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Hib vaccines are administered at the same time as DTP, often in combination vaccines 
that also include the DTP and hepatitis B antigens. In industrialized countries, the infant 
vaccination schedule with Hib conjugate vaccines is usually followed by one further dose 
during the second year of life. In most other countries, the Hib vaccine is only used for 
younger infants. Recent data from Latin America and Africa suggest that Hib disease 
can be eliminated with a three-dose regimen. At the present time, therefore, there are 
no compelling reasons for recommending a fourth dose of vaccine outside of the routine 
immunization programme. However, it is not yet known whether the protection conferred 
by the primary three doses will last a lifetime or if susceptibility to Hib infection could 
appear later in life. To help dispel such doubts, countries using Hib vaccines need to 
sustain surveillance for bacterial meningitis. Prompt detection of a resurgence of Hib 
disease could enable an appropriate vaccination response to be made.

Hepatitis A – paradox and potential 

Hepatitis A is an acute illness caused by a virus (HAV) transmitted through the faecal-
oral route. It is characterized by jaundice, dark urine, fever, anorexia, and abdominal 
discomfort, with the symptoms related to age. Infection with HAV does not become 
chronic. Most people recover after a few weeks. Severe complications are rare, but the 
risk of death increases with age, and case fatality may range from zero in children under 
5 years old to 1.5% in people aged over 60. 

The paradox of hepatitis A is that the very countries in which the disease is most 
prevalent are those where it has least visibility; in countries where its incidence is lower, 
outbreaks of the disease are very evident. In developing countries, HAV infects more 
than 80% of the population before adolescence, and 70% of children under six years of 
age may have no symptoms. In contrast, in industrialized countries with better sanitation, 
young children may not be infected, but during outbreaks, older children and adults who 
do not have immunity, may be ill with jaundice for up to two months, with the result that 
the disease is the most commonly reported of vaccine-preventable diseases in these 
countries. But this paradox also defines the potential: when countries improve their 
socioeconomic conditions, hepatitis A becomes more visible and controlling the disease 
through vaccination becomes a possibility.

Inactivated hepatitis A vaccines were licensed in the United States in 1996, where their 
use led to a dramatic decline in cases. Similar drops in incidence have been seen in 
other countries or areas of countries, such as Israel, Italy, and Spain.

Currently, WHO recommends that the results of appropriate epidemiological and cost-
benefit studies should be weighed carefully before deciding on national policies on 
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immunization against hepatitis A (72). In highly endemic countries, HAV infects virtually 
all young children, without causing symptoms but effectively protecting the population 
against symptomatic hepatitis A disease in later life. In such countries, large-scale hepatitis 
A vaccination is not required. In countries of intermediate endemicity where a relatively 
large proportion of the adult population is susceptible to HAV, and where hepatitis A 
represents a significant public health burden, large-scale childhood vaccination may be 
considered as a supplement to health education and improved sanitation. In regions of 
low endemicity, vaccination against hepatitis A is indicated for individuals with increased 
risk of contracting the infection.
 
Evidence from use of the vaccine in the United States and other countries, suggests that 
universal hepatitis A vaccine introduction can reduce the disease to very low nationwide 
incidence rates, raising the possibility of ultimately eliminating the disease.

Hepatitis B – the first vaccine against cancer

Of the many viruses known to cause hepatitis, the hepatitis B virus (HBV) inflicts the 
heaviest public health burden. The infection spreads by exposure to blood or other body 
fluids of an infected person, as in sexual contact, through a skin wound, or through use of 
an infected needle or syringe, and, in the case of infants, from an infected mother during 
childbirth. People infected with HBV are between 50 and 100 times more infectious (to 
others) than those infected with HIV. Further, the HBV virus is capable of remaining viable 
for over one week on contaminated environmental surfaces. 

In most cases, the infection runs an acute course lasting from one to three months. 
Symptoms include jaundice, malaise, loss of appetite, nausea and vomiting, fever,  
muscle pain, and fatigue. They may be mild or, as in most infants and children, totally 
absent. 

The most feared effect of HBV is chronic or lifelong infection – feared because it can lead  
to death from cirrhosis or cancer of the liver (1). More than 350 million people in the world 
today have chronic hepatitis B infection, according to a WHO estimate (73). About 90% of 
infants infected during the first year of life develop chronic infection, compared with 30% 
of children infected between one and four years, and less than 5% of people infected as 
adults (1). In 2002, an estimated 600 000 deaths occurred from chronic HBV infection.

In 1982, the first hepatitis B vaccine – the first vaccine against a human cancer – became 
available. Over the next decade, studies showed that the vaccine could protect about 
95% of recipients from HBV infection. In 1992, WHO called on all countries to use the 
vaccine in their routine immunization programmes. Where transmission of the infection 
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during childbirth is common, as it is in several developing countries of WHO’s South-East 
Asia Region, the first vaccine dose should be given to babies within 24 hours of birth. 
WHO also urges countries to vaccinate adults at risk of infection, such as health-care 
workers exposed to blood or other body fluids, dialysis patients, prison inmates, injecting 
drug users, household and sexual contacts of chronically infected people, and those 
with multiple sexual partners.

Adoption of the vaccine in routine immunization programmes was slow to take off. By 
1997 – the WHO deadline for universal adoption of the vaccine in infant immunization 
programmes – only 62 countries had adopted the vaccine and only 14% of children were 
receiving the full three doses (41). Limited recognition of the burden of HBV infection 
and lack of funds to deploy the vaccine were among the main obstacles to wider 
introduction of the vaccine. Over subsequent years, WHO-sponsored research on the 
disease burden in developing countries did much to raise awareness of the infection and 
its consequences. The advent of the GAVI Alliance in 2000 helped to erode the financial 
obstacles to introducing the vaccine, at least for the poorer countries of the world. By 
the end of 2007, 171 of WHO’s 193 Member States were using the vaccine in their infant 
immunization schedule.

The impact of vaccination on acute HBV infection is difficult to evaluate, since it requires 
intense surveillance for acute disease and laboratory confirmation. On the contrary, the 
impact on chronic HBV infection is easier to assess, thanks to blood (serological) tests 
for hepatitis B infection markers. Several countries achieving high vaccine coverage rates 
have seen a substantial reduction in the prevalence of chronic infection. Communities in 
China, for example, that began reaching high vaccine coverage rates in the late 1990s, 
showed a 90% drop by 2006 in the prevalence of chronic HBV infection in children under 
five years old (74).
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Box 18 

Hepatitis B control in China: reducing disparities

Every year, 280 000 people in China die from liver cancer or cirrhosis, accounting for 
almost one third of all HBV-related deaths worldwide. Even within this alarming statistic 
there are marked disparities between rich and poor provinces. Overall, approximately 
60% of the population has a history of HBV infection. Almost 10%, or 120 million 
people, are chronically infected with HBV and risk early death from liver disease. 

In response, China has made major investments in improving delivery of the hepatitis 
B vaccine. Hepatitis B vaccination for infants was introduced in 1992, with the 
recommendation that the first dose be given within 24 hours of birth. The cost of 
immunization, however, was a barrier to disadvantaged high-risk populations. In 
2002, therefore, the Health Ministry made the vaccine universally available through the 
national immunization programme. This was followed, in 2005, by a Ministry decision 
to abolish all fees for recommended infant vaccinations. It is estimated that this 
initiative – a five-year, US$ 76 million project co-funded equally by the Government 
of China and the GAVI Alliance – has averted over 200 000 premature deaths due to 
chronic HBV infection. 

By 2010, China aims to reduce chronic HBV infection rates to less than 1% in children 
under five years of age. To achieve this goal, women are encouraged to give birth in 
hospitals, and every hospital must keep enough vaccine available for administration 
of the birth dose. A high-profile nongovernmental organization, China Hepatitis 
Prevention and Control, is raising public awareness of the need to have all infants 
fully immunized with hepatitis B vaccine from birth and to avoid discriminating against 
people already infected with HBV.

The outcome of these measures has been dramatic: a surge in national birth dose 
coverage from 29% in 1997 to 82% in 2005, and a drop in the chronic infection rate 
over the same period to less than 2% of children under five. Some western provinces 
only attained around 70% of birth dose coverage by 2006, which may be due to the 
higher proportion of home births in those areas. The disparity is declining, but more 
work is needed for China to reach its national goals (74).
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Growing confidence in hepatitis B vaccination has prompted WHO’s Western Pacific 
Region – where all countries use the vaccine – to set a HBV control goal, namely, the 
reduction by 2012 of the average regional prevalence rate of chronic HBV infection to 
less than 2% in children under five years old. In 2008, the WHO Strategic Advisory Group 
of Experts (SAGE) strongly recommended that “all regions and associated countries 
develop goals for hepatitis B control appropriate to their epidemiologic situations.”

The numbers of countries adopting the hepatitis B vaccine and the numbers of regions 
setting disease reduction goals show encouraging trends. But there are still challenges 
confronting HBV control efforts. Although close to 90% of the 193 WHO Member States 
were using the vaccine by the end of 2007, only 65% of children were receiving it. In 
countries whose national immunization schedule includes a hepatitis B vaccine dose at 
birth, there could be areas where most childbirths take place at home: in such areas, 
reaching babies with the “birth dose” of vaccine is problematic. Efforts are under way to 
make mothers and immunization providers in such areas more aware of the importance 
of protecting newborn infants with this initial vaccine dose. Moreover, in many countries, 
health workers and other high-risk groups are not being vaccinated in sufficient 
numbers. WHO is working with these countries to close this gap. A third problem is the 
continuing risk of HBV transmission from unsafe injection practices and blood transfusion 
procedures: efforts are under way to reduce this risk. 

Human papillomavirus – a second cancer vaccine 

It is estimated that, in 2002, there were 493 000 cases of cervical cancer and over  
274 000 related deaths (18). More than 80% of these cases and deaths occurred in 
developing countries. Worldwide, and in developing countries, cervical cancer is the 
second most common cancer in women, after breast cancer (75). The highest incidence 
rates are in sub-Saharan Africa and Latin America, and also in parts of Asia (India alone 
accounts for nearly a quarter of cases occurring annually in the world) (76). In all cases, 
the causative agent is human papillomavirus (HPV). 

Widespread use of screening (Papanicolau) tests by industrialized countries in the 1960s 
and 1970s brought incidence down by more than six-fold, to less than eight cases per 
100 000 (77, 76) in industrialized countries. In most developing countries, however, the 
relatively high cost of screening was prohibitive (78).

Up to about 20 years ago, HPV infection was generally considered a cause of relatively 
harmless, if unsightly, warts on the skin and genital area, in both women and men. In 
the mid-1980s, DNA analysis by German researchers revealed the presence of genes 
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from the virus in cervical cancer cells taken from thousands of women. The virus was 
clearly a “necessary cause” of cervical cancer, i.e. its presence is necessary for cervical 
cancer to develop (it is not, however, a “sufficient cause”: its presence will not always 
produce cancer). This evidence put to rest beliefs that over the centuries had invoked 
such things as toads, witchcraft and male secretions (smegma) as causes of cervical 
cancer. One cause, postulated by Italian physician Rigoni-Stern in 1842, was close to 
the truth: observing that nuns never died of cervical cancer, he assumed that sexual 
activity was to blame. 

Today, HPV is known to be transmitted through sexual contact – not only penetrative 
sexual intercourse, but also sexual skin-to-skin contact. Contributing to the risk of HPV 
infection are factors such as early age of sexual activity, cigarette smoking, prolonged 
use of oral contraceptives, and co-infection with HIV, chlamydia, or herpes simplex virus 
(77). Most cases of HPV infection produce no symptoms. In more than 90% of cases, 
the infection disappears spontaneously (1). In the remaining cases it persists, and in 
10–12% of these cases, it progresses over the next 20 to 30 years to cancer (1).

Cervical cancer is not the only cancer attributable to HPV, although it is the most 
common, accounting for about 90% of all HPV-related cancers. HPV also causes most 
cases (about 90%) of anal cancer, many cases (40%) of vulvar and penile cancers, and a 
small proportion (12%) of head and neck cancers (1).

There are probably more than 200 genetically distinct types (genotypes) of HPV virus (76). 
About 106 are known to cause disease in humans, and of these, 13 genotypes account 
for more than 95% of oncogenic HPV infections and have been labelled “high-risk” HPV 
types (76). Within a few years of starting sexual activity, more than 50% of sexually active 
women become infected with these high-risk types (76).The peak incidence of HPV 
infection is in the 16–25 year age group (77, 78), although the peak incidence of the 
HPV-related cancer is between 45 and 64 years (77).

The relative frequency of high-risk HPV genotypes (with types 16 and 18 causing about 
70% of infections (78)) is fairly constant over all regions of the world (77). “Low-risk” 
HPV genotypes – those rarely associated with anogenital cancer – include types 6 and 
11, which cause 90% of anogenital warts and cause a relatively rare but potentially 
life-threatening disease of the larynx – recurrent respiratory papillomatosis (RRP) – that 
occurs mostly in children under five years old.

Work on developing a vaccine against HPV began in the 1980s. Initial experiments 
using live attenuated or killed whole virus in animals gave promising results, but research 
quickly came up against two stumbling blocks. First, getting the virus to grow in the 
quantities needed to produce a vaccine proved difficult. Second, the whole virus contains 
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genes (oncogenes) that cause cancer and could present a risk to vaccine recipients. 
The solution to both problems lay in the structure of the HPV virus itself. Covering the 
virus is an outer shell (capsid) consisting of about 360 proteins. When the shell is taken 
apart and the proteins are put into an appropriate chemical solution, they automatically 
arrange themselves to form a new empty shell that is an exact copy of the original. This 
artificial shell, commonly known as a “virus-like particle” (VLP), contains no genes or 
other potentially risky or infectious viral material, but produces as strong a protective 
immune response in animals as the original whole virus. It can also be readily produced 
in large quantities.

In 2006, an HPV vaccine – the second against a human cancer (the hepatitis B vaccine 
was the first) – became available, followed a year later by another HPV vaccine. Both 
vaccines are based on VLP technology. One, a two-antigen (bivalent) vaccine, has 
VLPs carrying two HPV genotypes – 16 and 18 – which cause about 70% of cervical 
cancer in most parts of the world (77). The other vaccine, a four-antigen (quadrivalent) 
vaccine, has VLPs carrying the same HPV 16 and 18 genotypes but also 6 and 11, 
which cause about 90% of genital warts in women and men (78). In large-scale clinical 
trials in industrialized and developing country settings, both vaccines protected more 
than 90% of recipients against HPV infection. By the end of 2008, the bivalent vaccine 
was licensed in 90 countries and the quadrivalent in 109 countries.

In late 2008, the SAGE established global recommendations for HPV vaccination (79). 
These recognize the importance of HPV disease burden worldwide and recommend 
that HPV vaccination should be included in national immunization programmes 
where: prevention of cervical cancer and/or other HPV-related diseases are a public 
health priority; introduction of the vaccine is feasible; financing can be secured and is 
sustainable; and the cost-effectiveness of vaccination strategies in the country or region 
have been considered. The primary target population should be girls prior to initiation 
of sexual activity, with specific age ranges based on local data on age of sexual debut 
(most commonly 9 or 10 to 13 years). It is also recommended that in countries where it 
is feasible and affordable, older adolescent girls should be considered as a secondary 
target population, provided this is cost-effective and does not distract from the success 
of vaccinating the primary target. Vaccination of men to prevent cervical cancer in women 
is not recommended as this is unlikely to be cost-effective for cervical cancer prevention 
if high coverage is achieved in the target population. The SAGE also recommends 
that where possible, vaccine introduction should be in concert with a national cancer 
prevention programme that includes education, screening, and diagnosis and treatment 
of precancerous lesions. In April 2009, WHO issued a position paper based on these 
recommendations (80). 
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Influenza – keeping scientists guessing

Influenza, commonly called “flu”, is a respiratory illness caused by a virus (1). The name 
is Italian for “influence”, the word used by 16th century Italians to denote several illnesses 
believed to be caused by “the heavens” or “the stars”. Symptoms of influenza last about 
a week on average, and include fever, sore throat, headache, aches and pains, chills, 
loss of appetite, and fatigue. About 30–50% of infected people have few or no symptoms 
(1). Children and elderly people are particularly vulnerable to infection and to the risk of 
developing severe complications, which may require hospital care. In the United States, 
up to 40 000 influenza-related deaths have been reported in severe influenza seasons 
(1). Worldwide, influenza infections are responsible for between 250 000 and 500 000 
deaths a year on average (81). 

The influenza virus spreads via tiny droplets released into the air when an infected  
person coughs or sneezes. The virus has a preference for the cold, dry air typical of the 
winter season in temperate climes. Every year, about 5–10% of adults and 20–30% of 
children come down with seasonal influenza (82). In tropical countries the illness occurs 
with less or no seasonality. 

Influenza also occurs in an often devastating, pandemic form. Pandemics have been 
documented throughout the ages with the most recent pandemics occurring in 1918, 
1957 and 1968. In 1918, the most devastating pandemic on record infected about half 
the world’s population and killed an estimated 20–50 million people (82). Since pandemics 
tend to occur every 40 years or so, public health experts have been monitoring the H5N1 
strain during the past few years, fearing that a new pandemic might be imminent.

The two types of influenza virus that cause illness in humans were identified in the 1930s 
and 1940s. Both types (A and B) are extremely efficient at evading the human immune 
system. By constantly altering their surface molecules and thereby mutating into new 
strains from one season to the next, they ensure that the immunity a population develops 
against the infection in one season will not protect the population in the following season. 
In other words, the influenza virus enjoys a constantly renewed pool of susceptible 
people from one season to the next. 

This so-called antigenic drift mechanism also gives vaccine researchers, using WHO’s 
85-country Global Influenza Virus Surveillance Network, the task of predicting, several 
months before the onset of the influenza season every year, which proteins (or antigens) 
from the virus, should be included in an influenza vaccine so as to protect against the 
probable new virus strain.
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The first commercial influenza vaccine – a relatively crude product consisting of an 
inactivated (or killed) whole influenza virus – became available in 1945. Whole-virus 
influenza vaccines are still used in some countries, but since the 1970s most countries 
use vaccines that are purer and produce fewer, albeit minor, side-effects. 

A live attenuated influenza vaccine has been available since 1967. This is administered 
by nasal spray and is therefore easier to use in children, whereas the inactivated vaccine 
is administered mainly by intramuscular or subcutaneous injection. The live attenuated 
vaccine has also been found to stimulate a broader immune response against new viral 
strains resulting from antigenic drift, than the inactivated vaccine (1). 

Currently available influenza vaccines protect about 70–90% of recipients provided their 
antigen composition closely matches that of the viruses circulating at the time (82, 83). 
There is evidence that these vaccines are effective enough to reduce the number of 
hospitalizations in a population by 25–39% and to reduce the number of deaths by  
39–75% (82). About 75 countries, mostly industrialized, offer influenza vaccination to 
high-risk population groups, such as elderly people. 

In 2003, the World Health Assembly called on Member States that use influenza vaccines 
to provide vaccination to at least 50% of their elderly population by 2006, and 75% by 
2010. Firm data regarding progress in meeting the goal is difficult to obtain, especially 
from countries where almost all of the influenza seasonal vaccinations are offered by 
private health-care providers. 
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In February 2009, new global capacity figures for the production of influenza vaccine 
were published (84). These indicate that seasonal influenza vaccine capacity is expected 
to increase considerably from 2009 to 2014. Likewise, production capacity for producing 
H5N1 vaccine has increased, due to overall capacity expansion, antigen-sparing 
techniques, and yield improvements. Despite this improvement, supply does not yet 
meet global needs. 

Meanwhile, seasonal vaccine production capacity is rising faster than annual demand – 
which is currently less than 500 million doses per annum – and current stockpile demand. 
If demand does not exist to utilize this excess capacity, however, manufacturers are likely 
to rationalize some of it, creating further shortages at the time of a pandemic.

In view of this, some countries consider that it is a matter of health security for them 
to acquire the technology to produce influenza vaccine domestically. This prompted 
WHO to initiate in 2007 an influenza vaccine production technology transfer project. As 
of the end of 2008, six vaccine manufacturers in developing countries had undertaken 
development activities for influenza vaccines, and more projects are expected to begin 
in 2009.

Box 19 

Pandemic influenza – the H5N1 threat

Between 2003 and April 2009, fears of an influenza pandemic, or worldwide epidemic, 
focused on influenza viruses belonging to the subtype H5N1, which continue to 
circulate in birds but have also infected mammals, including people. Since 2003, 
H5N1 influenza viruses have spread through Africa, Asia, Europe, and the Middle East, 
causing the deaths or culling of tens of millions of birds in more than 27 countries. As 
of May 2009, 429 people in 16 countries had been infected with the H5N1 avian 
influenza virus according to reports of laboratory confirmed cases received by WHO 
(19). What is particularly worrying about this virus is its capacity for rapid geographical 
spread, its long-lasting persistence in birds, and its high pathogenicity (more than 
60% of infected people have died from the infection).

Two H5N1 influenza vaccines have been developed. One was awarded a United 
States licence in 2007 and was provided for a United States stockpile. Another was 
licensed by the European Medicines Agency in 2008. Several countries, including 
Finland, Mexico, Switzerland, and the United Kingdom, have begun stockpiling  
H5N1 vaccine in preparedness for a pandemic and several multinational manufacturers 
have pledged to contribute millions of doses of vaccine to a potential WHO  
stockpile. 
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Box 20 

Pandemic influenza – the H1N1 threat

In April 2009, pandemic influenza concerns expanded from H5N1 to a novel strain of 
influenza A (H1N1) virus. First circulating in North America, the virus has rapidly spread 
across the world. By the end of May 2009, 13 398 laboratory-confirmed cases had 
been reported in 48 countries (85). 

Although disease caused by the H1N1 virus has generally been mild, severe illnesses 
resulting in hospitalization and a total of 95 deaths have occurred in Canada, Costa 
Rica, Mexico and the United States. Although too early to determine the impact of the 
emergence of the virus, large community-wide outbreaks and school outbreaks have 
been reported (86). 

As soon as the first human cases of the H1N1 virus became known, WHO initiated 
communication with the pharmaceutical and vaccine industry and discussions with 
experts from other relevant fields began. In respect of vaccines, consultations focused 
on review of the epidemiology of infections and associated disease burden, potential 
vaccine options, the status of seasonal vaccine production and potential production 
capacity for an H1N1 vaccine, and the timing of a potential recommendation to initiate 
commercial scale production of an H1N1 vaccine. The WHO Collaborating Centers 
and Essential Regulatory Laboratories began work to develop candidate vaccine 
viruses. 

At the time of writing, regular communication with all those involved in vaccine 
production and regulation is ongoing in order to ensure appropriate and timely 
decisions relating to protection against the H1N1 virus through vaccination are made. 
The considerable work undertaken by WHO and partners in recent years to put in 
place expedited processes for regulation and licensing in the event of a large-scale 
epidemic or pandemic is already proving to have been a wise investment. 
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Japanese encephalitis – a regional scourge, waning but still 
present

Japanese encephalitis is a viral disease transmitted by mosquitoes of the Culex species, 
which pick up the virus from animals – mainly wild water birds and pigs. As such, it is a 
disease of rural areas. Virus circulation has been demonstrated in many Asian regions 
within the tropical and temperate climate zones. At least 50 000 cases and 10 000 
deaths are estimated to occur every year, mostly among children under ten years old 
(87, 4). In temperate areas of Asia, the disease occurs in regular epidemics, whereas 
in southern, tropical areas, such as parts of India, Nepal, Thailand, and Viet Nam, it is 
present in an endemic, or more permanent form (88). Over the past years, surveillance 
has intensified in many countries, but there is still a need to both better define the burden 
of disease and to extend surveillance in order to define populations at risk.

Only about 1 in 250–500 of infected people develop clinical disease (87), which is fatal 
in 10–30% of cases (89). Symptoms can be relatively mild, with fever, cough, nausea, 
vomiting, and diarrhoea; or severe with inflammation of brain membranes or a polio-like 
flaccid paralysis (90). Permanent sequelae, such as cognitive and language impairment 
and motor deficits, account for much of the burden of the disease.

The first Japanese encephalitis vaccines were produced in the late 1930s in the Union 
of Soviet Socialist Republics and Japan. They consisted of chemically inactivated virus 
taken from the brains of infected mice. After World War II, research institutes in Japan 
produced several refined versions of this mouse-brain vaccine, which were subsequently 
manufactured and used in many Asian countries. Since its introduction in the mid-1950s 
into Japan’s immunization programme, reported cases of Japanese encephalitis in 
Japan have plummeted.

In the 1960s, an inactivated vaccine was developed in China based on virus grown, 
not from mouse brain, but from cultured cells. This vaccine was used in China from 
the 1970s to the 1990s and was subsequently replaced by a new, live vaccine using 
the so-called SA14-14-2 strain, which is being used widely in routine programmes and 
mass campaigns to immunize children from 1 to 15 years of age in several countries, 
including China and India (91). In 2005, China incorporated the live vaccine into its 
routine immunization programmes. The vaccine has turned into the most widely used 
product against the disease, and benefits from a competitive price. It is not currently 
WHO-prequalified, but plans have been established for a submission.

A number of new Japanese encephalitis vaccines are in development and some are 
approaching licensure. One – a live, attenuated vaccine – consists of a genetically 
engineered combination of the yellow fever vaccine with a fragment of the Japanese 
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encephalitis virus strain SA14-14-2. If it fulfils its promise, this so-called “chimeric” 
vaccine may produce long-term protection with a single dose, and allow concurrent 
administration with the measles vaccine. Another – an inactivated vaccine, based again 
on the SA14-14-2 strain, and produced in cell culture – is about to reach licensure, 
promising a simplified immunization schedule as compared with the mouse-brain 
vaccine. It is anticipated that several Japanese encephalitis vaccines should be on the 
market soon for use in endemic countries, and WHO-prequalification of one or several 
products is expected (92).

Immunization, together with higher standards of living and urbanization, has brought the 
incidence of Japanese encephalitis down to a handful of cases per year in the more 
developed Asian countries, such as Japan and the Republic of Korea (1). Experts warn, 
however, that the virus is still circulating in the pig populations of many of these countries, 
indicating that the risk of human infection and disease is still very much present, should 
immunization programmes be discontinued (1). 

WHO recommends that immunization against Japanese encephalitis be integrated into 
national immunization programmes in all areas where the disease is a public health 
problem. In countries where the disease is endemic and where Japanese encephalitis 
vaccination is not yet incorporated into the national immunization programme, the 
immunization strategy with the greatest potential impact on public health, according to 
WHO, consists of a one-time mass campaign, followed by incorporation of the vaccine 
into the routine immunization programme (87).

Measles – record progress but risk of resurgence is high

Measles is an extremely contagious viral disease, which – before the widespread use of 
the measles vaccine – affected almost every child. High-risk groups for complications 
from measles include infants, and people suffering from chronic diseases and impaired 
immunity, or from severe malnutrition, including vitamin A deficiency (93).

Routine measles vaccination – giving one dose of vaccine to infants – began in developing 
countries in the mid-1970s. Many industrialized and several developing countries have 
since added a second dose given to children between one and seven years of age 
(depending on the country). By 2000, 72% of the world’s children were receiving at least 
one dose of measles vaccine (versus 16% in 1980); annual reported cases had dropped 
by 80% (from 4.2 million in 1980 to 853 000); and annual estimated deaths had dropped 
by 70% (from 2.5 million in 1980 to 750 000) (1). By 2002, WHO’s entire Americas Region 
had eliminated measles (i.e. had no indigenous cases, as distinct from imported cases, 
for more than 12 months) (94).



124

Part 2: Diseases and their vaccines

Despite these results, in 2000, measles was still the leading cause of vaccine-
preventable deaths in children, and the fifth leading cause of death from any cause  
in children under five years old (95). Responding to this situation, in 2001, the 
American Red Cross, UNICEF, the United Nations Foundation, the CDC, and WHO 
launched the Measles Initiative aimed at reducing the death rate from measles in  
Africa, where nearly 60% of measles deaths were occurring (96). In 2007, major 
financial support for the Initiative was provided on a one-time basis by the IFFIm through 
the GAVI Alliance. 

In 2004, the Initiative extended its mandate to other regions (notably Asia) where measles 
was a significant burden and marked 47 high-burden countries for priority action. The 
Initiative aimed to boost routine immunization coverage to more than 90% of children 
under one year of age in every district of these countries and to maintain coverage 
at over 90%. Supplementary mass immunization campaigns were to be conducted 
periodically, targeting all children between nine months and 14 years of age, with “follow-
up” campaigns every two to four years targeting children between nine months and five 
years of age. Increased emphasis was to be placed on laboratory-backed surveillance of 
new measles cases and monitoring of vaccination coverage. 

The Initiative’s efforts gained impetus when in 2003, the World Health Assembly called 
on WHO Member States to halve measles deaths by the end of 2005, compared with 
1999 estimates. In 2005, the World Health Assembly endorsed the even more ambitious 
GIVS goal, namely, a 90% reduction, by 2010, of measles mortality, compared with 2000  
estimates (see Chapter 1). By the end of 2006, the Measles Initiative had surpassed  
the goal to halve measles deaths by 2005: end-of-year estimates for 2005 showed a 60% 
drop in global measles deaths since 1999 (i.e. from 873 000 to 345 000 deaths) (96).

For many measles observers, the 2010 GIVS goal calling for a 90% reduction in measles 
mortality compared with 2000 estimates can be achieved. Estimates for 2007 show a 
record-breaking 82% global vaccination coverage rate, up from 72% in 2000, with most 
of the increase coming from Africa’s surge in coverage to 74%, up from 56% (97). Most 
significantly, estimated annual measles deaths had dropped by 74% from 2000–2007, to 
197 000 globally. The Eastern Mediterranean and African Regions, with a 90% and 89% 
fall in deaths respectively, accounted for most of the global decline, thereby reaching the 
2010 mortality reduction goal three years ahead of schedule. 
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The road ahead, however, holds a number of hurdles to achieving measles mortality-
reduction goals:

• As of 2007, there were still 197 000 measles deaths occurring annually – 69% of 
them in the WHO South-East Asia Region (97). The main reason is because mass 
vaccination campaigns have not yet begun in India. In addition, while routine measles 
vaccination coverage has risen from 61% in 2000 to 73% in 2007, it is the lowest 
among all six WHO regions (97). 

• An estimated 23 million children under one year of age were, in 2007, still not receiving  
their first dose of measles vaccine through routine immunization: about 15 million 
(65%) of these children are living in eight populous countries: India (8.5 million), Nigeria 
(2 million), China (1 million), Ethiopia (1 million), Indonesia (0.9 million), Pakistan (0.8 
million), Democratic Republic of the Congo (0.6 million), and Bangladesh (0.5 million). 

• Sustaining the decline in measles deaths will call for all districts in all 47 high burden 
countries to be vaccinating at least 90% of children before their first birthday, and 
to be conducting follow-up supplementary immunization activities every two to four 
years.

Figure 11

Estimated measles deaths 2000−2007

Source: (97)
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• Looking to the future, as yet there is no global consensus on global elimination  
or eradication of measles. Four of the six WHO regions have elimination goals –  
the Americas (for 2010), Europe (2010), the Eastern Mediterranean (2010), and  
the Western Pacific (2012). Meanwhile, reducing global measles mortality remains  
the overriding concern.

Meningococcal disease – still a deadly menace across Africa

The meningococcus (Neisseria meningitidis), is a major cause of meningitis and is 
permanently present (endemic) in every country in the world (98). It is also present, as 
a colonizing bacterium, in the nose and throat tissues of about 10–25% of the world’s 
population – the healthy carriers (1). For reasons that are not clear, in a small number of 
these healthy carriers, the organism becomes invasive and, in most cases, the resulting 
disease is meningitis. In 5% to 15% of cases, the clinical disease is pneumonia or, more 
alarmingly, a severe blood infection (fulminant septicaemia) or joint infection (septic 
arthritis) (1). Early symptoms of meningococcal disease include high fever, headache, stiff 
neck, nausea and vomiting. 

Before antibiotics became available, 70–80% of those infected died, usually within a day 
or two. Treatment with antibiotics has reduced the death rate among infected people 
to less than 15% (98), but about 20% of survivors have important sequelae, of which 
the most severe include loss of a limb, epilepsy, mental retardation, and deafness. 
WHO estimates that about 500 000 cases of meningococcal disease occur every year 
worldwide (98) causing 50 000 deaths.

Other causes of meningitis are viruses and other bacteria, notably Hib and the 
pneumococcus (Streptococcus pneumoniae). The meningococcus, however, is the only 
bacterial cause of meningitis that causes epidemics. With the advent in the 1940s of 
antibiotics, together with the availability of hospital-based intensive care units, large-scale 
epidemics began to peter out in industrialized countries, although the disease remained 
endemic, causing isolated cases, clusters of cases and, in some instances, epidemics. 
On average, since the year 2000, more than 7000 cases have been reported in western 
Europe and about 3000 in the United States (1). 

In Africa, major epidemics have been occurring over the past 100 years (1, 98) – most 
of them in the so-called “African meningitis belt” that spans sub-Saharan Africa from 
Senegal in the west to Ethiopia in the east (99). In 1996 to 1997, the largest epidemic in 
history swept across the belt, causing over 250 000 cases, an estimated 25 000 deaths, 
and disability in 50 000 people. Large epidemics tend to recur in the meningitis belt 
every 7–12 years, against a backdrop of smaller annual epidemics (100). Although the 
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annual epidemics are smaller, they are still large enough to disrupt the health services 
and damage the already fragile economies of the 25 countries in the belt, not to speak of 
the social lives of its nearly 400 million inhabitants (100). 

Work on a vaccine against the meningococcus began in the 1890s (1). The early 
meningococcal vaccines, developed between 1900 and the 1940s, were effective 
enough to elicit an immune response but not pure enough to avoid untoward reactions 
in vaccine recipients. 

Efforts to develop a vaccine need to take into account the distribution of different strains 
of meningococci. Researchers have identified 13 different meningococcal groups, based 
on the organism’s outer sugar capsule. Five groups – A, B, C, Y, and W-135 – are 
associated with most cases of severe disease and epidemics. Broadly speaking, groups 
A, B, and C, account for most cases and epidemics in the world. Group A is predominant 
in Africa and Asia and is the main cause of epidemic meningitis in sub-Saharan Africa; 
group B occurs in many regions; group C occurs mainly in North America, Europe, and 
Australia; and group Y is gaining importance in the United States. Group W-135 has 
only recently emerged as a cause of epidemics in Africa and the Middle East. A vaccine 
against one group does not confer cross protection to another group.

By the mid-1970s the first modern “polysaccharide” vaccines were introduced, and 
were based on the carbohydrate capsule (polysaccharides) surrounding the organism. 
Between the late 1970s and the mid-1980s, several polysaccharide vaccines became 
available, targeting one (A, C, Y, or W-135), two (A and C), or four (A, C, Y, and W-135) 
meningococcal groups. However, as with the polysaccharide vaccines developed against 
Hib and the pneumococcus, they gave little or no protection to children under two 
years of age. Other age groups were protected but for only three to five years, and the 
vaccines conferred no “herd” or community immunity, whereby even the unvaccinated 
are protected. Despite their shortcomings, polysaccharide meningococcal vaccines were 
used, with mixed results, either for routine preventive vaccination (in China and Egypt), or 
for selected high-risk groups during epidemics.

Since 1999, four new-generation conjugate vaccines (see Chapter 2) have appeared, 
targeting one (group C) or four groups (A, C, Y, W-135). At least five more candidate 
conjugate vaccines are in the late stages of development.

To date, there are no licensed vaccines against the group B meningococcus, but several 
vaccine manufacturers have products that are being evaluated clinically. For example, 
group B vaccines that have been custom-made against specific epidemic strains have 
been successfully used to control specific outbreaks in Brazil, Chile, Cuba, France, New 
Zealand, and Norway.
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In industrialized countries, particularly in Canada and Australia, and countries in 
Europe, the incidence of meningococcal meningitis was falling prior to the introduction 
of conjugate vaccines, and their introduction has accelerated the decrease in disease 
rates. This is not the case in developing countries, where high endemic disease rates still 
occur, with the additional problem of periodic major epidemics. This situation is very likely 
to improve – at least for the African meningitis belt, where a new, inexpensive group A 
conjugate vaccine is in the late stages of development and is expected to be ready for 
use in 2010 (see Box 21).
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Box 21 

A new meningococcal vaccine to control meningitis in Africa

It was the year 2001. All the ingredients were in place: the conviction that it had to 
be done and could be done; the knowledge needed to prepare a meningococcal 
vaccine; and the international partnership to develop a vaccine. By 2010, a vaccine 
against group A meningococcus is expected to be available for use in a huge swathe 
of Africa, home to nearly half a billion people. Meningococcus A is believed to cause 
some 85% of meningococcal meningitis cases in Africa.

In 2001, WHO and PATH – with funding from the Bill & Melinda Gates Foundation 
– created the Meningitis Vaccine Project, with the single goal of developing a new, 
affordable group A conjugate vaccine (101). A Dutch firm agreed to manufacture 
vaccine-grade group A polysaccharide, and an Indian vaccine manufacturer 
provided the carrier protein (tetanus toxoid) that would be linked (conjugated) to the 
polysaccharide to create a new vaccine that would induce a strong, durable immune 
response. Scientists from the FDA helped to overcome the administrative and legal 
hurdles, and transferred a new conjugation technology to the Indian manufacturer, 
who, with Project support, undertook the development, scale-up and production of 
the vaccine.
 
This new group A conjugate vaccine will cost no more than US$ 0.50 a dose and 
has been shown to be safe and highly immunogenic in clinical trials in the Gambia, 
India, Mali, and Senegal (102, 103, 104, 105). Project officials hope it will be licensed 
and ready for use before the end of 2009. Health officials in the 25 countries that 
make up the African meningitis belt and that stand to benefit most from the new 
vaccine are optimistic: at a September 2008 meeting in Cameroon, ministers from 
all 25 countries pledged to start making plans to introduce the vaccine as soon as it 
becomes available (106).

If all goes well, by 2015, nearly 300 million people will have been vaccinated in the 25 
belt countries and, assuming vigorous herd immunity, more than 400 million people 
will be protected against death and disability from the meningococcus.
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Mumps – not always mild, not yet conquered

Two of the features of mumps – swelling around the ears (parotitis, or inflammation 
of the salivary glands) and painful swelling of one or both testes (orchitis, or testicular 
inflammation) – were described in the fifth century BC by Hippocrates, the founder of 
medicine. A second milestone was the detailed account of the course of the disease, 
including its occasional involvement of the central nervous system, made in the late 18th 
century by Scottish physician Robert Hamilton. And the third was the discovery in the 
1930s by United States pathologists that a virus was the causative agent. Two decades 
later, the first mumps vaccine was undergoing tests in humans (1). 

Historically, mumps has been generally regarded as a relatively benign, self-limiting illness 
affecting mainly children aged five to nine years. Most cases involve little more than a 
week or two of influenza-like symptoms with earache and soreness around the jaws. 
About 20–40% of infections produce no symptoms at all. Nevertheless, the need for 
vaccination is based on solid arguments. For one thing, in pre-vaccine days, the disease 
was disabling enough to be a significant cause of absenteeism of young children from 
school, of adolescents from higher educational institutions, and of soldiers from army 
duty (1). For another, complications of the disease can be severe, and on rare occasions, 
fatal: among the most feared complications of mumps are meningitis, encephalitis, and 
pancreatitis. Deafness in one or both ears is among the most disabling. Yet another 
argument is the sheer prevalence of the infection, which can spread throughout an entire 
community and pose an ever-present risk of severe complications. This alone would 
justify protection of the community by vaccination (107).

More than 13 mumps vaccines – all live, attenuated vaccines – exist today and can 
protect about 80% of recipients (1). Each of these vaccines is based on a different 
strain of the mumps virus. They are available as single (monovalent) vaccines, or as a 
component of the bivalent measles-mumps or trivalent measles-mumps-rubella (MMR) 
vaccine. Since the 1960s, mumps vaccination has been used primarily in industrialized 
countries but increasingly also in countries in economic transition (108). Some countries 
(13 at the end of 2007) administer only one dose, given at 12–24 months of age. Most 
(101 at the end of 2007) give a second dose in later childhood, most often in the form of 
the MMR vaccine. With the two-dose MMR schedule, mumps vaccination is highly cost-
effective, according to economic analyses published in 2004, particularly in countries 
where direct and indirect costs are substantial. Direct costs include medical treatment 
(mainly for hospitalization and treatment of meningitis and encephalitis), and indirect 
“societal” costs related to reduced work productivity of patients and carers, and also 
disrupted school attendance (107). 
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WHO recommends routine mumps vaccination as a two-dose schedule for countries 
that have efficient child vaccination programmes, countries that can sustain high vaccine 
coverage rates, and those that regard mumps as a public health priority (108). The first 
condition is based on the fact that in areas where routine mumps vaccination reaches less 
than 80% of infants, there are still enough susceptible children to sustain transmission 
of the infection and to infect non-immune (susceptible) adolescents and young adults 
– a population group more likely than young children to develop severe complications. 
Knowing whether mumps can be regarded as a public health priority is a problem for 
many developing countries. Mumps, despite WHO urging, is not yet a notifiable disease 
in most countries. Most cases run a generally mild course and thereby escape official 
notice. The result is that reported case numbers are believed to reflect less than 10% of 
the true incidence of the disease. Active surveillance efforts could to some extent solve 
the problem, but many countries lack the motivation and resources to implement these 
for a disease traditionally considered of marginal public health importance compared 
with more visible scourges, such as malaria, pneumonia, and measles.

As of the end of 2007, 114 countries were administering mumps vaccine, compared 
with 104 countries at the end of 2002. In virtually all countries where routine mumps 
vaccination has been adopted, the incidence of mumps has plunged to negligible 
levels (1). The effectiveness of vaccination has been so dramatic as to prompt several 
countries, notably Finland, Sweden, and the United States, to set goals for eliminating 
the disease. Several factors, however, suggest that vaccination has still some way to go 
before elimination can be achieved and sustained.

• Outbreaks of mumps have continued to occur since the 1980s even in countries 
achieving high coverage rates with routine vaccination. More recently, large outbreaks 
occurred in the United Kingdom from 2004 to 2005 (107), in the United States in 2006 
(109), and in the Republic of Moldova from 2007 to 2008 (110). All three outbreaks 
involved adolescents or young adults. In two of the outbreaks, most of the cases 
occurred in individuals who were believed to have received two doses of the MMR 
vaccine. This may suggest that immunity to the vaccine, which was thought to protect 
against mumps for at least 15 years, may start to wane much sooner. A first-line 
response to mumps outbreaks is mass vaccination of the entire population at risk. A 
second option under consideration by some countries using the two-dose schedule 
is to add a third dose, at least to control mumps outbreaks. The question then is 
whether mumps control would still be cost-effective. Developing a vaccine with a 
more durable protective efficacy is another option but achievable only in the much 
longer term.

• All of the mumps vaccines available internationally through the United Nations vaccine 
procurement system occasionally cause parotitis (1–2% of recipients), and very 
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occasionally, viral (aseptic) meningitis – a usually benign inflammation of the linings 
of the brain (107). The risk of aseptic meningitis following mumps vaccination varies 
widely according to vaccine strain, the manufacturer, the awareness and vigilance of 
health practitioners, and the intensity of surveillance (range: 1:11 000 recipients to 
fewer than 1:100 000 recipients (108)).

The future of global mumps control will thus hinge on how quickly and extensively the 
true public health burden of mumps will emerge from epidemiological research; how 
effectively the risk of mumps outbreaks and of vaccine-related side effects can be 
reduced; and, consequently, how many countries will know enough and have enough 
resources to consider routine mumps vaccination a worthwhile option.

Pertussis – too many children not being vaccinated, too many 
uncounted deaths

Pertussis, or whooping cough, is a disease of the respiratory system caused by infection 
with the bacterium Bordetella pertussis. The most characteristic symptom is a cough 
that occurs typically in spasms ending in a classic inspiratory whoop. In young infants, 
the only signs or symptoms may be cessation of breathing (apneoa) and blue colouring 
of the skin (cyanosis). 

Complications arise in 5–6% of cases – the most serious and often fatal of them 
being bronchopneumonia and encephalopathy (111). Death from pertussis still occurs 
in industrialized countries (less than 1 per 1000 cases (111)), but more rarely than in 
developing countries (40 per 1000 infants, and 10 per 1000 in older children (111)). The 
global burden of the disease is difficult to estimate, given the paucity of surveillance 
data available. WHO’s latest estimates put the annual number of cases worldwide as of 
2004 at nearly 18 million, with about 254 000 deaths, of which 90% are in developing 
countries (111, 4).

The first pertussis vaccine used the killed whole bacterium (whole cell) as the immune-
stimulating antigen. It appeared in 1914 and became available in combination with 
diphtheria and tetanus antigens (DTP) in 1948 (1). Today, there are many whole-
cell pertussis vaccines, some more effective and safer than others, and the variability 
depending mainly on the method of production (111). Fifteen safe and effective 
pertussis vaccines, usually in combination with tetanus and diphtheria vaccines, have 
been prequalified by WHO for international distribution through the United Nations 
procurement systems. 



133

State of the world’s vaccines and immunization

Adverse reactions related to whole-cell pertussis vaccines are frequent but mostly minor 
and self-limiting. In the mid-1970s, suspicions arose that whole-cell pertussis vaccines 
could very rarely cause serious complications, such as encephalopathy (111). Although 
no scientific studies have confirmed a link between whole-cell pertussis vaccines and 
encephalopathy, these suspicions caused enough public concern to fuel a search for a 
more purified, and presumably safer, vaccine.

The result was a non-whole-cell (acellular) pertussis vaccine, which first became  
available in Japan and later in other industrialized countries. Several acellular pertussis 
vaccines are currently available. Clinical trials suggest that the “best” whole-cell and 
acellular vaccines protect about 85% of recipients. Both are safe, although the acellular 
vaccine appears less reactogenic, i.e., less likely to produce fever or local reactions at  
the site of the injection (particularly among older age groups), than the whole-cell 
vaccine. 

By the end of 2007, 46 of WHO’s Member States had switched from whole cell to 
acellular vaccines (41). Most of these countries were in industrialized countries, where 
public sensitivity to rumour and even to the mild reactions to the whole-cell vaccine has 
been greater than in developing countries, and where the higher cost of the acellular 
compared to the whole-cell vaccine is less of a problem. An additional constraint on 
adoption of the acellular vaccines by developing countries is the fact that they have not 
acquired WHO prequalification status (largely because up to mid-2008 no manufacturer 
had the capacity to supply the developing country market). WHO expects a prequalified 
acellular vaccine to be available in the near future. However, more widespread use in 
developing countries will depend on country demand and secure financing. 

In most countries, pertussis vaccination consists of three initial doses of the pertussis-
containing DTP (the primary series) given at least one month apart to infants between 
six weeks and six months of age (111). In 1980, routine vaccination with three DTP 
doses was reaching about 20% of the world’s infants (41). By the end of 2007, the 
figure had risen to 81%. Determining the impact vaccination is making on the global 
burden of pertussis is difficult. Certainly, following widespread vaccination during the 
1950s and 1960s, the industrialized world saw a more than 90% drop in pertussis cases  
and deaths (111). And certainly, numbers of cases reported annually to WHO dropped 
by 92% from about 2 million in 1980 to 162 000 by the end of 2007 – a drop consistent  
with the upward trend of vaccination coverage (111). But due to lack of adequate 
surveillance, reported cases of pertussis are believed to reflect less than 1% of the true 
incidence (1).
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There is little doubt, though, that pertussis vaccination is preventing pertussis cases 
and deaths – nearly 38 million cases and 600 000 deaths in 2004, according to WHO 
estimates (111). What is less sure is its impact on circulation of the causative B. pertussis 
bacterium (111). High vaccine coverage rates in some industrialized countries are not 
preventing periodic outbreaks among adolescents and adults who remain susceptible 
to infection. Finland offers a striking example of this “epidemiological shift”: with vaccine 
coverage reaching 98% of the infant population, the incidence of pertussis among 
adolescents doubled in the four years between 1995 and 1999 (111). Other industrialized 
countries are facing a similar trend. Compounding the problem is the likelihood of 
adolescents and adults acting as a source of infection for infants who have not been 
vaccinated by routine vaccination (1). 

The primary purpose of pertussis vaccination is to prevent severe disease and death 
among infants and young children. To achieve this, at least 90% of the infant population 
should be receiving the primary three doses of DTP according to schedule. As of the end 
of 2007, 78 (40%) of WHO’s 193 Member States had less than 90% coverage, and there 
were an estimated 24 million partially vaccinated or unvaccinated children in the world. 
WHO also recommends countries that have achieved a substantial reduction in pertussis 
incidence through infant vaccination to give a booster dose to all children one to six 
years after the primary series.

Future priorities for pertussis control include measures to improve disease surveillance 
and the consequent reliability of case reporting, particularly in the most severely affected 
(and often poorest) countries. Diagnosis of the disease is difficult and calls for laboratory 
facilities and expertise often lacking in the most affected countries. Research is under 
way to explore the possibility of developing diagnostic methods that could be used on 
a far wider scale to provide more accurate case reporting than is at present possible.

Pneumococcal disease – many deaths from many strains, 
many hopes from new vaccines

The bacterium Streptococcus pneumoniae, also known as the pneumococcus, is a 
leading cause of severe disease and deaths in children under five years old. According 
to unpublished WHO estimates, in 2000 there were 14.5 million episodes of severe 
pneumococcal disease and more than 800 000 deaths (of which 88 000 were HIV-related) 
among children in this age group. Children under five, people with depressed immune 
systems, smokers, and elderly people are among the population groups at highest risk of 
pneumococcal disease. The total number of annual deaths attributable to this bacterium, 
including adults and children, is about 1.6 million, according to WHO estimates (112).
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In children, pneumonia accounts for about 95% of severe pneumococcal disease 
episodes and close to 90% of deaths due to the pneumococcus (other major causes 
of bacterial pneumonia include Haemophilus influenzae type b). Meningitis accounts for 
less than 1% of cases of severe pneumococcal disease in children, but is responsible 
for more than 7% of the deaths caused by pneumococcal infection. In addition, the 
pneumococcus can also cause sepsis, and other invasive diseases such as peritonitis, 
arthritis, and osteomyelitis.

The pneumococcus was first identified in the 1880s as the most common cause of 
pneumonia (1). By 1911, researchers began human tests of a crude whole-cell vaccine, 
made up of the whole pneumococcus, and by the mid-1940s, at least three vaccines 
had appeared. However, within a few years these had been withdrawn from the market 
for lack of commercial interest: physicians in industrialized countries favoured penicillin 
treatment (1).

Over the next four decades, however, it became clear that antibiotics were not making 
a large enough impact on reducing deaths from pneumococcal disease, and public 
health interest in pneumococcal vaccination revived. The early 1960s saw the advent 
of the first modern pneumococcal vaccines. These were “polysaccharide” vaccines, so-
called because they targeted the sugar molecules (polysaccharides) making up the outer 
capsule, or coat, of the pneumococcus. At least 90 different types of the pneumococcus 
exist, each with a different capsular polysaccharide configuration. Less than 30 of these 
capsular types are commonly associated with human disease. In 1983, a polysaccharide 
vaccine became available, which contained 23 capsular polysaccharides – responsible 
for 85–90% of severe pneumococcal disease in industrialized countries (112). However, 
the vaccine had several shortcomings, the most serious being its inability to induce 
protective immunity in children under two years of age, the age group most affected by 
the disease.

The need for a better vaccine was clear. Researchers turned to conjugation technology 
(see Chapter 2). In the year 2000, a conjugate pneumococcal vaccine arrived on the 
market, which protected against the seven capsular types of the bacterium responsible 
for 65–80% of cases of severe disease in young children living in industrialized countries 
(112). However, this “7-valent” vaccine did not contain all the important serotypes 
responsible for severe pneumococcal disease in developing countries (1). Clinical 
trials of candidate conjugate vaccines containing 9 or 11 of the serotypes prevalent in 
developing countries conferred long-lasting protection in infants against invasive disease 
and pneumonia. One trial in the Gambia showed, in addition, a 16% reduction in deaths 
from all causes among children vaccinated with the “9-valent” vaccine. Although the 
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respective manufacturers decided not to seek licensure for these two vaccines, other 
formulations of the vaccine containing 10 and 13 serotypes are in the late stages of 
clinical testing and are likely to be on the market by 2009-2010 (113). In addition, other 
vaccine candidates, including conjugate vaccines as well as others based on protein 
antigens and some developed by emerging manufacturers, are in earlier stages of 
testing.

By mid-2008, the 7-valent conjugate vaccine was in use in more than 60 countries. 
Introduction of this or the newer vaccine in the poorest countries is expected to begin 
in 2009 through support from the GAVI Alliance. One analysis (112) has estimated that 
at current rates of DTP coverage, pneumococcal vaccines could prevent about 262 000 
deaths a year in the 72 countries eligible for GAVI Alliance funding. 

A substantial reduction in invasive pneumococcal disease and pneumonia has been seen 
in countries that have introduced conjugate vaccines. Within three years of conjugate 
vaccine introduction in the United States, invasive pneumococcal disease due to the 
pneumococcal serotypes in the vaccine had fallen by 94% in vaccinated children (114). 
In addition, unexpectedly large reductions in disease were seen in the unvaccinated 
population, including in elderly people, as a result of reduced transmission of the 
infection – a phenomenon referred to as “herd immunity”. The total cases prevented in 
older children and adults through herd immunity in the United States were estimated to 
be twice as many as in the vaccinated age groups.

The mood in the vaccine community is decidedly optimistic over the potential for 
conjugate vaccines to improve child survival and thereby contribute to achievement of 
MDG 4. 

With the availability of two effective vaccines that have great potential to control 
pneumonia – one of the major causes of sickness and deaths among children under 
five years old – there has been an increasing demand to scale up other interventions 
for pneumonia control along with vaccination. In the early months of 2007, WHO and 
UNICEF began laying the foundations for a Global Action Plan for Pneumonia Control 
(GAPP). The plan includes the use of vaccines but also better case management and 
the adoption of measures against indoor air pollution, malnutrition, and other factors that 
contribute to the public health burden of pneumonia (115).

An upsurge in funding for pneumococcal vaccines also reflects the renewed concern 
over pneumonia. Through an Advance Market Commitment (AMC) (see Chapter 4), in 
February 2007, five industrialized countries and the Bill & Melinda Gates Foundation 
pledged US$ 1.5 billion to accelerate the development and introduction of new 
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pneumococcal conjugate vaccines. The keenly awaited 10-valent and 13-valent vaccines 
should protect even more children against the infection, particularly in developing 
countries where the additional bacterial types covered by these candidate vaccines are 
prevalent. The outcome could be the saving of more than seven million children’s lives 
between now and 2030.

Polio – a tough end-game

In 1988, polio was endemic in 125 countries and paralyzing an estimated 350 000 
children every year (close to 1000 cases a day) (25). In that year, the World Health 
Assembly (WHA) passed a resolution calling for global eradication of the disease by 
2000. An international partnership, the Global Polio Eradication Initiative (GPEI), came 
into existence to achieve that goal.

By the end of 2007, the disease had been eradicated in three of WHO’s six regions – 
the Americas, Europe, and the Western Pacific – but not worldwide. At the end of June 
2009, indigenous poliovirus remained endemic in only four countries, where 440 new 
cases had been reported in 2009 – Afghanistan (10 cases), Pakistan (20 cases), India (89 
cases), and Nigeria (321 cases). 

There were several reasons for the missed deadline. The mass vaccination campaigns 
necessary to stop polio transmission did not kick off in Asia and Africa until the mid-
1990s. Driving the infection from densely populated urban areas in Egypt and India 
proved more difficult than had been anticipated. And vaccination was not reaching 
enough children among population groups on the move between the Afghanistan and 
Pakistan border. 

More recently, in 2003, unfounded rumours that the oral polio vaccine (OPV) was 
being used to sterilize young girls brought polio immunization to a halt for 12 months 
in at least one northern Nigerian state, unleashing a nationwide polio epidemic and the 
transcontinental reinfection of 20 previously polio-free countries in Africa, Asia and the 
Middle East (116). 

Among measures the GPEI took to deal with these setbacks was the introduction of 
new, faster diagnostic tests capable of providing more rapid identification of the specific 
poliovirus strain causing an outbreak or sustaining the endemic presence of polio 
infection in a given area. At the same time, the GPEI exploited the elimination of type 
2 wild poliovirus by developing “monovalent” polio vaccines, designed to more rapidly 
provide protection against each of the two surviving poliovirus strains. Case control 
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studies carried out in India, Nigeria and Pakistan, as well as clinical trials in Egypt and 
India, demonstrated that the monovalent vaccines provided at least twice the protective 
efficacy provided by the traditional trivalent OPV, dose for dose. 

In early 2007, the GPEI stakeholders launched an intensified eradication effort in which 
these diagnostic and vaccine tools – and tactics tailored to the specific challenges to 
reaching children in each of the remaining infected areas – were paired with intense high-
level advocacy to ensure that children could be accessed in all remaining polio-infected 
areas. At the end of 2008, two advisory bodies to the WHO, the Strategic Advisory Group 
of Experts (SAGE) on immunization and the Advisory Committee on Polio Eradication 
(ACPE), concluded that the intensified eradication effort had demonstrated that the 
remaining technical, financial, and operational challenges to completing eradication 
could be overcome. 

In India’s Uttar Pradesh state, indigenous type 1 polio was interrupted for more than 
12 months, and contingency plans were developed to address further the technical 
challenge of compromised OPV efficacy in that setting. Direct oversight by sub-
national leaders in areas such as the Punjab in Pakistan, Bihar in India, and Jigawa in 
northern Nigeria overcame the operational challenges to raising OPV coverage to the 
levels needed to stop transmission in each of those settings. In addition, the application 
of new international guidelines on polio outbreak response rapidly stopped 45 of the 
49 importations into “non-endemic” countries in 2007 and 2008. Meanwhile, GPEI 
donors and the affected countries demonstrated that the financial challenges could be 
addressed, by fully funding the US$ 1.4 billion needed for the 2007–2008 intensified 
eradication activities.

The 2008 World Health Assembly proved a turning point in polio eradication. Member 
States called directly on polio-endemic countries to remove the remaining operational 
barriers to reaching children in all areas. Underpinning the WHA’s resolution was  
the recognition that eradicating polio is an essential step towards meeting the  
MDGs. “Completing polio eradication,” said WHO Director-General Dr Margaret Chan, 
“is essential to our credibility to deliver basic health interventions to over 80% of the 
world’s children and to our capacity to achieve the MDGs.”

Despite this progress, as of early 2009, efforts to interrupt wild poliovirus transmission 
globally faced considerable challenges. In Africa, a large outbreak of type 1 polio in 
northern Nigeria, where about 20% of children were still not being reached by vaccination, 
had spread to surrounding countries and threatened the entire region. In Angola, Chad, 
and the Democratic Republic of the Congo, outbreaks that started between 2003 and 
2007 lingered on, further endangering children across the African continent. As a result, 
by the end of February 2009, an additional 11 countries were responding to importation-
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associated outbreaks in West Africa and the Horn of Africa. In Asia, the key state of 
Uttar Pradesh in India was still struggling to stop a new type 1 outbreak following an 
importation in mid-2008 from neighbouring Bihar state. In Afghanistan and Pakistan, 
security was increasingly compromising access to children in parts of both countries, 
while oversight and accountability remained weak in other parts of the countries.

The humanitarian and financial benefits of interrupting wild poliovirus transmission 
globally, and then stopping the routine use of the oral poliovirus vaccines, are massive. 
The rare but substantive risks associated with continued OPV use after wild virus 
interruption account for the continuing occurrence of vaccine-associated paralytic polio 
cases (VAPP), and of outbreaks due to circulating vaccine-derived polioviruses (cVDPVs). 
The oral polio vaccine has itself caused polio outbreaks in nine countries due to cVDPVs, 
including in six that were previously free from the disease.

The GPEI is implementing an extensive programme of work to manage the long-term 
risks associated with continued use of OPV. The cornerstone of the risk management 
strategies is the eventual cessation of the use of OPV in routine immunization. In 2008, 
the WHA endorsed the concept of eventual OPV cessation and a strategy of bio-
containment, surveillance, stockpile development, and outbreak response to manage 
the risks following eradication.

The WHA gave particular attention to the use of the inactivated polio vaccine (IPV). At 
a minimum, IPV will be needed in all countries that store poliovirus stocks. For other 
countries, which may perceive that the long-term polio risks warrant continued routine 
immunization, IPV will be the only option with which to do this, as it is the only vaccine 
which does not give rise to circulating vaccine-derived polioviruses and may be used 
safely in a post-eradication world. The GPEI is studying a range of approaches to 
establish “affordable” strategies for IPV use to achieve immunity at a cost similar to that 
achieved through OPV. 

Rabies – a terrible but vaccine-preventable death 

In most cases, the first symptoms of rabies in humans resemble those of influenza. 
Their onset, though, signals an almost inevitable, imminent death. As the virus begins  
to infest the central nervous system, the symptoms, in most cases, are anything but  
mild – anxiety, confusion, spasms, convulsions, agitation, delirium, and paralysis (1). 
Within a few days, coma and death from cardiac and respiratory arrest bring relief. 
Perhaps worst of all, the patient often remains conscious and aware of the body’s 
relentless decline (1). 
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The disease is caused by a bullet-shaped “lyssavirus.” In about two-thirds of cases (1), 
rabies runs a so-called “furious” course, marked by violent agitated movements of the 
body. A less dramatic form, “dumb” rabies, characterized by lethargy and paralysis, 
occurs in about a third of cases (1). In both forms, the outcome is invariably fatal within 
a few days although intensive medical care can delay, but not prevent, death (1). Only 
a very small number of people with symptomatic rabies have been known to escape 
death, and several of the survivors were left with neurological damage (1).

Worldwide, dogs are the main source of human infection. Transmission of the virus to 
a person occurs mainly through the bite, scratch, or lick of an infected (rabid) animal 
(transmission from human-to-human is rare). The virus in the animal’s saliva enters the 
body and attaches to nerves close to the wound. Over an incubation period lasting 
typically two months (117), the virus travels up through the peripheral nerves to the brain 
(the closer the infective animal bite or scratch is to the head, the less distance the virus 
has to travel, and the shorter the incubation period (1)). In the brain, the virus takes up 
residence in nerve cells, out of sight of the person’s immune system, starts replicating, 
and sets off the fatal sequence of symptoms.

During incubation of the disease, there is no test to indicate whether a person bitten 
by a rabid animal has in fact been infected, nor a way to determine whether the biting 
animal is rabid unless it is put to death and its brain examined in the laboratory. Nor is 
there any effective treatment for rabies after the onset of symptoms. However, highly 
effective vaccines exist, and when administered as soon as possible after exposure, the 
rabies vaccine gives the patient an almost 100% chance of surviving. Post-exposure 
treatment comprises – in addition to a series of vaccine shots – thorough cleansing 
and disinfection of the bite wound and, in severe cases of exposure, administration of 
anti-rabies immunoglobulins (a purified solution of anti-rabies antibodies taken from the 
blood of vaccinated people or horses). Every year, post-exposure prophylaxis (mostly the 
vaccine alone) is used in an estimated 10 million people (117), mostly in China and India 
(117). It is estimated that current levels of post-exposure prophylaxis prevent more than 
250 000 deaths each year, mainly in Asia and Africa. 

About 3.3 billion people live in the 100 or so countries where dog rabies is endemic 
(enzootic). A conservative estimate puts the annual number of rabies deaths occurring 
in Asia and Africa at 55 000. More than 60% of the total annual rabies deaths occur  
in Asia (the majority in India), and the rest occur mainly in Africa (118). Rabid dogs 
account for more than 98% of the deaths in people. Children aged 9 to 15 are the 
most common victims of dog bites. In industrialized countries and in most parts of 
Latin America and some Asian countries (e.g. Thailand), widespread use of a veterinary  
vaccine in domestic dogs, and measures to manage the dog population, have made 
human rabies a rare occurrence (117). Holding rabies in check, however, in both 
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industrialized and developing countries, is costing more than US$ 1 billion a year, at a 
minimum (117).

The first rabies vaccine was developed more than a century ago by Louis Pasteur in 
Paris (1). By 1910, Pasteur Institutes throughout the world were making this first, crude 
rabies vaccine that consisted essentially of dried nerve tissue taken from rabies-infected 
rabbits. Serious safety concerns over the vaccine, plus occasional failures, prompted a 
search for better vaccines. 

Up until the late 1950s (1), several vaccines were developed. All, however, were made 
with rabies virus “grown” in animal nerve tissues. These nerve tissue vaccines, which  
are still in use in a few developing countries, have a number of drawbacks (119). The 
most serious is the fairly frequent occurrence of sometimes fatal neurological allergic 
reactions. The most inconvenient is their limited potency and the consequent need for 
a daily injection for up to 23 days (117). In the early 1960s, researchers succeeded 
in making a third-generation vaccine using rabies virus grown in a culture of human 
diploid cells (1, 117). A fourth generation of rabies vaccines cultivated on various 
cell lines (e.g. primary chicken embryo fibroblasts, continuous cell lines such as vero  
cells), have since been developed and are produced today in very large quantities  
using fermentor technology. Modern cell culture vaccines are much more potent  
than nerve tissue vaccines. Devoid of animal nerve tissue, they are also much safer 
(120).

Cell culture vaccines have today replaced the older nerve-tissue vaccines in all 
industrialized countries and in most developing countries. Although they are primarily 
used for post-exposure prophylaxis, they are also recommended, at least in industrialized 
countries, for “pre-exposure” immunization in high-risk groups, such as laboratory staff, 
veterinarians, hunters, trappers, animal handlers, and travellers to areas with endemic 
rabies (117). Since 1991, WHO has repeatedly, with growing insistence, called on all 
countries to switch to the modern vaccines. Since then, 11 Asian countries, including 
India, and many Latin American countries, have made the switch. But the high cost 
of these vaccines (average US$ 50.00 for the five intramuscular doses needed), is an 
obstacle both for governments in the poorest countries when vaccines are provided free 
at rabies treatment centres, and also for individuals who have to pay for the vaccine 
themselves. 

Applying the recommended immunoglobulin component of the post-exposure regimen 
is also an obstacle for many poorer countries because of its cost (average US$ 50.00 for 
a purified horse derived product) and limited availability worldwide. Currently on average 
only 1% of people infected or presumed to be infected with the rabies virus receive 
immunoglobulin. 
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To increase the supply of immunoglobulin, manufacturers in developing countries 
are being encouraged to produce purified equine immunoglobulin. An alternative to 
immunoglobulin is also being sought. One approach showing promise in animal studies 
is the use of a “cocktail” of at least two monoclonal, or highly specific, antibodies that 
can neutralize most commonly circulating rabies viruses.

One way of reducing the cost of the modern cell culture vaccines is by using the 
intradermal, instead of the standard intramuscular, route of vaccine administration. 
Intradermal injection is as effective and as fast-acting as intramuscular injection 
and requires a much smaller volume of vaccine – up to 60% less than for vaccines 
administered by the standard intramuscular route (117). This tactic is being successfully 
used in India, the Philippines, Sri Lanka, and Thailand. In India, intradermal administration 
has brought the cost of a full vaccination regimen down from US$ 81.00 to about  
US$ 13.00 (1). 

The use of routine preventive pre-exposure vaccination has been considered for children 
living in countries where they have high risk of infection from rabid animals. Preliminary 
clinical studies in Thailand and Viet Nam have shown that it produces a high immune 
response in the vaccinated children. One economic analysis showed that use of pre-
exposure vaccines becomes cost-effective in areas where 20–30% of children are bitten 
by dogs over a year (1).

Global eradication of rabies is not an option, given the large number of animal species 
providing a large and diverse reservoir for the causative virus. Elimination of the human 
disease caused by dog rabies has been widely achieved by eliminating rabies in dogs 
through the use of effective veterinary vaccines. It takes vaccination coverage rates  
of 75–80% to achieve this outcome. The Bill & Melinda Gates Foundation and WHO  
are together supporting dog rabies control projects in some poorer countries, with  
the aim of demonstrating the cost-effectiveness of dog rabies as a means to eliminate 
human rabies and thereby drastically reduce the need for human post-exposure 
prophylaxis.
 

Rotavirus – vaccines set to prevent half a million child deaths 
a year

Discovered in 1973, rotaviruses are the most common cause of severe diarrhoeal 
disease in young children throughout the world (1, 121). Virtually all children under three 
years of age are infected in both industrialized and developing countries (1, 121). Most 
disease episodes consist of a mild attack of watery diarrhoea, accompanied by fever 
and vomiting (1). In about 1 in every 75 cases, however, the infection produces severe, 
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potentially fatal dehydration (1). Globally, more than two million children are hospitalized 
for rotavirus infections every year (122). According to WHO 2004 estimates, 527 000 
children under five years old die every year from rotavirus disease. Nearly two-thirds of 
these deaths occur in just 11 countries, with most – 23% of total rotavirus deaths – in 
India (121).

Work on developing a vaccine to prevent rotavirus disease began in the early 1980s and 
culminated in August 1998 with the licensure in the United States of the first rotavirus 
vaccine, Rotashield™. Nine months later, after more than 600 000 children had received 
the vaccine, the manufacturer withdrew it from the market: several cases of bowel 
intussusception (severe bowel blockage caused by the bowel telescoping into itself) 
had occurred, supposedly associated with administration of the vaccine. The vaccine 
community was dismayed. In 2000, voicing the opinion of many vaccinologists at the 
time, Dr Ciro de Quadros, then Director of the Division of Vaccines and Immunization at 
PAHO, believed “it would take at least a decade to get new rotavirus vaccines”. In fact, 
it took only six years: by the end of 2006, two new-generation rotavirus vaccines, made 
by multinational companies, had appeared on the market. Meanwhile, other vaccine 
producers, including some in developing countries (notably, China, India, and Indonesia) 
had been working on several vaccine candidates, of which at least six, as of mid-2008, 
were in the advanced stages of the R&D pipeline.

Before receiving regulatory approval for human use, the two new vaccines had to  
prove not only their efficacy but, more importantly given the fate of the first rotavirus 
vaccine, their safety in much larger studies. In trials conducted in industrialized and 
developing country settings, each involving more than 60 000 participants, the  
new vaccines protected 85–98% of vaccinated infants from severe rotavirus disease 
(123, 124, 125). Both vaccines were found to be safe and are now WHO-prequalified 
(123, 124, 125). 
 
Optimism over these new vaccines is, however, tempered by the need for further 
large-scale trials – particularly in the poorest developing countries – before they can be 
considered universally applicable. Both are live oral vaccines and may prove less effective 
in developing countries with higher child mortality than in industrialized countries. This was 
the case with other live oral vaccines, such as those against polio, cholera, and typhoid. 
Several of these trials are being completed in 2009 and will provide the necessary data 
for WHO to review its recommendations for introduction of these vaccines in Africa and 
Asia.

Cost is another issue. In 2008, the new vaccines cost between US$ 16.00 and  
US$ 17.00 per fully immunized child when bought by the PAHO Revolving Fund for use 
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in Latin America – almost a tenth of the price on the private United States market but still 
too expensive for the poorest countries with the highest rotavirus mortality rates in other 
regions. One rotavirus vaccine that is manufactured, licensed, and has been in wide use 
in China since 2000, sells for about US$ 16.00 a dose to the private sector in China (it 
has not yet requested WHO prequalification status for international use). Of course, for 
the 72 countries within the GAVI Alliance purview, cost may not be a major issue, at least 
in the short term. In the longer term, the costs of sustaining rotavirus vaccination may 
prove difficult for some countries.

Rubella – eliminating a threat to the unborn

Rubella, or German measles, was first noted in the mid-19th century as a mild disease 
involving little more than a skin rash. However, its ability to cause congenital defects – 
cataracts, heart disease, and deafness, to mention three – became evident in the 1940s. 
And it was not until the early-1960s, during a rubella epidemic in the United States, that 
the full range of congenital abnormalities making up the “congenital rubella syndrome” 
(CRS) was revealed to the world. 

The United States rubella epidemic caused 12.5 million cases of rubella, including 
more than 2000 cases of brain inflammation (encephalitis) and 20 000 cases of CRS 
in newborns. Of these newborns, more than 8000 were deaf, some 3600 were both 
deaf and blind, and nearly 2000 were mentally retarded (1). There were more than 2000 
deaths, as well as over 6000 spontaneous and 5000 induced abortions. The world 
awoke to the dramatic reality of CRS, and the quest for a vaccine began.

By 1970, several rubella vaccines were available. Before the end of the decade, one 
(using the so-called RA 27/3 rubella virus strain) emerged from the pack as offering 
a high degree of safety and efficacy in protecting children against mild (or “acquired”) 
rubella (1). Given to women of childbearing age, the vaccine gives 95–100% protection 
for at least 15 years against the risk of having a baby with CRS (1, 126).

By 1996, 65 countries, accounting for 12% of babies born in that year, were using 
the vaccine in their national immunization programmes (71). By the end of 2007, the 
rubella vaccine was being used nationally in 125 countries, accounting for 31% of births 
worldwide (71). 

WHO recommends that all countries where CRS has been identified as a major public 
health problem should use the vaccine. Moreover, where logistically feasible, they should 
do so in conjunction with measles elimination activities (126). Linking up with the Measles 
Initiative makes sense, given the availability of combined measles-rubella vaccines and 



145

State of the world’s vaccines and immunization

the compatibility of the two administration schedules. Indeed, most countries using the 
rubella vaccine administer it as part of the MMR vaccine, given in two doses, the first at 
12–18 months of age and the second later in childhood. However, in most developing 
countries, rubella vaccine has not been included in the national immunization schedule 
because of lack of information on the burden caused by rubella, increased cost, and the 
concern that if high coverage (>80%) cannot be achieved and maintained, the risk of 
CRS may increase due to a shift in rubella susceptibility to older age groups including 
women of childbearing age. 

Elimination of CRS, i.e. stopping indigenous (or endemic) transmission of the rubella 
virus that causes the disease, is possible. It calls for a strategy to ensure high levels 
of immunity through vaccination among children, adolescents, and young adults (both 
women of childbearing age and men). For poorer countries, this strategy may not be 
affordable, but on the other hand, caring for people with CRS is costly. Cost-benefit 
studies in developed as well as developing countries have shown that where coverage 
rates exceed 80% and rubella vaccination is combined with measles vaccination, the 
benefits of rubella vaccination outweigh its cost (of US$ 0.60 a dose) (127).

Use of the rubella vaccine has eliminated CRS in a number of countries (e.g. Cuba, the 
English-speaking Caribbean countries, Sweden, and the United States). Successful use 
of the vaccine has also prompted the WHO Regions of the Americas and Europe – the 
two WHO regions with the highest rubella vaccine coverage rates in young children – to 
target rubella for elimination by 2010.

As for eradication, rubella, like measles, fulfils the biological criteria for an eradicable 
disease: only humans maintain transmission of the virus, accurate diagnosis is possible, 
and transmission has already been interrupted in large geographical areas (128). And if 
eradicating two diseases with a single blow is the aim, the combined measles-rubella 
vaccine is there to make the operation feasible. Two unanswered questions, though, point 
to potential stumbling blocks: will there be sufficient political will to mount and maintain 
a two-disease eradication effort? And will it be possible to bring sustained vaccination 
to communities lacking access to basic health services or isolated by conflict? The end-
game struggles of the polio eradication initiative are instructive in this respect. Meanwhile, 
country-by-country elimination of rubella and congenital rubella syndrome is surely a 
worthwhile first step, and more and more countries are taking it.

Tetanus, neonatal and maternal – victory in sight

Tetanus is characterized by muscle rigidity and painful muscle contractions caused by 
a toxin – one of the most potent ever identified – released by the bacterium Clostridium 
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tetani. The spores of this bacterium are present throughout the world in soil. A person 
is infected when the spores enter the body via dirt or soil through a scratch or open 
wound. Neonatal tetanus, which is the most common form of the disease in developing 
countries, is primarily caused by infection of the umbilical cord stump in babies delivered 
in unhygienic conditions. It is most prevalent among the poorest, most neglected 
population groups that have little or no access to medical care. In the late 1980s, tetanus 
was estimated to be causing more than a million deaths a year, of which about 790 000 
were newborn infants.

Prevention of tetanus is possible and inexpensive. The tetanus toxoid vaccine is one 
of the most effective, safest, and least costly vaccines on the market. Its discovery, 
subsequent development and initial use, at least in industrialized countries, date from 
the first half of the 20th century.

In 1989, the public health community officially declared neonatal tetanus a target for 
elimination, defined as an incidence of less than one case per 1000 live births in all 
districts. At that time, 90 countries had not yet reached the elimination target (129). 
Vaccination of women before or during pregnancy with at least two doses of the vaccine 
was the main strategy to be used to reach the target. Antibodies produced by the  
vaccine protect not only the mother but also the foetus and, for up to two months, the 
newborn child. Vaccination was combined with efforts to increase the proportion of  
births taking place in hygienic conditions and to reduce harmful traditional practices  
at home births.

By 1995, 27 of the 90 countries had eliminated neonatal tetanus. In the 63 remaining 
countries, most cases were occurring in poor, hard-to-reach communities. To accelerate 
elimination efforts, a “high-risk approach” was adopted that aimed to reach out to these 
“high-risk communities”. This new approach called for mass immunization campaigns, 
delivering three sequential doses of vaccine to all women of childbearing age in the high-
risk communities. Education about providing hygienic conditions for births was also part 
of the strategy. 

The new approach paid off. By 2000, 135 countries had eliminated neonatal tetanus 
(28) and annual deaths from the disease had fallen to an estimated 200 000 – a 75% 
drop from the 790 000 deaths in 1988 (28). Ninety percent of these 200 000 deaths 
were occurring in just 27 countries, mostly in South Asia and sub-Saharan Africa. WHO, 
UNICEF, and the United Nations Population Fund (UNFPA) decided to launch a more 
vigorous attack on tetanus, both neonatal and, in a new development, also maternal 
tetanus. In fact, an estimated 15 000–30 000 women were dying every year from tetanus 
contracted during or shortly after pregnancy. This maternal and neonatal tetanus (MNT) 
elimination partnership also set a new deadline, 2005, for achieving elimination – a 
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deadline which, however, was to prove too optimistic. By the end of 2008, 12 of the 58 
remaining countries with neonatal tetanus had achieved elimination in all districts (see Fig. 
12). 

The MNT elimination partnership estimates that – with sufficient funding – by the end 
of 2010, only 10 countries will still be in the grip of the disease and that by 2012, all 
countries will have reached the ultimate target. Their confidence is based on the impetus 
that tetanus elimination efforts have been gathering since 2000, and also from the influx 
of funds – US$ 160 million – the partnership has received since 2000, mostly through 
UNICEF and the GAVI Alliance, to finance its activities. 

Confidence is, however, tempered by hurdles still to be overcome. One is the need for 
funding over the 2008–2012 period. A second is the lack of solid data on which to base 
disease estimates: less than 10% of cases are being reported, according to survey 
findings. Disease surveillance clearly needs a major boost. 

As for the longer-term future, will the momentum created by elimination of neonatal 
and maternal tetanus be sustained? Clostridium tetani is, and will always be present 
in nature, and its spores are extremely resistant to destruction. If future generations are 
to live without the threat of a catastrophic resurgence of the disease, tetanus experts 
estimate that routine immunization coverage in all countries must reach and stay at 80% 
of women of childbearing age in all districts and that at least 70% of births must take 
place in hygienic conditions. If countries succeed in reaching most people with booster 
doses in school-age, adolescence, and early adulthood, not only would MNT remain 
eliminated, but protection against tetanus would be life-long (131). Several countries are 
taking steps in that direction, by offering tetanus vaccines in school-based immunization 
programmes and in activities such as mother and child health days or immunization 
weeks.
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Tuberculosis – waiting for a better vaccine

The first and only vaccine ever used to protect against tuberculosis is the Bacille 
Calmette-Guérin (BCG) vaccine, developed at the Pasteur Institute in Paris and first used 
in 1921. Since the 1950s, when routine BCG immunization against tuberculosis began in 
many countries, more than four billion people are believed to have received the vaccine 
worldwide (1). By 1990, 81% of the world’s newborn infants were receiving the vaccine. 
By the end of 2007, BCG coverage had climbed to 89%. In Europe and North America, 
several countries where the incidence of reported tuberculosis had dropped to below  
25 cases per 100 000 have ceased routine BCG immunization.

That is the good news. The not-so-good news is that over the past two decades the 
burden of tuberculosis has followed an upward curve that peaked in 2004 with 8.9 million  
new cases (up from 8 million in 1997) and approximately 1.46 million deaths (4). The 
advent of HIV/AIDS in the 1980s, with its ability to lower natural protection against latent 
infections, including tuberculosis, has contributed to the escalation of tuberculosis cases: 
globally, about 15% of tuberculosis cases occur in people with HIV/AIDS, but in some 
countries with high HIV incidence rates, the proportion can be as high as 50–60%, as in 
Mozambique, South Africa, and Zimbabwe (132).

By contrast, estimates of both incidence and mortality rates in 2007 (132) suggest that 
the disease may be on the verge of a downswing. But despite worldwide use of BCG 
over the past three or four decades, and despite the availability since the early 1990s of 
an inexpensive highly effective treatment strategy (“DOTS”), tuberculosis is still a leading 
cause of disease and death. The inability to control this disease has been called “a 
colossal failure of public health” (1).

For the vaccine community, the mood is one of frustration over the lack of evidence that 
BCG consistently protects against pulmonary tuberculosis. Some studies have found  
a high degree of protection; others none at all. By contrast, evidence from several  
trials has consistently shown that BCG gives strong protection against tuberculosis 
in infants and young children (1). Tuberculous meningitis and disseminated (miliary) 
tuberculosis – the two most common and most severe forms of extrapulmonary 
tuberculosis – occur in about 25% of children with tuberculosis and are rapidly fatal 
without treatment (1). BCG is protective against these forms of tuberculosis in 64–78% 
of recipients (1).

However, there is no empirical evidence that high coverage of a population with BCG 
vaccination lowers the incidence of these severe forms of tuberculosis in infants and 
young children. The problem is that tuberculosis in children is very difficult to diagnose 
and often remains undetected. The disease is so rapidly fatal, that diagnosis can only 
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be attempted in the earliest stages of the disease. But at that stage, the symptoms are 
not specific, x-rays show no evidence of disease, and tuberculin skin tests are negative 
in about 40% of cases (1). Under-reporting and poor record-keeping compound the 
difficulty of gathering incidence or mortality data. 

Given this situation, many health officials wonder if vaccination with BCG at birth is 
worth the effort and cost. A recent analysis (133) suggests that it is. BCG costs US$ 2–3 
per dose. Given to more than 100 million infants in 194 countries in 2002, the vaccine 
would have prevented more than 40 000 cases of tuberculous meningitis and miliary 
tuberculosis in children under five years of age. The cost, worldwide, would have been 
US$ 200 or less per healthy life year gained, using the disability-adjusted life year (DALY) 
measure. In the WHO African Region, South-East Asia Region, and Western Pacific 
Region, where the incidence of tuberculosis and BCG coverage are highest, the analysis 
showed BCG to be a cost-effective intervention against severe childhood tuberculosis 
– almost as cost-effective as short-course chemotherapy – costing US$ 50 per DALY 
gained. In the few industrialized countries where BCG is still used routinely despite a 
low risk of infection, the cost per DALY gained amounts to several thousand dollars. 
Such countries, the research team speculates, may be better off replacing routine BCG 
vaccination by vaccination of only high-risk population groups, such as health workers 
and others at risk of exposure to the infection. This has, in fact, long been the strategy 
adopted by several countries, including the United Kingdom and the Netherlands.

To most tuberculosis experts, it is clear that a new, more consistently effective vaccine 
is needed that protects not only against the disease in childhood but against pulmonary 
tuberculosis in adults. Several candidate vaccines are in early-stage clinical trials and are 
being tested for safety, immunogenicity, and early indicators of efficacy (134, 135).

Typhoid fever – vaccines ready and waiting

Typhoid fever, also known as enteric fever, is caused by one of the most virulent 
bacteria to attack the human gut. Commonly spread via contaminated water and food, 
the causative bacterium, Salmonella typhi, thrives in unsanitary conditions, particularly 
where clean water is lacking. Through the gut, the organism infects the bloodstream, 
altering brain function in some cases, and often resulting in death. Before the advent of 
antibiotics, the symptoms of typhoid fever – typically, persistent high fever, abdominal 
pain, malaise, and headache – usually lasted several weeks and in many cases 
culminated in death. 

Today, in industrialized countries, typhoid fever has ceased to be a problem, thanks to 
improved hygiene and a clean water supply. In developing countries, however, it is still 
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very much a problem. In 2004, WHO estimated the global typhoid fever disease burden 
at 21 million cases annually, resulting in an estimated 216 000–600 000 deaths per year, 
predominantly in children of school age or younger. The majority of this burden occurs 
in Asia (136). In a comprehensive study relating to the incidence of typhoid fever in five 
countries in Asia, it was reported that incidence in highly-endemic countries is similar in 
children 2–5 years of age as in school-aged children 5–15 years of age and adolescents 
(137). 

Typhoid fever was discovered as a distinct disease entity in the 1880s. At that time, its 
hold on industrialized countries had begun to slacken in the face of improved sanitation. 
Cases still occurred though, often in outbreak situations, and among high-risk population 
groups, such as migrant groups. The continued occurrence of the disease and the 
fear engendered by its high mortality rate – 10–20% of infections resulted in death (1) 
– combined to fuel the search for a cure and a means of prevention. A cure came in the 
form of antimicrobial drugs; prevention in the form of vaccines.

Early research produced two vaccines made from the entire (whole-cell) bacterium.  
One became available in the 1890s, the second in 1952. Both protected about 65% of 
recipients. However, the frequency and severity of the adverse effects they caused dissuaded 
many countries from using them. These shortcomings, combined with drug treatment 
failures, which had escalated in previous years as a result of increasingly widespread 
resistance to antibiotic therapy, intensified the quest for a more effective vaccine.

Before the end of the 20th century, two new-generation typhoid vaccines had entered the 
scene. One, named “Ty21a” and first licensed in 1983, is given in three to four oral doses 
(136) and consists of a live but genetically modified S. typhi strain (138). The second, 
named “Vi” and licensed in 1994, is given by injection and consists of a sugar molecule 
(polysaccharide) located on the surface of the bacterium (138). In clinical trials and early 
field use, the duration of efficacy of both vaccines varied to some degree. Moreover, 
no evidence of efficacy has been reported in children under two years of age. On a 
positive note, both vaccines are licensed, internationally available, and safe, and both are 
effective enough not only to reduce the incidence of typhoid fever in endemic areas but 
also to control outbreaks. 

Price was initially thought to be a barrier to adoption of the vaccines by developing 
countries. However, several manufacturers in developing countries now quote prices 
of about US$ 0.50 for the Vi vaccine in multi-dose vial presentations for use in public 
health programmes, and the main producer of Ty21a is offering a discounted price for 
the poorest countries. Moreover, typhoid vaccines have now been accepted by the GAVI 
Alliance as a possible candidate for future financial support.
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In 2008, WHO reiterated its earlier recommendations that the new vaccines be used for 
routine immunization – alongside active strategies to improve hygiene and sanitation – in 
countries or areas (such as deprived urban areas) where typhoid fever is endemic. In 
most of these countries, vaccination will be confined to high-risk population groups, such 
as school-age and preschool-age children, particularly in areas where antibiotic-resistant 
strains of S. typhi are prevalent. WHO also recommends use of the new vaccines for 
the control of outbreaks (136). Which of the two vaccines a country chooses depends 
on the capacity, logistics, and cultural context of its immunization programme. Very 
few countries still use the whole-cell vaccine: those that do should, according to WHO, 
switch to one of the new-generation vaccines (136).

Meanwhile, third-generation typhoid vaccines are in the pipeline. One is a Vi conjugate 
vaccine that protects about 85% of recipients, according to late-stage clinical trials, and 
appears to be effective in children under two years of age. A second candidate vaccine, 
further back in the R&D pipeline, is, like Ty21a, a live attenuated vaccine but, unlike 
Ty21a, can be given in a single oral dose.

Vaccine scientists point out, though, that these newer typhoid vaccines have still several 
years to go before reaching the market. Action against the daily toll of disease and death 
from typhoid fever in endemic populations is needed now and, although current new-
generation vaccines may not be perfect, they are available to meet that need. 

Varicella and herpes zoster – a single virus that can linger for 
a lifetime 

Varicella, commonly known as chickenpox, is caused by the varicella-zoster virus (a 
member of the herpesvirus family), which was first identified in 1952 (139). The same 
virus, when reactivated from a latent state in nerve cells causes another disease – 
herpes zoster, or shingles. In most populations, varicella is a disease of children, and 
herpes zoster a disease of elderly people. However, the epidemiology of disease can 
vary, especially in tropical countries where infection and varicella may occur more often 
in older age groups. The hallmark symptom of varicella is an itchy rash, consisting of 
blister-like vesicles. Seventeenth century medical documents describe chickenpox as a 
mild form of smallpox (139) but in 1767 the English physician William Heberden showed 
that the two diseases are distinct (1). 

The varicella-zoster virus only infects humans. It spreads from person-to-person through 
direct contact, or from the virus being sneezed or coughed into the air or released from 
the vesicles on the skin. Generally, varicella is a mild disease. However, complications, 
which can sometimes be severe, occur in about 10% of cases, mostly in adolescents 
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and adults (139) (who are 30–40 times more likely than children to die from severe 
complications (139)). The most common, and sometimes life-threatening, complications 
of varicella are bacterial infections of the skin, which can occasionally become severe 
through spread to contiguous or distant parts of the body (1). Other bacterial infections 
(pneumonia, or infection of the bones or bloodstream), neurological conditions 
(uncontrollable muscle movement or brain inflammation), and inflammatory conditions 
(of the liver, kidneys, heart, or testicles) are prominent on the list of complications from 
varicella (139, 1). In pregnant women, the infection can cause congenital limb foetal 
abnormalities, brain damage, and death. However, babies born to women who have 
immunity to varicella receive their mother’s anti-varicella antibodies and are protected 
against the infection for about a month after birth (139). Varicella infection itself induces 
lifelong immunity to chickenpox in virtually everyone whose immune system is working 
normally (139). 
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Box 22

Herpes zoster – the same virus, a different disease

In 10–20% of children infected with varicella, the virus takes up residence in nerve 
cells, where it lies dormant for several decades, until a lowering of the host’s immune 
defences (as a result of ageing, disease, or immunosuppressive treatment) allows it to 
awaken, begin replicating, and precipitate herpes zoster disease, or shingles as it is 
commonly known (139). In the United States alone, 43 million people are believed to be 
at risk of herpes zoster (1). 

Herpes zoster is characterized by a painful blistering rash along the distribution of the 
infected nerve cells (139). In many elderly people the rash and pain subside and resolve 
completely in a few weeks. In about 15% of patients, though, pain and numbness in 
the area of the rash can last for weeks or months. The pain can be severe and highly 
disabling, both physically and mentally (1). Itching, which may fluctuate from mild to 
intense, adds to the person’s discomfort (1). 

In addition, 8–15% of people suffer permanent neurological damage, impaired vision, or 
problems of bowel or bladder function (1, 139). Elderly people and immunocompromised 
people run the highest risk of developing herpes zoster. Since the same virus causes 
varicella, people with herpes zoster constitute a source of varicella outbreaks among 
unvaccinated children and other non-immune population groups. 

Treatment with antiviral drugs is effective if started soon after the onset of herpes zoster. 
However, accurate diagnosis at that stage of the infection is difficult and in most cases 
antiviral treatment is begun too late to be of optimal benefit (1).

In 2005, a vaccine against herpes zoster was licensed for use in people over 60 years 
of age. It contains at least 14 times the amount of virus as the varicella vaccine (1). Its 
protective efficacy, though, varies with the recipient’s age, falling from 64% in the 60–69 
year age group to 41% in the 70–79 year age group, and 18% in the 80–89 year age 
group (1). Some herpes zoster experts believe younger age groups – such as people in 
their 50s, who account for almost 20% of herpes zoster cases – could benefit from the 
vaccine (1). Two factors, though, militate against its widespread adoption by developing 
countries: price (the vaccine currently costs about US$ 150 a dose in industrialized 
countries), and the low public health priority of herpes zoster in relation to the many 
other serious diseases that ravage these countries.
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Little is known about the burden of varicella in developing countries (139). However, in 
2006, an estimate based on the incidence of varicella in industrialized countries gave a 
total worldwide estimate of 90 million cases a year (1). 

Treatment for varicella consists of antiviral drugs, which are expensive and work only 
when used early in the course of infection. It is generally reserved for people at risk 
of severe disease. Vaccination is the only way to protect whole communities and 
populations from varicella, and possibly from herpes zoster. A safe and effective vaccine 
against varicella has been available in several formulations since the mid-1970s (139), 
and in 2005, a combination measles-mumps-rubella-varicella vaccine also came on 
to the market. The single-antigen (i.e. containing varicella virus only) vaccine has been 
administered to millions of children, adolescents, and adults in many countries (1). In 
children, a single dose produces anti-varicella antibodies in about 95% of recipients and 
protects them against the disease (139). Furthermore, at least 90% of people given the 
vaccine within three days of being exposed to the virus are protected against developing 
the disease (139). In those who develop disease after vaccination, it is much milder than 
in unvaccinated individuals.

The effectiveness and cost-effectiveness of the vaccine have prompted several 
industrialized countries in Asia, Europe, and North America to adopt it in their routine child 
immunization programmes (139). In 1995, the United States became the first country 
to adopt the vaccine into its routine immunization programme (1) and by 2002 saw a 
74–92% drop in child deaths from varicella and an 88% drop in hospitalizations due to 
the disease (1). The use of the vaccine has also been shown to be cost-effective in the 
United States (139). Some epidemiologists believe that widespread routine administration 
of the varicella vaccine in children could eventually lead to the virtual disappearance of 
the disease. 

In general, most developing countries have other diseases associated with high disease 
burden and deaths that need to be given higher priority than varicella. Where varicella 
represents a sizeable public health and socioeconomic problem, countries may consider 
routine varicella immunization. However, immunization programmes must reach at least 
85–90% of children as lower coverage rates could theoretically shift the target of the 
virus from young children to older children and adults.
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Yellow fever – defusing a bomb waiting to explode

Yellow fever is a viral haemorrhagic fever caused by a virus transmitted to humans and 
non-human primates by the bite of a mosquito. After a few days of being bitten by an 
infected mosquito, sub-clinical infection, non-specific illness, or influenza-like symptoms 
can develop. The latter can culminate in the vomiting of blackish blood, one of the two 
hallmark symptoms of the disease (1). A few days later, in about 15% of cases, bleeding 
occurs from several sites, accompanied by painful convulsions and failure of several 
organ systems, notably the liver, kidneys, and heart (1). This stage is also marked by 
jaundice – the second hallmark symptom – which colours the skin a deep yellow. About 
20–50% of people with severe disease die from the disease. Children and elderly people 
run the greatest risk of death from yellow fever.

Yellow fever was a major scourge in the 18th and 19th centuries in colonial settlements in 
the Americas and West Africa. The discoveries (in 1900) that mosquitoes were responsible 
for transmission and that the disease was preventable by vector control, as well as the 
development of vaccines (in the 1930s), have reduced both the fear associated with 
the disease and its medical impact. In 1940, mass vaccination of 25 million people in 
French-speaking West and equatorial Africa led to the virtual disappearance of yellow 
fever. However, inadequately immunized populations and urbanization set the stage for 
the disease to re-emerge.

Today, yellow fever remains an endemic and epidemic disease affecting thousands of 
people in tropical Africa (33 countries) and South America (11 countries and territories) 
(140), and is a continued threat to people who travel to these regions without vaccination. 
An estimated 200 000 cases and 30 000 deaths (141) occur every year worldwide. About 
90% of cases and deaths occur in Africa (141), where more than 600 million people are 
at risk of infection (141). In South America, about 60 million people live in endemic areas (1). 
Outbreaks may affect urban populations, with the infection spreading by mosquitoes from  
human-to-human. Yellow fever also occurs in jungles, where it exists as an animal (epizootic)  
disease, spread by mosquitoes from monkey-to-monkey and, accidentally, to humans.

Travellers, too, are at risk of yellow fever. Every year, an estimated nine million people 
travel from non-endemic to endemic areas and about three million of these travellers may 
be going to places where outbreaks are raging (141). Only 10–30% of travellers to these 
“danger zones” are vaccinated, according to one estimate (141). The International Health 
Regulations require travellers to or from endemic countries, to carry a valid vaccination 
certificate (1).

No specific treatment exists for yellow fever. Vector control targeting the mosquito 
responsible for transmitting the disease, has its limits. Hence, vaccination is the single 
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most effective means of obtaining protection against yellow fever. The 17D vaccine is 
both highly effective and safe, conferring a high degree of protective immunity for at least 
30–35 years (and probably for a lifetime). The vaccine is highly cost-effective as it confers 
long-term immunity in an infant for an estimated US$ 0.01 a year. 

In 1988, WHO and UNICEF proposed a two-pronged vaccination strategy that is still the 
universally recommended approach to controlling yellow fever. It is designed to create a 
high level of protective immunity in at-risk populations, to sustain that level from generation 
to generation, and, ultimately, to eliminate yellow fever as a public health problem. 
One prong of the strategy is the integration of the vaccine into the national childhood 
immunization programmes of countries at risk of epidemics (141). The second prong is 
the use of mass vaccination campaigns to protect susceptible older age groups (141)
and populations threatened by imminent or incipient outbreaks. In addition, the strategy 
calls for vector control measures; for use of the vaccine to battle ongoing outbreaks;  
and for strengthening disease surveillance which is critical for outbreak detection and 
control, and for programme monitoring. 

Implementing the strategy has been slow. Of the 33 endemic countries in Africa, 22 had 
adopted the vaccine in their national immunization programmes by the end of 2007, up 
from eight countries in 2000. The GAVI Alliance provided support to the poorest endemic 
countries. However, according to data reported by WHO and UNICEF, the proportion of 
children vaccinated with the yellow fever vaccine in the 33 African countries had reached 
an average of only 50% by the end of 2007. 

Poor disease surveillance, resulting in gross underestimation of the disease burden, 
has been a key deterrent to the implementation of the WHO-recommended vaccination 
strategies. One reason is that the signs and symptoms of yellow fever are similar to those 
of other diseases, such as malaria, influenza, and typhoid fever (141). Surveillance must 
therefore be backed up by a network of laboratories capable of accurate diagnosis (141). 

Another deterrent is an “insecure” vaccine supply. Approximately 30 million doses a 
year (1) are provided by manufacturers for the African market. Yet, to meet demand for 
enough vaccine to implement the WHO-UNICEF strategy would require an estimated  
40 million doses plus at least 6 million doses to respond to outbreaks. 

At US$ 0.71 a dose (on the developing country market), the cost of the vaccine has been 
an additional deterrent for many countries. However, the support of the GAVI Alliance 
has made it possible for the GAVI-eligible countries to adopt the vaccine. 

These three deterrents – surveillance, vaccine supply, and price – are likely to become 
less critical, at least for the poorest countries at highest risk of yellow fever: the GAVI 



Part 2: Diseases and their vaccines

158

Alliance has been supporting the introduction of yellow fever vaccine into routine infant 
immunization since 2002. In addition, it has supported an emergency vaccine stockpile 
since 2003. More recently, the GAVI Alliance has approved a request from WHO, UNICEF 
and other members of the Yellow Fever Initiative to provide about US$ 100 million for 
control of yellow fever in Africa. The money would be spent over five years mainly on 
providing vaccines for preventive campaigns in 12 endemic African countries within the 
GAVI Alliance mandate, and also for responding to outbreaks in any GAVI-eligible country 
at risk in the event of outbreaks.

In South America, yellow fever vaccination has been ongoing for at least three decades. 
Up to 1991, mass vaccination campaigns were carried out every five years in the endemic 
countries of the region (1). Since 1998, integration of the yellow fever vaccine within 
national child immunization programmes has become the norm (1). By the end of 2007, 
the average reported vaccine coverage had reached 86% for these countries (1). One 
concern in the region is the movement of unvaccinated people from coastal areas, where 
vaccination is not carried out, to the more inland endemic areas. Another is resurgence 
and spread of the urban form of the disease as a result of the recent re-invasion of the 
continent by the urban-dwelling mosquito vector (1).

For Africa and South America, the ongoing circulation of the yellow fever virus remains 
a time-bomb waiting to explode. The new funding being provided to endemic African 
countries for yellow fever vaccines and vaccination, and the high levels of vigilance and 
surveillance in South American countries, should keep the bomb from exploding. But it 
is still ticking. With escalating international air travel providing a mechanical vector for the 
mosquito and the virus, and with the lack of adequate immunity in many populations (a 
single case of infection can cause a massive outbreak in the presence of the mosquito 
responsible for transmitting the disease), the bomb could explode, disseminating the 
virus well beyond its current hunting grounds. 
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Annex 1

Population data in thousand1

2007 2006 2005 2004 2003 2000 1990 1980

Total population 6'659'040 6'580'921 6'502'983 6'425'275 6'347'724 6'113'437 5'279'007 4'439'786

Live births 135'590 134'985 134'397 133'865 133'418 132'820 136'793 123'711

Surviving infants 128'816 128'120 127'440 126'816 126'275 125'369 128'148 114'051

Pop. less 
than 5 years

628'7210 625'407 622'797 620'980 619'905 620'422 629'747 545'390

Pop. less than 
15 years

1'843'756 1'841'906 1'841'380 1'842'270 1'844'242 1'846'856 1'724'575 1'566'771

Female 15-49 years 1'718'802 1'698'386 1'677'375 1'655'843 1'633'781 1'564'554 1'314'119 1'058'498

Number of reported cases

Diphtheria 4'273 3'978 12'735 10'069 6'781 11'625 23'864 97'774

Measles 280'771 373'941 601'232 509'734 680'454 852'937 1'374'083 4'211'431

Mumps 407'787 643'078 619'062 654'216 334'063 544'093 - -

Pertussis 161'861 119'916 135'326 244'989 110'854 190'476 476'377 1'982'384

Polio 1'385 2'021 2'032 1'258 784 2'971 23'366 52'795

Rubella 196'506 252'340 267'366 308'219 321'180 671'286 - -

Rubella (CRS) 225 63 37 88 99 181 - -

Tetanus (neonatal) 6'086 8'376 9'918 9'318 9'028 16'943 25'293 13'005

Tetanus (total) 19'867 14'646 15'980 13'772 12'857 21'242 64'378 114'248

Yellow fever 265 356 588 1'344 672 684 4'336 144

Percentage of target population vaccinated by antigen
based on WHO-UNICEF estimates TT2plus and YFV are based on reported coverage

BCG 89 88 86 84 83 81 81 16

DTP1 90 89 88 87 85 85 88 30

DTP3 81 81 79 77 75 73 75 20

HepB3 65 60 56 50 46 32 1 -

Hib3 26 22 21 20 19 14 - -

MCV 82 81 79 77 75 72 72 16

Pol3 82 82 79 77 76 74 75 21

TT2plus 71 69 66 59 61 62 55 9

YFV 51 48 42 35 31 26 4 0

Annex 1. Global immunization profile
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Most countries have standard recommendations regarding which vaccines should be offered 

and at what ages they should be given. In general, vaccines are recommended for the 

youngest age group at risk of developing the disease whose members are known to respond 

to the immunization without adverse effects. 

Unless otherwise specified, data are provided by Member States through the WHO-UNICEF 

Joint Reporting Form and WHO regional offices.

1) Source: (6) 
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