per patient was comparable in both groups. The proportion of patients with at least one vaccination dose was however significantly higher in the Fultium® group than in Nasafytol® group (37.5 vs. 8.0%, p = 0.013; Supplementary Table 1). For this reason, the p-values of further analyses were adjusted for the vaccine status.

Interestingly, the median COVID-19 WHO ordinal outcome score was significantly lower in the Nasafytol® group than in the Fultium® group 2.0 (2.0–4.0) vs. 4.0 (2.0–4.0) at day 7 (Supplementary Table 2; Figure 2). Moreover, the absolute and the relative change of the COVID-19 WHO ordinal outcome score at day 7 compared to baseline was significantly different between the two groups. In the Nasafytol® group, patients presented a median absolute improvement of 2.0 (0.0–2.0) and a relative improvement of 50.0 (0.0–50.0) % compared to baseline while in the Fultium® group, the absolute change was equal to 0.0 (−0.5–2.0) and the relative change was equal to 0.0 (−16.7–50.0) % (Table 2). At day 14 (or at hospital leave if < 14 days), no significant differences were observed for the median COVID-19 WHO ordinal outcome score for patients still hospitalized; neither the absolute nor the relative change of COVID-19 WHO ordinal outcome score compared to baseline were significantly different between the two groups. As only 4 participants (two in each group) remained at day 14, no longitudinal analysis could be performed. Similarly, no significant difference was observed between the two groups regarding the number of patients who had a fever or required oxygen therapy at day 14 (or at hospital leave if < 14 days), or the time to resolution of the first fever period or to no need of oxygen therapy. No significant difference in the evolution of blood results, including CRP levels, was observed between the two groups.



TABLE 2 Descriptive statistics of the absolute change and relative change of the COVID-19 WHO ordinal outcomes score at day 7 from baseline globally and by treatment—FAS/PP population—N = 46.
[image: Table2]
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FIGURE 2
 Efficacy outcomes of Nasafytol® versus Fultium® at day 7: Boxplot of the COVID-19 WHO ordinal outcome score. Adjusted value of p: *p < 0.05.


In addition, the number of discharged participants was significantly higher in the Nasafytol® group than in the Fultium® group (19 vs. 10) at day 7. Accordingly, the number of hospitalized participants was significantly lower in the Nasafytol® group than in the Fultium® group (6 vs. 14; Figure 3A,B; Supplementary Table 3). Moreover, the number of participants who died or were transferred to the ICU by day 7 was significantly higher in the Fultium® group than in the Nasafytol® group (4 transfers to ICU and 1 death vs. 0 transfers to ICU and 0 deaths; Figure 3C; Supplementary Table 3). At the end of the study, 23 participants had been discharged in the Nasafytol® group, and 17 in the Fultium® group. This difference was however not statistically different, identical to the median duration of hospitalization (Supplementary Table 4).

[image: Figure 3]

FIGURE 3
 Efficacy outcomes of Nasafytol® versus Fultium® at day 7. (A) Number of discharged participants. (B) Number of hospitalized participants. (C) Number of transfers to the ICU or deaths. Adjusted value of p: *p < 0.05.


Compliance was 100% except for the first day when some patients received Nasafytol® in the evening instead of in the morning.

Thirty-eight AEs were recorded during the study; 22 (57.9%) AEs occurred in Fultium® group and 16 (42.1%) AEs occurred in Nasafytol® group. Among these, five SAEs were recorded during the study, all in Fultium® group. As shown in Supplementary Table 5, acute respiratory failure was the most frequently observed SAE [4 (80.0%)] while COVID-19 respiratory infection was observed once (20.0%). While the distribution of the number of AEs per participant was comparable between groups, the proportion of participants with SAEs was significantly higher in the Fultium® group (5 SAEs) than in the Nasafytol® group (0 SAEs; Table 3).



TABLE 3 Distribution of the number of AES and SAEs per patient globally and by group—safety population—N = 49.
[image: Table3]



4. Discussion

This is, to the best of our knowledge, the first randomized, controlled trial to test the effect and safety of a combination of vitamin D3, curcumin and quercetin (Nasafytol®) as supplement to standard-of-care treatment for COVID-19 in hospitalized adult patients. We found a significant risk reduction for serious outcomes as being evidenced by a reduced number of deaths or transfers to the ICU. In addition, the clinical condition had improved as evidenced by a reduced COVID-19 WHO ordinal outcome score, and the number of discharged participants after 7 days of follow-up had increased.

Our results are consistent with a recent pilot open-label randomized trial carried out in Pakistan. The authors suggest a possible therapeutic effect of an oral combination of vitamin D3, curcumin and quercetin when taken as a supplement to paracetamol and/or antibiotics in ambulatory patients with early-stage mild to moderate COVID-19 symptoms (22). They observed an accelerated clearance of SARS-CoV-2 viral particles, CRP levels as well as accelerated, albeit not statistically significant, symptoms resolution compared to participants who did not receive any supplement in addition to standard-of-care treatment (22).

As vitamin D3 deficiency seems to be an important predictor for severe outcomes of SARS-CoV-2 infections, and associations of low serum vitamin D3 levels with severity of the disease have been reported (24), supplementation of COVID-19 patients with vitamin D3 has been widely discussed. Further, its potential role in decreasing the risk of a COVID-19 infection has been described by a recent review (10). While an improvement of acute symptoms has been observed in patients with early-stage mild to moderate COVID-19 disease after adjuvant supplementation with vitamin D3 (25), supplementation with a single high dose of vitamin D3 was not able to significantly reduce the length of hospitalization in patients with severe COVID-19 (11). Its combination with other supplements such as curcumin and quercetin therefore seemed an interesting approach. Since the beginning of this trial in April 2020, a positive effect of adjuvant supplementation with curcumin, including faster recovery from mild to severe symptoms, shorter hospitalization, or fewer deaths, has been observed in several randomized clinical trials (26). Similarly, beneficial effects have also been described after adjuvant supplementation with quercetin. Several randomized clinical trials reported accelerated recovery of acute symptoms, shorter hospitalization, less transfers to the ICU, and a reduced number of deaths (27). The originality of our approach was to combine these three natural compounds and to introduce them in addition to standard of care in treatment of hospitalized COVID-19 patients.

The underlying mechanisms of vitamin D3, curcumin and quercetin for COVID-19 disease remain uncertain. Vitamin D, via its active metabolite 1,25(OH)2D, regulates adaptive immunity by limiting the maturation of dendritic cells, limiting their ability to present antigen to T cells, and inhibiting proinflammatory processes (28). Curcumin is known to inhibit pro-inflammatory cytokines such as Il-1, IL-2, IL-6, IL-8, IL-10, IL-11, IL-12, IL-17, tumor necrosis factor alpha (TNF-α), and interferon-gamma (IFN-γ), as well as chemokines including nuclear factor kappa-light-chain enhancer of activated B cells (NFκB), monocyte chemoattractant protein 1 (MCP-1), macrophage inflammatory protein 1α (MIP-1α), cyclooxygenase (COX), plasminogen activator inhibitor-1 (PAI-1), and caspase-3 (18). Moreover, it has recently been shown to play a role in the SARS-CoV-2-induced cytokine storm inhibition through deactivation of the mitogen-activated protein kinases (MAPK)/NFκB signaling pathways in epithelial cells in vitro (29). Quercetin also inhibits pro-inflammatory cytokines such as IL-1β, IL-6, IFN-γ, and TNF-α (30). In combination with dasatinib it has recently been shown to reduce inflammation in SARS-CoV-2 infected hamsters and mice (31). Additional in vitro and in vivo studies are needed to dissect the mechanisms by which vitamin D3, curcumin and quercetin contribute to an amelioration of COVID-19 symptoms and exert a beneficial therapeutic effect. Despite these anti-inflammatory properties, our study failed to demonstrate an effect of Nasafytol® on the inflammatory blood markers. This was in disagreement with the observation of the recent Khan et al. (22) study which showed a significant decrease of serum CRP levels after adjunction of Vitamin D/quercetin/curcumin combination. It would also be interesting to investigate the combinatorial effect of vitamin D3, curcumin and quercetin on overweight and obese subject who are especially at risk of a severe outcome when suffering from COVID-19 (32).

Another key result of our study is the absence of adverse effect observed with Nasafytol®. The non-toxicity and safety of curcumin for chronic and acute use is very well documented. In addition to its traditional use in food, clinical trials support its safety for doses up to 12 g per day (20). Similarly, quercetin is considered a food ingredient, with a mean daily intake of 16–50 mg in occidental countries. Its safety for a supplementation with up to 1 g per day for 3 months has been shown in clinical trials (21). Finally, daily supplementation with vitamin D3 is safe with a recommended dietary allowance (RDA) of 600 IU (33). As for the combination of the three, a test for acute oral toxicity of Nasafytol® in rats according to OECD guidelines for the testing of chemicals (test n°423: Acute Oral Toxicity—Acute Toxic Class Method; 17/12/2001) did not reveal any mortality, did not influence the weight curves, and did not cause any macroscopically visible organic or tissue alterations. Moreover, the nutrivigilance of Nasafytol® did not reveal any side effects in 9 years of use on different markets in Belgium (750,000 capsules per year), Morocco (1 million capsules per year), Finland (200,000 capsules per year), Poland (200,000 capsules per year) and Latvia (100,000 capsules per year). Given vitamin D3’s, curcumin’s and quercetin’s excellent safety and tolerability profile, in addition to their beneficial effects observed in the present study and in the literature, their combination provides a highly interesting alternative for the supplementary treatment of mildly to moderately, and even severely affected COVID-19 patients. Considering the immunosuppressive side effects of other anti-inflammatory or immunomodulatory treatments currently used for COVID-19, such as corticosteroids, tocilizumab or bariticinib, this is of particular interest.

Limitations of our trial are related to the small number of participants, and the fact that it was not a double-blinded trial. The major limitation is however that the design of the study did not permit to detect a significant effect at day 14 as most participants had left the study by that time, either because they had been discharged, transferred to the ICU or even died. This was partly due to the fact that COVID-19 was still not well characterized at the time of the study, thus making the estimation of the correct duration of follow-up more difficult. Our understanding of COVID-19 disease progression and outcomes has evolved since the beginning of this trial in April 2020. The promising results of the present study provide, however useful information for the design of a larger double-blind randomized controlled clinical trial, particularly regarding the choice of the primary outcome and the duration of follow-up. In addition, the evaluation of biomarkers as part of any future clinical trial would be helpful to clarify the underlying mechanisms of action of a combination of these supplements in the context of COVID-19 disease.

Based on these findings, we can conclude that Nasafytol® used as supplement to standard of care management of COVID-19 hospitalized patients is a safe approach that allows to reduce the hospitalization time for COVID-19 infection, improves the clinical status of patients suffering from a moderate-to-severe form of the disease.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of the University Hospital of Brussels (Erasme-ULB) in Belgium (Comité d’Ethique Hospitalo-Facultaire Erasme-ULB) (protocol code B4062020000305 on January 15, 2021). The patients/participants provided their written informed consent to participate in this study.



Author contributions

BC and YH: conceptualization. JG, BC, JH, and YH: methodology. A-FD and JM: statistical analysis. JG: investigation. MU and YH: writing—original draft preparation. JG, BC, JH, SP, A-FD, and JM: writing—review and editing. MU, BC, and JH: project administration. JG, MU, BC, JH, SP, A-FD, JM, and YH had full access to all the data in the study and had final responsibility for the decision to submit for publication. BC, JH, and YH accessed and verified the data. All authors contributed to the article and approved the submitted version.



Funding

The study was funded by Tilman SA and performed by an independent CRO according to ICH guidelines and the Declaration of Helsinki. The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report.



Acknowledgments

The authors wish to thank the clinical staff who contributed to the study, as well as Variance Mokam Fotso for the monitoring throughout the study.



Conflict of interest

YH is the founder and president of Artialis SA, a spin-off company of the University of Liège. YH has also received consulting and speaker fees from Tilman SA, Nestlé, Laboratoire Expanscience, Heel, Megalab, Genequine, LABHRA, and Biose. MU, BC, JH, and SP are employees of Artialis SA.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1137407/full#supplementary-material



References

 1. Zhou,F, Yu,T, Du,R, Fan,G, Liu,Y, Liu,Z , et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054–62. doi: 10.1016/S0140-6736(20)30566-3 

 2. Bayati,M, Noroozi,R, Ghanbari-Jahromi,M, and Jalali,FS. Inequality in the distribution of Covid-19 vaccine: a systematic review. IJEqH. (2022) 21. Available from::122. doi: 10.1186/s12939-022-01729-x 

 3. WHO Solidarity Trial ConsortiumPan,H, Peto,R, Henao-Restrepo,AM, Preziosi,MP, Sathiyamoorthy,V , et al. Repurposed antiviral drugs for Covid-19—interim WHO solidarity trial results. N Engl J Med. (2021) 384:497–511. doi: 10.1056/NEJMoa2023184 

 4. Ader,F, Bouscambert-Duchamp,M, Hites,M, Peiffer-Smadja,N, Poissy,J, Belhadi,D , et al. Remdesivir plus standard of care versus standard of care alone for the treatment of patients admitted to hospital with COVID-19 (DisCoVeRy): a phase 3, randomised, controlled, open-label trial. Lancet Infect Dis. (2022) 22:209–21. doi: 10.1016/S1473-3099(21)00485-0 

 5. Beigel,JH, Tomashek,KM, Dodd,LE, Mehta,AK, Zingman,BS, Kalil,AC , et al. Remdesivir for the treatment of Covid-19—final report. N Engl J Med. (2020) 383:1813–26. doi: 10.1056/NEJMoa2007764 

 6. WHO Rapid Evidence Appraisal for COVID-19 Therapies Working GroupSterne,J, Murthy,S, Diaz,JV, Slutsky,AS, Villar,J , et al. Association between Administration of Systemic Corticosteroids and Mortality among Critically ill Patients with COVID-19: a meta-analysis. JAMA. (2020) 324:1330–41. doi: 10.1001/jama.2020.17023 

 7. RECOVERY Collaborative GroupHorby,P, Lim,WS, Emberson,JR, Mafham,M, Bell,JL , et al. Dexamethasone in hospitalized patients with Covid-19. N Engl J Med. (2021) 384:693–704. doi: 10.1056/NEJMoa2021436 

 8. RECOVERY Collaborative Group. Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-label, platform trial. Lancet. (2021) 397:1637–45. doi: 10.1016/S0140-6736(21)00676-0

 9. Moscatelli,F, Sessa,F, Valenzano,A, Polito,R, Monda,V, Cibelli,G , et al. COVID-19: role of nutrition and supplementation. Nutrients. (2021) 13:976. doi: 10.3390/nu13030976

 10. Grant,WB, Lahore,H, McDonnell,SL, Baggerly,CA, French,CB, Aliano,JL , et al. Evidence that vitamin D supplementation could reduce risk of influenza and COVID-19 infections and deaths. Nutrients. (2020) 12:988. doi: 10.3390/nu12040988 

 11. Murai,IH, Fernandes,AL, Sales,LP, Pinto,AJ, Goessler,KF, Duran,CSC , et al. Effect of a single high dose of vitamin D3 on hospital length of stay in patients with moderate to severe COVID-19: a randomized clinical trial. JAMA. (2021) 325:1053–60. doi: 10.1001/jama.2020.26848 

 12. Park,HR, Yoon,H, Kim,MK, Lee,SD, and Chong,Y. Synthesis and antiviral evaluation of 7-O-arylmethylquercetin derivatives against SARS-associated coronavirus (SCV) and hepatitis C virus (HCV). Arch Pharm Res. (2012) 35:77–85. doi: 10.1007/s12272-012-0108-9 

 13. Qiu,X, Kroeker,A, He,S, Kozak,R, Audet,J, Mbikay,M , et al. Prophylactic efficacy of quercetin 3-β-O-d-glucoside against Ebola virus infection. Antimicrob Agents Chemother. (2016) 60:5182–8. doi: 10.1128/AAC.00307-16 

 14. Wu,W, Li,R, Li,X, He,J, Jiang,S, Liu,S , et al. Quercetin as an antiviral agent inhibits influenza a virus (IAV) entry. Viruses. (2015) 8:6. doi: 10.3390/v8010006 

 15. Han,S, Xu,J, Guo,X, and Huang,M. Curcumin ameliorates severe influenza pneumonia via attenuating lung injury and regulating macrophage cytokines production. Clin Exp Pharmacol Physiol. (2018) 45:84–93. doi: 10.1111/1440-1681.12848 

 16. Dai,J, Gu,L, Su,Y, Wang,Q, Zhao,Y, Chen,X , et al. Inhibition of curcumin on influenza a virus infection and influenza pneumonia via oxidative stress, TLR2/4, p38/JNK MAPK and NF-κB pathways. Int Immunopharmacol. (2018) 54:177–87. doi: 10.1016/j.intimp.2017.11.009 

 17. Choi,HJ, Song,JH, and Kwon,DH. Quercetin 3-rhamnoside exerts antiinfluenza a virus activity in mice. Phytother Res. (2012) 26:462–4. doi: 10.1002/ptr.3529 

 18. Babaei,F, Nassiri-Asl,M, and Hosseinzadeh,H. Curcumin (a constituent of turmeric): new treatment option against COVID-19. Food Sci Nutr. (2020) 8:5215–27. doi: 10.1002/fsn3.1858 

 19. Wu,S, and Xiao,D. Effect of curcumin on nasal symptoms and airflow in patients with perennial allergic rhinitis. Ann Allergy Asthma Immunol. (2016) 117:697–702.e1. doi: 10.1016/j.anai.2016.09.427 

 20. Cheng,AL, Hsu,CH, Lin,JK, Hsu,MM, Ho,YF, She,TS , et al. Phase I clinical trial of curcumin, a chemopreventive agent, in patients with high-risk or pre-malignant lesions. Anticancer Res. (2001) 21:2895–900.

 21. Andres,S, Pevny,S, Ziegenhagen,R, Bakhiya,N, Schäfer,B, Hirsch-Ernst,KI , et al. Safety aspects of the use of quercetin as a dietary supplement. Mol Nutr Food Res. (2018) 62:1700447. doi: 10.1002/mnfr.201700447 

 22. Khan,A, Iqtadar,S, Mumtaz,SU, Heinrich,M, Pascual-Figal,DA, Livingstone,S , et al. Oral co-supplementation of curcumin, quercetin, and vitamin D3 as an adjuvant therapy for mild to moderate symptoms of COVID-19-results from a pilot open-label, randomized controlled trial. Front Pharmacol. (2022) 13:1781. doi: 10.3389/fphar.2022.898062 

 23. WHO. WHO R&D blueprint novel coronavirus—COVID-19 THerapeutic trial synopsis. World Health Organization. (2020).

 24. Mercola,J, Grant,WB, and Wagner,CL. Evidence regarding vitamin D and risk of COVID-19 and its severity. Nutrients. (2020) 12:1–24. doi: 10.3390/nu12113361

 25. Sabico,S, Enani,MA, Sheshah,E, Aljohani,NJ, Aldisi,DA, Alotaibi,NH , et al. Effects of a 2-week 5000 IU versus 1000 IU vitamin D3 supplementation on recovery of symptoms in patients with mild to moderate Covid-19: a randomized clinical trial. Nutrients. (2021) 13:2170. doi: 10.3390/nu13072170 

 26. Vahedian-Azimi,A, Abbasifard,M, Rahimi-Bashar,F, Guest,PC, Majeed,M, Mohammadi,A , et al. Effectiveness of curcumin on outcomes of hospitalized COVID-19 patients: a systematic review of clinical trials. Nutrients. (2022) 14:256. doi: 10.3390/nu14020256 

 27. Di Pierro,F, Derosa,G, Maffioli,P, Bertuccioli,A, Togni,S, Riva,A , et al. Possible therapeutic effects of adjuvant quercetin supplementation against early-stage COVID-19 infection: a prospective, randomized, controlled, and open-label study. Int J Gen Med. (2021) 14:2359–66. doi: 10.2147/IJGM.S318720 

 28. Bilezikian,JP, Bikle,D, Hewison,M, Lazaretti-Castro,M, Formenti,AM, Gupta,A , et al. MECHANISMS IN ENDOCRINOLOGY: vitamin D and COVID-19. Eur J Endocrinol. (2020) 183:R133–47. doi: 10.1530/EJE-20-0665 

 29. Sharma,VK, Prateeksha,N, Singh,SP, Singh,BN, Rao,CV, and Barik,SK. Nanocurcumin potently inhibits SARS-CoV-2 spike protein-induced cytokine storm by deactivation of MAPK/NF-κB Signaling in epithelial cells. ACS Appl Bio Mater. (2022) 5:483–91. doi: 10.1021/acsabm.1c00874 

 30. Leyva-López,N, Gutierrez-Grijalva,EP, Ambriz-Perez,DL, and Heredia,JB. Flavonoids as cytokine modulators: a possible therapy for inflammation-related diseases. Int J Mol Sci. (2016) 17:921. doi: 10.3390/ijms17060921

 31. Lee,S, Yu,Y, Trimpert,J, Benthani,F, Mairhofer,M, Richter-Pechanska,P , et al. Virus-induced senescence is a driver and therapeutic target in COVID-19. Nature. (2021) 599:283–9. doi: 10.1038/s41586-021-03995-1 

 32. Aburto,S, Cisterna,M, Acuña,J, Ruíz,C, Viscardi,S, Márquez,JL , et al. Obesity as a risk factor for severe COVID-19 in hospitalized patients: epidemiology and potential mechanisms. Healthcare. (2022) 10:1838. doi: 10.3390/healthcare10101838

 33. Institute of Medicine (US) Committee to Review Dietary Reference Intakes for Vitamin D and Calcium. Dietary Reference Intakes for Calcium and Vitamin D. eds. AC Ross, CL Taylor, AL Yaktine, and HB Del Valle, editors. Dietary Reference Intakes for Calcium and Vitamin D. Washington (DC): National Academies Press (2011).



OPS/images/fnut-10-1137407-t002.jpg
Change at
day 7

Absolute

Relative (%)

e status.

Treatment

Fultium® Nasafytol®
Median Median Median
(P25-P75) N (P25-P75) N (P25-P75)

15(0.0-2.0) 2.0(0.0-2.0)

417 (0.0-50.0) 50.0 (0.0-50.0)

p-Value

Adjusted
p-value*






OPS/images/fnut-10-1137407-t003.jpg
Variable

Number of AEs
per patient

Number of SAEs
per patient

Categories

N

49

49

All

Number (%)

25(51.0)

17(34.7)

5(10.2)
1(2.0)
1(2.0)

44(89.8)

5(10.2)

Treatment groups

Fultium Nasafytol®
Not adjusted
N Number (%) Number (%) p-value
2 2 060
13 (54.2) 12(48.0)
7(292) 10 (40.0)
2(83) 30120)
142 0(0.0)
142) 0(0.0)
2 2 0,023
19.(792) 25(100.0)
5(208) 0(0.0)





OPS/images/fnut-10-1137407-g003.jpg
I nasatyto®

O Futom®

Day 7

i

—r—TT—T1—T—1

6 b % & a «

5]

S e e

8

suteap 1o N0} 0}
‘ssojsuen Jo Joquiny

°

.

Day7

s & &

Swediopied

@ PozcNdsou jo sequiny

<

8

R

sedioped
pabieyosip Jo Jequiny

Day 7





OPS/images/fnut-10-1137407-t001.jpg
Treatment

Variable Categories All Fultium® Nasafytol®
Number (%) Number (%) N Number (%)  p-Value
Age (year) Median (P25-P75) 49 550 (50.0-64.0) 2 580 (52.0-67.0) 25 540 (46.0-60.0) 015
Sex 9 2 25 019
Female 26(53.1) 15 (625) 11 (44.0)
Male 23(46.9) 9(375) 14(56.0)
Height (cm) Median (P25-P75) 49 168.0 (1620~ 2 167.0 (159.5- 2 1720 (1620~ 037
176.0) 173.5) 177.0)
Weight (kg) Median (P25-P75) 49 840 (72.8-95.0) 24 850 (70.5-96.0) 25 820(73.5-932) 098
BMI (kg/m?) Median (P25-P75) 49 292(26.2-328) 2 297 (254-33.0) 25 29.1(269-328) 098
Ethnic 9 2 2 039
African 6(122) 301235 3(12.0)
European 38(77.6) 20(83.3) 18 (720)

Other 5(10.2) 1(42) 4(16.0)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		NASAFYTOL® supplementation in adults hospitalized with COVID-19 infection: results from an exploratory open-label randomized controlled trial



		1. Introduction



		2. Materials and methods



		2.1. Study design



		2.2. Participants



		2.3. Randomization



		2.4. Procedures



		2.5. Outcomes



		2.6. Statistical analysis



		2.6.1. Covid-19 WHO ordinal outcome score



		2.6.2. Duration of hospitalisation



		2.6.3. Transfers to intensive care unit and in-hospital mortality



		2.6.4. Temperature (fever)



		2.6.5. Need of oxygen therapy



		2.6.6. Compliance



		2.6.7. Blood results









		2.7. Ethical approval









		3. Results



		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fnut-10-1137407-g001.jpg
1 discontinued before supplement start

1 assessed and

enrolled participants

50 randomised

l:lli

25 assigned
Fultium®

25 assigned
Nasafytol®

6 discontinued supplement :
5 SAE, | withdrawal

2 discontinued supplement:
2 withdrawal

»

24 included in
PP/FAS analysis

25 included in
PP/FAS analysis






OPS/images/fnut-10-1137407-g002.jpg
Covid-19 WHO ordinal Outcome score.

8-Death

7 - Additional organ support

6- Intubation

5- Noninvasive ventiation

4- Oxygen by mask or nasal sprongs

3- No oxygen therapy

2- Limitation of activities

1-No limitations of activties

0- Uninfected

Baseline

Days

Day7

B3 Fuliom®

B Nasaio®





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

NASAFYTOL®supplementation in
adults hospitalized with COVID-19
infection: results from an
exploratory open-label
randomized controlled trial












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






