
Coronaviruses are ubiquitous RNA viruses that are 
responsible for endemic infections in humans and 
other animals, and sporadic outbreaks of potentially 
fatal respiratory disease in humans. Four human 
coronaviruses, namely HCoV-229E, HCoV-OC43, 
HCoV-NL63 and HCoV-HKU1, circulate in the 
human population, causing the common cold, with 
some causing potentially life-threatening disease in 
infants, young children, older individuals and individ-
uals who are immunocompromised1. In the recent past, 
two additional coronaviruses have crossed the species 
barrier from other animals to infect humans. These 
are severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle East respiratory syndrome 
coronavirus (MERS-CoV), which emerged in 2002 
and 2012, respectively2,3. In December 2019, a novel 
betacoronavirus, subsequently named SARS-CoV-2, 
was implicated in an outbreak of respiratory disease in 
Wuhan, China4. The first cases to be reported presented 
as atypical pneumonia and were traced to the Huanan 
Seafood Wholesale Market, although cases without any 
association with the market, and predating the putative 
index cases, were subsequently recognized. Following 
these first reports, community transmission rapidly 
ensued, culminating in a global pandemic5,6.

The virus is speculated to have originated in bats and 
possibly to have passed through another host before 
infecting humans, but an intermediate host or inter-
mediate hosts have yet to be defined. This remains the 
subject of considerable debate, and recent work suggests 

that the host receptor-binding motif of SARS-CoV-2 
was acquired through recombination with a pangolin 
coronavirus7–9, but further work is needed to establish 
the origin of the virus. Infection with SARS-CoV-2 
in humans manifests as coronavirus disease-2019 
(COVID-19), a spectrum of disease that ranges from 
asymptomatic infection to acute respiratory distress syn-
drome with multisystem involvement. Older individuals 
and individuals with co-morbidities are at greatest risk10. 
In individuals who are symptomatic, fever and cough are 
most commonly reported, although sore throat, short-
ness of breath, fatigue, anosmia, dysgeusia and gastro-
intestinal involvement are also frequently observed5,11. 
Extrapulmonary manifestations of COVID-19 are 
being increasingly recognized. Among adults with pre- 
existing diabetes mellitus, diabetic ketoacidosis may be 
a common complication and is associated with a poor 
prognosis12,13. According to the International Diabetes 
Federation, Africa has an estimated 19.4 million adults 
aged between 20 and 79 years living with diabetes and is 
the region with the highest proportion of undiagnosed 
diabetes14. Neurological and neuropsychiatric com-
plications have also been recognized as presenting or 
complicating factors15. Children generally have a milder 
course of disease and are more likely to be asympto-
matic, although recent reports have described hyper-
inflammatory shock in children who were previously 
asymptomatic that seems similar to Kawasaki disease16–18. 
Further studies are required to determine the prevalence 
of this phenomenon and to define the immunological 

Index cases
The first documented cases  
in a disease outbreak.

Kawasaki disease
A rare condition associated 
with inflammation in blood 
vessels that most commonly 
presents in children under  
5 years of age.
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drivers of the illness. However, the contrasting pres-
entation of COVID-19 in children and adults suggests 
that the immune responses of children and adults to 
SARS-CoV-2 may be different.

The virus continued to spread globally, prompting 
the implementation of radical travel restrictions and 
social distancing measures19. At the time of writing 
this article, the virus has resulted in over 25 million 
confirmed infections and has claimed the lives of over 
850,000 people6. As of 8 August 2020, there have been 
over 1.2 million confirmed cases of COVID-19 in Africa, 
with 29,833 deaths reported (Africa CDC) There is con-
cern that the pandemic may pose an even greater risk 
to countries in Africa owing to their weak health-care 
infrastructure, large burden of co-infections, includ-
ing HIV-1 and tuberculosis, and ongoing outbreaks 
of emerging and re-emerging infections such as Ebola 
virus (Democratic Republic of Congo) and Lassa haem-
orrhagic fever (Nigeria) that will divert much-needed 
resources away from the fight against COVID-19 (ref.20) 
(fig. 1). Differences in global population demographics 
and health status are also likely to affect the severity of the 
pandemic in different regions and are a major concern in 
Africa (fig. 2). In addition to the health-care infrastruc-
ture, the general infrastructure throughout Africa is also 
highly variable, and thus access to appropriate medical 
care is an important determinant of COVID-19 disease 
outcome. The number of hospital beds in a population 

of 10,000 individuals varies from as low as 1 in Mali to 32 
in Libya. However, Libya is an exception for the region, 
and many central and west African countries are at the 
lower end of this range and generally report fewer than 
10 beds per 10,000 individuals. This is in stark contrast 
to other developed countries such as Germany and the 
USA, where 80 and 28.7 beds per 10,000 individuals are 
available, respectively. A similar trend is also seen for 
the number of doctors per 10,000 individuals. In more 
than 10 African countries, less than 1 doctor is availa-
ble (per 10,000 individuals), whereas Germany and the 
USA report 42 and 26 doctors (per 10,000 individuals), 
respectively21.

Concerns have been raised regarding the impact of 
the pandemic on other diseases and access to essential 
medicines22. For example, according to a newspaper 
article, the Ministry of Health in Zimbabwe reported 
a 45% increase in malaria infections compared with 
2019 (ref.23). Many African countries lack the capacity 
to implement widespread testing, including the identi-
fication of asymptomatic and mild infections that are 
major drivers of the pandemic24. Although it is difficult 
to determine the number of tests conducted in many 
Africa countries, the publicly available data clearly 
highlight the limited testing capacity on the continent.  
South Africa is currently conducting the largest number 
of tests per 10,000 individuals (0.5/10,000 individuals), 
whereas many other countries, including Ethiopia, Nigeria,  
Zimbabwe, Tunisia, Senegal and Rwanda, perform 
fewer than 0.1 tests/10,000 individuals. This is markedly 
less than in the USA (1.54/10,000 individuals), the UK  
(0.9/10,000 individuals), Italy (0.91/10,000 individuals) 
or Germany (0.55/10,000 individuals)25. Similar infra-
structure limitations constrain the development of pro-
phylactic vaccines and therapeutic interventions, which 
results in a concerning reliance on developed countries. 
Another important consideration in the response to the 
pandemic in Africa will be to limit the impact of the virus 
on vulnerable economies where prolonged lockdowns 
may not be feasible.

The first case of COVID-19 in Africa was reported 
in Egypt on 14 February 2020; subsequently, infections 
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Response to the pandemic will 
divert resources from other 
diseases and may limit access 
to essential medicines

Lack of pharmaceutical 
manufacturing capacity 
results in reliance on 
developed countries

Weak economies cannot 
sustain prolonged 
lockdowns without dire 
economic consequences

Limited capacity for testing 
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precludes isolation of 
infectious cases

High burden of 
co-infections 
may exacerbate 
COVID-19 

Poor health-care system 
cannot provide adequate 
treatment for all COVID-19-
infected individuals

Fig. 1 | Challenges for African countries in their response to the COVID-19 pandemic. The limited capacity for testing 
and contact tracing, poor health-care systems, lack of pharmaceutical manufacturing capacity and underdeveloped 
infrastructure in Africa pose several challenges that constrain the response of the region to the coronavirus disease-2019 
(COVID-19) pandemic. This is worsened by the high burden of infectious diseases, which may worsen disease outcome 
and compete for the available resources. A further challenge is the dire economic consequences of prolonged lockdowns 
in countries with weak economies.
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have been documented in 44 other African countries, 
with South Africa reporting the highest number of 
cases6. Interestingly, in spite of the obvious challenges 
in combatting the growing pandemic, African coun-
tries have observed a delay in the exponential growth 
trajectory that has been described by countries in the 
developed world26. This may be partly attributable to 
lower testing capacity in the region and the impact of 
implementing lockdowns in the early phase of the pan-
demic. The warmer climate has also been proposed to 
influence the spread of COVID-19, which could explain 
the delayed pandemic in Africa compared with the rest 
of the world, although this is largely speculative (Box 1). 
The transition into winter in southern Africa has been 
accompanied by an increase in SARS-CoV-2 infections, 
further complicated by seasonal influenza and limited 
influenza vaccine availability. In this Review, we dis-
cuss the global efforts to develop diagnostic tests and 
therapeutic options to treat COVID-19, as well as the 
vaccine platforms for immunization, with a focus on 
the opportunities and challenges for Africa.

COVID-19 diagnostics in Africa
The diagnosis of SARS-CoV-2 poses a major chal-
lenge owing to the prevalence of asymptomatic infec-
tions, pre-symptomatic infections with high viral loads 
in the upper airways (probably at peak infectivity)  
and the range of non-specific symptoms that manifest in 

individuals who are symptomatic5,24. Widespread test-
ing is therefore critical to identify infected individuals 
who are asymptomatic, pre-symptomatic and symp-
tomatic, and to enable contact tracing and isolation27. 
Whereas this has been highly successful in countries 
such as Germany and South Korea, it is not generally 
possible in most African countries where the infrastruc-
ture is weak. Indeed, in countries such as South Africa, 
where widespread community testing was attempted, 
this has resulted in a very large backlog of tests and 
delays of weeks for returning test results, which are then 
rendered meaningless for quarantining of cases and 
containment28. In many African countries, testing is 
only available for severe cases of presumed COVID-19, 
and self-isolation is recommended for less severe cases. 
Therefore, reported cases and true prevalence do not 
equate. Accordingly, the capacity provided by academic 
laboratories and pharmaceutical companies is being lev-
eraged to increase testing capacity further, as has been 
necessary even in developed countries29.

Diagnosis of acute infection is by PCR with reverse 
transcription of respiratory tract specimens, which is 
generally performed in central laboratories with special-
ized equipment30. Scale-up of testing is a major challenge 
for countries in Africa, owing to laboratory infrastruc-
ture, costs and availability of test reagents that are 
largely imported and currently stretched global supply 
chains. A recently launched, continent-wide initiative,  
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Fig. 2 | Global population demographics and health-care status 
underscore important risk factors for severe COVID-19 disease. 
Population demographics and prevalence of known co-morbidities for each 
of the six World Health Organization regions. Although Africa reports a 
lower average age compared with other regions, the burden of infectious 
disease is disproportionately high. Both HIV and tuberculosis are associated 
with an increase in coronavirus disease-2019 (COVID-19) disease severity, 
and their prevalence in Africa will increase the risk of fatal infection for a 
large number of people. There is also a large proportion of individuals in 
Africa with raised blood pressure, which is a known risk factor for severe 
disease. Other known co-morbidities, including raised cholesterol, raised 

glucose and obesity, are less prevalent in Africa compared with the other 
reported regions. Raised blood pressure (systolic blood pressure ≥140 mm/Hg 
or diastolic blood pressure ≥90 mmHg), raised fasting blood glucose levels 
(≥7 mmol/l or taking medication), raised total cholesterol levels (≥5 mmol/l) 
and body mass index (BMI) >25 are reflected as age-standardized estimates. 
All data shown reflect the latest available data from the World Health 
Data Platform (Global Health Observatory). The number of people living 
with HIV-1/AIDS (in millions) reflects the population of individuals who 
were infected in 2018, tuberculosis cases shown reflect the number of 
incident cases in 2018 and malaria cases reflect the estimated number 
of cases in 2017.
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the Africa Medical Supplies Platform, seeks to leverage 
collective purchasing for procurement of testing supplies, 
personal protective equipment, medical equipment and 
even, potentially, future vaccines31. In addition, repur-
posing of rapid, automated molecular diagnostics plat-
forms such as GeneXpert® (Cepheid), which is widely 
used for the diagnosis of tuberculosis in South Africa, 
has the potential to decentralize and accelerate testing in 
certain countries, including using mobile testing centres, 
although test kits are also in limited supply. However, this 
has to be understood in the light of the potential for unin-
tended consequences on the management of tuberculosis, 
with fewer diagnostic platforms being available as a result 
of increased SARS-CoV-2 testing. Testing for tuberculo-
sis in South Africa has reportedly decreased by 50% dur-
ing the lockdown period and, concurrently, the weekly 
average of microbiologically confirmed tuberculosis  
cases decreased by 33% (ref.32).

Recently, a rapid method of heating samples prior to 
quantitative PCR with reverse transcription has shown 
promise to improve the turnaround time for testing and 
bypasses the need to order RNA extraction reagents or 
kits33. Furthermore, a rapid CRISPR–Cas12-based test 
has also been developed to diagnose infection from res-
piratory sample-derived RNA34. The test yields a result 
within 1 h and is less reliant on sophisticated laboratory 

infrastructure and test reagents that are in limited sup-
ply. Implementing this test in Africa could be a useful 
way of expanding the current testing capacity and could 
offer a faster turnaround time for high-priority cases.

Serology-based testing approaches have been pro-
posed, but the delay between infection and the develop-
ment of detectable antibodies (within 19 days) renders 
this approach impractical for the diagnosis of acute 
infection35,36. Nonetheless, these tests are critical for sero-
prevalence studies and to identify appropriate donors 
for convalescent sera, and potentially for the isolation of 
monoclonal antibodies that can be developed as thera-
peutics. Serology studies are also crucial for understand-
ing the longevity of the antibody response after infection, 
with the key caveat that it is not known whether humoral 
responses are a correlate of immunity against the virus. 
In addition, preliminary data suggest that not all indi-
viduals who are infected may seroconvert37, and early 
evidence is emerging that antibody levels may wane 
rapidly during the convalescent phase38. Several sero-
logical assays have already been developed, and binding 
antibodies against the spike and nucleocapsid proteins 
are both indicative of past SARS-CoV-2 infection39,40. 
Many of these assays are also commercially available, but 
their specificity and sensitivities seem to be variable41. A 
major outstanding question is which antigen, or region 
of the antigen, is most appropriate for serology testing. 
Most assays have favoured the spike glycoprotein for 
the detection of an immune response against the virus, 
although it is worth noting that the nucleocapsid is the 
most abundant viral antigen42.

Recent work has suggested that the receptor-binding 
domain alone may be sufficient to detect anti-
body responses to SARS-CoV-2, and given that it is 
not conserved between coronaviruses, its use may 
limit cross-reactivity arising from other coronavi-
rus infections43. Nonetheless, a nucleocapsid-based 
ELISA (enzyme-linked immunosorbent assay) may be 
the easiest to implement in an African context as the 
antigen could easily be produced locally at low cost. 
Nucleocapsid could be produced in Escherichia coli, 
Pichia pastoris or even in plants, as has been reported 
for the nucleocapsid proteins of three bunyaviruses, two 
of which were used successfully in validated assays44–46. 
Moreover, the Biovac Institute in South Africa has the 
capacity for bacterial fermentation and the required 
infrastructure for downstream processing, and a new 
plant-based production facility (Cape Bio Pharms) is 
currently generating S1 protein derivatives as reagents. 
Although the spike glycoprotein is heavily glycosylated 
and needs to be expressed in a more complex expres-
sion host to ensure appropriate post-translational mod-
ifications, both mammalian cells and plants would be 
suitable to produce both spike and nucleocapsid, and 
novel approaches to enhance recombinant glycoprotein 
production in plants have also been developed in South 
Africa47.

Therapeutic options to treat COVID-19
Given the optimistic development timeline of 
12–18 months before any vaccines could be available 
for widespread use, it is clear that these efforts will not 

Box 1 | Potential impact of climate on SARS-CoV-2 dissemination

The comparatively low incidence of coronavirus disease-2019 (covID-19) in Africa has 
raised the possibility that climate could influence the spread of severe acute respiratory 
syndrome coronavirus 2 (SArS-cov-2). There is some circumstantial evidence describing 
a possible association between higher temperatures and lower severity of covID-19 to 
support this hypothesis; however, outbreaks in malaysia, Hong Kong, Australia and South 
Africa seem to be inconsistent with this theory as large numbers of infections have been 
reported despite higher temperatures130–132. The influence of climate could potentially 
account for the severity of the pandemic in central china and northern Italy, where 
winter may have been particularly conducive to the spread of the virus131. These cold 
conditions are reminiscent of the environment in which SArS-cov first emerged in china 
in November 2002 (ref.133). Although these observations are compelling, it is noteworthy 
that many of these studies have yet to undergo formal peer review, and the accuracy of 
species distribution models is constrained by variability in global testing capacity134.  
For example, infections in many African countries are expected to be an underestimate 
that reflects the lower number of tests conducted. It is also acknowledged that numerous 
other variables could influence the spread of the virus and may confound interpretations 
of the impact of climate. These variables may include variation in population density and 
age distribution, timely lockdown measures, adherence to social distancing protocols  
or even childhood vaccination with Mycobacterium bovis bacille calmette–Guérin as 
examples135. The impact of differing behaviour, with increased social mixing, in the winter 
months also cannot be discounted136. As with many respiratory pathogens, both middle 
east respiratory syndrome (merS-cov) and SArS-cov exhibit decreased viability in  
the laboratory following exposure to increasing temperature and humidity137,138. Similar 
observations have also been reported for influenza virus and respiratory syncytial virus, 
for which the incidence of infection is highest under cold and dry conditions, which 
results in seasonal cycles of infection139,140. A similar seasonality has also been observed 
for other endemic human coronaviruses, which led to the speculation that SArS-cov-2 
may also conform to a seasonal cycle of infection136. However, although all four endemic 
human coronaviruses (Hcov-229e, Hcov-oc43, Hcov-Nl63 and Hcov-HKu1) exhibit  
a marked winter seasonality141, the pathogenic human coronaviruses (merS-cov and 
SArS-cov) do not conform to such a defined infection cycle. For example, merS-cov 
generally occurs mostly during summer months in the middle east despite temperatures 
often exceeding 50 °c142. by contrast, the highest incidence of SArS-cov was reported 
during the winter months, although the outbreak continued to spread throughout spring 
in Hong Kong143,144. Therefore, more research is needed to define the impact of climate on 
the spread of SArS-cov-2.

Serology-based testing
A diagnostic test that measures 
the presence of antibodies in 
blood to determine exposure 
to pathogens or to diagnosis 
autoimmune diseases.

Convalescent sera
Sera obtained from individuals 
who have recovered from an 
infectious disease and contain 
antibodies against the pathogen.
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affect the first wave of the pandemic48. More impor-
tantly, the lack of manufacturing capacity in Africa 
and the global demand for immunization against the 
virus will further delay the availability of vaccines in 
the region. Repurposing existing drugs presents a fea-
sible short-term strategy to manage the pandemic, 
especially given that some of the drug candidates are 
already available and have an established safety profile 
in humans49. These drugs would face lower regulatory 
barriers for approval and, in addition to being used for 
treating active infections, may have potential to be used 
as prophylactics for individuals at high risk, such as 
health-care workers or those who have been in contact 
with documented cases of infection.

Currently, two treatments have been shown to 
have an effect on the outcome of COVID-19. The 
broad-spectrum antiviral drug remdesivir has been 
shown to shorten the recovery time in adults admitted 
to hospital with severe COVID-19 in a publication of 
preliminary results from a double-blind, randomized, 
placebo-controlled trial in the USA50. However, remdes-
ivir did not reduce mortality. By contrast, initial data 
from the recent RECOVERY trial in the UK suggest that 
daily oral or intravenous doses of dexamethasone (10 mg 
for 10 days) reduced mortality by one-fifth in hospital-
ized patients with proven COVID-19 requiring oxygen 
therapy, and that mortality was reduced by one-third 
in patients who needed mechanical ventilation51. It had 
no effect on patients hospitalized with COVID-19 who 
were not requiring oxygen. The reductions in mor-
tality were seen in patients whose symptoms started 
>7 days before receipt of the drug. The fact that a com-
monly used corticosteroid could reduce mortality in this 
trial is promising, as numerous other corticosteroids 
such as prednisolone and hydrocortisone (which were 
options in the RECOVERY trial in pregnant women) are 
equally available, and some of them are manufactured in 
Africa, which means that access may be less of an issue 
than for other more novel medicines.

More commonly available medicines have been, and 
some continue to be, used in investigational treatments 
for COVID-19. The commonly available antimalarials 
chloroquine and hydroxychloroquine were among the 
first to be investigated. Initial studies were small and 
underpowered, and some combined hydroxychloro-
quine with azithromycin52 and some proved highly 
controversial in relation to their conduct, leading to 
retraction53. One of the arms of the RECOVERY trial 
included hydroxychloroquine, and on 4 June 2020 the 
independent data monitoring committee review of 
the data concluded that there was no beneficial effect 
of hydroxychloroquine in patients hospitalized with 
COVID-19 (ref.54). Shortly after, the World Health 
Organization (WHO) announced that recruitment for 
the hydroxychloroquine arm of the SOLIDARITY trial 
was being stopped55,56.

All experimental treatments should either be intro-
duced into properly conducted clinical trials or, if a coun-
try decides to use such a medicine outside a trial, then it 
should be controlled according to the WHO’s Monitored 
Emergency Use of Unregistered Interventions (MEURI) 
framework, whereby it can be ethically appropriate to 

offer individuals investigational interventions on an 
emergency basis, in the context of an outbreak charac-
terized by high mortality57. Large-scale adaptive stud-
ies such as the RECOVERY and SOLIDARITY trials 
continue, and such trials will reduce the time taken for 
randomized clinical trials58. Several African countries, 
including South Africa, Burkina Faso and Senegal, are in 
the process of joining the SOLIDARITY study.

Similarly, small studies are ongoing in several coun-
tries, looking at the utility of convalescent plasma from 
patients who recently recovered from COVID-19 as 
potential prophylaxis or treatment59. The need for ran-
domized control trials using this treatment modality has 
been stressed60. Unlike other investigational medicines, 
convalescent plasma can be readily produced, even in 
low and middle-income countries, through the national 
blood transfusion service, making it an attractive option 
for study. However, scaling production for use is the 
rate-limiting step for this intervention. Preliminary 
studies identified monoclonal antibodies with the 
ability to neutralize SARS-CoV-2, which may also be 
important candidates for both treatment and prophy-
laxis, although similar issues with manufacture are a 
challenge61,62.

There is increasing recognition that pathophysiol-
ogy of severe COVID-19 includes an appreciable com-
ponent of hyperactivation of inflammatory responses, 
manifesting as a cytokine storm and secondary haemo-
phagocytic lymphocytic histiocytosis. In addition to 
the findings relating to dexamethasone detailed above, 
various immune-modulating drugs have been proposed 
as treatment options for COVID-19. The IL-6 inhibitors 
tocilizumab (Actemra; Roche) and sarilumab (Kevzara; 
Sanofi and Regeneron), which are used to treat arthri-
tis, are already being used in patients with COVID-19 
(NCT04327388)63. Their mechanism of action involves 
the prevention and the inhibition of the overactive 
inflammatory responses in the lungs. Both drugs 
have entered phase III clinical trials for SARS-CoV-2. 
A late-stage clinical trial with another IL-6 inhibitor, sil-
tuximab (Sylvant; EUSA), started in Italy in mid-March 
(NCT04322188). Anti-inflammatory drugs used in 
combination with an antiviral drug such as remdesivir 
may increase the potential of the drug to improve disease 
outcome64. Genentech has recently initiated a phase III  
trial (REMDECTA) to study the efficacy and safety of 
tocilizumab and remdesivir in patients hospitalized 
with severe COVID-19 pneumonia (NCT04409262). 
Additionally, the COVACTA study (NCT04320615) 
will evaluate tocilizumab and standard of care versus  
standard of care alone in a similar cohort65.

Patients who have chronic medical conditions may be 
at higher risk for serious illness from COVID-19, includ-
ing those with pulmonary fibrosis66. The antifibrotic 
drug pirfenidone (Genentech) has already entered a 
study to evaluate its efficacy and safety (NCT04282902). 
Recombinant angiotensin-converting enzyme 2 (ACE2; 
APN01) that lacks the transmembrane region of  
the protein was developed by Apeiron Biologics for the 
treatment of acute lung injury and pulmonary artery 
hypertension. The soluble ACE2 has the potential to 
reduce lung injury by activating the anti-fibrotic and 

Cytokine storm
A disproportionately large 
cytokine response that 
promotes inflammation  
and is harmful to the host.
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anti-inflammatory angiotensin (1–7)–Mas receptor 
axis of the renin–angiotensin–aldosterone system, and 
by acting as a decoy and preventing infection by binding 
to the SARS-CoV-2 virus and inactivating it. APN01 is 
being tested in a phase I trial in China, and approval 
has been secured to carry out phase II trials in Austria, 
Germany and Denmark (NCT04335136).

Currently, there are no targeted therapies for 
COVID-19. However, numerous drug discovery pro-
grammes are in progress, and a recent study reported a 
structure-based drug design strategy, as well as virtual 
and high-throughput screening to identify lead com-
pounds that bind to the main protease of the virus (Mpro; 
also known as 3CLpro)67. The active site of the protease is 
highly conserved among coronaviruses, making a strong 
case for pursuing an Mpro-targeting drug. The organose-
lenium drug ebselen, which is an anti-inflammatory and 
antioxidant, showed high affinity for Mpro and showed 
promising antiviral activity (concentration that gives 
half-maximal response EC50 = 4.67 μM). Thus, the pre-
sented approach may greatly accelerate the discovery of 
drug leads with potential in the clinic.

The Drug Discovery and Development Centre (H3D) 
based at the University of Cape Town is the only fully 
integrated drug discovery centre in Africa that has 
taken a drug into a phase II clinical trial. The centre 
has very strong collaborations with the pharmaceuti-
cal industry and MMV, a leading product development 
partnership, as well as the infrastructure and expertise 
to find potential therapies against COVID-19. H3D 
has assembled chemical libraries for its malaria and 
tuberculosis projects that could be screened to identify 
possible drug leads against SARS-CoV-2; however, this 
will require additional resources and funding because 
the centre is contractually focused on antimalarial and 
anti-tuberculosis drug development.

Vaccine platforms and implementation
The infrastructure for large-scale, high-volume vac-
cine manufacturing is largely absent in Africa, and  
the rapidly escalating COVID-19 pandemic highlights the  
urgent need for capital investment in the region to lessen 
reliance on developed countries. The few facilities that 
are available are specialized, and are not well-suited to 
produce vaccines for SARS-CoV-2 (TABle 1). It is also 
anticipated that it would take a minimum of 18 months 

to build a suitable manufacturing plant under ideal 
conditions, and therefore to contribute to the global 
COVID-19 vaccine initiative, African developers will 
need to outsource large-scale manufacturing in the short 
term. The African Vaccine Manufacturing Initiative, 
which aims to develop local manufacturing capacity in 
Africa, has established a working group and is actively 
engaged with key stakeholders to meet the local need 
for a vaccine. Innovative Biotech (Nigeria) has already 
partnered with Medigen (USA) and Merck (Germany) 
to apply their insect cell production platform to produc-
ing virus-like particles with the intention of initiating a 
clinical trial in Nigeria. Similarly, the Ethiopian Public 
health Institute (EPHI) is planning to partner with 
TechInvention (India) to produce the SARS-CoV-2 spike 
protein in a yeast-based fermentation system, although 
limited details are available (personal communication,  
S. Agwale, CEO of Innovative Biotech). Last, Biovac 
(South Africa) has modern facilities at a modest scale 
and has initiated a feasibility study for a large-scale facil-
ity with an annual minimum production capacity of 
100 million vaccine doses for COVID-19 and future pan-
demic vaccines, as well as vaccines for routine immuni-
zation use (personal communication, P. Tippoo, Head of 
Science and Innovation, Biovac).

Given the global demand for a COVID-19 vaccine, it 
is likely that even when a suitable candidate is approved 
for human use, there will be a considerable delay before 
it is available in Africa. This is not unprecedented — 
during the 2009 H1N1 influenza pandemic, a global 
shortage of influenza vaccines resulted in limited sup-
plies being provided for countries in the region, and, in 
fact, the vaccines only became generally available after 
2010 (ref.68). This unfortunate, but entirely plausible, sce-
nario may necessitate prioritizing high-risk groups, such 
as health-care workers and older individuals, to receive 
the first SARS-CoV-2 vaccines to reach Africa.

More than 100 vaccine candidates are currently in pre-
clinical development around the world, and 15 vaccines 
are already being tested in clinical trials69,70 (TABle 2). 
These vaccines are mostly focused on eliciting immunity 
against the spike glycoprotein, although other viral anti-
gens may also have a role in vaccine-mediated protection 
(Box 2). The speed of clinical deployment of these vac-
cines is unprecedented, but there are concerns regarding 
the longevity of immune responses and the potential  

Table 1 | Infrastructure for human vaccine manufacturing in Africa

Organization Location Technology platform Vaccines Production scale (doses)

Institut Pasteur de Tunis Tunisia Bacterial fermentation BCG <1 million

Institut Pasteur de Dakar Senegal Egg-based Yellow fever  
(WHO prequalified)

Currently 5 million doses 
(expansion to 30 million 
underway)

Biovaccines Nigeria Not yet operational Undisclosed Unknown

Innovative Biotech Nigeria Insect cell virus-like 
particles

Preclinical: HIV-1 
and Ebola virus

Unknown

Vacsera Egypt Bacterial fermentation, 
end to end

DTP, cholera Undisclosed

The Biovac Institute South Africa Fill–finish Variable ~30 million

BCG, Bacille Calmette–Guérin; DTP, diphtheria, tetanus toxoid and pertussis; WHO, World Health Organization.
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Table 2 | SARS-CoV-2 vaccine candidates currently in clinical testing

Vaccine 
technology 
(vaccine name)

Description Developer Cohort age Location Phase and trial 
number

Number of 
participants

Start 
date

Inactivated 
SARS-CoV-2

Evaluation of 
the safety and 
immunogenicity 
of the vaccine 
in a healthy 
population

Wuhan Institute of 
Biological Product

≥6 years China Phase I and II

ChiCTR2000031809

1,112 25 April 
2020

Inactivated 
SARS-CoV-2 
(BBIBP-CorV)

Evaluation of 
the safety and 
immunogenicity 
of the vaccine 
in a healthy 
population

Beijing Institute of 
Biotechnology

≥3 years China Phase I and II

ChiCTR2000032459

2,128 25 April 
2020

Inactivated 
SARS-CoV-2 
(PiCoVacc) with an 
alum adjuvant

Clinical trial 
to evaluate 
the safety and 
immunogenicity 
of the vaccine in 
healthy adults

Sinovac 18–59 years China Phase I and II

NCT04352608

744 16 April 
2020

Inactivated 
SARS-CoV-2

Trial in healthy 
individuals

Chinese Academy 
of Medical Sciences

18–59 years China Phase Ia and IIa

NCT04412538

942 15 May 
2020

Stable, pre-fusion 
spike nanoparticle 
with and without 
Matrix-MTM 
adjuvant

To evaluate 
the safety and 
immunogenicity 
of the vaccine 
with and without 
the adjuvant

Novavax 18–59 years Australia Phase I and II

NCT04368988

131 25 May 
2020

COVID-19 spike 
protein trimer 
subunit vaccine 
(SCB-2019) with 
different adjuvants

To evaluate 
the safety, 
reactogenicity and 
immunogenicity 
of the vaccine 
candidate at 
different dose 
levels with and 
without the 
adjuvant

Clover 
Biopharmaceuticals

Adults and older 
individuals

Australia Phase I

NCT04405908

90 (adults)

60 (older 
individuals)

22 June 
2020

Non-replicating 
chimpanzee 
adenovirus 
AZD1222, 
expressing spike 
protein (ChAdOx1)

To determine 
the efficacy, 
safety and 
immunogenicity 
in healthy adult 
volunteers

University of 
Oxford and 
AstraZeneca

18–55 years UK Phase I and phase II

NCT04324606

1,090 23 April 
2020

Variable UK Phase II and III 10,000 29 May 
2020

18–65 years South Africa Phase I/II

NCT04444674

2,000 24 June 
2020

18–55 years Brazil Phase III

ISRCTN89951424

5,000 20 June 
2020

Ad5-nCoV 
encoding 
full-length spike 
protein

To evaluate 
the safety and 
immunogenicity 
of the vaccine in 
healthy adults

CanSino Biologics ≥18 years China Phase II

NCT04341389

508 12 April 
2020

18-60 years China Phase I

NCT04313127

108 16 March 
2020

mRNA (NRM) 
(mRNA-1273) 
expressing 
spike protein 
encapsulated with 
LNP

Open-label, 
dose-confirmation 
study to evaluate 
the safety and 
immunogenicity 
of the vaccine in 
healthy adults

Moderna and 
National Institute 
of Allergy and 
Infectious Diseases

18–99 years USA Phase Ia

NCT04283461

120 16 March 
2020

Open-label, 
dose-confirmation 
study to evaluate 
the safety and 
immunogenicity 
of the vaccine

Moderna and 
National Institute 
of allergy and 
infectious diseases

≥18 years USA Phase IIa

NCT04405076

600 25 May 
2020
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Vaccine 
technology 
(vaccine name)

Description Developer Cohort age Location Phase and trial 
number

Number of 
participants

Start 
date

mRNA (NRM) and 
SAM constructs 
expressing spike 
protein in LNP 
(BNT162)

Dose-escalation 
trial investigating 
the safety and 
immunogenicity 
of four 
prophylactic 
SARS-CoV-2 
mRNA vaccines 
using different 
dosing regimens 
in healthy adults

BioNTech and Pfizer 18–55 years Germany 
and USA

Phase I and II

NCT04380701

200 23 April 
2020

mRNA SAM 
expressing spike 
protein in LNP 
(COVAC1)

A first-in-human 
clinical trial 
to assess the 
safety and 
immunogenicity 
of a self- 
amplifying 
ribonucleic acid 
(SAM) vaccine 
encoding 
the spike 
glycoprotein of 
SARS-CoV-2

Imperial College 
London

18–45 years UK Phase I

ISRCTN17072692

300 15 June 
2020

18–75 years UK Phase II 200 15 June 
20 20

mRNA encoding 
the spike protein 
encapsulated in 
LNP (CVnCoV)

To evaluate 
the safety, 
reactogenicity and 
immunogenicity 
of the vaccine in 
healthy adults

CureVac 18–60 years Germany 
and Belgium

Phase I

NCT04449276

168 18 June 
2020

DNA expressing 
spike protein

(INO-4800)

To evaluate 
the safety, 
tolerability and 
immunogenicity 
of the prophylactic 
vaccine against 
SARS-CoV-2, 
administered 
intradermally 
followed by 
electroporation in 
healthy volunteers

Inovio 
Pharmaceuticals

≥18 years USA Phase I

NCT04336410

120 3 April 
2020

DNA expressing 
spike protein 
(GX-19)

Safety and 
immunogenicity 
study of the 
vaccine in healthy 
adults

Genexine, Inc. 18–50 years South Korea Phase I and II

NCT04445389

190 17 June 
2020

DCs modified 
with lentivirus 
vectors expressing 
SARS-CoV-2 
minigene

SMENP and 
immunomodulatory 
genes with antigen- 
specific CTLs

(LV-SMENP)

Multicentre trial 
of the vaccine

Shenzhen 
Geno-Medical 
Institute

6 months−80 years China Phase I and II

NCT04276896

100 24 March 
2020

aAPCs modified 
with lentivirus 
vectors expressing 
minigenes from  
selected SARS- 
CoV-2 proteins

Safety and 
immunity 
evaluation of the 
vaccine

Shenzhen 
Geno-Medical 
Institute

6 months−80 years China Phase I

NCT04299724

100 15 
February 
2020

aAPC, artificial antigen-presenting cell; COVID-19, coronavirus disease-2019; CTL, cytotoxic T lymphocyte; DC, dendritic cell; LNP, lipid nanoparticles,  
NRM, non-replicating mRNA; SAM, self-amplifying mRNA; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 2 (cont.) | SARS-CoV-2 vaccine candidates currently in clinical testing
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for vaccine-mediated enhancement of infection (Box 3). 
Although the rapid progress to clinical testing is encour-
aging, it is still too early to determine whether they 
will confer immunity against SARS-CoV-2 infection 
or whether they will ameliorate the disease course fol-
lowing infection. The only peer-reviewed report of 
a SARS-CoV-2 vaccine in clinical trial to date is for 
CanSino Biologics’ Ad5-nCoV vaccine, which recently 
completed phase I testing. Encouragingly, the vaccine elic-
ited both binding antibodies and antigen-specific T cells, 
although, disappointingly, only 50% of volunteers devel-
oped neutralizing antibodies in the low (5 × 1010 viral par-
ticles) and medium (1 × 1011 viral particles) dose regimens. 
However, 75% of the high-dose group (1.5 × 1011 viral par-
ticles) developed neutralizing antibodies. Perhaps unsur-
prisingly, the high-dose group also reported a higher 
incidence of adverse effects following vaccination and 

only the low and intermediate doses will be pursued in 
phase II trials71.

Despite the absence of suitable facilities for current 
Good Manufacturing Practice (cGMP)-compliant 
vaccine or therapeutics manufacturing in most of 
Africa, considerable expertise in preclinical vaccine 
development is also available in academic institutes, 
and vaccines could be manufactured on contract for 
clinical trials as was the case for the South African 
AIDS Vaccine Initiative72. Accordingly, groups at the 
University of Cape Town (South Africa), the National 
Research Centre (Egypt) and the Kenya Aids Vaccine 
Initiative (KAVI) have all confirmed that early-stage 
research on SARS-CoV-2 vaccine development is 
underway — although further details have not been 
disclosed73. Important considerations for these vac-
cines will be the cost, their safety in individuals who 

Box 2 | SARS-CoV-2 virus structure and targets for vaccine development

Severe acute respiratory syndrome coronavirus 2 (SArS-cov-2) comprises pleomorphic virions, ranging from 60 to 
140 nm in diameter, with prominent glycoprotein spike proteins projecting from the virus surface4. The virion also 
contains the membrane, envelope and nucleocapsid proteins, which encapsulate the viral genome and accessory proteins 
(see the figure, left). The spike protein is a glycosylated type 1 fusion protein that mediates infection by binding the host 
membrane-anchored angiotensin-converting enzyme 2 (Ace2)145. The glycoprotein is organized into extracellular (S1) 
and membrane-spanning (S2) subunits, which mediate receptor binding and membrane fusion, respectively (not shown). 
binding of the spike protein to Ace2 results in a conformational change that enables the dissociation of the S1 subunit 
and the insertion of the fusion peptide into the host membrane146.

The spike glycoprotein is the primary target of vaccine development, based on the premise that neutralizing antibodies 
against spike will prevent viral entry into susceptible cells (see the figure, right). This is supported by preclinical 
immunogenicity studies, for the related middle east respiratory syndrome coronavirus (merS-cov) and SArS-cov, for 
which immunization with spike-based vaccines elicited protective antibody responses147,148. more recently, neutralizing 
antibodies against the SArS-cov-2 spike have been reported in natural infection; these are readily elicited and 
frequently target the receptor-binding domain in S1 (ref.35). The potential role of cell-mediated immunity in coronavirus 
vaccines generally has not been as well explored. It is reasonable to expect that cellular immune responses would 
contribute to viral clearance and ameliorate the severity of the disease, as well as support the development of antibody 
responses. Accordingly, robust and durable cellular responses have been observed against the spike, membrane, 
envelope and nucleocapsid proteins in patients who recovered from SArS coronavirus infection149–151. ultimately, both 
cell-mediated and humoral responses are desirable in a vaccine, especially given the observation that cellular responses 
are longer lived than antibodies following infection with SArS coronaviruses152,153. mHc, major histocompatibility 
complex.

Humoral immunity:
• Neutralizing antibodies prevent interaction of spike with ACE2
• Antibody effector functions can contribute to viral clearance
• B cell memory for durable immunity

Cellular immunity
• CD8+ T cell-mediated clearance of 

virus-infected cells 
• CD4+ T cell-mediated response supports 

antibody induction 

ACE2

B cell

Effector cell

MHC
class I

MHC
class II

CD8+ CD4+

Spike
Membrane Nucleocapsid

Envelope
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are immunocompromised and the availability of man-
ufacturing partners who can produce the vaccines at 
the required scale. With these restrictions in mind, 
non-replicating viral vectors, DNA vaccines and cell and 
plant-based subunit immunogens are arguably the most 
suitable prospects. Alternatively, if suitable capital invest-
ment is made available, a cGMP-compliant facility could 
be established with the intention of manufacturing one 
of the vaccines that is already in clinical development.

Genetic immunization with plasmid DNA is perhaps 
the easiest vaccine modality to develop for clinical tri-
als as the manufacturing process is well established, the 
incumbent costs are low compared with other platforms 
and multiple clinical trials have shown their safety. 
Technological advances have also substantially reduced 
the time from identifying the viral sequence to initi-
ating immunizations in humans74. Accordingly, DNA 
vaccines have been advanced into the clinic in response 
to several emerging pathogens, including MERS-CoV, 
and Inovio Pharmaceuticals (USA) have already com-
pleted recruiting participants to initiate a phase I trial 
with a candidate DNA vaccine against SARS-CoV-2 
(NCT04336410)75. Recent preclinical data demon-
strated that the vaccine elicited neutralizing antibodies 
in both mice and guinea pigs, and an unrelated study 
reported that immunization with a DNA vaccine pro-
tected against viral challenge in macaques76,77. Genetic 
immunization is well-suited to clinical development for 
Africa, and candidate vaccines could be manufactured 
to cGMP standards using one of the contract manu-
facturers offering this service. However, there are no 
licensed human vaccines based on this platform, and the 
current delivery methods are not suitable for large-scale 
immunization.

Host-restricted viral vectors are another prom-
ising vector platform for immunization in Africa78. 
Replication-deficient chimpanzee adenovirus-based 
vaccines have shown promise for several emerging 
viruses, and given their simian origin, they circum-
vent concerns for vector-specific immunity as was 
observed when using human adenoviral vectors for 
immunization79. A single dose of a MERS-CoV-2 vac-
cine using this platform was reported to elicit protec-
tive immunity in non-human primates80. More recently, 
a single immunization with ChAdOx1 encoding the 
SARS-CoV-2 spike protected against pneumonia and 
lowered viral loads in both bronchoalveolar lavage 
and respiratory tract samples in macaques following 
challenge81. This effect was observed in the absence of 
high titres of neutralizing antibodies and the impact 
of the vaccine was to ameliorate severe disease rather 
than to prevent infection. Although it is disappointing 
that the vaccine did not confer sterilizing immunity 
in monkeys, it is noteworthy that the monkeys only 
received a single immunization and that the inoculum 
used for challenge was high. It should be noted that the 
high-challenge inoculum was conceived to determine 
whether immunization resulted in vaccine-mediated 
enhancement of infection, and that there was no evi-
dence to suggest that this would be a concern81. This is 
the vaccine being pursued by the University of Oxford 
in collaboration with AstraZeneca that is now in phase II  
testing. A clinical trial for this vaccine has recently been 
initiated in Johannesburg (South Africa), and this is the  
first vaccine for SARS-CoV-2 to be tested in Africa. 
The manufacturing cost of ChAdOx1 would be far less 
than for a subunit vaccine and, moreover, no adjuvant is 
needed for immunization.

Poxvirus-based vectors are similarly attractive: they 
elicit strong humoral and cellular immune responses, 
can be manufactured at low cost and are stable in the 
absence of a sustained cold chain78,82. In addition, they 
can accommodate larger genetic insertions, which 
could be exploited to encode multiple SARS-CoV-2 
genes (such as the spike, nucleocapsid, membrane 
and envelope antigens) and could potentially produce 
virus-like particles. Suitable examples of candidate pox-
virus vectors include the attenuated orthopoxviruses 
modified vaccinia Ankara (MVA)83 and NYVAC84, the 
avipoxviruses canarypox virus (ALVAC)85 and fowlpox 
virus (FWPV)86, and the capripoxvirus lumpy skin dis-
ease virus (LSDV)87. MVA is the most widely explored 
of these vectors. Having been attenuated by more than 
570 passages in chick embryo fibroblast cells, MVA has 
a well established safety record, including in individuals 
who are immunocompromised, and has recently been 
approved as a vaccine against smallpox88,89. NYVAC 
was engineered by the purposeful deletion of 18 genes 
involved in host range and pathogenicity; it causes no 
disseminated disease in immunodeficient mice, like 
MVA, and is unable to replicate in humans90. Several 
MVA-vectored vaccines of particular relevance to 
Africa have shown promise in clinical trials, usually 
in prime-boost regimens together with other vectors 
such as DNA or adenovirus. These include vaccines 
against HIV-1 (ref.91), Mycobacterium tuberculosis92 and 

Box 3 | Immunological challenges for SARS-CoV-2 vaccine development

Two concerns have been raised that could undermine the vaccines against severe acute 
respiratory syndrome coronavirus 2 (SArS-cov-2) in clinical testing: the longevity of 
immunity, and the potential for adverse effects following SArS-cov-2 infection in 
immunized volunteers. The durability of antibody responses has implications for 
vaccine development, as immunization may need to induce stronger immunity than 
natural infection. This concern is partly due to observations of waning neutralizing 
antibody titres after SArS coronavirus infection, and a lack of knowledge regarding the 
potential for SArS-cov-2 re-infection154–156. encouragingly, preliminary data suggest 
that rhesus macaques may be resistant to challenge with SArS-cov-2 after clearing  
the primary infection157. The duration of this protection remains unclear, as do the 
correlates of immunity. low neutralizing antibody titres were recently reported in 30% 
of patients who recovered from mild infection with SArS-cov-2, which suggests that 
cellular responses may have an important role in viral clearance. However, it is plausible 
that neutralizing antibody titres correlate with disease severity and merely reflect the 
extent of antigenic stimulation61.

Another concern is vaccine-induced enhancement of infection. This can manifest as 
either antibody-dependent enhancement or cell-mediated inflammatory responses 
that result in pathology following exposure to the virus. Accordingly, type 2 T helper 
cell-mediated lung pathology with eosinophilic infiltrates has been observed in 
vaccinated and challenged animals for both middle east respiratory syndrome 
coronavirus (merS-cov) and SArS-cov158–160. The potential impact of antibody- 
dependent enhancement in the context of coronavirus vaccines has not been as well 
defined, although the phenomenon has been described for a monoclonal antibody 
targeting the merS coronavirus spike glycoprotein161. Preliminary data suggest that 
antibody-dependent enhancement may account for the severity of covID-19 in some 
cases, where previous exposure to other coronaviruses may have elicited responses 
that enhanced infection, although this remains to be determined162.
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Ebola virus93. LSD, a notifiable disease of cattle world-
wide, is prevalent in most African countries, and the 
live-attenuated Neethling vaccine strain is widely used 
to control the disease on the continent94. LSDV is being 
developed both as a multivalent cattle vaccine vector87,95 
and as a host-restricted HIV-1 vaccine vector96. It has 
been shown to have no adverse effects in immunodefi-
cient mice, and although this vector could not be used 
in countries free of LSDV, it has potential as a human 
vaccine in sub-Saharan Africa96. Together with MVA 
and NYVAC, the avipoxvirus vectors ALVAC (atten-
uated canarypox virus) and FWPV are probably more 
realistic targets for rapid clinical development, as they 
have also undergone testing in humans, and ALVAC is 
already licensed for several veterinary applications97. 
At present, there are no cGMP-accredited manufac-
turers of adenovirus or poxvirus-based vaccines for 
humans in Africa. Sanofi Pasteur (France) supplies 
ALVAC-based vaccines, Virax (Australia) manufactures 
FWPV and MVA-based vaccines are manufactured by 
multiple companies including Geovax Labs, Inc. (USA), 
ProBioGen (Germany) and Bavarian Nordic (Denmark). 
Similarly, chimpanzee adenovirus-based vaccines are 
manufactured at the Jenner Institute (UK) or in col-
laboration with established manufacturing partners. 
Capripoxviruses are manufactured as veterinary vac-
cines, although the only cGMP-approved manufacturer 
is MCI Santé Animale (Morocco).

Plant-based vaccine protein production is an emerg-
ing technology that is well-suited to resource-limited 
areas given the capacity of the system for rapidly scala-
ble production, the low manufacturing costs and the less 
sophisticated infrastructure requirements than mamma-
lian expression systems98. The platform is well established 
to produce diverse classes of recombinant proteins, and 
recent advances in expression technologies and molec-
ular engineering have also enabled improvements in 
glycoprotein production in plants47,99. Encouragingly,  
a preliminary pilot study suggests that these appro aches 
can be applied to produce the SARS-CoV-2 spike in 
Nicotiana benthamiana plants, warranting further test-
ing of the recombinant antigen in preclinical vaccine 
immunogenicity models100. Three leading plant biotech-
nology companies, Medicago Inc. (Canada), Ibio Inc. 
(USA) and Kentucky BioProcessing Inc. (USA), have 
already announced the successful production of candi-
date virus-like particle vaccines against SARS-CoV-2. 
Although plant-based manufacturing of recombinant 
protein antigens may be the most suitable solution for 
Africa, it may also pose a challenge for manufacturing. 
The major advantages of plant-based vaccine produc-
tion for SARS-CoV-2 in Africa are the lower costs and 
the potential for rapid production scale-up to accom-
modate the large demand for a vaccine. This is best 
demonstrated in the context of influenza vaccine devel-
opment, as a fully formulated virus-like particle vaccine 
was produced within 3 weeks following release of the 
viral sequence101. This rapid development timeline sup-
ported the production of 10 million doses of the vaccine 
within 1 month102. However, despite the costs to estab-
lish a GMP-compliant plant-based manufacturing facil-
ity being considerably less than those for the equivalent 

mammalian platform (for example, US$80–100 million 
versus US$250–350 million, respectively), they are not 
insignificant, and the capital investment required has 
been prohibitive for Africa98. Furthermore, there are 
few suitable contract manufacturing organizations 
worldwide, and these are already invested in their own 
SARS-CoV-2 vaccine development programmes.

Several recent preliminary data have suggested a 
possible correlation between Bacille Calmette–Guérin 
(BCG) vaccination and lower prevalence and mortality 
due to COVID-19 (refS103–106). The BCG vaccine is one 
of the most widely used vaccines worldwide and has 
been used to vaccinate against tuberculosis for nearly 
100 years. The vaccine comprises a live, attenuated form 
of Mycobacterium bovis, which provides protection 
against disseminated forms of tuberculosis in infants 
but gives variable protection against pulmonary tuber-
culosis in adults107,108. Non-specific cross-protection 
against other pathogens, including those causing res-
piratory tract infections, has also been documented109. 
This effect may be attributable to altered expression of 
host cytokines and pattern-recognition receptors, as well 
as the reprogramming of different cellular metabolic 
pathways that, in turn, increases the innate immune 
response to other pathogens109,110. However, potential 
correlation between BCG vaccination and COVID-19 
severity should be interpreted with caution. First, it is 
unlikely that BCG vaccination at birth will still provide 
non-specific cross-protection against viral pathogens 
in older individuals. Second, the correlation could be 
influenced by numerous unknown confounding factors, 
including variation in testing between countries, which 
leads to differences in the recorded case numbers; dif-
ferences in average population age, ethnic and genetic 
backgrounds; the stage of the pandemic in each coun-
try; and different approaches to mitigating the spread 
of the disease in different countries. Numerous clinical 
trials are presently underway to determine whether 
BCG vaccination reduces the incidence and severity 
of COVID-19 in health-care workers and older indi-
viduals (Supplementary Table). A trial has also started 
in Egypt (NCT04347876), where disease severity and 
mortality in patients with COVID-19 will be compared 
between those with positive and negative tuberculin tests. 
In Brazil, the BCG vaccine will be given to patients 
with COVID-19 as a therapeutic vaccine to evalu-
ate the impact on the rate of elimination of SARS-CoV-2, 
the clinical evolution of COVID-19 and the serocon-
version rate and titres of anti-SARS-CoV-2 antibodies. 
As the BCG vaccine has been administered to most neo-
nates in South Africa and France until recently, these 
trials will also investigate the effect of revaccination with 
the BCG vaccine. In addition, a new modified version of 
BCG, namely VPM1002, which expresses listeriolysin 
instead of urease C, will be tested in health-care workers 
and older individuals in Germany111. Securing a reliable 
supply of BCG vaccine doses could be a challenge in 
Africa if re-immunization shows promise, as there is 
limited manufacturing capacity for the vaccine on the 
continent. Historically, shortages of the vaccines were 
documented in 41% of countries on the continent 
between 2005 and 2015 (ref.112). This was largely due 

Tuberculin tests
Tuberculosis diagnostic tests 
that involve the intradermal 
injection of bacterial antigens 
to determine whether the 
recipient mounts an immune 
response at the site of injection.
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to lack of supply, but the limited availability of financ-
ing, procurement shortcomings and ineffective vaccine 
management also contributed to the shortage. The low 
price for a BCG vaccine and limited investment has also 
reduced the incentive for manufacturers to redesign and 
improve production processes in the region. From 1988 
to 2001, the 172-Tokyo BCG strain was produced at the 
State Vaccine Institute in Cape Town, South Africa; how-
ever, this was discontinued as the cost of importing the  
vaccine was lower than that of local manufacture.

The potential impact of co-infections
Africa shoulders a considerable burden of co-infections. 
Although HIV-1 and tuberculosis may be the most 
important infections when considering potentially 
enhanced COVID-19 disease severity, the high inci-
dence of malaria and helminth infections as well as 
multiple ongoing outbreaks of Ebola virus disease, Lassa 
fever, cholera, measles, yellow fever, hepatitis E and chi-
kungunya virus113 all represent infections with unknown 
interactions with SARS-CoV-2.

The high prevalence of HIV-1 and tuberculosis in 
sub-Saharan Africa presents an important but largely 
unknown challenge for the continent with regard to 
COVID-19. The urgent question that needs answering 
is whether individuals with HIV-1, or those with past or  
current tuberculosis, have a higher risk of infection  
or greater morbidity and mortality from COVID-19. 
Of the 37.9 million people living with HIV-1 globally, 
25.6 million live in sub-Saharan Africa, and it is esti-
mated that 64% are accessing antiretroviral therapy 
and 54% are virally suppressed114. Although individuals 
who are immunocompetent with well-controlled HIV-1 
infections may be at no greater risk for COVID-19, there 
remains a considerable number of individuals with low 
CD4 counts and uncontrolled HIV-1 viraemia who may 
be at risk of severe disease. To date, there have been two 
published reports of concurrent COVID-19 and HIV-1 
infection115,116. Although the cohort was an extremely 
limited group of patients predominantly established on 
antiretroviral therapy, the pattern of clinical disease did 
not differ from that observed in the general population, 
but more research is needed to confirm this result.

The severity of other respiratory infections concom-
itant with HIV-1 may provide some clues: although the 
immunopathogenesis of SARS-CoV-2 is probably dis-
tinct in several aspects from influenza viruses, there are 
some shared clinical features. HIV-1 infection is asso-
ciated with a greater susceptibility to influenza virus 
infection, increased severity of influenza-related dis-
ease and poorer prognosis in patients who are severely 
immunocompromised117. A large South African study 
observed an eightfold higher incidence of influenza 
virus infection and a fourfold greater risk of death in 
the case of HIV-1 co-infection118. Paradoxically, there is 
also evidence that lower inflammatory responses in indi-
viduals who are immunocompetent and infected with 
HIV-1 may lead to milder influenza-related disease117.  
In addition to altering the clinical course of disease, HIV-1 
infections may result in poorer antibody responses that 
may lead to prolonged viral shedding, thereby influenc-
ing disease transmission119. Tuberculosis, a disease that  

causes chronic lung damage, may also present a challenge 
in the COVID-19 era. There were approximately 2.4 mil-
lion new cases of tuberculosis in Africa in 2018 (ref.120). 
In a South African study of patients who were hospi-
talized for severe respiratory illness, those with influ-
enza virus infection together with laboratory-confirmed 
tuberculosis had a 4.5-fold greater risk of death121. HIV-1 
largely drives the tuberculosis epidemic in sub-Saharan 
Africa, and the ‘triple-hit’ of HIV-1, tuberculosis and 
SARS-CoV-2 infection is consequently of considerable 
concern.

A preliminary study suggests that HIV-1 infection 
increases the risk of mortality from COVID-19 by 
2.39-fold, and this increased risk seemed to be inde-
pendent of suppressed HIV-1 viral load due to antiretro-
viral therapy. Individuals with current tuberculosis had a 
2.7-fold greater risk of death122. These figures represent 
a modest increased risk compared with older age and 
co-morbidities such as diabetes in the same population, 
which suggests that HIV-1 and tuberculosis may not be 
considered major risk factors for COVID-19. Although 
this would be considered good news, further studies are 
awaited to confirm these initial observations.

The two main potential issues for using SARS-CoV-2 
vaccines in individuals infected with HIV-1 are safety 
and efficacy. However, potential safety issues are likely 
to be restricted to use of certain vaccine modalities, such 
as live-attenuated or replicating vaccines, in individuals 
who are highly immunosuppressed. When considering 
vaccine efficacy, the magnitude and durability of immu-
nity in individuals infected with HIV-1 for both vacci-
nation against and natural infection with SARS-CoV-2 
is unknown. To date, there are no reports describing 
immune responses to SARS-CoV-2 in individuals 
infected with HIV-1. It is possible that individuals with 
HIV-1 may have incomplete immune reconstitution 
and impaired immunity that may influence vaccine 
safety and efficacy, even if they are receiving antiretro-
viral therapy, owing to persistent immune activation and 
incomplete recovery of T cell and B cell immunity123,124. 
Suboptimal neutralizing antibody responses have been 
described following immunization against influenza 
virus or other pathogens in individuals infected with 
HIV-1 (ref.125). Weaker antibody responses and lower 
influenza virus-specific memory B cell responses in indi-
viduals infected with HIV-1 were directly related to CD4 
counts126. It will be important to test candidate vaccines 
for their ability to generate immune responses in a range 
of high-risk groups, including patients with HIV-1. 
Several strategies may improve the magnitude and 
durability of vaccine responses in individuals infected 
with HIV-1, such as higher doses, booster immuni-
zations and/or the use of adjuvants127. Substantive 
data on the clinical and immunological interaction of 
HIV-1, tuberculosis and COVID-19 will emerge from 
Africa in time for improved strategies to guide clinical 
management of patients who are co-infected and the 
vaccine regimens.

Finally, an important additional point to note is the 
indirect effects of COVID-19 on health in Africa within 
the setting of a high burden of infectious diseases. The 
WHO estimates that the disruption in vaccination due to 
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disruption in supply could put 80 million infants at risk 
of contracting vaccine-preventable diseases128. Several 
countries have reported reduced uptake of tuberculosis 
testing, and patients failing to collect tuberculosis med-
ication or antiretroviral therapy owing to overwhelmed 
health-care systems, lockdown interventions and public 
fear of contracting COVID-19 (ref.129). Mitigating these 
interruptions in prevention, diagnosis and treatment, 
and ensuring that essential health services continue, will 
ultimately lower the overall impact of the COVID-19 
pandemic in Africa.

Conclusions and outlook
The ongoing COVID-19 pandemic presents an unprec-
edented global humanitarian and medical challenge. 
Although this has prompted unparalleled progress in 
the development of vaccines and therapeutics in many 
countries, it has also highlighted the vulnerability of 
resource-limited countries in Africa. Not only do these 
countries have limited testing capacity but the infra-
structure to manufacture tests, vaccines and therapeutic 
drugs is largely absent, and few clinical trials are under-
way on the continent to combat SARS-CoV-2. Clearly, 

there is an urgent need for capacity development and 
the available resources should focus on solutions that 
are specific to the needs of the continent. For example, 
there is an urgent need to inexpensively manufacture 
viral antigens for serological testing: this will determine 
the seroprevalence of the virus where PCR-based testing 
is not available for mild infections. Therapeutics devel-
opment should focus on repurposing existing drugs, or 
using convalescent plasma that can rapidly be used to 
treat infection and could be prioritized for individuals 
who are at high risk. Appropriate manufacturing part-
nerships need to be established to produce vaccines that 
could be tested and licensed on the continent, to limit 
reliance on global initiatives that may be overwhelmed 
by the global demand for a vaccine. In fact, this may pres-
ent an opportunity for governments to finally invest in 
much-needed cGMP-compliant vaccine manufacturing 
facilities. Although the situation is unquestionably dire, 
Africa has an important role in the global fight against 
COVID-19, and the resilience and resourcefulness of the 
people are not to be underestimated.
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