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Abstract 

The World Health Organization described herd immunity, also known as population immunity, as the indirect fortifi‑
cation from an infectious disease that happens when a population is immune either through vaccination or immu‑
nity developed through previous exposure to infection. The emergence of COVID‑19 vaccine is a step towards the 
achievement of herd immunity. Over one billion people across the globe have been vaccinated and Africa recorded 
only 2%. The objective of this article was to develop a forecast of the number of people to be vaccinated to achieve 
herd immunity in the 13 WHO‑identified priority African countries for COVID‑19. Herd immunity is achieved when 
one infected person in a population causes less than one secondary case on average, corresponding to the effective 
basic reproduction number  (R0). Vaccine delivery and distribution infrastructure including the cold chain remains 
weak. Vaccine hesitancy is also one of the limiting factors that may hinder herd immunity in Africa. In order to achieve 
herd immunity globally, African countries should not be excluded in fair and equal distribution of vaccines. Relevant 
stakeholders should foster commitment as well as community sensitization on COVID‑19 vaccines and integration of 
COVID‑19 vaccines in existing healthcare services.
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Introduction
As of 2021 July, the notorious virus COVID-19 has 
spread globally at a daunting speed, causing millions of 
cases and more than three million deaths in just a year 
and few months [1]. The world was thrown into abject 
confusion as the virus could not be contained in almost 
all countries of the world, including those with world-
class health facilities [2]. The pandemic did not just 
affect the health sectors of countries alone but also the 
social and economic aspects. The pandemic was highly 
felt across different socio-economic strata, particularly 
those belonging to vulnerable groups such as the poor, 
like street vendors and other marginalized groups [2, 3]. 
The scientific world experienced a breakthrough when 
diverse COVID-19 vaccines were developed within a 
year—an unnatural speed for vaccine development. This 

exemplifies the tenet that the role of vaccines in mitigat-
ing disease morbidity and mortality around the globe 
cannot be overemphasized. There are current debates on 
how Africa will possibly acquire enough vaccines to cater 
for its population of 1.3 billion [4, 5].

Fast forward to 2021, the World Health Organization 
(WHO) partnered with relevant stakeholders to distrib-
ute vaccines to all countries, including Low-and-Middle 
Income Countries (LMICs). The WHO approved the first 
vaccine for emergency use, the world reached a milestone 
of vaccinating one billion people across the globe within 
four months [6]. Before the distribution of the vaccines, 
global health and public health experts launched a herd 
immunity defence strategy that aroused interest and con-
troversy in the international community. The concept of 
herd immunity has been of great importance, mostly in 
animal husbandry.

According to WHO, herd immunity also referred to 
as population immunity, is the indirect fortification 
from an infectious disease that happens when a popula-
tion is immune either through vaccination or immunity 
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developed through previous exposure to infection [7]. 
Vaccines train our immune systems to create antibodies 
that fight disease, just as would happen when exposed 
to a disease, but—vitally—vaccines work without mak-
ing us sick. Vaccinated people are protected from get-
ting the disease in question and passing on the pathogen, 
breaking any infectious chains of transmission. The big 
question is can Africa achieve herd immunity even as 
COVID-19 vaccines are being rolled out?

With the present inequality in vaccine distribution, 
there are possibilities that the virus may not be curbed 
easily in most African countries. More than three-quar-
ters of all doses of vaccines being used so far have been 
administered in just ten countries of the world. People in 
more than 170 nations are to struggle for the remainder 
[6]. The irregular distribution of vaccinations, both in 
and between nations, threatens to slow progress towards 
the achievement of herd immunity. The United States 
and China alone account for closely half of all the doses 
given out.

On the other hand, just 2% have gone to the entire con-
tinent of Africa [6]. In the early days of the pandemic, 
the WHO identified 13 priority African countries for 
COVID-19, which included Algeria, Ghana, South Africa, 
Tanzania, Kenya, Mauritius, Angola, Cote d’Ivoire, Ethio-
pia, the Democratic Republic of the Congo, Nigeria, 
Zambia, and Uganda [8]. The objective of this article was 
to develop a forecast of the number of people to be vac-
cinated to achieve herd immunity in the 13 WHO-identi-
fied priority African countries for COVID-19.

COVID‑19 basic reproduction number 
and the forecast
Herd immunity is achieved when one infected person 
in a population causes less than one secondary case on 
average, corresponding to the effective basic reproduc-
tion number  (Re) [9–11].  Re may contrast across popu-
lations and over time, depending on the characteristics 
and number of contacts among individuals and hypo-
thetically environmental factors [10]. Arithmetically, the 
herd immunity threshold is defined by 1 − (1/Ro) [9]. 
For example,  Ro =3, the corresponding herd immunity 
threshold is 0.67, and that implies that 67% of the pop-
ulation must have been protected either through vacci-
nation or previous exposure to achieve herd immunity 
[9, 10]. COVID-19 has been calculated from the start to 
have a basic reproduction number  (Ro) between 2 and 6 
[9–11], with differing values across countries.

The differences in the basic reproduction value is con-
sequently a reflection of the deviation of the transmission 
dynamics of the COVID-19 infection across countries. If 
the acquired immunity of a community rises above 67%, 
then a gradual decline in the number of incident cases is 

recorded. With direct impacts on the  Ro and herd immu-
nity threshold, the spread of any infectious disease, as 
in this case, COVID-19, depends on factors such as the 
population structure, population density, and differ-
ences in the contact rates across existing demographic 
groups [9, 10]. This applies to both immunity via vacci-
nation and previous exposure to infection. Although, it is 
a fact that herd immunity through exposure may lead to 
a high mortality rate, especially among high-risk groups. 
Achieving herd immunity should be achieved by protect-
ing people through vaccination, not by exposing them to 
the pathogen that causes the disease.

The percentage of people who need to be immune to 
achieve herd immunity varies with different diseases. For 
example, herd immunity for polio is about 80%. Herd 
immunity against measles requires about 95% of a pop-
ulation to be vaccinated. The remaining 5% will be pro-
tected because measles will not spread among those who 
are vaccinated. The proportion of the population that 
must be vaccinated against COVID-19 to begin inducing 
herd immunity is not known. However, there have been 
numerous epidemiological studies geared to understand 
the transmission dynamics of COVID-19 [11]. This can 
be quantified by the basic reproduction number and the 
serial interval, which is the time delay between the symp-
tom onset of a primary case and his/her secondary case 
[10, 11]. A high reproductive value and short serial inter-
val imply rapid growth because the secondary infections 
generated from an initial case at the beginning of an epi-
demic keeps spreading with a short time. An estimated 
exponential growth rate and the basic reproduction num-
ber of the COVID-19 at the early stage of the pandemic in 
Africa was reported to be 0.22 per day and 2.37, respec-
tively [11]. In this study, the estimated basic growth rate 
of 2.37 will be used to make our forecast. Some global 
health experts have opined that herd immunity can only 
be achieved by 90% vaccination of the world’s population 
[6, 7, 9, 11]. This coverage will give a basic reproductive 
number  (Ro) of 10.

In this study, the aggregate number of confirmed cases 
of COVID-19 and deaths were collected from publicly 
available data of the outbreak situation report of the 
WHO Coronavirus Disease (COVID-19) Dashboard on 
the 3rd of May 2021 [4, 12]. The country’s population 
was obtained from the website of the Population Refer-
ence Bureau [4]. We forecasted the number of people to 
be vaccinated for herd immunity to occur using  R0 to be 
2.37 and 10 giving a projection of 57.8% and 90% cover-
age, respectively. The case fatality rate was calculated 
using the total number of deaths and cumulative cases 
reported in each region on the 3 May 2021.

Table 1 shows the population distribution in the WHO 
identified 13 priority African countries for COVID-19, 
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cases, death, case fatality rate of COVID-19 and the total 
number of vaccine doses administered as of 28 of April 
2021. The country with the highest number of cases of 
COVID-19 is South Africa. South Africa has a popula-
tion of 59.6 million with a total number of 1,582,842 con-
firmed cases of COVID-19 and over 54,000 deaths with a 
case fertility rate (CRF) of 3.4%. Though 182,983 doses of 
vaccines have been administered in South Africa. Albeit, 
our forecast estimates that the country will need to vacci-
nate 34,448,800 people at  Ro = 2.37 or 53, 640, 00 people 
at  Ro = 10 to achieve herd immunity. Tanzania has the 
lowest cases of COVID-19 with a total of 509. The coun-
try has a population of 59.7 million and has recorded 21 
deaths as of the 3rd of May with a CFR of 4.1%. There 
is no known fact concerning vaccination in the country 
as at the time of writing this paper. Notwithstanding, our 
forecast estimates the country at  Ro 2.37, 10 will need to 
vaccinate a total of 34,506,600 and 53,730,000 respec-
tively to achieve herd immunity. Africa would need 1.6 
billion doses if it uses a double-dose regime, or 800 mil-
lion doses for a single-dose regime so as to vaccinate 60% 
of the African continent.

The overall CFR of COVID-19 is 2.7% in the 13 prior-
ity African countries for COVID-19. However, 5,081,888 
doses of vaccines have been administered in almost all 
of these countries as of 28 April 2021. It is not enough 
to drive herd immunity in the region. At a  Ro = 2.37 
and 10, a total of 452,574,000  and 704,700,000 people 

respectively need to be vaccinated in those prioritized 
region to drive herd immunity. If herd immunity can be 
achieved, the present inequality in vaccine distribution 
may disrupt the progress. This will affect both the Afri-
can countries and high-income countries as unequal 
access to vaccines in any part of the world may drive vari-
ants of COVID-19.

Vaccine hesitancy: a threat to herd immunity 
in Africa
WHO listed the Sinopharm COVID-19 vaccine for emer-
gency use on the 7th of May, 2021 in addition to Oxford–
AstraZeneca, Pfizer-BioNTech, Moderna, Sinovac, and 
Johnson & Johnson. Though countries in Africa still have 
short supply of vaccines. Aside inadequate vaccines in 
Africa some factors such as vaccine hesitancy may dis-
proportionately hinder the progress towards herd immu-
nity too. Vaccine hesitancy is defined as the delay in the 
acceptance, or blunt refusal of vaccines and has been 
identified as a growing trend in global health [13]. Even 
though the continent has achieved impeccable progress 
since the Expanded Programme on Immunization (EPI) 
launch, hesitancy is threatening the progress made in the 
past years [13, 14]. There have been various polemics on 
vaccines in Africa [13]. This has led people to delay or 
refuse the uptake of endorsed vaccines. This refusal usu-
ally has a ripple effect when it is coming from an adult 
or an influencer. For example, An African mother or 

Table 1 Population distribution of the WHO identified 13 priority African countries for COVID‑19, total cases, deaths, CFR, number of 
vaccine doses administered and projected number of people to be vaccinated

Countries Population as 
at mid-2020 in 
million

Total number of 
reported cases

Deaths Case 
Fatality 
rate

Total number of 
vaccine doses 
administered as of 
28 April 2021

Projected number 
of vaccinated 
population to 
achieve herd 
immunity (R0 = 2.37)
57.8%

Projected number 
of vaccinated 
population to 
achieve herd 
immunity (R0 = 10) 
90%

Algeria 44.4 122,311 3261 2.7 Pending 25,663,200 39,960,000

Angola 32.5 26,815 600 2.2 443,263 18,785,000 29,250,000

The Democratic 
Republic of 
Congo

89.6 29,904 768 2.6 1075 51,788,800 80,640,000

Cote D’Ivoire 26.2 46,114 286 0.6 118,224 15,143,600 23,580,000

Ethiopia 114.9 258,062 3709 1.4 1,029,184 66,412,200 103,410,000

Ghana 31.1 92, 601 779 0.8 842,521 17,975,800 27,990,000

Nigeria 206.1 165,153 2063 1.3 1,188,839 119,125,800 185,490,000

Mauritius 1.3 1206 16 1.3 197,646 751,400 1,170,000

South Africa 59.6 1,582,842 54,406 3.4 182,983 34,448,800 53,640,000

Tanzania 59.7 509 21 4.1 – 34,506,600 53,730,000

Kenya 53.5 160,053 2744 1.7 827,671 30,923,000 48,150,000

Uganda 45.7 41,907 343 0.8 232,631 26,414,600 41,130,000

Zambia 18.4 91,670 1251 1.4 17,851 10,635,200 16,560,000

Total 783 2,619,147 70,247 2.7 5,081,888 452,574,000 704,700,000
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father who rejects vaccination will never allow his or her 
children to be given the vaccine if these individuals are 
in a place of authority in their community. This refusal 
may transcend to a majority of the members of that 
community.

Vaccine hesitancy poses significant threats not only for 
the hesitant individual but also to the broader community 
[13, 14]. Delays and refusals of vaccination make commu-
nities unable to reach thresholds of vaccine uptake that 
confer herd immunity, hence raising the possibility of an 
outbreak should a vaccine-preventable organism begin 
spreading in that community. One of the fueling cause of 
vaccine hesitancy in Africa is misinformation. Since the 
advents of COVID-19 in Africa, there have been false 
rumours and conspiracy theories against the use of vac-
cines [13]. The use of any COVID-19 vaccines has been 
associated with various rumours ranging from DNA 
alteration to inserting microchip to monitor Africans and 
depopulate the continent. Misinformation has a strong 
connection with hesitancy, and it is a massive hindrance 
to the achievement of herd immunity. The depletion of 
vaccines available for developing countries, especially for 
African countries, may also affect herd immunity in the 
continent. Some countries are hoarding vaccines, with 
rich nations such as Switzerland amassing more than 
seven times the amount needed to immunize their entire 
population if all the vaccines are approved [15]. This act 
may reduce the number of vaccines available to African 
countries. The hoarding of vaccines may pose a serious 
challenge than its discovery.

Vaccine equity in rural Africa
It is no longer news that most people in Africa inhabit 
rural settings. These rural communities have limited 
basic amenities [16]. The challenge of water supply, elec-
tricity, roads, schools, and health centres have always 
been pointed out as significant limitations affecting 
rural communities. Getting vaccines down to rural com-
munities in Africa might be faced with some inherent 
challenges, one of which is difficult terrain [16]. Rural 
communities in Africa usually lack good roads, and it 
may be challenging for health workers to access these 
communities. In Africa, hard-to-reach areas will con-
tinue to exist, and their underserved populations are 
vulnerable to infectious diseases [16]. Getting vaccines 
across to the hard-to-reach communities takes time due 
to poor or nonexistent roads, difficult terrain, and long 
distances to travel. The inequities in accessing hard-to-
reach areas have grave implications for the control and 
prevention of vaccine-preventable diseases, especially in 
the case of coronavirus disease [16]. Poor information 
access, infodemic and poor health literacy in rural areas 
of Africa have been a challenge [16]. These challenges 

will hinder the achievement of herd immunity in Africa 
if proper structure and strategies are not employed to 
tackle them.

Achieving vaccine equity in Africa may also be ham-
pered by a lack of supply cold chain. Delivering vaccines 
to all corners of Africa is a complex undertaking. It takes 
a chain of accurately harmonized events in temperature-
controlled environments to store, manage and transport 
these essential products. The power supply and short-
age issue in Africa will hugely affect supply cold chain, 
especially in hard-to-reach areas that lack basic ameni-
ties [16]. The cost of acquiring vaccines, setting up good 
logistic chain supply and delivery may be too exorbitant 
for most African countries to afford [5]. The phenome-
non of herd immunity is only achievable if total equity is 
involved in vaccine distribution.

A battle of speed and mutation
Viruses constantly change and become more diverse, 
and COVID-19 is not an exception. In fact, in the cur-
rent global crisis, SARS-CoV-2 has been mutating at a 
rate of about 1–2 mutations per month [17–19]. Several 
variants have lately made headlines, including the deadly 
Delta variant, a South African variant known as 501Y.V2 
or B.1.351 lineage, a UK variant known as 501Y.V1, VOC 
202,012/01, or B.1.1.7 lineage, a Brazilian variant known 
as 501Y.V3 or P.1 lineage, California variants known as 
B.1.427 and B.1.429, and many others [18, 19]. These var-
iants seem to spread more easily and quickly than other 
variants, which may lead to more cases of COVID-19. An 
increase in the number of cases will put more strain on 
healthcare resources, lead to more hospitalizations, and 
potentially more deaths especially in Africa with already 
at-capacity healthcare systems.

Geneticists has said that, two SARS-CoV-2 collected 
from anywhere in the world differ by an average of just 10 
RNA letters out of 29,903 [18]. This may have no serious 
consequences, that is, the virus ability to spread or cause 
death if they do not alter the shape of a protein, whereas 
those mutations that do change proteins are more likely 
to inhibit a possible achievement of herd immunity [18]. 
The effect of COVID-19 mutation may usher a catastro-
phe that may overpower the continent if care is not taken. 
Some of the potential consequences that makes COVID-
19 mutation a public health concern include;

• The ability of possible new variants to spread more 
quickly with high speed among the people.

• The ability to cause more serious diseases within the 
population leading to higher mortality.

• The ability to dodge detection by specific viral diag-
nostic tests which may reduce testing rate.
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• Declined susceptibility to therapeutic agents such as 
monoclonal antibodies.

• The ability to dodge natural or vaccine-induced 
immunity [17, 18].

Among all of the aforementioned potential conse-
quences, the ability of variants to dodge vaccine-induced 
immunity—would likely be the most disconcerting. 
When a substantial percentage of the population is vac-
cinated, there are possibilities of immune pressure that 
could indulge and accelerate emergence of such variants 
[18]. This could become worrisome mutations, because 
the antibody generated from the administration of vac-
cine could be thwarted by a single viral mutation. A 
serious mutation may hinder the achievement of herd 
immunity. A fast and well-paced vaccination programme 
in Africa may bypass the strain of COVID-19 and ulti-
mately lead to herd immunity in the long run.

Available help in Africa
The Africa continent is home to over one billion people 
as of mid-2020 with a projection of hitting over two bil-
lion by mid-2050 [4]. One may doubt such increment in 
population with the present realities of COVID-19 pan-
demic. Though the continent recorded a lesser mortality 
rate compared to western countries. At first, there were 
speculations from global health experts on how the con-
tinent will be worst affected by the pandemic, but coun-
terintuitively, the pandemic was handled with minimal 
casualties [3]. Prior to the discovery of safe and effective 
COVID-19 vaccines, most African countries signed up 
to a ground-breaking initiative, which aims to secure at 
least 220 million doses of the vaccine for the continent, 
once licensed and approved [5]. In fact, one can conclude 
that the COVAX initiative aside the support of China and 
other HICs was one of the brilliant initiatives in terms of 
vaccine equity and distribution in the continent.

COVAX is a ground-breaking global initiative which 
include African countries and ensure they are not left 
at the back of the queue for COVID-19 vaccines. As 
the global rollout of COVAX vaccines accelerates, the 
first COVID-19 vaccination campaigns in Africa using 
COVAX doses began on 1 March 2021 in Ghana and 
Côte d’Ivoire [12]. Through this initiative, a few mil-
lions of vaccines have been distributed to many African 
countries. The initiative also ensured that vaccines that 
have passed regulatory approval or WHO prequalifica-
tion are delivered equally to all participating countries, 
proportional to their populations [12]. The initial quota 
prepared for Africa by COVAX is to give 20% of the total 
population vaccines. The recent Paris Summit proposed 
an increment from 20 to 40%. Though no concrete com-
mitment were made at the Summit.

As suggested by Lucero-Prisno et al., capable countries 
should help in providing vaccines to LMICs to accelerate 
equitable access to vaccines globally [5]. The government 
of Sweden made a donation of a million doses of COVID-
19 vaccines through the COVAX initiative to aid African 
countries and other LMICs [20]. There are speculations 
of vaccine commitment coming from the G7 (Canada, 
France, Germany, Italy, Japan, the United Kingdom and 
the United States) [21]. A commitment to give one billion 
doses of COVID-19 to poor countries in which Africa 
will benefit from [21], but the challenge is when will 
they become available. China not only donated vaccines 
to more than 40 African countries and the Africa Union 
Commission, but also localized production in Africa 
starting in Morocco and Egypt, and potentially in South 
Africa and Zambia [22]. China’s inactivated vaccines have 
their advantage to be applied in African countries for 
safety and easier storage [23]. If the current efforts and 
commitments can be accelerated, Africa may achieve 
herd immunity faster than imagined.

Conclusion
Maintaining commitments to global solidarity and access 
through initiatives such as COVAX is a viable structure 
to achieve vaccine equity, resulting in herd immunity in 
Africa. As long as the virus continues spreading—and 
mutating—in Africa, the rest of the world is not yet saved. 
National governments should be accountable for pre-
paring the needed logistical measures and effective cold 
chain supply structures to ensure an equitable, ethical, 
and effective vaccine distribution. It is imperative to note 
that it is high time the African governments owned up 
responsiblilties concerning the health of her population. 
Governments should learn from international best prac-
tice of prevention and control models and localised these 
models into the different settings. Even though Africa 
rely on international aids in time of emergency most of 
the time, the government should develop financial plans 
for reserve funds for future emergencies. Initiatives to 
generate internal revenues should be considered as an 
option to pay for vaccines in the continent. Community 
mobilization should be used to discredit false rumour 
around COVID-19 vaccines and also employed to edu-
cate the public on the importance of taking vaccines. 
Due to the utilization of existing healthcare resources 
in African countries, stakeholders should integrate the 
COVID-19 vaccines into the existing healthcare services. 
This presents a promising strategy to overcome vaccine 
hesitancy to improve vaccine uptake. African countries 
should not be left behind in equal vaccine distribution if 
herd immunity towards COVID-19 is desired globally.



Page 6 of 6Lucero‑Prisno III et al. Global Health Research and Policy            (2021) 6:46 

Acknowledgements
Not applicable.

Authors’ contributions
Don Eliseo Lucero‑Prisno III and Isaac Olushola Ogunkola conceived the idea, 
wrote the draft of the manuscript, and collected data and literature. Ekpere‑
onne Babatunde Esu, Yusuff Adebayo Adebisi, Lin Xu and Hao Li assisted with 
data collection, article interpretation and language edit. All authors read and 
approved the final manuscripts.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
The authors all agreed to the publication of this manuscript.

Competing interests
The authors declare that they have no competing interests. Don Eliseo Lucero‑
Prisno is the Deputy Editor in Chief of Global Health Research and Policy. 
Hao Li is the Editor in Chief of Global Health Research and Policy. Both of 
them were not involved in the review of decision related to the manuscript.

Author details
1 Department of Global Health and Development, London School of Hygiene 
and Tropical Medicine, London, UK. 2 Faculty of Management and Develop‑
ment Studies, University of the Philippines Open University, Los Baños, Laguna, 
Philippines. 3 Department of Public Health, University of Calabar, Calabar, Nige‑
ria. 4 Faculty of Pharmacy, University of Ibadan, Ibadan, Nigeria. 5 Department 
of Thoracic Surgery, The First Affiliated Hospital, School of Medicine, Zhejiang 
University, Hangzhou, Zhejiang, China. 6 Global Health Institute, Wuhan Univer‑
sity, Wuhan, Hubei, China. 

Received: 18 July 2021   Accepted: 13 November 2021

References
 1. Park KS, Sun X, Aikins ME, Moon JJ. Non‑viral COVID‑19 vaccine delivery 

systems. Adv Drug Deliv Rev. 2021;169:137–51. https:// doi. org/ 10. 1016/j. 
addr. 2020. 12. 008.

 2. Kaye AD, Okeagu CN, Pham AD, et al. Economic impact of COVID‑19 
pandemic on healthcare facilities and systems: international perspectives. 
Best Pract Res Clin Anaesthesiol. 2020. https:// doi. org/ 10. 1016/j. bpa. 2020. 
11. 009.

 3. Ogunkola IO, Imo UF, Obia HJ, Okolie EA, Lucero‑Prisno Iii DE. While 
flattening the curve and raising the line, Africa should not forget street 
vending practices. Health Promot Perspect. 2021;11(1):32–5. https:// doi. 
org/ 10. 34172/ hpp. 2021. 05.

 4. Population Reference Bureau. International Data. Accessed 03 May 2021.
 5. Lucero‑Prisno DE, Ogunkola IO, Imo UF, Adebisi UA. Who will pay for the 

COVID‑19 vaccines for Africa? Am J Trop Med Hyg. 2021;104(3):794–6. 
https:// doi. org/ 10. 4269/ ajtmh. 20‑ 1506.

 6. Kreier F (2021) Unprecedented achievement’: who received the first 
billion COVID vaccinations? Nature 8:99.  https:// doi. org/ 10. 1038/ 
d41586‑ 021‑ 01136‑2

 7. WHO. Coronavirus disease (COVID‑19): Herd immunity, lockdowns and 
COVID‑19. Accessed 03 May 2021

 8. Adebisi YA, Rabe A III. Risk communication and community engage‑
ment strategies for COVID‑19 in 13 African countries. Health Promot. 
2021;11(2):2.

 9. Anderson RM, May RM. Vaccination and herd immunity to infectious 
diseases. Nature. 1985;318(6044):323–9. https:// doi. org/ 10. 1038/ 31832 
3a0.

 10. Ilesanmi OS, Akande A, Afolabi AA. Overcoming COVID‑19 in West African 
countries: is herd immunity an option? Pan Afr Med J. 2020;35(Suppl 
2):103. https:// doi. org/ 10. 11604/ pamj. supp. 2020. 35.2. 24217.

 11. Musa SS, Zhao S, Wang MH, et al. Estimation of exponential growth rate 
and basic reproduction number of the coronavirus disease 2019 (COVID‑
19) in Africa. Infect Dis Poverty. 2020;9:96. https:// doi. org/ 10. 1186/ 
s40249‑ 020‑ 00718‑y.

 12. World Health Organization. WHO Coronavirus Disease (COVID‑19) Dash‑
board. Accessed 03 May 2021.

 13. Afolabi AA, Ilesanmi OS. Dealing with vaccine hesitancy in Africa: the 
prospective COVID‑19 vaccine context. Pan Afr Med J. 2021;38:38.

 14. Cooper S, Betsch C, Sambala EZ, Mchiza N, Wiysonge CS. Vaccine 
hesitancy ‑ a potential threat to the achievements of vaccination pro‑
grammes in Africa. Hum Vaccin Immunother. 2018;14(10):2355–7. https:// 
doi. org/ 10. 1080/ 21645 515. 2018. 14609 87.

 15. Binagwaho A, Mathewos K, Davis S. Equitable and effective distribution 
of the COVID‑19 vaccines—a scientific and moral obligation. Int J Health 
Policy Manag. 2021;8:9. https:// doi. org/ 10. 34172/ ijhpm. 2021. 49

 16. Ogunkola IO, Adebisi YA, Imo UF, Odey GO, Esu E, Lucero‑Prisno. DE 3rd. 
Rural communities in Africa should not be forgotten in responses to 
COVID‑19. Int J Health Plan Manag. 2020;35(6):1302–5. https:// doi. org/ 10. 
1002/ hpm. 3039.

 17. Centers for Disease Control and Prevention. Science brief: emerging 
SARS‑CoV‑2 variants. https:// www. cdc. gov/ coron avirus/. Accessed 03 
May 2021.

 18. Nature. The coronavirus is mutating—does it matter? https:// www. 
nature. com/ artic les/ d41586‑ 020‑ 02544‑6. Accessed 03 May  2021.

 19. Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J, Abfalterer W,  
Foley, B, Giorgi EE,  Bhattacharya T, Parker MD, Partridge DG,  Evans CM,  
Freeman TM, de Silva TL, on behalf of the Sheffield COVID‑19 Genomics 
Group,  CC LaBranche, DC MontefioribioRxiv 2020.04.29.069054. https:// 
doi. org/ 10. 1101/ 2020. 04. 29. 069054

 20. WHO. WHO welcomes Sweden. https:// www. who. int/ news/ item/ 03‑ 05‑ 
2021‑ who‑ welco mes‑ sweden‑ s‑ annou nceme nt‑ to‑ share‑ covid‑ 19‑ vacci 
ne‑ doses‑ with‑ covax. Accessed 11 June 2021.

 21. Inquire.Net. G7 to donate 1 billion COVID‑19 vaccine doses to poorer 
countries. https:// newsi nfo. inqui rer. net/ 14447 00/ g7‑ to‑ donate‑ 1‑ billi 
on‑ covid‑ 19‑ vacci ne‑ doses‑ to‑ poorer‑ count ries? fbclid= IwAR2 eoHYw 
qeQ6p KLXm7 rGYL2 p1BpG pqyE_ w936n TjaPs yvS‑ Igo5L‑ JQP‑_o. Accessed 
11 June 2021.

 22.  Caiyu, L. China’s vaccine makers expand local production in Africa, in face 
of inaction in Europe. https:// www. globa ltimes. cn/ page/ 202107/ 12279 
90. shtml. Accessed 11 June 2021.

 23. BBC. Covid: What do we know about China’s coronavirus vaccines? 
https:// www. bbc. com/ news/ world‑ asia‑ china‑ 55212 787. Accessed 11 
June 2021.

https://doi.org/10.1016/j.addr.2020.12.008
https://doi.org/10.1016/j.addr.2020.12.008
https://doi.org/10.1016/j.bpa.2020.11.009
https://doi.org/10.1016/j.bpa.2020.11.009
https://doi.org/10.34172/hpp.2021.05
https://doi.org/10.34172/hpp.2021.05
https://doi.org/10.4269/ajtmh.20-1506
https://doi.org/10.1038/d41586-021-01136-2
https://doi.org/10.1038/d41586-021-01136-2
https://doi.org/10.1038/318323a0
https://doi.org/10.1038/318323a0
https://doi.org/10.11604/pamj.supp.2020.35.2.24217
https://doi.org/10.1186/s40249-020-00718-y
https://doi.org/10.1186/s40249-020-00718-y
https://doi.org/10.1080/21645515.2018.1460987
https://doi.org/10.1080/21645515.2018.1460987
https://doi.org/10.34172/ijhpm.2021.49
https://doi.org/10.1002/hpm.3039
https://doi.org/10.1002/hpm.3039
https://www.cdc.gov/coronavirus/
https://www.nature.com/articles/d41586-020-02544-6
https://www.nature.com/articles/d41586-020-02544-6
https://doi.org/10.1101/2020.04.29.069054
https://doi.org/10.1101/2020.04.29.069054
https://www.who.int/news/item/03-05-2021-who-welcomes-sweden-s-announcement-to-share-covid-19-vaccine-doses-with-covax
https://www.who.int/news/item/03-05-2021-who-welcomes-sweden-s-announcement-to-share-covid-19-vaccine-doses-with-covax
https://www.who.int/news/item/03-05-2021-who-welcomes-sweden-s-announcement-to-share-covid-19-vaccine-doses-with-covax
https://newsinfo.inquirer.net/1444700/g7-to-donate-1-billion-covid-19-vaccine-doses-to-poorer-countries?fbclid=IwAR2eoHYwqeQ6pKLXm7rGYL2p1BpGpqyE_w936nTjaPsyvS-Igo5L-JQP-_o
https://newsinfo.inquirer.net/1444700/g7-to-donate-1-billion-covid-19-vaccine-doses-to-poorer-countries?fbclid=IwAR2eoHYwqeQ6pKLXm7rGYL2p1BpGpqyE_w936nTjaPsyvS-Igo5L-JQP-_o
https://newsinfo.inquirer.net/1444700/g7-to-donate-1-billion-covid-19-vaccine-doses-to-poorer-countries?fbclid=IwAR2eoHYwqeQ6pKLXm7rGYL2p1BpGpqyE_w936nTjaPsyvS-Igo5L-JQP-_o
https://www.globaltimes.cn/page/202107/1227990.shtml
https://www.globaltimes.cn/page/202107/1227990.shtml
https://www.bbc.com/news/world-asia-china-55212787.

	Can Africa achieve herd immunity?
	Abstract 
	Introduction
	COVID-19 basic reproduction number and the forecast
	Vaccine hesitancy: a threat to herd immunity in Africa
	Vaccine equity in rural Africa
	A battle of speed and mutation
	Available help in Africa
	Conclusion
	Acknowledgements
	References


