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The COVID-19 pandemic in sub-Saharan Africa: The significance of presumed immune sufficiency
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Abstract

A novel coronavirus known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first reported in China in 2019 and later ignited a global pandemic. Contrary to expectations, the effect of the pandemic was not as devastating to Africa and its young population compared to the rest of the world. To provide insight into the possible reasons for the presumed immune sufficiency to coronavirus disease 2019 (COVID-19) in Africa, this review critically examines literature published from 2020 onwards on the dynamics of COVID-19 infection and immunity and how other prevalent infectious diseases in Africa might have influenced the outcome of COVID-19. Studies characterising the immune response in patients with COVID-19 show that the correlates of protection in infected individuals are T-cell responses against the SARS-CoV-2 spike protein and neutralising titres of immunoglobin G and immunoglobin A antibodies. In some other studies, substantial pre-existing T-cell reactivity to SARS-CoV-2 was detected in many people from diverse geographical locations without a history of exposure. Certain studies also suggest that innate immune memory, which offers protection against reinfection with the same or another pathogen, might influence the severity of COVID-19. In addition, an initial analysis of epidemiological data showed that COVID‑19 cases were not severe in some countries that implemented universal Bacillus Calmette–Guerin (BCG) vaccination policies, thus supporting the potential of BCG vaccination to boost innate immunity. The high burden of infectious diseases and the extensive vaccination campaigns previously conducted in Africa could have induced specific and non-specific protective immunity to infectious pathogens in Africans.
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Introduction

In December 2019, a group of pneumonia cases of undetermined origin where patients presented with clinical signs that resemble viral pneumonia was first described in the city of Wuhan, Hubei, China.1 Analysis of samples from the lower respiratory tract by deep sequencing implicated a novel coronavirus that was named 2019-nCoV.1,2 On 11 March 2020, the World Health Organization (WHO) declared the coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a worldwide pandemic. As of 07 September 2021, SARS-CoV-2 had cumulatively infected over 224 686 497 people and caused 4 566 167 deaths in 225 countries, with a case fatality rate of 2.1%.3 The spectrum of COVID-19 manifestation may vary from a self-limiting mild respiratory tract infection to a severe pneumonia that could lead to the failure of multiple organs and death.4 The common symptoms, including fever, cough, and difficulty in breathing, typically emerge within 2–14 days after exposure.4,5 Certain individuals may, however, exhibit minimal or no symptoms even with a positive reverse transcription polymerase chain reaction test.6,7,8,9 The risk of death is greater among older or immunocompromised patients,10 and the ability of asymptomatic individuals to efficiently transmit the virus11 has made it difficult to control the epidemic.6

Coronaviruses are characteristically single-stranded, positive-sense RNA viruses that disseminate widely in birds, humans, and other mammals, and can cause enteric, respiratory, neurological, and hepatic diseases.12,13 Six species of coronavirus species cause human diseases, and four of them, NL63, HKU1, hCoV-229E, and OC43, are predominantly responsible for mild respiratory infections.14 The first SARS-CoV, which emerged in 2002,15,16,17 and Middle East respiratory syndrome coronavirus, which became known in 2012,18 are two deadly novel coronaviruses that cause severe pneumonia and have appeared occasionally in different areas. However, in contrast to SARS-CoV-2, the number of confirmed SARS-CoV and Middle East respiratory syndrome coronavirus cases are smaller (8100 and 2500) because of limited transmission from person to person. The probability of the periodic emergence of novel coronaviruses is high as a result of its extensive dissemination among humans and animal species, high genetic variability and recurrent genomic recombination, in addition to other factors such as growing human and animal interactions, regular cross-species infections, and rare spillover events.19,20 The sequencing of the 2019-nCoV genome showed that it is phylogenetically similar to particular beta-coronaviruses found in bats that belong to the sarbecovirus subgenus in the Coronaviridae family.2

Contrary to expectations that the African region would quickly succumb to the devastation of the rampaging COVID-19 pandemic, fewer cases, as shown by the number of cases per million people, are being reported in Africa compared to other parts of the world (Figure 13). Besides, a comparison of the incidence of cases and the case fatality ratio among some selected African and Western countries (Table 13) showed that the case fatality ratio and number of cases in Africa were relatively low. This suggests that Africa was mildly impacted by the pandemic despite the weak health infrastructure. This review summarises current literature on the dynamics of infection and immunity to SARS-CoV-2 and other infective diseases in Africa and the unique characteristics of the sub-Saharan African population that might have impacted the course and severity of the pandemic. We also describe the host immune response mechanisms to other microbial infections and the possible reasons for a presumed immune sufficiency to COVID-19 in the African population.
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The terms ‘epidemiology and immunity to COVID-19’, ‘COVID-19 and associated coronaviruses’, ‘prevalent infectious diseases in Africa’, ‘host immune response mechanisms to viral and other microbial infections’, and ‘immune sufficiency to COVID-19 in the African population’ were used to carry out a systematic search on relevant search engines and websites such as Google, Google Scholar, PubMed, African Journals Online, World Health Organization, Center for Disease Control and Prevention, Nigeria Centre for Disease Control, and Africa Centre for Disease Control and Prevention. We included all relevant studies published in the English language between 2000 and 2021.

Immunity to COVID-19

The specific aspects of immunity that define both the protective and pathogenic reactions to SARS-CoV-2 infection are not clear. Though some components of the immune response to SARS-CoV-2 infection appear to be unique, some aspects are similar to the mechanisms of immunity to other human and animal infections. An understanding of the protective components of the immune reaction to SARS-CoV-2 infections is important for effective vaccine development. As is the case with many infectious diseases, an immune reaction to SARS-CoV-2 involves both cell-mediated and antibody-facilitated responses.21 T-cell responses against the viral spike protein have been shown to correlate well with the neutralising titres of immunoglobin G and immunoglobin A antibodies.22,23,24 This observation could have important implications for vaccine design and the development of durable immunity. As the primary inflammatory cells, the CD8+ T-cells play a crucial function in clearing the virus. The level of inflammation during SARS-CoV-2 infection is significantly reliant on the association between the CD4+/CD8+ ratio and the total lymphocytes, namely CD4+ T-cells, CD8+ T-cells, and B-cells and natural killer cells.10 In both mild and severe cases, there is a decrease in the absolute numbers of T lymphocytes, CD4+ T-cells, and CD8+ T-cells, but the decrease is more in severe than in mild cases.10 The implication of the lymphopenia observed is that it reduces the ability of the immune system to fight the infection and increases the chances of severe illness. Multivariate data analysis showed that a reduction in B-cells and CD8+ T-cells, and a rise in the CD4+/CD8+ ratio can independently predict a poor treatment outcome.10 In the context of the African population where immune sufficiency is presumed, it is expected that a reduction in the numbers of T lymphocytes would be limited but this needs to be investigated. Interferon-γ expression by CD4+ T-cell induction also tends to reduce in severe cases compared to moderate cases.4 It takes between 10 and 21 days after infection for antibody response to develop in most SARS-CoV-2-infected persons, and it takes between 6 and 15 days after the onset of disease for the immunoglobin M and immunoglobin G antibodies to SARS-CoV-2 to develop.25,26,27,28,29 In mild cases, antibody development can take up to 4 weeks or longer and may even be undetectable in a small number of cases. The basis of protective immunity from a successive infection is the immune memory derived from either primary infection or immunisation.30,31,32 Recently, a predominantly cross-sectional study, which also included a longitudinal component of 188 recovered COVID-19 cases, assessed the involvement of the CD4+ T-cell, CD8+ T-cell, and humoral components of adaptive immunity in the immune memory. The result showed that COVID-19 infection is followed by the generation of considerable immune memory involving all types of adaptive immune components,21 thus suggesting that activation of antibodies or T-cell reactivity are correlates of protection against COVID-19 infection. The question is: how long does the immune protection last?

In other coronaviruses, antibody levels decline between 12 and 52 weeks from the inception of symptoms, resulting in homologous reinfections.33 In contrast to SARS-CoV-1 infections where immunoglobin G antibody levels could be sustained for two years in 90% of patients and for three years in 50% of patients,34 immunoglobin M and immunoglobulin G antibody levels in SARS-CoV-2 could only be sustained for over seven weeks35 or until day 49 in at least 80% of the cases.36 A recent study showed that 95% of study subjects retained immune memory lasting approximately six months after infection.21

Disease dynamics of COVID-19 in sub-Saharan African countries

The incidence of SARS-CoV-2 infections in sub-Saharan Africa was initially low but increased rapidly over time until it became widespread in virtually all countries. As of 07 September 2021, the total number of COVID-19 cases reported in 55 African countries was 7 926 999, with 200 045 deaths and a case fatality ratio of 2.5%.37 This corresponds to 3.6% of the total number of cases and 4.4% of the total number of deaths reported globally. Within Africa, the total number of COVID-19 cases and deaths have varied between countries and with time37 (Figure 23). As of 07 September 2021, South Africa, which is the epicentre of the pandemic in Africa, had recorded the highest incidence of validated COVID-19 infections (2 819 945) in sub-Saharan Africa, followed by Ethiopia (314 984), Kenya (240 172), Zambia (207 114), Nigeria (195 511), and Botswana (162 186).37 Although Nigeria is the most populous African nation, it has the fifth largest case count in sub-Saharan Africa and the largest outbreak in West Africa.37 The number of cases being reported in Africa compared to the other regions of the globe may have been partly influenced by the low level of testing,37 suggesting a high likelihood of many undetected cases. The level of testing in Africa has been hindered by factors that include limited laboratory capacity, availability and accessibility of testing sites, cost of testing, low health literacy, and the stigma associated with testing positive.38 Also, certain characteristics peculiar to Africa in terms of age, health, lifestyle, and previous experiences with other infectious disease outbreaks might have impacted how the pandemic is playing out in Africa.
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With a median age of under 20 years, Africa has a relatively young population compared to European Union countries (43 years) and China and the United States (38 years).39 Besides, only 3% of the African population is above 65 years, which is the threshold for significant chances of complications and deaths due to COVID-19.40 In Nigeria, the most populous country in Africa, over 44% of the population is below the age of 15 years, the age group with the fewest number of reported cases and mortality.41 However, there are fears that other demographic features peculiar to Africa such as frequent migration across borders, a high number of displaced persons, rapid urbanisation, and large households41 could complicate prevention and mitigation efforts, thereby driving up the case count and the number of deaths. In addition, factors like the worsening burden of existing health conditions such as tuberculosis and HIV/AIDS42,43 with their attendant effects on the population’s immune status, as well as the high incidence of non-communicable diseases such as hypertension and heart diseases, increase the chances of complications from COVID-19 infections.

Infectious diseases in sub-Saharan Africa

Infectious diseases, responsible for a minimum of 69% of deaths in Africa,44 are a serious challenge in Africa due to various underlying factors such as poverty, poor environmental hygiene, overcrowded housing, limited access to affordable healthcare, and lack of basic health education.45,46,47 Malaria, HIV/AIDS, tuberculosis, Ebola disease, Lassa fever, guinea worm, elephantiasis, river blindness, lower respiratory tract infection, and diarrheal disease are prevalent or have had outbreaks in Africa.48 There are six infectious diseases in the 2019 WHO report of the top 10 causes of disability-adjusted life years in sub-Saharan Africa.49 These include malaria, AIDS, lower respiratory tract infections, diarrheal infections, meningitis and tuberculosis.49 The spread of these diseases could occur more easily in countries with inadequate infrastructure and fragile health systems.

Malaria, caused by plasmodium species, is a vector-borne parasitic disease that infects humans via the bites of infected female Anopheles mosquitoes.50 In 2020, the WHO estimated that 3.2 billion people across 96 countries run the risk of having malaria, with the highest burden being in sub-Saharan Africa. This region accounts for 94% of global cases and 94% of deaths, 67% of which are in children aged under five years.50 The HIV is a retrovirus that progressively destroys and weakens the immune system of an infected person until it becomes vulnerable to opportunistic infections. If untreated, the HIV infection can progress to the most complex stage of the disease referred to as AIDS, resulting in death.51,52 Over 37.7 million people are living with HIV globally, with 680 000 annual deaths.53 Sub-Saharan Africa is the worst affected, being home to 67% of people living with HIV and 39% of new HIV cases.53 Although most people living with HIV have higher co-morbidities and experience more severe outcomes from COVID-19 than people without HIV, most of them did not have access to COVID-19 vaccines as of mid-2021.53

Tuberculosis is caused by the bacterium Mycobacterium tuberculosis and is an infectious disease that commonly affects the lungs and is transmissible from person to person through coughing, sneezing, or spitting.54,55 In 2019, there were 10 million cases of tuberculosis (208 000 were in HIV-positive people) and over 1.2 million deaths due to tuberculosis (15% of all deaths were related to HIV).56 Africa ranked second in the global burden of new tuberculosis cases (25%) in 2019.56 Ebola virus causes an acute, contagious, and deadly disease that is transmitted from person to person through close contact with fluids from the body of symptomatic and asymptomatic living patients or dead victims.57,58 Periodic, remote outbreaks of Ebola have occurred in many Central African countries.59,60 The most widespread outbreak of Ebola occurred in Guinea, West Africa, in 2014 from where it spread to neighbouring Sierra Leone and Liberia, killing an estimated 11 000 people by April 2016.61,62,63

Immune response to microbial infections

The human body protects itself from microbial infections through the immune system made up of innate and adaptive arms that are not only linked but consist of an extraordinarily diverse compilation of cells (Figure 3; compiled in bioRENDER, https://biorender.com/). The innate immune system is the host’s first-line defence against invading pathogens, while adaptive immune responses are triggered by the host’s immune recognition controls.64 With the help of molecular patterns that are pathogen-related, the innate immune system recognises repetitive evolutionarily conserved molecules on pathogens by using germline-encoded pattern recognition receptors such as C-type lectin receptors, Toll-like receptors, nucleotide-binding oligomerisation domain-like receptors, and retinoic acid-inducible gene I-like receptors.65 The immune cells that mediate innate immune defences such as natural killer cells, complement proteins, and phagocytic cells like monocytes, macrophages, and neutrophils do not have effector mechanisms that induce immunological memory.66
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Adaptive immunity comprises cell-mediated and humoral immunity, which have a wider and fine-tuned range of recognition because of exposure to variable antigens. The unique traits of the adaptive immune system are pathogen-specific immunological memory, immune effector functions, tolerance, regulation of host immune homeostasis, and increased production of inflammatory mediators.67 When the innate immune system is exposed to invading organisms in the form of vaccines (Bacillus Calmette–Guerin [BCG] vaccine, measles vaccine, etc.) or bacterial and fungal complex biomolecules (lipopolysaccharides, β-glucan, etc.), the immune cells undergo metabolic alteration or epigenetic reprogramming.68,69 These changes, described as ‘trained immunity’, elicit an elevated response when challenged afterwards by the first trigger or different unrelated organisms or molecules through T- or B-cell-independent responses, leading to increased production of inflammatory mediators.70,71,72 Unlike the conventional, more precise, epitope-dependent adaptive immune memory that is mediated by lymphocytes, the control of trained immunity is facilitated by a unique mechanism that is not very specific and lasts only for a short while.73 Nevertheless, both fulfil the same major task of eliciting a faster and more robust response that destroys the pathogens and improves the survival of the host. Trained immunity could be beneficially applied to develop improved vaccines74,75 and limit the adverse effects of inflammatory diseases.76

Possible reasons for a presumed immune sufficiency in sub-Saharan Africa

Adaptive immunity-mediated pre-existing immunity to SARS-CoV-2

COVID-19 infections are often asymptomatic or mildly symptomatic but may be severe, mostly among vulnerable patients, presenting as acute respiratory distress.77 The mild pattern of infection in many patients may be due to an exposure-related cross-immunity to other endemic common cold coronaviruses.78 These viruses cause mild self-limiting respiratory infections and circulate widely in the human population where globally, more than 90% are seropositive for at least three of the common cold coronaviruses.79 There has been evidence that supports the likelihood that circulating memory B-cells and neutralising antibodies developed to one type of coronavirus may cross-react with other members of the coronavirus family.78 Emerging data from studies conducted in unexposed donors from different geographical locations revealed that 20% – 50% had lymphocytes with significant reactivity to pools of SARS-CoV-2 antigen peptides.22,23,24,80,81 There is also speculation that the SARS-CoV-2-specific T-cells in unexposed individuals originated from the memory T-cells obtained from contact with common cold coronaviruses.82,83 In a study conducted in Germany, the highest T-cell reactivity occurred against a pool of SARS-CoV-2 spike peptides that are homologous to common cold coronavirus spike proteins.24 The occurrence of SARS-CoV-2 pre-existing primed T-cells and neutralising antibodies acquired through previous exposure to endemic coronaviruses could slow down disease transmission and limit the number of cases and mortality.78,84 Individuals with a high level of pre-existing CD4+ T-cells with SARS-CoV-2 recognition memory may elicit a faster and more robust immune response upon exposure, thus limiting the severity of the disease. In such individuals, T follicular helper CD4+ T-cells have a memory that could potentially enhance the antibody-neutralising response against SARS-CoV-2. The memory of CD4+ and CD8+ T-cells might also enhance direct antiviral immunity in the lungs and nasopharynx early after exposure, consistent with previous knowledge that CD4+ T-cells in the lungs have antiviral activity against the associated SARS-CoV85 and that memory CD8+ T-cells protect against viral infections.

A recent study that used samples collected before the pandemic in Africa, Europe, and South and North America showed the occurrence of pre-existing humoral immunity against the spike (S) and nucleocapsid (N) proteins of SARS‑CoV‑2. Although antibodies specific to the SARS-CoV-2 S and N proteins were not common in all populations, the prevalence of N-specific antibodies was higher in the two African study locations, Gabon and Senegal, than in Europe and South and North America.86 In separate studies conducted with samples from Gabon (Central Africa), Nigeria, Ghana, Benin (West Africa), Tanzania (East Africa), and Zambia (Southern Africa), the pre-existing immunity was high against the SARS-CoV-2 N and, to a lower extent, S proteins,87,88,89,90 which suggests that high SARS-CoV-2 pre-existing immunity is widespread in Africa. In addition, previous studies conducted in France, England, and the United States have also reported low levels of pre-existing SARS-CoV-2 S protein cross-reactive antibodies in uninfected individuals.91,92,93

Although the reason for the underlying SARS-CoV-2 high seropositivity in African populations has not been established, some have postulated that the immune system could be stimulated to develop cross-reactive antibodies against SARS-CoV-2 as a result of infections with the common human coronaviruses87,88 due to the wide distribution of the common human coronaviruses throughout the globe.14 In this regard, samples collected from Africa, Europe, and South Africa were used in a recent serological study to demonstrate the existence of antibodies that cross-react against the N protein of common human coronaviruses, but their presence did not show any correlation with the SARS-CoV-2 N protein cross-reactive antibodies.88 This suggests the possibility that the high cross-reactive immunity reported by the African population is being driven by other main contributors besides the common human coronaviruses. High seropositivity against SARS-CoV-2 N in samples collected before the pandemic could also be an indication of the circulation of other coronaviruses that have not yet been recognised. The limited number of cases and mortality due to SARS-CoV-2 infection in Africa may be attributed to a high cross-reactive immunity background as observed in sera from African populations. Large studies are needed to measure and demonstrate the correlation between pre-existing immunity, prospective infection and disease severity as a way to define the possible function of pre-existing T-cell memory in SARS-CoV-2 infection.

Innate immunity-mediated trained immunity and immune tolerance

In addition to adaptive immunity-mediated cross-immunity, trained immunity and immune tolerance mediated by the innate immune system could also considerably modify the clinical spectrum and mortality of COVID-19 infection. Trained immunity is the memory characteristic in the innate immune system of vertebrates that elicits an increased reaction to secondary infections or sterile activation of inflammation.65,94 Besides trained immunity, the cells of the innate immune system could also reach a status of immune tolerance or hypo-responsiveness, wherein there is a decrease in the production of pro-inflammatory mediators when these cells encounter secondary heterologous stimuli.70,71,72 For example, epidemiological data, as well as in vivo and in vitro studies with BCG vaccines conducted among humans and in murine-derived peripheral blood mononuclear cells subjected to immune-stimulatory agents such as lipopolysaccharide, β-glucan, and flagellin, provided evidence of either increased or decreased inflammatory reaction to secondary stimuli that corroborates the concept of trained immunity and immune tolerance.70,71,72 In addition, animal studies have shown that immunisation with the BCG vaccine can protect against subsequent infections by Candida albicans and M. tuberculosis.95,96 Immunisation with the BCG vaccine can also protect against a controlled version of human yellow fever infection97 or malaria98 by augmenting the pro-inflammatory activity of monocytes. It is reasonable to argue that the non-specific nature of this type of cross-protection is not consistent with mediation by adaptive immunity, but it demonstrates that the host defence can develop innate-like immune adaptation mechanisms.

Several countries have used the BCG vaccine to protect against tuberculosis caused by M. tuberculosis by exposing individuals to a live, attenuated strain of Mycobacterium bovis. Apart from the partial and possibly variable immunity the BCG vaccine offers against tuberculosis, it also protects in an off-target manner against other non‑tuberculosis infectious diseases.99 For example, BCG vaccination-induced trained immunity offers protection against infections with RNA and DNA viruses such as herpes and influenza, reduces yellow fever viraemia, and protects against respiratory tract infections.97,100,101,102,103 Data from a randomised, double-blind, clinical trial conducted recently showed that there was a reduction in the incidence of respiratory tract infections in BCG-vaccinated patients 65 years and older.104 This protection against a variety of pathogens is achieved through trained immunity.97

Most countries with a high incidence of tuberculosis have implemented a comprehensive BCG vaccination policy that encourages children to get the BCG vaccine in early childhood. The protection offered by the BCG vaccine may persist for up to 30–40 years after inoculation as described in a study in Norway,105 or up to 50–60 years as shown in a BCG vaccine trial among American Indians and Alaska Natives.106 However, data from these and some other studies have also shown that BCG vaccination-induced protection could also wane over time.107 Apart from its reported prospect to enhance innate immunity, preliminary epidemiological analyses have also shown a reduction in COVID-19 severity in countries that are implementing the policy of widespread BCG vaccination.108 These observations suggest that the BCG vaccine may protect against SARS-CoV-2 infection. Consequently, in 2020, BCG vaccination was proposed as a strategy to prevent infection and combat the COVID‑19 outbreak.108

Although BCG vaccination is linked to a reduction in the number of COVID-19 cases and mortality,109,110,111 many of the assessments do not consider likely confounding factors such as testing rate, socio-economic factors, and co-morbidities. One epidemiological study that corrected for confounding variables, particularly the testing rate, did not find evidence that the overall BCG vaccination policy correlated with the spread of SARS-CoV-2 and its associated mortality.112 Available information as of 2020 on the BCG Atlas (www.bcgatlas.org) showed that all African countries except South Sudan have an existing universal BCG vaccination policy. If it is proven that BCG vaccination does indeed offer protection against SARS-CoV-2, the relatively low number of cases and deaths could be attributed to the long-standing universal BCG vaccination policy in African countries rather than under-reporting or diagnostic limitations.

The determinant of whether the innate immune system exhibits either trained immunity or immune tolerance is not known but is thought to be related to the dose and duration of the primary trigger.72,113 Trained immunity and immune tolerance have been demonstrated in studies that focused on circulating mononuclear cells with a short lifespan, as well as progenitor stem cells of the bone marrow, epithelial cells, and resident tissue macrophages with long lifespans.70,71 This may imply that the host’s innate immune response to different pathogens could last longer.

Trained immunity and immune tolerance may have significant implications for COVID-19 infection. In sub-Saharan Africa, vast portions of the population live under unfavourable conditions such as crowded and unhygienic environments, leading to recurrent infections with bacteria, viruses, and eukaryotic parasites, and thus making it possible to attain immune tolerance against a novel pathogen like SARS-CoV-2. Immune tolerance could prevent the innate immune system from reaching a hyper-inflammatory state or a ‘cytokine storm’, which is generally associated with the ultimate fatality of COVID-19 disease.

People living in developed countries with better sanitary conditions are less exposed to multiple pathogens during their lifetime and thus less likely to attain immune tolerance. This may be partially responsible for the clinical spectrum and the heightened vulnerability to novel pathogens like SARS-CoV-2 observed in such populations.

Projections into the future of COVID-19 and disease processes

Against the background of increasing population immunity due to vaccination and high rates of natural infection, many new variants of SARS-CoV-2 have emerged and have been designated by the WHO as either variants of concern or variants of interest.114 These variants pose a greater risk to public health because they may be more transmissible or produce more severe disease, escape immune response, cause diagnostic or treatment failure, or reduce the efficacy of vaccines.114,115 The five main variants of concern are: B.1.1.7 (Alpha), first described in the United Kingdom; B.1.351 (Beta), first reported in South Africa; P.1 (Gamma), originated from Brazil; B.1.617.2 (Delta), first described in India; and B.1.1.529 (Omicron), first detected in South Africa. The Alpha, Beta, and Gamma variants share the N501Y mutation, which likely makes them more transmissible. The E484K and K417N mutations displayed by both the Beta and Gamma variants decrease the binding of neutralising antibodies, thus causing partial immune escape, favouring reinfections, and reducing the in vitro efficacy of some antibody therapies or vaccines.116,117 The frequent emergence of these variants globally challenges the use of herd immunity as an approach to managing the pandemic and has been responsible for new waves of the pandemic and thousands of deaths globally.114 The Alpha variant was quickly replaced by the highly contagious Delta variant, which was soon outcompeted by the Omicron variant to become the dominant circulating variant.

The Omicron variant is more highly transmissible than the other variants, being able to infect 3–6 times more people than the Delta variant, including individuals immune to the other variants.117,118 The Omicron variant has been detected in 77 countries as of December 2021.119,120 Although several aspects of the behaviour of the Omicron variant and how it will impact the course of the pandemic have not been well defined, current data indicate that immunisation with existing vaccines could reduce the risk of serious illness, hospitalisation, and death.119,121 However, in vitro studies indicate that the neutralisation efficacy of vaccine sera against Omicron reduces greatly compared to the previously circulating Delta variant.122 If more data confirm that the Omicron variant indeed produces milder forms of the disease, it may suggest a trend that the pandemic is on its way out but the world may have to come to terms with living with the virus. It may require occasional vaccination like in the case of the flu virus to prevent infection. The background of previous exposure to multiple pathogens in the African population may provide a further advantage in conferring protection against the severe form of the disease.

In Africa, the prospect that new diseases may emerge is high due to the existing burden of infectious diseases and conducive environmental conditions such as high population growth, rapid economic development, increased exploitation of previously untapped natural resources, and increasing interactions between humans and wildlife. A prompt and coordinated global health response would be required to quickly control outbreaks either at the local or regional level as exemplified by the global response to the 2014 Ebola epidemic.61,122 While the emergence of new diseases may not have a major repercussion on African population dynamics, it may have serious economic and social consequences. When these diseases emerge, we can draw on scientific advances and previous experience, especially with HIV/AIDS and Ebola, to quickly contain them. Africa might be able to withstand some of these emerging diseases owing to enhanced immunity due to prior exposure to numerous pathogens and extensive vaccination programmes within the continent.

Conclusion

This review has shown that pre-existing immunity against SARS-CoV-2 is widespread in Africa and higher than in Western countries. This immunity may be related to previous exposure to endemic coronaviruses or other multiple pathogens and could have been responsible for the reduced disease transmission and the limited number of cases and mortality recorded in African countries. The relatively low number of cases and deaths in Africa could be attributed to the activation of innate immune-mediated trained immunity or immune tolerance due to frequent exposure to multiple pathogens and the impact of long-standing universal BCG vaccination policies in many African countries rather than under-reporting or diagnostic limitations.
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Source: World Health Organization (WHO). WHO coronavirus (COVID-19) dashboard [homepage on the Internet]. 2020 [cited 2021 Sept 21]. Available from: https://covid19.who.int
FIGURE 2: Cumulative total number of COVID-19 cases and deaths reported in Africa between 05 February 2020 and 07 September 2021.
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FIGURE 3: Cells involved in innate and adaptive immune responses against pathogens. The immune cells from innate immunity which provide the first line of defence are
generated by myeloid lineage cells and they include monocytes, macrophages, erythrocytes, platelets, and granulocytes. Cells from the adaptive immune system are
responsible for the second line of defence and consist of natural killer cells, B-cells, and T-cells that come from lymphoid progenitor cells. Recognition of external antigens
by the macrophages and dendritic cells of the innate immune system triggers the n: CD8+ and CD4+ T-cells of the adaptive immune system.
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TABLE 1: Cumulative total number of COVID-19 cases, deaths and case fatality
ratio reported in some Western and African countries between 05 February
2020 and 07 September 2021.

Country Number of cases  Number of deaths Case fatality ratio
United States 40700 160 662637 162
United Kingdom 7377676 135336 1.80
France 6692706 113461 170
italy 4601749 129885 280
Spain 4938919 87676 1.80
Germany 4084721 94458 230
Nigeria 198786 2590 130
Ethiopia 322737 4907 1.50
Kenya 243456 4902 2.00
South Africa 2854234 84751 297
Zambia 207836 3629 170
Botswana 165644 2337 1.40

Source: World Health Organization (WHO). WHO coronavirus (COVID-19) dashboard
[homepage on the Internet]. 2020 [cited 2021 Sept 21]. Available from: https://covid19.
who.int
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Source: World Health Organization (WHO). WHO coronavirus (COVID-19) dashboard

[homepage on the Internet]. 2020 [cited 2021 Sept 21]. Available from: https://covid19.
who.int

FIGURE 1: Global distribution of COVID-19 cases per million people as of
07 September 2021.
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