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Abstract

T his paper expands on our previous report of a striking fact: the low prevalence of the
Covid-19 disease in tropical and subtropical areas of the world coincides with the areas
of global high prevalence of helminth infestation. In the former paper, we asked if this
could be due to a predominant immune phenotype in the populations chronically
infected by helminth parasites. We then quoted literature that confirms the high
eosinophil counts in the general population of helmint prevalent regions. Now, in this
paper, we delve into the different biological mechanisms behind this observation and
describe how chronic helminth infection closely correlates with a type of immune
phenotype that is characterized by high levels of eosinophils and a stifled inflammatory
response. We also argue that this phenotype is the perfect setting to avert both the
infection with the Covid-19 virus and the Acute Respiratory Distress Syndrome (ARDS)
that is the main cause of death from the disease. In this model, the viral infection
would be prevented mainly by the action of the overrepresented eosinophilic cells with
strong activity against RNA-virus like the SARS-CoV2. On the other hand, the basal low

immune reactivity, as present in chronic helminth infected people, would make very
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unlikely the cytokine storm that is at the core of the development of ARDS. Our main
hypothesis therefore is that chronic helminth infection, and the immune consequences
thereof, is the main reason why the Covid-19 pandemic have a relatively much lower
presence in the millenarian global helmith belt than in the modern urban "dewormed"
world.

This model has important implications to 1) the way we deal with the pandemic in the
countries of the helminth belt and 2) to design or repurpose drugs that promote the

activation of the Th2 immune system and the eosinophils thereof.

INTRODUCTION

In a previous post of April 27th, we advanced a compound theory that explains why
allergic asthma and atopia are protective factors against the Covid-19 disease. Our main
conclusion was that, in allergic people, there is a shift towards a predominant Th2 type of
immune response. In that paper, we also suggested that this immune signature would
probably be the reason why modifiers like living in areas with high helminth prevalence or
being an active smokerl'1[?] could paradoxically be protective against Covid-

19, given that both preconditions have one thing in common: an activated Th2 immune

system!3l and a high eosinophil count.

The Eosinophilic link in Allergic Diseases

With a big brush, the Th2 immune system is characterized by the presence of
predominantly attenuated tissue damage responses and accentuated tissue repair
mechanisms[#I>16] This can be fittingly represented by the overwhelming presence in
allergy subjects of two types of cells that are the main workforce of the Th2 phenotype:
1) the Alternatively Activated M2 macrophage, a type of macrophage that is less
inflammatory and more reparative than the classical M1 type (the one involved in the first
wave of immune defense against foreign invaders)[”), and 2) the eosinophil, a type of
terminally differentiated granulocyte cell’®! that, besides being a principal agonist in

the pathophysiology of asthmal®}, is also a powerful anti-viral celll' 91" 1], equipped with
what is surely the best weapon arsenal that a single cell can have against RNA viruses
(viruses like the one causing the Covid-19 disease). Indeed, the hallmark of Eosinophils is
the overwhelming presence in their cytoplasm of a type of granules, the so called specific
eosinophilic granules!' 23] that are fully loaded with two molecules (the RNAses EDN
and ECP), that are tailor made to annhilate RNA viruses[ 4112161 That a single cell can
have such a specialized feature is unique in nature and speaks volumes of the role of
eosinophils as potential first line defense cells in the fight against viruses like the SARS-

CoV2 virus!! 7101810191,
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Helminths

Helminths, or worms, are invertebrate animals that comprise a whole range of different
pathogens able to affect human health. These parasites are included under two major
phyla: the nematodes (or roundworms) and the platyhelminthes (also known as
flatworms), the latter in turn being subdivided into trematodes (flukes) and cestodes
(tapeworms).

Some of them like hookworms, ascaris lumbricoides, or trichiura trichiuris have an oral-
fecal mechanism of transmission while others like hookworms or Ancylostomas find their
way into the host's blood vessels through the exposed skin. Others, like the wurchereria
bancroftithat causes lymphatic filariasis or the onchocercavolvulus causing the river-
blindness disease, are transmitted through permissive diptera. Finally, some helminths,

like the Trichinella spiralis are acquired by ingestion of contaminated meat!20121],

Although helminth parasitic infections have been largely eliminated in developed countries
(due to control of the insect vector population by the safe disposal of human waste and
the availability of efficient drugs), helminths still infect a vast number of people all over
the world, and it is estimated that soil-transmitted helminths alone, cause infection in
more than 1.5 billion people, or 20% of the entire human populationl??l, As we will see in
the map section of the paper, the human population exposed to helminth infection is
mainly concentrated in the so called economically disadvataged and/or developing world,
including some South and Central American patches, most of tropical and subtropical
Africa as well as Southern Asia, in what we call the global helminth belt(?3124]. Most, if not
all, of the countries therefrom are heavily hit either by poverty, poor sanitation, low

access to minimal health services or by all of them together[2>11261127],

Immune response to helminths and the global eosinophilic belt

Parasites are extremely adept to moulding themselves to the environment and, most
importantly, to evading the host defense system. Over the ages metazoan

parasites have learned to survive for very long periods within the bloodstream,
lymphatics, liver, or the gastrointestinal tract of their hosts resulting in pathologic

conditions such as anemia, cirrhosis, and lymphatic filariasis2%/,

Upon a first encounter with helminths, human tissues react as they would against any
other foreign invader (be it virus, bacteria, molds or protozoans). Inthose tissues
serving as doorway to the parasite (lung or intestinal mucosae, skin), there is an

immediate immune reaction that begins with the activation of the so called innate
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immune system. T his system is present in most exposed tissues of higher organisms
and is akin to a "face recognition system", by which foreign molecules are immediately
spotted by pattern recognition receptors on epithelial cells and some cells of the immune
system. Upon identification of alien molecules, the system's alarms go off in the form of
molecular cascades leading to the rapid recruitment of inflammatory cells to the site of
the invasion??1391, Against common unicellular pathogens like bacteria or viruses, this
reaction is characterized by the activation of a Th1 type of immune response that
includes the production of proinflammatory cytokines (TNFa, IL-1B, IFNy IL-12, etc.) and
the classical activation of M1 macrophages involved in pathogen killing and
phagocytosis. With higher multicellular parasites like helminths, however, it is a whole
different story. In fact, most helminths find a way, through different molecular tricks, to
avoid the fearful Th1 immune reaction and, instead, invoque the activation of the Th2
network, a completely distinct reaction of the immune system with often opposite

effects to the Th1 activation3'],

The ways parasites orchestrate such a response are diversel3?l and hold a common
purpose: to promote the symbiotic survival of both parasite and host. In order to achieve
this goal, upon infection, most parasites release products that have enzymatic activities
to modify both parasite and host molecules leading to either degradation of anti-
parasitic molecules3I34] or to the inactivation of the innate immune system 21351, This
usually results in the production of alternative cytokines (IL-4, IL-5 and IL-13) instead of
the classical proinfllmmatory hormones (TNFa, IL-1B, IFNY) of the activated T h1
response. T herefore, the new cytokines trigger the mobilization of a whole array of
different cells (Th2 lymphocytes, IgE producing B cells, Mast cells, Basophils, Eosinophils
and M2 macrophages) as well as molecules that altogether result in a more lively
environment for the parasite and a manageable damage for the host (in the form of
some tissue lesion, granuloma formation, fibrosis, etc. depending on each type of

parasite).

Importantly, in the so called chronic state of infection, parasites engineer strategies to
maintain the host in an immune "silent" state. Most in the field agree that parasitic
helminths (worms) modify the immune system of their host to avoid immune ejection, a
strategy that promotes their long-term survival and results in chronic infection, but that
also has a bystander positive effect by protecting both the host and the parasite against
the onset of inflammatory disorders that result from a dysregulated immune
responsel36137138] perhaps the best example of that scheme is wuchereria bancroft;

the helminth that causes lymphatic filariasis. Wuchereria secretes a phosphorylcholine
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moiety (called ES-62) that does it all. Upon secretion, ES-62 inhibits the production of
proinflammatory cytokines like IFN-y, suppresses antibody production by blocking the
interaction between CD4+ cells and B cells, and activates the production of the anti-
inflammatory cytokine IL-10 and stifles the Th1 pathway [3°11401, |ts anti-inflammatory
activity is so powerful that it has been proposed as a treatment for auto-immune

diseases and even for lung fibrosis!*'142],

We have to assume that this state of immune silencing is most likely occurring in around
2 billion people living in the helminth belt today. That this immune signature protects
these people from the SARS-Covid19 and therefore explain the relatively low
pervasiveness of the Covid-19 disease in the helminth belt can be shown through
different means. We have chosen to show it graphically by comparing interactive

global maps that indicate a clear negative correlation between helminth prevalence and
Covid-19 infectivity and, importantly, mortality. More precise statistical analysis will be
done in due time but for now, maps will serve just to illustrate the main arguments in the
paper which are essentially based on our own personal interpretation of the previous

scientific literature.

COMMENTS ON THE FIGURES
1. Covid-19 deaths per million people.

First, we present mapped data on the current world situation of the Covid-19 pandemic.

Epidemiological data in the media or in the literature are usually presented either as
infection (confirmed by gqPCR) by country, per million, or as absolute death numbers by
country. We chose to compare the confirmed infection rate per 10° from Google to our
data consisting in deaths per million people by country. We think that deaths per million is
a more accurate display of the crude data. And this for several reasons: Due to a lack of
testing in many countries as well as the virus's ability to spread in people who don't show
symptoms, counting the number of true infections turns out to be very difficult3. In
addition, weather conditions can have an impact on the prevalence of respiratory
diseases that have symptoms similar to COVID-19, likely influencing the number of tests
performed on people with respiratory symptoms (the Russia case)“*]. For the same
reason, Case Fatality Rates (deaths/confirmed infections) are not a valuable statistic
since is depending upon the testing policy in each country, inducing a bias for lower rates
in aggressively testing countries*>] as shown in figure 1A, where Russia appears as a
high prevalence country, in contrast to figure 1B, where "deaths per million" perhaps

gives a more realistic picture of the current situation in that country . Finally, crude deaths
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per country, although an approximate measure is still not amenable to a true heat map
for disease penetrance. In sum, we believe that death per million people is the closest to
a fine approximation of disease prevalence/penetrance. One has to discount however
some confounding factors that can influence the final death rate data. For instance,

the Quality of the Health Care System of each country can obviously influence the
disease outcome, or, on a more general and less quantifiable side, the political bias

applied to death counting as we have recently seen 461,

Covid-19 map as a photo negative of global helminth infection prevalence.

In figure 2 we compared the death per million rate map (2A) with other maps
representing the most recent available prevalence data for several helmith subspecies,
including soil-transmitted helminths (2B), lymphatic filariasis (2C) and river blindness
(caused by the nematode onchocerca volvulus) (2D). Also, as an example, we present the
maps of two Caribbean countries that share a relatively long land border and have very
different prevalences o both soil-transmitted diseases and lymphatic filariasis (Haiti high
prevalence, Republican Republic low or very low). Importantly, the Covid-19

disease infection and death rates are also very disparate in those two countries, with a
clear negative correlation between parasite occurrence and Covid-19 disease
morbi/mortality’]. The map panelalso includes mapped data representing a proxy for
helminth infection (the country sanitation status). To summarize this panel, we
appreciate a strong correlation of low covi-19 morbi/mortality with high helminth
prevalence. As expected, the one that more precisely overlaps with covid-19 is the map
of soil-transmitted helminths and lymphatic filariasis as well as their probably

closest proxy of soil-transmitted helminths, the map of sanitation status (whereby poor

sanitation correlates with helminth infection)48!.

DISCUSSION

In our previous report, we went thoroughly across the biological events that most likely
take place during the first days in the physiopathology of the coronavirus SARS. Among
the key features, we mentioned the activation of a particular aspect of the innate
immune system (the TLR7 receptor) as the more plausible centerpiece underpinning the
hyperinflammatory state in the SARS-Covid-19 disease. By activating its natural
intracellular receptor (TLR7), the SARS-CoV?2 virus could trigger a massive unopposed
inflammatory reaction within the lung. At the same time, the TLR7 activation, as
described before, could drive the silencing of the natural counterbalance of the

uncontrolled inflammation: the Th2 system!3l,
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In the present post, we show that the high parasite prevalence in the so called helminth
belt could be of huge relevance to the way the Covid-19 disease is spreading and causing
death accross the globe. Now we believe that, through the chronic infection of roughly 2
billion people living in the belt, infected individuals are adquiring a singular chronic immune
predisposition that protects them from 1) being infected by the Covid-19 virus and 2)

from suffering the lethal complications of this viral disease.

1. Resistance to infection by the SARS-Cov2 virus in the helminth belt: the
eosinophilic link

The data are stubbornly telling us that Southern Asia and, especially Africa not only have
lower death rates than the rest of the world, they also have less confirmed infections.
Efforts have been made, particularly in Africa, to link the low morbi/mortality rates by
Covid-19 to many possible influencers, among them, the median young age of the
African population, population density variables, climate, etc[*?I20I511 Al of them do not
achieve statistical relevance by any means. Adding to the state of confusion, what people
often forget is that Africa has rapidly become the number 1 continent in prevalence of
hypertension in adults™?). And, as we know, hypertension is the number 1 killer

precondition in the Covid-19 pandemic[>3l.

That people in the helminth belt could be protected from viral infection can be inferred
from the high levels of eosinophils that are prevalent in those areas P41[>°1(56] - As we

have shown before, due to their very specific payload of antiviral proteins, eosinophils are

the best placed candidates to fill the role of first line anti-viral defense in the helminth belt.

The role of eosinophils in the Covid-19 disease could be specially relevant since the SARS-
CoV2 virus, in contrast to the SARS-CoV1 of the 2003 outbreak, seems to be particularly
adept at suppressing the first lines of defense against viruses. In fact, the SARS-CoV2
genome contains several open reading frames (ORF) that appear to be specialized in
stifling various aspects of the body's anti-viral strategies. T his includes blocking the
Interferon responsel>/1>8] or decreasing the expression of the MHCI receptor which is
essential for viral recognition by the CD8+ Cytotoxic T Cells (CTL) [°°, Eosinophils on the
other side are known to kill viruses through different mechanisms including the already
mentioned RNAses in the specific granules, the production of nitric oxide®?6] or

the increased expression of host antiviral proteins like IRF-7, IFN-betal®Zland MIP-

1alphal®3l,

2. When infected by the SARS-CoV2 virus, the Covid-19 disease is less lethal in
the helminth belt: the Th2-1L-10 link
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The phenomenon of parasite-mediated immune suppression was first observed in the
1960s by Greenwood as a remarkably low prevalence of autoimmune diseases in
Nigerian hospital admissions. Greenwood summarized his discovery as follows: “It is
suggested that the infrequent occurrence of autoimmune disease in parts of tropical
Africa is related to the immunological disturbance produced by multiple parasitic

infections"[64],

Sixty years later, we know in every detail what Greenwood brilliantly observed and
interpreted. In fact, helminth infection produces a whole array of effects, all of them
leading to a state of basal low immune reactivity. T his is best described by the so called
Th2-IL-10 axis. IL-10 is an anti-inflammatory cytokine abundantly produced by the Th2
CD4+ lymphocytes. During helminth infection, it inhibits the activity of Th1 cells!>]

, suppresses the bidirectional crosstalk between NK cells and myeloid dendritic cells
(DCs)[®®], inhibits CD8+ cytotoxic T cell function and directs macrophage polarization to
an immunosuppressive phenotypel®’], all of which are needed for optimal pathogen
clearance but can also contribute to tissue damage, specially when they get out of
control®8], Also, helminth infection is frequently associated with the expansion of
regulatory T cells (Tregs). Tregs are a subset of TLRless T lymphocytes that patrol the
body to assuage inflammation and avoid self-damage by an over-activated immune
system[®?], Finally chronic helminth infection selectively populates the immune system
with Th2 CD4+, Th9 CD4+ cells, and their effectors, Basophils, Mast Cells, and above all,
Eosinophils7O1711, All together, this showcases how helminths, over the ages, have
designed a perfect ecological environment in which the survival of the host is probably as
important as its own perpetuation. To summarize, chronic helminth infection produces a
immune "dormant” state that is driven by the Th2-1L-10 axis that fits perfectly into its
plan of maintaining the host alive (by preventing host's self-immune aggression), while
suppressing the potential anti-parasite activity of the innate and adaptive immunity

(including Th1 CD4+, CD8*, NK cells)[”2],

We, along with many others, have previously shown that what leads to the Acute
Respiratory Failure in the Covid-19 disease is not the viral infection (i.e. the viral load)
itself, but the extremely intense and seemingly uncontrolled inflammatory reaction as
seenin the lungs of these patients!’3], and we all agree that aggressively countering this
reaction is the obvious therapeutic approach to prevent the fatal outcome of the
disease. In fact, immunosuppressants seem to have beneficial effects over the general
outcome of the disease even when given as compassionate drugs in very severe

casesl74I751l76] |n an early paper, we have proposed the use of local
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immunosuppressants (i.e. through inhalers) early on during the course of the disease.
We even suggested to start treatment as soon as the first flu like symptoms appear
(particularly in groups of people at risk of developing serious complications) or even to
administer the inhalers as a preventive measure in asymptomatic people living in very
high risk environments like nursing homes (DOI: 10.5281/zen0do0.3821979). T he
argument being that the sooner we start with the treatment the more efficient the
immunosuppression will be before the cytokine storm starts shaping up in the lung's
alveoli. By realizing that chronic infection with helminths does just that (to be able to face

the disease with a muffled immune system), we now have come full circle.

To sum, we believe that chronic helminth infection provides infected people with an
unexpected wealth of protective mechanisms against the Covid-19 disease and its lethal
complications. T his can be suitably articulated using a two legged model, whereby
eosinophils, as abundantly present in helminth infected people, by preventing the viral
replication in the epithelia, would represent the first leg. T he other leg in this model, the
Th2-IL-10 system, would be of extreme importance, since it would avert the building up

of the stormy uncontrolled auto-immune reaction as seen in the lungs during SARS.

Figure 1. Comparative mapping of Covid-19 morbi/mortality

A. Google map representing confirmed infection rates by a blue gradient (higher -->
lower, intense blue --> light blue). B. Recent data are displayed in a heat map that shows
countries with a low death rate due to covid-19 in green (light green for less than 4

deaths per million and deep green for less than 1 death per million people).

Figure 2. Maps of helminth prevalence compared to Covid-19 disease mortality
rates

A. World map of Covid-19 disease in deaths per million (light green for less than 4 deaths
per million and deep green for less than 1 death per million people). B. World map
showing Prevalence of soil-transmitted helminths. C. World map of prevalence of
lymphatic filariasis.

D. Onchocerciasis in Africa (Source: DALYs-WHO). E. Comparison of lymphatic filariasis
endemism (E2) with Covid-19 death rates in Haiti vs Dominican Republic (E1). E. World

map showing the degree of implementation of sanitation facilities by country.

Figure 3. Physiopatogenesis of the influence of helminth driven immune
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"silencing" on the viral infection rates and the odds of developing SARS

The lower part of the drawing describes the series of events that likely take place during
the infection of the SARS-Cov2 virus on people at risk of developing SARS (hypertensive,
diabetes, COPD, cancer). As described, this risk group is characterized by a basal
chronic activation of the immune system(’/1l8] that upon viral entry and replication will
unfold the cytokine storm that is the trigger of SARS. At this point, the viral load will be
irrelevant for the outcome of the disease.

The upper part depicts the most likely scenario in chronically helminth infected people,
where the virus will first encounter a dense barrier of eosinophils. It is anticipated that
after this encounter there will be a mild viral infection or no infection at all. Should some
viral particles be able to replicate, the local alveolar innate immune system wouldn't
present much fight with the neat consequence of a typical viral respiratory infection but,

most importantly, without SARS.
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