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Abstract

The patterns of COVID-19 infection in Africa remain something of an enigma. The continent has very high rates

of existing parasitemia, particularly in the regions south of the Sahara Desert, has grossly underfunded health

care resources, limited access to COVID-19 vaccines, yet appears to have contained the intensity of the COVID-

19 pandemic. No specific human genetic adaptations to COVID-19 are expected, given the recency and non-

African origins of the specific responsible virus. Broadly distributed existing human genetic polymorphisms may

secondarily affect COVID-19 attachment abilities and present the virus with a diverse host environment. The

young age of the African population and high levels of existing immunostimulatory polyparasitism, particularly

due to intestinal helminths, may stand in the way of explosive continent-wide COVID-19. We propose a coupled

model of proximal causes, age and polyparasitism influencing COVID-19 susceptibilities. Regional variation

exists within Africa in COVID-19 intensity, suggesting that additional local biocultural factors may be

contributing to COVID-19 infection at the local level.
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Introduction

In Africa, communicable and infectious diseases predominate in stark contrast to the rest of the world
where non-communicable disease predominates [1]. Additionally, many infectious diseases have
emerged or reemerged in Africa in the 21st century [2]. Broad swaths of tropical Africa maintain high
exposure and susceptibility to such viruses as Ebola, Zika, and Chichunguka [3].

Given that Africa is the most tropical of continents and the homeland of our species, Homo sapiens, it is
logical to surmise that extended exposure to tropical African biomes and the ubiquity of communicable
and infectious diseases in these regions would suggest that infectious diseases have modified the
genomes of our ancestral as well as contemporary populations. Protracted endemic exposures to
communicable and infectious disease has been the norm for most indigenous populations in Africa for
innumerable generations [4]. Because of the centuries of endemic infectious disease exposures, it is not
clear now how specific aspects of African human genetic diversity, related to infectious diseases differs
among indigenous Africans, although it is apparent that ancestry has a direct impact on an individual’s
immune response to infectious diseases [5]. While it is true that host genetic factors, along with other risk
factors may help determine susceptibility to respiratory tract infections, the genetic risk factors for SARS-
CoV-2 which explain differences within the African context are not yet known [6]. The relationships of
African genetic representation in the context of SARS-CoV-2 infection and COVID-19 severity were the
recent subject of a review paper from South Africa [6]. The researchers detailed the many forces
(economic, educational, political, etc.) that have mediated against meaningful intracontinental
comparisons. Our research confirms these findings of limited intracontinental comparisons, particularly
on the topic of genetic diversity in response to SARS-CoV-2. As biological anthropologists and evolutionary
biologists, we are naturally drawn to understanding how human genetic variation impacts COVID-19
susceptibilities, but our database is currently limited. SARS-CoV-2 invaded an African landscape already
beset by centuries of exposure to hyper immunostimulatory infectious diseases. This meant that to
develop into COVID-19 the coronavirus had to contend with the existing high levels of African genetic
diversity and already amplified immunocompetence.

Despite this, one of the earliest hypotheses of human genetic diversity’s role in response to COVID
suggested the role of a polymorphism in the angiotensin-converting enzyme 2 (ACE2) gene. ACE 2 that
has been shown as a genetic risk factor for SARS-CoV-2 infection and is required by the virus to enter cells
[7]. The most common ACE2 polymorphisms in Africans are (in order of descending population saturation)
rs142017134 (100%), rs147311723 (80%), rs464179 (60%), and rs147404721 (25%). These are considered
destabilizing SNPs in SARS-CoV2-ACE2 protein and spike glycoprotein and likely have adverse implications
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for virus entry mechanisms [8]. Of particular importance is rs142017934, which is expressed at near
fixation levels among Africans, amplifying the expression of the zinc metalloproteinase ACE2 gene [51].
Changes in ACE2 genetics influences expression and folding structure, leading to changes in function and
miRNA binding, which could influence COVID-19 susceptibility. Yet, the ubiquity of this and other ACE2
polymorphisms in contemporary Africans suggests that they have been under other, prior positive
selective forces since ACE2 is highly expressed in cardiovascular and kidney tissues and involved in the
renin-angiotensin system [9].

Additional hypotheses on human genetic diversity implicate transmembrane protease serine 2 (TMPRSS2)
and dipeptidyl peptidase-4 (DPP4), which may also play important roles in disease severity [8]. SARS-CoV-
2, for example, is spread by airway contact and uses TMPRSS2 to facilitate viral entry and spread. Host-
expressed TMPRSS2 on nasal and bronchial epithelium activates the SARS-CoV-2 spike protein and cleaves
the ACE-2 receptor to which the virus binds, enabling SARS-CoV-2 to enter the body [10]. The linear
regression of TMPRSS2 expression was found to be significantly higher in individuals of recent African
descent compared with non-Africans [11]. Dipeptidyl peptidase 4 (DPP4; also known as CD26) is a
functional receptor for human coronavirus [12]. In bats, DPP4 genes have been subject to significant
adaptive evolution and at least three DPP4 genetic variants appear to interfere with the viral surface
glycoprotein. In humans, DPP4 is a receptor for Middle East respiratory syndrome coronavirus (MERS-
CoV), a disorder that shares 80% similarity with COVID-19 [9]. Unlike TMPRSS2, DPP4 is not concerned
with the entry of COVID-19 but mediates the inflammatory reactions and cytokine storm that induced by
COVID-19 [9].

Therefore, we are limited in knowing the exact relationship between existing African human genetic
variability and its regional relationship with infectious disease risk for SARS-CoV-2 for three main reasons.
First, comprehensive assessments of African human genetic diversity are still under construction,
including a comparative African Human Genomic Reference Database [13]. Second, many of the most
recent infectious disease studies are on African migrants to Europe and North America [14]. However,
since these migrants do not necessarily represent a representative cross-section of indigenous African
populations, it is not clear that the patterns observed among African migrants reflect the importance of
these diseases on the African continent. Thirdly, unlike earlier coronaviruses, SARS-CoV-2 is a recent
pathogenic invader to Africa for which regional distinctions may not have yet saliently emerged.

Our general knowledge about the interrelationship of African human genetic diversity and infectious
diseases comes from the many studies of malaria and genetic adaptations to malaria. Often, mutations in
response to longstanding infectious diseases have high selective values and become quickly disseminated
across geospatial regions and among diverse African ethnic groups. Excellent examples of this include the
APOL1 polymorphisms associated with resistance to Human African Trypanosomiasis (sleeping sickness)
[15], the Duffy blood group polymorphism associated with resistance to P. vivax malaria [16], and the
distribution of the sickle cell mutation and variants in glucose-6-phosphate dehydrogenase in response to
endemic P. falciparum malaria [17].
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COVID-19 caused by the coronavirus SARS-CoV-2 is just the latest wave of pathogenic viruses to sweep
into Africa. What is unusual is that, in contrast to elsewhere in the world, the virus is not resulting in as
many infections and deaths. It may be that the cadence of transmission and the magnitude of morbidity
and mortality may have taken on unique African characteristics, given the existing template of endemic
infectious and communicable diseases [18]. So far, the ongoing pandemic has mainly severely damaged
the world's most economically developed countries and remains a major threat for low- and middle-
income countries [19]. As Africa is currently the least economically developed continent with the weakest
health infrastructure [20] early in the pandemic it was predicted that Africa would be significantly
adversely affected by the COVID-19 outbreak [21]. As we approach 2024, this dire prediction has
fortunately not yet been fulfilled.

Twenty years ago, the Institute of Medicine identified the key factors influencing microbial disease
dynamics worldwide, with most of these factors being over-represented in Africa [22]. The IOM’s list
included microbial adaptation and change, human susceptibility to infection, climate and weather,
changing ecosystems, human demographics and behavior, economic development and land use,
international travel and commerce, technology and industry, breakdown of public health measures,
poverty and social inequality, war and famine, lack of political will and intent to harm [22]. In this paper,
we examine some of the most relevant Africa-specific intervening factors suspected to influence the
epidemiology and disease diathesis of COVID-19 on the continent. We propose a coupled model of
proximate contributors (age and polyparasitemia) that together explain the overall lower rate of SARS-
CoV-2 infection across the African continent, we identify the likely physiological underpinnings of these
interrelationships, and then we place these findings within an evolutionary context.

Methods and Materials

To comprehensively evaluate COVID-19 in Africa and place our findings in an evolutionary context, we
consulted the latest information on the distribution, intensity, and duration of the SARS-CoV-2 virus
throughout the continent on a country-by-country basis. Three electronic databases (i.e., PubMed,
EMBASE, and ISI Web of Science) were searched without language restrictions. Relevant data were
extracted and random-effects meta-analyses conducted.

The Ensembl genome browser v. 107 (July 2022) (https://useast.ensembl.org/index.html) was consulted
for information on genomic variation in ACE2. The Genome Aggregation Database (gnomAD browser)
(https://gnomad.broadinstitute.org/) was used to investigate structural and functional changes in ACE2
due to polymorphism.

Peak infections in a pandemic curve, as determined by Infectious disease and statistical modeling
specialists, implies that the number of new cases has begun to level off rather than continuing a sharp
upward trajectory. Pandemic curves are usually symmetrical in nature with a sharp increase of cases is
followed by the plateau or peak, which then gives way to a decline in new diagnoses. Using data from the
public access Country Profiles Database of Our World in Data’s Coronavirus Pandemic (COVID-19)
Database we tracked the reported incidence of COVID-19 morbidity and mortality on a country-by-country
basis to calculate peak infections. Each country profile included the number of confirmed daily new cases,
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the number of confirmed cases since the pandemic began, any changes in the case loads, the number of
deaths reported, the extent of vaccination doses administered every day and the proportion of the
population to receive vaccination, the extent of COVID-19 testing being done to uncover COVID-19 cases,
and the general government response to the pandemic.

African countries and regions were defined using ISO definitions (ISO 3166) of United Nations designated
entries and the online browsing platform. Maps were constructed using ArcGIS, Regional clusters were
determined following United Nations designations [23] and regional anomalies (in COVID-19 prevalence)
were identified when the peak infection levels differed significantly within or between ecologically and
ethnographically contiguous areas of the continent. Comparisons in COVID-19 were made within and
between geoschematic regions of Africa.

All data used in this paper are publicly available through the World Health Organization and CDC-Africa.
Data in tables were calculated by the authors based upon publicly available data sites.

In this study, limitations in the quantity and quality of country-specific data must be noted. Some countries
counted their COVID-19 morbidities and mortalities differently and this altered some of our totals. Also,
other African countries didn’t count daily but rather weekly totals. In constructing our totals (see Figures
1 and 2 below), we made comparisons over time across and between regions after standardizing the
available data.

Ly s

AN 2022 JUN 2022

Figure 1: Progression of confirmed COVID-19 cases from January 2020 to June 2022 on the African continent.
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Figure 2: Modified United Nations geoscheme for Africa. COVID-19 morbidity and mortality rates within and
between each of these official regions are compared to detect regional anomalies in the prevalence of COVID-19.

Results and Discussion

Worldwide variation in covid-19 morbidity and mortality

Compared with other parts of the world, the incidence, intensity, and mortality due to SARS-CoV-2 is much
less in Africa than elsewhere (see Table 1), consistent with previous studies [18][6]. This is something of
an enigma, however.

Throughout the world, the SARS-CoV-2 virus is influenced by local dynamics. We have identified 10 major
factors, enumerated below, that may differentially influence the continent-wide expression of SARS-CoV-
2. These 10 factors are taken into consideration in developing our proximate coupled model of COVID-19
in Africa.
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CoViD-
. Total aVID19 | 19cases | COVIP-19 Total
Location T deaths per Covis-19
Population® Cases per 1M .
. 1M resident deaths
resident
. 7,960, 572, 396,

Worldwide 000,000 o 73,612 80.3 63,88,967
United 32,95,00,000 | 9,05,89,023 | 2,74,851 311 10,24,372
States

India 1,38,96,37,446 | 4,30,39,764 | 32,295 379 526, 167
Brazil 21,72,40,060 | 3,36,59,879 | 1,59,271 312 6,77,494
France 6,46,26,628 | 3,27,23,412 | 4,87,856 229 1,48,306
Germany | 8,37,83,942 | 3,05,98,385 | 3,67,993 171 1,43,545
United 6,78,86,011 | 2,32,12,565 | 3,49,400 269 1,82,727
Kingdom
Italy 6,04,61,826 | 2,07,72,833 | 3,44815 284 1,71,232
South 5,12,69,185 | 1,94,46,946 | 3,75,564 49 24,932
Korea

Table 1: Non-African countries with highest number of COVID-19 cases.

Corona viruses have zoonotic potential due to the adaptability of their S protein to receptors of
other species, most notably demonstrated by SARS-CoV-2, the causative agent of the SARS
epidemic, which probably originated from bats [23-24]. The availability of and access to zoonotic
hosts is highly influenced by local environmental conditions.

The genomic sequence of SARS-CoV-2 indicates it belongs to the betacoronavirus genus, an
identity of 80—-96% is reported with SARS-CoV-2 and 50% with MERS-CoV that originate in bats
(and some of the other zoonotic species implicatedin SARS-CoV2 transmission)[25-27]. The
presence of bats is non-uniform across diverse geographical ranges and the density of bats is
correlated with a number of ecological and societal variables.

Of the diverse subtypes of this virus, betacoronaviruses can cause severe illness and death, while
alphacoronaviruses cause mild or asymptomatic infection. This suggests inherent variations in the
subtypes as they interact with the environment: gene-environment interactions dictate the
magnitude of pathology. The mean incubation period was 6.38 days 95% Cl (5.79; 6.97); range
2.33-17.60 days [28]. The incubation period of the SARS-CoV-2 B1.1.7 variant, for example, is
shorter than that of other strains [29].

This virus has the ability, due to its structure, to produce the receptor binding of ACE2 from host
cells [30-34]. Since human populations differ in the distribution of specific variants of ACE2
receptors, this factor is thought to influence the proliferation of the virus.

The incubation period and the onset of symptoms of SARS-CoV-2 is an average of 5.2 days, it is
reported that the death of the infected person occurs between this period of 6 and 41 days with
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an average of 14 days. Variation in the incubation period and onset of symptoms suggests
environmental modulation.

The main reported symptoms of the upper and lower respiratory tract are dry cough, runny nose,
sore throat and dyspnea, associated with headache and fever. Some patients have reported
gastrointestinal symptoms such as diarrhea or even have very mild symptoms or can be
asymptomatic carriers. Bilateral opacities in the form of ground glass are identified on chest
radiographs and tomography [35][27]. Given this, some researchers suggested that we analyze
urine and fecal samples to exclude or identify alternative routes of transmission that can influence
viral dynamics.

Evidence suggests that person-to-person transmission is the likely route to spread COVID-19
infection [36-40][32-34]. Person-to-person transmission is highly influenced by non-genetic
factors, such as cultural practices within communities (e.g., traditional social distancing, gender
segregation, etc.).

Transmission is also facilitated by contact with contaminated surfaces through drops that expand
when coughed or sneezed [41-44]. The presence of contaminated surfaces and community access
to these are another set of environmental factors influencing viral transmission patterns.

The main cases of corona virus death occur mainly in older people, probably due to their poorer
immune systems. Thus, age has an impact on viral dynamics through the lessening of immune
competence with age. An example of this in the Western World was the well vaccinated 84-year-
oldretired US General Colin Powell suffered from multiple myeloma and died from COVID-19 after
becoming infected while his immune system was severely compromised by cancer.

Adults and children with underlying noncommunicable diseases such as diabetes, chronic
cardiovascular and lung diseases or even high blood pressure and cancer are at a higher risk of
coronavirus infection [45-46] [42-43] [47-49]. This reminds us that pre-existing conditions can
modify the settings within which SARS-CoV-2 can thrive and persist.

Covid-19 in the African Context and Worldwide
As Figure 1 shows, Africa is characterized by localized cases of COVID-19, usually concentrated in the

densely-populated capitol regions. This is in contrast to the broader urban and rural distribution of the

COVID-19 pandemic outside of Africa. Figure 3 depicts the distribution and transition of confirmed cases
of COVID-19 within Africa from January 2020 to June 2022.
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Figure 3: Relationship of COVID-19 susceptibility with Age. As age increases, susceptibility to SARS-CoV-2 increases.

The African pattern is in distinction to the pattern of COVID-19 elsewhere in the world was presented in
Table 1.

Worldwide, there are currently a total of 572,396,969 SARS-CoV-2 cases. As of July 25, 2022, deaths
reached 6,388,967 worldwide. Table 2 presents the countries with the top number of cases of confirmed
COVID-19, deaths due to COVID-19 per million residents, total deaths, and mortality rate from morbidity

per million residents.

Total COVIS- CoViIs-
COVID-19 19 cases | 19 death | Total
Total morbidity per 1M per 1M COVID-19
Location Population 1,2 | 1,2 residents | residents | morality
African
Continent 1,40,67,64,498 24,23,000 190 18 | 2,56,000
Worldwide 7,96,00,00,000 | 572.396.969 73,612 80.3 | 63,88,967

Table 2: Comparison of COVID-19 morbidity and mortality in Africa versus the World.

Human Genetic Variability and COVID-19 Susceptibility

SARS-CoV-2 susceptibility and COVID-19 disease severity are associated with genetic variants affecting
gene expression in a variety of tissues. Genetic variability in the host populations is a strong indicator that
positive selection could affect the ability of a virus to proliferate within that population. The continent of
Africa continues to maintain the greatest degree of human genetic variability worldwide. However, given
the recency of SARS-CoV-2 in Africa, it is unlikely that any relevant human genetic variability differs across
the African continent or significantly interacts with this new coronavirus. SARS-CoV-2, emerging from
Wuhan, China in December 2019 and then spreading worldwide [8], was introduced into Africa in 2020
and is thus exogenous to the continent’s indigenous people. Therefore, the African people’s contact with
this virus is of recent duration. Even for the viruses with deeper African roots such as HIV and Ebola, we
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do not see significant intracontinental regional differences in susceptibility. Soon after HIV-AIDS was
recognized, for example, researchers in the DRC cloned and sequenced the complete genomes of two
isolates obtained from Congolese patients. Their genetic organization is identical with that of isolates from
Europe and North America, confirming a common evolutionary origin. However, the comparison of
homologous proteins from these different isolates differed and this may be the level at which human
genetic variability in Africa may interface with SARS-CoV-2 disease expression.

Africa’s Demographic Age Structure and COVID-19 Epidemiology

In Africa 2050, the Hoover Institute reports a profound but simple fact about the African continent: No
general statement about African demography is true. The variation in the continent is too great for any
single generalization. Africa today includes giant countries with populations near or exceeding 100 million
(Egypt, Ethiopia, Nigeria) and tiny countries with populations under 1 million (Comoros, Djibouti, Cabo
Verde, Reunion, Mayotte, Sao Tome and Principe, Seychelles). It includes countries where fertility is rising
(Algeria, Egypt, Tunisia, Seychelles), countries where fertility is high but stable, falling by less than 1% per
year (Mozambique, the Democratic Republic of the Congo, Nigeria, and ten others), and countries where
fertility is high but falling very rapidly, 2.5% per year or more (Ethiopia, Rwanda, Kenya, Malawi, and Sierra
Leone). It also includes countries where fertility rates are exceptionally high, exceeding six children per
woman (Niger, Somalia, Chad, DRC, Mali) and countries where fertility has fallen to replacement levels
(2.1) or below (Tunisia, Mauritius). Annual population growth rates for African countries range from under
0.5% per year (Mauritius, Central African Republic, Libya) to eight times that rate, or about 4% per year
(Niger, Equatorial Guinea). Some African countries are highly urbanized, with urban populations around
60% of their total (South Africa, Angola, Botswana), while others are barely urbanized at all, with urban
populations less than 20% (Burundi, Ethiopia, Malawi, Niger, Rwanda, Uganda). And while Africa has most
of the world’s highly ethnically diverse countries, some African countries are quite low in ethnic diversity
(Burundi, Algeria, Tunisia, Egypt).

The indigenous peoples of Africa are a growing segment of the world community and these populations
tend to be younger. The large proportion of African youth reflects the historical pro-natal cultural
priorities of East, West, and Central Africans coupled with the disconnect between female education and
fertility in these regions. In 1950 the population of Africa was 177 million and it grew 7.6 times to more
than 1.341 billion in 2020. Now, Africa is the continent with the youngest population worldwide. As of
2021, around 40 percent of the population is aged 15 years and younger, compared to a global average
of 26 percent [50]. Fertility is also highly variable within Africa; South Sudan and Angola have some of the
highest population growth rates, totaling 3.83 percent and 3.52 percent, respectively [50]. Africa is quickly
recovering from the destructive population losses associated with centuries of extractive enslavement by
Europeans, Arabs, and other Africans, massive population displacements facilitated by wars, exploitative
colonialization by European and Arab powers, years of local political mismanagement precipitated by low
educational levels, and ongoing virulent endemic infectious and highly communicable diseases. What this
means is that the demographic structure of Africa is younger than populations elsewhere and since
vulnerability to SARS-CoV-2 is in part a function of age, having a younger population may provide some
level of inherent immunity to the coronavirus. Older adults (aged 70+ years) are at increased risk of severe
disease and death if they develop COVID-19 whereas pediatric coronavirus disease-19 (COVID-19)

Research Article | Jackson FLC, et al. Adv Clin Med Res 2023, 4(3)-62.
DOI: https://doi.org/10.52793/ACMR.2023.4(3)-62



https://doi.org/10.52793/ACMR.2023.4(3)-62

11

infection is relatively mild when compared to adults, and children are reported to have a better prognosis.
Mortality in children appears rare [52]. The regressed relationship between age and protection against
COVID-19 is depicted in (Figure 4).

High

COVID-19 Susceptibility

Low

High
Low Polyparasitemia .

Figure 4: Relationship of COVID-19 susceptibility with polyparasitemia. As polyparasitemia increases, susceptibility
to SARS-CoV-2 decreases. Intestinal helminths are responsible for the noted polyparasitemia.

Africa’s infectious disease burden

As reported over a decade ago, infectious diseases continue to be the major causes of mortality in Africa
[1]. HIV/AIDS and malaria are among the leading causes of morbidity and mortality on the continent [33].
Parasitic infections are widespread throughout the African tropics and sub-tropics, and infection with
multiple parasite species is the norm rather than the exception [54]. Well known existing, emerging, and
re-emerging diseases like malaria, tuberculosis, HIV/AIDS, cholera, meningitis, hepatitis, schistosomiasis,
lymphatic filariasis, trypanosomiasis, Ebola, and other complex diseases that are causing morbidity and
mortality to a wide swath of local populations in developing countries in general, and in Africa in particular
[55]. The selective burden of these infectious diseases has undoubtedly remodeled the genetic
architecture of both the human and parasite populations [56] since the impact of infectious diseases
permeates all aspects of African societies, inspiring traditional medicines, producing disabilities,
deformities, loss of productivity, increased need for care and treatment, reduced life expectancies, and
compromised fertility and fecundity. East and South Africa are perhaps the best studied regions for
patterns of parasite loads yet the patterns in these areas may not reflect the worm burdens in other areas
of the continent.

Helminthiasis is a major cause of morbidity, especially in resource-limited settings. The incidence of soil-
transmitted helminths (STHs) is approximately 50% in developed countries and reaches up to 95% in
developing countries, with Sub-Saharan Africa (SSA) having the highest burden of these infections. It is
estimated that children or preschool age account for 10-20% of those infected with STHs. The most
common of the STH infections are Ascaris lumbricoides infections, Trichuris trichiura infections, and the
hookworm infections caused by Necator americanus and Ancylostoma duodenale, In the less-developed
countries of Africa, it is common that children are parasitized with more than one species at the same
time over the course of their lifetimes. This protracted hyperparasitemia in young children results in
impairments in physical, intellectual, and cognitive development [57]. Significantly, these heavy parasite
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loads tend to affect the immune response of infected children, which may be directly related to their
subsequent responses to SARS-CoV-2 exposures.

Regarding death by infectious diseases, Africa is unique in the world; deaths caused by HIV/AIDS, malaria,
tuberculosis, and other communicable diseases are predominant. Many Africans sustain multiple
infections simultaneously [53] and this polyparasitism may be dramatically changing the environmental
context (and specifically the immunological setting) within which SARS-CoV-2 must adapt. Polyparasitism
is widespread in many communities in Sub-Saharan Africa [57] with coinfection of malaria and intestinal
helminths is among the most common polyparasitic infections. In a recent survey of Nigerian, West African
children, a total of 405 children were infected with polyparasitism, 66.17%, 30.12%, and 3.70% for double,
triple, and quadruple parasite infections, respectively. Plasmodium falciparum and A. lumbricoides
(30.12%); P. falciparum, A. lumbricoides, and T. trichiura (14.81%); and P. falciparum, A. lumbricoides, T.
trichiura, and E. histolytica are the most prevalent double, triple, and quadruple parasitic infections
recorded [57]. In this West African study, the risk of polyparasitism increased with a child’s age. Figure 5
reflects the regressed relationship between simultaneous infection with multiple intestinal parasites and
protection from COVID-19.

Young age and
High polyparasitemia

High

Old age and
Low polyparasitemia

Protection Against
COVID-19 mortality

Young age and
Low polyparasitemia

e

Old age and
High polyparasitemia

Low

Interactions of Age and Polyparasitemia

Figure 5: Relationship of COVID-19 susceptibility to Age and polyparasitemia. These interactions produce two
possible blunted parabolic curves. The optimal response to protection against COVID-19 mortality is with Low
chronological age and high polyparasitemia with intestinal helminths. Our model suggests that in the interactions
of age + polyparasitemia with helminthiasis, older and low polyparasitemic populations are the most vulnerable to
COVID-19 mortality.

Polyparasitism’s Effects on Covid-19

Polyparasitemia refers to the quantitative content of parasites within a host organism and is used as a
measure of parasite load. Polyparasitemia is also indicative of the degree of active infection. Multiple
parasites concomitantly affect a single host and interact with the host and with each other. The
evolutionary question in polyparasitism is how does this protracted history of chronic exposures to a
panorama of highly infectious pathogens influence African responses to SARS-CoV-2? Co-infection with
intestinal parasites is associated with reduced development of severe COVID-19 in Africa [58]. Could the
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low incidence of COVID-19 in Africa reflect the confounding effects of endemic malarial parasitemia [59]?
The condition of co-infection with multiple parasites may mute hyper-inflammation associated with
severe COVID-19, affecting the phenotypes of infected individuals such that, hypothetically, the selective
impact of the coronavirus is somewhat thwarted. Specifically, intestinal parasites may stimulate the
immunosuppressive and regulatory T-helper 2 (TH2) branch of the immune system, which decreases
ACE2-receptor expression. These are the receptors that SARS-CoV-2 preferentially uses to infect host cells.
Could polyparasitism balance the inflammatory TH1/TH17 branches of the immune system triggered by
SARS-CoV-2 infection? There are shared, common immunodominant epitopes and cross-immunity
between COVID-19 and malaria and that give strong evidence as to how malaria and malaria-co-infected
individuals might be protected against COVID-19 [59]. Ultimately, Africans exposed to COVID-19 may
experience reduced inflammation through the release of anti-inflammatory/regulatory cytokines [60].
Because intestinal helminthic infections are common throughout Africa and affect the most vulnerable
and marginalized members of society, it is especially important to consider how these parasites may
impact COVID-19 outcomes. Polyparasitism in Africans may thus impact their immunogenetics, their
behaviors, and other factors influencing the viability of the coronavirus.

Relationships Between COVID-19 Susceptibility, Age, and Polyparasitism

The reasons for the relative resistance of children to some infectious diseases remains obscure, but it has
been suggested [61] that children have a more active innate immune response, healthier respiratory tracts
because they have not been exposed to as much cigarette smoke and air pollution as adults, and fewer
underlying metabolic disorders. The innate immune system is the first to respond to pathogens and does
not retain memory of previous responses and the innate immune responses are evolutionarily older than
adaptive immune responses. It may be that among young Africans, youthful age presents a more adverse
environment for SARS-CoV-2 proliferation and growth.

Both humoral and cellular immune responses are involved in the pathophysiology of COVID-19 disease,
where the principal and effective immune response towards viral infection is the cell-mediated immunity.
Humoral immunity and cell-mediated immunity are two types of an adaptive immune response. The
immaturity of the infant immune system alters the outcome of viral infections, but at the same time, viral
infection shapes the development of the infant immune system and its future responses [63]. Lower levels
of cells known as monocytes, including inflammatory monocytes, act as a bridge between the innate and
adaptive immune systems. Children appear to mount a less robust adaptive immune response because
their innate response was more efficient at eliminating the SARS-CoV-2 threat. Therefore, we hypothesize
that it may be this age-associated immunological pliability that is the basis for the positive correlation
between age and COVID-19.

Helminth parasites can be tissue dwelling or intestinal, but all induce a dramatic activation and expansion
of the Th2 lymphocyte subset. These Th2-derived responses, including IgE, eosinophilia and mastocytosis,
are important in the protective immune response to the parasite [60]. Helminth exposure tends to inhibit
IFN-y and IL-17 production, promote IL-4, IL-10, and TGF-B release, induce CD4+ T cell Foxp3 expression,
and generate regulatory macrophages, dendritic cells, and B cells [61]. Helminths modulate inflammatory
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and metabolic pathways in infected humans and polyparasitism may only amplify this response.
Therefore, we propose a negative correlation exists between polyparasitism and COVID-19 (as depicted).

When age and parasitemia are combined and contrasted with COVID-19 susceptibilities, two coupled,
muted parabolic curves are produced (Figure 5). Mediation of this curve is primarily immunological: The
interaction between the SARS-CoV-2 virus and the individual's immune system determines the onset and
development of the disease significantly. Both age and parasitemia interact as depicted in Figure 5.

Current Regional Geospatial Distributions of Covid-19 Hot-Spots

As of June 2022, Africa had 518,356 active cases of coronavirus (COVID-19). The top five African countries
with high COVID morbidity and mortality span the diverse geospatial regions of the continent. Libya was
the leading country, followed by Algeria. The countries reported 75,859 and 58,238 people still infected
with the disease, respectively. By the same date, the cumulative number of SARS-CoV-2 in Africa reached
more than 8.39 million, while there were 211,853 deaths due to the disease, and 7,661,242 recoveries.
The overall patterns of COVID-19 morbidity and mortality different regionally as the disease transitions
through diverse geospatial regions of the continent.

SARS-CoV-2 infections and deaths are not uniformly distributed throughout Africa. Within broad
geospatial regions of Africa, there are notable country (and presumably ecologically-specific) hot spots
right next to adjacent regions with significantly lower frequencies. We can only surmise that the virus is
greatly affected by local dynamics and that these regional geospatial differences affect viral transmission
dynamics and virulence. The highest number of cases (over 100,000) are currently in South Africa (2.9
million), Morocco (933 thousand), Tunisia (707 thousand), Ethiopia (346 thousand), Libya (340 thousand),
Egypt (305 thousand), Kenya (249 thousand), Zambia (209 thousand), Nigeria (206 thousand), Algeria (203
thousand), Botswana (179 thousand), Mozambique (151 thousand), Zimbabwe (131 thousand), Namibia
(128 thousand), Ghana (127 thousand), and Uganda (124 thousand). However, these numbers do not
consider variations in the total populations of these countries, the regional distributions of their
populations, the age structure and presence of comorbidities, and whether each country has reached
their predicted country-wide peak in COVID-19 morbidity and mortality.

Regional Anomalies in Uniform Covid-19 Distributions

CDC Africa regularly reports regional variation in COVID-19 morbidity and mortality. From a regional
perspective, there appear to be several seeming anomalies where countries with similar ecologies and
overlapping ethnicities have vastly different reported levels of SARS-CoV-2 infection and death. On closer
inspection, there are some regions of Africa within which there appear to be anomalies (i.e., unusual
disparities) in the distribution of the coronavirus, despite often contiguous ecological and ethnographic
continuity between regions. These include --

Covid-19 frequency anomalies within the east african cluster
In this part of continental Africa Tanzania has only reached <1% of its peak, yet Kenya is already at 3%,
Uganda at 1%, Rwanda at 1%, Burundi at 3%, South Sudan at 5%, while Somali at 10% of its peak, Ethiopia
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at 7%of its peak, and Eritrea at 24% of its peak. In the United Nations Statistics Division scheme of
geographic regions, approximately 16 territories make up Eastern Africa.

COVID-19 frequency anomalies within the central african cluster

In this part of continental Africa, the Democratic Republic of the Congo is already at 9% of its peak, the
Republic of the Congo is at 16% of its peak, yet the adjacent country of Zambia is at <1% of its peak, nearby
Malawi is at <1%, Zambia is at <1%, yet to the west, Gabon is at 18% of its peak.

COVID-19 frequency anomalies within the north african cluster

Morocco and Western Sahara only show 1% and <1% of their peaks, respectively, yet adjacent Algeria is
11% of peak, Libya is 19% of peak, Egypt is 51% of peak, and Sudan is 14% of its peak. What makes Morocco
and Western Sahara so much more behind Egypt, for example, in peaked COVID-19?

COVID-19 frequency anomalies within the south african cluster

In this part of continental Africa, South Africa is already at 23% of its peak, yet the countries that are
adjacent to South Africa are much lower: Namibia is at 1%, Botswana is at 2%, Lesotho is at <1%, Esivatini
at 1%, Mozambique at <1% and Zimbabwe is at 2% of its peak.

COVID-19 frequency anomalies within the west african cluster

In this part of continental Africa, Mali (24% of its peak), Niger (36% of its peak), Mauritania (23% of its
peak), and Burkina Faso are much more similar in COVID-19 infections than to the adjacent West African
countries of Nigeria (4% of its peak), Ghana at 4% of its peak, Togo at 2%, Benin at <1%, Ivory Coast at 4%,
and Cameroon at 6%.

We are intrigued by the frequent lack of regional continuity in the intensity COVID-19 infections and
deaths despite the recency of SARS-CoV-2 in Africa. Are these discrepancies simply a difference in
documentation, inherent local biocultural practices, or are other variables at play? In regions with
currently low intensities of COVID-19 morbidity and mortality, is this the “calm before the storm”? Can
we expect a major intensification of SARS-CoV-2 infections and deaths in the future? Or are we simply
seeing some level of inherent protection against severe coronavirus in African populations? The jury is
still out on this. It is worth noting, however, that of the African countries nearest their peak of infection
and death, the following have reported an increase in the average number of infections over the last 2
weeks: Eritrea, South Africa, Algeria, Democratic Republic of the Congo, and Tanzania.

Future Predictions for Covid-19 in Africa

It has been suggested that West and Central Africa could see a rise in HIV infections and AIDS-related
deaths in a few years due to disruptions in health services because of the COVID-19 pandemic. So,
although frequencies of COVID-19 morbidity and mortality may not swell, their ecological presence may
set the stage for an exacerbation of the lethal consequences of existing infectious and communicable
diseases. The recent emergence of the omicron variant (B.1.1.529) of SARS-CoV-2 in southern African
nations is potentially ominous. As of this writing, a new variant of coronavirus with multiple unique
mutations and apparently high transmissibility has now supplanted the delta variant of SARS-CoV-2 on
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much of the African continent. This new variant is considered a variant of concern by the World Health
Organization, particularly in southern Africa. Here, it appears to be driving new surges of infections and
the variants appear to have evolved independently from the delta variant.

Compounding the problems associated with the emergence of new variants of the virus is the continuing
issue of underreporting of COVID-19 infections due to under detection in Africa. The World Health
Organization notes that only 14.2% of COVID-19 infections are being detected in continental Africa. The
major problem may be that very few tests have been administered and the opportunities to become
vaccinated with the existing medications are low for the average African. Most Africans do not
traditionally go to a health facility when COVID-19-like symptoms appear and these are the locations
where testing would occur if it is available. More testing means better detection, faster isolation, less
transmission, and more lives preserved. The potential for gaining an accurate account of the magnitude
of COVID-19 infection is compromised under these conditions.

SARS-CoV-2 represents a pathogen to which humans have limited to no evolved immune response [60].
If not balanced and controlled, the most severe symptoms of this coronavirus infection are associated
with overactive inflammatory immune responses, leading to a cytokine storm, tissue damage, and death.
Anti-COVID-19 vaccines could play a huge role in reducing human susceptibilities to the virus. According
to WHO, Africa will need more than 900 million vaccine doses to fully vaccinate 40% of its population, yet
as of January 10th, 2022 it had procured only 492 million [64]. In December 2021, less than 9% of the
African continent was fully vaccinated [64]. The rate limiting factor seems to be the slow pace of providing
vaccinations more than vaccine reluctance among the indigenous populations. The inequity in COVID-19
vaccine distribution is prolonging the COVID-19 pandemic, facilitating the emergence of new molecular
variants of the virus with the potential for immune evasion, increased disease severity, and further global
spread.

We suggest that today, a combination of exculpatory factors, youth, generally low population densities in
rural Africa, endemic exposure to helminthiasis, all support an evolutionary medicine hypothesis for
COVID-19 in Africa. Chronic intestinal parasites may play an important role in dampening SARS-CoV-2
symptoms and mitigating the worst COVID-19 outcomes, as initially suggested [60]. We have taken this
hypothesis a step further and characterized the likely immunological underpinnings of the
interrelationships of age and polyparasitism on COVID-19 in Africa. Despite the vaccine nationalism that
continues to preclude African access to the vaccines [64], Africa’s underlying human genetic diversity,
longstanding exposures to immunologically stimulatory infectious diseases, young age structure, and
current willingness to apply available public health measures (e.g., masking, hand washing, social
distancing), appear to blunt the catastrophic aspects of COVID-19 endemicity.
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