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ABSTRACT

Introduction: When the first report appeared of a protective effect of universal BCG vaccination on COVID- 19 morbidity and case fatality rates, as well as
referring to previous papers on the nonspecific protective effects of BCG, our interest was raised, because Mozambique was in an unusual position in relation
to BCG vaccination. Based on our knowledge of the history of global public health, we constructed a table with the number of cases of COVID-19 per 100,000
inhabitants and the case fatality rate of the countries that had carried out universal BCG vaccination for a long period (India, Japan and the ex-USSR countries),
compared to countries without a universal BCG vaccination programme. We found that countries that had carried out universal BCG vaccination for a long
period had much lower case/population ratios and case fatality rates than those without a universal BCG vaccination programme. This exercise was repeated
three times, during the month of April, with consistent results. These results made us take the decision to undertake a study of possible confounding factors

Mozambique became independent in June 1975, and immediately after carried out a mass vaccination campaign with the six antigens of the recently created
EPI. Smallpox vaccine was added, in order to consolidate smallpox eradication. WHO, at that time, was against vaccination campaigns, but an exceptional
agreement was obtained. The campaign took place from the north to the south of the country, from February 1976 to January 1978. Every province started a
routine EPI programme as soon as the campaign finished. In the campaign, all children 15 years old or younger received BCG vaccine. The coverage rate in the
campaign was 97%, with 99% in the capital city of Maputo. Subsequently, the coverage rate of BCG vaccination at birth in the EPI has been always remarkably
high in urban areas. In rural areas, coverage has been irregular, but has been at least 80% in the past 25 years. Therefore, most of the urban population aged 58
or less has received BCG, and so has an important part of the rural population. Such a high coverage of BCG is exceedingly rare in the world.

We have analysed the factors that may influence the development of COVID-19 epidemics and concluded that, apart from the virulence of the virus (that
we do not have enough data to study), other factors are important, namely, the immune state of the population, the demographic profile and socioeconomic
characteristics of the population, ecological and meteorological factors and, finally, the prevention measures taken and the degree of their implementation.
Taking into consideration that most countries, with more or less firmness, have followed the WHO recommendations, on measures for prevention and
control of COVID- 19, we decided not to analyse these measures. Our study therefore emphasised the other factors.

Methods: Our analysis focused on 82 countries, with more than 10 million inhabitants, which together correspond to 72.2% of the world population,
distributed in three groups: northern hemisphere (above latitude 23° N), intertropical zone (between 23° latitude N and 23 latitude S) and southern
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hemisphere (below 23° latitude S). We have studied the relationship of BCG vaccination policies on the number of cases per 100.000 inhabitants and
the case fatality rate, in the first 60 days and the first 90 days of the COVID-19 epidemics, in each country. We are performing bilateral and multilateral
statistical analysis of variables related to climate (temperature, humidity and ultra-violet radiation), HIV prevalence and ART coverage, malaria (incidence
and case fatality rate), tobacco and Vitamin D.

Results: The results are being analysed and will be published later.
Conclusions and Preliminary Recommendations: There is evidence of the non-specific protective effects of BCG, as well as negative statistical correlations
on the malaria / COVID-19 ratio. However, there are still no conclusive proofs. There is scientific evidence on the beneficial effects of solar radiation

(ultraviolet radiation) mediated by Vitamin D, which calms the cytokine storm caused by COVID-19.

The population is recommended to regularly expose themselves to the sun, using the slogan: “Take the sun staying at home” We also recommend the
systematic administration of Vitamin D to all symptomatic cases of COVID-19 and that doctors be instructed on the appropriate doses of Vitamin D.
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Introduction

The coronavirus disease (COVID-19), first reported in December
2019, in Wuhan, China, quickly became a pandemic presenting
a global public health threat. With an exponential increase in the
number of cases and deaths each day, this disease has already
generated social disturbances, institutional breakdowns and major
scientific uncertainties in the world.

Awakening our Interest in this Theme

At the end of March 2020, the international scientific community
was surprised by an articlel by six researchers from the “Department
of Biomedical Sciences, NYIT College of Osteopathic Medicine,
New York Institute of Technology, Old Westbury, New York,
USA”. Even before it was published, the article was disseminated
and went around the world.

These authors concluded that: “Countries that have a late start of
universal BCG policy (Iran, 1984) had high mortality, consistent
with the idea that BCG protects the vaccinated elderly population”
[1]. They also found that: “BCG vaccination also reduced the
number of reported COVID-19 cases in a country [1]”. Their final
conclusion was that: “The combination of reduced morbidity and
mortality makes BCG vaccination a potential new tool in the fight
against COVID-19 [1].

This article had huge media repercussions [2-14], with both the
world scientific community and the mainstream media totally
surprised. How was it possible that a vaccine used in humans since
1921 (exactly 99 years ago) could provide a solution for a disease
that appeared about 3 months ago and that concerned all humanity.

The skepticism of the world scientific community was summarized
in a statement by the Treatment Action Group (TAG) [15]:
“Widespread media reports that the BCG vaccine may be protective
against COVID-19 need to be read with caution. Results from
randomized, controlled clinical trials are necessary to understand
the role of this potential intervention before using BCG widely in
an effort to stop COVID-19” [15].

The researchers were motivated to carry out the study in order to
see if intercountry differences in case / population ratios and fatality
rates from COVID-19 were related to BCG vaccination policy
[1]. They had noted that countries such as Italy, USA, Lebanon,
the Netherlands and Belgium, which never had a universal BCG
vaccination policy and Iran, which only introduced universal
BCG vaccination in 1984 (therefore only people under the age
of 36 were vaccinated), had, at the time they began the study,
high case/population ratios and fatality rates from COVID-19.
While Japan and BrazilK, which had carried out universal BCG
vaccination since at least 1947 had a low case / population ratio.
These authors also compared Spain, which had a universal BCG
vaccination policy for 16 years (1965 to 1981) with Denmark,
which vaccinated for 40 years (between 1946 and 1986) and found
large differences in the case / population ratios and fatality rates
from COVID-19 [1]. They reported that they had analysed many
countries, but do not list them [1].

This article aroused our curiosity as Mozambican researchers,
because Mozambique is the African country with the largest
number of age groups vaccinated by BCG, for reasons that will
be explained later.

Based on our long experience in public health globally, we knew
that the countries of the former USSR, Japan and India had
practised a universal BCG vaccination policy for a long time
(the countries of the former USSR since the late 1930s or early
1940s and Japan and India since 1947/48) and that they had
not discontinued the use of the vaccine [16]. Eastern European
countries had also introduced universal BCG vaccination from
the late 1940s and early 1950s [16]. Only the Czech Republic had
discontinued universal BCG vaccine use (in 2010).

Thus, on April 5th, we constructed a preliminary comparative table
of case / population ratios and case fatality rates, of the countries
of the former USSR, of Eastern Europe and a selection of other
countries (Annex). Some of the included countries had never had
a policy of universal BCG vaccination and others had practised
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the policy for at least 40 years.

Even without conducting an in-depth statistical analysis, the
observation of the table in Annex showed that countries with no
universal BCG vaccination policy had a much higher number
of cases per 100,000 inhabitants and much higher case fatality
rates compared to countries with a universal and consistent BCG
vaccination policy. This table also shows that the countries that
started BCG vaccination late or discontinued that policy for
longer were in an intermediate position. In this sense, the Czech
Republic, which discontinued BCG vaccination in 2010, stands
out in relation to other countries in Eastern Europe, who had
continued to vaccinate.

This table was repeated on 9th and on 15" April and the trends
remained consistent.

Our interest in studying this topic therefore increased, because
we knew that Mozambique was a unique case, in Africa and in
the world, in relation to BCG vaccination policy.

Unusual Situation of Mozambique [17]:

Mozambique gained independence on 25 June 1975, about a
year after the World Health Assembly adopted the famous
Resolution WHA.27.57, which created the Expanded Program
on Immunization (EPI) and recommended that it should be
implemented throughout the world [18].

In the months preceding independence, an agreement had been
laboriously negotiated with UNICEF, WHO and UNDP to carry
out a huge national vaccination campaign, aimed at covering the
entire national territory and the entire population [17].

UNICEF and UNDP agreed to finance the campaign, as long
as WHO also agreed. WHO had just launched the EPI and was
heavily opposed to vaccination campaigns. Laborious negotiation
was required between the then Minister of Health of Mozambique
and the Director-General of WHO. Finally, WHO agreement
was, exceptionally, obtained and the campaign was able to take
place [17].

At that time, the country only had sufficient technical personnel,
to permit vaccination of three provinces at a time. The campaign,
therefore, lasted two years, starting on the 26%, 27" and 28"
February 1976, in the three northern provinces and ending on
2" February 1978, in the City of Maputo (capital of the country,
situated in the extreme South) [17].

In each province, routine EPI started as soon as the campaign
ended [17].

The campaign was preceded by six months of intensive preparatory
work and popular mobilization. This resulted in a coverage rate,
calculated by experts from WHO and UNICEEF, to be 97% for the
country as a whole and 99% for Maputo City. This coverage was
praised by the then Director-General of WHO, the late Dr Halfdan
Mahler, as a success that had never before been achieved [17].

The start of routine EPI had problems and, in the first 2 years,
the coverage rates left much to be desired, but by 1979, EPI was
already well implemented, with high coverage rates [17].

BCG coverage rates have always been much higher than those of
other vaccines (as is the case throughout Africa), as BCG is given
in a single dose and at birth. If missed at birth, it is administered
at the first contact of the child with the NHS.

A particularity of the campaign was that BCG was administered
to all children, from 0 to 15 years old [17].

Although the age limit for BCG vaccination was 15 years,
many adolescents over 15 were vaccinated, because the strong
mobilization campaign led to a popular understanding that
vaccines were good for health. Parents with children of 16, 17 or
18 years of age felt that their children should not be left out, so
they gave a lower age [16].

From 1979 to 1992, the country was a victim of a war of
destabilization, driven first by the minority Southern Rhodesian™
regime of [an Smith, and continued by the South African apartheid
regime. This war particularly affected rural areas, where vaccine
coverage rates dropped considerably. In urban areas they remained
extremely high, as vaccines were readily available and many
health personnel had fled to cities from insecure rural areas [16].
In Maputo City, coverage rates of 99.5% were recorded for several
consecutive years [16].

We can conclude that the overwhelming majority of the urban
population of Mozambique (where the COVID pandemic poses
the greatest challenge), of less than 57-59 years old (depending on
the province), has received BCG vaccination. A lesser proportion
of the rural population of this same age group has also been
vaccinated with BCG.

Very few countries in the world have such a large proportion of
the population aged between 57 and 59 years vaccinated with
BCG [19].

We concluded, therefore, that there were sufficient and consistent
findings to build a hypothesis for a serious investigation on the
topic of BCG and COVID-19. This was how we got the idea
for our investigation.

Latest State of Knowledge

Although the initial article that motivated our interest in this subject
was met with astonishment and skepticism by the international
scientific community our bibliographic research showed us that
these reactions were not justified [1,15]. The initial article itself
states that: “Several vaccines including the BCG vaccination
have been shown to produce positive “heterologous” or non-
specific immune effects leading to improved response against
other nonmycobacterial pathogens”[1]. The authors state that:
“This phenomenon was named ‘trained immunity’ and is proposed
to be caused by metabolic and epigenetic changes leading to
promotion of genetic regions encoding for pro-inflammatory
cytokines. BCG vaccination significantly increases the secretion
of pro-inflammatory cytokines, specifically IL-1B, which has
been shown to play a vital role in antiviral immunity” [1]. These
conclusions were based on work by other authors, published in
2014 and 2016 [20,21] .

Therefore not only statistical findings show that universal
vaccination with BCG can be effective in the fight against
COVID-19, preventing progression to severe disease and death, but
there is also an immunological and biochemical explanation [22-
25]. BCG may have a non-specific protective action mechanism.
This immunological and biochemical explanation represents a new
and higher level of knowledge. We postulate that the astonishment
and skepticism was mostly because these and other works on non-
specific protective effects of BCG and on the ‘trained immunity’
were little known.
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The authors of an article, cited in the initial article emphasize
that the persistent and immunostimulatory properties of BCG
strains differ, and their potential to induce trained immunity in
vaccinated individuals may also vary [1,22]. They also analysed
available data on BCG vaccine strains used in different countries,
with Iran and China using the most modified, highly attenuated
strains, deficient in methoxymycolic acids and with short-lived
trained immunity, when compared with strains from Japan and
Russia (vaccine used in Mozambique) [22].

Analysis of Factors That May Influence the Epidemic

Most of the scenarios that have been developed for Africa, both
by European and American, academic centres, and by African
institutions have failed to materialize, because they considered the
preventive measures taken and the degree of their compliance, as
well as the age structure of the population as, practically, the only
factors influencing the course of the epidemic [26-31].

In our view, other factors are more important and should be
considered: the degree of virulence of the SARS-CoV-2 virus,
immune status, the demographic profile and socioeconomic
characteristics of the population, ecological and meteorological
factors and, finally, the preventive measures taken and the degree
of compliance.

Let us look at some of those factors:

» Degree of Virulence of the SARS-CoV-2

The virus has shown varying degrees of virulence in different
countries and over time in the same country [32,33]. In
Mozambique, we have had cases imported from varied origins,
which could result in the circulation of virus of varied virulence.
We decided not to analyse varying virulence not only because
of these circumstances, but also because we no enough data to
evaluate it.

» Immune status of the population

African populations, as well as those in some Asian countries,
are subject from birth to multiple infectious assaults resulting
from poor hygiene, often due to lack of water and poor sanitation.
Infections by multiple agents (bacteria, parasites, rickettsiae and
viruses, etc.), result in high mortality rates, especially of neonates,
infants and children, but survivors develop immunity and even
group immunity. This has been named by an Indian scientist as
the “Dirtiness Exposure Dividend” (DED) [34].

Studies published before the COVID-19 era, showed that
helminth infections can induce the immune system to modulate
inflammatory processes and that this has the potential to improve
the control of viral infections, by limiting excessive inflammatory
reactions [35,36]. Other authors studied how this modulation of
inflammatory processes by helminths could alleviate allergic and
autoimmune diseases [37].

There is still no solid bibliographic evidence of how helminth
infections could contribute to controlling excessive inflammatory
reactions in the case of COVID-19. There is, however, already a
study that points out that «a reduced capacity for the production of
proinflammatory cytokines and increased numbers of regulatory
immune cells due to the immunomodulatory effects of pre-
existing helminth infection could result in a reduced risk of severe
COVID-19». This topic requires further investigation [38].

In 2018 Mozambique had the 8" highest country incidence of
malaria in the world and a high m

alaria case fatality rate [39]. The extent to which malaria can
reinforce the mechanisms of non-specific immunity will be
discussed later in this publication.

As we have already seen, African and Asian populations have been
enjoying the benefits of vaccination carried out by the EPI. Some
of the EPI vaccines, such as BCG and polio are live attenuated
vaccines, and therefore more prone to stimulate non- specific
protective effects. The non-specific protective effect of BCG is
certainly the most frequently studied, with more details reported
in the scientific literature [1,20,21,40-53].

We Therefore Chose BCG as the Central Point of our
Investigation.
The role of Vitamin D in enhancing antiviral immunity will also
be discussed later, in this publication.

Demographic Profile and the Socioeconomic Characteristics
of the Population:

The demographic profile and the socio-economic context are
important factors that can allow inferences about the trends in
the health status of the population [54].

Regarding the age structure of the population in Mozambique,
population pyramids show that the population structure is young.
The 2017 population census indicated that the median age was 16.6
years and 53% of the population was under 17 years of age. Only
3.3% of the population was 65 years of age and over [55]. The
same census data showed that 33.4% were residents of urban areas
and 66.6% of rural areas [55]. Bearing in mind that COVID-19
tends to spread more easily in urban, than rural areas, the spatial
distribution of the Mozambican population suggests that, only 1/3
of the population may be subject to the greater risk of infection
associated with living in an urban area [56-59].

Some models and analyses have suggested that the case fatality
rate of COVID-19 tends to be higher among older people [56,60].
The low proportion of elderly people suggests that levels of case
fatality rate may be relatively lower in Mozambique.

For some authors the differences in the number of cases and deaths
that occur between, as well as within countries, seem to be related
to the age of individuals and even to their socioeconomic status
[56,60,61]. In this sense, it is plausible that the demographic profile
and socioeconomic characteristics of the population significantly
influence the levels and trends in the morbidity and case fatality
rate of COVID-19.

Although the demographic profile does not seem to be an important
factor in spread, there is evidence to suggest that the fatality
rate tends to be higher among countries with a high proportion
of elderly in the population [58]. For instance, on the European
continent, especially in the most affected countries, deaths are
concentrated in older age groups [60]. For this reason, among the
younger population in all countries, and among countries with a
younger age structure, COVID-19 is expected to have relatively
lower levels of lethality.

With regard to socio-economic issues, there are indications that
among the most disadvantaged populations, especially in the
poorest countries, a high number of cases and deaths may be
reported [56]. Socioeconomic fragility is seen as limiting efforts
to curb the spread of the virus, as socioeconomically less favoured
people and countries may have limited access to resources which
enable adequate health care [62].
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Some authors suggest that other individual factors such as obesity,
chronic diseases, lack of physical exercise and deficient nutrition
also compromise immune capacity against the new coronavirus
[63]. The case fatality rate could be higher in poor contexts,
where nutrition tends to be deficient, but this has not always
been seen in Africa. The hypothesis regarding the negative
influence of socioeconomic inequalities that may affect health
status, and in particular immune capacity, is consistent with the
dynamics of the pandemic in the United States [64,65]. In this
country, regardless of the age group, economic inequalities have
had a strong influence on the disproportionate concentration of
morbidity and case fatality rate among the most economically
disadvantaged groups, specifically among African Americans.
There are, however, other explanations for the higher incidence
and case fatality rate among African Americans, as we will see
later, in this publication.

» Ecological and Meteorological Factors

Ecological and meteorological factors are important in several
diseases, in particular, communicable diseases and especially in
communicable respiratory diseases [66] his alone is sufficient
justification to include these factors in our study.

We carried out a rapid observation of the data provided to us
daily by the various sites that report COVID-19 cases and deaths.
Even without a deep statistical analysis, we could see that the
countries of the intertropical region and of the southern hemisphere
(who were in the summer in the first months of the pandemic)
had a lower rate of cases and deaths than those of the northern
hemisphere.

In order to have adequate control of outbreaks of this nature, it
is essential that integrated surveillance systems and effective
monitoring and prediction programs exist, linked to environmental
determinants [67,68]. Recent studies reveal a possible link between
outbreaks of infectious diseases and patterns of climatic variables
[69,70]. But a recent exhaustive survey with peer review of the
literature linking SARS-CoV-2 incidence to climate showed that
studies linking SARS-CoV-2 incidence to climate on a global
scale are scarce, limited and relatively recent.

Several attempts have been made recently to link epidemics
to climatic or environmental determinants. For example, in an
attempt to develop an early warning system for future epidemics
in the Indian subcontinent and in Sri Lanka, a group of authors
found statistically significant relationships between the El Nifio-
Sul oscillation and the historic malaria epidemics in that region
[71]. Other authors have noted that environmental changes cause
changing patterns of emerging parasitic diseases [72]. In a study
on dengue, an empirical model was proposed that links the
potential impact of population and climate change on the global
distribution of dengue [73]. A localized experiment using guinea
pigs as model hosts showed that transmission of the influenza
virus depends on the relative humidity and temperature, with
cold and dry environments favouring the transmission of the
virus [74]. Further studies followed, linking relative humidity and
temperature to the influenza virus, suggesting that the increase
in the number of cases in winter is linked to immunodepression
during this season.

The first study covering all countries affected by COVID-19, which
analysed an association of COVID-19 with climate variables is quite
recent. The authors found that, in Brazil, for COVID-19 infection,
there was a negative association with average temperature and a
positive association with precipitation. There was no association

between deaths and temperature or precipitation [75]. Other recent
studies, localized or limited to certain variables, also showed
similar results [76,78]. In another recent study on the impact
of climate and public health interventions on the COVID-19
pandemic, the authors reported that there were weak negative
associations with relative humidity and absolute humidity, but
little or no association between the growth of the epidemic and
latitude and temperature [79].

Due to the scarcity of historical series, the existing scientific
evidence, so far, is still not sufficiently robust for definitive
conclusions about the influence of climatic factors. The literature
does, however, indicate a link between climate and morbidity
and mortality from coronavirus SARS-CoV- 2. Thus, to the
variables already studied by other authors, we need to add other
meteorological variables that may have a potential effect on
the incidence of this virus globally. Solar radiation is one such
variable, given its role as the main germicide in the environment
and its potential to destroy RNA [80,81].

This component of our study includes, for the first time at a
global level, ultraviolet (UV) radiation, along with temperature
and relative humidity, to assess the extent to which the current
global distribution of the virus is linked to the climate, in order
to determine their true influence or whether they are simple
confounding factors.

» Preventive Measures Taken

Many of the international authors have dedicated a large part of
their analysis to comparisons of the way that measures to prevent
the epidemic have been applied in different countries and have
sought to draw conclusions.

But, in general, all countries have taken similar measures,
recommended by WHO and derived from the recommended
logical epidemiological measures to fight a highly contagious
viral disease transmitted through the respiratory route [82,83].

The differences in practice were of a much lesser extent than
speculated, and were mainly in the degree of intensity, firmness
and timing.

A quick analysis of the evolution of the pandemic in different
countries does not allow us to identify major differences in the
way it unfolded, related to the measures taken. In Europe, there has
been much speculation about the differences between the evolution
of the pandemic in Sweden, which did not take severe mandatory
isolation measures, and other European countries which took them.
But the statistical data on cases, critical cases and deaths, shows
no significant differences between the evolution of the pandemic
in Sweden and other European countries.

In Africa, there are also no significant differences between the
few countries that have strictly implemented mandatory isolation
and those that have taken milder measures of civic education,
without coercion.

In our opinion, given the socio-economic conditions of many Asian
and African countries, including Mozambique, the application
of strict measures of mandatory isolation is not possible. It
would have serious consequences for the socio-economic life
of the population, who, for the most part, practise a subsistence
economy, incompatible with mandatory isolation. Statistical data
do not show that countries that did not take coercive measures are
more affected by the pandemic than those taking more stringent
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measures. Rather, the contrary has been shown.

Given these circumstances, our study does not examine the
effectiveness of implementation of prevention measures.

List of Potential Confounding Factors

Aware that the statistical findings of a protective action of universal
BCG vaccination on the number of cases and critical cases per
100,000 inhabitants and on the case fatality rate of COVID-19,
do not by themselves represent causal relationships and may be
confounded by other factors, we decided to analyse potential
confounding factors, to determine their real influence. Thus, our
analysis, in addition to studying the relationship between universal
BCG vaccination and data on morbidity and case fatality rates of
COVID-19, will also include the following factors

» Demographic profile and socioeconomic characteristics of
the population,

Ecological and meteorological factors,

HIV and ART,

Malaria,

Tobacco,

Vitamin D.

VVVYY

HIV and ART

In some of the analyses done based on the possible, more or
less catastrophic scenarios of the evolution of the COVID-19
pandemic in Africa, fears were raised for countries with high
rates of HIV seropositivity. The authors postulated that, due to
the resultant weakened immune response, the affected countries
could become victims of high morbidity and case fatality rates
from COVID-19 [84].

Concerns were also expressed that the concentration of resources
to combat the COVID-19 pandemic and people’s fear of
attending health units would greatly disrupt HIV/AIDS as well
as Tuberculosis and Malaria programmes [85,86].

On the other hand, there were voices who considered that the
antiretroviral treatment that HIV/AIDS patients are taking could
have a protective effect in relation to SARS- CoV-2 [87].

Very recently, a group of authors who studied the relationship
between COVID-19 and HIV in Spain, concluded that: «people
living with HIV are not inherently more at risk for coronavirus
infection than the general population, nor are they inherently
more at risk for death or for experiencing a more severe course of
COVID-19 relative to HIV- negative individuals» and that « HIV-
positive patients receiving ARVT (TDF/FTC) have a lower risk for
COVID-19 and related hospitalization than those receiving other
therapies» [88-91]. A similar opinion is shared by other authors
who claim that: «People living with HIV with well-controlled
disease are not at risk of poorer COVID-19 disease outcomes
than the general population» [89,92-95].

On the contrary, authors in South Africa concluded that COVID-19
patients with HIV and tuberculosis had higher mortality rates than
those who did not have HIV or tuberculosis [96-101]. Two recent
studies in the United Kingdom also found that: «HIV infection
may be a risk factor for dying from COVID-19 but people with
HIV without co-morbidities were not at increased risk» [102].

In View of These Diverse Opinions, We Decided to Include
These Factors in our Analysis.

Malaria

Several articles emerged expressing fears that the COVID-19

epidemic would be a setback for malaria control programs in
countries where it is endemic [103-107]. In general, these are
low-income countries with fragile health systems.

An opposite view came from a blogger, who had a great media
impact when announcing that a comparative statistical analysis of
the indicators of morbidity and case fatality rates from COVID-19
showed that the countries most affected by malaria were the least
affected by COVID-19 and vice versa [108]. Several articles
followed showing that, in fact, the countries most affected by
malaria were the least affected by COVID-19 and vice versa
[109-111].

As Mozambique is one of the countries most affected by malaria,
we felt that we should include the possible protective effect of
malaria in relation to COVID-19 in our study.

The aforementioned blogger attributed this possible “protective
effect of malaria” to the use of chloroquine in the treatment of
this disease. Such an explanation cannot be entertained since
chloroquine has ceased to be used in the prevention and treatment
of malaria for about 40 years and the maximum time for plasma
chloroquine elimination is 120 hours [108]. It can persist in certain
tissues, but only for a maximum of 60 days [112].

Infection with Plasmodium falciparum induces a robust innate
immune memory whose response can manifest itself in the form of
hyper-response (training) or hypo-response (tolerance) and these
changes are associated with epigenetic changes in innate immune
cells [113-114]. This trained immunity protects against subsequent
infections (reinfections) and is associated with a reduced risk of
symptomatic malaria. However, there is still limited evidence
that this trained immunity against Plasmodium falciparum can
induce an enhanced response against unrelated microbial agents,
such as happens with the hepatitis B virus, BCG and other live
attenuated vaccines [115].

On the other hand, some studies suggest that Plasmodium
falciparum infection and other infections, such as HIV, impair
the adaptive immune response, causing atypical B memory cells
and T-cell exhaustion [116-119].

Tobacco

Smoking is a recognized risk factor for severity and death from
respiratory diseases [120]. Studies that explore the association
between smoking and COVID-19 focus on the risk of infection,
hospitalization for COVID-19 and severity during hospitalization
[121].

A meta-analysis, analysing 7 studies, found a statistically
significant association between smoking and the severity of
COVID-19 disease [122].

A hospital-based study of 226 patients in Canada also showed that
smoking was associated with a greater likelihood of admission to
intensive care and death [123].

Given these findings, we found it advisable to include the influence
of smoking in our study.

Vitamin D

The relationship between vitamin D and COVID-19 is explained
by: «first, vitamin D supports production of antimicrobial peptides
in the respiratory epithelium, thus making infection with the virus
and development of COVID-19 symptoms less likely. Second,
vitamin D might help to reduce the inflammatory response to
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infection with SARS-CoV-2.» [124]. «Vitamin D is known to
interact with a protein in this pathway— angiotensin-converting
enzyme 2 (ACE2)—which is also exploited by SARS-CoV-2 as
an entry receptor. While SARS-CoV-2 downregulates expression
of ACE2, vitamin D promotes expression of this gene» [124].

The mean levels of vitamin D for 20 European countries and
morbidity and mortality caused by COVID-19 were studied:
«Negative correlations between mean levels of vitamin D in each
country and the number of COVID-19 cases and deaths per million
inhabitants were observed. Vitamin D levels are severely low in
the aging population especially in Spain, Italy and Switzerland.
This is also the most vulnerable group of the population in relation
to COVID-19» [125,126].

Other authors found that de Vitamin D insufficiency is highly
prevalent in severe COVID-19 illness [127]. This is because
«Vitamin D also reduces the production of proinflammatory
cytokines and Covid-19 infection gives rise to a “cytokine storm”»
[128,132]. «Vitamin D influences several immune pathways, with
the net effect of boosting mucosal defenses while simultaneously
dampening excessive inflammation» [131]. Other authors
stated that: «Correction of vitamin D deficiency is thought to
suppress CD26, a putative adhesion molecule for Covid-19 host
cell invasion. Vitamin D may also attenuate interferon gamma
(IFNy) and interleukin-6 (IL-inflammatory responses, both potent
predictors of poorer outcome in critically-ill ventilated patients
including those with Covid-19» [133]. Vitamin D may thus reduce
COVID-19 mortality [129,131].

Vitamin D deficiency has also been shown to correlate with
hypertension, diabetes, obesity and ethnicity—all features
associated with increased risk of severe COVID-19 [129,134].
Vitamin D deficiency is likely compounded by skin pigmentation
and age because aging decreases the ability of the skin to produce
vitamin D3 [131].

When mortality per million is plotted against latitude, it can
be seen that all countries that lic below 35 degrees North have
relatively low mortality by COVID-19 [129-e131]. Thirty-five
degrees North also happens to be the latitude above which little
or no UVB radiation reaches the surface of the earth and therefore
people do not receive sufficient sunlight to retain adequate vitamin
D levels, during winter this is why, a substantial proportion of the
population in the northern hemisphere, in these high latitudes, are
currently vitamin D deficient [129-131]. This suggests a possible
role for vitamin D in determining outcomes from COVID-19
[129-e131].

Some authors have suggested that the latitude dependence of
death rates in COVID- 19 has a possible relationship to vitamin
D deficiency [135]. They consider that Vitamin D status may
influence the severity of response to Covid-19, and that the
prevalence of vitamin D deficiency in Europe will be closely
aligned to Covid-19 mortality [136].

Increasing use of sunblock and prevention of melanoma have
resulted in lower levels of vitamin D in the winter months,
especially in countries of higher latitude [128].

One author conducted a retrospective multicentre study of 212
cases with laboratory- confirmed infection of SARS-CoV-2 [137].
«Data pertaining to clinical features and serum 25(OH)D levels
were extracted from the medical records. Serum 25(OH)D level
was lowest in critical cases, but highest in mild cases. Serum

25(OH)D levels were statistically significant among clinical
outcomes. Vitamin D status was significantly associated with
clinical outcomes. The results suggest that an increase in serum
25(0OH)D level in the body could either improve clinical outcomes
or mitigate worst (severe to critical) outcomes, while a decrease in
serum 25(OH)D level in the body could worsen clinical outcomes
of COVID-19 patients» [137].

Researchers at Tel Aviv University studied 782 Covid-19 and
7,025 non-Covid-19 cases. They found that «the mean vitamin
D levels were significantly lower in Covid-19 than non-Covid-19
cases. More importantly, low vitamin D levels increased the odds
of hospitalization due to Covid-19 by 95%, after adjusting for
demographics and comorbidities confounders» [138,139]. «Low
plasma 25(OH)D level appears to be an independent risk factor
for COVID-19 infection and hospitalization» the study authors
concluded [138,139].

A group of researchers in Indonesia studied 780 cases of
COVID-19, of which 380 died and 400 survived. Tracing back
their medical records — looking for blood levels of vitamin
D, any disease comorbidity, etc. — they detailed that «in dead
cases: 46.7% has vitamin D deficiency; 49.1% had vitamin D
insufficiency; the remaining 4.2% had normal vitamin D levels; in
survived cases: 0.5% has vitamin D deficiency; 6.5% had vitamin
D insufficiency; the remaining 93% had normal vitamin D levels.
When adjusted for confounds — i.e., age, sex, and comorbidity
— those with vitamin D insufficiency and deficiency were still
7.63 and 10.12 times more likely to die, respectively» [139,140].

«Older and male cases with a pre-existing condition and below-
normal vitamin D levels were associated with increased odds of
deathy the researchers concluded [139,140].

«When controlling for age, sex, and comorbidity, Vitamin D
status is strongly associated with COVID-19 mortality outcome
of cases» [139,140].

In a retrospective study, researchers measured serum vitamin D
levels in 134 people tested positive for Covid-19 in the UK. They
found that only 19% (8/42) of patients admitted to an ICU had
normal vitamin D levels. 39.1% (36/92) in those with non-ICU
level severity had normal levels [139,141].

A recent meta-analysis of eight studies comprising 1,368 Covid-19
patients found a significant association between vitamin D
insufficiency and severe Covid-19. «Patients with poor prognosis
(N=634) had significantly lower serum levels of vitamin D
compared to those with good prognosis (N=669), representing an
adjusted standardized mean difference of -5.12», the study authors
at Tulane University, in New Orleans, USA conclude [139,142].

A recently published complete and exhaustive review , of the
relationships between Vitamin D, COVID-19 and associated co-
morbidities, demonstrated unequivocally, the protective role of
Vitamin D in controlling the hyper inflammatory state caused
by SARS-CoV-2 (cytokine storm), as the «Vitamin D inhibits
the production of proinflammatory cytokines and increases the
production of anti-inflammatory cytokines» [143]. «Vitamin D
exerts opposite effects on the adaptive (inhibition) and innate
(promotion) immune system. This correlates with an anti-
inflammatory response and balances the immune response».
«Vitamin D may suppress T-cell mediated inflammation and
stimulate Treg cells proliferation, by increasing IL-10 formation
in DC cells, and thus enhance their suppressive effect» [143].
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This article explains in detail the biochemical and immunological
dysregulation mechanisms by which SARS-CoV-2 acts and how
it worsens other co-morbidities (hypertension, cardiovascular
disease, diabetes, obesity and acute respiratory distress syndrome
- ARDS) that condition the severity of disease, and how Vitamin D
has an antagonistic effect on these mechanisms [143]. The author
of this work states that

«Vitamin D plasma level is an independent predictor of mortality»
[143].

This author concludes: «There is ample evidence that various non-
communicable diseases (hypertension, diabetes, CVD, metabolic
syndrome) are associated with low vitamin D plasma levels. These
comorbidities, together with the often-concomitant vitamin D
deficiency, increase the risk of severe COVID-19 events. Much
more attention should be paid to the importance of vitamin D
status for the development and course of the disease. Particularly
in the methods used to control the pandemic (lockdown), the
skin’s natural vitamin D synthesis is reduced when people have
few opportunities to be exposed to the sun. The short half-lives
of the vitamin therefore make an increasing vitamin D deficiency
more likely» [143].

One author, who carried out an extensive and comprehensive
bibliographic review, having analysed 141 articles considered
that they «present primarily biological plausibility evidence
overwhelmingly support the assertions that vitamin D sufficiency
increases resistance to viral infections and helps prevent every
symptom of severe Covid-19 that results in fatalities. They show
that vitamin D deficiency can also explain every major risk factor,
including the mystery of why children seem relatively protected
and why males, the elderly, and people with naturally melanin-
rich skin are especially vulnerable» [144].

Forty e seven of the studies analysed «demonstrate that vitamin
D deficiency explains the geographical differences in Covid-19
case and fatality rates. They provide overwhelming correlational
evidence for the hypothesis, and causal evidence as well. Covid-19
mortality was predicted by vitamin D in sixteen studies and
vitamin D levels or sunlight predicted contracting Covid-19 in
seventeen. Both causal modelling studies and eight chart reviews
demonstrated that lower 25(OH)D was linearly associated with
more severe Covid-19 outcomesy [144].

The author having studied «two causal modelling studies and
several analyses of variance», considered that these studies
«strongly supported the hypothesis that vitamin D deficiency is
a causal, rather than a bystander factor, in Covid-19 outcomes»
[144].

She considered that «there is already so strong evidence to support
action» and she concluded that: «The evidence strongly suggests
that vitamin D deficiency is an easily modifiable risk factor and
correcting it is potentially life-saving» [144].

Note: A curious reported fact is that «During the “Spanish flu”
pandemic of 1918- 1919, deaths were substantially reduced when
patients were treated in “open air’ hospitals with access to sunlight,
perhaps due to vitamin D’s “cytokine storm” suppression. In the
deep south (USA), dramatically increased incidence of pneumonia
led to much higher Spanish flu case fatality rates for African
Americans than for whites» [144].

Taking all these findings into consideration, one author recommends:
«Owing to the lack of specific treatment and urgency to act, these
findings could justify the use of vitamin D as a possible adjuvant

therapy. From the public health aspect, the recommendation of
intensive supplementation as possible prophylaxis also could be
considered» [126]. Similar recommendations are made by other
authors [124,129,130,136,137,139,142-157]. One author states:
«Although Vitamin D overdoses are theoretically possible, they are
highly improbable» [144]. There are also authors who recommend
determining the plasma level of Vitamin D in COVID- 19 patients
admitted to hospitals [156,158].

Objectives of the Study

Taking all the above findings into account, we aimed to study
the relationship between data on universal BCG vaccination and
COVID-19 morbidity and case fatality rates in the first 60 days
and 90 days of the pandemic’s evolution, in 82 countries, of 10
million inhabitants or more, which together represent 72.2% of
the world population.

At the same time, we will analyse other factors to determine
whether they also influence COVID-19 morbidity and case fatality
rates or whether they are simply confounders.

Methodology:

»> Type of Study

Observational, analytical study, with a strong bibliographic review
component.

> Bibliographic Research Strategy

As of April 1, 2020, a systematic literature review was made using
the keywords ’COVID-19” and “BCG *’, through Google Scholar,
where it was possible to make use of official pages of CDC, NEJM,
JAMA, Lancet, Cell, BMJ, Nature, Science, Elsevier, Oxford,
Wiley and MedRxiv to search for scientific articles. In addition
to this method, the search was also performed using the same
keywords directly in the PUBMED and WHO Global database
[159,160]. Primary, secondary research and meta- analyses
were identified and included. Despite the preliminary nature of
many reports and non-peer-reviewed articles issued during the
COVID-19 pandemic, prepress documents and those from grey
literature were also included in this review so as not to lose the
information available on the subject. All articles and reports were
analysed by content.

For the decision-making process in the case of disagreements,
firstly, the disagreements found were recorded in order to
understand their root cause. Then, the multicriteria method
was adopted considering the following criteria: newer versus
older articles, journal impact factor, frequency of keywords and
relevance of the journal.

» Country Eligibility Criteria (Inclusion / Exclusion)

To select the countries for analysis, the number of inhabitants
was used as the main criterion. The designations of countries and
territories are the same as those used by the United Nations. Such
designations are used in population projections and, therefore,
are the same as those used in this work, to identify countries
and territories whose population is equal to or greater than 10
million inhabitants [162]. Based on this criterion, 89 countries
were identified and selected, corresponding to approximately 90%
of the world population. Seven countries were excluded, namely:
China, Democratic People’s Republic of Korea, Tanzania, Syria,
Somalia, Yemen and Sudan, although they have a population of
10 million or more.

China was excluded in view of the radical approach taken by this
Asian country to contain the spread of the new coronavirus. The
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imposition of an early, strict and total confinement to a province is
ameasure that is unlikely to have been replicated in other contexts.
The resultant impact on containing the virus merits emphasis
as an important distinguishing factor between China and the
rest of the world. As a result of this drastic measure, the disease
ended up, in practice, being almost confined to one province,
which has less than 10% of the country’s total population. The
Democratic People’s Republic of Korea has not provided data on
COVID-19 and there is no information on its BCG vaccination
policy. Tanzania, for political reasons, has not provided recent
systematic information on the evolution of the pandemic. This
politically motivated lack of information seriously compromises
data quality. Syria, Somalia and Yemen are countries that are in a
state of war and have notable inconsistencies in the reported data,
which may reflect the political situation. Sudan, too, has notable
inconsistency in the reported data, with fewer tests performed
than reported cases.

With the exclusion of these countries, the population covered by
this study is over 5.6 billion people, which corresponds to 72.2%
of the world’s population. Spatially, 74.4% of the 82 countries that
are part of the analysis are located in the northern hemisphere.

» Definition of Dependent / Independent Variables
» In relation to BCG

From the group of 82 countries selected for analysis, five subgroups
of countries were created, based on their BCG vaccination policy:

*  GIA - countries with a universal BCG vaccination policy for
40 years or more (20 countries),

*  GIB - countries with a universal BCG vaccination policy for
less than 40 years (25 countries),

*  GIC - countries with a universal BCG vaccination policy
but without information on the year of implementation (23
countries),

* G2 - countries that have discontinued universal BCG
vaccination (9 countries),

*  G3 - countries that have never adhered to universal BCG
vaccination (5 countries).

» 1In relation to COVID-19

Three (3) indicators were calculated for the first 60 days and for the
first 90 days after the first reported case of COVID-19, by country:
1. Number of tests, per 100 thousand inhabitants,

2. COVID-19 cases, per 100 thousand inhabitants,

3. Case Fatality rate (%).

»> In Relation to HIV and ART

For all countries that met the inclusion criteria for the study, to
obtain the most complete information possible, we searched for
the presence of HIV-related variables that could be confounding
factors, namely HIV prevalence and the coverage rate of
antiretroviral treatment. To ensure that no country would be
removed from this analysis, it was necessary to search different
sources of information [163-166].

For comparative analysis, the two variables selected for HIV were
included in the regression model. Each variable was classified in
one of four groups using the UNAIDS, criteria [167,168].

Classification: HIV prevalence

Low <0.2%
Moderate Low 0.2 -0.4%
Moderate High 0.4-1.0%
High >1.0%
Classification: ART coverage

Low <44%
Moderate Low 44 - 60%
Moderate High 60 - 70%
High >70%

» Data Collection / Extraction

@ BCG data collection

*  BCG vaccination policy data was collected from «The BCG
World Atlas» [169].

*  Of'the countries that have at some point adopted an universal
BCG vaccination policy, «The BCG World Atlasyprovided
information on the year of onset and the year of discontinuity,
where applicable.

*  Information on BCG vaccination coverage was obtained from
the World Health Organization (WHO) Regional Office for
Africa to confirm the year that universal BCG vaccination
began in the countries under analysis from this region.

»  For cases of divergent information between «The BCG World
Atltas» and WHO, WHO data were considered [169].

*  For Mozambique and Portugal, data from local, unpublished
sources were used.

@ COVID-19 Data Collection

Data were collected on COVID-19 for the first 60 days and the
first 90 days of the pandemic after the notification of the first
case, in each of the 82 countries selected for the study. Of these
countries, Japan was the first to report a case of COVID-19, on
14 January 2020 and Burundi was the last, on 31 March 2020.

These periods of 60 and 90 days allowed us to establish a
comparable time horizon dynamic of the epidemic in each country,
taking also into account the prevention and control measures
imposed. The cumulative number of positive cases and deaths
and the cumulative number of tests performed up to the 60th and
the 90th day of the pandemic in each country were extracted from
the GIT HUB database [170,171].

<@ Climatological Data Collection

The climate data used in this assessment was obtained from the
European Centre for Medium-Range Weather Forecasts (ECMWF)
ERA-5 [172]. These data provide the latest generation of global
climate descriptions, with a spatial resolution of about 0.25x0.25
degrees (approximately 3 1km x 3 1km) and temporal resolution of
one hour. Because not all countries in the world have homogeneous
meteorological observation networks in space nor continuity in
their time series, the data comes from a combination of climate
models with observations, where these exist, from the national
hydrology and meteorology services and through interpolations
based on physical laws that represent climate processes, where
observations do not exist. This objective combination of models
and observations is called reanalysis and allows a determination
of the values of climate variables anywhere in the globe, at any
time, since 1979.
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For this component of the study, global daily data of relative
humidity (RH), temperature (Temp) and ultraviolet radiation (UV)
were used to represent the average climate of 41 years, from 1979
to 2020, for the months of February to July and anomalies of each
variable in the same period, for 2020.

These months were chosen because they represent the period
that contains the beginning of COVID-19 case reports in most
countries in the world.

» Statistical Analysis of Data

For this observational study, two main indicators were considered:
the number of COVID-19 cases, per 100 thousand inhabitants and
the case fatality rate (%), in the first 60 and the first 90 days of
the epidemic, in each country.

The evaluation of the relationship between BCG and the main
indicators, as well as the evaluation of potential confounding
factors was done through generalized linear models with negative
binomial distribution, using the main indicators as dependent
variables and the co-factors as independent variables. For
inference, the pre- established significance level was 5%. The
data are being analysed using the R (R Foundation for Statistical
Computing) software.

Results
The results are being analysed and will be published later.

Preliminary Conclusions

From the bibliographic research, we can already draw some

preliminary conclusions

1. There is a lot of bibliographic evidence of the non-specific
protective effects of BCG. There is still no conclusive proof,
although studies already exist explaining the biochemical and
immunological mechanisms of these effects. Some of these
studies predate the COVID-19 era.

2. There are impressive negative statistical correlations on the
malaria / COVID-19 ratio. The countries most affected by
malaria are the least affected by COVID-19 and the most
affected by COVID-19 are the least affected by malaria. This
is not enough to establish causal relationships.

3. The first publications are also beginning to appear on a
possible malaria-trained immunity effect, that could justify
non-specific protective effects, but the scientific evidence in
this regard is still too thin and scarce to draw conclusions.

4. There is scientific evidence, well documented in recent
scientific literature, on the beneficial effects of solar radiation
(ultraviolet radiation) mediated by Vitamin D.

5. The anti-inflammatory effect of Vitamin D (which was
already known) is sufficiently demonstrated to provide some
protection against COVID-19, leading to a benign course of

the disease, with a marked decrease in the case fatality rate.
The biochemical and immunological mechanisms of this
protective effect of Vitamin D are well described in recent
scientific literature.

6. In summary: Vitamin D, calm the cytokine storm caused
by COVID-19, reinforcing the action of anti-inflammatory
cytokines and attenuating the action of pro- inflammatory
cytokines.

7. Itis important to note that the tolerance of the human organism
to high doses of Vitamin D is very large with only benign
side effects described, only after taking very high doses of
Vitamin D for prolonged periods of time.

Recommendations
Given these findings and at the present stage of our investigation,
we make the following recommendations

e That the Information and Communication programs should
include a recommendation for exposure to the sun, of a
significant part of the skin, whenever possible, for 2 periods, of
one hour each, between 10:00AM and 3:00PM.

We made this recommendation for African countries in which
majority of population have high levels of melanin in their skin.

This recommendation is nor contradictory with the current
recommendation of «Stay at Home!». The exposure to the sun
can be done in backyards, on balconies or even on the street, in
front of each house.

e The new recommendation can be «Take the Sun, staying at
Home».

*  Plasma levels of Vitamin D should be determined for all
COVID-19 patients with symptoms.

e Vitamin D should be administered, in appropriate doses, to
correct any Vitamin D deficiency.

e When it is not possible to determine vitamin D plasma
levels, vitamin D should be administered systematically to all
symptomatic cases of COVID-19.

As it is not certain that the majority of doctors know what Vitamin
D doses to prescribe, we also recommend that:

*  Doctors should be instructed on the appropriate doses of
Vitamin D to prescribe.
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Annex: Ratio Population — Number of COVID 19 cases and Case Fatality Rate

Country Population Year N° of cases Relationship Case fatality rate
Cases/Population
USSR (average) 293,941,600 2019 12,815 4.36/100,000
Russia 146,795,000 2019 5,389 3.67/100,000 0.84%
Ukraine 42,180,000 2018 1,251 2.97/100,000 2.56%
Uzbekistan 33,337,000 2019 298 0.89/100,000 0.67%
Kazakhstan 18,396,000 2019 569 3.09/100,000 1.05%
Azerbaijan 9,975,000 2018 584 5.85/100,000 0.86%
Belarus 9,477,100 2018 562 5.93/100,000 1.42%
Tajikistan 8,931,000 2018 0 0/100,000 0
Kyrgyzstan 6,350,500 2018 147 2.31/100,000 0.68%
Turkmenistan 5,943,000 2019 0 0/100,000 0
Moldova 3,548,000 2018 752 21.20/100.000 1.86%
Armenia 2,970,000 2018 822 27.68/100,000 0.85%
Lithuania 2,794,000 2019 811 29.03/100,000 1.36%
Latvia 1,921,000 2019 533 27.75/100,000 0.19%
Estonia 1,324,000 2019 1,097 82.85/100,000 1.37%
iavséf;ge];:“mpe 90,868,000 2018 13,913 15.31/100,000
Poland 38,435,000 2018 3,834 9.98/100,000 2.19%
Romania 19,525,000 2018 3,864 19.79/100,000 3.83%
Czechia 10,640,000 2018 4,475 42.06/100,000 1.39%
Hungary 9,771,000 2018 733 7.50/100,000 4.64%
Bulgaria 7,051,000 2017 522 7.40/100,000 3.45%
Slovakia 5,446,000 2018 485 8.91/100,000 0.21%
Other countries
USA 328,700,000 2019 311,637 94.81/100,000 2.71%
Italy 60,400,000 2019 124,632 206.34/100,000 12.33%
Spain 46,735,000 2018 130,759 279.79/100,000 9.50%
Iran 82,207,000 2019 58,226 70.83/100,000 6.19%
Portugal 10,292,000 2019 10,524 102.25/100,000 2.53%
South Africa 57,725,600 2018 1,585 2.75/100,000 0.57%
Nigeria 206,600,000 2019 224 0.11/100,000 2.23%
Japan 126,320,000 2019 3,139 2.48/100,000 2.45%
India 1,343,500,000 2019 3,588 0.27/100,000 2.76%

Countries of ex-USSR, of Eastern Europe, India, Japan and Nigeria
are countries with universal BCG vaccination policy.

For the Cases / Population Ratio: Green: below 3/100,000
inhabitants; Yellow: between 3 and 20/100,000 inhabitants,
Orange: between 20 and 75/100,000 inhabitants and Red: above
75/100,000 inhabitants. For the Lethality Rate: Green: Below
2.5%; Yellow: between 2.5 and 4%; Orange: between 4 and 7%
and Red: above 7%.

Data Sources

Population data (except Nigeria): Wikipedia: List of countries by
population. In: https://pt.wikipedia.org/wiki/Lista_de paises por
populagdo. Accessed at 5-04-2020.

Nigeria population data: United Nations Department of Economic
and Social Affairs. In: https://countrymeters.info/pt/Nigeria.
Accessed at 5-04-2020.

Data on cases, deaths and case fatality rate: OUTBREAK.Myj, In:
https://www.outbreak.my/world. Accessed a 5-04-2020, at 3:00PM
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