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SUMMARY

Since the invention of the smallpox vaccine, vaccines have greatly 
reduced the prevalence of diseases everywhere in the world. This 
research article explains which vaccines are available and where 
they are, what their impact on global health is, and how the world 
can make more progress against early death and disease with the 
help of vaccines.

Vaccination coverage has improved greatly over the past decades, 
but globally 13.5 million children were not vaccinated in 2018. 
Vaccines are one of the most successful and cost-eff ective ways 
to prevent diseases. Increased vaccine coverage has led to decline 
of diseases. 9 out of 10 people in the world think that vaccinating 
children is important. The coverage for many vaccines is still too 
low and we are missing out on saving many more lives.
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NOT EVERY CHILD WHO 
SHOULD BE VACCINATED 
IS VACCINATED:

GLOBAL VACCINE COVERAGE

This chart shows the global vaccination 
coverage of one-year-olds with some of the 
most important vaccines recommended 
by the WHO. For many essential vaccines 
coverage is now much higher than 80%. 
However, the rates of vaccination are still 
not suffi  cient. The vaccine against diph-
theria, tetanus and pertussis, is often used 
as the key metric for global vaccination 
coverage because it is a good indicator for 
access to routine immunization services. 
In 2018, coverage of the third dose of DTP 

was 86%. This means that out of 135 mil-
lion more than 19 million did not receive 
full immunization. The coverage of the fi rst 
dose of DTP was 90% indicating that 13.5 
million children were not vaccinated in 
2018. In 2018, only 35% of children glob-
ally received the rotavirus vaccine, which 
protects children from diarrheal diseases 
— one of the leading causes of child mor-
tality. Similarly, pneumococcal vaccine that 
protects children from pneumonia — the 
leading cause of child mortality — only 
reached 47% of one-year-olds.1
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PROSPERITY AND 
VACCINATION COVERAGE

Why do not all children in the world receive 
vaccinations? 

This chart shows that it is in poor coun-
tries where vaccination coverage is low. 
The vaccine coverage against diphtheria, 
pertussis (whooping cough), and tetanus 
is a good marker of the strength of a coun-
try’s immunization programs since several 
administrations are required. All rich coun-
tries have vaccination coverage rates of 
more than 90%. It is in low- and middle-in-
come countries where coverage is low – in 
some countries below 50%.

But the chart also shows that some poor 
countries – like Burundi, Rwanda, and 
Bangladesh – achieve high coverage rates. 
Similarly, countries in which a large share 
of the population is living in extreme pov-
erty often – but not always – have lower 
immunization rates.
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VACCINES SAVE LIVES

We know that vaccines save lives. But how 
many lives vaccines have they saved?

The World Health Organisation (WHO) sug-
gests that vaccination prevents 2-3 million 
deaths each year.2 However, while we are 
certain that vaccines have saved millions 
of lives, calculating a precise number is 
impossible. Also the quoted number from 
the WHO is in important ways a very low 
estimate.

The counterfactual world, in which vac-
cines would have never been developed, 
would be so diff erent that an estimate of 
the impact of vaccines is impossible. One 
example that makes this clear is to con-
sider the impact of the smallpox vaccine: 
Smallpox was once an extremely common 
and deadly infectious disease, but it has 
been eradicated globally back in 1977 
thanks to the vaccination against the dis-
ease. It is impossible to know exactly how 
many people would die of smallpox today 
if scientists had not developed the vaccine. 
Reasonable estimates are in the range of 
around 5 million lives per year, which im-
plies that between 1980 and 2018 around 
150 to 200 million lives have been saved.3 
This makes clear why it is so diffi  cult to es-
timate the number of lives saved every year 
and why the WHO estimate is rather low.

HOW VACCINES WORK & 
HERD IMMUNITY

The basic mechanism by which vaccines 
work is simple: Vaccines create immunity 
in an individual by introducing a weakened 
or killed form of the pathogen that make 
us ill – such as bacteria or viruses – or its 
toxins or one of its surface proteins. The 
vaccine induces acquired immunity so that 
when your body encounters the real dis-
ease-causing agent it is ready to mount a 
defense.

There is a collective social benefi t in a high 
vaccination coverage. For most diseases, 
the greater the proportion of people who 
are immunized, the better protected is 
everyone in the population as the disease 
transmission can be reduced or stopped. 
Herd immunity is a community protection 
that is created when a high percentage 
of the population is vaccinated, such that 
it less likely that the infectious disease 
spreads.4

Herd immunity provides a protective bar-
rier, especially also for those who cannot 
be vaccinated. These include vulnerable 
groups such as babies too young to be vac-
cinated or immune-compromised children 
who are the fi rst potential victims of low 
vaccination rates.

When a person is immune to a disease 
they can act as a barrier to slow down 
or prevent the transmission of disease to 
other people. When the number of people 
in a population that are immune against 
a disease is reached, such that a disease 
no longer persists in the population, this is 
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called the herd immunity threshold (HIT). 
The table shows the HIT for several diseas-
es. Measles and pertussis are highly conta-
gious airborne diseases and a larger share 
of people need to be vaccinated to stop the 
transmission. Because of this these dis-
eases have the highest HIT rates that need 
to be reached. For example, two doses of 
measles vaccination off ers 99% protection, 
while in the absence of immunization, the 
lifetime risk of infection is nearly 100%.5
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PROGRESS MADE WITH 
VACCINATION:

SMALLPOX AND THE ORIGIN 
OF VACCINATION

Vaccination has a long history. An early 
form of vaccination was referred to as ‘va-
riolation’ or more broadly as ‘inoculation’. 
Practised for a long time in Asia, this was 
an ancient technique of deliberate smallpox 
infection in which dried smallpox scabs 
were blown up the nose to infect the per-
son with a form of the disease which was 
often milder. By the 1700s variolation had 
spread to Africa, India and the Ottoman 
Empire, followed by the UK and America, 
where the method of infection more fre-
quently used was a puncture to the skin.

Variolation did work, but there were large 
risks. Those variolated could contract the 
more severe form of smallpox and die, and 
they could also transmit the disease to 
others. In 1796 English physician Edward 
Jenner demonstrated another method of 
inoculation in which he relied on cowpox. 
Cowpox is a similar disease to smallpox 
and it had previously been observed that 
an infection with cowpox can protect 
against smallpox. Jenner conducted an 
experiment using matter from a cowpox 
lesion to inoculate his gardener’s eight-
year-old son James Phipps. Two months 
later Jenner exposed the boy to smallpox 
lesion matter and when Phipps did not 
develop smallpox he concluded that he 
was protected against the disease. Jenner 
called the procedure ‘vaccination’ after 
‘vacca’ the Latin word for cow because of 
the origin of this fi rst vaccination from the 
cowpox virus. Following the fi ndings of 

Jenner as the fi rst scientifi c attempt to con-
trol disease by vaccination, the smallpox 
vaccine went through many iterations, with 
the newer vaccines produced by modern 
cell culture techniques (passing the virus 
through cell culture makes the vaccine 
safer). By the middle of the 20th century 
confi dence grew that smallpox could be 
the fi rst disease that humankind might 
be able to eradicate. In 1967 the WHO 
launched a global eradication of smallpox 
program. Mass vaccination of over 80% of 
a country’s population ensued but people 
who were nomadic or lived in politically un-
stable regions posed particular problems. A 
number of innovations came in the devel-
opment of foot-powered injector called the 
“ped-o-jet” and then the bifurcated needle, 
which was effi  cient and cost-eff ective to 
use. In order to reach large sections of 
population, epidemiologist William Foege 
developed Eradication Escalation (E2) to 
contain smallpox outbreaks during October 
(the seasonal low point of smallpox trans-
mission where prevention of just few cases 
could stop a smallpox chain transmission). 
Other obstacles faced included forcibly 
vaccinating an Indian religious leader to 
convince his followers to be vaccinated, ne-
gotiation of ceasefi res for vaccine transport 
in war-torn Nigeria, vaccinating in concen-
tric rings around an outbreak, and cash 
bounties to reward the reporting of small-
pox cases. Finally in 1977 the last case of 
naturally contracted smallpox was reported 
in Somalia, in Ali Maow Maalin, and in 
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VACCINE INNOVATION

The chart here shows a timeline of innova-
tion in the development of vaccines. Each 
bar begins in the year in which the patho-
genic agent was fi rst linked to the disease 
and the bar ends in the year in which a 
vaccination against that pathogen was 
licensed in the US.

For some diseases there has been a rela-
tively short timespan between when the 
infectious agent was linked to the disease 
and when a vaccine was developed. The 
quickest was 10 years for measles. The 
agent was linked to the disease in 1953 

1980 the WHO announced that smallpox 
had been eradicated. We cover the history 
of smallpox, including the vaccination and 
eradication, in more detail in our entry on 
smallpox.
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and the vaccine was licensed in the U.S. 
in 1963. Malaria is proving harder as it has 
been over a century since the agent was 
linked to the disease. Alphonse Laveran 
discovered in 1880 that the Plasmodium 
parasite is the cause for malaria.7

Early vaccines developed in the last several 
decades were insuffi  ciently eff ective and 
until recently none of the scientifi c eff orts 
led to a licensed vaccine. Recently there 
has been new hope for a malaria vaccine 
as we document in the relevant section in 
our entry on malaria. Vaccine innovation 
has followed both scientifi c and politi-
cal-economic developments:
Bacterial culture techniques which allowed 
the development of bacterial vaccines for 
diphtheria, tetanus, and pertussis in the 
early 1900s.
The fi rst and second world wars prompted 
combined eff orts by universities, govern-
ments, and private companies.
By the 1950s viral tissue culture techniques 
allowed the development of vaccines 
against polio, measles, mumps, rubella, 
and varicella (chickenpox).
New technologies in molecular biology and 
advanced chemistry techniques have most 
recently led to vaccines against hepatitis B, 
infl uenza, and pneumococcus, which caus-
es pneumonia and meningococus, which 
causes meningitis and septicaemia.

PROGRESS AGAINST VACCINE-
PREVENTABLE DISEASES IN 
THE US

The visualization here shows the reduction 
in cases and deaths from vaccine-prevent-
able diseases in the United States after the 
introduction of each vaccine. This data was 
published by Roush and Murphy (2007)8 
and the data can be viewed in a table here.

For several diseases the US has achieved 
a 100% reduction of cases and deaths and 
for many other diseases the reduction is 
often very substantial as well.

Reduction of cases and deaths of vac-
cine-preventable diseases in the United 
States after the introduction of the vac-
cine.9
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The development of the vaccine 
against measles and the history of 
measles in the US

The introduction of a vaccine was not the 
only reason for progress against these 
diseases, as the visualization shows. The 
case-fatality rates of measles was falling in 
high income countries such as the US prior 
to the introduction of the vaccine in 1960 
– this is best seen by switching from the 
linear to the logarithmic axis. 

Improved living conditions, nutrition, and 
medical advancements meant that con-
tracting measles was less and less likely to 
be fatal.

The rate of cases however was virtually 
unchanged until after the measles vac-
cine was introduced – as our visualization 
shows.10
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GLOBAL DECLINE IN VACCINE-
PREVENTABLE DISEASES

The WHO estimates that 2 to 3 million 
deaths are prevented every year through 
immunization against diphtheria, tetanus, 
whooping cough, and measles.11

Nonetheless, the WHO also estimates that 
VPDs are still responsible for 1.5 million 
deaths each year.

In the chart we see the global number of 
deaths of children younger than 5 years 
per year from 1990 to 2017. The number of 

deaths which are wholly or partially pre-
ventable by vaccines are shown in color.12 
The chart shows that the reductions in 
child deaths over this 25-year period were 
primarily achieved by a reduction of the 
number of deaths from vaccine-preventable 
diseases: The decline in causes which are 
not vaccine preventable has been modest, 
while the number of child deaths caused by 
diseases for which vaccines are available 
declined from 5.1 million deaths in 1990 to 
1.8 million deaths 27 years later.
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Two vaccines are responsible for saving 
millions each year: ‘DTP’ against diph-
theria, tetanus, and pertussis (whoop-
ing cough) and ‘MMR’ against measles, 
mumps, and rubella.13 Before the measles 
vaccine was introduced in 1963, measles 
caused a large number of deaths globally, 
estimated at 2.6 million each year.  Be-
cause about 86% of the world population 
is immunized today, the number of people 
killed by measles have been cut dramatical-
ly to an estimated 95,000 deaths in 2017. 
Tetanus and pertussis were also previously 
much bigger killers, with pertussis aff ect-
ing especially children younger than 5 
years and tetanus striking newborns (killing 
an estimated 787,000 newborns in 1988, 
compared with 49,000 in 2013).

The way ahead
However, the gains in global vaccination 
coverage have slowed down slightly in the 
last few years. The WHO estimates that 
19.5 million infants worldwide are still at 
risk of VPDs because they miss out on ba-
sic vaccines.14

In addition, all the recommended doses 
of a vaccine need to be received for it to 
be most eff ective. In the case of measles 
three vaccine doses are recommended. 
Even though an estimated 85% of children 
receive their fi rst dose of the vaccine, this 
drops to 64% for the second dose. There-
fore, it is not only lack of vaccination that is 
a problem, but it is under-vaccination that 
leads to deaths from VPDs.

What then are the most deadly VPDs? 
Which diseases continue to kill the most 
people? 

The most deadly diseases
Tuberculosis: 
Determining which are the most deadly 
VPDs requires acknowledging that some 
vaccinations are more eff ective than oth-
ers. While most vaccines included in na-
tional routine schedules are highly eff ec-
tive, a better vaccine for tuberculosis (TB) is 
desperately needed. It is Sub-Saharan Af-
rica and parts of Asia in particular that are 
aff ected by TB, as the world map shows.

The vaccine for TB – Bacillus Calmette–
Guérin (BCG) – has been in use for nearly 
100 years. It protects against severe forms 
of TB but is not eff ective against pulmonary 
TB (in the lungs) and has variable eff ective-
ness against TB in adults.15,16

Furthermore, resistance of antibiotics used 
to treat TB is increasing, meaning some 
people can no longer be cured by drugs. 
The estimated number of people in 2016 
with multi-drug resistant TB was 490,000.

The fact that there is not a fully eff ective 
vaccine and that antibiotic treatment is fac-
ing serious diffi  culties makes TB the most 
deadly VPD.

Meningococcal meningitis and hepatitis B 
are also deadly VPDs.

Meningococcal Meningitis: 
Despite the introduction of MenAfriVac in 
2010, an eff ective vaccine against the most 
common type of meningitis in that region, 
meningococcal meningitis killed almost 
130,000 people in 2016. Many cases occur 
in the so-called ‘meningitis belt’ of sub-Sa-
haran Africa, crossing from Senegal to 
Ethiopia. Not all the countries in the menin-
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gitis belt have implemented mass vaccina-
tion campaigns for MenAfriVac and also do 
not benefi t from the expensive MenACWY 
vaccine introduced into richer countries to 
protect against other types of meningococ-
cal meningitis.17,18

Hepatitis B: 
The vaccine against hepatitis B is also very 
eff ective (an estimated 95% eff ectiveness 
in preventing disease), meaning increased 
vaccination could lead to a signifi cant re-
duction in deaths. Still, global coverage of 
the hepatitis B vaccine is lagging. In 2015, 
while 84% coverage was reached for the 
third dose of the vaccine, the coverage for 
the birth dose was only 39%. Estimates 
from mathematical models have shown 
that if infant coverage would reach 90%, 
and the fi rst dose administered at birth, 
84% of global hepatitis B-related deaths 
could be prevented.19
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ERADICATION OF DISEASES 
THROUGH VACCINATION

Eradication is the ultimate goal of vaccina-
tion against a disease.

How do we eradicate diseases?
One of the greatest successes that we 
can imagine for humanity is the complete 
eradication of a disease. For one human 
disease – smallpox – this has actually been 
achieved. The disease was fully eradicated 
in 1980. For other diseases we are getting 
close, as we show in our entry on the erad-
ication of disease.

On the way to the eradication of polio
Polio is targeted for global eradication. This 
has become possible through the polio vac-
cine that was developed in 1955. The WHO 
estimates that in 2015, 85% of infants 
around the world received three doses of 
polio vaccine. And the number of para-
lytic polio cases have decreased by over 
99% since the 1980s, from an estimated 
350,000 to 400,000 paralytic cases per year 
to 22 reported cases in 2017.

Eradication of smallpox
While the benefi ts might possibly be for-
gotten as vaccine-preventable diseases 
have lost their threat thanks to the intro-
duction of the vaccines it is still true that 
people around the world – including those 
in richer countries – continue to benefi t 
from vaccinations. One of the greatest 
successes of global health is eradication 
of smallpox. Smallpox, which just decades 
ago killed several hundred thousand people 
every year was successfully eradicated in 
1980 thanks to global vaccination.20
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PUBLIC SUPPORT AND 
SKEPTICISM:

PEOPLE DO NOT KNOW HOW 
WELL WE ACTUALLY DO IN 
GLOBAL VACCINATION

Today vaccines protect millions of people 
around the world from infectious diseases. 
In this fi ght we are much, much further 
ahead than most people realize.

The fi rst chart shows the evidence for this 
misperception. In this chart we plotted the 
survey responses that people gave when 
they were asked “How many of the world’s 
1-year old children today have been vac-
cinated against some disease?”. The cor-
rect answer was 85.8%; this is the share 
of 1-year olds that received the third dose 
of the combination vaccine that protects 
against Diphtheria, Tetanus, and Pertussis 
(whooping cough).

But in all countries in which people were 
surveyed people were much too pessimis-
tic about the global coverage. Americans 
think that only 35% of the world’s children 
are vaccinated, the true coverage is 50 per-
centage points higher.21

In Japan people were even more pessimis-
tic and thought that only 18% were vacci-
nated. As it is often the case in questions 
on global development we again see that 
people in poorer countries have a more 
accurate view of the world: in Kenya and 
Senegal people thought that vaccines 
reach around two thirds of all children in 
the world, but even these highest estimates 
are 20 percentage points too low.

We hugely underestimate global vaccina-
tion coverage22

People’s view on vaccination 
coverage is outdated by more 
than three decades

The chart here illustrates how outdated 
people’s answers are. Most individuals 
think that the global vaccination coverage 
today is as low as it was in the 1980s or 
even earlier.23

The World Health Organization recom-
mends routine vaccinations to prevent 
illness, death and disability from diseases 
including diphtheria, pertussis (whooping 
cough), tetanus, polio, measles, and hepa-
titis B.24

We have created a chart that shows the ab-
solute number of one-year-olds who have 
received the vaccinations.

Where the biggest gap in vaccination lies 
is with all children being fully vaccinated 
and protected as much as possible from 
infectious diseases. Gavi, the Vaccine Alli-
ance, has analysis that suggests only 7% of 
infants in the 73 poorest countries are fully 
immunized (that is, receiving all doses of all 
recommended vaccines).
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HOW MANY PEOPLE SUPPORT 
VACCINATION ACROSS THE 
WORLD?

The London-based research charity The 
Wellcome Trust published their Wellcome 
Global Monitor in 2019 on attitudes to sci-
ence and major health challenges. It is the 
world’s largest study of its kind, surveying 
over 140,000 people from over 140 coun-
tries. As part of the Gallup World Poll, the 
30-question survey ran during 2018.25 

The Wellcome Trust survey asked three 
core questions related to attitudes to vac-
cines: do people think that vaccines are 
important for children to have; do they 
think vaccines are safe; and do they be-

lieve vaccines are eff ective. Most people in 
the world think vaccines are important for 
children to have more than 9-in-10 people 
in the world (92%) think that vaccines are 
important for children to have. How sup-
port varies across the world is shown in the 
map. We see high support for vaccination 
across almost all countries. In most coun-
tries over 80% of respondents think child 
vaccination is important, in many countries 
it is over 90% who think so.

There is a visible North-South divide in 
attitudes: support is highest across South 
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Asia at 98%; 97% in South America; 94% 
in Northern Africa; and 92% in South-
ern Africa. Support is still high, but lower 
across North America (87%); Western 
Europe (83%) and Eastern Europe (80%). 
Of those surveyed in Venezuela, Palestine, 
Ethiopia and Northern Cyprus thought vac-
cines were most important: 100% were in 
favour.26

MOST PEOPLE IN THE WORLD 
THINK VACCINES ARE SAFE, 
BUT MISTRUST IS HIGH IN 
SOME COUNTRIES

Some parents may not agree for children to 
be vaccinated if they think vaccines are un-
safe or could potentially cause side-eff ects 
which are worse than the benefi ts. How 
prevalent are these safety concerns?

Globally, a small share of people disagree 
that vaccines are safe. Only 7% of respond-
ents across the world said they “strongly 
disagree” or “somewhat disagree” with 
the statement ‘Vaccines are safe’. In many 
countries these concerns are very low: in 
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Bangladesh, for example, less than 1% dis-
agree that vaccines are safe. In neighbour-
ing India, only 2% disagree. We see this 
distribution across the world in the map.

Trust in vaccines is not high everywhere. 
There are some clear outliers. The French 
were most skeptical: 1-in-3 disagreed that 
vaccines were safe. Many in neighbouring 
Switzerland and Belgium were also very 
skeptical: more than 20% disagreed. Oth-
er countries with high mistrust of vaccine 
safety were Gabon (26%); Togo (25%); 
Russia (24%); Austria (21%), and Iceland 
(21%).

ONLY 5% OF RESPONDENTS 
GLOBALLY DISAGREE THAT 
VACCINES ARE EFFECTIVE BUT 
SKEPTICISM IS MUCH HIGHER 
IN SOME COUNTRIES

In response to the statement ‘Vaccines are 
eff ective’, only 5% of respondents across 
all surveyed countries said they “strongly 
disagree” or “somewhat disagree”. The 
vast majority of people do not think of vac-
cines as ineff ective.

But, as with the other surveyed questions, 
this varies signifi cantly across countries. 
We see this in the map. In some countries, 
very few respondents disagreed: less than 
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1% in Bangladesh and Egypt; 2% in India 
and Ethiopia; and 3% in China, Germany 
and the UK. Liberia is most skeptical with 
28% disagreeing that vaccines are eff ec-
tive. But skepticism was also high in France 
(18%); Namibia (16%); Nigeria (16%); and 
Peru (15%).

IN SOME COUNTRIES MANY 
PEOPLE ARE UNDECIDED ON 
VACCINATION

The fi nding of the Wellcome Trust of most-
ly very positive attitudes towards vaccines 
– a health intervention that saves millions 
of lives and eradicated one of the worst 
diseases humanity ever faced – is a very 
positive fi nding.

But there is a concerning fi nding which is 
hidden when we look only at agreement 
and disagreement to the questions in the 
Global Monitor. Take Japan as one exam-
ple. Only 66% of Japanese respondents 
thought vaccines were important for chil-
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dren to have – very low in comparison to 
other countries. But few disagreed that 
vaccines were safe (only 8%) and disa-
greed that they’re eff ective (only 3%). If 
few people thought they were unsafe and 
ineff ective, why would support for vaccines 
be so low?

Many Japanese respondents did not an-
swer either way. 28% answered “neither 
agree nor disagree” to whether child vac-
cination is important; 55% to the ques-
tion regarding the safety of vaccines; and 
one-third were undecided on their eff ec-
tiveness. It’s diffi  cult here, without further 
questions, to fully interpret the opinions of 
those in this undecided category: maybe 
they had no opinion; or they thought vac-
cines could be safe or eff ective in some 
cases, but not all; or some vaccines were 
safe but others were not. With this data, 
it’s impossible to fully understand their 
reasoning.

This stance was common across several 
other countries, as we see in the map.

While being undecided or divided is per-
haps less concerning than denialism on 
the importance, safety and eff ectiveness of 
vaccination, it nonetheless suggests that 
many are unaware of the massive role vac-
cines have played in eradicating diseases, 
and saving lives across the world. 

The success story of vaccines is one we 
don’t tell often enough.

It’s also true that people in the ‘neither’ 
group may be more likely to be convinced 
by arguments that are put forward by those 
who deny the safety, eff ectiveness and 

importance of vaccination. In a related post 
we take a look at why denialism around 
vaccination exists, and what is eff ective in 
addressing it.
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DOES VACCINE SKEPTICISM 
AFFECT IMMUNIZATION 
COVERAGE?

The crucial question to ask when consider-
ing the importance of vaccine skepticism 
is: does it actually have an eff ect on be-
haviour? Does it really aff ect the share of 
children who are vaccinated?

In the chart we see the comparison of vac-
cination rates – here as the share of chil-
dren who were immunized against diph-
theria, pertussis and tetanus (DTP) in 2015, 
the latest year available – to the share of 
respondents in a given country who disa-
greed that vaccines are safe.

You can also see this relationship for mea-
sles vaccine coverage.

Overall we see that widespread public 
concern for vaccine safety does not appear 
to be strongly correlated with vaccination 
rates. While one-third of the French public 
disagrees with their safety, 97% of children 
in France are vaccinated.

There are numerous other reasons, howev-
er, why vaccination rates in some countries 
are low: in low-to-middle income countries 
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the availability, aff ordability and access to 
vaccines can be poor. Having low coverage 
rates often doesn’t refl ect the population’s 
view of them. As the chart shows, in many 
poor countries the situation is the oppo-
site as in France: the vast majority of the 
population considers vaccine safe, but only 
about every second child receives the DTP 
vaccine.

One country which stands out is Ukraine: 
there we see that vaccination rates are 
uncharacteristically low for its income level 
– less than 1-in-4 children receive the DTP 
vaccine. Skepticism of vaccine safety in 
Ukraine is high at 15%. Is there evidence 
that skepticism is refl ected in cases and 
deaths from vaccine-preventable diseases? 

Over the last few years there has been a 
reported rise in the number of measles cas-
es in countries which had previously been 
close to eliminating the disease. In Europe, 
for example, there were more than 34,000 
cases of measles in the fi rst two months 
of 2019 alone. Ukraine accounted for the 
majority (more than 70%) of these cases. 
And here as well as in Albania and Roma-
nia some measles cases led to the death of 
children.

The visualization shows the relationship be-
tween the share of people who trust doc-
tors and nurses in their country and share 
who disagree that vaccines are safe. Over-
all we see that countries with higher levels 
of distrust in the safety of vaccines tend to 
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also have less trust in health professionals.

There are however some outliers: France 
has relatively high trust in health staff , but 
are most mistrusting of vaccine safety.

Health offi  cials are worried that skepticism 
of vaccination will begin to translate to 
lower vaccination rates. One reason be-
ing attributed to higher skepticism is the 
spread of misinformation on social media.

Social media fi rms do have a responsibility 
for dealing with misinformation and need 
to consider how to react carefully. Current-
ly, social and online media companies are 
being asked by politicians in the US and UK 
to ban or control anti-vaccination messag-
ing. Banning or strict control could reduce 
the exposure to such messages but does 
not solve the root problem: the public are 
asking questions about vaccines and are 
looking to fi nd answers online. A worry is 
that banning certain sorts of information 
and groups will fuel suspicion and only 
drive activity elsewhere.

Nonetheless, demands on social media 
fi rms to act is increasing. A request for 
action by Adam Schiff  to the CEOs of 
Google and Facebook sparked a cascade of 
responses. In an open letter, he asked for 
action against vaccine misinformation and 
similar demands have been made since, 
from the UK Health Secretary Matt Han-
cock among others.

VACCINE POLICY:

WHAT DETERMINES IF 
VACCINATIONS ARE 
COMPULSORY?

Countries vary in whether vaccination is 
compulsory, mandatory (required accord-
ing to specifi c mandates), or voluntary. 
Navin and Largent (2017) provide a helpful 
distinction between these policies. A com-
pulsory policy is when refusing vaccination 
is illegal, while mandatory vaccination 
when certain goods and services are limit-
ed for not vaccinating.27

Which policy is followed has depended 
much on historical legacy, which becomes 
clear when one considers some of the dif-
ferent regulations and their history around 
the world:

Compulsory vaccination: Many Eastern 
Bloc countries introduced compulsory 
vaccination during the communist era. 
Vaccination was previously compulsory 
in Romania for example and after a drop 
in vaccination rates the country is going 
through the process of reintroducing com-
pulsory vaccination. The same is true for 
Italy and also France, which had compulso-
ry vaccination for three diseases but in-
creased this number to 11 in January 2018 
in response to a drop in vaccination rates.

Mandatory vaccination: Some countries, 
such as the United States, have mandates 
for vaccination where a child is required 
to be vaccinated to enter state school or 
daycare. An early case in the US paved the 
way for state jurisdiction to protect pub-
lic health in light of personal liberty.28 In 
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Jacobson v. Massachusetts (1905) the Su-
preme Court ruled that states have the au-
thority to require vaccination against small-
pox during a smallpox epidemic. Since then 
the US has had a history of school vaccina-
tion requirements. The increased number 
of children in public schools as a result of 
the compulsory school attendance law led 
to an increased risk of smallpox outbreaks, 
through close contact in large crowded 
classrooms.29 Similarly in Australia two 
policies penalize parents for not vacci-
nating their children. The ‘No jab no play’ 
policy removed unvaccinated children from 
state-sponsored childcare. The 2016 ‘No 
jab no pay’ policy removes state welfare by 
not providing the universal ‘Family Allow-
ance’ welfare payments for parents who 
are conscientious objectors of vaccination.

Voluntary vaccination: Some countries 
where vaccination is voluntary had early 
pushback against vaccination, as in the UK 
and the Netherlands. In 1853 a law was 
passed in England and Wales requiring 
universal vaccination against smallpox, but 
opposition from anti-vaccinationists led to 
laws being passed to allow for conscien-
tious objection.30

Vaccination requirements for country entry: 
For countries in Africa and South America 
where yellow fever is endemic or where the 
mosquito vector is present a certifi cate of 
proof of vaccination is required. Only then 
will the country issue a visa upon entry to 
that country to prevent importation of this 
disease (particularly if travellers come from, 
or have visited other yellow fever endemic 
areas).31 In past centuries (17th to 19th), 
yellow fever was transported to North 
America and Europe, causing large out-

breaks that disrupted economies and de-
velopment, and in some cases decimated 
populations. Throughout the 18th and 19th 
century, yellow fever was among the most 
feared diseases in the ports of the Old and 
New World. Saudi Arabia is the only coun-
try that requires the additional vaccinations 
of meningococcal disease and polio for 
pilgrims visiting Mecca.

DOES IT WORK TO 
MAKE VACCINATIONS 
COMPULSORY?

Whether compulsory vaccination results 
in improved vaccination rates is not a 
straightforward question to tackle because 
it is highly dependant on country context, 
historical circumstance, cultural and social 
norms, as well as the practicalities of im-
plementing and enforcing such a law.

Certainly in Eastern Bloc countries when 
the vaccination law was compulsory, 
vaccination rates have been high but it 
is unclear whether to attribute this to the 
law or the behaviours and mechanisms of 
compliance under communist rule. Certain 
vaccinations have historically been com-
pulsory such as smallpox, polio, and yel-
low fever. Here vaccination rates have also 
been high but it also encouraged organised 
opposition to vaccination and public dis-
content. This is a major concern for public 
health authorities that a relationship of 
trust, between governments and citizens is 
threatened (particularly for health where a 
rhetoric of self-responsibility, personalisa-
tion, and choice is encouraged).

There are countries with high vaccination 
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rates without compulsory vaccination and 
governments do not want to disrupt public 
trust and self-responsibility by making vac-
cination compulsory, particularly if it is not 
seen as needed. It has been argued that 
high coverage has been achieved through 
“other approaches or eff orts” and so ac-
ceptance of compulsory vaccination might 
be problematic in countries such as Swe-
den, Norway, Denmark, the Netherlands, 
and the UK.32

In recent years governments have acted 
in response to epidemics to make vacci-
nations compulsory, as we have seen for 
2017-18 with compulsory vaccinations in 
France, Italy, Germany, and Romania.

One country where we can see the eff ect 
of variation in vaccination policy is the 
US. In the US states decide what vaccine 
exemptions are permitted for children 
who receive education in schools or use 
daycare. Public schooling unfortunately 
means that schools are sites of epidemics 
for childhood diseases, which is the reason 
such vaccination laws are required.

In individual states exemptions are granted 
for medical reasons but many states also 
allow for philosophical, personal belief or 
religious exemptions. Only three states – 
Mississippi, West Virginia, and California 
– only allow for medical exemption. Cali-
fornian immunization rates have increased 
following a new Senate Bill SB 277 in 2015 
to remove non-medical exemptions to vac-
cination.

The chart here shows vaccination cover-
age and what exemptions are allowed for 
each state. Fewer exemptions generally 

mean higher vaccine coverage. Indeed, 
Mississippi does often top the list as hav-
ing the highest vaccination rates because 
only medical exemptions are allowed in the 
state. But starkly, Mississippi residents are 
also consistently the unhealthiest and poor-
est in the entire country. Health outcomes 
are very poor and many residents cannot 
aff ord healthcare (the state has the high-
est percentage without health insurance 
in 2017). So perhaps it is unsurprising that 
residents accept subsidized vaccinations 
that are required for access to childcare 
and state schools.
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Vaccination cov-
erage of children, 
by US state in 
2016/1733
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VACCINE SUPPLY

Supply constraints have caused problems 
for country access to vaccination. One-third 
of 194 countries have run out of a vaccine 
for a month or longer – according to data 
submitted to WHO and UNICEF – and this 
includes both high- and low-income coun-
tries. In the US, the Centers for Disease 
Control and Prevention (CDC) stated that 
reasons for shortages were multi-factoral 
and included “…companies leaving the 
vaccine market, manufacturing or produc-
tion problems, and insuffi  cient stockpiles”. 
In 2018, it was reported that shortages 
where supplies of vaccines were critically 
low included those that target yellow fever, 
hepatitis B, cholera, meningitis C, diphthe-
ria, whooping cough, tetanus, hepatitis A, 
and tuberculosis.

Concerns about the supply of vaccines in 
an epidemic or pandemic have been raised. 
For example, the supply of yellow fever 
vaccine was limited for the outbreak in An-
gola in 2016 leading to the recommenda-
tion of a fractional dose to extend existing 
supplies.34

Laurie Garrett argues that because the 
drug had become so cheap (60 cents for 
each vaccine 2008) few companies had an 
incentive to produce it and world stocks 
of the vaccine were nearing zero, forcing 
the WHO to dilute donated vaccines from 
countries like Brazil (which sent 18 million 
doses) by 5 to 1 with the hope they would 
still be suffi  ciently eff ective. 

Romania experienced a situation of parallel 
vaccine exports in 2016 where more vac-
cines were exported than was supplied to 

meet the country’s needs. A shortage of 
the measles, mumps, and rubella (MMR) 
vaccine was partly responsible for the mea-
sles outbreak in 2016-17.35

In Venezuela, a country experiencing an 
economic crisis, there are severe shortages 
of medicines, including vaccines, which 
has led to an estimated one million unvac-
cinated children and the re-emergence of 
diseases such as diphtheria and measles.
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THE COST OF VACCINES

There are fi ve big pharmaceutical compa-
nies36 that account for 80% of vaccine pro-
duction: Sanofi  Pasteur, GlaxoSmithKline, 
Merck, Pfi zer, and Novartis.37

Many vaccines are only provided by one or 
two suppliers. For newer vaccines there are 
often particularly few suppliers due to the 
high investment needed to develop a vac-
cine.38 As one would expect from competi-
tion, the WHO reports that when vaccines 
are produced by a greater number of sup-
pliers it leads to a decline of the prices of 
those vaccines.39 In the past vaccines were 
often viewed as less profi table products for 
pharmaceutical companies, which led to 

a lack of investment and some companies 
pulling out of production altogether.40

But this has changed as the revenue of the 
global vaccines market has increased and 
richer country governments and insurance 
companies have been willing to pay more 
for new vaccines.

In addition, growing economies such as 
India and China are investing more in vac-
cines as well as developing their domestic 
manufacturing capacity. Poorer countries 
now have Gavi to help governments pool 
resources and make advance purchase 
commitments.41



40

Gavi is an international organisation creat-
ed in 2000 to bring together public and pri-
vate sectors, with the goal of equal access 
to new and underused vaccines for children 
in poorer countries. It subsidizes vaccines 
that otherwise would not be aff ordable for 
low-income countries. In addition to sub-
sidizing vaccines themselves, Gavi off ers 
vaccine introduction grants, which help to 
cover the costs of introduction of new vac-
cines into routine immunization schedules. 
The map here shows which countries are 
eligible for GAVI support.

Some vaccines still remain expensive. For 
example, the pertussis vaccine is available 
in two versions: whole cell (wP) containing 
the whole pertussis bacterium or acellular 
(aP) which contains a part of the pertussis 
bacterium. The pertussis vaccine is often 
combined with diphtheria and tetanus to 
produce either a DTwP or DTaP vaccine.42

DTaP is slightly more expensive; it is some-
times called ‘the painless vaccine’ because 
it causes less of a local reaction and pain 
but should not be given to children over the 
age of seven. 

However, DTwP has been shown to be 
more effi  cacious at preventing the trans-

mission and spread of disease to unvacci-
nated people and to those with weak im-
munity.

 New vaccines tend to be more expensive 
as they are under patent protection. For ex-
ample when the HepB vaccine was devel-
oped many lower income countries could 
not aff ord to pay $30 per dose.43

Today there is often a diff erentiation be-
tween the prices paid by countries as 
shown in the small table.

Price diff erences for vaccines between the 
US and developing countries44
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WHY DO VACCINE 
SCHEDULES DIFFER?

THE CHICKENPOX EXAMPLE

Chickenpox (varicella) is an example of a 
vaccine that some countries adopt into 
their routine childhood vaccination sched-
ules, while others do not. The question that 
follows is why there is a diff erence in opin-
ion for introducing widespread uptake of a 
vaccine or not. Japan was one of the fi rst 
countries to adopt universal chickenpox 
vaccination.45

Australia, Canada, Germany, Qatar, Repub-
lic of Korea, Saudi Arabia, Taiwan, Uru-
guay, U.S., Italy (Sicily only) and Spain (Ma-

drid only) followed afterwards and adopted 
universal chickenpox vaccination. When 
extreme cases of chickenpox have oc-
curred there have been calls for the vaccine 
to become available for free through the 
National Health Service in the UK. Howev-
er, most European countries do not vacci-
nate against chickenpox, except for ‘at risk’ 
groups. The main reason for not adopting 
universal vaccination is the high cost. Ad-
ditional supporting justifi cations are that 
it is usually a mild disease and the benefi t 
of fewer cases of shingles – as explained 
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here. The Centers for Disease Control and 
Prevention in the US ran the Varicella Ac-
tive Surveillance Project (VASP) from 1995 
through to 2010 to monitor the impact of 
the varicella vaccination program and the 
key fi nding is shown in the chart. The cov-
erage of the vaccine in Los Angeles County 
rose from 37.9% in 1997 to 95.1% in 2010, 
and in Philadelphia from 41.2% in 1997 
to 94.6% in 2010 (one-dose vaccinations 
for children between 19 and 35 months of 
age). By 2010, varicella incidence declined 
by 98% in Antelope Valley (California) and 
West Philadelphia (Pennsylvania) compared 
with 1995. Outbreaks and hospitalizations 
also decreased rapidly. From 1995 to 1998, 
hospitalization rates ranged from 2.2 to 
3.3 per 100,000 population but by 2006-
2010 this had declined to 0.2 per 100,000 
in Antelope Valley and 0.5 per 100,000 in 
Philadelphia.

Chickenpox is an example that can also 
help to answer the question of whether 
better hygiene or vaccination are in fact 
responsible for the reduced rates of dis-
ease. Although both are important, a more 
recently adopted vaccination such as 
chickenpox can demonstrate the eff ects of 
vaccination in reducing the rate of disease 
after the importance of hygiene was dis-
covered and became a preventative meas-
ure against disease. As hygiene standards 
already reached high levels, the additional 
benefi t of the vaccine is confi rmed. The im-
pact on disease rates demonstrate it is not 
hygiene but vaccination that reduced the 
incidence of chickenpox so dramatically in 
the US.
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COVERAGE, IMPACT, 
AND POTENTIAL:

DISEASES PREVENTABLE 
THROUGH VACCINATION

The chart shows the number of global 
deaths caused by some of the most com-
mon and serious vaccine-preventable 
diseases.

By selecting ‘change country’ it is possible 
to see this change for any country in the 
world and extending the timeline will let 
you see the change in deaths over time. 
There are more diseases for which vaccines 
are available now and even more are under 
development currently. The WHO publishes 

list of 26 diseases for which vaccines are 
available – including Japanese encephalitis, 
pneumococcal disease, varicella/chicken 
pox, HPV, Hepatitis A and rotavirus.
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DIPHTHERIA, TETANUS, AND 
PERTUSSIS VACCINE

Diphtheria, tetanus, and pertussis are all 
bacterial diseases and a combination vac-
cine against all three diseases is commonly 
used.

Diphtheria primarily infects the throat and 
upper airways and is fatal in 5 – 10% of 
cases.

Tetanus is not passed person-to-person but 
through spores of a bacteria living in soil 
and animal intestinal tracts. These bacteria 
enter the body through wounds and re-
lease a toxin that aff ects the nerves, which 
causes muscle stiff ness and spasms.

Pertussis is a highly contagious disease of 
the respiratory tract, commonly known as 
whooping cough. 

Children who contract pertussis tend to 
have coughing spells that last four to eight 
weeks, but the highest fatality is in young 
infants. Vaccinating health workers and 
pregnant women is the most eff ective 
strategy for preventing disease in infants 
too young to be vaccinated.

The chart shows the progress over time of 
DTP3 immunization coverage of children 
around the world. By clicking on any coun-
try you can see the change in that country 
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over time. The WHO reports in 2017 that 
85% of infants worldwide (116.5 million 
infants) received 3 doses of diphtheria-teta-
nus-pertussis vaccine (DTP3). Also in 2016 
130 countries had reached at least 90% 
coverage with the DTP3 vaccine.46

If we look at the change over time by world 
region it is South Asia in particular that 
stands out. While 85% of one-year-olds 
today are immunized, that same fi gure was 
as low 6% in 1980.

Within each country there can be substan-
tial diff erences in vaccination coverage. The 
WHO reports that in all regions children in 
the richest 20% of urban households are 
more likely to get immunized than children 

from the poorest 20% of households. Some 
countries lag behind however. Ukraine 
stands out as having particularly low DTP 
vaccination rates in 2015 of 23%, falling 
from 98% in 1999. Ed Holt writing for the 
Lancet in 2013 attributed the decline to: “A 
combination of public mistrust in vaccina-
tions, poor vaccine supply, and corruption 
in the health system”.47 Therefore Ukraine 
is suff ering from a combination of factors 
eff ecting vaccination rates from public atti-
tudes and systemic delivery problems. Fur-
thermore, the unrest since 2014 and Rus-
sian military intervention is likely to have 
worsened matters. Today only Equatorial 
Guinea reports even lower rates at 16%. As 
Human Rights Watch observes, very little 
of the country’s wealth is being directed 
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towards the needs of citizens. The number 
of under-vaccinated children in Nigeria re-
mains high, with 3.4 million children going 
without the DTP3 vaccine (compared with 
2.9 million in India).

MEASLES VACCINE

Measles is a highly contagious vi-
rus-caused disease that, despite a safe 
and eff ective vaccine being available, in-
fects thousands of people globally. Around 
90,000 people die because of measles 
every year, the huge majority of whom 
(87%) are children younger than 5. Measles 
vaccination has resulted in an 84% drop in 
measles deaths between 2000-2016.48

The world map shows the share of children 
vaccinated with the fi rst dose of measles 
vaccine.

You can switch to the ‘chart’ view to see 
the global coverage against vaccines. The 
measles vaccine was developed in 1963. In 
1983 – the fi rst year for which global data 
is available – only every second child was 
vaccinated against measles. In the latest 
data this share has increased to 85% glob-
ally up from 72% in 2000.49

The sub-Saharan African region achieves 
the lowest measles vaccination rates, along 
with confl ict-ridden and unstable countries 
(e.g. Syria, Afghanistan, and Iraq). But also 
some of the Pacifi c Islands – such as Papua 
New Guinea and Vanuatu – are performing 
poorly.

Today (data from 2014) 114.3 million chil-
dren are vaccinated against measles every 
year, which is on average 313,071 children 
every single day.50
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SECOND DOSE OF MEASLES 
VACCINE PROVIDES GREATER 
PROTECTION

As of 2018, the WHO estimate that 171 
countries had included a second dose as 
part of routine immunization. Two doses 
are needed for a higher level of protec-
tion.51

The map here shows the coverage of the 
second dose (MCV2) of the measles vac-
cine. The current global average is 67%. 
The coverage is lowest in South Africa and 
many countries in Sub-Saharan Africa still 
have not introduced the vaccine into their 
immunization coverage.52

This scatterplot compares the vaccination 
coverage against measles with the cover-
age against DTP3.
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GLOBAL DECLINE OF MEASLES

The second visualization shows the dis-
cussed increase of the global vaccination 
coverage of one-year-olds and the simulta-
neous decline of reported cases of the dis-
ease; from close to 1,000 cases per million 
people globally to 28 cases per million. This 
represents a 33-fold reduction.
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ROTAVIRUS VACCINES

The fi rst widely-used rotavirus vaccine was 
approved in the United States in 2006. 
Today, there are four oral rotavirus vaccines 
recommended for use by the World Health 
Organisation (WHO): Rotarix, RotaTeq, Ro-
taSiil, and Rotavac.53

Rotarix and RotaTeq are the most widely 
used and both have shown good effi  cacy 
against rotavirus infections in clinical tri-
als.54,55 Since the use of rotavirus vaccines 
have been approved, they have had a 
notable impact on the reduction of rotavi-
rus-related deaths. According to a study 
published in 2018, the use of rotavirus 
vaccines prevented approximately 28,900 

child deaths globally in 2016. However, 
as the chart shows, full vaccine use – that 
is a 100% coverage globally – could have 
prevented an additional 83,200 deaths.56 
This means that, even at the current rates 
of effi  cacy, 53% of all deaths in children 
under-5 from rotavirus in 2016 could have 
been avoided by full vaccine coverage.

In addition to saving lives, the rotavirus 
vaccine also reduces the burden on health-
care systems. Between 2008 and 2016 the 
introduction of the rotavirus vaccine has 
reduced the number of diarrhea-related 
hospital admissions on average by 40%.57
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ROTAVIRUS VACCINE COULD 
SAVE THE LIVES OF EVEN 
MORE CHILDREN

If there is so much scope for saving more 
children’s lives, what is the reason that 
these children are still dying?

There are two key barriers to achieving the 
full potential of the rotavirus vaccine: im-
munization rates, and the effi  cacy of the 
vaccine in specifi c regions.

IMMUNISATION RATES ARE 
STILL TOO LOW

According to the WHO, by the end of 2018, 
101 countries were using the rotavirus vac-
cine. The major drivers for the introduction 
of the vaccine are the burden of diarrheal 
diseases, the availability of funding, and a 
favourable political climate for vaccines.58

The vaccine is only given to children – it’s 
recommended that the vaccination should 
be initiated 15 weeks after birth and fi n-
ished by the 32nd week. However, the 
global coverage is still very low: it is esti-
mated that just 35% of under one-year-olds 
were vaccinated in 2018.59
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The map shows the WHO estimates on the 
share of one-year olds who received the 
full recommended dosage of the vaccine 
(two immunizations for Rotarix vaccine or 
three immunizations for RotaTeq vaccine). 
For many countries where data coverage is 
low, it’s expected that the share of infants 
receiving the vaccine is very low. Some 
countries however did see rapid increas-
es in rates of immunization. In a period of 
only a few years countries including Sudan, 
Malawi and Gambia have increased immu-
nisation rates from below 10% to 80-95% – 
click on the country to see the change over 
time.

VACCINE EFFICACY DIFFERS 
BY REGION

Since most rotavirus cases occur in 
Sub-Saharan Africa where mortality from 
rotavirus infection is also the highest, it is 
essential to increase and maintain high im-
munisation coverage in this region. Howev-
er, in addition to delivering the vaccine for 
those who need it, we also need to work 
on improving its effi  cacy.

Vaccine effi  cacy for the rotavirus vaccine is 
defi ned as the percentage reduction of the 
rate of diarrhea incidences in vaccinated 
versus unvaccinated groups of children. 
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It is well established that the effi  cacy of the 
rotavirus vaccine is not the same across 
all countries — in countries with high child 
mortality rates the vaccine shows much 
lower effi  cacy.60

The chart is from a recent study by Clark et 
al., which looked at how the effi  cacy of live 
oral rotavirus vaccines changes in diff erent 
countries following vaccination. The chart 
shows that in countries with high child 
mortality rates, not only is the immediate 
vaccine effi  cacy lower – 98% in low child 
mortality countries versus 66% in high 
child mortality countries – but also the vac-
cine effi  cacy decreases faster in high child 
mortality countries over time.61

Five years after vaccination, the rotavirus 
vaccine reduces the chances of getting 
diarrhea by 90% in low child mortality 
countries and only by 30% in high mortality 
countries. The table shows how good the 
rotavirus vaccine is at preventing severe 
diarrhea and reducing hospitalization due 
to diarrhea in children under-5 in diff erent 

regions.62 In high-income countries, rotavi-
rus vaccination has been shown to reduce 
the cases of severe rotavirus diarrhea by 
91% and hospitalization by 94%. In Eastern 
Asia and Latin America, the eff ectiveness 
rates are lower but still high – preventing 
88% and 80% of severe diarrhea cases, re-
spectively. However, eff ectiveness in South 
Asia and Sub-Saharan Africa is signifi cant-
ly lower, only reducing severe diarrhea in 
around half of the cases.

The reasons for diff erent responses to the 
vaccine are not entirely clear.63,64

It is likely that the gut responses to the oral 
rotavirus vaccines in children in lower-in-
come countries are diff erent. This may be 
due to a variety of causes, including micro-
nutrient defi ciencies, pre-vaccination ex-
posure to certain pathogens, and the pres-
ence of chronic conditions such as malaria 
or HIV. Overall, the poor gut response to 
the live vaccine means the effi  cacy of the 
vaccine is reduced. Taking all of the above 
mentioned points into account, there are 
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several interventions that could increase 
the benefi ts of the rotavirus vaccine even 
further. In addition to increasing the vac-
cine coverage, improving nutritional health 
(of both infants and mothers) and improv-
ing hygiene and sanitation conditions (to 
lower the prevalence of damaging path-
ogens) could have positive eff ects on the 
vaccine’s effi  cacy.

We are still at quite an early stage of the 
rotavirus vaccine use. Although the vaccine 
has brought huge benefi ts already, it could 
go even further. Improving vaccination 
coverage, particularly across Sub-Saharan 
Africa and South Asia is key to continued 
reduction of childhood deaths from diar-
rhea. Even at moderate levels of vaccine 
effi  cacy, a signifi cant number of additional 
additional child deaths could be prevented 
every year. The bar chart above that shows 
the number of preventable deaths illus-
trates the potential for extended vaccine 
coverage to save many more lives. And this 
is already taking into account the regional 
diff erences in the vaccine’s eff ectiveness.

In addition to increased coverage, improv-
ing the eff ectiveness of the vaccine would 
go even further in tackling one of the lead-
ing causes of death.

PNEUMOCOCCAL VACCINES

There are a number of ways we could 
reduce the number of children dying from 
pneumonia, including eliminating the major 
risk factors such as undernutrition and air 
pollution, and providing better access to 
treatment.

But we have another highly eff ective inter-
vention: a vaccine against the major patho-
gen responsible for pneumonia in children.

Streptococcus pneumoniae is the leading 
cause of pneumonia in children under 5 — 
it was responsible for 52% of all fatal pneu-
monia cases in children in 2016.65 Pneu-
mococcal vaccines are vaccines that target 
S. pneumoniae bacteria. Here we look at 
their eff ectiveness and how we can maxim-
ise the number of children they save.
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THE COVERAGE OF 
PNEUMOCOCCAL VACCINES 
IS STILL LOW

Since the World Health Organisation 
(WHO) started recommending including 
pneumococcal vaccines in national immu-
nisation programmes for children in 2007, 
there has been a progressive increase in 
the number of countries using the vac-
cine. You can see the uptake in the vaccine 
across the world using the ‘play’ button on 
the map below.

But the coverage of pneumococcal vac-
cines is still low in many countries. In India 
and Nigeria – the two countries with the 

greatest number of childhood deaths from 
pneumonia in 2017 – only 44% and 58% of 
one-year-olds are vaccinated, respectively.  
In 2018, less than half (47%) of one-year-
olds in the world received the full course 
of pneumococcal vaccination. This means 
that 55 million children who could be pro-
tected by the vaccine are still not vaccinat-
ed against it — an appallingly high number 
for a vaccine that not only protects from 
pneumonia, the leading cause of childhood 
death, but also a range of other diseases 
(as discussed below).66
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HOW DO PNEUMOCOCCAL 
VACCINES WORK?

Streptococcus pneumonia, often simply 
referred to as pneumococcus, is a bacte-
rium that is often found in the upper res-
piratory tract of healthy people. Generally, 
the bacterium is harmless or causes milder 
illnesses such as bronchitis, sinusitis, and 
ear infections. Pneumococcal vaccines are 
eff ective against these milder illnesses as 
well, but importantly also protects from 
what is called pneumococcal invasive dis-
ease (PID). PID occurs when the pneumo-
coccus moves from colonizing the upper 
respiratory tract to colonizing sites that are 
normally sterile, such as blood, cerebrospi-

nal fl uid or pleural cavity (fl uid-fi lled space 
surrounding the lungs).67 Bacterial invasion 
leads to life-threatening diseases such as 
sepsis, meningitis and severe pneumonia. 

There are two types of pneumococcal vac-
cines available: conjugated polysaccharide 
pneumococcal vaccine (PCV) and non-con-
jugated polysaccharide pneumococcal 
vaccine (PPSV). Both vaccines are designed 
to elicit immune responses against multi-
ple serotypes of pneumococcus, which are 
defi ned by the diff erent immune responses 
to the sugars found on the bacterial sur-
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face.68 To be broadly eff ective, the vaccines 
need to protect against a certain number of 
these pneumococcal serotypes, but it is not 
necessary to include all possible serotypes 
because only a limited subset is responsi-
ble for 70%-80% of invasive pneumococcal 
disease.69 However, as we’ll discuss later, 
this variety of diff erent pneumococcal sero-
types is important to keep in mind because 
as vaccine coverage increases we may 
see a replacement of the vaccine-included 
serotypes with the less dominant ones, 
which will mean new vaccine versions will 
be required.  

While there are two types of pneumococ-
cal vaccines available, for children under 
two years old only the conjugated (i.e. PCV) 
vaccines are recommended because the 
non-conjugated versions (i.e. PPSV) are not 
eff ective at such a young age.70 

HOW EFFECTIVE ARE 
PNEUMOCOCCAL VACCINES?

In clinical trials PCV has shown 80% effi  -
cacy in reducing invasive pneumococcal 
disease caused by the bacterial serotypes 
included in the vaccine formulation. Vac-
cinated children are 27% less likely to be 
diagnosed with pneumonia and 11% less 
likely to die from it.71

Several studies have attempted to estimate 
how many lives PCV vaccination has saved 
and could possibly save. One Lancet study 
concluded that between 2000 and 2015, 
in 120 countries the number of childhood 
deaths caused by pneumococcus fell from 
600,000 to 294,000 — a decline of 54%. 
Most of this decline was attributed to the 
PCV vaccines: over this period, it’s esti-
mated these vaccines saved the lives of 
250,000 children. The majority of these 
deaths would have been caused by pneu-
monia, but the vaccine also prevented 
deaths from pneumococcal meningitis and 
other diseases.72
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HOW MANY CHILD DEATHS 
COULD BE AVERTED BY 
PNEUMOCOCCAL VACCINES?

The chart shows how estimates of the 
potential impact of the pneumococcal 
vaccine. It is based on a recent study pub-
lished in The Lancet Global Health journal, 
which calculated that if the PCV vaccine 
coverage would reach at least the levels of 
the vaccination against diphtheria, tetanus 
and pertussis (DTP3), the lives of 399,000 
children under 5 could be saved.73 Addi-
tionally the researchers estimate that 54.6 
million pneumonia episodes annually could 
be averted. These number estimate the 
impact of the PCV vaccination relative to 

a world without that vaccine – since the 
vaccine is already used it means that some 
of these lives are already being saved by 
the PVC vaccination. However, in many 
countries PCV vaccination rates still fall far 
below the DTP3 rates, making clear that we 
still haven’t used the pneumococcal vac-
cine to its full potential.
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WHAT CAN WE DO TO 
IMPROVE THE COVERAGE 
AND EFFECTIVENESS OF  
PNEUMOCOCCAL VACCINES?

A continued increase in immunization cov-
erage and the introduction of PCV vaccines 
into countries which don’t yet use them is 
important if we want to make use of the 
full potential of pneumococcal vaccines. 

PCV vaccines are amongst the most ex-
pensive vaccines in national immunisation 
programmes. The price ranges from $3.05 
per dose in GAVI74 supported low-income 
countries to $169 in high-income countries 
such as the United States.75 For low-mid-
dle-income countries who are transitioning 
from GAVI support the increasing future 
costs of vaccination place a considerable 
strain on national healthcare budgets.76 

But given the high burden of pneumo-
coccal diseases, even at high prices, PCV 
vaccines are considered to be cost-eff ec-
tive, with an estimated return of investment 
in low- and middle-income countries of 
around 3.77 

PCV vaccines include a limited subset of 
possible pneumococcal serotypes. The 
distribution of pneumococcal serotypes is 
known to vary between countries and PCV 
vaccines include the ones that are most 
common globally.

Which non-vaccine serotypes are most 
common in a particular country, may af-
fect the potential for a particular vaccine’s 
impact. However, not all countries collect 
data on serotype distribution, and an as-

sessment of the potential impact is there-
fore compromised.78,79,80 Notably, since 
the PCV vaccine was introduced, there 
has been a rise in pneumococcal invasive 
disease incidences caused by the less 
common serotypes. This suggests that, by 
reducing the prevalence of vaccine-includ-
ed serotypes, the vaccine unintentionally 
provides space for non-vaccine serotypes, 
against which it works less well.81 This 
means that the vaccine’s eff ectiveness may 
decrease over time, if the serotype formu-
lation of PCV is not continually reevaluated. 
In the future, new versions of pneumo-
coccal vaccines may be needed that work 
better independently of the bacterial sero-
type. Such vaccines are already in develop-
ment.82,83
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HEPATITIS B VACCINE

The chart here shows the coverage for 
Hepatitis B vaccination.

Hepatitis B (HepB) is a highly contagious 
viral infection that attacks the liver and is 
transmitted through contact with the blood 
or other body fl uids of an infected person. 

As the chart shows, it is estimated that 
about 100,000 people die each year of 
chronic liver disease due to hepatitis B. 
The WHO recommends that all infants 
should receive their fi rst dose of vaccine 
as soon as possible after birth, preferably 
within 24 hours.
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HAEMOPHILUS INFLUENZAE 
TYPE B VACCINE

Haemophilus infl uenzae type b (Hib) is a 
bacterial infection that causes meningitis 
and pneumonia transmitted through the 
respiratory tract from infected to suscep-
tible individuals. The chart here shows the 
coverage for Hib vaccination.
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POLIO VACCINE

The chart here shows the coverage of the 
polio vaccine. Poliomyelitis (OPV, IPV) is a 
highly infectious viral disease. Once the po-
liovirus invades the nervous system it can 
cause irreversible paralysis in a matter of 
hours. No cure exists for polio, only treat-
ment to alleviate symptoms. As we detail in 
our entry on polio the world is on its way to 
eradicate the disease thanks to the vaccine 
against the virus: While in the 1980s there 
were 350,000 paralytic cases of polio every 
year, the world saw only 42 cases in 2016.
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TUBERCULOSIS VACCINE 
(BCG)

The chart here shows the coverage of 
the BCG vaccine, which protects against 
tuberculosis. Developed more than a cen-
tury ago, bacille Calmette–Guérin vaccine 
(BCG) is currently the only vaccine available 
against tuberculosis (TB). 

Close to 4 billion people have been vacci-
nated with BCG – this makes it the most 
widely used vaccine in the world.84 BCG 
vaccine is based on a reduced-virulence 
strain of Mycobacterium bovis, a bacterium 
that is closely related to Mycobacterium 
tuberculosis – the pathogen that causes 

TB. BCG vaccine was already used in the 
1920s in Belgium and France in small trials 
and after the Second World War its use 
was expanded to vaccinate children across 
Europe. In 1950s the WHO started recom-
mending the use of BCG globally. 

BCG is eff ective at protecting children and 
adolescents from severe forms of TB and 
meningitis.85 86 However, studies have 
shown that the length of protection provid-
ed by the vaccine varies greatly depending 
on the populations studied: from 15 years 
in the UK to 50–60 years in Alaska.87,88 
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The reason for such variability is not clear, 
but factors such as diff erent vaccine seed 
strains used for immunization and pre-ex-
isting immunity in people already exposed 
to other mycobacteria strains may be 
important. Notably, BCG vaccine does not 
protect people from primary infections, that 
is it does not prevent people from getting 
infected with M. tuberculosis bacterium 
in the fi rst place. BCG also does not pre-
vent activation of latent TB if a person has 
already been infected. Therefore, the vac-
cine has limited eff ect on prevention of M. 
tuberculosis spread in a population.89
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YELLOW FEVER VACCINE

The chart here shows the coverage of the 
yellow fever vaccine. Yellow fever (YF) is a 
viral disease transmitted by infected mos-
quitoes. There are 40 countries and territo-
ries at risk for yellow fever in Africa and the 
Americas and of these 36 include yellow 
fever vaccination in their routine immuniza-
tion schedules. Total, vaccine coverage in 
2018 was estimated at 49%.90
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DEFINITIONS AND 
MEASUREMENT

Calculating coverage
The coverage is calculated as the propor-
tion of persons in a target age group who 
received a vaccine dose. Dates of vaccina-
tion are either taken from a child’s home-
based record, recorded based on caregiver 
recall, or from health facility records.

While appearing straightforward enough, 
several methodological problems of house-
hold survey respondent data on vaccination 
have been well documented.91

Questions have arisen about how accurate-
ly parents can recall child immunization 
history and the limitations of phone calls to 
collect data.

Even accurately estimating target popula-
tions in low-income settings can be diffi  cult 
and discrepancies have been found when 
comparing country-reported fi gures with 
independent surveys.92

Furthermore, childhood vaccinations are 
rarely considered altogether. The DTP3 
vaccination tends to be the vaccination 
most often used as a marker of strength in 
a country’s immunization programs, since 
three administrations of the vaccination are 
required.93

National and subnational coverage
National coverage rates are what is fo-
cused upon, but even when national cov-
erage are high, subnational coverage can 
reveal inequities, which is why the WHO 
and UNICEF are increasing eff orts to gather 
high quality subnational coverage data.94

In 2015 coverage estimates at the district 
level were only reported for 158 of the 194 
WHO Member States. National data only 
provides part of the picture of immuniza-
tion coverage. Diff erent levels of coverage 
data, including at sub-national or district 
level is useful for gaining an understanding 
of where there might be clusters of under- 
or un-vaccinated children.
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DATA SOURCES

World Health Organization
Immunization surveillance, 
assessment and monitoring
Data: 
Immunization coverage, system indicators 
and schedule, and disease incidence
Geographical coverage: 
WHO member nations
Time span: 
1980 onwards for many countries

UNICEF
Data: 
Percent of one-year-olds immunized
Geographical coverage: 
UN member nations
Time span: 
1980 onwards for many countries

Further reading
More information about vaccines in general 
can be found on the World Health Organi-
zation (WHO) page on immunization.
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