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ABSTRACT
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Background: Many foods have an antioxidant activity, and nutrition may mitigate COVID-19. Some
countries with a low COVID-19 mortality have a relatively high consumption of cabbage or fermented
foods. To test the potential role of fermented foods and cabbage in COVID-19 mortality in Europe,
we performed an ecological study.
Methods: The EFSA Comprehensive European Food Consumption Database performed an analysis
on country food consumption. Fermented foods were analysed in sub-study 1, and cruciferous and
other vegetables in sub-study 2. We obtained the COVID-19 mortality per number of inhabitants from
the Johns Hopkins Coronavirus Resource Center. EuroStat data were used for data on potential
confounders at the country level including Gross Domestic Product, population density, percentage
of people older than 64 years, unemployment rate and obesity. Mortality counts were analysed using
quasi-Poisson regression models - with log of population as an offset - to model the death rate while
accounting for over-dispersion. A hierarchical model was used to account for multiple data.
Results: Among the variables considered, only fermented vegetables reached statistical significance
concerning COVID-19 death rate in sub-study 1. In sub-study 2, cabbage and cucumber showed
significance, although, for cucumber, this was no longer the case after hierarchical assessment.
Adjustment did not change the point estimate, and results were still significant.
Conclusion: The negative ecological association between COVID-19 mortality and consumption of
fermented vegetables or cabbage supports the a priori hypothesis previously reported. This hypothesis
needs to be tested in individual studies performed in countries where the consumption of fermented
vegetables is common.
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INTRODUCTION_____________________
One of the striking problems raised by the COVID-19
pandemic is the highly variable death rate between and
within countries. It is possible to compare European
countries during the first wave of the pandemic since
preventive measures, including lockdown, were similar, and
often - but not always - proposed at roughly the same time.
Later, preventive measures were highly variable, and
comparisons were then very difficult.
During the first wave, Western European countries like
Belgium, France, Italy, Spain and the UK had a very high
death rate, whereas Central European countries, the Balkans
and some Nordic countries had
lower rates.1 Similar
2
differences exist globally. The COVID-19 epidemic is
multifactorial. Factors like climate, population density, age
structure, socio-economic factors (such as unemployment,
but also housing conditions, including those in retirement
Website:
www.iabcr.org
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homes) and lockdown3 are also associated with differences
in incidence and mortality.
Among other potentially relevant factors, diet has received
little attention. Many foods have an antioxidant activity4-6 and
it has been proposed that the role of nutrition may mitigate
COVID-19.7 Some processes like fermentation increase the
antioxidant activity of milk, cereals, fruit, vegetables, meat
and fish.8 Some countries with low COVID-19 mortality rates
appear to be those with a relatively high consumption of
traditional fermented foods.1,2 In this hypothesis, raw and
fermented cabbage were proposed as primary foods with a
potential to reduce COVID-19 severity.1
To test the potential role of fermented foods and vegetables
in the COVID-19 mortality of Europe, we performed two
ecological studies comparing death rates at the country level
How to cite this article: Fonseca SC, Basagana X, Romaguera D, Quijal M,
Czarlewski W, Vidal A, et al. Association Between the Consumption of Vegetables
and Fermented Foods and COVID-19 Mortality at a Country Level in Europe. An
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with consumption of fermented foods (sub-study 1) or
vegetables (sub-study 2).

METHODS__________________________
Selection of the database
The European Union provided the European Food Safety
Authority (EFSA) Comprehensive European Food
Consumption Database in 2011, as well as an update in
2015. It contains detailed data for EU countries
(https://www.efsa.europa.eu/en/foodconsumption/comprehensive-database) and enables the
study of the assessment of nutrient intake in the populations
of many EU countries. In the database, dietary surveys and
food consumption data for each country are divided into the
following categories: (i) age (from infants to adults 75 years
or older); (ii) food group (over 2,500) and (iii) type of
consumption (covering both regular and high consumption).
The Comprehensive Database constitutes a unique resource
for the estimation of consumption figures across the
European Union and represents a useful tool for assessing
nutrient intake in Europe. However, many substantial
methodological differences exist between countries, data are
provided over rather a long period of time, and data should
be considered with caution.9 To generate maps with the
distribution of consumption, we used 25, 50 and 75%
confidence intervals (CI) to classify the countries’ food intake
(low: <25%, medium: 25-49%, high: 50-75%, very high:
>75%) in adults.
Since data from certain countries are missing in the
database, we attempted to find other sources. We obtained
data from Poland for fermented foods (Polish Academy of
Science).10
Selection of foods
Fermented foods from the database included those not
necessarily prepared using traditional recipes (“fermented
milk products”) as well as others that are more likely to be
closer to traditional foods (“fermented vegetables” and
“traditional sour milk”). We added “probiotic milk”, “yoghurt”
and “pickled/marinated vegetables” to this list (Table 1A).
Concerning vegetables, we selected head cabbage (white,
red and savoy cabbage), broccoli, cauliflower and leafy
brassica from the cruciferous family. Spinach, cucumber,
courgette, lettuce and tomato were used as vegetables that
do not belong to the cruciferous family (Table 1B).
Data from the national surveys of different EU countries have
been extracted from the EFSA Comprehensive European
Food Consumption Database for different fermented foods
(Tables 2A and B).
Assessment of COVID-19 mortality
We studied the first wave of COVID-19 (Winter and Spring
2020) and used mortality per number of inhabitants to assess
the death rates as proposed by the European Center for
Disease
Prevention
and
Control
(ecdc,
https://www.ecdc.europa.eu/en). To create maps with the
death rate distribution, we used cutoffs at 25 (very low death
rate), 50 (low), 100 (medium), 250 (high) and 500 (very high)
per million (May 20, 2020).1 Raw data were used for the
Poisson analysis.
Data on COVID-19 mortality were downloaded from the
Johns
Hopkins
Coronavirus
Resource
Center
(https://coronavirus.jhu.edu) on June 22, 2020. In addition,
we downloaded data from EuroStat on: Gross Domestic
Product (GDP) of the country (2019), population density
(2018), percentage of people older than 64 years (2019),
International Archives of BioMedical And Clinical Research
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unemployment rate (2019) and percentage of obesity (2014,
to avoid missing values).
Statistical analysis
Mortality counts were analysed using quasi-Poisson
regression models - with log of population as an offset - to
model the death rate while accounting for over-dispersion.
Models were fitted separately for each of the food
consumption groups. Due to the small number of countries
included in the analyses, we adjusted our models using the
first principal component of a principal component analysis
(PCA) of the variables GDP, population density, percentage
of people older than 64 years, unemployment, and obesity.11
Adjustment was repeated using the variable most associated
with mortality among the confounders, instead of using the
principal component.
According to the hypothesis,1 we selected a priori the main
variable for sub-studies 1 (fermented vegetables) and 2
(cabbage).

RESULTS___________________________
Death rates in European countries
The death rate per million people in the European Union
varies widely. There is a gradient between Western countries
with a high death rate and those North of the Alps or Balkans
with a low (50-100 deaths per million) or very low (under
50/million) death rate. One exception is Sweden which has a
high death rate (Figure 1). For all the confounding variables,
only unemployment was close to significance (p-value 0.06)
with the COVID-19 death rate per country (Figure 1).
Food intake in European countries
The intake of selected foods was given in g/day (Figures 1
and 2).
Large variations of fermented vegetable consumption are
found in Europe. Few countries consume pickled/marinated
vegetables. Yoghurt and fermented milk are widely
consumed in most EU countries, and many have a low
consumption of fermented sour milk. Only 4/17 countries
have a relatively high consumption. There are few data for
probiotic milk.
In some countries, over 20g of certain vegetables (head
cabbage, lettuce, tomato, courgette and cucumber) are
consumed per day, compared to less than 10g of others
(leafy Brassica, cauliflower, broccoli and spinach) (Table 3).
Association between COVID-19 mortality and food intake
at the country level
For fermented foods, only fermented vegetables reached
statistical significance (Table 3 and Figure 1). None of the
other foods reached significance. For each g/day increase in
consumption of fermented vegetables of the country, the
mortality risk for COVID-19 decreased by 35.4% (CI 95% 54.7, -7.5). Adjustment for the first principal component of the
confounders did not change the point estimate but it did
widen the confidence intervals, although the association was
still significant. The association with fermented vegetables
was also significant if the model was adjusted for
unemployment instead of the first principal component.
When vegetables were considered separately, head
cabbage and cucumber reached statistical significance in
their association with COVID-19 death rate per country,
regardless of the adjustment (Table 3 and Figure 2). After
adjusting for potential confounders, the mortality risk for
COVID-19 decreased by 13.6 % for each g/day increase in
consumption of head cabbage in the country. For each g/day
increase in consumption of cucumber, the mortality risk
decreased by 15.7%. Consumption of lettuce and broccoli
Vol 7 | Issue 3 | July – September 2021
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showed the opposite pattern, i.e. higher consumption was
associated with higher COVID-19 mortality. However, the
results were more sensitive to adjustment, and associations
were no longer significant in some of the models.

B: Vegetables

Table 1: Foods tested
A: Fermented foods
Exposure
hierarchy (L1)
Milk and dairy
products

Exposure
hierarchy (L2)
Fermented milk
or cream

Exposure
hierarchy (L3)
Fermented
milk products

Exposure
hierarchy (L4)
Traditional sour
milk products
Probiotic milklike drinks

Vegetables
and vegetable
products

Fermented or
pickled
vegetables

Country

Year

Survey name

Austria

2014

AT-NATIONAL-2016

+

+

+

+

+

+

+

+

+

Belgium

2014

NATIONAL-FCS2014

+

+

+

+

+

+

+

+

+

Croatia

2011

NIPNOP-HAH-20112012

+

+

+

+

+

+

+

+

Cyprus

2014

CY 2014-2017-LOT2

+

+

+

+

+

+

+

+

Czech
Republic

2003

SISP04

+

+

+

+

+

+

+

+

+

N
countries

N
subjects

17

33,279

Denmark

2005

DANSDA 2005-08

+

+

+

+

+

+

+

9

16,474

Estonia

2013

DIET-2014-EST-A

+

+

+

+

+

+

+

40,143

Finland

2012

FINDIET2012

+

+

+

+

+

+

France

2014

INCA3

+

+

+

+

+

+

Germany

2007

NATIONAL
NUTRITION SURVEY
II

+

+

+

+

+

Greece

2014

GR-EFSA-LOT2
2014-2015

+

+

+

Hungary

2003

NATIONAL REPR
SURV

+

+

+

Ireland

2008

NANS 2012

+

+

Italy

2005

INRAN SCAI 2005-06

+

+

Latvia

2012

LATVIA_2014

+

Netherland
s

2012

FCS2016_CORE

Portugal

2015

IAN.AF 2015-2016

Romania

Yoghurt
Processed or
preserved
vegetables and
similar

22

Fermented
vegetables

17 (+1)

33,816

Pickled
vegetables

17

33,749

B: Vegetables

Exposure
hierarchy
(L2)
Flowering
brassica

Vegetables
and
vegetable
products

Leafy
vegetables

Exposure
hierarchy
(L3)

Exposure
hierarchy
(L4)

Exposure
hierarchy
(L5)

Exposure
hierarchy
(L6)

N
countries

Broccoli

-

-

-

22

40 143

Cauliflower

-

-

-

22

40 143

Leafy
brassica

-

-

-

19

38 357

Head
brassica
Lettuces
and salad
plants
Spinachtype
leaves
Solanacea

Fruiting
vegetables

N
subjects

Head
cabbage

-

-

22

40 143

Lettuce

-

-

22

40 143

Spinach

-

22

40 143

Spinach
and
similar
Tomatoes
and
similar

Cucurbits
fruiting
vegetables

Cucurbits
with
edible
peel

Tomatoes

-

18

34 152

Courgettes
and similar

Courgettes

19

34 850

Cucumbers
and similar

Cucumbers

22

40 143

Table 2: Origin (survey and year) of consumption data obtained from
the EFSA Comprehensive European Food Consumption database
A: Fermented foods
Fermented
vegetables

Ferment
ed sour
milk

Yoghurt

Austria

2014

AT-NATIONAL-2016

+

+

+

Belgium

2014

NATIONAL-FCS-2014

+

+

+

Croatia

2011

NIPNOP-HAH-20112012

Czech
Republic

2003

SISP04

Denmark

2013

DANSDA 2005-08

Estonia

2013

DIET-2014-EST-A

Finland

2012

France

2014

Germany

2007

Greece

2014

Hungary

2003

Ireland
Italy
Latvia
Netherlands
Portugal
Romania
Slovenia
Spain

2008
2005
2012
2012
2015
2012
2017
2013

+
+

+

+
+

+

+

Probio
tic
milk

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

2012

DIETA PILOT
ADULTS

+

+

+

+

+

+

+

+

Slovenia

2017

SI. MENU-2018

+

+

+

+

+

+

+

+

+

Spain

2013

ENALIA2

+

+

+

+

+

+

+

+

+

Sweden

2010

RIKSMATEN 2010

+

+

+

+

+

+

2008

NDNS ROLLING
PROGRAMME
YEARS 1-3

+

+

+

+

+

+

INCA3

+

+

+

+

+

+

+

+

+

+

+

+

+

NANS 2012

+

INRAN SCAI 2005-06
LATVIA_2014
FCS2016_CORE
IAN.AF 2015-2016
DIETA PILOT ADULTS
SI.MENU-2018
ENALIA2

+

+
+
+
+
+
+
+

+
+
+
+
+
+

Yoghurt

+

+

NATIONAL REPR
SURV

Fermented
sour milk

+

+

NATIONAL
NUTRITION SURVEY
II
GR-EFSA-LOT2 20142015

Fermented
vegetables

+

+

Daily
consumption
g/day
(median, 2575%)

Percent
change
(95% CI)

1.9 (0.4-7.7)

- 35.4 (-52.9, 11.4)

1.8 (0.5-13.5)
42.7 (31.7-71.7)

Crude

- 0.0 (-4.3,
4.5)
- 0.0 (-1.8,
1.7)

Probiotic
milk

1.7 (0.7-3.6)

5.1 (-10.2,
23.0)

Marinated
vegetables

1.8 (0.2-5.5)

- 28.2 (-65.6,
50.0)

Head
cabbage

Daily
consumption
g/day
(median, 2575%)
6.0 (3.3-8.9)

+

Broccoli

2.9 (1.5-5.3)

+

+

Cauliflower

2.2 (1.7-3.0)

-5.2 (-28.7,
26.2)

+

Leafy
brassica

0.7 (0.4-1.8)

4.6 (-14.5,
28.0)

+

+
+

+

+

+

Adjusted b

pvalue

pvalue

% change
(95% CI)

pvalue

0.016

- 35.2 (-54.7,
-7.5)

0.032

-35.3 (-7.7, 9.7)

0.023

0.991

- 0.0 (-4.5, 4.6)

0.991

0.5 (-3.2, 4.4)

0.78

0.972

0.0 (-1.8, 1.9)

0.986

-0.5 (-2.2,
1.3)

0.58

0.552

8.3 (-8.8, 28.5)

0.393

0.391

- 31.0 (-84.9,
215.4)

0.639

4.2 (-13.0,
24.9)
-28.5 (-72.8,
88.0)

Adjusted a
pvalue
0.027

Percent
change
(95% CI)
-13.6 (-23.7,
-2.1)

0.138

11.5 (-2.4,
27.4)

0.67
0.71

0.720

-10.3 (-36.6,
26.9)

pvalue
0.034

pvalue
0.046

0.125

0.010

0.545

10.0 (-21.2,
53.3)

0.583

0.669

5.0 (-15.6,
30.6)

0.668

-2.8 (-22.1,
21.2)

0.804

0.307

1.0 (-2.6, 4.8)

0.594

0.000

-11.5 (-18.9, 3.5)

0.012
0.152

+

Courgettes

4.1 (1.3-6.1)

1.7 (-1.8, 5.4)

0.357

+

Cucumber

8.5 (3.413.2)

-11.5 (-17.4, 5.1)

0.003

-15.7 (-22.1,
-8.8)

Lettuce

Adjusted b
Percent
change
(95% CI)
-11.4 (-20.7, 1.0)
16.4 (4.8,
29.3)

2.1 (-1.7,
6.0)

+

+

Adjusted a
Percent
change
(95% CI)

Crude
Percent
change
(95% CI)
-13.0 (-22.3, 2.5)
8.9 (-2.3,
21.3)

+

7.0 (41-9.3)

3.7 (0.7, 6.9)

0.026

6.0 (2.3, 9.8)

0.004

4.5 (-1.4,
10.8)

0.277

5.6 (-3.6,
15.6)

0.260

2.2 (-7.3,
12.6)

0.670

0.656

0.3 (-1.6,
2.3)

0.732

-0.0 (-1.4, 1.4)

0.988

+

Spinach

1.8 (0.9-2.4)

5.1 (-3.7,
14.8)

+

Tomatoes

28.3 (12.177.0)

0.4 (-1.4, 2.3)

a

Sweden
United
Kingdom

2010

RIKSMATEN 2010

+

2008

NDNS ROLLING
PROGRAMME YEARS
1-3

+

+

+

+

+

+
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+

+
B
Vegetables

+

+

A
Fermented
foods

+

+

+

Table 3: Percentage change (with 95% confidence intervals (CI)) in
COVID-19 death rate (deaths per million inhabitants) as a function of
food group consumption.

Marinat
ed
vegetabl
es

FINDIET2012

+

+

United
Kingdom

+
+

+

+

For fermented vegetables, Polish data were obtained from other sources
Exposure
hierarchy
(L1)
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+

adjusted for the first principal component of a principal component analysis that
included the variables: GDP, population density, percentage of population over 64
years, percentage of obesity and percentage of unemployment.
b
adjusted for unemployment, which was the strongest predictor among the
confounders in single variable models (p=0.06)
Estimations for each diet variable come from a different model.
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Figure 1: COVID-19 death rate and consumption of fermented foods
in European Union countries

Figure 2: Consumption of vegetables in European Union

Figure 2. Raw data and estimated relationship between country death
rates for COVID-19 and consumption of fermented vegetables,
cabbage or cucumber (g/day) using the quasi-Poisson regression
model.

Section: Allied Health Sciences

DISCUSSION________________________
This study shows that in countries where fermented
vegetables, cucumber or head cabbage are highly
consumed, death rates are usually low. On the other hand,
there was no statistical significance on percentage change
with other foods.
Limitations
According to the Johns Hopkins coronavirus resource center
(https://coronavirus.jhu.edu), one of the most important ways
of measuring the burden of COVID-19 is mortality. However,
death rates are assessed differently between countries and
there are many biases that are almost impossible to control.1
Using the rate of COVID-19 confirmed cases is subject to
limitations. Differences in the mortality rates depend on the
characteristics of the healthcare system, the reporting
method, whether or not deaths outside the hospital have
been counted and other factors, many of which remain
unknown. Countries throughout the world have reported very
different case fatality ratios - the number of deaths divided by
the number of confirmed cases - but these numbers cannot
be compared easily due to biases.
It is very important to consider differences in food
consumption within countries, but this cannot be studied
using the EFSA database. As found in France, Spain and
Italy, there are large regional differences in death rates, and
it would be of interest to compare sub-national regions with
the different consumptions of fermented foods or
vegetables.1
Consumption of vegetables is likely to show a seasonal
pattern which may differ among countries. Our analysis used
annual average consumption, and a seasonal bias cannot be
excluded.
A limited number of countries have been studied due to the
lack of information on food consumption, and a definite
conclusion can therefore not be made. The selection of
confounding factors has been arbitrary, and more are
needed. As in any ecological study, any inference from the
observed association should be made at the country level, as
the possibility of ecological fallacy precludes inferences at
the individual level. Further testing in properly designed
individual studies would be of interest.
Moreover, associations do not mean causality, and patterns
of food consumption can be a proxy for other undetermined
factors.
The multiple factors that are likely to explain inter- and intranational geographical variations cannot be analysed until
indicators of the pandemic distribution have been improved
and properly designed studies conducted. However, this
study is of interest since it is the first to attempt to link death
rates with food consumption at a country level in relation to
COVID-19 deaths.
Ecological analysis is prone to the ecological fallacy.
Unfortunately, the ecological fallacy is unpredictable and
there is no established way to treat it. Adjustment for
confounders can even increase the bias.
Interpretation
COVID-19, like most diseases, exhibits large geographical
variations which frequently remain unexplained despite
abundant research.12 Though the more relevant factors are
likely to be related to intensity and timing of interventions,13
demographic factors, seasonal variations, immunity, and
cross-immunity, other factors like environment or nutrition
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should not be overlooked. Our study suggests that European
countries with a lower COVID-19 mortality were more likely
to exhibit a large consumption of fermented vegetables and
cabbage.
Concerning fermented foods, we did not find an association
between COVID-19 mortality and consumption of fermented
milk, possibly due to the relatively low number of countries
tested. Milk products contain lactic acid bacilli (LAB)14,15 but
their protective effect in diseases associated with insulin
resistance is not easy to demonstrate.16 More studies are
needed to test whether other types of fermented foods show
an association with COVID-19 severity. For fermented sour
milk, the association may not be significant since Sweden
had a very high consumption along with a high death rate.
However, lockdown differences between European countries
may have interfered with the data.
A large number of vegetables have an antioxidant activity
and are effective in cardiovascular diseases17 or diabetes.18
Antioxidants include mono- and polyunsaturated fatty acids,
omega-3 fatty acids, antioxidant vitamins, minerals,
phytochemicals, fiber, and plant protein.19 Moreover,
cabbage and cruciferous vegetables contain glucoraphanin
that can be degraded into sulforaphane, a potent antioxidant.
It may have been expected that broccoli20-22 and cauliflower23
would be associated with low death rates since they have a
potent antioxidant activity. However, in the present study,
their consumption is not associated with differences in
COVID-19 death rates between countries. It is possible that
the amount ingested is too low to provide protection.
Cucumber and head cabbage reduce death rates for a
consumption of over 10 g/day, whereas broccoli and
cauliflower are ingested at a dose of under 6 g/day. Broccoli
and cauliflower are more often consumed cooked rather than
raw,24 and some components such as sulforaphane can be
destroyed by cooking. It is therefore possible that broccoli
may have some effect at the individual level that cannot be
shown in this ecological study.
Though our results do not allow to infer causality, they are
consistent with our a priori hypothesis that the ingestion of
raw and fermented cabbage may reduce the severity of
COVID-19 due to its antioxidant activity. Many foods have an
antioxidant activity.4-6 Several foods can interact with
transcription factors related to antioxidant effects such as the
nuclear factor erythroid 2 p45-related factor 2 (Nrf-2).25
“Ancient foods”, and particularly those containing
Lactobacillus, activate Nrf2.26 Effects of microbiome27 and
diet1-28 on SARS-CoV-2 infection suggest that their role in the
gut could be a target for COVID-19 interventions. Some
patients with COVID-19 have intestinal microbial dysbiosis
with
decreased
probiotics
such
as Lactobacillus and Bifidobacterium.29
Our hypothesis is biologically plausible. The increased
severity of COVID-19 in diabetes, hypertension, obese or
older individuals may be related to insulin resistance, with
oxidative stress as a common pathway.30,31 SARS-CoV-2
binds to the angiotensin converting enzyme II (ACE-2). The
ACE-2 receptor is part of the dual system – the reninangiotensin-system (RAS) - consisting of an ACEAngiotensin-II-AT1R axis and an ACE-2-Angiotensin-(1-7)Mas axis. The AT1R axis is involved in most of the effects of
Ang II, such as oxidative stress generation.32 In metabolic
disorders and with increased age, there is an upregulation of
the AT1R axis, leading to pro-inflammatory and pro-fibrotic
effects in the respiratory system.33 The Nrf2, a transcription
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factor that protects against oxidative stress, may be involved
in diseases associated with insulin-resistance34-36 and lung
damage. Nrf2 activation may decrease the intensity of the
cytokine storm seen in COVID-19.37 Sulforaphane is the
most potent natural Nrf2 activator. Lactic acid bacilli are also
potent activators of Nrf2.
The results of the study may be of importance for the
optimisation of processed fermented foods in order to obtain
either a spectrum of LAB closer to traditional fermented foods
and/or a level of daily consumption required for protection.
Our study was restricted to European countries; therefore, its
results cannot be extrapolated to other regions. However,
other regions with low COVID-19 mortality also exhibit a
large consumption of fermented foods. In Asia, where the
pandemic started, death rates are very low and the pandemic
appears to be under control. The same happened in Africa where the COVID-19 spread was predicted to be
catastrophic - and death rates appear to be low. The young
age of the population may be a major protective factor.
However, climate and low population density (as in rural
areas but not in megacities such as Cairo or Lagos) or the
differences in health infrastructure are unlikely to be the only
explanation.38,39 The major interfering factor is lockdown.3 In
Asia, fermented vegetables are highly consumed.40-43 In
Africa, a major food is manioc, usually obtained by the
fermentation of cassava tubers.44 It would be of great
importance to confirm these data using food consumption in
Asian countries and to perform definitive epidemiologic and
mechanistic studies to confirm the present paper.
If the hypothesis is proved, COVID-19 will be the first
infectious disease epidemic whose biological mechanisms
are shown to be associated with a loss of “nature”.45
Imbalance in the gut microbiota is associated with the
pathogenesis of various disease types including allergy,
asthma, rheumatoid arthritis, different types of cancer,
diabetes mellitus, obesity and cardiovascular disease.46
Fermentation was introduced during the Neolithic age and
was essential for the survival of human kind. When modern
life led to eating reduced amounts of fermented foods, the
microbiome drastically changed47 and this may have
facilitated SARS-CoV-2 to spread or to be more severe.48
The latter would add to other mechanisms linking COVID-19
with the ecological disruption of the Anthropocene.49

CONCLUSION_______________________
Thus, although this study is only indicative of the role of diet
in COVID-19, it is however another piece of the hypothesis
proposing that traditional fermented foods, cabbage and
cucumber may be involved in the prevention of severe
COVID-19 at a country level.
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