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Background: As the novel coronavirus disease 2019 (COVID-19) pandemic subsides, the clinical sequelae are becoming more problematic. Interestingly, the statistical data indicate that Africa has experienced the lowest number of cases and deaths, with an unexpected phenomenon where the number of deaths from COVID-19 has not increased significantly. Several studies have investigated the relationship between diet and coronavirus. However, no systematic review/meta-analysis has conclusively linked diet (phytochemicals and vitamin D) and the gut microbiota in the context of COVID-19.

Methods: This study examined the responses to COVID-19 in Japan and Africa, formulating the following hypotheses: (1) a healthy diet is effective against COVID-19, (2) blood vitamin D levels are associated with COVID-19 mortality, and (3) COVID-19 is associated with the gut microbiota. To investigate these hypotheses, a keyword search and meta-analysis were conducted using PubMed, and each hypothesis was tested.

Results: This study found that a healthy diet, particularly rich in phytochemicals such as polyphenols and flavonoids, is effective against COVID-19. An association was detected between blood vitamin D levels and COVID-19 mortality. The gut microbiota was linked to COVID-19 and its amelioration. These findings may have significant implications for not only understanding COVID-19 but also future prevention of pneumonia.
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1 Introduction

The COVID-19 pandemic has caused a global crisis, reminiscent of the Spanish flu of 1918, with severe consequences for the global economy. Pneumonia caused by coronaviruses is a zoonosis, and humans have experienced the emergence of three highly pathogenic CoV species over the past two decades: severe acute respiratory syndrome (SARS)-CoV, Middle East respiratory syndrome (MERS)-CoV, and SARS-CoV-2 (1). Its strong infectivity has been verified through transmission from humans to cats, which may have served as intermediate hosts for the virus (2). Regarding the COVID-19 vaccine, some ecological studies have shown regional disparities in immunization coverage in the USA (3). There is concern regarding low vaccination rates despite the greater risk of infection in non-Hispanic Black and Hispanic populations. Data provided by the WHO as of June 17, 2024, showed that the COVID-19 deaths in Africa, the Americas, Europe, the Eastern Mediterranean region, and Asia (Western Pacific and South-East Asia) numbered 175,510 (2%), 3,020,756 (43%), 2,272,390 (32%), 351,975 (5%), and 1,229,712 (17%), respectively (4). Africa had the lowest proportion of cumulative deaths worldwide at 2%, accounting for 9,579,844 cumulative cases and only 1% of the global total.

Contrary to expectations, the number of COVID-19 deaths did not increase significantly in Africa despite the high rates of HIV, malaria, and other infectious diseases and the lack of developed healthcare systems. In contrast, in many developed countries in Europe and the USA, which have large elderly populations, COVID-19 resulted in high mortality rates, especially among the elderly and those with underlying medical conditions. Elderly individuals are more susceptible to pneumonia, with underlying conditions such as diabetes and obesity, which are metabolic conditions included in lifestyle-related diseases, and a weakened immune system due to various diseases. These susceptible populations prioritized vaccination and other preventive measures.

In Africa, an interesting phenomenon was observed: the number of deaths due to COVID-19 did not increase, as expected. However, this anomaly requires further investigation. One possible reason for this is the demographic structure of Africa, which has an overwhelmingly large number of children and a relatively small number of elderly individuals, who showed higher mortality rates from COVID-19. The median age on the African continent is 18.8 years, compared to the world average of 30.7 years and 49.5 years in Japan (5). In children, the innate immune response that eliminates the virus may be more effective than the speed at which the virus mutates (6, 7).

Another explanation is that Japan’s low mortality rate from COVID-19 compared to that in Western countries comes from its status as the country with the longest life expectancy in the world (8). Reports have shown that the nutritional situation in Africa has been adversely affected by the COVID-19 pandemic, particularly among children (9). In addition to economic development, a well-known factor contributing to Japan’s longevity is the healthiness of the Japanese diet. The Japanese diet, similar to the Mediterranean diet (10), has also been considered healthy, particularly around 1975, which is considered healthier than the current Japanese diet (11–13). Compared to the USA and other countries, Japan has lower rates of obesity and lifestyle-related diseases, including metabolic diseases, which are believed to be associated with the longevity of its population. The typical Western diet is high in energy density, leading to underlying and lifestyle-related diseases and impaired immunity due to chronic inflammation, which have been identified as risk factors for COVID-19 (14). This study investigated the effects of polyphenols, a class of phytochemicals abundant in the healthy diets of the Mediterranean region and Japan, on COVID-19.

It is also well-established that vitamin D deficiency is associated with a range of diseases, including those that impair immunity. A systematic review and meta-analysis conducted in Italy, a country severely affected by COVID-19, revealed a clear association between vitamin D deficiency and COVID-19 mortality (15). Blood vitamin D levels are categorized as follows: < 20 ng/mL deficient, 20–30 ng/mL, insufficient; and > 30 ng/mL, sufficient. A report showed the following blood vitamin D (25-OH-D) levels (ng/mL) in European countries: France 24.0, Germany 20.0, Italy 20.0, the UK 19.0, and Spain 17.0 (16). In Japan, only 2% of individuals have sufficient blood vitamin D levels, with an average value of 15.5 ng/mL (17). In Africa, because of the strong direct sunlight, over 40% of people have blood vitamin D levels above 30 ng/mL, with a mean value of 27.1 ng/mL, the highest among the compared regions (18).

Finally, the relationship between the gut microbiota and COVID-19, which is significantly influenced by diet and varies with the disease, was also examined.

Based on the above, this study tested the following hypotheses by examining COVID-19 responses in Japan and Africa: (1) a healthy diet is effective against COVID-19, (2) blood vitamin D levels are associated with COVID-19 mortality, and (3) COVID-19 is associated with the gut microbiota. To test these hypotheses, we conducted a series of literature searches and summarized the findings of a systematic review and meta-analysis.



2 Materials and methods


2.1 Selection criteria, sources, and search strategy

This systematic review follows Cochrane guidelines and reports using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (19). Compliance with the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist is shown in the Supplementary Table S1. Articles with specific keywords in the title or abstract were selected for this study. The PubMed search engine was used for this systematic review and meta-analysis. The keywords used in this systematic review are: Japan, Africa, polyphenol, flavonoids, vitamin D, and gut microbiota. Polyphenols and flavonoids are major classes of phytochemicals. Four patterns of keyword searches have been shown in the results: Analysis Group A–D.

The protocol was registered in UMIN-CTR under the UMIN study ID: UMIN000054334.1 Ethical approval was not required for this study, as all the data used are publicly available. The examined literature was peer-reviewed and written in English. The search for COVID-19-related articles covered the period from 2019 to the 25th of July 2024.



2.2 Selection procedure and exclusion criteria

Records were initially identified using a PubMed database search. Duplicate records were excluded from the systematic review. Two independent reviewers (KS and RT) assessed the titles, abstracts, and entire articles, including the results of the identified studies, and judged the inclusion and exclusion of any irrelevant reports. Disagreements regarding the inclusion of studies were resolved through discussions and consensus. If disagreements persisted, they were arbitrated by another reviewer. One example of an excluded study is changes in blood 25-OH-D concentration, bone markers, and physical performance due to vitamin D supplementation while COVID (COVID-19) lock down since this study might appear to meet the inclusion criteria, but these were excluded because they were not related to COVID-19 treatment (20). In some analysis groups, articles other than randomized clinical trials (RCTs) were also excluded. A summary of information derived from up-to-date studies on vitamin D was also used as background information.



2.3 Data items and data collection process

Data collection included the following elements: study characteristics (author, year of publication, title, and abstract), participants (selected from relevant RCTs in the context of COVID-19 or long-COVID-19) and keywords in each grouped analysis.

Analysis group A: A two-keyword search was conducted to summarize the COVID-19 responses in Japan and Africa. A keyword search (Japan), (COVID), and (vitamin D, polyphenol, flavonoids, or gut microbiota) yielded 100 results. Only one study was an RCT. Therefore, top 10 search results sorted according to “Best Match” and content related to COVID-19 were showed in the results. Only articles where the full text was available for free were used. Another keyword search, (Africa) and (COVID) and (vitamin D or polyphenol or flavonoids or gut microbiota) yielded 53 results, among which 40 had the full text available for free. Then, top 10 search results sorted by “Best Mach” and title related with COVID-19 were showed in the Tables 1, 2 in the results. Furthermore, two of the four RCTs in the search results as well.

Analysis Group B: For the blood 25-OH-D and COVID-19, search results for (COVID) and (vitamin D) were classified as enough (> 30 ng/mL), insufficient (20 to 30 ng/mL), and deficient (< 20 ng/mL) by the mean concentration of the intervention groups. Of the 1,893 results, 48 were RCTs and were further filtered out based on the availability of free full texts, resulting in 43 articles. From these results, 20 articles containing values of blood 25-OH-D3 with mean ± SD or median were summarized in the table. In addition, a meta-analysis was conducted using the data contained in these articles. Furthermore, a meta-analysis of enough blood 25-OH-D levels (> 30 ng/mL) in the intervention group was conducted.



TABLE 1 Analysis Group A: Top 10 articles sorted by best match in PubMed - Japan, COVID and (polyphenol or flavonoids or vitamin D or gut microbiota) (As of 25th of July).
[image: Table1]



TABLE 2 Analysis Group A: Top 10 articles sorted by best match in PubMed - Africa, COVID and (polyphenol or flavonoids or vitamin D or gut microbiota) (As of 25th of July).
[image: Table2]

Analysis group C: Combined keywords (COVID and polyphenol) yielded 410 results, (COVID and flavonoids) yielded 818 results, (COVID and vitamin D) yielded 1,893 results, and (COVID and gut microbiota) yielded 1,012 results. A total of 4,142 studies appeared in the PubMed search. A combined search of (COVID) and (polyphenols, flavonoids, vitamin D, and gut microbiota) showed 3,949 results. Therefore, 193 duplicate results were excluded. As only RCTs were considered, 3,875 articles were excluded, leaving 74 eligible papers. Of these, 33 studies were excluded because they did not meet the exclusion criteria described above. Finally, 41 studies were included in this systematic review. The screening process is described in detail in the PRISMA flowchart (Figure 1). A meta-analysis was performed on the search results for (COVID and vitamin D) in the analysis group C.

[image: Figure 1]

FIGURE 1
 PRISMA flowchart of this systematic review: Analysis Group A. PubMed search with (COVID) and each keyword (polyphenol or flavonoids), (vitamin D), and (gut microbiota) showed 4,142 results. Combined search of (COVID) and (polyphenol or flavonoids or vitamin d or gut microbiota) showed 3,949 results. Duplicated 193 results were excluded. Then, 3,875 results other than randomized clinical trials (RCTs) were excluded and only 74 RCTs were considered further analysis. Of these, 33 studies were excluded based on the exclusion criteria because they did not meet the purpose of the analysis. Finally, 41 manuscripts were exploited in this systematic review (as of 25th of July 2024).


Analysis group D: Existing articles within the 5 years when COVID-19 related articles were available were searched for in PubMed. A combination of keywords (polyphenols or flavonoids) and (gut microbiota) yielded 2,979 results. Within the last 5 years when COVID-19 was prevalent, 2,225 search results were obtained. Of these, 48 were RCTs. When narrowed down to the past year, 573 papers and 9 RCTs were identified, fitting the study’s objectives, resulting in seven papers being included. A PubMed search for (vitamin D) and (gut microbiota) yielded 532 results, with 389 results published in the last 5 years. Among these, 16 were RCTs, and five were fit-for-purpose articles. A PubMed search for (polyphenols, flavonoids) and (vitamin D) yielded 622 results, of which 188 were obtained in the last 5 years. Of these, 11 were RCTs, and six were fit-for-purpose articles.



2.4 Outcome

To verify the three hypotheses: (1) a healthy diet is effective against COVID-19, (2) blood vitamin D levels are associated with COVID-19 mortality, and (3) COVID-19 and gut microbiota are associated, search results from Analysis Groups A, B, C, and D have been summarized into tables in the results section.



2.5 Statistical analysis

A series of meta-analyses of the articles corrected in Analysis Groups B (COVID and vitamin D) and C were conducted (articles in Tables 3–5, 8). Meta-analysis has been performed by EZR [R 4.4.1 binary for macOS 11 (Big Sur)] software downloaded from “The Comprehensive R Archive Network” webpage.2 References including median values were converted to mean ± SD from the first and third tetrad counts. Meta-analysis for means were conducted to analyze the data sets including mean ± SD and total number of samples. The standard mean difference (SMD) with 95% confidence interval (CI) was reported for dichotomous outcomes. A meta-analysis for proportions was conducted to analyze the datasets, including events and the total number of samples. Odds ratios (ORs) with 95% confidence intervals (CI) were reported for dichotomous outcomes. This study performed both fixed-and random-effects modeling. p < 0.01 was considered statistically significant.



TABLE 3 Analysis Group B: Association between COVID-19 and blood 25-OH-D3 levels; mean value of the Intervention group showed enough level (> 30 ng/mL) RCT.
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TABLE 4 Analysis Group B: Association between COVID-19 and blood 25-OH-D3 levels; mean value of the Intervention group was sufficient level (20 to 30 ng/mL) RCT.
[image: Table4]



TABLE 5 Analysis Group B: Association between COVID-19 and blood 25-OH-D3 levels; mean value of the Intervention group was insufficient level (< 20 ng/mL) RCT.
[image: Table5]




3 Results


3.1 Comparison of Japan and Africa’s population

Figure 2 shows the population pyramids of Japan, Africa, and the rest of the world. The largest population group in Japan peaked in the age group of 50–54 (9,510,374 people), followed by the age group of 70–74 (8,218,437 people). These were the second and first baby boomers, respectively (21). The Japanese population is a typical example of an aged society that is common in developed countries, with people older than 65 years comprising a quarter of the population. Surprisingly, the proportion of women older than 100 years was 0.1% in Japan. In contrast, Africa had a typical juvenile population pyramid; as the population became younger, the number of people in Africa increased. However, the world population showed a bell-shaped pyramid. Since COVID-19 vaccination efforts were prioritized for the elderly and people with underlying diseases in Japan, an African population with an enormous number of children was considered one of the reasons for Africa’s low number of COVID-19 deaths.

[image: Figure 2]

FIGURE 2
 Population pyramid of Japan, Africa, and the World in 2024. Population pyramid of Japan was a typical shape of an aged society with large numbers of baby boomer seen in developed countries. Population groups peaked around 45–49 and 70–74 years old. Africa had a typical juvenile-formed population pyramid. Population pyramid of the world total was bell-shaped. One reason of Africa’s low death ratio of COVID-19 seemed to come from this very young population distribution.




3.2 Analysis group A: Summary of COVID response in Japan and Africa


3.2.1 Summary of COVID response in Japan

Only one RCT was found after searching for Japanese COVID-19 responses to oral vaccination against Tuberculosis (22). Table 1 summarizes the 10 articles on Japan’s response to COVID-19. These articles were publication types other than RCTs, and were conducted in Japan or by authors belonging to Japanese research institutions. They include a review of the effects of vitamin D against COVID-19 through the vitamin D receptors (VDRs) expressed on the surface of immune cells (23); a metabolomics research related to COVID (24); a review of the mechanism of severe gastrointestinal conditions in COVID-19 (25); association between the enhancement of trypsin self-degradation by Paraprevotella colonization and severity of diarrhea in patients infected with SARS-CoV-2 (26), and effects of green tea catechins on Omicron variants (27).



3.2.2 Summary of COVID response in Africa

Table 2 summarizes the 10 articles associated with COVID-19 responses in Africa. A review article on plant-based diets in sub-Saharan Africa reasoned that a low metabolic syndrome ratio is associated with a low COVID-19 risk in Africa (28). Others include the identification of herbal plants administrated to COVID patients in Benin (29); resveratrol as a safe, affordable, and available adjuvant treatment (30); meta-analysis of corticosteroids, hydroxychloroquine, and vitamin D as treatments for COVID-19 (31); and a report on high COVID-19 risks in patients with vitamin D deficiency (32). Only four RCTs were found in African research; however, one was associated with tuberculosis prevention (33) and the others were about egg consumption to improve diet (34).




3.3 Analysis Group B: Association between COVID-19 and blood 25-OH-D3 levels; deficient, insufficient, and enough amount

Of the 43 RCTs on COVID and vitamin D, 20 articles held mean ± SD or median values were summarized and divided by the serum vitamin D levels of the intervention group into three groups: enough (> 30 ng/mL) amount (Table 3), insufficient (20 to 30 ng/mL) (Table 4), and deficient (< 20 ng/mL) (Table 5). The mean value in the enough amount group varied from 31.3 to 102 (ng/mL), that in the insufficient group varied from 20.8 to 29.64, and the deficiency group had one result with a level of 17.87.

Then, meta-analysis was performed only on studies that met both conditions: blood vitamin D levels of 20 (ng/mL) or higher in the intervention group and 20 or lower in the control group. A meta-analysis performed on articles in Tables 3–5, and the results of adequate heterogeneity (I2 = 72%) are shown in Figure 3A. Another meta-analysis with enough (> 30 ng/mL) blood 25-OH-D levels in the intervention groups are shown in Figure 3B.

[image: Figure 3]

FIGURE 3
 Meta-analysis of association between COVID-19 and vitamin D supplementation in Analysis Group C. meta-analysis conducted using data extracted from articles in Tables 3–5. Meta-analysis was performed only on studies that met both conditions: blood vitamin D levels of 20 (ng/mL) or higher in the intervention group and 20 or lower in the control group. (A) Showed a meta-analysis <I2 = 75% of blood 25-OH-D levels extracted from articles in Tables 3–5. (B) Further shows meta-analysis in combinations of the data of enough (> 30 ng/mL) blood 25-OH-D levels resulted in I2 = 0%. p < 0.01 was considered as a significant difference. p < 0.01 were considered as statistical significance.




3.4 Analysis group C: Nutrients and gut microbiota against COVID-19


3.4.1 Validation of the effectiveness of a healthy diet against COVID-19

This systematic review shows the relevance of polyphenols and flavonoids, two of the most common phytochemicals associated with a healthy diet, in relation to COVID-19. Table 6 summarizes the four RCTs on COVID-19 and polyphenols, and Table 7 summarizes the eight RCTs on COVID-19 and flavonoids. Flavonoids are a typical component of polyphenols. The polyphenol curcumin promotes recovery from COVID-19 by improving blood oxygen saturation (35). Additionally, daily consumption of high-polyphenol olive oil was found to significantly reduce treatment duration (36). Two RCTs involving resveratrol, a polyphenol that was first highlighted for its presence in red wine, were included. The first study demonstrated its effectiveness against respiratory infections, including COVID-19 (37), and the second showed that resveratrol reduced the expression of ACE2, a receptor for COVID-19, in the adipose tissue (38). The flavonoid quercetin was found to reduce the expression of markers associated with COVID-19 severity when combined with anti-viral drugs used to treat COVID-19, such as remdesivir and favipiravir. This included effectively lowering levels of serum alkaline phosphatase (ALP), quantitative C-reactive protein (q-CRT), and lactate dehydrogenase (LDH) (39). Silymarin also reduced alanine aminotransferase levels (40). Several studies in Italy reported that luteolin is effective against olfactory abnormalities, one of the symptoms of COVID (41–45). Additionally, the use of gargles containing the bioflavonoids β-cyclodextrin and Citrox (CDCM) was shown to reduce coronavirus presence (46). Phytochemicals are considered the seventh most abundant nutrient and have been shown to be effective against COVID-19.



TABLE 6 Analysis Group C: Effectiveness of a healthy diet against COVID-19 (COVID and polyphenol) RCT.
[image: Table6]



TABLE 7 Analysis Group C: Effectiveness of a healthy diet against COVID-19 (COVID and flavonoids) RCT.
[image: Table7]



3.4.2 Validation of the association between blood vitamin D levels and COVID-19 mortality

Table 8 summarizes the relevant RCTs on COVID and vitamin D. Among the 41 studies, 20 were found to be relevant (1 μg = 40 IU). The studies mainly involved the administration of high concentrations of oral vitamin D3, active calcitriol (1α,25-(OH)2-D3), alfacalcidol, and calcidiol (25-OH-D3), which is used to measure vitamin D levels in the blood. The conversion of 25-OH-D3 to calcitriol is facilitated by enzymes in the kidneys or immune cells. High-dose vitamin D3 has been reported to reduce mortality in COVID-19 patients (47) increase vaccine antibody production (48), suppress cytokine storms (49), increase blood 25-OH-D3 levels (50) and lymphocyte counts (51), shorten hospital stays (52), and recovery time (53), reduce healthcare utilization due to COVID-19 (54). There is substantial evidence that vitamin D supplementation is effective during the COVID-19 pandemic and helps improve sequelae such as loss of taste (55).



TABLE 8 Analysis Group C: Association between blood vitamin D levels and COVID-19 mortality (COVID and vitamin D) RCT.
[image: Table8]

However, it is important to note that long-term intake of higher-than-necessary doses of vitamin D, especially with calcium, should be avoided as it can cause vitamin D toxicity. Therefore, vitamin D should be considered an immune-enhancing nutrient rather than a therapeutic agent.

In addition, a meta-analysis was performed on the 20 articles shown in Table 8, and the quantitative analysis is summarized in Figure 4. Blood 25-OH-D3 levels were found in 12 articles supplemented with vitamin D3 (10 articles) and 25-OH-D3 (two articles). Five articles showing only medians were converted into mean ± SD. The values of the five articles indicating adequate heterogeneity (I2 = 73%) are shown in a forest blot (Figure 4A). Similarly, analysis of two articles showing the length of hospitalization period described in mean ± SD and total number were shown (Figure 4B). Three articles regarding COVID-19 cases (Figure 4C) and two articles regarding COVID-19 deaths (Figure 4D) contained these events; the total numbers are also illustrated. Statistically significant differences (p < 0.01) were observed in blood 25-OH-D3 levels (ng/mL) and number of COVID-19 cases.

[image: Figure 4]

FIGURE 4
 Meta-analysis of association between COVID-19 and vitamin D supplementation in Analysis Group B. Meta-analysis conducted using data extracted from articles in Table 8. (A) Show a meta-analysis of serum 25-OH-D levels combination of <I2 = 75%. (B) Shows a meta-analysis of the difference of mean hospitalized period extracted from articles shown in Table 8. (C) Shows a meta-analysis of COVID cases; data was shown in odds ratio. (D) Shows a meta-analysis of COVID deaths. p < 0.01 was considered as a significant difference.




3.4.3 Verification of the association between COVID-19 and gut microbiota

Table 9 summarizes eight relevant RCTs out of the 12 searched for COVID and gut microbiota. All the retrieved RCTs focused on the effects of prebiotics and probiotics on COVID-19. Two RCTs from China reported a probiotic, SIM01. According to the literature, the symbiotic formulation of SIM01 contains three bacterial strains: Bifidobacterium adolescentis, Bifidobacterium bifidum, and Bifidobacterium longum, and three prebiotic compounds. The first study reported that SIM01 improved intestinal microbiota imbalance (56), and the second reported the alleviation of symptoms in patients with acute post-acute COVID-19 syndrome (PACS) (57). In another report, an aqueous extract of Dendrobium officinale (DoAE) was found to reduce inflammatory gut microbiota (58). Additionally, a Mexican study reported that probiotics containing Lactiplantibacillus plantarum and Pediococcus acidilactici enhance antibody production against COVID-19 by interacting with the host immune system (59). Similarly, a study conducted in the UK found that probiotics, including Lactobacillus acidophilus, Lactobacillus plantarum, Bifidobacterium bifidum, and Bifidobacterium animalis subsp. lactis, reduced the symptoms of viral upper respiratory tract infections (URTI) symptoms by 27% in overweight/obese subjects (60). In Sweden, probiotics containing Limosilactobacillus reuteri have been reported to increase antibody production following vaccination compared to vitamin D alone (61). In a Spanish study, probiotics and prebiotics improved the cardiometabolic profile (62), and in the USA, prebiotic fibers were shown to affect the gut microbiota associated with serum serotonin production and help improve mental health during long COVID (63).



TABLE 9 Analysis Group C: Association between COVID-19 and gut microbiota (COVID and gut microbiota) RCT.
[image: Table9]

Thus, the gut microbiota plays a significant role in improving COVID-19 outcomes and sequelae, as evidenced by a systematic review.




3.5 Analysis group D: Association between healthy diet, phytochemicals, vitamin D, and gut microbiota


3.5.1 Association of polyphenols or flavonoids with gut microbiota

The results of the PubMed search for polyphenols, flavonoids, and the gut microbiota are shown in Table 10. As there were 30 RCTs reporting these associations over a 5-year period, the seven main articles from the past year are listed below.



TABLE 10 Analysis group D: Association of polyphenols or flavonoids with gut microbiota (polyphenol or flavonoids and gut microbiota) RCT last 1 year.
[image: Table10]

A study from New Zealand indicated a relationship between the intake of rutin-supplemented yogurt and an increase in the number of butyrate-producing bacteria and decrease in fasting blood glucose levels (64). In an American study, xanthohumol found in hops reduced bile acid metabolism via microbiota specific to the gut forms of Prevotella and Ruminococcus (65). Functional foods containing anthocyanins increased Bifidobacterium and improved cognitive function and eye dryness (66). Additionally, autologous fecal transplantation was effective in weight loss among consumers of a high-polyphenol Green Mediterranean Diet (67). An interesting finding was the inverse association between the Green Mediterranean diet and biological aging in the group with increased polyphenol intake (68).

These results highlight the significant impact of polyphenols and flavonoids on the gut microbiota composition and related health outcomes. Modulation of the gut microbiota by these compounds may offer protective benefits and improve overall health, particularly in the context of dietary interventions aimed at enhancing gut health and preventing disease.



3.5.2 Association between vitamin D and gut microbiota

The results of the PubMed search for vitamin D and the gut microbiota are shown in Table 11. Several recent RCTs conducted over the past 5 years have demonstrated that vitamin D supplementation significantly affects changes in the gut microbiota. One year of supplementation with vitamin D (2,000 IU/day) in patients with colorectal cancer (CRC) resulted in a significant increase in Leuconostoc pseudomesenteroides, Ruminococcus YE78, Faecalibacterium prausnitzii, and Bacteroides clarus (69). Additionally, 16 weeks of vitamin D3 supplementation in vitamin D-deficient, overweight/obese individuals led to an increase in Lachnospira spp., a decrease in Blautia spp., and an increase in Coprococcus spp., while decreasing Ruminococcus spp. in groups with high serum vitamin D levels (70). Intramuscular vitamin D3 (200,000 IU) increased Bifidobacteriaceae and Christensenellaceae and decreased Proteobacteria after 8 weeks (71). Other findings suggest that increased vitamin D levels during pregnancy protect against the growth of sulfate-reducing bacteria such as Desulfovibrio, which are associated with chronic intestinal inflammatory disorders (72). Studies on vitamin supplementation, including that of vitamin D, have also shown increased microbial alpha diversity and short-chain fatty acids (73).



TABLE 11 Analysis group D: Association between vitamin D and gut microbiota (vitamin D and gut microbiota) RCT last 5 years.
[image: Table11]

These findings highlight the significant role of vitamin D in modulating the gut microbiota, which may have implications for overall health and management of diseases related to gut health. The beneficial effects of vitamin D on the gut microbiota composition suggest its potential therapeutic application, particularly in conditions involving gut dysbiosis and inflammatory disorders.



3.5.3 Relevance of phytochemicals and vitamin D

The association between vitamin D, an essential nutrient, and polyphenols and flavonoids, the main components of the phytochemical group, shown in Table 12 after a PubMed search. Several studies have highlighted synergistic effects of these nutrients.



TABLE 12 Analysis group D: Relevance of phytochemicals and vitamin D (polyphenol or flavonoids and vitamin D) RCT last 5 years.
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First, curcumin supplementation led to significant improvements in blood vitamin D levels and liver function enzyme levels in women with premenstrual syndrome (PMS) and dysmenorrhea (74). Second, the osteoprotective effect of resveratrol was greater in the participants who were supplemented with vitamin D and calcium (75). Additionally, supplementation of the Mediterranean diet with apple and bergamot juices in an Italian study reduced the risk of chronic noncommunicable diseases (CNCD) and increased VDR gene expression (76). Silymarin combined with vitamin D improves nonalcoholic fatty liver disease (NAFLD) (77). Furthermore, a combination of alpha-lipoic acid, acetyl-L-carnitine, resveratrol, and vitamin D3 supplementation with rehabilitation was effective for sciatica (78). Perilla frutescens dried seed extract, containing quercetin and vitamin D3, has also been shown to be effective against pediatric allergic rhinitis (79).

As described above, a link was observed between dietary factors, phytochemicals, vitamin D, and the gut microbiota, as well as between phytochemicals and vitamin D. These findings indicated that a healthy dietary pattern is an important long-term protective factor against pneumonia, including COVID-19.





4 Discussion

This systematic review first examined whether a healthy diet was effective against COVID-19. Japan has the longest longevity in the world, and in recent years, there has been growing awareness of the need to reduce medical costs and prevent aging, particularly by detecting and curing non-disease conditions (ME-BYO) (80). Consequently, considerable research has been conducted on healthy longevity and diet (81). Unlike the typical high-fat, high-sugar Western diet, the Japanese diet, which is similar to the Mediterranean diet, is well-known worldwide as a healthy diet, making those who consume it less prone to metabolic-related diseases and obesity (82).

In developed countries, high infection and mortality rates owing to COVID-19 have been observed, particularly among the elderly and those with underlying diseases, who constitute a large proportion of the population. Consequently, these groups are prioritized for vaccination (83). A healthy Japanese diet may be associated with lower rates of COVID-19 due to the lower prevalence of underlying lifestyle-related diseases in the population.

Africa, on the other hand, is a region with a poor food situation, including hunger and water shortages, and the economic impact of COVID lockdowns and other problems was a major concern (84). However, contrary to our expectations, the reported number of deaths due to COVID-19 did not increase significantly. One reason is that since Africa’s situation cannot be compared with that of other regions owing to underdeveloped health systems, the COVID response in Africa has been underreported. In addition, regional differences exist between the urban and non-urban areas in Africa. However, the proportion of younger people is the highest in the world, and the proportion of patients with metabolic syndrome, lifestyle-related diseases, and diseases caused by overeating is lower than in developed and emerging countries (85). This is associated with the fact that COVID-19 mortality rates were low in Africa.

Vegetables and fruits have received attention in recent years because of their high phytochemical content (86). They are referred to as the seventh nutrient, following the three macronutrients—carbohydrates, proteins, and fats—the fourth and fifth nutrients—vitamins and minerals, and the sixth nutrient–dietary fiber. Phytochemicals have gained particular attention owing to their anti-inflammatory effects and well-known antioxidant properties. Numerous studies have investigated the antibacterial, anti-viral, and anti-cancer properties of these compounds. Grape phytochemicals such as resveratrol are among the most widely studied and used compounds (87). Many other plant-derived ingredients are extensively utilized not only in foods, but also in Kampo (traditional Japanese) and other herbal medications, from aspirin to the antimalarial drug artemisinin.

Next, we examined whether blood vitamin D levels were associated with COVID-19 mortality. Recently, there have been an increasing number of reports on the immune-boosting properties of vitamin D (88). Vitamin D was named after Elmer McCollum in 1922 as the fourth vitamin, with Vindaus et al. contributing to early research. It is well-known for its role as a bone hormone and its involvement in calcium absorption in the intestinal tract. Vitamin D deficiency is well known to be associated with rickets in children (89) and osteoporosis and osteomalacia in the elderly (90).

Vitamin D toxicity can lead to hypercalcemia and calcium accumulation in blood vessels caused by excessive vitamin D intake combined with calcium intake. This effect could be reversed by preventing excessive vitamin D intake. There are two types of vitamin D: plant-derived vitamin D2, produced in mushrooms, and animal-derived vitamin D3. Vitamin D3 is produced in the body from cholesterol precursors in the skin, but the activated form, 1α,25-(OH)2-D3, has a short half-life of a few hours and is not excessive in its natural state.

It is also well known that African Americans living in temperate regions are often deficient in vitamin D3, as its production in skin cells is inhibited by high melanin levels (91). For similar reasons, vitamin D supplementation is recommended, particularly in the UK and Scandinavian countries because of the high prevalence of vitamin D deficiency at higher latitudes (92). As mentioned previously, vitamin D deficiency is much less common in mainland Africa than in other countries. A study comparing East Africa and Finland found that East Africans had a higher vitamin D intake (93), with differences in diet and sunlight exposure across regions being associated (94).

It has also been suggested that in Africa, unlike in developed countries where the population is concentrated in urban areas, there are far more opportunities for exposure to direct sunlight owing to differences in living conditions. Therefore, sufficient vitamin D is synthesized despite the high melanin pigmentation in the skin (95). This phenomenon is attributed to the fact that people living at higher latitudes lose the need for pigments that protect their bodies from direct sunlight.

In recent years, it has been noted that vitamin D deficiency is associated with compromised immunity, since vitamin D receptors (VDRs) expressed in many cells, including immune cells (96). Active vitamin D, bound to the nuclear VDR, binds to the vitamin D response elements of genes and regulates their expression of various genes. This action is particularly prominent in proinflammatory cytokine genes such as TNF-α and IL-1β, thereby providing vitamin D with anti-inflammatory properties and making it deeply involved in immune regulation (97).

There were remarkable numbers of meta-analysis in PubMed search (65 results) associated with the keywords COVID-19 and vitamin D (98). Therefore, a meta-analysis was conducted from the references in Tables 3–5, 8, and the statistical analysis of blood 25-OH-D3 levels, hospitalization period, COVID-19 cases, and deaths in relationship to COVID-19 and vitamin D. Statistically significant differences (p < 0.01) in blood 25-OH-D3 levels and number of COVID-19 cases were observed in this study, similar to other meta-analyses. However, it is likely that vitamin D works as supplementary regimen for daily upregulation of immune responses to avoid infections rather than the treatment of severe COVID-19.

Contrary to prior predictions, there was no significant increase in the number of deaths from COVID-19 in Africa despite the high prevalence of other infectious diseases such as AIDS and malaria (99). Although vitamin D deficiency is common in Africa, it is less prevalent than that in other regions of the world. Therefore, it is highly likely that higher average blood vitamin D levels in Africa are associated with improved survival rates. In contrast, mortality from COVID-19 was associated with blood vitamin D levels, similar to trends observed in other regions.

Finally, we examined whether COVID-19 is associated with the gut microbiota. In recent years, gut microbiota have been found to be associated with various diseases (100). The gut microbiota of the Japanese people can be categorized into five types. The gut microbiota phenotype of healthy Japanese individuals is referred to as the rural type and is characterized by high levels of Prevotella, which is associated with a reduced risk of various diseases (101). A study of African children found that, compared to their European counterparts, children in rural African villages had an enrichment of Bacteroides and a reduction of Firmicutes, resulting in a more diverse and healthier gut microbiota (102). This was attributed to the primitive, fiber-rich diet of Africans with healthy low Firmicutes/Bacteroides (F/B) ratio and linked to the low COVID-19 infection rates and deaths in Africa, presenting a remarkably interesting finding.

Patients with COVID-19 show reduced diversity of microbiota in the lungs, including a reduction in Bacteroides (103). Focusing on the gut microbiota, it was found that short-chain fatty acid-producing bacteria, mainly from the class Clostridia decreased, whereas opportunistic pathogens increased, resulting in leaky gut syndrome (104). Short-chain fatty acids, such as acetic acid, propionic acid, and butyric acid, are crucial for the activation of regulatory T cells (Tregs) and upregulate immunity. Furthermore, an increase in opportunistic pathogens, including mycoplasmas, has been observed in the respiratory tracts of COVID-19 patients (105). Opportunistic pathogens are normally present in the body but become pathogenic when the immune system is weakened. Thus, a link between COVID-19 and the gut microbiota has been suggested.

In addition, vitamin D helps maintain healthy gut microbiota (106). The composition of the gut microbiota varies greatly depending on the diet and can be broadly classified into obese and lean types. Obese individuals contain more Firmicutes, whereas lean individuals often have more Bacteroides (107). A typical Western diet, which is high in fat, sugar, and red meat, increases the number of obese Firmicutes. In contrast, a high-fiber diet rich in vegetables and fruits, such as the Japanese diet, the Mediterranean diet, the Five-a-Day diet in the USA, and vegetarian and vegan diets, increases Bacteroidetes (108). The Mediterranean diet, a representative healthy diet, is characterized by low intake of sweets and red meat, daily consumption of whole grains with a low glycemic index (GI), extra virgin olive oil, and approximately one glass of red wine per day. Additionally, daily physical activity is recommended as part of the Mediterranean diet pyramid.

The Japanese diet is also characterized by a high intake of foods that maintain a healthy gut microbiota, including low fat intake, high fish protein, and fermented foods (109). On the other hand, it is interesting to note that African villages have a primitive diet very high in dietary fiber, which maintains the diversity of the intestinal microbiota and a low Firmicutes/Bacteroidetes (F/B) ratio, which is considered healthy (110).

Figure 5 summarizes the mechanisms underlying the improvement in COVID-19 responses by phytochemicals (polyphenols and flavonoids), vitamin D, and gut microbiota. Phytochemical effects against COVID-19 via various mechanisms. First, phytochemicals not only prevent the production of proinflammatory cytokine TNF-α production but also prevent cytokine storms caused by COVID-19. The suppression of chronic inflammation prevents obesity and metabolic syndrome-related diseases, which are responsible for the onset of underlying diseases. The anti-viral effects of phytochemicals are well known. Furthermore, phytochemicals function as prebiotics and maintain a healthy gut microbiota.
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FIGURE 5
 The mechanisms behind the improvement of COVID-19 responses by phytochemicals (polyphenol and flavonoids), vitamin D and gut microbiota. Phytochemicals prevent the production of proinflammatory cytokine TNF-α production; reduce chronic inflammation; prevent cytokine storms; and underlying diseases, metabolic syndrome, and obesity. Vitamin D suppresses the expression of inflammatory factors through vitamin D receptors (VDRs); upregulates immune responses; and maintains of healthy gut microbiota. Healthy gut microbiota is nurtured by both phytochemicals and vitamin D. Maintenance of healthy gut microbiota prevents dysbiosis; leaky gut syndrome; parasympathetic-neuron dominant gut-brain axis; production of short fatty acids; and upregulation of regulatory T cells (Tregs). These are associated with the prevention of the onset of COVID-19.


Recent findings on vitamin D have demonstrated its effects on the upregulation of the immune system. Since most immune cells express vitamin D receptors (VDRs), vitamin D suppresses the transcription pathways of inflammation-associated genes and cytokine storms observed in COVID-19. Vitamin D deficiency has been observed in many deadly diseases, and their supplementation boosts immune responses. Furthermore, vitamin D intake is associated with the maintenance of healthy gut microbiota.

Maintenance of a healthy gut microbiota is associated with systemic health conditions. The onset of COVID-19 is associated with dysbiosis. This induces leaky gut syndrome, which enables the penetration of bacteria and their toxins into the bloodstream and circulation around the body, thereby inducing inflammation. Malfunction of the intestine is one of the chief symptoms of COVID-19 that worsens the condition of patients. Furthermore, the gut microbiota is associated with the maintenance of the gut-brain axis and induces a parasympathetic-neuron-dominant state related to stress reduction. In addition, short fatty acids produced by the gut microbiota activate regulatory T cells (Tregs) and prevent the manifestation of symptoms even after infection with SARS-CoV-2.

Acute pneumonia due to COVID-19 resembles sepsis caused by various infections and viruses (111). In COVID-19, SARS-CoV-2 infection causes inflammation, primarily in the lower respiratory tract, and disseminated intravascular coagulation (DIC) occurs when a cytokine storm spreads throughout the body, leading to severe symptoms and death. The mechanism is an inflammatory response, such as septic shock, triggered by infections and not just viruses. Long-term COVID-19 continues to pose a problem (112). This condition is caused by an inflammatory response that affects various parts of the body, including nerve cells, resulting in an increase in the number of aging cells. The challenge in treating long COVID, as to sepsis, is the removal of senescent cells. The antimicrobial peptide LL-37 (113), which activates innate immunity, and K-FGF (114, 115), a functional food containing phytochemicals produced from Japanese grapes (fermented grape food from Koshu), are effective in this regard.

A limitation of this study is that the medical systems in developed countries such as Japan and Africa are very different, making it difficult to determine how well recorded figures capture the actual situation. Japan has also experienced a collapse in medical systems owing to COVID-19, such as a shortage of ambulances in Tokyo; however, the medical system has been well developed. By contrast, in Africa, the population with access to hospitals is much more limited. Some reports have indicated the possibility of underestimating the impact of COVID in Africa (116). The most conceivable reason derived from the serosurveillance data is significant underdetection and underreporting (117). However, it is possible that these phenomena are applicable only to limited areas, including conflict zones (118). Second, Japan has a long life expectancy and a declining population, while in Africa, the population continues to grow and there are many children, creating completely different population pyramids. Furthermore, ACE2, the receptor for SARS-CoV-2 infection, is less expressed in young people (119), and Africans have many genetic polymorphisms, the frequency of which differs from that of people in other regions (120).

Regardless of these differences, it is necessary to consider the possibility that directly applying findings obtained from one region to another may be difficult. Moreover, with predicted future developments, healthy features such as high blood vitamin D levels and diverse gut microbiota in Africa may be lost.

Notably, in this study, COVID-19 deaths in Africa were unexpectedly low, accounting for only 2% of the global deaths. This low mortality rate is attributed not only to the high proportion of children in the population, but also to the relatively low number of people with underlying metabolic and obesity-related diseases, which are mainly caused by overeating. Additionally, high average blood vitamin D levels and, more notably, a low Firmicutes/Bacteroidetes (F/B) ratio and a highly diverse gut microbiota are contributing factors. These factors may explain the lower incidence of COVID-19 and less severe disease outcomes in Africa than in developed and emerging countries. These results are indeed very interesting.

The authors have already shown that a healthy diet containing nutrients such as phytochemicals and vitamin D is associated with a healthy gut microbiota. In this context, the present study, based on an article review, shows that phytochemicals and vitamin D are involved in the improvement of COVID-19 and its sequelae by maintaining a healthy gut microbiota. Further epidemiological studies are required to confirm these findings and explore the potential of dietary interventions to mitigate the impact of COVID-19 and improve overall public health.



5 Conclusion

A comparison of the Japanese and African COVID-19 responses confirmed the importance of a healthy diet. Vitamin D is related to vitamins, and its deficiency threatens the health of the body. However, it is now recognized as an immune-related hormone. Phytochemicals have also become attractive as the seventh most important nutritional source for a healthy diet in recent years. Maintaining adequate blood vitamin D levels and taking phytochemicals are associated with maintaining a healthy and diverse gut microbiota and upregulation of immune responses, which are correlated with a low mortality rate from COVID-19. This study suggests that healthy dietary patterns and nutrients are important long-term protective factors against lung diseases, including COVID-19, and may also help prevent other diseases such as sepsis caused by infections. Promoting a diet rich in phytochemicals and ensuring sufficient vitamin D intake could serve as effective strategies to enhance public health and mitigate the global impact of infectious diseases.
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IgA response in mRNA
based COVID

vaccinated patients.

Probiotics improves
cardio metabolic profiles
in hospitalized
COVID-19 patients with
schizophrenia spectrum
disorders.
Reduction of serotonin
signaling associated gut
microbiome is assaciated
with persistent GI
symploms and mental
health in long-COVID.
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Ahmadi et al. (2023) (35)

Rodriguez- Argente etal.
(2023) (36)

MeCreary etal. (2022) (37)

de Ligtetal. (2021) (38)

Spain

UsA

Netherlands

Curcumin

High
polyphenolic

olive oil

Resveratrol

Resveratrol

Intervention (1 =29),
Control (n=39), four
times/day, 2weeks

Intervention (1 =44),
Control (n =40) two times/
day (2mL), 3months

Intervention (1 =50),
Control (1 =50), 3 weeks

Crossover trial, Obese

male, (= 11), 30days

Curcumin with standard COVID-19
treatment enhanced anti-inflammatory
effects and reduced the recovery time in

mild-to-moderate hospitalized patients

Reduced median recovery time in high
polyphonic olive o intervention,
(3days vs. 7days)

Phase 2 study with resveratrol vs.
control: Hospitalization (2 vs. 6%),
COVID-19 related ER visits (8 vs. 14%)

Resveratrol significantly reduces ACE2
(~40%) and leptin (~40%)

Curcumin improves the time and
demand of oxygen therapy and

blood Oxygen saturation levels.

Daily high polyphenol olive oil
significantly reduces the time of
recovery.

Resveratrol is effective in the
therapy and other respiratory
infectious viruses (influenza,
Respiratory Syncytial Virus, and
Human Rhinovirus).
Resveratrol reduces ACE2

expression in adipose tissue
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Fundamental immuno modulatory effects of vitamin D in
COVID-19 pandemic (Review)

Fecal shotgun metagenomic sequencing and metabolomics in
SARS-CoV-2 infected 112 hospitalized patients and 112 control
subjects.

Summary of intestinal barrier (mechanical, chemical, microbial,
and immune barrier) disruption mechanism by SARS-CoV-2

(Review).

Association between trypsin self-degradation by Paraprevotella

strains and severity of diarrhea in COVID-19 patients.

Effects of tea catechins in SARS-CoV-2 Omicron subvariant.

Research in oral fluid-based biomarkers in the detection of
SARS-CoV-2 in saliva.
Anti-viral (COVID) and anti-inflammatory effects of

phytochemical-containing essential oil (Review).

Changes of microbiome in COVID-19 (Clinical study).

Improvement of oxidative stress in COVID-19 outpatients by

vitamin D supplementation.

High body temperature induced by the influenza A virus and
SARS-CoV-2 infection increases gut microbiota-dependent host

resistance.

Anti-inflammatory effects of 1-25-(OH)2-D through VRDs and
1a-hydroxylase expressed on the immune cells in COVID.

Discovery of correlations between oral microbes, short-chain fatty acid
producers, and intestinal metabolites associated with COVID-related
microbes, and association with inflammatory cytokine dynamics.
Presentation of disruptive mechanisms of intestinal integrity of mechanical,
chemical, microbial, and immune barriers by SARS-CoV-2 infection in

COVID-19 including gastrointestinal symptoms.

Colonization of Paraprevotella strains inhibits the mouse coronavirus lethal

infection through the n of trypsin and trypsin-like protease
dependent host cell invasion.

Green tea, Matcha and black tea polyphenols effectively inactivate SARS-
CoV-2 Omicron subvariant.

Oral and periodontal disease biosensor and lab-on-a-chip biomarkers
detect SARS-CoV-2 in saliva.

Olfactory training with phytochemicals contained in lemon, rose, clove,
and eucalyptus essential ol improve olfactory functions.

Gut microbiota diversity increase after the recovery from COVID-19,

protective effects of Bacteroids in severe SARS-CoV-2 infection.

Comparison between COVID patients and healthy subjects in anti-
oxidative and anti-inflammatory effects, vitamin D supplementation
suppress SOD, GPx, and TAC levels in COVID patients.

Physiological role of fever in host resistance to viral infection, upregulation
of immune response. Gut microbiota produced deoxycholic acid (DCA)
and TGRS signaling pathways suppress the viral replication and neutrophil

dependent tissue damage.

Aoetal. (2021) (23)

Nagata etal. (2023) (21)

Xue etal. (2023) (25)

Lietal. (2022) (26)

Shin-Ya etal. (2023) (27)

Steigmann et al. (2020)
21

Koyama etal. (122

Babszky etal. (123)

Golabi etal. (2022) (124)

Nagaietal. (2023) (125)





OPS/images/fnut-11-1465324-g003.jpg
Analysis Group B

A Mean blood 25-OH-D3 levels: Intervention (> 20 ng/mL) vs. Control (< 20 ng/mL)

Experimental Control  Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean  SD Difference SMD  95%~Cl (common) (random)
Fernandes et al. (2022)(133) 101 44.60 147000 99 19.80 10.5000 1.98 [159;2 129%  14.4%
Murai et al. (2021)(134) 120 44.40 15.0000 120 19.80 10.5000 157%  151%
Mahjoub et al. (2024)(136) 34 42.00 137000 24 19.30 8.5000 37%  8.9%
Karonova et al. (2022)(50) 453290 9.8500 46 19.30 9.7000 69%  119%
Torres et al. (2022)(52) 412922 68900 44 19.11 8.6900 67%  11.7%
Cannata-Andia et al. (2022)(141) 274 29.00 10.8900 269 16.40 7.7800 423%  17.4%
Cesur et al. (2023)(48) 16 27.18 120800 17 14.78 10.7500 27%  75%
Bychinin et al. (2022)(51) 552060 9.6300 55 9.60 11.1100 92%  13.1%
Common effect model 686 674 1.48 [1.36;1.60]  100.0% —
Random effects model 1.49 [1.24;1.75] —  1000%

Heterogeneity: /> = 72%, v* = 0.0903, p < 0.01

2 -1 0 1 2

B Mean blood 25-OH-D3 levels: Intervention (> 30 ng/mL) vs. Control (< 20 ng/mL)

Experimental Control  Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean  SD Difference SMD  95%-Cl (common) (random)
Fernandes et al. (2022)(133) 101 44.60 14.7000 99 19.80 10.5000 = 1.93 [1.59;2.27] 31.7% 29.5%
Murai et al. (2021)(134) 120 44.40 15.0000 120 19.80 10.5000 - 1.89 [1.59;2.20] 38.5% 32.7%
Mahjoub etal. (2024)(136) 34 42.00 137000 24 19.30 8.5000 —— 189 [126;252]  9.0% 122%
Karonova etal. (2022)(50) 45 32.90 9.8500 46 19.30 97000 = 138 [092;1.84]  17.0%  19.9%
Murai et al. (2021)(138) 16 31.70 123000 16 7.80 1.7000 4 265 (167,363  37%  57%
Common effect model 316 305 s 1.85 [1.66;2.04]  100.0% -
Random effects model > 1.85 [1.60; 2.09] —  1000%

Heterogeneity: I* = 42%, 1> = 0.0232, p = 0.14
-y
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Analysis Group C

A Mean blood 25-OH-D3 levels in Analysis Group C (ng/mL)

Experimental Control  Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean  SD Difference SMD  95%-Cl (common) (random)
Cesur et al. (2023)(48) 16 27.18 120800 17 1478 10.7500 106 [033;179]  46%  118%
Villasis-Keever et al. (2022)(142) 94 2610 7.4100 98 19.30 8.5200 085 [055/1.14]  283%  24.0%
Sabico et al. (2021)(53) 36 2500 1.3600 33 23.96 1.5600 070 [0221.19]  10.4%  17.9%
Annweller et al. (2022)(47) 127 21.20 12.1500 127 17.20 17.1900 027 [002,052]  40.6%  255%
De Niet et al. (2022)(144) 50 17.87 0.1500 50 16.87 9.4800 015 [-024;054]  16.1%  20.8%
Common effect model 323 325 < 0.49 [0.34;0.65]  100.0% —
Random effects model — 0.5 [0.23;0.88] —  100.0%
Heterogeneity: /° = 73%, ©* = 0.0921, p <0.01
-15-1-050 05 1 15
B Mean hospitalized period (days)
Experimental Control  Standardised Mean Weight  Weight
Study Total Mean  SD Total Mean  SD Difference SMD 95%-Cl (common) (random)
De Nietetal. (2022)(144) 21 524 38600 22 10.52 13.2200 + + -053 [-1.14;008]  273%  27.3%
Sarhanetal. (2022)49) 58 6.10 34000 58 8.90 51000 —=— -064 [102,-027]  727% 727%
Common effect model 79 80 — -061 [0.93;-0.29]  100.0° -
Random effects model _— -0.61 [-0.93; -0.29] —  100.0%
Heterogenelty: /° = 0%, =0, p =0.75
-1 05 0 05 1
C Number of COVID-19 cases
Experimental Control Weight  Weight
Study Events Total Events Total 0Odds Ratio OR  95%-Cl (common) (random)
van Helmond et al. (2022)(145) 16 255 29 578 = 127 [068;238]  30.2%  365%
Karonova et al. (2022)(50) 10 45 18 46 — 044 1] 251%  313%
Villasis-Keever et al. (2022)(142) 7 150 26 152 4 024 [0.10;0.57]  447%  322%
Common effect model 450 776 = 0.60 [0.39;0.93]  100.0% —
Random effects model — 053 [0.20; 1.44] - 1000%
Heterogeneity: /% = 80%, ¥* = 0.6024, p < 0.01
0.1 05 1 2 10
D Number of COVID-19 deaths
Experimental Control Weight  Weight
Study Events Total Events Total 0dds Ratio OR  95%-Cl (common) (random)
Annweiler et al. (2022)(47) 19 126 21 127 4 0.90 [0.46;1.76]  864%  92.3%
De Niet et al. (2022)(144) 121 3 22 + 032 [0.03;3.32]  136%  7.7%
Common effect model 147 149 : 0.82 [0.43;1.56]  100.0% —_
Random effects model 0.83 [0.43; 1.59] — 100.0%
Heterogeneity: /> = 0%, 7 = 0, p = 0.40
01 0512 10
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“The carly age and plant-based diet hypotheses of low
SARS-CoV-2 infection and the COVID-19 pandemic in

sub-Saharan Affica (review)

Acute and subacute oral toxicity characterization and
safety assessment of Madagascar’s anti-COVID herbal tea

in animal models.

Comparative analysis of Beninese and Chinese herbal

‘medicine in COVID-19 treatment.

Efficacy of propolis in SARS-COV-2 virus: anti-viral

effects and molecular simulation (Review)
Effects of resveratrol in COVID-19 (Review)

Randomized trials, meta-epidemiological cohort study of
hydroxychloroquine, corticosteroids, and vitamin D in
COVID-19 (meta-analysis).

Research of effective molecular against coronavirus

protease using flavonoids.
Research of COVID-19 severity and vitamin D levels.

Verification of cytotosic and anti-viral effects of Bersama

abyssinica extract in SARS-CoV-2 delta variant.

Effects o probiotics in the war against COVID virus

(Review).

Higher metabolic syndrome ratio is associated with higher risk of COVID
infection. Africa has the lowest ration of metabolic syndrome. Plant-based diet
includes whole grain, legumes, vegetables, potatoes, pumpkins, banana, moringa
leaves, and reduced meat consumption. Plant based diet provides unique gut

‘microbiome and extended survival ratio.

Herb tea consists of Artemisia annua (629%), and other plants (38%) was confirmed

safe in mice,

Identified herbal medicine used in Benin compared with Chinese herbal medicine,
efficacy was vitrified in vitro.

Citrus aurantiifoia (13.18%), Momordica charantiantia (7.75%), Ocimum
gratissimum (7.36%), Crateva adansonii (6.59%), Azadirachta indica (5.81%),
Zanthoxylum zanthoxyloides (5.42%) were the most used.

Propolis polyphenol reduce the replication of virus and beneficial for the treatment
of SARS-CoV-2 infected patients.

Resveratrol in safe, affordable, and available adjuvant treatments.

Hydroxychloroquine, corticosteroids, and vitamin D as a treatment of COVID-19,

less than one third of registered trials made their results public.

Inhibition of SARS-CoV-2 main protease (Mpro) by quercetin-3-O-
Neohesperidoside is the candidate of COVID-19 treatment.

COVID-19 patients in 82% were
vitamin D deficiency were higher risk of COVID-19 infection,

umin D deficiency or insufficient. Patients in

B. abyssinica water extract used in COVID-19 treatment had significant antiviral
effect in SARS-CoV-2 but no cytotoxic in Vero E6 cells.

Intestinal probiotics, lactic acid bacteria (LAB) and Bifidobacteriuns spp. were
decreased in COVID-19 patients. Explored the potential of probiotic bacteria and

their metabolites to intervene with the process of virus infection.

Losso et al. (2021) (28)

Ainaetal. (2023) (126)

Houeze et al. (2023) (29)

Ghosh etal. (2022) (127)

van Brummelen et al.
(2022) (30)

Fincham etal. (2024)
(€]

Fadaka etal. (2020)
(128)

Kalichuran et al. (2022)
©2)

Zekeya etal. (2022)
(129)

Tiwari et al. (2020) (130)
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Arabnezhad etal. (2022)
74)

Wong et al. (2020) (75)

Gualtieri et al. (2019) (76)

Federico etal. (2019) (77)

Scaturro et al. (2023) (75)

Marseglia et al. (2019)
79)

ran

Australia

Tly

Taly

Taly

Tualy

Curcumin

Resveratrol and

vitamin D3

Mixed apple and
bergamot (MAB)
juice addition to

Mediterranean diet

Silymarin and

vitamin D

Resveratrol and

vitamin D3

Quercetin, vitamin
D3, Perilla frutescens
dried seed extract
holding food

supplement

Intervention (n =38), Control
(11=38), (Curcuminoid
500mg + piperine 5 mg), every
day, from approximately 7 days
before until 3 days after
menstruation for three

consecutive menstrual cycles

Intervention (n =73), Control
(n=73), twice/day, 24 months,

crossover trial

(n=24: in 16 Female), 2weeks

Intervention (n =60), Control
(n=30), 6months

Combo: Rehabilitation +
Supplementation (Alpha Lipoic
Acid. 600mg, Acetyl-L-Carnitine
1,000mg, Resveratrol 50mg,
Vitamin D3 800 1U),
Rehabilitation alone, Supplement

alone

Intervention (n =64), Control
(n=64), Children, 4-12weeks of
Phase II

Blood 25-OH-D31,
Aspartate
aminotransferasel,
Bilirubin]

Bone density in lumbar
spine and neck of femur,
Bone absorption marker:
Ceterminal telopeptide

type-1 collagen levels|

Gain in lean mass1, Total
cholesterol/HDL index.,
MIFf, PPARY1, SODI1,
VDR

Metabolic markersL,
Endothelial dysfunctionl,
Oxidative stress
parameters|, worsening
of diseasel, after

6months

Pain], QOLT, in combo
group

Halved allergic rhino
conjunctivitis (AR) risks
(HR=054)

Curcumin improved serum 25-
OH-D3 levels and liver function
enzyme test results in
premenstrual syndrome (PMS)
and dysmenorrhea women

Bone protective effects of
resveratrol were larger in subjects

taking vitamin D and calcium.

MAB juice addition to
Mediterranean diet reduced the
risk of chronic non-

ive discases (CNCDs),
and increased VDR gene

communi

expression.

Silymarin and vitamin D
containing supplements (RealSIL
1000®) improves NAFLD.

Combined administration of
resveratrol and vitamin D3 with

rehabilitation are effectiy

sciatica.

Quercetin, vitamin D3, Perilla
Jfrutescens dried seed extract
containing food supplement
(Lertal®) improves childhood AR.
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Bellerba et al. (2022) (69)

Naderpoor et al. (2019)
(70)

Lee etal. (2022) (71)

Pham etal. (2021) (73)

Italy

Australia

South Korea

USA

Switzerland

Vitamin D
(2,0001U7d), 1year

Vitamin
D3(100,0001V), and
(4,0001U7d), every
day, 16 weeks

Intramuscular vitamin
D3 (200,0001U)

Vitamin D3
(44001U/d) for

pregnant women

Vitamin A, B2, G, D, E

Intervention (1 =32),
Control (1 =28)

Intervention (n = 14),
Control (n=12),
Vitamin D deficiency,

Overweight/obese

Intervention (1 =8),
Control (n=10)

(n=114)

Vitamin A, B2, C,
B2+C,D3,E (n=12)
each, Control (n =24)

Leuconostoc pseudomesenteroidesT,
Ruminococcus YE781, Faecalibacterium
prausnitziit, Bacteroides clarust

Genus Lachnospirat, genus Blautial, In
high 25-0D-D3 subjects, genus
Coprococcust, genus Ruminococcus|.

In recovery, Microbial alfa diversity,
Proteobacterial, Lachnospiraceaet,
Ruminococcaceae!, Akkermansiaceact,
Bifidobacteriaceact After 8 weeks,
Bifidobacteriaceaet, Christensencllaceac 1,

Proteobacteria |

Maternal gut microbiome is not changed
by vitamin D and pregnant women have

high genus Desulfovibrio population.

Microbial alfa diversity', Fecal short fatty

acidt, Vitamin C had the largest effect

Vitamin D participates
in gut microbiota
formation and gut
‘microbiota is associated
with the efficacy of
25-OD-D3 in colorectal

cancer (CRC) patients.

Vitamin D3 significantly
affects in several fecal
gut microbiota.

High dose intramuscular
vitamin D3 influences
gut microbiota in
‘patients with
Clostridioides difficile
infection.

Increased vitamin D
level during pregnancy
could be protective
against the growth of
sulfur-reducing bacteria
such as Desulfovibrio
Follow-up studies with
vitamins to the colon
may help clarify the
clinical significance of

gut microbiota.





