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Poliomyelitis (polio) is a viral disease that 
can cause lifelong paralysis in about 1% of 
all infected individuals (paralytic polio) and 
often starts in childhood. Archaeological 
evidence suggests that a disease that 
caused lameness in humans may have 
already existed in the ancient Egyptian 
civilization. However, not until in 1908 did 
two scientists provide evidence that polio, 
one of the major causes of lameness at the 
time, was caused by a viral agent1 (Fig. 1). 
Karl Landsteiner and Erwin Popper used 
scientific methods available at that time to 
prove that polio is caused by an infectious 
agent that is smaller than bacteria. In 1950, 
the virus was visualized for the first- time by 
electron microscopy2, and effective vaccines 
were subsequently produced — inactivated 
polio vaccine3 in 1955, and attenuated polio 
vaccine or oral polio vaccine (OPV)4 in 
1961 (Fig. 1).

However, despite intensive efforts 
to control the disease globally, in 1988, 
it was estimated that 350,000 children 
were paralysed by polio2, with most cases 
occurring in African and Asian countries. 
In the same year, the World Health Assembly 
(WHA) pledged to eradicate polio globally 
by 2000 and initiated the Global Polio 
Eradication Initiative (GPEI). Although 
Africa and the world missed this target, 

and other preventive measures to interrupt 
the natural transmission and ultimately 
eradicate a viral pathogen4. Around the 
same time, epidemiologists and researchers 
working on polio control programmes 
around the world, and especially in the 
World Health Organization (WHO) Region 
of the Americas, were beginning to gain a 
better understanding of the epidemiology 
of WPV and how a blend of routine 
immunization, mass vaccination campaigns 
and surveillance for acute flaccid paralysis 
(AFP), using a network of laboratories, could 
potentially replicate the smallpox success 
story for polio eradication.

In the early 1950s, researchers considered 
polio as a public health problem that affected 
mainly affluent nations with low infant 
mortality. Conversely, surveillance data 
were indicating that countries with high 
infant mortality, like most of Africa, had a 
lower incidence of polio, which was counter 
intuitive because of the strong correlation 
between high infant mortality and polio 
risk factors5,6. The erroneous belief could 
have been caused by the under- reporting of 
cases of polio in countries with high infant 
mortality rates due to non- standardized 
surveillance systems for polio6,7. However, 
a series of lameness surveys conducted in 
various countries on the African continent 
in the 1970s quickly dispelled the myth of a 
low burden of paralytic polio in Africa and 
revealed a high prevalence and incidence 
of the disease, and its association with poor 
sanitation, poor design of housing and other 
poverty- related social determinants of health 
(Box 1). Motivated by the earlier success in 
polio elimination by countries such as Cuba, 
and by the eradication of smallpox, the 
WHA passed a resolution on the Expanded 
Programme on Immunization in 1974 (reF.8). 
The goal of the resolution was for WHO 
member states to develop strategies for 
immunization and surveillance programmes 
against infectious disease such as polio, 
pertussis, measles, tuberculosis, tetanus and 
smallpox. This was closely followed by the 
Declaration of Alma- Ata in 1978, which 
identified primary health- care as crucial 
to the attainment of ‘Health for All’. This 
declaration specifically listed immunization 
against major diseases and the control 
of endemic diseases as central elements of 
primary care9.

in 2020, right in the middle of a global 
COVID-19 pandemic, Africa was certified 
as polio- free. Although it took 32 years to 
eliminate polio in Africa, the achievement 
constitutes a giant leap for worldwide  
efforts to eradicate the disease. Presently, 
only Pakistan and Afghanistan have  
endemic transmission of wild poliovirus 
(WPV). WPV consist of three serotypes —  
type 1, type 2 and type 3 — and owing to 
difference in constituent proteins, there is 
no cross- protective immunity following 
exposure to one of the serotypes in the 
remaining two. Type 2 was eradicated in 
2015, type 3 was eradicated in 2019 and only 
type 1 remains in natural transmission in 
some parts of the world3. Here we discuss 
the challenges encountered during the 
elimination of polio in Africa, particularly 
in Nigeria, which was the last country in 
Africa to be certified polio- free. We discuss 
the lessons that can be learnt and their 
potential applicability to future public health 
interventions in Africa and elsewhere.

Africa’s journey to polio elimination
In 1980, when smallpox was officially 
declared as eradicated, public health 
experts had gained valuable experience 
spanning a 20- year period on how to use 
a combination of vaccination, surveillance 
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As a result of childhood immunization 
campaigns and surveillance for paralytic 
polio, the WHO Region of the Americas 
was declared polio- free in 1994, the 
WHO Western Pacific Region in 2000, 
the WHO European Region in 2002 
and the WHO South- East Asia Region 
in 2015 (reF.8). However, the success in 
the elimination of polio in the WHO 
Region of the Americas, Europe and some 
tropical Asian countries could not be 
replicated in Africa with the traditional 
methods of routine immunization and 
a few mass immunization campaigns. 
A review of vaccination against polio in 
economically underdeveloped countries 
found that a high prevalence of infection 
with enteric non- poliovirus (as observed 
in at- risk populations in Africa) lowers 
the frequency of seroconversion after 
one dose of immunization using trivalent 
OPV (TaBle 1), an obstacle that can be 
mitigated by repeated dosing6. To achieve 
and sustain herd immunity, which would 
allow the interruption of WPV transmission 
among susceptible hosts, widespread 
immunization with a minimum coverage  
of 90% of the susceptible population 
in Africa was required. This could be 
achieved only through immunization 
with trivalent OPV (TaBle 1) using 
multiple vaccination strategies, such as 
routine immunization and supplemental 
immunization activity, with the latter 
complementing routine immunization by 
targeting the members of the susceptible 
population who were missed or were only 
partially protected.

The specific challenges for the GPEI in 
Africa. The GPEI was built on lessons 
learnt from earlier efforts to control polio 
in North America, Cuba, Brazil and 
some European countries, with strategic 
adjustments to meet the specific challenges 
facing many African and Asian countries. 
In 1985, partly inspired by the success of 
its support for the polio immunization 
campaign in the Philippines, Rotary 
International launched the PolioPlus 
campaign to rid the world of paralytic 
polio10. In 1988, the WHA adopted a 
resolution for the worldwide eradication 
of polio11. The critical pillars identified for 
the eradication of polio were (1) high infant 
routine immunization coverage with four 
doses of trivalent OPV in the first year of 
life, (2) regular supplemental immunization 
activity during national immunization days 
to provide supplementary doses of OPV to 
all children younger than 5 years, as well as 
‘mop- up’ campaigns that specifically target 
outbreaks in defined geographic areas, and 
(3) active case- based surveillance for WPV 
through reporting and laboratory testing of 
all cases of AFP among children younger 
than 15 years12.

By the turn of the century, the GPEI was 
increasingly confident that the transmission 
of WPV would be interrupted in the 
African region. The confidence was based 
on the fact that a combination of these 
strategies had reduced cases of WPV by 
99% globally, and in Africa, only Nigeria 
remained endemic for WPV. However, 
events in Nigeria in 2003 greatly diminished 
the optimism.

Vaccine refusal in northern Nigeria. In 2003, 
a disagreement between the Nigerian federal 
government and a number of subnational 
governments and religious leaders in the 
northern part of the country over the safety 
of OPV led to some states placing a total ban 
on the use of the vaccine. The effect of this 
ban was felt beyond these states and across 
the northern part of the country as some 
religious leaders openly preached against 
the use of OPV13. Historically in northern 
Nigeria, WPV transmission was largely 
due to a combination of socio- economic 
determinants of health such as poor 
demand for and access to health services, 
low immunization coverage, few available 
skilled health workers, extreme poverty 
and low literacy. This was complicated by 
community resistance to immunization 
services14. In a study of households that 
refused OPV during mass immunization 
campaigns in northern Nigeria in 2011, it 
was found that the heads of households had 
a lower education level, lacked knowledge of 
benefits of immunization and did not know 
the global nature of the polio eradication 
campaign compared with households 
accepting OPV15.

The consequence was immediate and 
devastating. Within a short time, the 
reported number of laboratory- confirmed 
polio cases in Nigeria quadrupled, and 
by the end of 2003, accounted for nearly half 
the total worldwide cases16. Furthermore, 
countries that had been free of polio were 
soon reporting fresh outbreaks. Between 
2002 and 2011, WPV imports, primarily 
from Nigeria, led to the reestablishment 
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of WPV transmission and outbreaks in 
39 countries that had previously been 
certified as polio- free17.

To contain the fallout, the GPEI 
conducted one of the largest social 
mobilization campaigns in the history of 
public health in Africa. Starting in 2003, 
concerted efforts were made to gain the trust 
of the state governments and communities 
across northern Nigeria and recruit 
influential traditional and religious leaders 
as champions for the polio elimination 
activities18. In 2008, the Majigi programme 
systematically engaged the traditional, 
religious and political leadership to 
promote acceptance of the polio vaccination 
programme in high- risk communities 
where WPV was known to circulate 
and where resistance to vaccination was 
strong19. UNICEF and partners supported 
thousands of voluntary community 
mobilizers in northern states of Nigeria 
to promote mass vaccination campaigns, 
child and maternal health- care routine 
immunization, messaging on handwashing 
with soap, exclusive breastfeeding, the 
prevention and treatment of diarrhoea 
and screening for malnutrition. These 
efforts included engagement of community 
influencers such as traditional and religious 
leaders to ensure community buy- in. 
This resulted in hundreds of thousands of 
households reversing their decision to refuse 
vaccination, thereby allowing millions of 
children younger than 5 years to received 
their first OPV vaccination, markedly 
reducing the population susceptible to 
WPV14,20. With the benefit of hindsight, we 
postulate that the GPEI should have made 
community mobilization and participation 
one of the main strategic pillars of polio 
eradication at the onset, much like the 
immunization and surveillance strategies.

Conflicts and their effect on polio 
elimination. Almost from the onset of 
the GPEI until the time Africa became 
certified as polio- free, regional conflicts 
were a reoccurring challenge. Three active 
conflict zones were particularly challenging: 
the conflict in the Horn of Africa, which 
involved Somalia, Ethiopia and Sudan21, 
the conflict between the Democratic 
Republic of the Congo and neighbouring 
countries22 and the conflict in the Lake Chad 
region where the borders of Nigeria, Chad, 
Cameroon and Niger converge. The conflict 
in the Lake Chad region constituted the 
single most challenging security situation for 
the Polio elimination campaign in Africa23–25. 
In February 2013, insurgents killed polio 
workers and destroyed health- care facilities 

in Kano State, the most populous state in 
Nigeria and one of the states with the highest 
risk of polio at the time26,27. The urgency of 
the situation was further heightened when, 
in August 2016, two cases of WPV were 
detected in the conflict zone after more than 
2 years of no reported circulation of WPV.  
It was later determined that WPV circulation 
went undetected for 2 years owing to gaps 
in surveillance caused by inaccessible 
areas under the control of insurgents28,29. 
To address the challenges in the Lake Chad 
region, and especially in north- eastern 
Nigeria, the Nigerian government adopted 
several strategies that enabled the delivery 
of vaccines to the at- risk population and 
improved the surveillance for AFP. This 
included the deployment of permanent 
health teams that consisted of personnel 
from within the community, shorter periods 
of intervention from outside experts and 
vaccination campaigns at border crossing 
points24. In addition, security personnel 
were engaged30. The lessons learnt from the 
success of the strategies can be applied to 
similar conflict zones where public health 
intervention is contemplated.

The challenge of mobile populations. One 
consistent finding from stool samples that 
tested positive for WPV in some African 
countries was the significant number 
of cases among mobile populations, 
especially pastoralist populations of western 
and eastern Africa31. In Nigeria, of the 
112 cases of WPV infection with a date 
of onset in 2012, 80% were found within 
or close to underserved populations of 

nomadic pastoralists32. This suggests that 
these populations were contributing to 
the transmission of polio in Nigeria and 
indicated that some of the sporadic cases 
in other countries that were genetically 
linked to cases in Nigeria might have been 
imported through nomadic pastoralists 
moving across western and central Africa. 
To specifically address this challenge, in  
July 2012, the Nigerian government,  
in collaboration with the Nigerian Field 
Epidemiology and Laboratory Training 
Program and the US Centers for Disease 
Control and Prevention, established the 
Nigerian National Stop Transmission 
of Polio (NSTOP) programme. One of 
its strategic objectives was to target 
underserved populations, with challenges 
including the remoteness of the settlements, 
the lack of adequate resources to support 
outreach teams and the frequent seasonal 
movements of nomads32,33. Over several 
years of targeted interventions, the NSTOP 
deployed hundreds of staff to many 
underserved locations in Nigeria and 
was able to detect hundreds of previously 
unreported cases of AFP in numerous 
settlements that had not previously been 
reached by polio vaccination campaigns. 
The NSTOP also had the strategic objective 
of strengthening the overall management of 
the polio eradication programme and 
employed targeted technical assistance for 
polio eradication activities and operational 
research, all of which brought dynamism 
and added impetus to the Nigerian polio 
eradication programme during a period 
of need.

Box 1 | Lameness survey established high incidence of paralytic polio in Africa

After incomplete surveillance data from the 1960s and 1970s suggested the incidence of paralytic 
polio in Africa was low, several lameness surveys provided evidence to the contrary. For example,  
a representative lameness survey of school- aged children in Ghana in 1977 found that the 
prevalence of lameness attributable to polio ranged between 5 and 8 per 1,000 school- aged children 
and found the mean annual incidence of paralytic polio to be 23 per 100,000 population45. A similar 
survey in Niger in 1982 identified a prevalence of lower limb motor disorders in school- aged children 
of 7 per 1,000, with an estimated incidence of 45 per 100,000 population51. In cameroon, in 1983,  
an incidence of lameness of 18.8–32.6 per 100,000 population was found52. A review of lameness 
surveys conducted in developing countries identified differences in methods and the interpretation 
of findings between the different studies. The following conclusions were drawn from the various 
lameness surveys conducted at the time.

•	The rates of paralytic polio in some countries were similar to those of countries in the World 
Health organization region of the Americas in the prevaccination period.

•	There was an exceedingly high level of under- reporting of polio cases in Africa.

•	A high prevalence of polio occurs in combination with high infant mortality in some African 
countries.

•	most cases occurred in children younger than 5 years.

•	A standardized case definition was required, which needed to include the use of laboratory 
confirmation.

•	There was a need for targeted intervention using methods that had proven successful in 
American and european countries, with some modifications to suit the particular needs of 
tropical and subtropical regions.
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The Global Polio Laboratory Network
To achieve the objective of the GPEI in 
Africa, there was an urgent need for a 
sensitive surveillance system for AFP to 
allow timely and targeted implementation  
of immunization- based strategies in high- 
risk populations. The AFP surveillance is 
based on identifying and reporting children 
with AFP, transferring stool samples for 
laboratory analysis using the reverse cold 
chain method and isolating and sequencing 
polioviruses from the samples34. At the 
start of the GPEI, this was a huge challenge, 
especially in Africa. To address this 
challenge, in 1990, the GPEI, led by the 
WHO and national governments, established 
the Global Polio Laboratory Network, 
which was tasked with distinguishing WPV 
as a cause of AFP from paralysis caused 
by other diseases. Since then, a uniform 
annual accreditation exercise has monitored 
the accuracy and quality of testing and 
laboratory processes35. The network consists 
of 145 laboratories structured into three 
tiers: national, regional reference and global 
specialized laboratories36. Several studies 
have validated the immense contribution 
of the African polio laboratories to 
achieving early detection of outbreaks of 
WPV in defined geographic areas22,24,37,38. 
Specifically, the polio laboratories can be 
credited with groundbreaking work in 
strengthening the laboratory workforce 
on the continent, polio diagnostics and 
the introduction of technologies such as 
next- generation sequencing to study the 
molecular epidemiology of WPV to guide 
outbreak responses, quality assurance and 
allow proficiency testing. The laboratory 
network, in coordination with the AFP 
surveillance, ensured that all communities 
in Africa had access to the latest laboratory 
diagnostics for polio, including cutting- edge 
molecular diagnostic procedures. The polio 
laboratories in Africa played crucial roles 
in providing scientific evidence that was 

decisive in addressing challenges for polio 
elimination in Africa. In Nigeria, between 
2000 and 2016, there was suspicion of 
suboptimal surveillance for AFP. This was 
confirmed by environmental sampling of 
WPV in sewage and other sources38,39 and by 
molecular epidemiology to trace imported 
cases of WPV in Chad, Sudan, Ethiopia40, 
Cameroon and Equatorial Guinea41 to 
Nigeria. Moreover, orphan WPV (defined 
as polioviruses in which nucleotides at 1.5% 
or more of positions differ from those of 
known poliovirus) was detected, indicating 
continued transmission of WPV over a long 
period without detection by the surveillance 
system39.

The Global Polio Laboratory Network 
has therefore been critical in the elimination 
of polio in Africa; however, whether it can 
also aid in the timely detection of other 
emerging and re- emerging infectious 
diseases will need to be evaluated. Here, the 
WHO joint external evaluation (JEE) may 
be of use. The JEE helps countries to identify 
the most critical gaps within their human 
and animal health systems so as to prevent, 
detect and rapidly respond to public health 
risks such as emerging and re- emerging 
infectious diseases. A 2018 review of Africa 
JEE performance concluded that major 
gaps existed with regard to biosafety and 
biosecurity. In addition, there was a general 
suboptimal performance in the technical 
area of ‘detection’42, a thematic area of the 
JEE that includes assessing the ability of 
laboratory systems on the continent to 
reliably detect outbreaks. Therefore, there 
is a need to build on the lessons learnt 
from the Global Polio Laboratory Network 
to strengthen and establish all hazard 
laboratory and surveillance networks in 
Africa. The COVID-19 pandemic clearly 
illustrates the urgency to ensure that critical 
public health assets and networks such as the 
Global Polio Laboratory Network are able 
to adapt quickly. In 2018, the Africa Centres 

for Disease Control and Prevention (Africa 
CDC) established the Regional Integrated 
Surveillance and Laboratory Network. 
Its aim is to support African Union member 
states to network critical public health 
assets and resources to enhance responses 
to outbreaks and improve pandemic 
preparedness. The Regional Integrated 
Surveillance and Laboratory Network was 
piloted in central Africa to coordinate 
and integrate all public health laboratory, 
surveillance and emergency response assets, 
including public health data43. In the coming 
years, the Africa CDC will be strengthening 
this type of network in all African regions 
to support the prevention, rapid detection 
and response to current and emerging public 
health threats on the continent44,45.

The role of polio emergency operation 
centres
By 2012, Nigeria was the only African 
country with natural transmission of 
WPV. To support polio elimination in 
Africa, the GPEI began establishing polio 
emergency operation centres (EOCs) in 
Nigeria to coordinate human and material 
resources. The WHO defines an EOC as 
a physical location for the coordination 
of information and resources using the 
incident management system (IMS), 
which is defined as a system that guides 
all levels of government and other partner 
organizations in working together to 
prevent, protect against, mitigate, respond 
to and recover from incidents. EOCs often 
use the IMS structure to apply a common 
organizational model or framework to 
all levels of emergency management 
responsibility within a jurisdiction, from 
the national government to front- line 
emergency response services46. The EOC 
in Nigeria used the IMS structure to ensure 
a flexible arrangement that allowed all 
government agencies, international agencies, 
local non- governmental organizations and 
the private sector to work harmoniously 
together in the polio programme47. 
Therefore, under the leadership of a 
government- appointed incident manager, 
the EOC oversees the implementation 
of the incident action plan and ensures 
accountability for all health workers involved 
in the response to key polio control activities 
such as effective mass immunization 
campaigns, response to outbreaks in 
confirmed areas of WPV transmission or 
targeted ‘mop- up campaigns’. Using a cluster 
arrangement, partner organizations were 
assigned well- defined roles that limited 
any duplication of efforts and allowed close 
supervision and accountability. Thus, the 

Table 1 | Oral polio vaccines

Oral polio 
vaccine

Protection offered Characteristics

tOPV Serotypes 1, 2 and 3 Inexpensive, effective and offers long- lasting 
protection

bOPV Serotypes 1 and 3 Stronger immune response against types 1 and 3 
compared with tOPV. No immunity against serotype 2

mOPVs Serotype 1 (mOPV type 1), 
serotype 2 (mOPV type 2)  
and serotype 3 (mOPV type 3)

Generate best immune response to the targeted 
serotype

nOPV2 Serotype 2 Genetically stable and less likely to be associated with 
the emergence of cVDPV2 in low- immunity settings

bOPV, bivalent oral polio vaccine; cVDPV2, circulating vaccine- derived poliovirus type 2; mOPV, 
monovalent oral polio vaccine; nOPV2, novel oral polio vaccine type 2; tOPV, trivalent oral polio vaccine.

826 | December 2021 | volume 21 www.nature.com/nri

P e r s P e c t i v e s



0123456789();: 

WHO was responsible for surveillance and 
epidemiology, UNICEF for vaccine logistics 
and social mobilization, the US Centers 
for Disease Control and Prevention for 
laboratory and risk mapping and the NSTOP 
for outreach to underserved and mobile 
populations. The polio EOC eventually 
impacted on the polio programme in  
Nigeria by ensuring that data-driven policies 
were used for real- time decision- making 
and by strengthening both national and 
partner accountability. At the onset of the 
2014 Ebola virus disease (EVD) outbreak 
in Nigeria, the polio EOC structure had 
been operational for more than 2 years. 
Three days after the first case of EVD had 
been confirmed in Nigeria, the polio EOC 
quickly transformed into an EVD EOC in 
the commercial city of Lagos, where the first 
case was reported47. The IMS for this project 
was headed by the incident manager of the 
polio EOC. This ensured that expertise and 
lessons learnt from the polio EOC were 
readily available to the EVD EOC. Nigeria 
continues to use a multihazard EOC, 
now situated within the Nigeria Centre 
for Disease Control, for the response to 
subsequent public health events, including 
the COVID-19 pandemic. To further 
strengthen the capacity and capability 
of African Union member states in 
multihazard and multisectoral preparedness  
and response for public health emergencies 
at national, regional and continental 
levels, the Africa CDC is supporting the 
establishment of functional national 
public health EOCs in African Union 
member states.

Future considerations for the GPEI in Africa. 
In August 2020, after a rigorous 4- year 
certification process, Africa celebrated being 
declared free of endemic transmission of 
all the three types of WPV. However, the 
existence of conflict zones and hard-to-reach 
areas with low routine immunization coverage 
meant that a rare form of the infection, 
a vaccine- derived version of the poliovirus, 
continues to affect some African countries48. 
Of the 31 active outbreaks of circulating 
vaccine- derived poliovirus type 2 globally 
from July 2019 to February 2020, 24 (77%) 
occurred in African countries, with 7 of these 
spreading internationally (Box 2).

To control this outbreak, African 
countries need to increase routine 
immunization coverage using bivalent OPV 
and injectable inactivated polio vaccine, 
while at the same time improving the quality 
of supplemental immunization activity 
using monovalent OPV49. It is expected that 
African countries with active outbreaks 

of circulating vaccine- derived poliovirus 
type 2 will have access to novel OPV type 2 
that was granted WHO Emergency Use 
Listing recommendation in November 
2020 (reF.50). Novel OPV type 2 has been 
shown to be safe and effective and more 
genetically stable than monovalent OPV 
type 2 (TaBle 1), ensuring that it is less likely 
to change into a form that causes paralysis 
in African communities with low routine 
immunization coverage.

Conclusion
In August 2020, on the occasion of 
certification of Africa as polio- free, WHO 
Director- General Tedros Adhanom 
Ghebreyesus said “ending wild poliovirus 
in Africa is one of the greatest public health 
achievements of our time and provides 
powerful inspiration for all of us to finish 
the job of eradicating polio globally”44. The 
importance of stakeholder engagement 
and ensuring community mobilization as 
well as creativity to surmount challenges 
such as vaccination campaigns for nomadic 
underserved communities as well as in 
conflict zones are important lessons learnt 
from the African experience. Undoubtedly, 
the continent has made tremendous gains 
in the use of central coordination of human 
and material resources, together with 
effective use of laboratories for diagnosis 
and mechanisms of surveillance to inform 
public health outbreak responses as outlined 
hereon. However, more needs to be done to 
ensure that these achievements continue 
to serve the continent beyond the GPEI 
intervention. This can be achieved only by 
supporting African Union member states 
to develop strong national public health 
institutions that can bring all the lessons 
learnt from the global eradication initiative 
under one strong public health leadership. 
The Africa CDC is already supporting 
national public health institutions across 
African Union member states to create 
strong institutions that can coordinate core 
public health functions of surveillance, 

laboratory networking, workforce 
development and management of EOCs to 
safeguard the health security of the residents 
of Africa.
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