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Preface

Mass immunization is theblitzkrieg of vaccinationpractice. It serves to rapidly
protect populations, both because of the high coverage achieved and because
of theherd immunity thereby induced.However, as inwar,mass immunization
campaigns must be conducted intelligently, with careful strategy and strong
attention to logistics of supply and deployment. If conducted badly, mass
immunization may fail or even be counter-productive.

In this volume, some of the most successful practitioners of mass immu-
nization tell us about its art and science. David Heymann and Bruce Aylward
of WHO begin the book with a theoretical and practical overview of mass
immunization. Michael Lane, who participated in the successful effort to
eradicate smallpox relates how this was done using mass vaccination and
other strategies. Application of mass immunization by the US military is cov-
ered by John Grabenstein and Remington Nevin, who have a large experience
in these matters. Karen Noakes and David Salisbury recount the striking suc-
cesses of mass immunization in the United Kingdom. The global control of the
clostridia that produce diphtheria toxin is described by Charles Vitek. Hepati-
tis A is decreasing dramatically under the impact of large-scale vaccination,
as Francis André illustrates. The French experience with Hepatitis B vacci-
nation has been mixed, and François Denis and Daniel Levy-Bruhl explain
the circumstances. Influenza vaccination is an annual example of large-scale
campaigns, the complexity of which is recounted by Benjamin Schwartz and
Pascale Wortley. Ciro de Quadros describes the eminently successful effort by
the Pan American Health Organization to eliminate measles from the Ameri-
cas through mass immunization. Mexican scientists are attempting to develop
the aerosol route for mass measles vaccination, as illustrated for us by José
Luis Valdespino-Gomez and his coworkers. The huge effort to eradicate polio,
with its many complications, is reviewed by Roland Sutter and Chris Maher.
Susan Reef describes the advancing effort to eliminate rubella and its congen-
ital disease by rapid immunization of children and adults. Typhoid is a disease
that often breaks out under adverse conditions, and mass immunization is
important in control, as elucidated by Myron Levine. Finally, Gregory Glenn
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and Richard Kenney recount the efforts to develop transcutaneous delivery
of vaccine to assist in mass immunization.

This volume emphasizes that vaccination is always both a matter of indi-
vidual and community protection, and that massive public health efforts are
often needed to control infectious diseases in the most effective manner.

Doylestown, Pennsylvania, April 2006 Stanley A. Plotkin
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Abstract With increased demand for smallpox vaccination during the nineteenth cen-
tury, vaccination days—early mass vaccination campaigns—were conducted over
time-limited periods to rapidly and efficiently protect maximum numbers of suscepti-
ble persons. Two centuries later, the challenge to rapidly and efficiently protect popu-
lations by mass vaccintion continues, despite the strengthening of routine immuniza-
tion services in many countries through the Expanded Programme on Immunization
strategies and GAVI support. Perhaps the most widely accepted reason for mass vacci-
nation is to rapidly increase population (herd) immunity in the setting of an existing or
potential outbreak, thereby limiting the morbidity and mortality that might result, es-
pecially when there has been no routine vaccination, or because populations have been
displaced and routine immunization services disrupted. A second important use of
mass vaccination is to accelerate disease control to rapidly increase coverage with a new
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vaccine at the time of its introduction into routine immunization programmes, and to
attain the herd immunity levels required to meet international targets for eradication
and mortality reduction. In the twenty-first century, mass vaccination and routine
immunizationremainanecessaryalliance forattainingbothnational and international
goals in the control of vaccine preventable disease.

1
The Concept of Mass Vaccination

Ever since the practice of variolation was used to prevent serious smallpox
infection in China and India sometime about a.d. 1000 [1], vaccination of
populations at risk of infectious diseases has remained a challenge. In 1796,
Edward Jenner took smallpox vaccination a step further by inoculating hu-
mans with material from lesions of cowpox from milkmaids, rather than from
smallpox lesions, thuspre-empting the requirementofdirect vaccination from
a person with smallpox. By the beginning of the nineteenth century still fur-
ther advances were made, when the practice of vaccination used material from
cowpox lesions dried on threads as a vaccine that could then be sent through-
out the United Kingdom and to other parts of the world [2]. Vaccination thus
became portable—it no longer required direct person-to-person inoculation,
and vaccines could be easily transported to vaccinate persons at risk.

Vaccination against smallpox soon became compulsory in Europe with
Bavaria, Denmark and Sweden adopting vaccination laws between 1807 and
1816. The Vaccination Acts in Great Britain later in the nineteenth century
made vaccine universal, free and mandatory in that country, and vaccination
officers enforced them. Those who refused vaccination for any reason were
fined. Mandatory smallpox vaccination was soon accepted by many other
countries, either through school entry laws or legislation pertaining to young
children and families [3].

With increased demand for vaccination, general vaccination days were
held in Europe and many other parts of the world where person-to-person
vaccination, and vaccination using impregnated threads, was replaced by vac-
cination directly from cowpox lesions on cows. These vaccination days were
early mass vaccination campaigns—vaccination over time-limited periods to
provide protection rapidly and efficiently to maximum numbers of suscep-
tible persons. By 1820, Sweden had been able to decrease smallpox by over
a hundredfold by mass vaccination [4], and it soon became evident that vacci-
nation not only offered individual protection—it could also be used to prevent
infection among those not vaccinated because of an overall decrease in the
number of infected persons, reducing the net rate of transmission of the small-
pox virus. This principal of herd immunity has become an important benefit
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of mass campaigns—susceptible persons can either gain protection directly
by being vaccinated, or indirectly by having their risk of infection reduced as
transmission of the infectious agent decreases among those vaccinated.

Since Jenner’s time, mass vaccination campaigns have become a com-
mon, and frequently controversial, element of communicable disease control
programmes in developing as well as industrialized countries worldwide.
This chapter briefly reviews the recent evolution of mass vaccination and
the sometimes-uneasy alliance that has emerged between mass vaccination
and routine immunization services. Based on this experience, the subsequent
sections propose a broad framework for policy makers in evaluating the po-
tential role of mass vaccination in their efforts to control vaccine-preventable
diseases.

2
Mass vaccination in the Twentieth Century—Smallpox Eradication

By the twentieth century it was understood that achieving herd immunity
could in itself be an important goal of mass vaccination programmes as
it could stop person-to-person transmission of an infectious agent. It was
further understood that if the infectious agent had no reservoir other than
humans, zero transmission among humans worldwide could be equated with
eradication of the disease it caused.

In 1967, the member states of the World Health Organization (WHO) re-
solved to intensify smallpox eradication efforts throughout the world [5],
and countries that had not yet interrupted smallpox transmission agreed
to supplement routine immunization programmes with mass vaccination
campaigns. Smallpox vaccination was not without its complications how-
ever. Complications associated with primary smallpox vaccination ranged
from vaccinial eruption at sites of the body that are or have previously been
eczematous, to generalized vaccinia infection and post-vaccinal encephalitis
leading to permanent neurological disability or death. With a case fatality rate
for post-vaccinial encephalitis of approximately 30%, the risk of fatal com-
plication from smallpox vaccine was approximately one per million doses of
vaccine administered, complications being most severe in children under the
age of 2 years [6].

Despite the risks from primary smallpox vaccination the benefits of eradi-
cation were clear: 31 countries still had endemic smallpox in 1967 at the time
of the resolution to intensify eradication efforts, an estimated two to three
million persons in those countries would die from smallpox that year, and
uncounted others would be left with severe facial scarring, corneal scarring
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and blindness [7]. There was no doubt that smallpox eradication would save
lives and that the death and disability prevented would be considerable, as
would the financial savings associated with foregone medical treatment costs
and the cessation of smallpox vaccination [8, 9].

In1977, after10yearsof intensifiedcountryactivities toeradicate smallpox,
the last naturally occurring chain of human-to-human smallpox transmission
had occurred. Three years later, in 1980, an independent global commission
certified that smallpox had been eradicated from the world. The smallpox
eradication programme became the first public health programme to achieve
worldwide equity in the benefits of a vaccine. That equity was achieved in
large part through mass vaccination.

3
Routine Immunization and Mass Vaccination Today—
A Necessary Alliance

The fundamental reason that mass vaccination was required to eradicate
smallpox was that routine vaccination services in many developing countries
lacked the infrastructure needed to vaccinate a sufficient number of their pop-
ulation to attain the herd immunity required to interrupt transmission of the
smallpox virus. During the 1970s, as the smallpox eradication programme
continued, there was increasing dialogue in WHO expert advisory groups
about ensuring equitable distribution of other vaccines in developing coun-
tries, such as the DPT vaccine and the newly developed measles and rubella
vaccines. These discussions focused on the intensity of the effort required
for mass vaccination, the cost of sustaining mass vaccination efforts, and the
potential for better sustainability if immunizations were routinely made avail-
able along with other maternal and child health services. The outcome of these
discussions was the development of the WHO Expanded Programme on Im-
munizations (EPI) in 1974, the goal of which is to establish and/or strengthen
routine immunization programmes in developing countries [10–12].

The overall strategy of the EPI was to increase and sustain the percentage
of children who were protected against selected diseases for which vaccines
existed. It established common strategies for planning, implementation and
evaluation of the effectiveness of national immunization programmes, and
introduced these strategies in developing countries through standardized
training programmes. In 1977 the World Health Assembly resolved to provide
four vaccines (multi-antigen, diphtheria, pertussis and tetanus vaccine; triva-
lent oral polio vaccine; measles; and BCG) to children throughout the world.
By 1990, 16 years after EPI was first established, it was estimated that nearly
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80% of children in the world had been vaccinated, some countries having
achieved this goal through supplementary mass vaccination campaigns that
had received substantial support from bilateral, multilateral, nongovernmen-
tal and international organizations [13, 14].

Sustainabilityof this extraordinaryachievementbegan towane inmanyde-
velopingcountries soonafter1990,due tonon-sustainedexternal support, and
internal factors such as civil disturbance and war. By 2003 it was estimated that
vaccination coverage globally was 75%, ranging from 80% or more in industri-
alized countries to less than 56% in much of sub-Saharan Africa. Seventeen of
the poorest countries in the world were reaching fewer than 50% of children.
Obstacles to vaccinating children through routine immunization programmes
included poor quality planning, inadequate funding of peripheral staff and
operational costs (resulting in low quality and unreliable services), and inad-
equate monitoring and supervision of immunization activities [15].

In an effort to help countries overcome these obstacles and strengthen
immunization services in 75 of the poorest countries with low coverage, the
Global Alliance for Vaccines and Immunization (GAVI) was established in
2000 [16]. GAVI provides incremental funding for immunization services,
with continuity in funding linked to improvements in the percentage of chil-
dren immunized. It also provides finances for the introduction of new vaccines
into routine immunization programmes in most of these countries. Despite
strengthening routine immunization services in many countries through EPI
strategies and GAVI support, the need for mass vaccination remains, both
for preventing emerging outbreaks, and for accelerating disease control pro-
grammes.

In all mass vaccination activities, except for those involving oral polio vac-
cine, auto-disable syringes are themethodof choice for vaccinating. Puncture-
resistant containers for collecting disabled needles and syringes must also be
available. Multiple-use jet injectors are only used when public health au-
thorities determine that the benefit outweighs the slight, but real risk of
transmission of blood-borne infections [17].

4
Preventing Emerging Outbreaks

Perhaps the most widely accepted reason for using mass vaccination is to
rapidly increase population (herd) immunity in the setting of an existing
or potential infectious disease outbreak, thereby limiting the morbidity and
mortality that might result. The rationale for using a mass vaccination ap-
proach is particularly strong when the incidence of an epidemic prone disease
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Table 1 Mass vaccination to prevent emerging outbreaks

Mass
vaccination
category

Objective of
mass vaccination

Examples Comment

Response
to an emerging
epidemic

Rapidly limit
the morbidity
and mortality due
to the documented
presence of
a vaccine-
preventable
disease

Meningitis campaigns
in sub-Saharan Africa,
annual influenza
campaigns in
industrialized countries,
yellow fever campaigns
in sub-Saharan Africa
and Latin America

Particularly
important when the
antigen is not
delivered through
routine
immunization
programmes

Displaced
persons

Rapidly establish
population
immunity when
risk occurs

Measles immunization
in refugee camps

Compensate for lack
of routine services

Threat
of deliberately
caused
outbreaks

Rapidly establish
population
immunity when
risk is perceived

Smallpox vaccination
in response to a real
or perceived threat.

May serve as event
deterrent

is beginning to rise and when there has been no routine vaccination because
the vaccines are unsuitable for routine use, or because populations have been
displaced and routine immunization services disrupted (Table 1).

4.1
Meningitis

Meningococcal meningitis is one of a number of diseases for which mass
vaccination is a standard, proven element of epidemic control. Although
meningococcal meningitis occurs throughout the world the largest epidemics
occur in the semi-arid areas of 12 sub-Saharan African countries, designated
the African meningitis belt [18]. Most countries within the meningitis belt
experience increased transmission each year during the dry period, with large
epidemics occurring every 8–12 years during the past 50 years, particularly
in regions with extensive communication and mixing of populations.

Meningitis epidemics in sub-Saharan Africa are generally caused by
serogroup A organisms, although W135 serogroups have been recently
shown to also play a role. Meningococcal vaccines are based on capsular
polysaccharide antigens. They are not routinely used in early childhood
because of their general lack of efficacy in infants and young children, those
at greatest risk of infection and disease [19].
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When increased transmission of meningitis occurs in sub-Saharan Africa,
epidemiological surveillance is important to determine when the threshold
of transmission that generally leads to epidemics has been reached. Once
reached, mass vaccination is begun and targeted at a broad age range, some-
times the whole population. Rapidly organized and conducted mass vaccina-
tion campaigns effectively protect susceptible individuals and can often inter-
rupt epidemic transmission within 2 or 3 weeks. Mass vaccinations are usually
provided by mobile vaccination teams or fixed vaccination stations at health
centres or other community facilities [20]. If newly developed meningococcal
conjugate vaccines are shown to be protective in infants and young children,
meningococcal vaccination could eventually be included in national immu-
nization programmes in areas at high risk of meningococcal disease [21].

4.2
Influenza

Influenza vaccines are not included in routine immunization programmes
because of the need to alter the vaccine’s composition each year, making it
necessary to rapidly vaccinate populations at risk before the epidemic season
for influenza begins. Each year seasonal influenza occurs during the winter
months in both the northern and southern hemisphere. It is estimated that
up to 500 000 persons die each year from seasonal influenza, mainly those
over the age of 60 years (WHO). The influenza virus is highly unstable and
regularly mutates through a process called antigenic drift. Because antigenic
drift decreases the efficacy of the influenza vaccine, the recommended anti-
genic composition of vaccines is altered each year based on prevalent virus
strains. The composition is altered once in February, for the influenza season
that will begin 11 months later, and again in August for the influenza season
in the southern hemisphere.

As soon as altered influenza vaccines become available each year, they are
provided to thepopulationat risk (usually the elderly, and in somecountries to
health workers as well) prior to the epidemic season and by mass vaccination
at fixed health facilities, mainly in industrialized countries [22, 23]. Recently
the provincial government of Ontario in Canada recommended vaccination
of populations of all ages with influenza vaccine prior to the influenza season.
This experience will provide a comparative evaluation of the approach being
used in most other countries. Although it is known that seasonal influenza
occurs in developing countries, further study is needed to understand the
target population and vaccination strategy required to optimize the impact of
mass vaccination.
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At times, an antigenic shift occurs when a new pandemic influenza virus
enters human populations, usually from an avian source. The new virus
strain must then be used to develop a new vaccine because little, if any cross
immunity is anticipated from existing influenza vaccines. New vaccines for
pandemic influenza are targeted at the entire population, and are provided in
mass campaigns.

4.3
Yellow Fever

Yellow fever occurs sporadically in 33 countries in Africa and 11 countries in
South America. A severe epidemic of human-to-human transmission is most
likely to occur when conditions allow the density of mosquito vector popu-
lations to substantially increase, as often happens during the rainy season.
Epidemiological surveillance is a key strategy for limiting yellow fever epi-
demics by rapidly identifying human infections when they occur. Mosquito
control is also an effective supplemental prevention strategy. However, the
most effective means of preventing yellow fever epidemics is through vacci-
nation at 9 months of age using the vaccine as part of routine immunization
programmes [24], and yellow fever vaccine is integrated into routine immu-
nization programms in some, but not all countries at risk.

If routine immunization at 9 months of age does not reach the level needed
for herd immunity in the general population, epidemic transmission is a risk
and mass vaccination is required to fill the gap in immunity. The target pop-
ulation for mass vaccination, once yellow fever has been identified in human
populations, is the entire population living or working in the area from which
the infection has been identified. In the event of limited financial resources or
vaccine supply, the primary target population is usually children aged from
9 months to 14 years after which adults at risk are also vaccinated. Vacci-
nations are generally provided through house-to-house campaigns, during
which there is active questioning to determine whether additional human
infections are occurring. As with any epidemic, planning and implementa-
tion of mass vaccination must begin as soon as possible after an outbreak
is confirmed, and emergency supplies of 17D yellow fever vaccine ordered
immediately.

4.4
Displaced Persons

Sudden and massive influxes of people with varied backgrounds and immu-
nization status can occur during civil disturbance, war and natural disasters.
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In such situations routine immunization activities are often not available
and, where displaced populations live in close proximity, and where sanita-
tion and water supplies may be compromised, they create a particularly rife
environment for epidemics of vaccine preventable diseases. Major vaccines
used in mass campaigns among displaced persons are measles, meningococ-
cal meningitis, and yellow fever vaccines. Mass vaccination for measles is
usually conducted immediately after displaced persons congregate, particu-
larly if vaccine coverage rates are estimated to be less than 80%. The target
population is often extended, to a lower age limit of 6 months and an upper
limit of 14 years, with revaccination of infants when they reach 12 months
of age. Mass vaccination for meningitis and yellow fever is conducted if risk
factors for epidemics are present, while studies of the applicability of the new
cholera and typhoidvaccines indisplacedpopulations are currentlyunderway
in several geographic areas to evaluate their usefulness in mass campaigns
among displaced persons [25].

4.5
Threat of Deliberately Caused Outbreaks

There is a variety of circumstances under which public health authorities
gauge the risk of a deliberately-caused epidemic or biologic threat to be
sufficent to warrant preventive action. Mass vaccination campaigns are then
sometimes conducted as a deterrent, and/or to prevent a deliberately caused
outbreak shouldonebeplannedoroccur. Somecountriesperceiveaparticular
threat from disease such as smallpox and/or anthrax, and have begun to
stockpile vaccines against these perceived threats that would be used for mass
vaccination of entire populations should such a threat materialize [26].

Strategies for the use of these vaccines vary, but most countries state as the
first priority mass vaccination of primary responders such as health workers,
followed by mass vaccination of the general population if the deliberately-
used infectious agent has the potential to spread from person to person.
The strategies for mass vaccination may, however, be much more complex
than for other indications due to the deterrent nature and thus the need to
be as safe as possible. For example, because infection with HIV has been
associated with generalized vaccinia and death after smallpox vaccination,
strategies of preventive mass vaccination using smallpox vaccine need to
incorporate the ability to avoid vaccination of HIV infected persons, and to
provide them protection by other means such as passive immunization with
vaccinia immune globulin [27].
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5
Mass Vaccination to Accelerate Disease Control

A second important use of mass vaccination strategies is to accelerate disease
control to rapidly increase coverage with a new vaccine at the time of its
introduction into routine immunization programmes, or to attain the herd
immunity levels required to meet international targets for eradication and
mortality reduction. Since the late 1980s, international accelerated disease
control targets have been established for eradication, for mortality reduc-
tion, and for heightened control of infectious diseases. Reaching these targets
requires rapidly increasing population immunity, usually with the goal of in-
terrupting human-to-human transmission of the causative infectious agent.
Mass vaccination campaigns are a particularly important element of these
efforts as the vaccination coverage levels required to achieve herd immunity,
especially in densely populated areas, often exceed the coverage rates from
routine immunization programmes (Table 2).

Table 2 Mass vaccination to accelerate disease control

Mass
vaccination
category

Objective of
mass vaccination

Examples Comment

New vaccine
introduction

Rapidly optimize
the impact of a new
antigen and/or
minimize potential
side effects
associated with
its introduction

Rubella campaigns
(e.g. targeting children
and women < 45 years)

One-time
supplement at time
of initiation
of routine childhood
immunization with
a new vaccine

Disease
eradication

Achieve population
immunity needed
during time-limited
period to interrupt
transmission

National Immunization
Days (NIDs)
for polio eradication

Essential if coverage
required for herd
immunity exceeds
that of routine
immunization
coverage or goals

Mortality
reduction

Accelerate
achievement of
specific national
or international
disease control
goals

Measles morbidity
and mortality reduction
campaigns, neonatal
tetanus elimination
campaigns

Sometimes
continued as
a transition or
temporary strategy
while routine
immunization
is strengthened
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5.1
New Vaccine Introduction

During the past 60 years more than 20 new vaccines have become available.
Mass vaccination can be a key element of new vaccine introduction, the
goal being to quickly reduce the proportion of susceptible persons at risk
at the time the new vaccine is introduced into the routine immunization
programme. The impact of the mass campaign is to equalize population
immunity levels, thus preventing a potential exacerbation of the disease that
is targeted because of a sudden change in its transmission patterns or other
epidemiological characteristic that might occur by vaccinating only a portion
of the susceptible population through routine immunization programmes.

At the time of new vaccine introduction, persons considered susceptible
and at risk of infection are vaccinated in mass vaccination campaigns to ‘mop
up’ or protect all those who were susceptible. Mass vaccination is then ended,
and the vaccines remain incorporated in routine immunization programmes
to vaccinate susceptible persons as they enter the cohort of susceptibility
(usually at birth).

A clear example of this strategy first occurred in the 1950s when the Salk
inactivated polio vaccine was first licensed. Initially it was offered in mass
campaigns to all populations considered at risk of polio, then incorporated
into routine childhood immunization programmes to ensure that children
entering the birth cohort were fully protected.

Although routine childhood immunization against rubella is now a stan-
dard component of vaccination programmes in industrialized countries,
the vaccine has until recently seen limited uptake in developing countries.
Decision-making on whether or not to introduce rubella vaccine was com-
plicated by concern that routine childhood immunization against the disease
could shift the average age of infection to older girls, inadvertently increas-
ing, at least transiently, the risk of disease in pregnant women and thus the
incidence of congenital rubella syndrome. Consequently, the introduction of
routine childhood immunization against rubella is accompanied by a one-
time mass campaign, targeting all girls less than 15 years of age, and in some
countries all women of childbearing age [28].

It is likewise recommended standard practice to accompany the introduc-
tionofyellowfevervaccine intoroutinechildhood immunizationprogrammes
withaone-timemassvaccinationcampaign. In these campaigns childrenaged
less than 15 years are targeted to prevent yellow fever epidemics that could
continue because of the immunization gap that would occur until immunized
childhood cohorts reach adulthood [29].
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5.2
Eradication

Polio vaccination has been included in routine immunization programmes
since the licensing of the Salk and Sabin vaccines. In 1988, when the target
to eradicate polio was set, an increasing number of countries had already
interrupted human-to-human transmission of wild poliovirus by using oral
poliovirus vaccine (OPV) in routine immunization programmes. In many
countries inLatinAmerica,where routine immunizationprogrammeshadnot
ever achieved high level control it was demonstrated that by supplementing
routine immunization with mass vaccination these tropical and semi-tropical
developing countries could rapidly interrupt transmission.

The mass vaccination strategy currently used in polio eradication targets
all children under the age of 5 years, during National Immunization Days
or Weeks in which OPV is administered to children through fixed sites with
house-to-housemop-upcampaigns that sometimes target abroaderagegroup
if required to interrupt the final chains of transmission. In some densely
populated areas, interrupting poliovirus transmission has required well over
90% coverage in up to seven mass vaccination campaigns each year. Areas
with low standards of sanitation and high population densities have required
the most campaigns.

Prior to conducting mass vaccination, district level micro-planning is used
to identify areas where children under the age of 5 years may be living and
to prepare maps that are used by social mobilizers and vaccinators as they
pass from community to community and house to house. The oral route
of OPV administration allows the widespread use of health workers, school
teachers and community volunteers trained in short courses to administer
polio vaccine during the campaigns. Worldwide interruption of human-to-
human transmission of wild poliovirus is presently targeted for 2005. At the
time this chapter was written mass vaccination was being further intensified
in the six countries that remained polio-endemic, in six countries that had re-
established polio transmission due to imported virus, and in other countries
to control outbreaks following polio importation [30].

Despite the impact of the global polio eradication initiative to date, the
use of mass vaccination strategies with the endpoint of eradication remains
an uneasy alliance with routine immunization programmes, largely due to
the massive marginal and opportunity costs associated with eliminating the
final chains of human-to-human transmission. This debate has led to the
establishment of careful and comprehensive criteria for considering future
eradication programmes, particularly the need for explicit and appropriate
cost–benefit analysis in advance, as well as the capacity to sustain sufficient
societal and political support throughout [31, 32].
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5.3
Mortality Reduction

5.3.1
Measles

Although measles vaccine is universally included in routine immunization
programmes in developing countries, targeting children between the ages
of 9 and 12 months, there is frequent failure of children to seroconvert to
measles vaccine because of the presence of maternal antibody to measles.
Once maternal antibody disappears the window of opportunity to effectively
vaccinate children before natural infection is short and operationally difficult
to exploit. Mass vaccination campaigns are a frequently used strategy to
overcome this problem [33].

Based on the age profile of measles susceptibility, a one-time nationwide
catch-up campaign is conducted in Latin American countries to reduce pop-
ulation susceptibility and interrupt transmission. Usually all children aged
less than 15 years are targeted, regardless of prior measles immunization
status. Follow-up mass vaccination campaigns, targeting children aged less
than 5 years, are then conducted every 3–5 years thereafter, giving those
who have not previously seroconverted a second opportunity. Countries that
are achieving very high coverage through their routine immunization pro-
grammes generally provide the ‘second opportunity’ prior to school entry.

5.3.2
Maternal and Neonatal Tetanus

To prevent maternal and neonatal tetanus, mass vaccination campaigns with
tetanus toxoid are conducted in high-risk areas that are delineated using
surveillance data and the prevalence of clean birth and delivery practices. In
most countries with an explicit maternal and neonatal tetanus elimination
goal, districts are now ranked from highest to lowest risk of the diseases.
Multiple rounds of mass vaccination are often required, targeting young
girls and women of childbearing age, to rapidly boost immunity against
tetanus [34].

6
Mass Vaccination in the Twenty-First Century

In the 200 years since Edward Jenner first opened the door to disease con-
trol through mass vaccination, much attention has been given to establishing
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and strengthening primary health services through which childhood immu-
nizations can be delivered on a routine, ongoing basis. At the same time,
mass vaccination campaigns, conducted over short time periods, continue to
play an important role in the control of vaccine preventable diseases, in both
industrialized and developing country settings. Mass vaccination is partic-
ularly important for preventing emerging outbreaks of vaccine-preventable
diseases, rapidly boosting population immunity in emergency settings, opti-
mizing the impact of a new vaccine, achieving very high herd immunity levels
to achieve international disease control goals (especially eradication), and, in
some settings, to efficiently supplement routine immunization of young chil-
dren. Mass vaccination and routine immunization are a necessary alliance
for attaining both national and international goals in the control of vaccine
preventable diseases.
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Abstract The Smallpox Eradication Program, initiated by the WHO in 1966, was orig-
inally based on mass vaccination. The program emphasized surveillance from the
beginning, largely to track the success of the program and further our understanding
of the epidemiology of the disease. Early observations in West Africa, bolstered by
later data from Indonesia and the Asian subcontinent, showed that smallpox did not
spread rapidly, and outbreaks could be quickly controlled by isolation of patients and
vaccination of their contacts. Contacts were usually easy to find because transmission
of smallpox usually required prolonged face-to-face contact. The emphasis therefore
shifted to active searches to find cases, coupled with contact tracing, rigorous isolation
of patients, and vaccination and surveillance of contacts to contain outbreaks. This
shift away from mass vaccination resulted in an acceleration of the program’s success.



18 J. M. Lane

1
Background

During 1967–1969, the World Health Organization’s Smallpox Eradication
Program shifted emphasis from mass vaccination to surveillance and con-
tainment. The shift evolved from early field experiences by the Center of
Disease Control (CDC) staff who improvised new approaches based on their
developing understanding of the epidemiology of smallpox, and the relative
ease of its control. This chapter summarizes these data and experiences, and
comments on the results of the initial efforts in surveillance and contain-
ment.

In 1964 the World Health Organization (WHO) Expert Committee on
Smallpox mandated 100% vaccination coverage to eradicate smallpox, rather
than an 80% level of herd immunity as previously claimed (WHO 1964). These
experts assumed that smallpox was highly contagious and would therefore
find isolated pockets of susceptible population. The committee emphasized
the need to measure levels of immunity by developing methods of rapid and
reliable assessmentof vaccinationcoverage.Around the same time, jet injector
technology was being developed for rapid point-of-collection immunization
(Millar et al. 1969; Roberto et al. 1969; Neff et al. 1969). Coincidentally, trials
in the early 1960s, which showed the safety and efficacy of measles vaccine in
Africa, led many West African public health advocates to request assistance
with measles control. (Meyer et al. 1964) These developments set the stage for
the West African measles/smallpox campaign.

2
Initial Plans for Mass Vaccination Against Measles and Smallpox
in West Africa

The initial plan for the smallpox eradication/measles control program was to
do mass vaccination of the entire population for smallpox, and all children
under the age of 5 years for measles. The program used mobile teams go-
ing village to village, with collection point vaccination. Measles had a high
case fatality rate in sub-Saharan Africa, about 5%. (Morley 1967) There was
therefore considerable interest in the successful trial of measles vaccine in
Upper Volta (now Burkina Faso). This led USAID to advocate a measles vac-
cination campaign through West Africa (Meyer et al. 1964). CDC agreed to
provide technical assistance to this campaign if smallpox eradication was
added to the effort (Fenner et al. 1988). Simultaneous childhood measles and
universal smallpox vaccination was started in 1967, using collection-point
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mass vaccination with jet injector guns as the main strategy. Collection point
mass vaccination utilized the jet guns maximally, and helped the logistics of
handling measles vaccine, which required careful refrigeration. The jet guns
were cumbersome and made house-to-house visitation awkward. Collection
point mass immunization and treatment methods had been successfully used
throughout much of West Africa to control yellow fever and yaws, so that
public health authorities were comfortable with mass vaccination concepts
(Hopkins 1985; Tomori 2002).

CDC and WHO were vitally interested in adding disease surveillance to
the effort, mostly as a method of assessing the results of the smallpox and
measles immunization program. Surveillance and outbreak investigations
also allowed direct comparison of the epidemiology of measles and small-
pox in similar communities. While superficially similar, the epidemiology of
measles and smallpox in West Africa proved to be quite different.

3
Contrasting Epidemiology of Measles and Smallpox in West Africa

Measles in West Africa was highly infectious and had about a 5% case fatality
rate (Morley 1967). The median age of attack was less than 2 years. Virtually all
children got the disease. Transmission was common in gathering places such
as markets, schools, or other gathering places. It was difficult to trace chains
of transmission. In large urban areas such as the city of Dakar, measles would
exhaust all susceptibles and require continual re-introductions from outside
the city to maintain transmission (Rey et al.1968). One case often caused
six or more new cases. Once the disease was introduced into a household or
compound, the attack rate among exposed susceptibles was usually nearly
100%.

Smallpox was much less infectious. The median age of attack was in the
mid-teens or early 20s (Foege et al. 1975). Chains of transmission were easy to
trace. Most transmission was to intimate household contacts (Henderson and
Yekpe 1969). One case rarely spread the disease to as many as three others.
Very small tribal groups, as few as 200 or so, often sustained transmission
for six or more generations (Imperato et al. 1973). In individual compounds
with extended family groups, the interval between the onset of the first case
and the onset of the last case was frequently 6 weeks, and often was 8 weeks
(Foege et al. 1975). The two viral exanthems, although superficially similar,
behaved very differently in the community.
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4
Observations Leading to Increased Importance
of Surveillance and Outbreak Containment

Four observations led the CDC to give increased emphasis on surveillance of
smallpox and rapid containment of outbreaks. First, in early 1967 Dr William
H. Foege, who had agreed to head the smallpox and measles efforts in the
Eastern State of Nigeria, detected a substantial epidemic of smallpox in sev-
eral communities in Ogoja Province. The initial shipments of vaccine had not
arrived. He called upon a network of friends and medical missionaries in the
area, and suggested that they use their very limited supplies of vaccine to
vaccinate close contacts of cases and possibly attenuate the outbreak. To his
delight the outbreak was rapidly eliminated (Foege et al. 1975). In retrospect
Dr C.W. Dixon had observed similar results in Tripolitania shortly after World
War II. He rapidly eliminated a substantial outbreak among the Arab popula-
tion with very limited supplies of glycerinated lymph vaccine. He vaccinated
occupants of tents in which cases were found, telling his workers to vacci-
nate residents of surrounding tents only if there was sufficient vaccine. Dixon
coined the term ‘ring vaccination’, which has become synonymous with the
vaccination strategy of surveillance/containment (Dixon 1948).

Second, shortly after the Ogoja Province outbreak showed that smallpox
was relatively easy to eliminate with vaccination of small numbers of close
contacts, Dr Foege and his colleagues conducted a textbook mass vaccina-
tion campaign in the Eastern Nigerian city of Abakaliki. Independent field
assessment with a carefully drawn sample of the city showed that 88% of the
population had been effectively vaccinated, with the major cutaneous reac-
tions that WHO used as criteria for ‘take’. Shortly thereafter there was an
outbreak of 33 cases of smallpox in the city (Thompson and Foege 1968). This
observation cast doubt on the ability of mass vaccination alone to eliminate
the disease.

Third, while these observations were being made in West Africa, data from
several studies of the epidemiology and viral shedding of Asian Variola major
became available. These studies showed that the vast majority of spread was
to persons with very close prolonged face-to-face contact with obviously sick
patients. Most transmission occurred during the first 5 or 6 days of the rash
when the patient was prostrate and visibly ill. Secondary household attack
rates among susceptibles were as low as 36% in the seasonal downswing of the
disease, and the highest recorded was only 88% during the seasonal increase.
Rarely did any patient spread smallpox to more than three other patients,
perhaps in part because they were too sick to be effectively mobile (Rao
et al. 1968; Mack et al. 1972; Sommer and Foster 1974; Heiner et al. 1971;
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Thomas et al. 1971). Joint US, UK, and Indian researchers used plates of viral
culture medium placed near patients in a smallpox hospital to show that viral
shedding was detected only within 6 feet of the patient. Virus was not shed
during the first 2 or 3 days of the prodrome when the patients were very ill,
but had not yet developed an enanthem in the back of the nose and throat
(Downie et al. 1965).

Finally, review of the epidemiology of imported smallpox in Europe from
1950 to 1971 yielded similar data on the relatively slow spread of the disease.
There were very few large outbreaks. Indeed 13 of 47 importations resulted
in no spread at all. The average number of cases per importation was just
15. Over 50% of cases acquired smallpox in hospital, when undiagnosed
very sick patients were not fully isolated (Mack 1972). In commenting on
this study the author wrote “It is my judgment that under contemporary
conditions smallpox cannot be said to live up to its reputation. Far from being
a quick-footed menace, it has appeared as a plodding nuisance with more
bark than bite.” Mack has subsequently pointed out that smallpox probably
would have been eliminated in developed nations, even without vaccine, by
prompt isolation of patients (Mack 2003).

5
Change in Strategy, 1968

During the fall of 1968, the CDC program in West Africa, led by Dr Foege,
changed its strategy for smallpox eradication. Foege and his colleagues rea-
soned that the relatively slow spread of smallpox, with the ease of aborting
outbreaks by vaccination of contacts, made the disease susceptible to control
by actively searching for cases and concentrating on vaccinating their house-
hold and village contacts. Foege was also impressed by the marked seasonality
of the disease. He believed that if outbreaks could be found during the West
African seasonal low in September through January, and chains of transmis-
sion broken by patient isolation and/or vaccination of close contacts, a large
decrease in the seasonal high from February through June would result from
a fairly small effort. In India less than 1% of villages were infected at any one
time, suggesting that only modest numbers of vaccinations were necessary if
reporting could be improved (National Institute of Communicable Diseases
of India 1968). CDC thus laid plans for intensive active surveillance in the fall
of 1968 and early winter of 1969 (Foege et al. 1971).
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6
Elements of the Surveillance/Outbreak Containment Strategy

The surveillance and outbreak control strategy is conceptually simple,
but required several changes in emphasis from the straightforward mass
vaccination technique. Improvements in surveillance were central to the
effort. Passive reporting through the medical care system was very poor in
the newly emerging nations of West Africa. Reporting efficiency in Nigeria
was only about 5% of actual cases, and was poor in other areas of West Africa
(Henderson et al. 1973). Instead of relying on formal medical reports, CDC
teams went to markets and schools, and showed pictures of typical cases
of smallpox, inquiring whether anyone had seen similar patients in their
village in recent weeks. They quickly learned that tribal and civil authorities
knew more about the health conditions in the villages than the medical
hierarchy. Surveillance became an active search, rather than passive reliance
on traditional disease notification by medical personnel.

A second element is improved isolation of patients. Patient isolation can
be very effective in controlling smallpox since patients are not infectious
during the first 3 days or so of the prodrome, and transmission is usually
only to contacts with prolonged direct face-to-face exposure. Indeed one
experienced observer suggests that in developed countries smallpox could
be eradicated by isolation alone (Mack 2003). Many tribes in West Africa
hid cases because they had learned that isolation in smallpox hospitals was
tantamount to a death sentence. Medical and nursing care was poor in most
African smallpox hospitals, and patients were not given good food and fluids.
Family members could do a better job of nursing patients, and particularly
feeding them, given that there was no actual therapy for smallpox. A system
of home isolation with careful education of family members and villagers,
coupled with vaccination of caregivers, replaced forced hospitalization.

A third element is identification of contacts. This proved easy once contacts
realized that being vaccinated might save them from developing smallpox.
Many of the CDC operations officers in the program had been sexually trans-
mitted disease investigators in the US, and were experienced in interviewing
and contact tracing.

A fourth element is vaccinating the contacts. The biology and immunology
of smallpox allows contacts to be spared the disease if they are vaccinated
within about 3 days after contact (Massoudi et al. 2003; Kennedy et al. 2004).
CDC staff quickly realized that vaccinating contacts with the jet injector guns
was cumbersome and time consuming, whereas all workers in the program
could carry several vials of vaccineandcontainersof sterile bifurcatedneedles.
They could vaccinate contacts wherever and whenever they were found. Fully
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100% of contacts had to be vaccinated, which meant that teams often made
multiple visits to infected villages, including staying at night to vaccinate
villagers who had gone to markets or were engaged in remote agricultural
activities.

A fifth element of the new strategy is placing contacts under careful and
close surveillance, so that they can be isolated as soon as they develop early
prodromal symptoms of smallpox (smallpox is not infectious until 3 or 4 days
after the beginning of the febrile prodrome). Surveillance could be accom-
plished by program team members, local health workers, or village officials
trained to do the task.

The final element of the surveillance/containment strategy is vaccinating
the ‘second ring’, i.e., the contacts of contacts. In practice this often meant vac-
cinating an entire village once the initial contacts had been carefully identified
and vaccinated. The second ring was vaccinated in case there was a vaccine
failure in one of the first ring contacts, or a failure to identify a contact already
infected.

7
Results in West Africa

The shift from mass vaccination to surveillance and outbreak containment
rapidly accelerated smallpox eradication. Figure 1 shows the secular trend of
smallpox in the 19 nations of West and Central Africa, displayed on a semi-log
scale as the ratio of observed cases to those expected from the mean of the
7 years from 1960 to 1967. This corrects for the sharp seasonal trend observed
in the historical data. When active search began in the fall of 1968, there was
an immediate increase in cases detected. This was followed by a rapid decline,
with smallpox being finally eradicated more than 18 months in advance of the
original target date (Foege et al. 1971; Foege 1996)

In late 1967, during the tensions leading to, and then the actual conduct
of, the Biafra Civil War, the Eastern State of Nigeria shifted from mass vacci-
nation to surveillance and containment and interrupted transmission in just
5 months, with only 750 000 of the state’s 12 million population vaccinated
(Foege et al. 1975). Sierra Leone had the highest incidence of reported small-
pox in all of Africa in 1967, and started its mass vaccination program a year
later than most of the other West African nations. It eradicated smallpox
rapidly, and indeed three of its four largest outbreaks, and seven of its 13
administrative districts, cleared smallpox completely before the planned be-
ginning of mass vaccinations (Hopkins et al. 1971). Mali eradicated smallpox
with barely 51% of its population vaccinated (Foege et al. 1975). There were
similar success stories in Guinea, Togo, Upper Volta, and Northern Nigeria.
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Fig. 1 The percentage of the population not vaccinated in the smallpox eradication
program areas of West and Central Africa (broken line) compared with the ratio (%)
of reported smallpox cases to cases expected from the 1960–67 monthly average (solid
line). The arrow marks the start of surveillance-containment activities

8
Results in Asia

The results of the emphasis on surveillance and outbreak control in West
Africa were sufficiently impressive so that WHO urged other nations, par-
ticularly in Asia, to adopt the strategy as a mainstay of their eradication
programs. The success of these measures is well documented in the defini-
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tive history of the WHO Smallpox Eradication Programme (Fenner et al.
1988). In the Indonesian province of West Java, a fortuitous experiment took
place in which Bogor regency did surveillance/containment alone, Bandung
regency did surveillance/containment combined with mass vaccination ef-
forts aimed at reducing the backlog of unvaccinated population, and Tjire-
bon regency first did mass vaccination to reduce the backlog, followed by
surveillance/containment. The outcome convinced Indonesian authorities of
the superiority of surveillance/containment, and they were instrumental in
helping WHO convince Indian program leaders to adopt the strategy.

The Asian efforts included improvements and extensions of the basic steps
in the surveillance/outbreak containment methods. In India increasing re-
wards were made for reporting bona fide cases of smallpox, with increasing
values (25 to 50 to 100 rupees) as the final cases were found. In Bangladesh
family health workers lived for nearly 2 weeks in each infected village to assist
with vaccination, and guards were posted at houses where infected patients
were isolated. Surveillance built in measures of the time from the onset of
each patient’s illness to the time of report, the time between initiating control
measures and the onset of the last case in the outbreak, and similar methods
of documenting the speed of finding cases and contacts. The time taken to
control outbreaks became the measure most closely monitored, other than
the actual decline of cases itself.

9
Validation by Mathematical Modeling

In 2002 concerns about the use of smallpox as a bioterrorist weapon led
to planning for handling outbreaks with unnatural sources. Kaplan and his
colleagues constructed a mathematical model of smallpox outbreaks, and
claimed that surveillance and outbreak containment methods did not work
as well as mass vaccination. His model included several aspects that are not
consistent with historical experience; only 50% of contacts were found, pa-
tients spread the disease during the asymptomatic period of their infection,
and quarantine and isolation of patients and contacts was not fully effective
(Kaplan et al. 2002). Several other investigators, using a variety of different
mathematical modeling methods but employing realistic biological parame-
ters consistent with historical field experience, have found that surveillance
and containment methods works better than mass vaccination in virtually all
scenarios (Meltzer et al. 2001: Halloran et al. 2002: Bozette et al. 2003; Eichner
2003; Eubank et al. 2004; LeGrand et al. 2004: Porco et al. 2004; Glasser et al.
2005).
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10
Summary and Conclusions

Unique biologic and epidemiologic aspects of smallpox allow it to be rapidly
eliminated by surveillance and outbreak containment techniques. Patients
have a characteristic visible rash, which is easy for non-medical personnel to
recognize. The disease is not infectious in the early stages of the prodrome,
while the patients are very sick. This keeps patients from being mobile and
spreading the virus. The vast majority of spread is to very close contacts, who
are thus easy to identify. Vaccination early in the incubation period is effective
in stopping thedevelopmentof the illness. Emphasisonfindingcases, isolating
them, and vaccinating their contacts accelerated the eradication of smallpox,
and allowed de-emphasis of mass vaccination methods. Surveillance and
careful isolation of patients may be important in other diseases spread by
large droplet respiratory secretions, such as SARS.

In the author’s opinion, a terrorist attack in the US using smallpox should
not prompt mass vaccination. Mass vaccination with current first generation
vaccinia strains would cause considerable morbidity and mortality (Lane and
Goldstein 2003). It would be unnecessary given the efficiency and ease of
surveillance and containment in a nation with sophisticated communications
systems (Mack 2003; Lane and Goldstein 2003). If widespread simultaneous
releases of large volumes of aerosolized smallpox took place in several cities,
mass vaccination might become politically inevitable, but during the cam-
paign contacts of known cases would still be ethically and epidemiologically
the most important people to receive vaccination. Thus surveillance and con-
tainment methods would have to accompany any mass vaccination efforts,
and should receive the highest priority. The post 9/11 efforts to create a cadre
of vaccinated health care workers in the U.S. was not a mass vaccination ef-
fort, but rather an attempt to selectively immunize people known to be at high
risk of exposure to smallpox in an attack given the frequency of nosocomial
spread.
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Abstract Mass immunization involves delivering immunizations to a large number of
people at one or more locations in a short interval of time. Good mass immunization
programs apply planning and quality standards that maximize return on resources
invested and provide the greatest individual benefits when immunizing many people
in a short period of time. These programs can be used to counter contagious outbreaks,
adopted as a repeated means of sustained healthcare delivery, or applied where many
people move through a specific place in a short interval of time. Relevant quality
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standards address appropriate facilities and supplies, training of professional and
paraprofessional staff, education of potential vaccinees and methods to screen them
for contraindications to immunization, safeguards against anaphylaxis and syncope,
documentation, safety surveillance, and a quality-improvement program. Successful
mass immunization programs require early planning that builds on existing compe-
tencies. As the number of available vaccines increases, prioritizing which vaccines to
administer during mass campaigns requires consideration of effectiveness, safety, and
a cost–benefit equation from both the individual and community perspectives. Mass
immunization campaigns aim to maximize the health of a population, but such cam-
paigns need to be customized based on individual contraindications to immunization.
Mass immunization programs need to be conducted ethically, with considerations
of benefit versus risk and the need for detailed education of healthcare workers and
vaccinees.

The views expressed are those of the authors and do not represent the official
position of the US Department of Defense or Department of Army.

1
Introduction

Active immunization is the deliberate effort to prevent infection by evok-
ing disease-specific immune responses. Active immunization uses an agent
similar to a pathogen, but less risky. The practice of administering whole or
subunit microbes as vaccines dates back over 1,000 years, to early efforts to
prevent smallpox [1, 2]. In human history, the preeminent forms of infectious
disease control have been sanitation and immunization [3–6]

Mass immunization is a term used in diverse ways in the medical literature.
The most frequent use of the term, and the definition adopted here, is deliv-
ering immunizations to a large number of people at one or more locations
in a short interval of time. A common understanding is that mass immu-
nization campaigns involve more people passing through the immunization
process than is the usual baseline rate. Similar, but less commonly used terms
are pulse immunization, repeated pulse immunization, surge immunization,
or cluster immunization [7]. Mass immunization is the technique employed
during National Immunization Days conducted in many developing coun-
tries as part of the World Health Organization’s (WHO) Expanded Program
on Immunization (EPI) [2, 8].

This chapter will focus on principles and quality standards that give the
greatest return on investment and the greatest individual benefits when im-
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munizing many people in a short period of time. It can be a challenge to
apply these standards in austere field situations, but program managers have
a responsibility to do their best with the resources available to them. As
with most other applications of preventive medicine, immunization reflects
a population-based intervention to reduce disease that may have rare adverse
consequences for an individual. For that reason, we will discuss contraindi-
cation screening and adverse event management.

Mass immunizationhasbeenused to refer to theadministrationofmultiple
immunizations at the same clinical encounter. In this chapter, we refer to that
common practice as simultaneous or concurrent immunization.

We consider the term mass immunization to be misapplied if used to
describe immunization recommended for essentially all members of a large
cohort, with the cohort typically defined by age, gender, or occupation. We
consider that to be a policy of universal immunization for that cohort.

2
Applications for Mass Immunization

The situations in which mass immunization techniques can be applied are
summarized in Table 1. The first mass immunization programs occurred
when multiple people received variola inoculation or, later, Jenner’s smallpox
vaccine to prevent smallpox during community outbreaks [1, 2]. Mass immu-
nization in response to outbreaks has been successfully used in the twentieth
century to control outbreaks of smallpox [1, 2], measles [2, 9], meningococcal
meningitis [10, 11], poliomyelitis [8, 12], diphtheria [13], hepatitis B [14],
yellow fever [2, 15], and other infections. Public-health planners debate the

Table 1 Applications of mass immunization

• In response to outbreaks, such as smallpox, measles, meningococcal meningitis,
poliomyelitis, or other contagious infections

• As a repeated or iterative means of healthcare delivery, such as where people
do not have ready access to routine immunization services

• At gateways, where many people arrive at a specific place in a short interval
of time, such as students at a school, military personnel at a training camp,
workers at a new job, religious pilgrims, or refugees

• When a new vaccine becomes available or when a new immunization policy
is implemented

Definition: Mass immunization – immunizing a large number of people at one or
more locations in a short interval of time
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merits and cost-effectiveness of using mass immunization as a tool to control
typhoid fever or cholera outbreaks [16, 17].

Because of the emergent nature of contagious outbreaks, mass immuniza-
tion programs in such settings must be fielded rapidly and may lack intricate
planning. In contrast, other mass immunization campaigns are adopted as
a repeated means of sustained healthcare delivery, such as in developing re-
gionswherepeopledonothave readyaccess to routine immunization services.
In such settings, a mass immunization campaign can benefit from a deliberate
planning process.

Other applications of mass immunization procedures occur where a large
number of people arrive at or move through a specific place in a short interval
of time or on a recurring basis. Examples include new cohorts of students
arriving at a school, military trainees arriving at a training camp, workers
starting a new job, religious pilgrims [10, 18, 19], refugees, and the public
coming to places offering influenza immunization.

Mass immunization may also be employed soon after a new vaccine be-
comes available or when a new immunization policy is first implemented.
For example, when a vaccine is first distributed for a specific geographic
area, a larger number of people need to be immunized, compared to the
subsequent in-migration of people to that area. When immunization policies
change, such as by expanding recommended age ranges for immunization,
additional people suddenly need to be immunized. Compared to a routine
immunization program or the previous policy, this situation is sometimes
referred to as ‘catch up’ immunization. Mass immunization may be the tech-
nique used to get the new cohort caught up to the immunization level of the
original cohorts.

Mass immunization is associated with certain occupational or clinical set-
tings, such as training camps, schools, and municipal health clinics. Entering
and exiting schools, job sites, refugee camps, and other recognized physical
settings offer opportunities to screen immunization adequacy. Similarly, an-
nual influenza immunization programs for the public or for employees can
be used as a platform for assessing other immunization needs [18]. Most ap-
plications of mass immunization involve humans, but the same practices can
be applied for veterinary and community health, such as prevention of rabies
in dogs [20].

Immunizations administered via mass campaigns offer either prompt or
long-termprotection,orboth.Promptprotection isneededagainst contagions
that can spread rapidly within coming months (e.g., influenza, measles).
Other immunizations can protect against environmental exposures expected
to occur later in life (e.g., tetanus, hepatitis A).
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3
Policy Making and Planning

Before considering how to implement a mass immunization strategy, policy
makers and planners need to determine their public health goals and then
decide whether mass immunization is the proper tool to achieve the goals.

Whether immunization is clinically appropriate for an individual is based
on benefits expected from avoiding specific infections. Those infections have
specific characteristics of incidence, prevalence, endemic level, transmissibil-
ity, and incubation period, as well as disease characteristics reflected by the
clinical spectrum and duration of morbidity, the case-fatality ratio, availabil-
ity and effectiveness of treatments, and other factors. The risks of adverse
reactions to immunization similarly involve incidence, a clinical spectrum of
severity, duration of impaired function, speed and probability of resolution,
availability and effectiveness of treatments, and similar factors.

Then, to decide whether mass or routine immunization is the proper ap-
proach for a community or cohort, in contrast to sanitation or treatment [2,
9, 12, 16–19, 21–24] planners can model disease transmission dynamics. Such
models take into account the degree of preexisting immunity in the popula-
tion, their access to immunization services, and available resources. Policy
makers will consider factors related to available infrastructure, the popula-
tion’s physical and psychological distance from it, the degree of antimicrobial
resistance, and other factors. For developing countries, Foege and Eddins
describe advantages and disadvantages of organizing mass immunizations
based on house-to-house or collecting-point intervention [2]. And policy-
makers should consider how to sustain delivery of immunization services
over sequential years [2].

In general, the cost per fully immunized child is higher in a mass immu-
nization campaign than in a routine immunization program [2, 7, 25]. The
cost of travel and the decreased efficiency of itinerant vaccinators contribute
to this calculation. But in rural settings, a mobile immunization team may be
one of the only effective ways to deliver immunization services [1, 2, 26]. If the
people cannot or will not come to the immunization site, then the immuniza-
tion team needs to do the traveling. In such cases, the travel cost is a required
cost of achieving the public health goal, best amortized by delivering multiple
immunizations and other services on the same trip [2].

Inanacuteoutbreak, a limitedwindowofopportunity tocontrol thedisease
may tip the balance toward mass immunization. Examples include smallpox
and meningitis, where promptly achieving herd immunity (i.e., community
immunity) can slow disease transmission and bring an outbreak under con-
trol. Immunization policy making is situational. The factors that make mass
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immunization appropriate for one setting or region may differ from another
setting, where a different policy would be appropriate [9]. In some cases,
a mixed strategy of both routine and targeted mass immunization may be
appropriate [11]. If an outbreak occurs where insufficient vaccine is available,
planners may face difficult decisions on prioritizing access to the vaccine [27].

Unlike clinical prescribing decisions, where medication use is customized
to individual patients, vaccine policies typically involve a few decisions that
lead to medication administration to large populations of people. Vaccines
are required to be among the safest of all categories of medications, because
vaccines are given primarily to healthy people to keep them healthy. The
acceptable side-effect profile of the average vaccine is milder than most other
medications.

No medication, however, is 100% safe. So the standard of practice with
vaccines is to screen everyone eligible for immunization, to identify the few
individuals who should be exempted from that immunization [28]. Exemp-
tions are granted based on medical contraindications or a history of serious
adverse events after an earlier immunization. Some contraindications are ab-
solute, but most are relative, where policy makers and clinicians need to weigh
the individual benefit–risk ratio of immunization versus no immunization.

With the success of immunization in reducing the incidence of diseases
such as poliomyelitis, measles, and rubella, the public-health sector faces
increasing concerns about vaccine safety and adverse events experienced after
immunization. Even one adverse reaction in thousands of vaccine recipients,
if serious or with prolonged health impact, can cause concerns about the
safety of an immunization program.

Administration of multiple immunizations on the same day has been prac-
ticed for decades in the EPI, as well as in civilian and military healthcare
settings around the world. This approach mimics the natural experience of
receiving multiple immunologic stimuli from viruses and bacteria in the natu-
ral environment. In a March 2004 report, the civilian physicians and scientists
who comprise the US Armed Forces Epidemiological Board (AFEB) reviewed
the scientific basis for the safety and effectiveness of simultaneous immu-
nization [29]. Scientific panels consistently conclude that scientific studies
have not documented any known serious health risk from simultaneous im-
munizations. To minimize discomfort to immunized personnel, the AFEB
recommended strategies for US military personnel to decrease concurrent
immunizations, without sacrificing the individual and population benefits of
widespread immunization. These strategies included dispersing immuniza-
tions into clusters over time, increased use of serologic screening to eliminate
redundant immunization, and increasing the frequency of individual immu-
nization reviews. Naturally, discomfort from simultaneous immunizations is
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less influential in settings were the people have few contacts with organized
healthcare [2].

4
Military Cohorts as Examples

High-density cohorts of military personnel have a long history of suffering
from disease outbreaks and benefiting from mass immunization campaigns.
Smallpox influenced the course of many wars, including the American Rev-
olutionary War [1, 30]. Napoleon vaccinated his troops in 1805 [2], but the
policy was later abandoned. By 1869, an estimated 200,000 Frenchmen died
of smallpox [1]. During the Franco-Prussian War of 1870–1871, the Prussian
Army of 800,000 men vaccinated and revaccinated their personnel and suf-
fered 8,463 cases of smallpox, with a case-fatality ratio of 5.4%. In contrast, the
French Army was unvaccinated and suffered 125,000 cases of smallpox, with
a fatality rate if infected of 18.7%. Mass immunization programs eventually
led to the eradication of natural smallpox from this planet [1, 2].

The first large-scale use of tetanus toxoid, mass administration for Ameri-
canmilitary forcesbegan in1941. In this case, a change inpolicy led to theneed
for a mass immunization program. A record of tetanus toxoid doses adminis-
tered was stamped on soldiers’ identification tags, as well as in paper records.
In contrast, the German Army relied on treatment with tetanus antitoxin, and
suffered higher rates of morbidity and mortality from tetanus [3, 4].

Typhoid fever was a major scourge of the Spanish–American War of 1898
and the Boer War of 1899 [3–6]. Mass administration of various typhoid
vaccine formulations during World War I and World War II decreased its toll
substantially.

The devastating 1918–1919 influenza pandemic caused the greatest loss of
life from any cause in a short period of time in history [3–6, 31]. The extra-
ordinary loss of fighting strength led to the US Army’s research program to
develop viral influenza vaccines in the 1940s. Since then, US military forces
are routinely immunized against influenza A and B using mass immunization
techniques.

Meningococcal meningitis is a life-threatening bacterial infection that can
spread rapidly in dense populations, including military training camps. In
1968, scientists at the Walter Reed Army Institute of Research (WRAIR) de-
veloped a successful meningococcal serogroup C vaccine and later a serogroup
A vaccine. A few years later, colleagues at the Institut Mérieux in France man-
ufactured similar vaccines using the WRAIR formulation [32]. The work of
both teams permitted a massive response to meningococcal serogroup A epi-
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demics that swept Finland and Saõ Paulo, Brazil. In 1973, the entire population
of Finland, more than four million people, was immunized against group A at
a series of mass immunization clinics to control an epidemic. The Brazil-
ian epidemic of 1974 produced 150,000 cases of meningococcal disease and
11,000 deaths. In one of the most dramatic mass immunization efforts ever,
100 million doses of serogroup A vaccine were administered during the Brazil-
ian epidemic. These and successor vaccines are now used to prevent disease
outbreaks among military trainees and in other settings [3, 4, 6, 15, 33]. The
military success with meningococcal immunization among repeated itera-
tions of newly assembled cohorts was cited when recognition of elevated rates
of meningococcal disease among college freshman and dormitory residents
led to calls for immunization in those populations [34].

Today, military units in the US conduct mass immunization programs at
training camps, before overseas deployments, and annually during influenza
immunization campaigns. The vaccines selected for these programs protect
against infections during training, as well as during later military service. The
vaccinesofmost acuteneedduringmilitary trainingprotect againstpathogens
that represent an imminent risk of contagious disease in settings of close
contact: influenza, meningococcal, measles, mumps, rubella, and varicella.
Other vaccines are given to prevent infections more likely to occur later,
during international travel or during extended periods of military service.
These immunizations include: hepatitis A, hepatitis B, influenza, poliovirus,
and tetanus–diphtheria–pertussis.

One of the more remarkable instances of mass customized immunization
occurred in early 2003, as more than 400,000 service members being deployed
to southwest Asia were screened for smallpox immunization [35]. The mission
to thoroughly educate both providers and recipients about the idiosyncrasies
of smallpox vaccination, identify those with atopic dermatitis or other rea-
sons not to be immunized, safely administer the vaccine, and care for the
vaccination site was performed with standardized education materials, con-
cise screening forms, bandages, and thoroughly prepared medical staff who
performed vaccinations at hundreds of clinics on four continents and dozens
of warships at sea.

5
Implementation Issues

The pragmatic aspects of implementing a mass immunization campaign can
be grouped into a series of planning topics. The planning domains and quality
standards are summarized in Tables 2 and 3.
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Table 2 Planning domains for mass immunization

1. Identify campaign goals

2. Prepare facility and order supplies. Set up multiple lanes

3. Prepare staff

4. Issue information to vaccine candidates

5. Customize procedures to the session’s unique circumstances

6. Educate vaccine candidates

7. Screen for contraindications

8. Double-check safeguards

9. Administer immunizations

10. Observe for anaphylaxis

11. Document immunizations

12. Evaluate and assess quality

Table 3 Standards for mass immunization

Inform and educate
Train vaccine providers in vaccine administration, storage and handling, screen-
ing for contraindications, education of vaccinees, injection and related techniques,
clinical ability to respond to adverse reactions

Vaccine storage and handling
Maintain cold chain, refrigeration or freezing, as appropriate to the specific vaccine.
Large stocks of vaccine inventories should be connected to recording thermometers
and alarm systems

Assess immunization histories
Identify earlier immunizations received and any adverse events to them

Assess contraindications
Identify relevant contraindications that could make an immunization unsafe or
unwarranted (e.g., relevant severe allergies, pregnancy, immune suppression)

Administer vaccine
Administer the recommended dose by the proper route, observing safety and
infection-control principles

Document
Record the vaccinee’s name, age, type of vaccine, dose, name of vaccine provider,
date administered, manufacturer, and lot number

Monitor for adverse events
Monitor patient for acute adverse reactions and treat appropriately. To improve
knowledge about vaccine-associated adverse events, report adverse events to na-
tional authorities or program managers
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5.1
Objectives and Standards

Before the details of a mass immunization campaign can be determined, the
campaign’s goals and purpose must be defined. Will the campaign deliver one
vaccine or several? Who will be eligible or excluded? What facilities will be
used, where, and when? Who will provide the services and with what quality
standards? Will any nonimmunization services be provided [e.g., pregnancy
testing, tuberculin skin testing, testing for human immunodeficiency virus
(HIV), vitamin A supplementation, malaria prophylaxis, water purification
measures]?

To facilitate logistical planning, planners must estimate the number of
people tobeeducated, screened, immunized, anddocumented.Theyalsomust
estimate the available labor supply, both professional and paraprofessional [2,
7], to perform these tasks. Budgets and job descriptions clarify constraints
and roles. Complex programs may warrant exercises or mock scenarios to
test contingency plans.

To properly deliver immunization services, each mass immunization site
must adhere to high standards of excellence. These standards can be applied
even in austere field environments, albeit with recognition of the circum-
stances.

5.2
Facility, Equipment, and Supplies

The logistical requirements for a mass immunization campaign can be daunt-
ing. Buildings, vehicles, tables, chairs, computers, syringes, needles, needle-
disposal containers, bandages and more must be on-site, in sufficient quantity.
Documents providing detailed logistical checklists appear in Table 4.

Roomandfurniture shouldbearranged toprovide foracommoneducation
area. This allows one educator to orient and inform dozens or hundreds
of people at the same time. After common educational sessions, the room
arrangement or the time schedule should allow the speaker to answer personal
questions not covered by the common briefing.

Evaluating the physical arrangement of the building or rooms available for
the mass immunization program will allow a customized flow of people from
reception through education, immunization, observation, and then exit. Re-
cent documents developed by the Centers for Disease Control and Prevention
(see Table 4) for mass smallpox vaccination clinics feature detailed depictions
of room layout and patient flow.

Setting up multiple lanes allows the immunization process to relieve the
rate-limiting steps (i.e., ‘bottle necks’) that slow throughput. After patients
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Table 4 Core resources for mass immunization programs

Specific mass immunization resources

WHO. Control of epidemic meningococcal disease, WHO practical
guidelines, 2nd edn. WHO/EMC/BAC/98.3. Geneva: WHO, 1998.
www.who.int/emc-documents/meningitis/whoemcbac983c.html

WHO. Safety of mass immunization campaigns. Geneva: WHO, 2002.
whqlibdoc.who.int/hq/2002/WHO_V&B_02.10.pdf

WHO. Immunization, vaccines, and biologicals document centre.
www.who.int/vaccines-documents/DoxGen/H3DoxList.htm

CDC. CDC guidance for post-event smallpox planning. Atlanta: CDC, 29 Oct 2002.
www.bt.cdc.gov/agent/smallpox/prep/post-event-guidance.asp

CDC. Smallpox Response Plan and Guidelines. Annex 2. General
guidelines for smallpox vaccination clinics. Atlanta: CDC, 29 Oct 2002.
www.bt.cdc.gov/agent/smallpox/response-plan/files/annex-2.pdf

CDC. Smallpox Response Plan and Guidelines. Annex 3. Guidelines
for large scale smallpox vaccination clinics. Atlanta: CDC, 29 Oct 2002.
www.bt.cdc.gov/agent/smallpox/response-plan/files/annex-3.pdf

General training resources

CDC National Immunization Program Resources: www.cdc.gov/nip

US Department of Defense (DoD) Vaccine Healthcare Centers Network:
www.vhcinfo.org (includes 50 hours of internet-based training
called "Project Immune Readiness")

DoD Clinical Guidelines for Managing Adverse Events After Vaccination.
Washington, DC: DoD, September 2004.
www.vaccines.mil/documents/564acg040909.pdf

have started flowing through the steps, administrators should assess the pro-
cess to find where patients back up. At those points, additional processing
stations can be added to alleviate the delay. For examples, if people are wait-
ing to have the vaccine injected, more immunization stations should be added.
If people are accumulating in front of the station where contraindications are
screened, more screeners should be added. When pressure is relieved at any
point in the process, some other point may become the rate-limiting step, so
the assessment process should be repeated iteratively.

Vaccine will typically be ordered from the regional health authority or
directly from the manufacturer. Maintaining the cold chain at each step from
manufacturer to clinic is essential to delivering potent immunizations. Other
consumable supplies (e.g., syringes, needles, bandages, sharps containers)
should also be ordered. Quantities should be neither so large that vaccine is
wasted nor so small that people are turned away unimmunized.
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Adhering to vaccine handling and storage recommendations is critical.
Mishandling or inappropriate storage can render vaccines ineffective without
anything appearing to be wrong. Vaccines either need to be refrigerated or
frozen, in appliances where records of storage temperature are maintained.
When vaccine supplies arrive, they need to be promptly moved to the appro-
priate storage conditions. Training all personnel who might receive a vaccine
shipment is essential. Large stocks of vaccine inventories should be connected
to recording thermometers and alarm systems that can call prompt attention
to discrepancies 24 hours a day, 7 days a week.

Autodestruct or single-use syringes arepreferred inmost cases. Sterilizable
syringes are neither practical nor economical for mass immunization settings
and should not be used [36].

In the 1960s, needle-free multi-use-nozzle jet injectors (MUNJIs) capable
of 600 or more injections per hour were used in the smallpox eradication
campaign and other mass immunization settings [24]. Unfortunately, their
use of the same unsterile nozzle and fluid pathway to inject consecutive
patients could allow transmission of blood-borne pathogens (e.g., hepatitis B,
HIV) [33]. In contrast, a new generation of needle-free disposable-cartridge
jet injectors (DCJIs) avoid these safety concerns by using a disposable, sterile
fluid pathway for each patient. Research is underway for automated prefilling
and finger-free loading and ejecting of cartridges, to make future high-speed
DCJIs suitable for mass immunization programs.

Computers can aid several elements of mass immunization campaigns.
Electronic record-keeping is probably the most important one, as well as in
educational presentations, supply reordering, and other forms of electronic
communication [37]. In rural settings without reliable access to electricity,
batteries and alternate energy supplies can be used to power computers.

5.3
Prepare Staff

As important as logistics is the quality of the education and preparation of the
professional, paraprofessional, and clerical staff who will perform the steps in
the immunization process. Vaccine providers must be appropriately trained in
all aspects of their enterprise, including vaccine storage and handling, obtain-
ing information fromcandidatesbefore immunization,providing information
before immunization, injection techniques, and the clinical ability to handle
adverse reactions.Theprofessional staffmustbe trained in the indicationsand
the contraindications for vaccines given in the mass immunization campaign.

Training materials are available from a wide variety of national, interna-
tional, professional, and other authorities. Several examples appear in Table 4.
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For their own safety and the safety of vaccinees, all staff members need to
be trained in appropriate infection-control procedures. This training should
focus on blood-borne pathogens (e.g., hepatitis B, HIV) as well as hand wash-
ing and general hygiene. Avoiding needle sticks and other kinds of accidents
should be emphasized [38]. Staff concerns about liability and worker com-
pensation should be resolved before the campaign begins.

5.4
Invite Potential Vaccinees

When the timing and location of the mass immunization campaign sites
is clear, it is appropriate to begin inviting people to come to be immunized.
Culturally sensitivemarketingandadvertisingmaterials shouldexplainwho is
and is not eligible for immunization [2, 39]. People should be informed if they
should bring anything (e.g., personal immunization records) to the campaign
site or if specific types of clothing are encouraged (e.g., short sleeve length).

Public information about the mass immunization campaign should mo-
tivate those who would benefit from immunization to come to the clinic.
It should also dissuade those for whom immunization is not recommended.
Planners shouldbe ready if concernsaboutdiseaseoutbreakscause largenum-
bers of people to seek immunization despite public-health recommendations
to the contrary. For example, meningococcal outbreaks in several Canadian
provinces in 1991–1992 and in Rhode Island in 1998 led to greater pub-
lic demand for meningococcal immunization than public-health authorities
recommended [39–42]. When mass immunization programs are assembled
hurriedly to deal with an outbreak, the need for consistent communication
with the public is essential [43].

5.5
Educate Vaccinees

As people arrive at the immunization site and complete any registration
process, they should be educated about benefits and adverse effects of the
immunizations to be delivered. To help with screening for contraindications,
they should be told early of any health conditions that are exemptions from
immunization. Written information summaries are useful for people to read
while waiting. Audiovisual presentations can be used when planning allows.
Whether or not literacy is a concern in a given community, vaccine candidates
should be educated verbally, so that they are personally advised. The educa-
tional content should strike a balance between being thorough and succinct.
The most important information for the most people should be featured in
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a way to make the primacy of the key information apparent. Then allow am-
ple time for questions and answers. Vaccine providers need to be ready to
accurately answer questions and concerns posed by the vaccinee, and point
the way to more detailed information if needed.

For people with special circumstances or who have a long list of questions,
individualized counseling should be provided. This allows the flow of people
through the immunization site to continue without undue disruption. Ap-
propriate counseling on deferring pregnancy after immunization should be
discussed.

Few health problems are caused uniquely by immunization [44]. One of
the few examples is paralytic poliomyelitis that rarely follows use of the live
attenuated poliovirus vaccine. Instead, immunizations can be risk factors
that increase the relative risk of an adverse event occurring. For example,
Guillain–Barré syndrome has been more likely to occur among recipients of
some annual formulations of influenza vaccine, but not others [45]. On the
other hand, health conditions that occur in unimmunized people are fully
expected to occur in immunized people, at the same background rates of
incidence. Discerning when an adverse event that occurs after immunization
is an adverse reaction causally attributable to immunization can be a clinical
challenge. People should be given factual answers about vaccine safety, in the
proper perspective for interpretation of those facts.

5.6
Customize Procedures

Although similar general principles apply to most mass immunization cam-
paigns, each one is different. The people to be immunized differ, as well as
their knowledge base, the outbreak or cultural situation, and other parame-
ters. These differences will affect the style of educational programs and the
information products to be used.

When possible, preexisting immunity of individuals appearing for immu-
nization should be taken into account. For example, it may be appropriate in
some settings to use serologic tests or documentation of prior immunizations
to reduce the immunization workload on site and to reduce the administra-
tion of redundant immunizations to people who are already immune. When
a substantial proportion of vaccine candidates is already immune, the cost of
high-quality serologic testing will tend to be overshadowed by the product
cost of the vaccine [46, 47].

Serologic screening adds additional delays and risks to mass immuniza-
tion campaigns that need to be weighed against the potential for cost-savings.
Due to the high specificity of modern serologic tests, missed immunizations
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due to false positive tests do not result in clinically significant numbers of
nonimmunes. Missed immunizations caused by a proportion of the screened
population failing to return once test results are available may reduce im-
munization coverage. Rapid point-of-care testing for pre-existing immunity,
although not currently available, would eliminate this concern.

5.7
Screen for Contraindications

Vaccine providers should read the records of earlier immunizations received
and should succinctly interview each candidate for immunization. The goals
are to avoid duplicate or redundant immunization and to identify contraindi-
cations to immunization. At a minimum, the following information should be
obtained from the vaccinee: vaccines previously received, pre-existing health
conditions, allergies, and adverse events that occurred after previous immu-
nizations. For women, ask about the possibility of pregnancy in a private,
respectful way to elicit candid information. Consulting the vaccinee’s medi-
cal record is the most reliable method of determining immunization status.
Before applying tuberculosis skin tests, history of BCG immunization and
positive tuberculosis tests should be assessed.

Even when hundreds of people appear for immunization within a short pe-
riod of time, their immunization needs or contraindications can be assessed
individually. Decades of experience show that customized immunization de-
livery with high throughput can be performed by breaking the tasks down to
several stations, performing education in groups, setting up multiple lanes to
overcome rate-limiting steps, and listening to individuals.

If a contraindication to immunization exists, this information should be
provided to the clinic supervisor and the vaccine candidate, as well as docu-
mented in the medical record. Temporary and permanent contraindications
should be annotated in (electronic) medical records, to avoid recalling some-
one for an immunization that should not be given or should be deferred.
Vaccine providers should be aware of and avoid the most common miscon-
ceptions concerning contraindications [48]. Initial and update training for
vaccine providers at all levels (e.g., medics, nurses, physicians) is important
for quality immunization delivery.

5.8
Double-Check Safeguards

Before administering immunizations, assure that adequate preparations have
been taken tocushionanyonewho faintsor to respond toanyonewhodevelops
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an acute allergic reaction (e.g., anaphylaxis). For example, installing rubber
mats on the floor and positioning furniture away from spaces where vaccinees
areprocessedcanhelpminimize injuries.Where syncopeoccurswithout these
measures, vaccinees can sustain injuries, ranging from simple contusions to
dental trauma and facial or skull fractures. To further minimize these risks,
those at greatest risk for syncope can be immunized while sitting in a chair.

5.9
Immunize

After all the preparatory steps described above, it is time to administer the
immunizations. Vaccinees can assist with the procedure by swabbing their
own arms with alcohol. For oral or nasal vaccines, it may be possible to
observe them giving themselves the immunization. This is the point where it
is essential to implement appropriate infection-control procedures. Discard
used needles in rigid safety containers [38].

Specific information regarding the recommended route of administration
andappropriatedose is includedwitheachvaccineandsummarized invarious
reference books. Most vaccines are administered intramuscularly or subcuta-
neously. The dose indicated should be the dose administered. Administering
partial doses to potentially reduce the risk for adverse reaction is not an
effective method and could result in inadequate protection against disease.

5.10
Observe

After immunization, observe vaccinees for a suitable period of time (e.g., 10–
20 min), so that any acute allergic events can be properly treated. The risk of
anaphylaxis is greatest within the first 10–20 min after immunization, but can
occur as much as 1 h later. The interval of time to recommend should strike
a balance between the safety benefits of observation and the more acute or
practical uses of that time interval. The observation interval can serve a useful
purpose if the time is spent in other educational or public-health activities.
Making the interval an enjoyable experience will increase compliance.

Vaccine providers must be trained to recognize and treat adverse reactions.
The supplies and equipment needed to do so must be readily available on site.
Although severe systemic reactions are rare, they can be life threatening. Vac-
cine providers should be trained to use medications (e.g., epinephrine) and
conduct procedures necessary to maintain the airway and manage cardiovas-
cular collapse (e.g., cardiopulmonary resuscitation, use of a self-reinflating
ventilating bag to provide positive-pressure ventilation during resuscitation).
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Vaccine providers should be in close proximity to a telephone or radio, so that
emergency medical personnel can be summoned immediately, if necessary.

To improve knowledge about vaccine-associated adverse events, all seri-
ous adverse events should be reported to national authorities or program
managers. Reporting adverse events after immunization that involve hospi-
talization, a life-threatening event (e.g., anaphylaxis), or an event related to
suspected contamination of a vaccine vial are especially important.

When vaccines are administered to groups, the physical responses of the
recipients may be similar. The mechanism is the same as that for mass re-
actions in other circumstances. These phenomena have been categorized as
mass psychogenic illness (MPI) [49]. MPI is the collective occurrence of symp-
toms (e.g., headache, dizziness, weakness, loss of consciousness) suggesting
organic illness in a group with shared beliefs about the cause of the symp-
toms. Outbreaks have been reported in various cultural and environmental
settings, including developing and industrialized countries, in the work place,
in public settings, in schools, and in military cohorts. The perceived threats
have involved food, fire, toxic gases, and vaccines. Immunization managers
should be aware that mass immunization events can generate MPI reactions.

5.11
Document

All immunizations should be documented in the designated paper or elec-
tronic immunization tracking system promptly after immunization. Elec-
tronic records offer advantages in terms of data searching and sharing [37].

Planners should set minimum expectations for data elements to record,
such as the vaccinee’s name, age, type of vaccine, dose, site and route of ad-
ministration, name of the vaccine provider, date vaccine was administered,
manufacturer and lot number. For multi-dose vaccines, the date the next
dose is due should be communicated to the vaccinee. Electronic immuniza-
tion tracking systems can calculate these dates automatically. Transferring
electronic immunization records to central repositories reduces the needless
duplication of immunizations related to lost paper records.

5.12
Check Quality

All immunization programs should adopt principles of continuous quality
improvement. Planners should evaluate implementation early after mass im-
munization begins, and periodically thereafter. Evaluation parameters should
include proper implementation of education and screening efforts, safe ad-
ministration of immunizations, and the degree of the population that achieves
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immunity [2, 12, 20, 39, 50, 51]. For example, knowing thatmass immunization
against diphtheria in the Ukraine reached 92% of the rural population and
58% of the urban population, and why, allowed improvements to educational
messages [13].

Conduct quality-improvement programs, to identify and respond to med-
ication errors [52, 53], accidents [38], or other untoward incidents. Some of
the most common errors involve selecting the wrong product or the wrong
diluent. Logistical problems related to vaccine resupply and maintenance of
the cold chain should be routinely reviewed [2].

6
Conclusion

Successful mass immunization programs require early planning that builds
on existing competencies. These programs are best implemented with a de-
liberate timeline by experienced immunization staff supplemented by locally
trained support personnel. Complex programs can benefit from exercises and
mock scenarios. Mass immunization programs underway should be evaluated
early and repeatedly to identifyopportunities for improving theprocess.Good
mass immunization programs share information with the public and the news
media, fostering open lines of communication with all who have a stake in the
program’s success or failure [14].

In the twenty-first century, the quality of immunization delivery has taken
on increased importance. People have more knowledge and inquisitiveness
about the safety of vaccines than in years passed. Healthcare workers need
to be able to answer questions about vaccinology and offer support services
essential to the continued success of immunization for a population.

As the number of available vaccines increases, prioritizing which vaccines
to administer during mass campaigns requires consideration of effectiveness,
safety, and a cost–benefit equation from both the individual and the commu-
nityperspectives. Extensive effortshavebeenmade toevaluate and re-evaluate
specific vaccine safety questions, including comprehensive analyses by the US
National Academy of Sciences, the WHO, and other expert bodies.

Mass immunization campaigns aim to maximize immunization to main-
tain the health of a population, but the campaigns need to be customized
based on individual contraindications to immunization. Mass immuniza-
tion programs need to be conducted ethically, with considerations of benefit
versus risk and the need for detailed education of healthcare workers and
vaccinees.
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Abstract A mass immunization campaign is a rapid vaccination intervention across
age groups as opposed to provision through routine vaccination at a specified age at-
tainment. Some countries use campaigns routinely as they have experience that shows
that in their health systems higher coverage can be reached through campaigns than by
routine service provision. Whilst many industrialized and non-industrialized coun-
tries have introduced new vaccines into their routine programme, the UK is unusual
in deliberately doing this via campaigns. A number of mass immunization campaigns
have been implemented in the UK, either integrated into the routine immunization
programme such as the annual influenza immunization campaign; as a catch-up
campaign alongside the introduction of a new vaccine into the routine vaccination
schedule (MMR, Haemophilus influenzae b, Meningococcal C conjugate vaccine); or
as a one-off campaign, to boost immunity in a particular age group, without introduc-
ing the vaccination into the schedule routinely at that age (Haemophilus influenzae b).
Campaigns require intense planning at national and local level with leadership to
achieve proper management. Although the components of an immunization campaign
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can be described separately—strategic planning, vaccine supply, communication and
surveillance; for a programme to be successful integrated planning is essential.

1
Introduction

A mass immunization campaign is a rapid vaccination intervention across
age groups as opposed to provision through routine vaccination at a specified
age attainment. The age range targeted in a campaign is defined by a specific
risk factor relevant to that age group. Such mass vaccination programmes are
carried out to halt an observed or predicted increase in disease, rapidly in-
terrupt the spread of an infectious disease or contribute to global eradication
programmes. Some countries use campaigns routinely as they have experi-
ence that shows that in their health systems higher coverage can be reached
than through routine service provision [1]. Whilst many industrialized and
non-industrialized countries have introduced new vaccines into their routine
programme, the UK is unusual in deliberately doing this via campaigns.

The implementation of mass immunization programmes requires com-
plex planning and coordination in order to ensure that high levels of vaccine
coverage are achieved in the shortest length of time. A number of mass im-
munization campaigns have been implemented in the UK, either integrated
into the routine immunization programme such as the annual influenza im-
munization campaign; as a catch-up campaign alongside the introduction of
a new vaccine into the routine vaccination schedule (MMR, Haemophilus in-
fluenzae b, Meningococcal C conjugate vaccine); or as a one-off campaign, to
boost immunity inaparticular agegroup,without introducing thevaccination
into the schedule routinely at that age (Haemophilus influenzae b). The impact
that these campaigns have had on disease levels, including the effect of herd
immunity and duration of impact has been measured through surveillance
and modelling [2–4]. A campaign can have a greater overall effect on disease
levels than if it had just been introduced as part of the routine programme. For
instance, the impact of Hib vaccine introduction in the UK, which included
acatch-upcampaign,wasparticularly effective, and the impactwas faster than
when the same vaccine was introduced in the Netherlands without a catch up.

Figure 1 compares the decline in cases of invasive Hib disease in the UK and
the Netherlands; the decline in the UK was faster than that in the Netherlands,
where a catch-up campaign was not used.

The key elements of implementing a mass immunization campaign are
described below.
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Fig. 1 Comparison of the decline in cases of invasive Hib disease in the UK and The
Netherlands relative to year of introduction

1.1
Strategic Planning for Implementation

A well implemented introduction of a mass immunization programme re-
quires the matching of availability of large quantities of vaccine without inter-
ruption but at the same time avoiding unnecessary wastage. Within the plan-
ning processes, policy-makers have to decide the priorities for which cohorts
shouldbe immunizedfirst, basedon thosemost at riskandvaccineavailability.

1.2
Vaccine Supply

The Department of Health (London), in conjunction with two governmental
agencies [the NHS Purchase and Supply Agency (contract expertise) and NHS
Logistics (finance and logistical expertise)] oversees vaccineprocurement and
supply management for the UK. All procurement exercises are undertaken
in line with EU procurement directives. The vaccines are centrally purchased
and provided free of charge for administration to children and adolescents.

Monthly forecasts for vaccine supplies are calculated using the birth co-
hort for the UK and previous annual monthly usage. Forecasts are done more
than a year in advance together with budget forecasts and take into account
possible changes to the programme. Planning for supply provision for cam-
paigns usually requires at least 1 year advance purchase arrangements in
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view of the large quantities of vaccine that may be needed. During this time,
manufacturers must prepare stocks of country-specific vaccine, this must be
batch-released, and if the campaign is to be run over a short period of time,
must all be in place before the campaign start date.

In the UK, when there are multiple vaccine suppliers, a minimum of
3 months worth of stock is held as a buffer in case of an unforeseen prob-
lem with supply or rising demand. Slightly higher amounts of vaccines such
as MMR are held in case of local outbreaks, allowing for implementation of
local level campaigns at short notice. When there is a sole vaccine supplier, a
6-months buffer stock is held.

A contracted distributor that specializes in storage and distribution of re-
frigerated pharmaceutical products takes orders for, stores and distributes all
thevaccines in the childhoodprogrammethroughout theUK.TheUKincreas-
inglyuses a systemof vaccine allocation rather than ad libitemordering so that
advanced ordering by general practitioners (GPs) is not needed, deliveries are
matched to availability and specific cohorts are called for vaccination accord-
ing to epidemiological risk and operational constraints. There is an amount
of flexibility in the allocation system to ensure that sufficient vaccines are re-
ceivedandchildrenare vaccinatedwhen required.Thisdegreeof control of the
supply chain favours the application of vaccination campaigns—not permis-
sible when there is an extensive private sector involvement in immunization,
or widespread decentralization of immunization programme responsibility.

Manufacturers deliver stock directly to the one appointed distributor who
is responsible for ensuring the cold-chain from receipt to the final delivery
point. For primary care based campaigns, the distributor delivers the required
vaccines to each general practice; for school-based campaigns, the vaccine is
delivered to community service pharmacists. The latter work in conjunction
with local immunization coordinators to ensure that vaccines are delivered to
schools where and when immunization is being undertaken.

1.3
Communication

Public acceptance of vaccine is influenced by many factors in the UK. For
a vaccination programme to be successful in industrialized countries, parental
attitudes to the introduction of a new vaccine need to be taken into account.
Prior to the introduction of MMR vaccine nationally in 1988, this was achieved
by undertaking pilot campaigns in three health districts in advance of the
national programme [5].

Since 1991, twice-yearly surveys of parents have been run in the UK,
exploring attitudes to vaccinations and the diseases they prevent. The surveys
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have provided a means by which parents’ attitudes towards new and existing
vaccines and the perception of the seriousness of the diseases they prevent
can be evaluated in advance of the introduction of the vaccine programme [6].
This survey and others have shown that parents accept a new vaccine if they
perceive the disease it protects against to be severe [7] and if they think the
vaccine is safe [8].

In addition to this quantitative work, qualitative studies are undertaken
through focus groups. These also provide opportunities to pre-test and refine
communication materials such as leaflets, posters, television and radio adver-
tising for comprehensibility, clarity and acceptability that will support a new
campaign. Together, this information forms the basis of a communication
strategy, which will both address the fears that parents may have been shown
to have over the introduction of the new vaccine, and answer key questions.

This research has also shown the importance of providing parents with
the same information that health professionals receive. The immuniza-
tion information materials produced in the UK, including the website
www.immunisation.nhs.uk, have thus been written for both parents and
health professionals alike.

1.4
Surveillance

With the introduction of any new initiative into the routine immunization
programme a comprehensive surveillance strategy should be established to
monitor all of its impacts. This includes vaccine coverage, disease levels, sero-
epidemiology, and effects of advertising, as well as operational aspects of the
campaign such as vaccine supplies.

Thus campaign planning must include a range of activities from the strate-
gic overview needed for resource mobilization at a national level to microplan-
ning at a local level. Surveillance of adverse events is also essential as adverse
events in a campaign may take on heightened prominence: although the fre-
quency of adverse events, relative to the number of doses applied, may not
change, the perception of the absolute number of adverse events detected may
attract concern, calling into question the safety of the vaccine [9, 10].

2
UK Activities

A number of key structural changes have been made to the delivery of the UK
immunization programme in the last 25 years. All of these have been pivotal
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in the ability to deliver immunization campaigns within an industrialized
country health system.

Key changes to the implementation of the immunization programme are:

– Since the 1980s, children have been enrolled on a national computerized
database from birth, run by the Child Health Computer System (CHCS).
This database automatically schedules immunizations, calculates local
coverage and can arrange payments for GPs. It is used to actively identify
children to call up for campaign immunizations.

– Twice yearly surveys of parental attitudes have been run in the UK, inves-
tigating mothers’ attitudes to vaccinations and the diseases they prevent.
The survey has provided a means by which parents’ attitudes towards
a new vaccine or a campaign can be sought in advance and information
materials produced to suit the needs of parents.

– Since 1992, vaccines for the childhood immunization programme have
been centrally purchased and managed, and delivered to primary care
from one central distribution company. In planning national campaigns,
such a process is essential to assure adequate vaccine supplies.

3
Immunization Campaigns in the UK

3.1
Polio (1956 and 1962)

The polio immunization campaign, which started in 1956, targeted all in-
dividuals under 40 years of age initially with monovalent inactivated polio
vaccine. Vaccine supplies in the first 2 years of the programme were limited.
Children over the age of 1 and under the age of 10 years were the first age
groups to be offered polio immunization in 1956 and 1957. Local authorities
were asked to arrange for the registration of children born in the relevant
years for whom vaccination was desired. The percentage of eligible children
registered for polio vaccination then varied widely between local health au-
thorities (between 5% and 55%) depending on the amount of local publicity
given to the scheme [11]. The selection for children to receive vaccine was
made on the month of birth. Initially children were given two doses of the
vaccine. Field trials carried out in the UK involving those children initially
registered to receive polio vaccine showed the following year that three doses
were required to mount a full response. The cohorts to be immunized were
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Fig. 2 Polio notifications for England and Wales (1912–2004)

widened as vaccine availability increased. The immunization campaigns were
carried out in schools, cinemas, theatres, places of work as well as at GP surg-
eries. This campaign was later repeated starting in 1962 with live attenuated
oral vaccine (OPV-Sabin).

Figure 2 shows the impact of the IPV and subsequent OPV campaigns in
England and Wales. The greatest impact came from the introduction of IPV.

3.2
MMR (1988)

The next major immunization campaign was the introduction of Measles,
Mumps, and Rubella (MMR) vaccine in October 1988 replacing single measles
vaccination. This involved the introduction of routine MMR immunization
of children at 13 months, and a catch-up programme of all children under
5 years of age. The purpose of the catch-up programme was to speed up the
interruption of rubella transmission in primary school children and thereby
prevent cases of congenital rubella syndrome (CRS).

Table 1 shows the effect of the MMR campaign. Rubella infections, espe-
cially in parous women, have declined as a consequence of the prevention of
their exposure to rubella from their own or their friends’ children.

Prior to the national introduction of MMR vaccine, three health districts
(Somerset, Fife and North Hertfordshire) had run pilot programmes. Adverse
events were monitored by asking parents of every child to complete a daily
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Table 1 Risk of laboratory-confirmed rubella infection according to parity in suscep-
tible pregnant women (source: Health Protection Agency)

Year Nulliparous Parous Total

Suscep-
Infected

Risk/ Suscep-
Infected

Risk/ Suscep-
Infected

Risk/

tible 1,000 tible 1,000 tible 1,000

1987 1,150 11 9.6 636 17 26.7 1,786 28 15.7

1988/89 1,163 7 4.2 691 4 5.8 2,354 11 4.7

1990/91 1,192 4 3.4 662 1 1.5 1,854 5 2.7

diary for 3 weeks recording any symptoms following the vaccine [12]. In an
analysis of more than 7,000 records for children aged 1–2 years, the incidence
of adverse reactions (fever, rash and malaise) were similar to that for children
previously given measles vaccine and monitored in the same way. The intro-
duction of the vaccine was positively received by over 90% of parents. Both
the information on adverse event reporting and parent acceptability were in-
cluded with the information materials produced for health professionals and
parents prior to the launch of the national campaign [13].

At national level, the campaign publicity materials were researched with
parents of children in the target age groups. An extensive advertising pro-
gramme was put in place, with articles placed in the press and magazines
and radio advertising. Special consideration was made to areas of the coun-
try with previously low measles vaccination uptake. In such areas there was
a heightening of the exposure to advertising materials. The Department of
Health worked with vaccine manufacturers and voluntary sector groups such
as Sense (The National Deaf-Blind and Rubella Association) to ensure that
information materials (printed materials and videos) were complementary to
those produced by the Department of Health.

Regional meetings were organized many months in advance of the intro-
duction of the new vaccine to explain the changes to health professionals.
Immunization coordinators (one in each district health authority) played an
important role in informing other health professionals, and slide sets were
prepared for them by the Department of Health so that uniform training
presentations could be made locally.

Because demand for the vaccine was expected to be high, a national price
was negotiated by the Department of Health and financial allocations made
to each health district based on estimated target populations. This system was
difficult to implement because of disagreements over the target population
size, affected by children moving between health districts.
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A new national surveillance system was put in place in advance of the
campaign to monitor the effectiveness of the MMR vaccination programme.
Local vaccine uptake data were collected, rubella and mumps were made
notifiable diseases (measles had been a notifiable disease since 1940) and
disease incidence recorded. Rubella infections in pregnancy continued to
be monitored, including laboratory-confirmed infections, terminations of
pregnancy due to rubella infection and cases of CRS. Serological surveillance
was alsoput inplace.Antibody levels tomeasles,mumpsand rubella following
immunization were checked in successive cohorts and rubella susceptibility
in pregnant women continued to be measured. It was the implementation of
this ‘warning system’ which later alerted policy makers to the emergence of
a susceptible cohort of children and the potential for a measles epidemic [14].

3.3
Haemophilus influenzae b (1992)

Haemophilus influenzae b vaccine was added to the routine childhood pro-
gramme in October 1992, as a separate injection given at the same visit as
the routine diphtheria, tetanus, pertussis (DTP) and oral polio vaccine at 2,
3 and 4 months of age. In the campaign, children who had already started
their primary immunizations were called back for additional visits to com-
plete a course of three doses of Haemophilus influenzae b vaccine. Children
over 1 year and under the age of 4 years were recalled through the national
computer scheme for a single dose of vaccine. Appointments for the catch-
up programme for older children were scheduled over the first year of the
programme so that priority was given to children under 12 months of age, at
the greatest risk from Haemophilus influenzae b disease. Wherever possible,
appointments were made through the computerized registers to coincide with
other scheduled visits, such as MMR.

A notable change to the childhood immunization programme at the time
of the Haemophilus influenzae b campaign was the central purchase and
supply of all routine vaccines. Prior to this, local health authorities were re-
sponsible for ordering and distributing the childhood vaccine to GPs. From
October 1992, the NHS Supplies Authority became responsible for negotiat-
ing national contracts for the supply of all routine childhood vaccines. It was
particularly important to have this control over vaccine supplies at the start of
the Haemophilus influenzae b campaign: there were two Haemophilus influen-
zae b vaccines on the UK market and at the time there was not information
that they could be used interchangeably. This central management permitted
tight control of which children received which vaccine and at which time.
Because of the intense public interest in availability of a vaccine to prevent
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Fig. 3 Cumulative Hib vaccine supplies and calculated demand

meningitis, in part driven by the Department of Health advertising, there
was a huge pressure on supplies. Despite stock being distributed in excess
of the calculated requirements, shortages occurred and these led to much
dissatisfaction and critical media reporting.

Figure 3 compares the quantities of Haemophilus influenzae b vaccine
provided for the campaign with the calculated requirement for vaccine, based
on the scheduling of children through the campaign. Despite the surplus of
vaccine over calculated demand, there were vaccine shortages, in part because
of insufficient ‘front-loading’ of supplies, and because of lack of management
of the demand and the supply.

3.4
Measles Rubella (1994)

A one-off Measles Rubella (MR) catch-up campaign was carried out in 1994.
This followed the availability of date from serological surveillance which
identified high probabilities of an imminent measles epidemic. Although
uptake of MMR vaccine since its introduction in 1988 had been high, measles
vaccine coverage inyoungchildrenhadbeen lowpreviously and therewasnow
a considerable number of school age children who had never been immunized
and who had never caught measles. Mathematical modelling predicted that
the UK could expect an epidemic of between 100,000 and 200,000 cases in
1995 [15] and an epidemic had already started in Scotland [16]. International
experience showed that the most effective way to prevent such epidemics was
through mass immunizations campaigns carried out over a short period of
time [17]. If high coverage is achieved then transmission is prevented.
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The campaign was implemented in November 1994. As a result of this
programme, seven million children aged 5–16 years were vaccinated with MR
vaccine, 92% of all children in this age group. MR vaccine was used to provide
protection against measles and to accelerate population immunity against
rubella, permitting the subsequent discontinuation of rubella immunization
of teenage girls.

Although the ideal would have been to use MMR vaccine, MR vaccine
was used because at the time there was intense pressure worldwide on MMR
vaccine supplies. With the anticipated measles epidemic, delaying any inter-
vention to wait for MMR vaccine in order to include mumps vaccine in the
campaign could not be justified.

The impact on immunity to measles and rubella in the target populations
was confirmed by sero-epidemiology surveys using samples taken before and
after the campaign.

Figure 4 compares susceptibility to measles, by age, before the MR catch-
up campaign and subsequently. The pre-campaign susceptibility in school-
aged children, sufficient to sustain measles transmission, has been reduced
considerably.

In the event, a measles epidemic was averted. Some critics of this campaign
failed tounderstand the scientific basis onwhich thepredictionandmodelling
had been made, and appeared to have preferred to wait for the prediction to
have been validated by an epidemic. Great care was taken to investigate and
review adverse events [18].

Fig. 4 Measles susceptibility in England and Wales, before and after MR campaign
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3.5
Meningitis C (1999)

A vaccine against meningococcal group C disease (Meningitis C vaccine)
was introduced in 1999, following an intensive 5-year clinical trials research
programme sponsored by the Department of Health. The Department of
Health-funded trial programme together with complementary manufacturer-
sponsored studies resulted in the licensure of the world’s first meningococcal
group C conjugate vaccine. The implementation of the immunization pro-
gramme was brought forward by a year (it was originally planned for October
2000) due to the continuing increase in meningococcal C infections seen in
the winter ‘meningococcal season’ of 1998/1999.

Vaccine supplies were initially limited and had to be provided first to those
most at risk. The vaccine was introduced as a rolling campaign, immunizing
particular age groups during different phases. Organizing the cohorts for
immunization was a challenge because there were two age groups most at
risk—young babies and young people 15–17 years of age. Those aged 5–
17 years were vaccinated through schools and those aged less than 5 years
through general practice. Local immunization coordinators were briefed on
the campaign and asked to provide estimates of the numbers of children
in each age group in order to plan vaccine allocation for the schools’ based
activities. Estimates on the number of children under 5 years cared for by each
GP were based on the number of doses of diphtheria/tetanus/pertussis/Hib
(DTP/Hib) vaccine that they had ordered over the previous 2 years.

Meningococcal C conjugate vaccine was issued to GP practices either
weekly or fortnightly—no ordering was necessary. The projected dates of
vaccine delivery to GP practices were given to the Child Health System (na-
tional computer registry) who sent out invitations for immunization through
the automated immunization schedule database.

The advertising strategy for the Meningitis C campaign was unusual be-
cause rather than creating a demand for vaccination it was needed to control
demand. The key message was not to rush to get the vaccine but to wait
until children were invited and every child would be invited for the new
immunization in turn.

The rollout of the programme began in November 1999 starting with young
people aged 15–17 years. The second phase of the programme started a few
weeks later with the routine immunization of babies at 2, 3 and 4 months
and with the catch-up campaign for infants. The programmes were phased in
locally, as vaccine became available. During 2000, children aged 11–14 years
and children under 5 years were called up for their vaccination, and in 2002
onwards the programme was extended to all those under 25 years of age, with
special attention paid to those attending university or colleges.
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Fig. 5 Laboratory-confirmed cases of meningococcal disease England and Wales (five
weekly moving averages): 1997–2005

Figure 5 shows the impact of the 1999 and subsequent immunization
campaign and compares the changes in prevalence of Group C meningococcal
disease with those for Group B meningococcal disease, for which there is no
vaccine available.

3.6
Hib Booster (2003)

The introduction of Hib vaccine into the routine immunization programme
in 1992, along with a catch-up programme for children aged under 4 years had
proved very successful and by 1998, laboratory confirmed cases of Hib disease
in children under 5 years had fallen by 98%. However, since 1998 national
enhanced surveillance of Hib disease had identified a gradual increase in
cases especially in this age group [19]. At the end of 2002 the Joint Committee
on Vaccination and Immunisation (JCVI) agreed that action should be taken
immediately to halt this increase in cases. A one-off Hib booster campaign was
carried out from May 2003 [20]. All children between 6 months and 5 years of
age on 1st April 2003 were recalled and immunized with an additional dose
of Hib vaccine.
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The campaign was implemented over a short period of time (6 months) in
order to obtain immediate high levels of vaccine coverage and to restore herd
immunity to halt and reverse the increase in Hib cases. It was also important
to complete this ‘one-off’ programme before the start of the annual influenza
vaccination campaign when general practices (primary care providers) would
bebusy. Information fromdirect feedback fromlocal immunizationcoordina-
tors and by means of annual telephone surveys with health professionals have
informed the Department of Health’s communication strategy on changes
to the immunization programme. Health professionals prefer to have early
warning of proposed changes to the programme albeit at a stage where not
all the details of the change may have been finalized as long as they receive
further information later. Rather than finding this confusing, health pro-
fessionals can start to plan for any increased immunization workload and
rearrange other activities. To this effect, health professionals were immedi-
ately warned of the forthcoming campaign by a letter from the Chief Medical
Officer in February 2003 outlining the rationale for the one-off immunization
programme. More specific details of the campaign were then provided in
a further letter to health professionals in April 2003, 1 month before the start
of the campaign.

Fig. 6 Laboratory reports of Hib disease in England and Wales (1990–2004)
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The results of the campaign were impressive. Disease levels were halted in
those younger age groups who were immunized and dropped to their lowest
ever levels. The campaign also had an impact on older age groups, first of all
in older children and by 2004 disease levels had also declined in adults.

Figure 6 shows the impact of the 2003 Hib catch-up campaign with cases of
invasive Hib disease falling back to extremely low levels. It is notable that cases
had also risen in older individuals, including adults, and these also declined
after the campaign—in the absence of immunization.

4
Annual Influenza Campaigns

As well as the one-off immunization campaigns that are periodically under-
taken in the UK, annual influenza vaccination campaigns are carried out.
Since 2000 the programme has included the immunization of all those aged
65years andover aswell as thoseagedover 6months in the clinical riskgroups,
notably: chronic respiratory, heart, renal or liver disease, diabetes or lowered
immunity due to disease or treatment. Since 2000, vaccine uptake during
the campaign has been collected monthly (from October to December). The
communication strategy for promoting annual vaccination campaigns must
ensure that people continue to return for their annual vaccination and that
high vaccine coverage levels are maintained every year. The communications
for the campaign start with a letter sent out by the Chief Medical Officer to
health professionals in early summer, with details of vaccine supplies and
policy recommendations for the forthcoming ’flu season. This is followed by
a comprehensive advertising and PR campaign that includes TV, radio, Inter-
net and press coverage. The public relations programme works locally to sup-
port areas where vaccine uptake is low and also targets particular risk groups.
A rangeof informationmaterials is produced including leaflets (inEnglishand
ethnic minority languages, audio tape and Braille), fact sheets and posters. As
well as using standard distribution routes such as GP practices and pharma-
cies, the Department of Health also works with voluntary sector groups and
supermarkets in order to distribute bulk supplies of leaflets and posters.

In the UK, pharmacists are playing an increasingly important role in pro-
viding customers with advice and information on immunization issues. Dur-
ing the annual ’flu campaign, pharmacists play an active part in distributing
information materials to customers. Pharmacy prescription bags are also
produced by the Department carrying the message ‘Get your jab’.

Table 2 shows the progressive increases in coverage of influenza vaccine in
individuals aged 65 years and over.
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Table 2 Vaccine uptake in the UK since the start of the influenza immunization pro-
gramme for those aged 65 years and over (source: UK Health Departments)

Year England (%) Scotland (%) Wales (%) Northern

Ireland (%)

2000/01 65.4 65 39 68

2001/02 67.5 65 59 72

2002/03 68.6 69 54a 72.1

2003/04 71.0 72.5 63 73.4

2004/05 71.5 71.7 63 72.7

a Some GP practices experienced problems in collating and reporting data

5
Conclusion

Campaigns require intenseplanningatnational and local level with leadership
toachievepropermanagement.Although thecomponentsof an immunization
campaign can be described separately—strategic planning, vaccine supply,
communication and surveillance, for a programme to be successful integrated
planning is essential.

It is important to capitalize on investments such as advertising. Advertising
can be used to raise awareness of a new vaccine and the seriousness of the
disease it protects against, promote the vaccine’s benefits or simply used to
direct parents to sources of information.

However, following the initial launch of any campaign, there is still much
continuing work to do—ensuring timely completion of the campaign, mon-
itoring of adverse reactions and carrying out surveillance during campaign
implementation and thereafter.

At a time when countries have undertaken preparations in case of bioter-
rorism attacks, for which vaccination against agents such as smallpox may be
essential, experience of campaign implementation is imperative. In the case of
a need for a mass smallpox vaccination campaign, the UK had benefited from
its previous immunization campaigns and had developed smallpox campaign
plans that included nationwide vaccination in 5 days [21]. Similarly, in the
event of an emergence of an influenza pandemic, not only will vaccines need
to be introduced on a campaign basis, but so may provision of antivirals.
Vaccination campaign experience is proving invaluable.
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Abstract Diphtheria is a contagious upper respiratory illness that was a major cause
of childhood mortality in the prevaccine era. In the early twentieth century, an effec-
tive toxoid vaccine was developed. Implementation of childhood vaccination virtually
eliminated diphtheria from developed countries after the Second World War and im-
plementation of the Expanded Program on Immunization in developing countries led
to rapid declines in diphtheria globally in the 1980s. However, in the 1990s, a massive
epidemic of diphtheria spread throughout the countries of the former Soviet Union.
Unlike the prevaccine era, most cases of severe disease and deaths were reported
among adults. Multiple factors contributed to the epidemic, including increased sus-
ceptibility among both adults and children; suboptimal socioeconomic conditions;
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high population movement; and delay in implementing appropriate control measures.
Mass immunization was the key element in the epidemic control strategy developed
and implemented in a well-coordinated response by an international public health
coalition. This strategy focused on rapidly raising population immunity of both adults
and children; the immunization of more than 140,000,000 adults and adolescents and
millions of children successfully controlled the epidemic. While improved coverage
of children in developing countries with diphtheria toxoid has led to progressive
decreases in diphtheria; eradication is unlikely in the foreseeable future and gaps in
immunity among adult population exist or are developing in many other countries.
Routine childhood immunization with diphtheria toxoid is the key to controlling
diphtheria while the role of routine adult reimmunization is less established; mass
immunization will remain an important control measure for widespread diphtheria
outbreaks.

1
Clinical Picture and Pathophysiology of Diphtheria

Diphtheria is an acute infectious upper respiratory illness caused by the gram-
positive bacillus Corynebacterium diphtheriae. The disease is characterized by
a membranous inflammation of the upper respiratory tract and by damage to
other organs, most commonly the myocardium and peripheral nerves. These
primary manifestations of diphtheria are caused by the local and systemic
action of a potent exotoxin produced by strains of C. diphtheriae containing
the tox phage.

Diphtheria typically has an insidious onset after an incubation period of
1–5 days. The initial symptoms of diphtheria are nonspecific and include sore
throat, fatigue, and low-grade fever associated with mild injection of the pha-
ryngeal mucosa. Progressive damage to the pharyngeal mucosa by diphtheria
toxin and other bacterial factors results in the appearance of membranes,
initially in patches but then becoming increasingly confluent over 2–3 days.
These membranes can spread to the tonsillar areas, soft palate, and uvula and
less commonly to the posterior nasal passages, larynx, and trachea. The fully
developed membrane is usually thick, grayish colored, and firmly adherent. In
some patients, cervical lymphadenopathy and edema of the surrounding soft
tissues produce marked neck swelling (‘bull-neck’); this appearance is a hall-
mark of severe disease and is associated with higher morbidity and mortality.
In untreated patients without complications, systemic symptoms improve ap-
proximately 1 week after onset of symptoms, coincident with softening and
sloughing of the membrane.

The main clinical impact of diphtheria is caused by complications of the
local membranes and by the effects of absorbed toxin on other organs. Laryn-
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geal diphtheria is more common in young children and laryngeal membranes
frequently cause respiratory obstruction and death from asphyxiation. Exten-
sion of the membrane into the tracheobronchial tree can produce pneumonia
or respiratory obstruction. In the upper respiratory tract, the membrane and
surrounding swelling can result in secondary otitis media and sinusitis.

Most deaths from diphtheria are due to the effects of absorbed diphtheria
toxin on the heart and peripheral nerves. The most common severe com-
plications are acute systemic toxicity, myocarditis, and peripheral neuritis.
The extent of local disease correlates with the risk of complications due to
increased production and absorption of the toxin from larger membranes.

Myocardial involvement appearing in the first week of the illness is usually
part of a syndrome of severe acute systemic toxicity and is usually fatal.
Myocarditis can also present, most frequently with arrhythmias, in the second
week or third week of illness when the patient is otherwise improving. The
neurological complicationsassociatedwithdiphtheriaoccur inapproximately
15%–20% of cases and usually begin 2–8 weeks after the onset of illness. The
primary manifestations are peripheral neuropathies from which functional
recovery almost always occurs.

Production of the exotoxin coded for by the tox gene is overwhelmingly
the most important factor associated with the development of diphtheria.
The biology of diphtheria toxin has been extensively studied (Collier 2001;
Holmes 2000). Infection of C. diphtheriae by a bacteriophage containing the
tox gene gives the bacteria the ability to produce diphtheria toxin. Diphtheria
toxin is a polypeptide with a molecular weight of about 58,000. The toxin
is a highly potent inhibitor of protein synthesis which results in cell death;
the susceptibility of different human cell types may represent variation in
the presence of receptors for the toxin. On mucous membranes, the toxin
causes local cellular destruction, and the cellular debris, fibrin, and bacteria
form the characteristic membrane. Toxin can then be absorbed across the
membrane and circulate to cause damage to the myocardium, nervous system,
and kidneys.

Several other bacterial components are known to contribute to the local
damage and to invasiveness. The recent sequencing of the C. diphtheriae
genome may aid in the identification of other virulence and colonization
factors (Cerdeño-Tárraga 2003). A better understanding of the interaction
of pathogenic strains of C. diphtheriae and the human host may help to
develop improved methods of immunization and treatment and improve our
understanding of why certain toxigenic strains appear to have more potential
to cause large-scale epidemics.
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2
Diphtheria Immunization

2.1
Development of Diphtheria Vaccines

The discovery of diphtheria toxin in the late nineteenth century was followed
by the use of toxin to immunize animals and produce sera (‘antitoxin’). An-
titoxin proved to be capable of neutralizing the effects of diphtheria toxin
when administered to other animals or humans and clinical use in the 1890s
demonstrated that antitoxin treatment profoundly lowered the mortality from
diphtheria (Hróbjartsson 1998). Contemporary scientists then turned their
attention to developing safe immunizing agents for humans. By 1913, it was
demonstrated that injections of balanced mixtures of toxin and antitoxin
successfully immunized humans. Toxin–antitoxin preparations were rapidly
adopted for use in some cities in the US and Europe. Although effective, these
preparations occasionally produced serious adverse events due to inadequate
neutralization of the toxin in certain batches. In 1923, Ramon reported that
small amounts of formaldehyde caused diphtheria toxin to lose its toxic prop-
erties while retaining its immunogenicity, thus becoming a toxoid (Ramon
1923).

Diphtheria toxoid gradually replaced toxin–antitoxin preparations for im-
munization and remains the basis of current diphtheria vaccines. Improve-
ments have included increasing immunogenicity with alum adjuvants since
the 1920s and producing a combined vaccine against diphtheria, tetanus, and
pertussis [diphtheria and tetanus toxoids and whole-cell pertussis vaccine
(DTP)] beginning in the 1940s. Diphtheria toxoid is also available combined
with tetanus toxoid in both a higher diphtheria antigen preparation used for
immunizing children (DT) and a lower diphtheria antigen preparation used
for immunizing adolescents and adults (Td).

Beginning in the 1990s, combinations of diphtheria and tetanus toxoids
with acellular pertussis components (DTaP) have replaced DTP for routine
childhood use in many developed countries due to their lower reactogenicity;
other combinations of DTaP with Haemophilus influenzae b (Hib) vaccine,
inactivated poliovirus vaccine, and hepatitis B vaccine are also in use. Com-
bination vaccine products with reduced antigen content of diphtheria toxoid
(Tdap) have been licensed for use in adolescent and adult populations in some
countries and are under consideration for licensure in the US.

Three doses of diphtheria toxoid vaccines will produce minimally protec-
tive levels of antibodies [>0.01 international units (IU) per ml] in almost all
vaccinees and highly protective levels (>0.1 IU/ml) in most. The levels of these
antibodies fall and substantial proportions of individuals will lose immunity
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over several years; booster doses of diphtheria toxoid will rapidly produce
protective levels of antibodies again.

A series of epidemiologic investigations of diphtheria outbreaks have eval-
uated the effectiveness of diphtheria toxoid in preventing diphtheria. Most
estimates of the effectiveness of three doses have ranged from 70% to 93%.
Among those immunized individuals who develop diphtheria, the disease is
likely to be milder and less likely to be fatal than diphtheria disease among
unimmunized individuals.

2.2
Diphtheria Immunization Schedules

Currently, in the US, five doses of DTaP are recommended (at 2, 4, 6, and
15–18 months and at school entry before the seventh birthday) for routine
immunization of children followed by booster doses of Td approximately
every 10 years. In other countries, the recommended immunization sched-
ules for diphtheria toxoid vary; the number of doses recommended tends
to be lower in less developed countries (WHO Vaccine Preventable Diseases
Monitoring System). Those countries classified by the World Health Organi-
zation (WHO) as ‘least developed’ frequently use the schedule recommended
by the WHO Expanded Programme on Immunization (EPI): three doses of
DTP in infancy with no routine additional doses. Many developing countries
recommend one or two additional childhood doses while developed coun-
tries frequently also recommend an adolescent booster. Most countries do
not currently recommend routine adult immunization with diphtheria toxoid
although several countries began to recommend adult booster doses after the
epidemic in the former Soviet Union.

3
Epidemiology

Humans are the only natural host for C. diphtheriae, although the organ-
ism has also been isolated from the environment of persons infected with
C. diphtheriae. Transmission is person-to-person, primarily by intimate res-
piratory and physical contact. The epidemiology of the circulation of toxigenic
C. diphtheriae has been profoundly affected by immunization. In unimmu-
nized populations, toxigenic strains circulated widely, especially in urban
populations; most infections resulted in asymptomatic carriage. In temper-
ate climates, diphtheria occurred year-round but most often during colder
months, probably because of the close contact of children indoors. In tropical
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climates and under conditions of poor hygiene, cutaneous diphtheria is more
common than respiratory diphtheria and is unrelated to season.

In unimmunized populations, maternally derived antibodies were present
in infants at birth but were lost by the end of the first year of life. There-
after, the proportion of immune children gradually increased to 75% or more
presumably due to repeated subclinical infections. However, preschool and
school-aged children were also the group most often affected by clinically
manifest respiratory diphtheria. Diphtheria was rare among urban adults in
unimmunized populations due to acquired immunity. Natural immunity is
not always lifelong but is long-lasting and was reinforced by periodic natural
boosting in unimmunized populations.

In immunizedpopulations, circulationof toxigenic strainsofC.diphtheriae
drops dramatically once high levels of immunity to diphtheria are achieved,
although nontoxigenic strains of C. diphtheriae continue to circulate widely as
part of normal human respiratory tract flora (Pappenheimer 1982). Although
no animal or persistent environmental reservoir exists for C. diphtheriae,
disappearance of the toxigenic phage is unlikely because a related bacterial
species C. ulcerans may carry the phage and an animal reservoir does exist
for this bacteria. Given the worldwide ubiquity of carriage of C. diphtheriae
and the persistence of bacteriophages that can produce toxin, eradication of
diphtheria does not currently seem achievable.

The drop in circulation of toxigenic strains in highly immunized popu-
lations contributes to herd immunity by protecting unimmunized persons
but also leads to profound changes in the immune structure of the population
(Galazka 1995). Childhood populations are highly immune due to vaccination
but more adults are susceptible because of incomplete vaccination coverage
and waning immunity among vaccinated persons in the absence of boost-
ing from natural circulation or repeat immunization. Increased proportions
of adults without protective antibody levels have been documented in many
countries in the vaccine era (Galazka 1995). The most susceptible cohorts
of adults will vary in age in different countries depending on when routine
childhood immunization was implemented. In general, these cohorts will in-
clude those age groups which include many individuals who were: (1) young
children or adolescents when immunization began; (2) missed by the early
immunization program; and () escaped natural infection due to rapidly falling
ratesofdiseaseonce immunization started.Additionalnonimmuneadultswill
include individuals who were immunized but have lost protective antibody
levels. Despite these populations of susceptible adults, diphtheria outbreaks
involving susceptible adults have been rare as long as childhood immunity
remains very high.
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4
Diphtheria Outbreaks and Control

Although descriptions of diphtheria appear beginning in ancient Egyptian
and Greek times, diphtheria became a devastating public health problem in
large population centers in the Industrial Age. Beginning in the seventeenth
century, severe outbreaks occurred in Spain and recurred periodically there-
after; severe outbreaks also were reported in the American colonies in the
eighteenth century. In the nineteenth century, persistent outbreaks of diph-
theria caused extremely high morbidity and mortality among children in
urban centers in Europe and North American. The best data from North
America comes from Massachusetts and Ontario (U.S. Bureau of the Census
1975; McKinnon 1942). In these areas, the death rate from diphtheria exceeded
50 per 100,000 annually in most years in the late 1800s. The discovery and
introduction of diphtheria antitoxin treatment in the 1890s led to a decline in
the death rate in both areas to 15 per 100,000 over the next 20 years but diph-
theria remained a leading killer of children until diphtheria immunization
became commonplace.

After the development of toxin–antitoxin preparations, immunization
campaigns began rapidly in some North American cities. In 1914, the New
York City Department of Health began immunizing children in schools and
orphanages (Zingher 1921). By 1933, more than a million children had been
immunized in New York; diphtheria cases had declined by more than 70%
and deaths by 80% (Griffith 1979). The introduction of safer diphtheria toxoid
in the 1920s led to wider adoption of diphtheria immunization. A campaign
targeting Toronto schoolchildren in 1926–1929 produced major declines in
cases (75%) and deaths (80%) (McKinnon 1931). Immunization campaigns
were extended to pre-school aged children in some cities by the mid 1930s
(Craster 1941).

The availability of DTP led to further increases in immunization; by the
late 1950s, diphtheria was markedly reduced in the US and increasingly con-
centrated in a limited number of states. In the 1960s and 1970s, a progressive
decline in nonoutbreak cases occurred throughout the country with diphthe-
ria disappearing from most areas. A series of outbreaks were reported, pri-
marily in the Southwestern states, in the late 1960s and early 1970s. Molecular
epidemiology analyses suggested clonality of the intermedius strains respon-
sible for most of these outbreaks (McCloskey 1972) and those responsible for
last large outbreak of diphtheria in the US in Seattle (Coyle 1989). The Seattle
outbreak occurred from 1972 to 1982, primarily among socio-economically
disadvantaged adults.
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Beginning in 1980, reported diphtheria cases abruptly declined in the US.
Part of the decline was due to the exclusion of cutaneous diphtheria cases
from national reporting beginning in 1980. However, improved childhood
immunization in Mexico and other developing countries due to the imple-
mentation of the EPI in the late 1970s is likely to have reduced importations
of toxigenic strains. By the mid-1990s, many experts felt that toxigenic strains
of C. diphtheriae were no longer circulating in the US. However, in the 1990s,
surveillance revealed circulation of toxigenic strains in a northern Plains
Indian community and in some native communities in Canada. Molecular
epidemiology linked the recently identified strains to strains collected from
the same areas during the 1970s and 1980s, suggesting ongoing endemic
circulation (Marston 2001). Circulation has also been reported among the
aboriginal population in central Australia (Patel 1999). The common denom-
inator in these communities is likely to be poverty, crowding, poor hygiene,
and suboptimal immunization rates.

In Europe, immunization with toxin–antitoxin preparations was also im-
plemented in parts of Germany as early as 1914. Limited immunization pro-
grams with diphtheria toxoid began in several European countries in the 1920s
and 1930s, although the disease remained highly endemic in many countries.
In Great Britain, the coverage and disease impact of routine diphtheria im-
munization remained modest until 1942 when a national mass immunization
campaign targetingchildren6months to15yearsofagerapidly led toamarked
and sustained decline in diphtheria incidence (Griffith 1979). This campaign
helped Great Britain avoid the a major outbreak of diphtheria that spread
throughout Europe during World War II; more than one million cases were
estimated to have occurred in 1943 alone (Stowman 1945). In some areas,
adults were the primary age group affected. In response, mass immunization
campaigns were conducted in some areas; routine immunization and living
conditions also improved after the war ended. The incidence of diphtheria
declined rapidly in most affected countries.

In developing countries, the implementation of the EPI program in the
1970s led to dramatic increases in childhood immunization and falls in re-
ported diphtheria cases (Fig. 1). In 2003, it was estimated that the proportion
of infants worldwide who had received three doses of diphtheria toxoid in
combination with tetanus toxoid and pertussis vaccine had risen from ~20%
in 1980 to 78% worldwide; infant coverage is lowest in Southeast Asia (~70%)
and sub-Saharan Africa (~55%) (Fig. 2). Before the EPI program began, it was
estimated that close to a million cases of diphtheria occurred annually in the
Third World with 50,000 to 60,000 deaths. From 1980 to 2003, reported cases
of diphtheria globally decreased from 97,427 to 6,654; in 2003, two-thirds of



Diphtheria 79

Fig.1 Global reported diphtheria cases (all ages) and estimated DTP3 coverage among
infants, 1980–2003

cases were reported from the Southeast Asian region (Department of Vaccines
and Biologicals 2004).

Despite the overall improvement, large differences exist between develop-
ing countries in the degree of control of diphtheria. Some countries such as
Malaysia, Singapore, and South Korea now have high living standards and
immunization coverage; these countries have achieved success in controlling
diphtheria similar to highly industrialized countries. Many other developing
countries, such as Thailand, achieved marked reductions in diphtheria but
continue to report sporadic cases and outbreaks (Tharmaphornpilas 2001). In
those countries that have largely controlled diphtheria, increased proportions
of adults are susceptible, as documented in recent serosurveys in Thailand
(Tharmaphornpilas 2001) and Taiwan (Lee 1999).

In the least developed countries, the available data are limited but suggest
that diphtheria remains highly endemic although decreased because of EPI.
Frequently only large outbreaks or exported cases are detected and reported
as illustrated by the recent reports of a large outbreak in a refugee camp in
Afghanistan (Anonymous 2003) and a fatal case in a US traveler to Haiti (CDC
2004). Although data are lacking, it is likely that adult population immunity
remains high in these least developed countries.
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5
Diphtheria Epidemic in the Countries of the Former Soviet Union

5.1
Diphtheria Control and Resurgence

5.1.1
Pre-1980

In the late1920s, someSoviet citiesbegan immunizationprogramsusingdiph-
theria toxoid. After World War II, immunization programs spread and diph-
theria mortality fell in many urban areas (Markina 2000). However, diphtheria
rates continued to be extremely high in many areas until universal childhood
immunization was instituted throughout the Soviet Union in 1958–1959. By
1963, the incidence of diphtheria had decreased by >90% and in 1976, only
198 cases were reported.

5.1.2
The 1980s

In the 1980s, an upsurge in diphtheria cases was reported that peaked in
1984 with 1609 cases; adults were primarily involved for the first time. Diph-
theria control measures were modified to include limited immunization for
adults; reported cases subsequently gradually declined to 839 cases in 1989. In
the 1980s, significant gaps in population immunity to diphtheria developed
among both children and adults. Changes in Soviet immunization policy,
medical practice, and public acceptance led to less intensive immunization of
children against diphtheria. Among the policy changes were increased con-
traindications to vaccination, the allowance of the use of lower antigen content
Td for primary vaccination, and delaying the booster dose formerly given at
school-entry. Public support for mandatory immunization programs also de-
clined as the perceived benefits appeared modest due to successful control of
many childhood diseases. Reported coverage of infants with a primary series
of diphtheria toxoid containing vaccines dropped to <80% in some Soviet re-
publics (Dittmann 2000). In addition, serologic studies found that cohorts of
adults born in the 1940s and 1950s had high levels of susceptibility. As in other
countries, individuals in the most susceptible age-cohorts in the Soviet Union
had been children and adolescents when diphtheria incidence had began to
fall as immunization programs were being implemented.
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5.1.3
The 1990s

In 1990, multiple diphtheria outbreaks, primarily involving adult cases, were
reported inandaroundMoscow, accounting formore thanone-thirdof theSo-
viet total of 1431 cases. In 1991, outbreaks of diphtheria increased in Moscow
and spread to other major cities in Russia; 3,167 cases were reported from
what had now become the Newly Independent States (NIS) and Baltic States
after the Soviet Union officially dissolved. In 1992, the epidemic spread within
Russia and the Ukraine and extended into Belarus; the NIS and Baltic States
reported a total of 5,749 cases. Despite the worsening situation, these coun-
tries continued to use the case-centered control measures modified during the
1980s; these measures included case and carrier identification and isolation,
improving routine childhood coverage rates, and immunizing case-contacts
and adults in occupational groups at perceived increased risk. In 1993, the
Russian Federation alone reported 15,209 diphtheria cases, while Ukraine
reported 2,982 and the other NIS and Baltic States reported 1,293 cases. By
the end of 1994, diphtheria had spread throughout the former Soviet Union
with sharp outbreaks or country-wide epidemics being reported from all
countries except Turkmenistan. In 1995, which represented the peak year of
the epidemic, 50,425 diphtheria cases were reported from the NIS and Baltic
States. In many countries the epidemic was made worse by large numbers of
refugees, severe economic declines, and shortages of energy; armed conflict
worsened the situation in Moldova, the Caucasus, and Tajikistan.

5.2
Response to the Diphtheria Epidemic in the Former Soviet Union

After the breakup of the Soviet Union, the international community’s re-
sponse to assist the NIS and Baltic States included both general support of
immunization programs and focused coordinated effort to stop the diphthe-
ria epidemic. Although Russia remained self-sufficient, the other NIS and
Baltic States had little, if any, vaccine production and no systems to procure
these items from the international market. Beginning in 1992, multiple bilat-
eral and multilateral efforts provided assistance to strengthen immunization
programs throughout the region. WHO began providing technical assistance
on the diphtheria epidemic in 1991. In 1994, multiple national governments
and international organizations, including WHO, formed an Interagency Im-
munization Coordinating Committee (IICC). The IICC focused on efforts to
control the diphtheria epidemic, to ensure the eradication of poliomyelitis,
and to improve primary childhood immunization in the NIS and Baltic States.
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With the input and approval of the NIS and Baltic States, the international
organizations developed a strategy to control the diphtheria epidemic that fo-
cused on three main components: (1) rapid initiation of mass immunization of
all age groups in the population with at least one dose of diphtheria toxoid; (2)
ensuring the rapid detection and proper management of diphtheria cases; and
(3) ensuring the rapid identification and proper management of close contacts
of diphtheria cases, including antibiotic prophylaxis (WHO/UNICEF 1995).
This strategy was based on the available epidemiologic and laboratory data;
however, several immunogenicity studies using booster doses of diphtheria
and tetanus toxoids were conducted in the NIS in 1994–1996 to further in-
form the strategy (Sutter 2000; Golaz 2000; Khetsuriani 2000; Ronne 2000).
These studies, conducted among >3300 adults in the Ukraine, Georgia, and
all three Baltic States, showed a high degree of consistency in their findings.
A single dose of diphtheria toxoid produced high levels of immunity to diph-
theria among almost all age groups, frequently in excess of 90% of individuals
achieved titers >0.1 IU. However, this level of immunity was achieved by only
62%–79% of individuals in the highest risk age group (40–49 years of age).
One study that looked at multiple doses found that a significant proportion
of these individuals would require three doses for high-level protection (Sut-
ter 2000). The data from these studies led to a modification of the strategy
that recommended two additional diphtheria toxoid doses for age groups at
increased risk, e.g., persons 30–50 years of age.

5.3
Implementation of the Mass Immunization Strategy and Results

The implementation of the strategy was made possible by the combination
of international assistance and the efforts of the thousands of well-trained
health care workers in the networks of primary health care and public health
centers established in the Soviet period. These networks continued to function
despite severe economic strains. International assistance helped to provide
vaccine, supplies, antitoxin, and antibiotics, and to strengthen the areas where
equipmentandexpertisewere lackingsuchascoldchainandmodernmethods
of social mobilization.

Responding to the failure of existing control methods to slow the epidemic,
the Russian government issued orders in late 1993 to vaccinate all Russian
adults (>120million) againstdiphtheria.This effortwas rapidlyorganizedand
implemented without large-scale international assistance; however, the result-
ing demand for Td vaccine initially outstripped supply. Domestic production
of Td vaccine greatly increased during 1994, allowing nearly 70 million older
adolescents and adults to be vaccinated between January 1993 and December
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1995. Elsewhere in the NIS and Baltic States, implementation of the mass
immunization strategy required massive international assistance in close col-
laboration with the national health authorities; the international agencies
provided large-scale assistance with material supplies, logistics, cold-chain
establishment, immunization policy, campaign planning, and social mobi-
lization.

Challenge of mass immunization of essentially the entire adult popula-
tion led to the development of similar strategies throughout the NIS and
Baltic States building on Soviet social mobilization methods. Implementation
initially focused on immunizing adults at work sites followed by additional
intensified efforts to reach adults who were unemployed or working in nontra-
ditional venues. These efforts included campaigns that vaccinated house-to-
house, and in jails, markets, and transportation centers. Childhood coverage
was improved by reducing contraindications, using only full-strength vaccine
preparations, reinstating school-entry booster doses, and in some countries
such as Azerbaijan, through mass immunization campaigns targeting chil-
dren.

The mass immunization efforts began in some countries in 1994 and were
conducted throughout theNISandBaltic States in1995–1996. In countries that
quickly implemented national mass immunization and achieved high levels
of coverage among all age groups, diphtheria incidence rates fell rapidly. In
Moldova, a rapidly implemented population-wide immunization campaign in
1995 achieved high coverage among both children (>96%) and adults (>92%)
and quickly achieved control of the epidemic (Fig. 3) (Magdei 2000). In Russia,
high on-time childhood coverage with all doses and 67% adult coverage with
more than one dose was reached by December 1994; diphtheria incidence
began to fall in early 1995 and the decline in incidence accelerated as coverage
continued to rise (Markina 2000; Vitek 1999). In Mongolia, an outbreak linked
to importation from the NIS was rapidly brought under control by a mass
immunization campaign (WHO 1997). In some countries, implementation of
the mass campaigns took longer to reach high coverage, especially among
adults, and control of the epidemics also took longer to achieve.

In1996, reporteddiphtheria casesdeclined inall of theNISandBaltic States
and continued to decline in subsequent years. By 1999, the epidemic had been
controlled albeit after more than >157,000 reported cases and 5,000 deaths.
Based on the reported results of the immunization campaigns, more than
140,000,000 older adolescents and adults were immunized with one or more
doses of diphtheria toxoid, representing one of the largest mass immuniza-
tions of adults in history (Wharton 2000). Control of the epidemic is estimated
to have prevented an additional 560,000 cases and 15,000 deaths. However,
circulation of toxigenic C. diphtheriae continues in the NIS and Baltic States
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Fig. 3 Reported incidence of diphtheria by month, Moldova, 1993–1998

despite the massive amount of adult and childhood immunization; 1,177 cases
were reported in 2002, primarily from Russia and the Ukraine.

The mass immunization campaigns among adults in the NIS outbreak
proved to be highly safe. Few adverse events were reported in the national
campaigns, regardless of whether diphtheria toxoid vaccines produced by
Western or by Russian suppliers were used; the events reported were pri-
marily local soreness or redness. In the Ukrainian immunogenicity studies
where surveillance for adverse events was enhanced, the most frequent lo-
cal reaction noted was pain among 18%–33% of vaccinees while 5% or less
reported fever. No reaction was severe enough to result in missed work (Sut-
ter 2000; Golaz 2000). Similarly, few reactions were reported during an adult
immunization campaign conducted in Stockholm in 1995–1996 to raise pop-
ulation immunity during the epidemic in the former Soviet Union. Almost
100,000 adults were immunized with one to three doses of highly purified
diphtheria toxoid vaccines and enhanced passive surveillance was conducted
for adverse events. Only 1.8%–5.4% of vaccinees reported local reactions, and
systemic reactions, primarily fever, were reported by less than 1% (Christen-
son 2001).

The NIS epidemic demonstrated conclusively the potential susceptibility
of adults to epidemic diphtheria in the vaccine era. Adults and older adoles-
cents made up a majority of reported cases in the epidemic; outbreaks and
clusters of cases were reported among adults in enclosed civilian or military
institutions. Within the NIS countries, there were two general patterns of
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Table 1 Diphtheria cases and deaths by age group, Russia (1990–1997) and Azerbaijan
(1990–1996) (from Markina 2000 and Vitek 2000)

Age group Russia (population 148.1 million) Azerbaijan (population 7.3 million)
’Western’ pattern ’Southern’ pattern

Cases Deaths Case Cases Deaths Case
(% total) (% total) fatality (% total) (% total) fatality

ratio ratio

0–14
years

31,985 (32) 759 (26) 2.4% 1,140 (53) 213 (75) 18.7%

15–29
years

24,358 (24) 138 (5) 0.6% 690 (32) 58 (20) 8.4%

30–49
years

34,794 (35) 1,467 (49) 4.2% 324 (15) 15 (5) 4.6%

50 years
and older

8,819 (9) 603 (20) 6.8% 16 (1) 0 0.0%

Total 99,956 2,967 3.0% 2,170 286 13.2%

age distribution, roughly defined by geographic location into ‘western’ and
‘southern’ patterns (Table 1). These patterns are likely to reflect several factors
in the southern former NIS countries including larger proportions of children
in the population; lower coverage with primary immunization of school-aged
children, greater immunity amongadults 40yearsof ageorolderdue togreater
circulation of toxigenic C. diphtheriae prior to the initiation of Soviet mass
immunization in the 1950s; possibly greater immunity among young adults
due to continued circulation in the 1960s and 1970s; lower socio-economic
levels; and regional differences in surveillance (Dittmann 2000).

5.3.1
Western

In the Baltic States and western NIS, the proportion of cases reported among
adults was higher (64%–82%) and adults 40–49 years old had extremely high
incidence and death rates; in some countries, this age group accounted for
nearly half of all deaths. Older adults (>50 years of age) had relatively few
cases. In the western NIS and Baltic States, the childhood age groups had low
death rates with fatalities primarily occurring among children who had not
received a primary vaccination series (Markina 2000).
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5.3.2
Southern

In Moldova and the Caucasus and Central Asian countries, the proportion of
cases reportedamongadultswas lower (38%–59%); inmost of these countries,
adults less than 40 years of age had a higher incidence of diphtheria than older
adults. Incidence in populations of children was high, especially in the initial
phases of the epidemic. In many of the countries such as Georgia, Azerbaijan,
and Tajikistan, the death rate was much higher among children, consistent
with inadequate previous coverage with primary immunization.

While a high rate of adult susceptibility to diphtheria is critical, other
factors appear to also be needed to produce widespread epidemic diph-
theria among adults; data from the epidemic in the NIS and Baltic States
supports the continued importance of populations of susceptible children in
generating widespread epidemics. Russian data found that among the gen-
eral civilian population, adult cases were frequently linked to child carriers,
clusters of adult cases in routine work settings were rare, and the carriage
rate among adult contacts of cases in routine settings were low. School-
age children and adolescents had high reported incidence rates of diphthe-
ria, primarily mild, as well as high rates of carriage of toxigenic C. diph-
theriae (Fig. 4) (Dittmann 2000). The differing epidemiology of cases and
contacts among school-aged children as compared to noninstitutionalized
adults suggests that children remained a critical population for amplifica-
tion of the epidemic in the general civilian population, probably due to their
high contact rates in schools and day-care settings. This is also suggested
by the disproportionate proportion of cases among school-aged children
in Azerbaijan and some of the Central Asian countries early in the epi-
demic, followed by increasing cases in the adult population. Importations
of diphtheria from the NIS outbreak to other highly industrialized coun-
tries (Germany, Finland, and Poland) with high rates of adult susceptibility
but very high childhood immunization coverage led to either small num-
bers of secondary cases or to no spread at all (Galazka 1997; Anonymous
1997).

5.4
Reasons for the Reemergence of Epidemic Diphtheria

The Soviet epidemic can provide an important guide for assessing the risks
of future major diphtheria epidemics. While the reasons for the epidemic
remain incompletely understood, at a minimum, they appear to include the
introduction of toxigenic strains into the general population, the less intense
immunization and low coverage with diphtheria toxoid containing vaccines
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among children in the 1980s and early 1990s, and a large gap of immunity
among adults (Dittmann 2000). In addition, the spread of the epidemic was
facilitated by several factors including: (1) large-scale population movements
as ethnic Slavs emigrated from Central Asian and Caucasian countries to
Russia and the Ukraine and as refugees fled conflict in the Caucasus, Tajik-
istan, and Moldova; (2) rapid socioeconomic decline; (3) deterioration of
the health infrastructure; (4) delay in implementing aggressive measures to
control the epidemic; (5) inadequate information for physicians and the pub-
lic; and (6) inadequate supplies of diphtheria vaccines and therapeutics. The
quality of Russian-manufactured diphtheria toxoid vaccine does not appear to
have contributed to the epidemic; this vaccine was highly effective in the Rus-
sian mass immunization campaign as well as in epidemiologic and serologic
studies conducted in the Ukraine and Russia.

5.5
Lessons Learned and Future Needs

The struggle to control epidemic diphtheria in the NIS and Baltic States
provided important lessons. The experience of what was successful supports
that the most important goal of control measures in a widespread diphtheria
epidemic is achieving the highest possible immunization coverage for the
whole population and that the needed levels of population immunity needed
for epidemic control can most quickly be achieved by a mass immunization
campaign. Maintenance of population immunity should be accomplished by
routine immunization. There is incomplete agreement on the appropriate
target levels for adult population immunity in the absence of a widespread
diphtheria outbreak, reflecting limitations on the ability to predict the risk of
future diphtheria outbreaks.

5.6
Epidemic Control: Case-Centered Control Measures and Mass Immunization

The primary lesson in epidemic control learned from the NIS and Baltic States
was that case-centered control efforts are likely to be ineffective if large pop-
ulation immunity gaps exist while rapidly raising immunity to high levels
among all age groups will be effective in controlling even a widespread diph-
theria epidemic. Recommended case-centered diphtheria control measures
include the isolation and antibiotic treatment of cases, and antibiotic prophy-
laxis and full immunization of contacts (Farizo 1993). Case-centered control
efforts failed to stop the spread of diphtheria in any of the affected coun-
tries in 1990–1994; this widespread failure suggests that case-centered control
measures could similarly fail in future outbreak situations where substantial
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child and adult population immunity gaps exist. However, case-centered con-
trol measures will facilitate rapid control of an epidemic and need to be fully
implemented; incomplete implementation of some measures, especially the
antibiotic prophylaxis of contacts, in the NIS epidemic may have facilitated
spread of the epidemic.

In contrast, the mass immunization campaigns that reached nearly the
entire population were highly effective in the NIS epidemic, especially when
carried out quickly. While one to three doses of diphtheria toxoid are needed
to induce diphtheria immunity in an individual depending on their prior
immunization, a rapid ‘one-dose for all’ strategy worked extremely well in
the NIS. This strategy aimed to rapidly deliver one dose of diphtheria toxoid
containing vaccine (at least 2 Lf diphtheria toxoid per dose) to virtually the
entire adult population while ensuring full age-appropriate immunization for
children. The NIS experience also suggests that a rapid one-dose strategy has
great logistic advantages in diphtheria epidemics involving large populations.
The amount of vaccine needed in a multi-dose strategy for large populations
can be difficult to procure and transport; despite heroic efforts by national and
international partners, limitations on vaccine supply slowed implementation
of the NIS mass immunization strategy.

A similar ‘one-dose for all’ strategy will be appropriate during future
epidemics in populations where the majority of the population has been im-
munologically primed. However, certain distinct age groups of adults, such
as the 30–50-year-old adults in the NIS epidemic, are likely to have larger
numbers of individuals who have not been immunologically primed against
diphtheria due to incomplete initial implementation of immunization pro-
grams and decreasing exposure to diphtheria over time. It is likely that these
cohorts can be identified by epidemiologic analysis of the outbreak cases; sup-
plemental serologic studies can be conducted for confirmation. The epidemic
control strategy should ensure that these most-susceptible age cohorts receive
a full primary series and could later provide a three-dose primary series to all
other adult age groups, if warranted. Successful implementation of a multiple
dose strategy will require special measures for tracking adult immunization
since routine immunization monitoring systems are exclusively focused on
childhood immunization in almost all countries. In the implementation of
the mass campaigns during the NIS epidemic, some countries exempted chil-
dren who had recently completed full immunization from mass campaigns;
although no adverse effect on the results of the mass campaigns is discernable,
such a practice is highly dependent on the availability of reliable childhood
immunization records.

A higher susceptibility among rural residents was observed previously
in unvaccinated populations and in some parts of the NIS and Baltic States
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during the epidemic. No strategy adjustment for rural–urban differences
proved necessary in the NIS epidemic; however, these differences may be
more important in future large-scale diphtheria epidemics as immunization
programs in some developing countries may be less effective in reaching rural
areas than was the case in the Soviet Union.

A further lesson in epidemic control from the NIS and Baltic States epi-
demic outbreak was in how to develop an effective international response.
During the epidemic, an international coalition with close collaboration be-
tween international partners and national health authorities of the affected
countries was developed; this coalition generated the guiding strategy and
sufficient resources to implement that strategy. The coalition required coor-
dination by a body with sufficient personnel and financial resources.

5.7
Prevention

A primary lesson learned from the diphtheria epidemic in the NIS and Baltic
States is that large numbers of susceptible children coupled with an immunity
gap in adults creates the potential for an extensive epidemic. In 1996, the Advi-
sory Group on Immunization for the WHO European Region recommended
steps in routine immunization policy to eliminate these gaps by focusing
on the following three areas: (1) achieving very high coverage with primary
immunization with DTP vaccine in infancy and ensuring booster doses of
diphtheria toxoid containing vaccines at 16–36 months of age, school entry,
and school exit; (2) including an additional booster dose during school years
in countries with ongoing or recent diphtheria epidemics; and (3) implement-
ing periodic booster doses for adults in high-diphtheria risk countries and
considering booster doses in other countries depending on the degree of risk,
the ability to provide boosters, and the quality of diphtheria surveillance.

Broad consensus in all countries exists for improving coverage with pri-
mary immunization for preschool aged children; there is less agreement on
immunization of older age groups with booster doses of diphtheria toxoid.
In 1998, the Scientific Advisory Group of Experts (SAGE) for immunization
policy for WHO recommended a gradual phase-in of Td to replace monova-
lent tetanus toxoid for use in school-based booster dose programs (beginning
in countries with high DTP coverage) and for immunizing women of child-
bearing age (WHO 1998). Countries in Europe and the Americas have added
additional booster doses of diphtheria toxoid for older children, adolescents,
and at least some populations of adults such as women of child-bearing age;
however, fewcountries inother regionshave intensified immunizationofolder
children and adults against diphtheria. A subsequent WHO advisory group
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noted that due to concerns that the global tetanus vaccine supply could be
adversely affected, optimal vaccine policymaking would require an improved
understanding of the epidemic risk related to the build-up of diphtheria sus-
ceptible persons (WHO 2004).

There are numerous areas where better data could lead to an improved
understanding of the risk for future outbreaks of diphtheria. Although the
NIS epidemic illustrates that there is a danger posed by immunity gaps in
children and adults, it remains unclear what level of population immunity in
these groups is needed to prevent epidemic spread and whether immunity
gaps isolated to adult groups pose any significant increased risk. There may
be differences in the risk of epidemic spread associated with different strains
of toxigenic C. diphtheriae and with different levels of socioeconomic devel-
opment. In addition to our imperfect understanding of the theoretical frame-
work of epidemic spread of diphtheria, the ability to predict diphtheria risk is
hampered by extremely limited data for most developing countries on levels
of population immunity and the prevalence of diphtheria. Even fewer data are
available on the circulation of toxigenic C. diphtheriae in these countries.

With the low likelihood of eradication of toxigenic C. diphtheriae and our
imperfect understanding of future risk, the current priority for improved con-
trol of diphtheria should remain improving coverage with diphtheria toxoid
containing vaccines among children in developing countries. In the longer
term, diphtheria control and immunization policy would benefit from im-
proved quality and availability of epidemiologic data and improvements in
diphtheria vaccines that could result in improved duration or quality of im-
munity while reducing the frequency of adverse events.
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Abstract When first introduced in 1992 the hepatitis A vaccine was recommended for
individuals at high risk of exposure. This policy was not expected to have a significant
impact on disease incidence at population level in view of the epidemiology of the
hepatitis A virus (HAV). More recently two countries, Israel and Bahrain, and regions
or subpopulations in others (Australia, China, Byelorussia, Italy, Spain, US) have em-
barked upon more ambitious vaccination programmes that aim to immunize whole
birth cohorts. After a brief survey of the virology and epidemiology of HAV, the disease
burden it inflicts and a short history of the development of HAV vaccines – both live (in
China) and killed vaccines are available – the vaccination programmes introduced in
the countries mentioned above are described. The results have been spectacular: dis-
ease incidence,notonly in thevaccinatedcohortsbut also in thewholepopulation,have
plummeted within a few years of the start of mass vaccination. There is now convincing
evidence that the vaccine confers herd immunity if the main spreaders of the virus are
targeted for immunization.Thisfinding shouldencourageother countries to startmass
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vaccination programmes against HAV, particularly as pharmacoeconomic studies are
beginning to show that such a strategy could be a cost-effective way of controlling the
disease. It is now even conceivable to eradicate HAV. In fact, this should be easier to
achieve than polio eradication as HAV vaccines confer more durable immunity than
polio vaccines. However, the global disease burden of HAV is generally thought not to
be high enough to justify such an undertaking in the foreseeable future.

1
Introduction

The successful outcome of the long search for a vaccine against hepatitis A [1,
2] was celebrated and discussed at an international symposium, held in Vi-
enna,Austria, in January1992.The symposiumwasattendedbymostof the re-
searchers who had made the major scientific and technical breakthroughs that
made possible its development. It provided the occasion to present Havrix –
an inactivated (killed) alum-adsorbed whole-virion vaccine – to the scien-
tific community [3]. It was the first hepatitis A vaccine to be licensed. Since
then, three similar vaccines – two alum-adsorbed (Avaxim and Vaqta) and
one (Epaxal) formulated in ‘immunostimulating reconstituted influenza viro-
somes’ – have been made available [4]. These vaccines are now on the market
in most developed and many developing countries. They are essentially in-
terchangeable. Any difference between the inactivated vaccines produced by
reputable manufacturers in developed countries are probably not of clinical
importance [5]. Therefore, the vaccine used in the vaccination programmes
described hereafter will not be mentioned. A bivalent hepatitis A and B vac-
cine (Twinrix) has also been introduced. In China, a live attenuated vaccine
has been developed [6]. It is now in routine use there. Since this vaccine is
not efficacious orally and must therefore, like the killed vaccines, be injected,
it has no medical advantage over them. Because of the theoretical advantages
of killed vaccines, and their outstanding safety and efficacy, the development
of a live vaccine has been stopped in Western countries [7]. When the vaccine
was first introduced, the recommendations of the public health authorities in
all countries, no doubt because of economic considerations, were to vaccinate
only individuals belonging to high-risk groups. This was a policy doomed to
have a limited impact on disease incidence in the general population as was
predicted from the known epidemiology of the infection [8]. A gradual shift
to more effective strategies occurred when, with increasing use, it became
clear that hepatitis A vaccines are safe and highly efficacious [4, 9, 10, 11].
At the end of the twentieth century, several countries (or regions of some
countries) have embarked upon more ambitious immunization programmes
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to control the disease on a population-wide basis. Pharmacoeconomic studies
are increasingly demonstrating the socioeconomic wisdom of this approach
not only for hepatitis A [12, 13] but also for all prevalent vaccine-preventable
diseases since “for most childhood vaccination programs......every dollar in-
vested leads to significant savings to the society” [14].

In this chapter, the spectacular results obtained recently in some countries
by mass vaccination against hepatitis A will be summarized. The possibility,
in the future, of national, regional or even global control of disease caused
by the hepatitis A virus (HAV) will also be examined. Before that, a brief
description of the relevant virological and epidemiological characteristics of
HAV and the disease burden that it inflicts will be given.

2
Virology and Epidemiology of HAV

Human HAV is a picornavirus with several unique properties that justify
its classification in its own genus, named hepatovirus [15]. Although HAV
may replicate in a variety of human cells – including intestinal cells that are
an inescapable passage to the liver through the blood stream – and other
primate cells it naturally grows to any extent only in human hepatocytes.
From there, it gains entry, through the bile duct, to the gut and is then shed in
faeces. Human faeces constitutes the sole reservoir that is epidemiologically
relevant, in spite of the fact that HAV has occasionally been isolated in other
primates [16]. It is remarkably resistant to physicochemical inactivation. It
can survive for many weeks in the environment under what might seem
unfavourable conditions, such as in sea water. There, it can be concentrated in
shellfish [17]. The catastrophic epidemic that occurred in Shanghai during the
Chinese New Year of 1988 was caused by the widespread consumption of raw
or inadequately cooked contaminated hairy clams [18].To be inactivated HAV
must be exposed to a temperature of 85 C for at least 1 min [19] and it will
survive for weeks in dried faeces [20]. Although genetic heterogeneity, that has
allowed delineation of four distinct genotypes, has been demonstrated, only
one serotype is recognized. This is the reason that a vaccine for worldwide
use need contain only one strain of the virus [21].

Infection with HAV occurs when a nonimmune individual ingests food,
water or fomites contaminated by faeces from a person in the shedding phase
of a HAV infection. Very rarely, it can also be transmitted iatrogenically
through inoculation of blood products during blood transfusions, therapy of
clotting disorders or medical procedures with unsterilized equipment since
there is a viraemic phase of the infection [22]. However, spread of the virus
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in a population is essentially by the faecal – oral route since the main natural
sourceof thevirus ishuman faecalmatter [23].Theendemicityof this virushas
been abundantly documented under different societal conditions, including
times of warfare [24–26].

Throughout history, what we now call hepatitis A was known as the jaun-
dice of military campaigns and it has influenced the outcome of many battles.
Virus transmission is facilitated by poor sanitation and unhygienic practices
and is therefore rampant in socioeconomically underprivileged nations, com-
munities, and situations where human faeces is disposed in ways that allow
contamination of food and drinking water. In such environments exposure
to the virus is almost inevitable and most children are infected, in most cases
subclinically, before they reach the age of 5 years and thus become naturally
immune, as evidenced by the appearance of serum HAV antibodies that per-
sist for life.Naturally-acquired–andprobably alsovaccine-induced immunity
(see later) – against re-infection and, certainly, disease is lifelong. Populations
with a high level of natural immunity in all age groups live under circum-
stances where infection is highly endemic. In communities with very good
sanitation and hygienic habits – like the unfailing provision of safe drinking
water, hygienic methods of preparing and distributing food and good per-
sonal habits (such as scrupulous handwashing after defecation)–exposure to
the virus may not happen until adult life. At that stage, exposure and infection
may occur when a nonimmune individual travels to a highly endemic area
for pleasure or business [27] and because of the adoption of unsafe personal
lifestyles, like promiscuous sexuality or behaviour associated with drug ad-
diction [28, 29]. In populations with low levels of natural immunity until early
or late adult life (which usually reflects infection in a distant less affluent past)
the endemicity of infection is low or very low.

There, the main route of infection is through close direct or indirect con-
tact with an infected person and not by consumption of contaminated food
or water. In the rest of the world, where infection occurs gradually with in-
creasing age through both ingestion of contaminated food and water and
close personal contact with persons excreting infectious virus the endemicity
is described as being intermediate. On the basis of this classification, global
maps have been produced, showing, in different colours, areas of the world
with “very low”, “low”, “intermediate” and “high” endemicities. However, this
is an oversimplification of the real world where low and high endemicities
may coexist next to each other in different communities of the same country.
Furthermore, the situation has been changing rapidly in the last few decades
and, because of improving socioeconomic conditions, many less developed
countries are shifting from “high” to “intermediate” endemicities. A recent
review of global anti-HAV seroprevalence shows that, apart from the poorest
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countries in Africa, levels of natural immunity are declining in all parts of the
world [30]. The socioeconomically privileged in many developing countries
are already experiencing “intermediate” or even “low” endemicities. This
trend, paradoxically, is bringing with it new dangers (which will be discussed
later) that plead in favour of more extensive immunization programmes in
countries or communities that can afford it, particularly when cost – effective-
ness analysis shows that they are more efficient than many generally accepted
health care interventions [31].

3
Disease Burden

From seroprevalence surveys of anti-HAV [30] it can be deduced that hepati-
tis A is one of the most prevalent viral infections in the world. On average,
about 1.5 million cases are estimated by the World Health Organization to oc-
cur annually [32]. However, because of under-reporting, the true disease inci-
dence is undoubtedly very much higher. In the US a thorough study, that used
a sophisticated mathematical model to estimate case incidence from observed
age-adjusted seroprevalence rates, came to the conclusion that between 1980
and 1999 the true case incidence was 10.4 times that actually reported [33]. In
other parts of the world the degree of under-reporting is unlikely to be lower.
Estimation of global disease incidence is rendered difficult by the fact that in-
fection results in clinical disease at very different frequencies depending upon
age at infection. In early life infection generally is asymptomatic, subclinical
or mild. With advancing age infection more frequently causes disease of in-
creasing severity, and even death, from fulminant hepatitis or complications,
is no longer exceptional. The case-fatality rate for those above 40 years of age
was ~1% in 1995 in the US [34]. Clinical hepatitis A typically manifests itself
28 days (range, 15–50 days) after infection. It is an acute disease, characterized
by the rapid onset of increasing fatigue, malaise, nausea, anorexia, vomiting,
fever, myalgia and diffuse abdominal pain and – in children – diarrhoea.
This may be followed, within a few days to a week, by the appearance of dark
urine, pale stools and jaundice. This symptomatology is no different from that
experienced by patients suffering from other forms of hepatitis (B, C, D, E,
etc.) and a specific laboratory diagnosis (detection of serum anti-HAV IgM) is
necessary; a requirement not fulfilled in most parts of the world. The natural
course of the disease varies but most patients start feeling better within a few
weeks. Most will recover fully, although sometimes after a convalescence of
many months. In the 1988 epidemic in Shanghai only 47 deaths occurred
among 310,746 reported cases in mainly adolescents and young adults [35].
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Hepatitis A infection never leads to a chronic state but can progress to
usually benign complications such as cholestatic jaundice, relapsing hepatitis
and other rare exta-hepatic disorders. The most dreaded complication, with
a high case-fatality rate, is fulminant hepatitis (which develops at an aver-
age rate of 1 per 10,000; with a wide range depending upon age in different
series) that often requires liver transplantation to save life. Hepatitis A has
been identified as “the predominant aetiology of acute hepatitis and fulmi-
nant hepatic failure in Argentina and probably in the world” [36]. In Latin
America, hepatitis A is recognized as a major cause of acute liver failure [37].
A trustworthy estimate of deaths caused worldwide by HAV is not available.

Another way of measuring the burden of hepatitis A is its economic im-
pact. It has been estimated that it drains 1.5–3 billion $US per year from the
world economy. For example, in 1997 the total cost to society in the US was
put at $488 million [38]. The impact of the disease on a national economy will
vary tremendously depending upon local variables like inflicted morbidity,
mortality and cost of health care delivery. Countries in the high endemicity
category, that are usually economically weak, are less affected than rich coun-
tries because infection occurs asymptomatically in early life and treatment
costs for the relatively few clinical cases are low. When endemicity moves
into the intermediate category, due to socioeconomic improvements, the eco-
nomic drain may be much higher since infection will occur later in life (and
will therefore be more serious) and health care becomes more expensive. In
future, the ongoing improvements of sanitation and hygiene in most parts
of the world, will, paradoxically, result in a greater disease burden as past
experience in Greece [39] among many other countries – has clearly shown.
Disease burden, measured by morbidity, mortality, economic costs and – as
is often forgotten – psychological distress, must be assessed locally and be
continuously updated due to rapidly changing conditions.

4
Vaccine Properties and Vaccination Policies

Protection conferred against infection by killed hepatitis A vaccine, is mainly
mediated by neutralizing antibodies [40]. It is expected to last at least 25 years
because of the slow decline of vaccine-induced antibodies [41] and probably
much longer – possibly for life – due to the induction of immunological
memory and the long incubation period of the disease.

Booster doses are thought to be unnecessary to maintain disease immu-
nity [42]. The response to the vaccine is blunted by the presence of pre-existing
serum antibodies acquired from passive immunization with immunoglobu-
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lin [43] or through the placenta [44]. Consequently, the vaccine is licensed
only after 1 year of age (2 years in the US) when maternally acquired antibody
has largely disappeared. However, immunological memory is elicited even in
the presence of maternal antibodies [45] and the vaccine would, no doubt,
be efficacious in infancy in environments where natural immunity is rare in
women of child-bearing age.

Vaccination policies can range from banning vaccine use to mandatory
inoculation of everybody. The efficient strategy is to aim for maximal dis-
ease reduction with a minimum financial outlay. Any policy must also take
into consideration other perceived needs, available resources and other pos-
sible beneficial interventions. However, given the availability of a safe and
efficacious vaccine, it is obvious that reason dictates that it should be used
as effectively as possible. In order to maximize the efficiency of a vaccina-
tion programme, it is important to know the predominant ways in which the
pathogen is spread within and between age groups and other subsections in
a population, the period during which a pathogen is transmissible and its in-
fectiousness. Age-related disease burden and peak incidence are also relevant
parameters that influence what constitutes the most efficient policy [46, 47].
Characteristics of the vaccine that are critical include the duration of vaccine-
induced protection, the earliest age at which it is efficacious and practical
considerations like ease of administration and cost of delivery. Clearly it is
not easy to choose an “optimal” policy. Computer-assisted modelling of epi-
demiological and economic parameters should, in defined situations, help
to make an objective choice between possible policies [48]. In the end, any
recommended policy is a sociopolitical decision informed by economic con-
siderations. As mentioned earlier, economic reasons were, no doubt, at the
root of the timid policy of all public health authorities of restricting vaccine
use to some population groups (like presumed nonimmune travellers to high
endemicity regions, men who have sex with men, drug addicts, food-handlers
who may spread the virus to their clients and individuals – such as patients
with chronic liver disease – who may suffer more severe illness) in spite of
the fact that such high risk groups were known to contribute, in total, only
a minority of the cases in the general population [49]. It took some time and
well-conducted epidemiological studies to establish the now generally ac-
cepted message that “sustained nationwide reductions in incidence are more
likely to result from routine childhood vaccination than from targeted vacci-
nation of high-risk groups” [50] a simple truth that was also learned slowly in
the case of hepatitis B [51]. In the case of hepatitis A, this conclusion is even
more justified since the evidence that children are the main spreaders of the
virus in thegeneralpopulationhasgraduallybecomemorepersuasive [52, 53].
An obvious hypothesis that begged to be tested is that interruption of virus
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circulation, through vaccination as early as possible in childhood, would re-
sult in a major reduction of virus transmission – and thus disease incidence –
in the whole population, not by producing classical herd immunity [54] but
rather through the mechanism of community immunity [47].

5
Early Demonstration Projects

The protective efficacy of inactivated hepatitis A vaccine was clearly demon-
strated in two randomized double-blind field trials [55, 56]. The first hint
that vaccine-induced community immunity could play a major role in overall
reduction of hepatitis A disease incidence came in the demonstration project
in Slovakia where a large community-wide outbreak, that started in two vil-
lages in December 1991, was terminated by vaccination – in December 1992 –
of pupils attending the common school [57]. A more extensive proof of the
effectiveness of vaccination was provided by the rapid state-wide elimination
of shepatitis A in Alaska by the inoculation – between April and May 1993 –
of only a single dose of vaccine.

Evidence that vaccination of at least 70% of the targeted population (the
presumed nonimmune) resulted in herd immunity was obtained. The results
were so impressive that the editor of the journal that published the findings
felt it was appropriate to state that she was “proud to publish proof that
prevention practices produce profound performances” [58]. Other projects
have further demonstrated the perspicacity of this pronouncement [59, 60].

6
Planned Mass Prevention Programmes Carried Out

After the scientific proof of the wisdom of mass vaccination against hepatitis
A was provided, several jurisdictions realized it was their sociopolitical duty
to implement that strategy of control where local epidemiological and eco-
nomical data – not to mention political motives – justified it. What follows is
a chronological record of what has been done and achieved in the recent past.

6.1
Puglia, Italy

Puglia, a region in the southeast of Italy with a population of four million,
experienced intermediate HAV endemicity until the 1990s. The main mode
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of transmission was identified as the consumption of shellfish [61]. In inter-
epidemic periods the annual incidence was 20–30/100,000. There were large
epidemics in1992and1996–1997. In1995, acomputerizedsystemof infectious
disease notification was instituted which allowed a fairly accurate estimate of
the number of cases that occurred in 1996 and 1997. The numbers reported
were respectively, 5673 (138.8/100,000) and 5389 (131.8/100,000) cases; mainly
in the 11–30 year-old group. A pharmacoeconomic study of the 1996 epidemic
showed that it had cost over 40 million $US to society as a whole [62]. This
finding, coupled with strong epidemiological arguments, prompted the local
government to administer, as from the end of 1997, a dose of hepatitis A
vaccine at 15–18 months (simultaneously with MMR vaccine) and to replace
the monovalent hepatitis B vaccine given in three doses at 12 years in the
national hepatitis B programme mandated by law since 1991 [63] with the
bivalent hepatitis A+B vaccine. This policy was expected to bring “important
economic savings” [64] which, no doubt, (actual figures are not yet available),
have been realized in view of the fact that HAV epidemics have not occurred
since and cases are now rare in the region. On the other hand, in a neigh-
bouring region, Campania, where routine vaccination was not performed, an
outbreak with 615 cases occurred in 2004 [65].

6.2
Catalonia, Spain

Catalonia, an autonomous province of Spain with 6 million inhabitants,
started a programme of vaccination against hepatitis B in schools in 1990.
This programme proved very successful since the coverage rate attained was
>90% and it resulted in a reduction of ~80% in the incidence of hepatitis B in
the 10–19 year age group over an 8-year follow-up [66, 67]. In Catalonia, the
main mode of HAV transmission that has been identified in reported cases is
person-to-person contact (31%) and ~50% of the cases were of unidentified
source. As the main brunt of the HAV disease burden is borne by adolescent
and young adults and the initial recommendation of vaccinating only those
individuals in high-risk groups (travellers, day-centre staff, male homosexu-
als and others) would prevent at most 16% of cases, it was obvious to think of
replacing the monovalent hepatitis B vaccine with the bivalent A+B vaccine.
This idea was particularly attractive as, in view of the existing infrastructure
to deliver hepatitis B vaccine, it would entail an incremental cost of only 1.98e
per vaccinated child. In September 1998, the switch was made, at first in pilot
mode and later throughout the province. The outcome of this initiative has
been shown to be highly beneficial.



104 F. E. André

The reduction in disease incidence observed in the 3 years before (1996–
1998) and after (1999–2001) the programme started was statistically signifi-
cant in all age groups of the population except the >60 year olds. The effective-
ness of the programme in the vaccinated cohorts was estimated at 97.0 (95%
confidence interval, 78.5–99.6). In the <5, 5–9, 10–14, 15–19, 20–29, 30–39,
40–49, 50–59 year age groups the fold-reductions in disease incidence were re-
spectively 1.7, 2.4, 5.9, 2.6, 2.5, 2.1, 3.6, and 2.4 being only 1.6 (not significant)
in the >60 year age group. Although, as clearly stated by the authors report-
ing these spectacular results [68], the cyclical nature of hepatitis A disease
incidence could explain these findings, the most likely explanation remains
that the vaccination programme was the cause. Recently, the Cataluyan group
presented data to show that the programme “is a very efficient intervention
programme that saves money for the health system” [69]. Can any Minister of
Health ask for more?

6.3
North Queensland, Australia

In the 1990s, hepatitis A reached the status of a “major public health prob-
lem” [70] in North Queensland because two large epidemics occurred during
the decade [71]. It was only from 1996 that an enhanced surveillance system
allowed the clear demonstration that Indigenous people had a much higher
incidence of disease than the non-Indigenous (110 versus 25 per 100,000 in
1996–1999). Three Indigenous children aged under 5 years had died of ful-
minant hepatitis A between 1993 and 1998 [72]. This situation demanded
action. Starting in February 1999, free hepatitis A vaccine was offered at 18
and 24 months of age to Indigenous children and a catch-up vaccination, up to
their sixth birthday was carried out. In 2000–2003 the incidence rate dropped
to 4.0 and 2.5 per 100,000 respectively in the Indigenous and non-Indigenous
populations of the region. The conclusion was that “a hepatitis A vaccination
programme targeting a high-risk population within a community can reduce
disease incidence in the broader community” [70]. Figure 1 illustrates this
beautifully. A subsidiary – but necessary – postulate for this hypothesis to be
correct is that the targeted high-risk group must be the main spreaders of the
virus in the whole community. This method of conferring population immu-
nity (i.e., breaking the chain of transmission by immunizing the transmit-
ters) – that could be described as “transmitter-targeted-vaccination”–would
be a very efficient elimination strategy.
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Fig. 1 Hepatitis A in North Queensland 1991–2003. Note: enhanced surveillance, with
recording of ethnicity of cases, started in 1996 and the vaccination program began in
February 1999. (The original of this figure was kindly supplied by Dr. Jeffrey Hanna
and is reproduced with permission)

6.4
Israel

In that country, epidemiologists convinced themselves that toddlers, most of
whom attend day-care centres, were not only the nursery of HAV but were
also the main direct or indirect source of the virus for others in the whole
population. Stopping virus transmission in that group could have a major im-
pact on disease incidence in the country. In late 1996, an extended epidemic of
hepatitis A had been halted by the vaccination of children aged 1–6 years [73].
The government therefore decided to embark upon a national programme
to test the validity of the hypothesis since, furthermore, a pharmacoecomic
study had highlighted its financial advantages [13]. On 1 July 1999, a free-
of-charge programme of mass vaccination for all toddlers aged 18 months –
with a second dose scheduled at 24 months – started in the whole country. No
vaccine was offered to the rest of the population who were therefore faced with
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Table 1 Reduction in reported age-specific hepatitis A disease incidence (per 100,100)
in Israel in 1993–1998, 2002, 2003, 2002–2003

Age group 1993–1998 2002 2003 2002–2003
Reduction
(95%CI)

<1 year 18.28 1.42 1.39 1.40 92% (79–97)

1–4 years 123.60 0.92 1.62 1.28 99% (98–99)

5–9 years 186.13 6.50 4.93 5.70 97% (96–98)

10–14 years 81.91 3.29 3.07 3.18 96% (95,97)

15–44 years 22.57 2.08 2.47 2.27 90% (88–92)

45–64 years 7.80 0.82 0.71 0.77 90% (84–94)

>65 years 3.74 1.09 1.22 1.15 69% (47–82)

All 47.98 2.16 2.21 2.18 95.4% (95–96)

% Routine vaccination of 18-month-olds with a second dose at 24 months started on
1 July 1999. (Data supplied by R. Dagan and N. Givon)

having to pay privately for protection; a prospect that only a few relished. The
implementation of the programme was exemplary since the coverage attained
in the target group was ~90%. Less than 10% of individuals in the rest of the
population received vaccine.

The outfall was stupendous. Three years after the start of the programme
disease incidence had fallen to less than less than 5/100,000 in the whole
population whereas before the programme it had been at an average of 37.2
and 57.8 per 100,000 in respectively the Jewish and non-Jewish communities.
The drastic disease reduction occurred not only in the vaccinated cohort
but also in all age groups supporting the hypothesis that toddlers were the
major transmitters of HAV in Israel (Table 1). This dramatic achievement in
such a short time puts in doubt the need for routine vaccination in older age
groups [74, 75]. A full account of this latest triumph of mass immunization
has recently been published [76].

6.5
USA (11 States Routine Vaccination “Recommended” and in Six “for Consideration”)

Inactivated hepatitis A vaccine became available in 1995 in the US. In 1996, the
Advisory Committee on Immunization Practices (ACIP) recommended that
it should preferentially be given to individuals at high risk of infection (trav-
ellers to countries with high or intermediate endemicity, men who have sex
with men, injecting-drug users, patients with clotting-factor disorders) and
patients with chronic liver disease who are prone to develop fulminant hep-
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atitis A. It was also recommended to vaccinate children in communities with
high rates of disease (Alaska Natives, American Indians, selected Hispanic
and religious communities) [77]. This policy – even if fully implemented –
was expected, from the known epidemiology of the virus, to have a limited
impact on overall disease incidence. On 1 October 1999 updated recommen-
dationsofACIPwerepublished [78]. Inaddition to the1996 recommendations
it was stated that “children in states, counties, and communities with rates
twice the 1987–1997 national average (20 per 100,000) or greater” should
be vaccinated routinely – 11 states fell in that category – whereas for those
living where rates are between 10 and 20 per 100,000 – six states – routine
vaccination should be “considered”. The impact of these two successive ACIP
recommendations on disease incidence in children and their communities has
been well documented. First, among American Indians and Alaska Natives
the hepatitis A rates “declined dramatically coincident with implementation
of routine hepatitis A vaccination” [79]. Nationally, hepatitis A has declined
to “historically low rates” and a thorough analysis of the vaccine coverage
and disease notification data from vaccinating and nonvaccinating areas in
the US have supported the conclusion that “much of the recent reduction of
hepatitis A rates is attributable to immunization and that immunization has
been associated with a strong herd immunity effect” [80]. A mathematical
dynamic model of hepatitis A in the US has also demonstrated that vac-
cination can induce strong herd immunity by targeting infants [81]. Now
that pharmacoeconomic studies are demonstrating that “childhood hepatitis
A vaccination is most cost-effective in areas with the highest incidence rates
but would also meet accepted standards of economic efficiency in most of the
US” [31] and that even assuming that “adults at high HA risk can be iden-
tified and vaccinated, the cost of targeted vaccination would exceed that of
universal childhood vaccination” [82] it is only a matter of time before routine
childhood vaccination is adopted nationwide [83]. In the US, the reduction
in disease incidence in the vaccinating states, counties and communities – as
well as in the nonvaccinating regions – has been most encouraging as shown
in Table 2. In 2002, disease incidence was only 2.9 per 100,000 [84]. The latest
situation analysis in the US regarding hepatitis A, showing that the disease is
being brought under control by vaccination, was published very recently [85].
Elimination, in the mid-term future, is even conceivable in a country the size
of the US. Also elsewhere – in Puglia, Catalonia, North Queensland and in
Israel – where, in the last few years mass vaccination of well-chosen cohorts
have been carried out in an exemplary fashion the results have been spectac-
ular (Table 3). These have, no doubt, been obtained due to the “community
immunity” conferred by targeting the most important virus transmitters in
the population.
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Table 2 Incidence of Hepatitis A by US region, 1990–2002

US region Vaccination Incidence Coverage rate Disease

policy (per 100,000) in 2003 reduction

in 1987–1997 [% (95%CI)] in 2000–2002 (%)

11 states Recommended
statewide

>20 50.9 (47.6–54.2) 86

6 states Consider
vaccination

>10 to <20 25.0 (21.8–28.2) 89

33 states No statewide
vaccination

<20 1.4 (1.0–1.8) 50

Coverage data were obtained from [83] and disease reduction from [84]

6.6
Other Pioneers

Not many have, so far, followed the trail blazed by Puglia, Catalonia, North
Queensland, Israel and some US states. Only one other country – Bahrain
in late 2003 – has included hepatitis A vaccine in their national childhood
vaccination programme. As yet, the author is not aware of the impact.
In China, vaccination against hepatitis A is gaining favour among the
well-to-do but only the richest province – Guanzhou – has formally made the
recommendation, at the end of 2003, of universal vaccination; at the expense
of the parents. However the successes of the trailblazers are attracting more
and more interest. Some are already beginning to follow. For example, the
Minsk district in Belarus started routine vaccination of 6-year-old children
in 2003. The coverage rate is now ~95% [86].

7
Is Elimination or Even Eradication Possible?

This possibility was discussed at the Vienna symposium in 1992 but, at the
time, all participants felt it was too early to consider it seriously [87]. Elim-
ination has probably been achieved already in Alaska and is within sight in
some other parts of the world. Although it could be argued that elimination
worldwide or even eradication is possible – this should be not more and may
even be less difficult than for polio (since hepatitis A vaccine gives more
durable immunity than polio vaccines – both OPV and IPV – against infec-
tion) the sensible position to take is not to “dream the impossible dream” and
only hope that the disease will be gradually controlled “by improving living
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conditions in the developing world and the wise application of the existing
vaccines in other areas” as a masterful treatise on the subject concluded [88].
In such areas, wisdom increasingly indicates the need for mass vaccination of
children [89]. However, unfortunately, implementation of this wisdom will be
dictated more by politico-economical than scientific, technical, rational and
humanitarian considerations.
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Abstract Mainland France is considered as a low endemicity area for hepatitis B, but
the French Caribbean and Pacific territories are classified into areas of intermediate
and high endemicity. In France vaccination programmes aimed at high-risk groups
were started in 1982 (including health care workers and patients receiving blood
products) and the immunization of babies born of hepatitis B virus surface antigen
(HBsAg)-positive mothers was reinforced in 1992. Considering the drawbacks and
limited effect of targeted vaccination policies, universal vaccination targeted partic-
ularly to the preadolescent and adolescent population was initiated in 1994. In 1995,
hepatitis B virus (HBV) vaccination was included in the infant immunization schedule.
However, theemotiongeneratedby theclaimthatHBVvaccinationcouldhave led to the
development of central nervous system demyelinating disorders resulted in a marked
decline of HBV vaccine use, both in the pediatric (23.3% vaccination coverage in
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children less than 13 years old) and in the adult population. The current coverage
rates are likely to be insufficient to bring about a significant reduction in the control
of hepatitis B in France. The success of universal immunization is highly dependent
on reinstating the confidence of the public and health care professionals in the safety
and efficacy of hepatitis B vaccines.

1
Introduction

During the last two decades, considerable progress has been made in imple-
menting a hepatitis B vaccination programme in France. As in all industrial-
ized countries, as soon as the first generation vaccine was made available in
the early 1980s vaccination was recommended for high-risk groups (health
care workers in contact with high-risk patients, homosexuals, patients un-
dergoing haemodialysis or receiving blood products, close family contacts
of persons with chronic HBV infections, and travellers to high endemicity
regions). In 1992, the screening of pregnant women for hepatitis B virus sur-
face antigen (HBsAg) was made compulsory in order to prevent perinatal
hepatitis B virus (HBV) transmission. In the early 1990s, the evaluation of the
implementation of the targeted strategy, carried out in North America, lead
to the conclusion that the spread of HBV could not be effectively controlled
by vaccinating only high-risk groups [1, 2]. In 1992, the World Health As-
sembly recommended HBV vaccination in all countries for either newborns,
infants or pre-adolescents, depending on the level of hepatitis B endemicity
and the local epidemiology [3]. Accordingly, in 1994/1995, France included
HBV vaccination in the infant immunization schedule, in addition to the
high-risk groups vaccination strategy. To have a more rapid epidemiological
impact, annual vaccination campaigns in schools targeting preadolescents in
the first year of secondary school (10–12 years of age) were also launched.
These campaigns were to be discontinued after 10 years, when the first cohort
of children vaccinated as infants reached secondary-school age [4]. Unfortu-
nately, the immediate success of the programme was shadowed after the safety
of the vaccine had been questioned. This resulted in a decreased confidence
in hepatitis B vaccination that resulted in a rapid fall in coverage. Therefore,
the success of the recommendations for universal infant and adolescent im-
munization is highly dependent on reinstating confidence among the public
and heath care professionals in the safety and efficacy of HBV vaccines. The
analysis of the results showed the success but also the challenges encountered
when a hepatitis B vaccination programme was implemented in France.
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2
Epidemiology and Carrier Rate of HBV in France

The world can be separated into areas of low, intermediate and high endemic-
ity of HBV carriage. In these areas, the HBsAg carrier rate in the population
ranges from less than 2%, 2%–8% and more than 8%, respectively. Mainland
France is considered as a low endemicity area, but the French Caribbean and
Pacific territories are classified respectively into areas of intermediate and
high endemicity (Table 1).

In countries of high and intermediate endemicity, as well as horizontal
person-to-person spread, the perinatal transmission from a chronically in-
fected mother to her infant at the time of birth is one of the most effective
routes of transmission. In countries with lowendemicity, most HBV infections
result from sexual activity and exposure to infected blood and other body flu-
ids and therefore occur at an older age. The outcome of HBV infection varies
according to the age of infection. The large majority of infections acquired
in infancy are asymptomatic but present a higher risk of developing chronic
infection. As many as 90% of those infected in the first year of life become
chronic carriers. In contrast, almost 50%of adult infections are asymptomatic,
but only 5%–10% of those infected in adulthood become chronic carriers.

In the 1990s, the estimates of the carriage rate of HBV in the population
of mainland France ranged from 0.2% to 0.5% (corresponding to more than
100,000 chronic carriers). Important regional variations were observed, due in
part to differences in the importance of populations of various ethnic origins.
For example, important geographical variations were observed among the
carriage rate in pregnant women, ranging from 0.13% to 2.99%. The global
HBsAg crude prevalence (0.72%) was significantly higher among women from
countries with a high prevalence of hepatitis B (2.56%) than among women
of French origin (0.15%). HBsAg prevalence increased from 1.75% in women
from Mediterranean area, 2.83% in those from the Caribbean, 4.61% in those

Table 1 Distribution of HBV markers in France (mainland and overseas territories)

Prevalence Endemicity

Low Intermediate High

HBsAg <2% 2%–7% 8%–15%

All markers <20% 20%–60% >60%

Distribution France West Indies French Polynesia
Reunion French New Caledonia

Guiana
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from sub-Saharan Africa to 5.45% in those from South East Asia [8]. Recently,
we observed that pregnant women from eastern European countries had an
even higher HBsAg prevalence.

Before the introduction of systematic antenatal screening, it was estimated
that as many as 1000 infants born each year in France from French infected
mothers developed a persistent infection. This was the confirmation that even
in low endemicity areas, the risk for newborns is substantial. This led to the
implementation, in 1992, of the mandatory testing of pregnant mothers for
HBsAg and immediate prophylaxis at birth in the case of positivity, based on
the simultaneous administration of vaccination and specific immunoglobu-
lins.

In the general population, a sentinel surveillance of acute hepatitis B has
shown that the period of hepatitis B highest incidence was in young adulthood
in the early 1990s (Fig. 1) reflecting–in particular–sexual exposure. Data from
1991 to 1996 revealed that sexual exposure (35%) and parenteral drug use
(20%) were the main sources of contamination. Based on the data generated
by this surveillance, the incidence rate in the early 1990s was estimated around
20,000–25,000 new HBV infections and around 1000 new chronic carriers per
year.

Fig.1 Age distribution of reported acute hepatitis B cases, France, 1991–1996. (Source,
Réseau “Sentinelles” INSERM U444)
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The routes of transmission of HB in France has changed over the last few
decades due to improved hygiene, prevention of risk behaviours regarding
blood-borne infections and measures implemented to ensure the safety of
blood related products, as well as high-risk group vaccination.

Recently, in 2005 the number of HBV chronic carriers was reevaluated to
300,000 in the population of mainland France.

3
French Immunization Strategies

3.1
Availability of Hepatitis B Vaccines in France

The first effective vaccine used the plasma of carriers as a source of viral
antigen. The 22-nm particle-containing vaccines underwent multiple purifi-
cation steps and treatment with formalin. It was associated with satisfac-
tory immunogenicity and protective efficacy since introduction in 1976 in
France [10] and later in the US [12].

In France, the HB plasma-derived vaccine was granted a license in 1981.
A French group described vaccine immunogenicity among children and new-
borns that same year [1, 5].

Second generation vaccines containing recombinant HBsAg produced in
eukaryotic (yeast or mammalian) cells have been available in France since
1986. Rapidly, as observed in other developed countries, the recombinant
vaccine replaced the plasma-derived vaccine.

3.2
Targeting At-Risk Groups

Vaccination programmes aimed at high-risk groups (including health care
workers and those receiving regular blood transfusions or blood products)
were adopted when plasma-derived vaccines first became available in limited
supply.

However, the drawbacks of this vaccination policy became apparent within
10 years of introduction. According to Bonanni, based on the US and Canadian
experience [3], this can be explained by the fact that no risk factor is found in
about one-third of cases of acute hepatitis B cases, and also because certain
high-risk groups, such as intravenous drug users and those at risk because of
their sexual behaviour, are difficult to access and are often already infected
by the time they are targeted. Finally, transmission to babies from infected
mothers was originally underestimated as poorly evaluated.
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Table 2 Chronology of events in the implementation of the hepatitis B immunization
programme in France

March 1981 Plasma derived Hepatitis B vaccine licensed (schedule
with four doses: 0, 1, 2, 12 months)

June 1982 Vaccination recommended for healthcare workers
and other high-risk groups

December 1984 Selective vaccine reimbursement by Social Security
January 1991 Mandatory vaccination to health care workers
February 1992 HBsAg screening for pregnant women

Recombinant HBsAg vaccine licensed
January/February 1993 Immunization against Hepatitis B to students

and teachers exposed through their school activities
December 1993 Vaccination recommended in the National Immunization

Schedule to those travelling to areas of high prevalence
September 1994 General immunization campaign initiated by the French

Health Minister for preadolescents and adolescents—
General vaccine reimbursement by Social Security

October 1994 License for the vaccination schedule with three doses
(0, 1, 6 months) granted

December 1994 Free school-based vaccination programs for adolescents
January 1995 Hepatitis B vaccination included in the infant

and adolescent immunization schedule
October 1998 The French Minister of Health decided to stop hepatitis B

vaccination in schools
2000 Hexavalent vaccines licensed in Europe
September 2003 Recommendations of the Consensus Conference on

hepatitis B vaccination INSERM/ANAES

In France (Table 2), the vaccination of healthcare workers was initially rec-
ommended in 1982 and became mandatory in 1991. But the recommendation
to vaccinate individuals who change sexual partners frequently, travellers to
areas of high prevalence, close contacts of an acute case or carrier and other
risk groups in the general population was, at least up to the mid 1990s, not
satisfactorily implemented.

The immunization of babies born to HBsAg-positive mothers was rein-
forced by the mandatory screening of pregnant women in 1992.

3.3
Universal Immunization

The World Health Assembly in 1992 stated that low endemicity countries
should be considering immunization of all adolescents as an alternative or
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addition to infant immunization. In 1994, the World Health Assembly also
added a disease reduction target for hepatitis B, calling for an 80% decrease
in the incidence of new HBV carriers in children by the year 2001.

Considering the drawbacks and limited effect of targeted vaccination poli-
cies, foreseeable by the Margolis model (Fig. 2), universal immunization was
announced by the French government. A national campaign was initiated in
September 1994 by the French Health Minister and targeted in particular the
preadolescent and adolescent populations.

The uptake was very satisfactory among preadolescents and adolescents,
especially when vaccinated at school. Older adolescents and young adults were
vaccinated in other settings, such as paediatricians’ or general practitioners’
clinics or at university. A survey of school children in eight departments
confirmed the success of the adolescent campaign and the high coverage rates
achieved in the 11–13-years old population (Fig. 3) [9]. It also highlighted the
positive effect of the campaign on other pupils who were not directly included
in the school campaign, but who decided to be vaccinated.

In 1995, HBV vaccination was included in the infant immunization sched-
ule. Acceptability for infants was however lower, as the risk of possible future
contamination of their children–through sex or intravenous drug use–was
felt too remote by parents to justify immediate vaccination. Moreover, immu-

Fig. 2 Estimated proportion of cases of hepatitis B prevented, based on different
vaccination strategies. (Source: H. Margolis, CDC, US, adapted)
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Fig. 3 Hepatitis B. Coverage in school children. (Source: National Institute for Public
Health Surveillance, 8 Departments; France 1995)

nization of infants was required four extra injections plus, at least up to 1998,
regular boosters.

After an initial phase of high demand for HBV vaccination in older children
and adults, the confidence towards the vaccine decreased significantly. Several
factors contributed to this negative evolution.

Insufficient information on vaccine characteristics (such as efficacy, side
effects and duration of protection), on the reasons of the modifications of the
vaccination protocol (four injections initially, modified to three injections,
discontinuation of boosters), and on the disease (clinical symptoms and po-
tential complications, risk of getting the disease according to age) contributes
to latter difficulties. More generally, weaknesses in the planning, monitoring
and evaluation process of the campaigns (for instance insufficient data on
the epidemiology of hepatitis B, both before and after the promotion of HBV
vaccination, and on the evolution of vaccination coverage according to age
and risk group) have undermine confidence of both the professionals and the
general public on the HBV vaccination policy.

In that context, reports in the media of hundreds, then thousands of “vic-
tims” of the HBV vaccination found an echo in the population. The emotion
generated by the claim that hepatitis B vaccination could have led to the de-
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velopment of central nervous system demyelinating disorders (particularly
multiple sclerosis) led, in October 1998, to the French government (French
Health Minister) temporally suspending its school-based programme of ado-
lescent vaccination (but not the universal vaccination of infants, nor the vacci-
nation of adolescents or high-risk groups by family physicians). This decision
was followed by a period of high-profile media attention to these allegations,
went against expert consensus (reviewed elsewhere) that available scientific
data did not justify a change in policy, and resulted in a marked decline in
hepatitis B vaccine use, both in the paediatric and adult population.

The fall in coverage resulted from a loss of confidence not only from
the public but also from physicians. Since 1998, in France, the number
of hepatitis B vaccine doses administered has decreased dramatically
(Fig. 4). Despite recommendations from national or international bodies
(World Health Organization) and the publications of expert committees
and consensus meeting conclusions (ANAES-INSERM) [13], confidence in
vaccination was not restored.

Another more recent and potential threat to the perception on the safety
of hepatitis B vaccines is a polemic that emerged in 1999 in the US about
thimerosal, a mercury derivate, that has been used as a preservative in many
other vaccines over the past 50 years. Also in France, another compound used
in vaccine as an adjuvant, namely aluminium hydroxide has been suspected to
lead to the development of a specific disease called macrophagic myofasciitis.

Considering, following Margolis, that the most important drawback to in-

Fig. 4 Evolution of the hepatitis B vaccine market in France



124 F. Denis · D. Levy-Bruhl

S

%

Fig. 5 Market of hepatitis B vaccines in France, 2003

fant immunization is that a major impact on the incidence of disease would
not be seen for 15–20 years after the start of the immunization programme
and the relative secondary failure of pre-adolescent immunization in France,
promotion of immunization in childhood was favoured by consensus meet-
ings during 2003 and published in the French immunization schedule that
same year. It was confirmed in the recent international consensus meeting on
9 November 2004 [13].

In 2003, the market of hepatitis B vaccine remained stable (1,625,000 doses
sold), with around 61% of the vaccinations given before adult age (Fig. 5).

It was hoped that the marketing of hexavalent combination vaccines would
increase coverage in infants in France. However, these vaccines have not yet
been admitted to the list of refundable drugs, thus limiting their acceptability.

4
Hepatitis B Immunization Coverage

4.1
Global Coverage

GlaxoSmithKline and Taylor Nelson Sofres Sante have conducted a survey on
hepatitis B immunization coverage rate among 50,888 persons in 2002. The
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Fig. 6 Evolution of the immunization coverage rate in France (three doses)

cumulative coverage rate in the general population from 1993 to 2002 was
around 21.7%. It has been increasing sharply since 1993, with a much slower
progression since 1998 (Fig. 6) [6].

4.2
Age-Specific Coverage

In the same study, it was observed that vaccination coverage with three doses
was low in children (23.3% in children less than 13 years old). The coverage
was 19.8% in infants, and 46.2% in adolescents 14–18 years old, this age
range including some births cohorts involved in the school based vaccination
campaigns [6, 7]. Coverage rates by age group are shown in Figs. 7 and 8.

4.3
High-Risk Groups Coverage

A review of several national data on the coverage rates according to high-risk
groups is summarized in Table 3.

Around 80%–90% of physicians and healthcare personnel in public or
private hospitals were vaccinated against hepatitis B and the level of cover-
age was higher among those members of staff accidentally exposed to blood
(90%–100%) [7]. Data also showed that between 25% and 45% of intravenous
drug abusers, prisoners, or sexually transmitted disease patients were vacci-
nated [7].
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Fig. 7 Hepatitis B vaccination coverage rates in France, 2002 (Denis)

One dose a month

Two doses

Full vaccination

Fig. 8 Hepatitis B vaccination coverage rates in children, France 2002 (Denis)

Recently, we observed that the national specific prevention programme
against mother-to-infant transmission was unevenly applied. A regional in-
vestigation revealed that among pregnant women, 20% were not screened for
HBsAg. At national level, several cases of acute or fulminant hepatitis B were
reported among babies born to infected mothers not screened for HBsAg.
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Table 3 Hepatitis B vaccination among the health care workers submitted to blood
exposures (BE) in Limoges hospital

Hospital workers Limogesa Southwest Franceb

(842 BE) (6221 BE)

Nurses 98.3 90.8
AS/AH 97.7 90.5
Health students 96.2 95.3
Doctors 97.6 88.0
Surgeons 100 80.9
Others 91.6 84.4
Total 97.0 (+0.8) 89.9 (+1)

a 2000–2002 period b 2000–2001 period

4.4
Health Impact of Vaccination Programmes

The impact of vaccinating healthcare workers was rapidly observed with
a dramatic fall in the number of occupational infections from 700 in 1981 to
76 in 1992. Since 1992, very few cases have been notified.

There are no data on the incidence of acute viral HBV hepatitis over
a long period of time in France, as there are in other countries such as Italy
or the US. Extrapolation at the national level from cases seen by general
practitioners participating in the sentinel surveillance yielded an average
estimated incidence of 8,000 new acute symptomatic infections each year
during the first half of the 1990s. Data from the mandatory notification of
hepatitis B acute infections, implemented in 2003, show an incidence of about
160 cases for the first year. Although, the level of under-notification is not
known, these data are in favour of an epidemiological impact of the intense
HBV vaccination activities in the second half of the 1990s. This conclusion is
further reinforced by the observed shift in age towards older age groups (the
age range of maximum incidence being 30–39 years old as compared to 20–
29 years old in the early 1990s), which is probably a result of the high coverage
reached in adolescents during 1994–1998. A decrease in the incidence of acute
fulminating hepatitis B has also been observed in the recent years.

5
Conclusion

Significantprogresshasbeenmade in implementingacomprehensive strategy
to eliminate HBV transmission in France. The impact of this programme can
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be measured through the high vaccine coverage reached in some age groups
and declining rates of acute hepatitis B. Future efforts will need to focus on
improving the management of babies born to HBsAg positive mothers, on
increasing coverage in infants, in 11–12-year old children and in high-risk
adolescents and adults [13].

These objectives, however, will be achieved only if an appropriate response
to thecurrent confidencecrisis isprovided to thepublic through themediaand
the professionals to counteract the unjustified allegations about hepatitis B
vaccination that have negatively affected coverage. Similarly, high-quality
scientific information should be provided to professionals in order to restore
their confidence in the safety and efficacy of HBV vaccination.

Thecurrent coverage rates are likely tobe insufficient toobserve, in the long
run, a significant reduction and a control of hepatitis B infections in France.

Lessons learned from the French experience show the paramount impor-
tance of monitoring tools, when large scale vaccination activities are under-
taken. Sound epidemiological data, such as age specific incidence rates, are
needed to justify the strategy and to able to show its impact. Age and pop-
ulation specific vaccination coverage data allow the assessment of progress
and identification of un-immunized pockets which could require specific ac-
tion [2]. It also allows the identification of deviation from the initial target
populations of the vaccination strategies decided upon by the health author-
ities. The very large HBV vaccination of the adult population in France in
the 1994–1998 period, well beyond the targeted high-risk groups, appears
retrospectively to have been counterproductive. The large number of adverse
events notified in adults to the French Drug Safety Agency, probably in reality
only temporally linked with vaccination, has led to a crisis that negatively
affected the coverage in the priority populations.
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Abstract Influenza virus causes annual epidemics and occasional pandemics. Fre-
quent mutations in circulating influenza strains (“antigenic drift”) result in the need
for annual vaccination. More than two-thirds of persons in the U.S. are recommended
for annual vaccination. Because influenza vaccine is available seasonally, mass vacci-
nation strategies are well suited to its delivery. Although doctors offices are the most
frequent setting for influenza vaccination overall, workplaces, clinics, and community
sites (retail stores and pharmacies) also are common vaccination settings. Influenza
vaccination also is delivered in mass vaccination clinics to health care workers and
military personnel. Universal influenza vaccination, which has been recommended as
a strategy to improve prevention by increasing vaccination coverage and providing
indirect protection of adults by decreasing infection and transmission among chil-
dren, would require expanded use of mass vaccination, for example in schools, as well
as in the community. Influenza pandemics occur when a new influenza A subtype is
introduced into the population (“antigenic shift”). Most or all of the population is sus-
ceptible to the pandemic virus and two doses of vaccine may be needed for protection.
U.S. pandemic preparedness and response plans indicate that the entire population
should be vaccinated beginning with defined priority groups including those who pro-
vide essential services including healthcare and those at highest risk of severe illness
and death. Pandemic influenza vaccination will occur primarily through the public



132 B. Schwartz · P. Wortley

sector in mass clinic settings. Vaccination program planning must consider issues
including coordination, staffing, clinic location and lay-out, security, record keeping,
and communications. Exercising vaccination clinics is important for preparedness and
can be done in the context of annual influenza vaccination.

1
Influenza Disease and Vaccine

Influenza is anacuteviral infectioncharacterizedby fever, cough,myalgia, and
malaise. Complications include pneumonia – either from the viral infection
or a secondary bacterial pathogen – otitis media, myositis, myocarditis, and
encephalitis. Illness generally is mild and self-limiting but occasionally, severe
or complicated disease results in hospitalization and death. In temperate
climates, influenza causes annual epidemics, typically during winter months.
Attack rates of infection are highest in children who often are the source of
transmission within families and communities. In community outbreaks, as
many as 40% of children may become infected compared with 10%–20% of
adults. By contrast, the burden of severe influenza is concentrated among the
elderly; in the US, about 90% of deaths and half of influenza hospitalizations
occur among those aged 65 years or more. High high-risk groups also include
persons with chronic underlying illnesses, children less than 2 years old, and
pregnant women. Recent US estimates suggest that about 36,000 persons die
each year from influenza (Thompson et al. 2003), more than for all other
vaccine preventable diseases combined, and about 200,000 are hospitalized
(Thompson et al. 2004).

Protection against influenza following infection or vaccination is mediated
by antibody to hemagglutinin and neuraminidase antigens. These glycopro-
teins change antigenically through mutation (‘antigenic drift’) resulting in
the continual formation of new viruses. Antibodies induced by prior in-
fection or vaccination may partially protect against infection with a drifted
strain. Rarely, reassortment of genetic material between two influenza viruses
occurs, resulting in a strain with markedly different HA and/or NA antigens
(‘antigenic shift’). Antigenic shift among influenza A viruses can result in
global epidemics, or pandemics, with circulation of a new virus subtype to
which there is little or no prior immunity. The 1918 influenza pandemic, in
which an H1N1 strain was introduced into a largely immunologically naive
population caused over 500,000 US deaths and, according to some estimates
more than 50 million deaths globally. Other twentieth century pandemics,
occurring in 1957 (H2N2) and 1968 (H3N2), caused about one-tenth of the
number of deaths. Although the timing and severity of influenza pandemics
are unpredictable, most experts agree that they are inevitable. Recent trans-
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mission of H5N1 influenza viruses from domestic poultry to humans in the
context of widespread avian infection in Asia, and other recent instances
of animal to human transmission of novel influenza strains, highlight the
ongoing pandemic threat (World Health Organization 2005).

Influenza vaccine protects against disease by inducing antibody primar-
ily to the HA protein. Current influenza vaccines are trivalent, targeting two
influenza A (H1N1 and H3N2) and one influenza B strain. Because circulat-
ing influenza strains may change with each influenza season, vaccination is
needed annually. About 50 countries worldwide have influenza vaccination
recommendations. In the US vaccination is recommended by the Advisory
Committee on Immunization Practices (ACIP) for those who are at high risk
for severe illness and their contacts (Table 1), which includes almost two-
thirds of the entire population (CDC 2004a). Annual vaccination coverage,
however, falls far short of that recommended; only about 83 million doses
of influenza vaccine were distributed during the 2003–2004 season for the
186 million persons in the target population. The substantial ongoing mor-

Table1 Groups targeted for annual influenza vaccination in the US. Recommendations
are from the Advisory Committee on Immunization Practices, 2004

Persons at increased risk for influenza complications

• Children 6–23 months old

• Adults 65 years old or older

• Adults and children who have chronic disorders of the cardiovascular or pulmonary
systems, including asthma, or who required regular medical follow-up or were hos-
pitalized during the preceding year because of chronic metabolic disease, including
diabetes mellitus, renal dysfunction, hemoglobinopathy, or immunosuppression,
including that caused by medication or human immunodeficiency virus (HIV) in-
fection

• Women who will be pregnant during the influenza season

• Residents of nursing homes and other chronic-care facilities that house persons of
any age who have chronic medical conditions

• Children and adolescents who are receiving long-term aspirin therapy and may be
at risk for Reye syndrome after influenza infection

Other recommended groups

• Persons aged 50–64 years

• Health care workers

• Care givers and household contacts of persons in high-risk groups for whom vac-
cination is recommended, and for infants aged 0–5 months for whom influenza
vaccines have not been licensed
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bidity and mortality from influenza and the difficulty achieving high rates
of vaccination coverage in the elderly and high-risk groups has led to con-
sideration of expanded vaccination recommendations. Universal influenza
vaccination may enhance prevention by stimulating increased vaccine uptake
by groups currently recommended to be vaccinated, and by decreasing trans-
mission of infection and indirectly protecting vulnerable populations through
vaccination of children. Ontario, Canada, adopted a universal vaccination rec-
ommendation in 2000, resulting in a significant increase in coverage; disease
impacts have not yet been assessed.

2
Mass Vaccination for Annual Influenza Epidemics

Influenza vaccine is particularly well suited for delivery by mass vaccination
strategies. Annual vaccine for the Northern Hemisphere becomes available in
late-summer or early-fall and must be administered before disease becomes
widespread. By contrast with routine vaccination of infants where age-defined
medical care visits provide an opportunity for immunization, influenza vac-
cine is delivered seasonally and most vaccine is administered to adults who
seldom make routine medical care visits. Even among children, influenza
vaccination visits at medical practices may create a substantial burden. Re-
searchers analyzed a large administrative database to assess the number of
additional provider visits that would be required to fully implement a rec-
ommendation for vaccination of 6–23-month-old children. If vaccination oc-
curred during a 3-month window and only well child care visits were used
for vaccination, 39% of children would require one additional visit and 35%
would require two additional visits to be fully immunized (Szilagyi et al.
2003a). The same investigators also assessed the time required for influenza
vaccination visits among children at four urban and three suburban practices.
The median visit length was 14 min (urban, 22 min; suburban, 9 min) with
the majority of that time spent waiting in an examination room (Szilagyi et al.
2003b). The investigators concluded that influenza vaccination of young chil-
dren at provider’s offices would place a substantial burden on busy pediatric
practices and that office-based mass vaccination strategies such as vaccination
clinics would increase efficiency. Vaccination clinics also may decrease costs
which, in a setting of individual, provider-based influenza vaccination, may
exceed reimbursement rates when all staff time costs and office overhead are
considered. Both facility-based and ‘drive-through’ vaccination clinics have
been implemented as part of a strategy to efficiently increase vaccination rates
in children and adults. Other components required for an effective approach
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include standing orders for vaccination, use of reminder systems, and careful
planning of logistics (National Foundation for Infectious Diseases 2003).

Mass influenza vaccination among adults also has been implemented in
a variety of settings. Data on where persons were vaccinated against influenza
during the previous year were collected in the Center for Disease Control
and Prevention’s 1999 Behavioral Risk Factor Surveillance System (Table 2)
(CDC, unpublished data). Workplaces were the second most common site for
influenza vaccination (17.8% of vaccinations), and were the most common
site among persons 18–49 years old. Other community vaccination sites in
nonhealth care settings contributed an additional 12.4% of influenza vac-
cinations. Receipt of influenza vaccination in community settings was more
commonamongpersonswhowereyounger, healthy, employed,white, college-
educated, and who had not had a recent routine check-up. While Black and
Hispanic adults were less likely to receive their influenza vaccine at work-
places or other community sites, it is unclear whether this was related to
the acceptability of community-based vaccination or access to the locations
where vaccine was offered. Influenza vaccination at sites other than provider
offices, in addition to decreasing the burden on office-based providers, may
offer greater convenience and decreased costs both to the vaccinee and the
health care system. Given the importance of influenza vaccination in settings
other than physicians’ offices, guidelines have been established defining qual-
ity standards for immunization in nontraditional settings to assure that the
immunizations delivered are safe and effective (Table 3) (CDC 2000).

Table 2 Sites where adults received influenza vaccine, 1998–1999. Data are from the
US Behavioral Risk Factor Surveillance System, 1999

Setting Percent of age group Total

18–49 years 50–64 years ≥65 years

Doctors office. HMO 32.5% 44.6% 62.8% 47.0%

Hospital/emergency department 8.1% 6.7% 5.9% 6.9%

Health department 6.4% 6.8% 6.4% 6.5%

Other clinic/health center 9.0% 9.2% 9.0% 9.1%

Workplace 33.2% 20.1% 1.4% 17.8%

Store 4.5% 6.5% 4.8% 5.1%

Senior/recreational/community
center

1.4% 2.7% 6.8% 3.8%

Other nontraditional setting sure 4.7% 3.3% 2.5% 3.5%

Not sure 0.3% 0.2% 0.4% 0.3%
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Table3 Quality standards for adult immunization programs in nontraditional settings
based on a report of the US National Vaccine Advisory Committee (MMWR, 2000)

1. Information and education for vaccinees

Provide information on benefits and risks of vaccination and on the importance of
having a medical home and receiving other preventive services

2. Vaccine storage and handling

Adhere to recommendations in package inserts, especially regarding storage tem-
perature, and maintain records for documentation

3. Immunization history

Screen before vaccination for immunizations received, health history, allergies, and
adverse events following previous vaccinations

4. Contraindications

As part of the history, assess whether any contraindication exists to vaccination

5. Record-keeping

Record vaccination information (vaccinees name and age, pre-existing health con-
ditions, vaccination date, vaccine type, dose, site and route of administration, name
of the vaccine provider, manufacturer, lot number, and the date the next dose is
due). Copies should be given to the vaccinee and their primary-care provider or
local health department if no provider is identified

6. Vaccine administration

Providers who administer vaccine must have the legal authority to do so and must
administer vaccine according to information in the package insert

7. Adverse events

Vaccinators must be trained to recognize and manage adverse reactions. If adverse
events occur, they should be reported to the Vaccine Adverse Event Reporting System

Influenza vaccination of residents and staff of nursing homes and other
long-term care facilities has been documented to decrease influenza disease
and mortality. In a 1991 Canadian survey of nursing homes, the reported
mean vaccination coverage at 1,270 responding facilities was 78.5%. Factors
associatedwithhighervaccinationcoverageamongresidents includedvaccine
being offered to all residents, obtaining consent for vaccination at admission
rather than annually, automatically vaccinating incompetent residents whose
guardians could not be contacted, having a single nonphysician staff member
organize the program, and having more program components covered by
written policies. Higher coverage among staff was associated with promoting
vaccination and holding vaccination clinics in the facility (McArthur et al.
1999).

Occupation-based strategies are an effective approach to vaccinate health
care workers, who are recommended for annual vaccination to decrease trans-
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mission of infection to patients. Surveillance at one academic medical center
found that nosocomial cases accounted for 32% of all influenza among hos-
pitalized patients during the 1987–1988 influenza season when only 4% of
health care workers were vaccinated. Following implementation of a program
to vaccinate hospital staff, coverage among health care workers increased to
67% for the 1999–2000 season; that year no nosocomial influenza cases were
identified. Logistic regression analysis showed a statistically significant in-
verse association between the rate of health care worker vaccination and the
rate of nosocomial influenza among patients (Salgado et al. 2004). Hospital
vaccination clinics have succeeded in increasing coverage rates among health
care providers by reducing financial barriers and facilitating access (D’Heilly
and Nichol 2004). Mobile cart programs, bringing vaccination directly to pa-
tient care units (Sartor et al. 2004), represents one innovative and successful
strategy.

Vaccination clinics at workplaces outside the health care system also
have been implemented to prevent influenza disease-associated absenteeism
among employees. A placebo-controlled trial in Minnesota in 1994–1995
showed that vaccination of healthy working adults 18–64 years old resulted
in 25% fewer episodes of upper respiratory illness (URI), 43% fewer days of
URI-associated sick leave, 44% fewer physician office visits for URI, and a cost
savings estimated at almost $47 per person vaccinated (Nichol et al. 1995).
However, a similar controlled trial over two influenza seasons (1997–1998 and
1998–1999) at a US manufacturing company found substantially less impact
on health outcomes and worker absenteeism, and calculated net societal costs
that exceeded benefits (Bridges et al. 2000). Differences between the two stud-
ies may relate to rates of influenza disease and vaccine efficacy in the different
influenza seasons or differences in leave-taking behaviors; workplace vacci-
nation may be cost-effective in some years or some industrial settings and
not in others.

Mass vaccination of military personnel also has been implemented to de-
crease health impacts and time lost to influenza illness. Crowded living con-
ditions and increased exposure from deployment to areas where outbreaks
may be occurring contribute to high rates of respiratory infections in mili-
tary settings (Gray et al. 1999). Annual influenza vaccination of US military
personnel was implemented in the 1950s. This program has been successful
in decreasing infections and preventing epidemics. Disease outbreaks, how-
ever, may occur when the strains in the vaccine do not match those that are
circulating. In 1996, 42% of crew members on a US navy ship developed in-
fluenza despite 95% having been appropriately immunized; the H3N2 virus
isolated from patients was antigenically distinct from the strain included in
the vaccine (Earhart et al. 2001). Military personnel also have been at high
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risk when antigenic shifts occur. Service personnel experienced substantial
mortality and morbidity in the 1918 pandemic; a military unit that traveled
to Asia experienced the initial outbreak among Americans in the 1968 pan-
demic; and a large cluster of cases in 1976 at Fort Dix, New Jersey, led to the
swine influenza vaccination program.

Retail stores provide another venue for annual mass vaccination. In many
states, pharmacists are allowed to provide immunizations. By dispensing pre-
scription medications, pharmacists are able to identify persons with high-risk
conditions and can offer influenza vaccination to this target population. A sur-
vey of persons vaccinated by pharmacists in 17 cities found that 84% visited
the pharmacy intending to be vaccinated, while 10% went to the pharmacy
to receive a prescription medication and 7% to purchase other merchandise.
A majority of vaccinees cited convenience as the primary reason for seek-
ing vaccination at a pharmacy compared with other locations (Grabenstein
et al. 2001). By contrast with pharmacies where vaccinations are administered
throughout the influenza vaccination season, immunization at grocery stores
usually is provided by contracted nurses in campaigns lasting 1 or 2 days.

Although mass influenza vaccination clinics in health care and community
settings and in institutions increase access to vaccination, access alone is not
sufficient to achieve high vaccination coverage. The most important factor
associated with receipt of any vaccination is the recommendation of a health
care provider, which can easily be made in the context of office visits but not at
the time of mass vaccination in a community or workplace setting. Therefore,
other mechanisms must be used to motivate and educate potential vaccine
recipients, and to overcome barriers to influenza vaccination such as fear of
side effects, perception that influenza is a mild disease and that immunization
is not important, and cost. Factors associated with a successful occupational
program were assessed in a survey of occupational health nurses employed by
health care and nonhealth care companies. Successful workplace vaccination
programs (those vaccinating more than 50% of employees) were significantly
more likely to be implemented by a health care company, to have the costs of
vaccination covered by the employer, to have management encouragement of
vaccination, and to be implemented by a company having more experience
with workplace vaccination (D’Heilly and Nichol 2004).

The features that contribute to a successful community-wide vaccination
program are illustrated by a program implemented collaboratively between
a hospital system and the health department in a mid-sized US city (Parry
et al. 2004). Public awareness was fostered through a variety of media events.
A consent form and vaccination cards were developed and an electronic
database created to track vaccinations, facilitate roster billing to Medicare
for elderly vaccinees, and generate patient recall reminders. Several clinic
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sites were established, contracts were established with area corporations, and
health department staff visited long-term care facilities for the elderly to pro-
vide on-site vaccinations. Cost of vaccination was low and health department
and hospital employees received free vaccine. The first year following im-
plementation, this program increased the number of influenza vaccinations
administered by 70% and at the end of the third program year, by 150%.
Emergency department visits for all respiratory diagnoses decreased by 34%
and for chronic obstructive lung disease by 46% compared with other areas
of the county without this program (Parry et al. 2004).

3
Mass Vaccination for Pandemic Influenza

Several critical factors distinguish vaccination for annual influenza epidemics
and for an influenza pandemic. The entire population may be susceptible to
a pandemic strain, leading to universal vaccination recommendations. Two
vaccine doses may be required to induce an acceptable antibody response to
a subtype that has not circulated previously among people. And groups at
high risk for severe illness may differ from annual risk groups. During the
1918 pandemic, the age-specific mortality curve was ‘W’ shaped, with a high
risk of death in young adults along with those at the extremes of age.

In the face of increased pandemic vaccine needs, it is likely that vaccine
initially will be unavailable as at least 4 months are needed to develop and ob-
tain regulatory approval for the new product. Once production begins, supply
in countries with domestic producers will be limited based on manufacturing
capacity; in countries without domestic production, vaccine likely will be un-
available as countries will retain what they produce for their own population.
Six manufacturers produced influenza vaccine in the US at the time of the 1957
Asian influenza pandemic, this number decreased to four by the 1976 swine
influenza program, and currently a single manufacturer produces influenza
vaccine from a completely US-based supply chain. Based on current estimates
of production capacity from that manufacturer and assuming that 15 µg of
antigen will be required per dose and a two-dose vaccination schedule, it is
likely that less than half of the US population could be fully vaccinated during
the first year of pandemic vaccine production.

Delayed vaccine availability and limited supply will require that pandemic
vaccine be targeted to defined priority groups, which would differ from those
for annual vaccination. Priority groups likely will include health care workers,
persons critical to the pandemic response, public safety workers such as police
and fire fighters, and other essential community service providers, in addition
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to those at high risk for severe disease. The need to effectively target vaccine
to priority groups, many of which will be defined by occupation, and to
eventually vaccinate the entire population make mass vaccination strategies
critical during a pandemic.

Influenza vaccine was used during the 1957 and 1968 pandemics as well as
during the swine influenza scare in 1976. In 1957, disease caused by the pan-
demic strain first occurred in China in February. A vaccine reference strain
was delivered to manufacturers in May and the first doses of monovalent vac-
cine were available in September, over a month after the initial US outbreak
in Louisiana. At the peak of the US pandemic in mid-October, fewer than half
of the approximately 60 million doses eventually produced had been deliv-
ered. Health care workers, essential public servants, and persons at high risk
were recommended as priority groups. While manufacturers, at the urging of
the Public Health Service, voluntarily distributed vaccine equitably between
states, no attempt was made by the public health care sector to control vac-
cine distribution or enforce vaccination priorities. Consequently, virtually
all vaccine doses were delivered by the private sector without regard to the
recommendations (US Public Health Service, unpublished data).

The emergence of a new influenza strain in 1968, resulting in the Hong
Kong influenza pandemic, occurred relatively late in the year. The ACIP is-
sued influenza vaccination recommendations in late-June for a polyvalent
vaccine incorporating older influenza A and B strains (CDC 1968a). In July,
an influenza outbreak caused by the new strain was recognized in Hong Kong
and in August, US military personnel were infected following a trip to Asia.
A new monovalent vaccine, containing the Hong Kong strain was prepared
but supply was limited. Therefore, ACIP limited recommendations to adults
and children with ‘chronic debilitating diseases’ and those in older age groups
(CDC 1968a). Limited supply of monovalent vaccine before the occurrence of
disease outbreaks decreased implementation of a mass vaccination response
to the pandemic. However, a landmark study was done to evaluate the impact
of mass vaccination of school children on the course of the influenza outbreak
in a Michigan community (Monto et al. 1969). In the intervention commu-
nity, school-based vaccination was implemented with coverage of almost 92%
among elementary school children and 75% among high-school students.
School absenteeism and rates of respiratory illness were compared for this
community and a nearby control community. School absenteeism peaked at
about 14% in the control community but never exceeded 8% in the community
with the school-based program. Compared with the control community, rates
of respiratory illness were substantially lower among the children who had
been immunized and also among unvaccinated children attending the same
schools. Rates of respiratory illness also were less among young adults in the



Mass Vaccination for Annual and Pandemic Influenza 141

intervention community, documenting indirect protection (herd immunity)
associated with vaccination of children (Monto et al. 1969).

The swine influenza episode in 1976 generally is remembered as a deba-
cle because of vaccine-associated cases of Guillain–Barré syndrome (GBS)
and the absence of swine influenza disease. The swine influenza vaccination
program also was the first public sector mass vaccination campaign for a pan-
demic influenza threat. Following identification of H1N1 ‘swine influenza’
disease and person-to-person spread of infection among military personnel
at Fort Dix, New Jersey, it was decided to mount a campaign with the goal
of vaccinating all Americans. Federal funding was appropriated for vaccine
purchase and manufacturers made about 150 million monovalent vaccine
doses. State-based mass vaccinations began in October, about 8 months after
manufacturing activities began. Within the first 10 days of the program, over
one million people had been vaccinated, almost exclusively by mass pub-
lic sector campaigns. Program intensiveness and vaccination coverage varied
greatly between and within states. By the time the program was halted in mid-
December following detection of the link with GBS, over 40 million persons
had been immunized (Neustadt and Feinberg 1978).

Lessons learned from these pandemic vaccination experiences, along with
those from vaccination for annual influenza, have laid the foundation for vac-
cination strategies for the next pandemic. In 2004, the US released a national
pandemic influenza preparedness and response plan to provide guidance to
all levels of government and to the health care system regarding critical activ-
ities to undertake before and during a pandemic (US Department of Health
and Human Services 2005). As in 1957, the plan recommends focusing initially
available pandemic vaccine supply to designated priority groups, while simi-
lar to 1976 is the recommendation that the entire US population be vaccinated
as supply becomes available. Recognizing the difficulty targeting vaccine in
1957 given a private sector program, greater public sector involvement, as in
1976, is proposed.

The goals of a pandemic response include reducing influenza-associated
morbidity and mortality, and decreasing societal disruption and economic
loss. Vaccination is likely to be the most important intervention to achieve
these goals. Global influenza surveillance systems have been strengthened
to provide earlier warning of the spread of a new influenza subtype among
people, increasing the window for vaccine development, production, and
administration before pandemic disease is widespread. Nevertheless, with
limited influenza vaccine production capacity and the potential rapid spread
of disease globally, vaccine shortages appear inevitable. Optimally achiev-
ing pandemic response goals, therefore, requires that available vaccine be
effectively targeted to defined priority groups.
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A critical strategy to reduce pandemic health impacts – among persons
with influenza as well as those with other life-threatening diseases that require
care during a pandemic – is to preserve the quality of medical care, particu-
larly in hospitals. Vaccinating hospital personnel would reduce absenteeism
due to illness or fear of acquiring disease in the workplace. Because of lim-
ited vaccine availability and the need to vaccinate multiple priority groups,
targeting vaccination to those hospital personnel who are most essential to
quality patient care during a 6–8-week community pandemic outbreak would
improve efficiency. Protecting outpatient primary care providers also would
be important as delivery of health care in the community will be needed to
keep hospitals from becoming overwhelmed.

Maintaining public safety and other essential community services also is
important to achieving pandemic response goals. The specific occupational
groups to include in this category are not clear and may differ between regions
or communities. Limited vaccine supply may dictate a more restricted defini-
tion than would be optimal. A critical benchmark to guide decision-making
on priority groups may be the question: could the service be adequately main-
tained despite the loss of one-third of employees who would likely become ill
during the outbreak period?

Protecting persons at high-risk for severe or fatal influenza is the focus
of annual influenza recommendations and also will be a priority during
a pandemic. Based on current ACIP recommendations, almost 30% of the US
population is included in this category. Risk groups in a pandemic, however,
could differ from those for annual disease. For example, if an H2 strain were
to cause the next pandemic, some elderly persons may have partial immunity
because of prior exposure to this subtype. Most 2004 human cases and deaths
from H5N1 avian influenza in Asia have occurred in children and young adults
although it is unclear whether this reflects increased risk of severe illness or
more frequent exposure to the poultry vector. An assumption that risk groups
will be similar to those for annual disease can be used for pandemic planning
but actual vaccination recommendations and programs will need to be based
on the epidemiology of the pandemic. A strategy of indirectly protecting
persons at high risk by vaccinating children, who are most likely to transmit
infection, could be considered (Monto et al. 1969). However, this approach
would be a radical departure from past and current practices and would not
likely be adopted in the absence of strong supportive data from mathematical
models and community trials.

Mass vaccination campaigns coordinated by public health personnel would
be most efficient and effective in delivering vaccine to priority groups in a pan-
demic. Evaluations of adherence by office-based clinicians to special recom-
mendations during shortages of influenza and other vaccines have shown
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doses frequently being administered to persons not in recommended groups
(Broder et al 2005; CDC 2004b). The risks and consequences of misalloca-
tion would be exacerbated in a pandemic when risk of severe disease is high
and vaccine supply limited. Public sector control of vaccine supply and ad-
ministration in occupational and community clinic settings would optimize
targeting and enhance meeting response goals early in a pandemic. As vaccine
supply increases and key priority groups are protected, strategies for vaccine
delivery may evolve toward the primarily private sector program used in an-
nual influenza outbreaks, possibly with a greater public sector role to ensure
equity in access to vaccine among all racial and ethnic groups.

The national pandemic influenza preparedness and response plan outlines
goals forpandemic vaccinationandoffers guidance regardingpriority groups,
but planning and implementing specific public sector vaccination activities
will be a responsibility of the state and local health departments. State pan-
demic plans define preparedness activities that will be undertaken during the
interpandemicperiodand response activities that will be implementedduring
the pandemic (Table 4). State functions include receiving vaccine and storing
it securely, distributing vaccine to local health departments, administering
it to state level personnel in priority groups, monitoring vaccine coverage
and adverse events, and coordinating communications and education. Local
leadership will be needed as plans must be tailored to the specific needs of
communities, partnerships must be developed with local health agencies and
others, and vaccination programs must be implemented.

Mass vaccination for a pandemic will be similar to programs for other
public health emergencies. The major components of a mass vaccination plan
are summarized with specific reference to issues relevant to an influenza
pandemic.

3.1
Coordination

Mass vaccination programs require coordinating large numbers of people
and multiple agencies. Incident command provides a standardized structure
that is appropriate for a range of public health emergency response programs
and can be included in an all-hazards plan. Characteristics of an incident
command structure include pre-defied roles and responsibilities for all staff,
a clear and uniform chain of command, scalability to meet different levels
of program needs, and integration into a community’s emergency operations
system. Because all communities will be affected by a pandemic, defining the
command structure at national, state, and local levels and the interactions
between these will be important.
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Table4 Pandemic influenza vaccination preparedness activities to be implemented by
State Health Departments

• Improvevaccinedeliveryduring the interpandemicperiod for recommendedgroups
• Define vaccination priority groups specifically within the guidance provided from

the national level
• Develop and translate educational materials for the public, including CDC’s Vaccine

Information Statement, which is required by law to be given to all vaccinees
• Develop standing orders allowing influenza vaccination without an individual order

by a physician
• Identify health care workers who can assist in a mass vaccination program during

a pandemic
• Define the legal basis for licensed and nonlicensed health care personnel providing

vaccinations
• Identify whether state statutes provide for mandatory vaccination in specific settings

during a pandemic
• Develop a mass vaccination plan and clinic flow-charts
• Develop a mechanism for local health departments (LHDs) to order vaccine from

the State
• Develop plans for secure vaccine storage and secure delivery to LHDs
• Develop a registry to track vaccination and provide reminders if a two-dose schedule

is needed
• Develop a system to monitor vaccine adverse events in collaboration with CDC and

national adverse event surveillance systems
• Review vaccination plans developed by LHDs and assure their adequacy
• Conduct tabletop and field exercises of vaccine preparedness and vaccination

3.2
Staffing

Thefirst step indetermining staffing is todefine the sizeof thepopulation tobe
vaccinatedand the strategiesneeded to reach thosepopulations.Uncertainties
regardingprioritygroupsandvaccine supply complicate theplanningprocess.
Neighboring jurisdictions would benefit from joint planning activities as
persons who live in one state may be vaccinated in a neighboring state where
they are employed. Because many vaccinations are likely to be provided in
health care and other occupational settings, staff and other human resources
already may be on-site. After determining the number of persons to be served,
rough calculations can be made to determine the number of staff needed to
vaccinate a given population in a given time period. At least two software
programs exist to help determine staffing needs (Hupert and Cuomo 2003;
CDC 2004c). Although increasing the number of clinics enhances convenience
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to the public, the number of clinics must be balanced against available staffing
as economies of scale are greatest for large clinics.

Identifying sufficient staffing is one of the greatest challenges of mass
vaccination. While vaccination early in a pandemic likely will be coordinated
by the public sector, staffing needs far exceed what health departments alone
can provide, particularly since public health staff likely will have additional
pandemic response tasks and may be impacted by pandemic disease. Thus,
public health must partner with the private sector to staff mass vaccination
clinics. Establishing agreements during the interpandemic period with health
care agencies that provide mass vaccination annually in workplaces and other
community sites is one potential strategy. Volunteers also may be used in
some mass vaccination clinic roles. It may be necessary to relax scopes of
work so that persons not normally licensed to vaccinate can legally perform
this function in emergency circumstances. Issues of liability protection for
vaccinators and other clinic staff may need to be addressed.

Given the uncertainty of when a pandemic will occur and who specifically
would staff a vaccination program, training is likely not possible before the
event except for persons who will be responsible for training others. Training
plans need to be developed in such a way that a relatively small number of
persons can train others on a ‘just in time’ basis.

3.3
Location of Clinics

Clinic location will depend on the target groups for vaccination, character-
istics of the community, and human and physical resources available. In an
exercise conducted in San Francisco, many neighborhood clinics were held,
an ideal approach for a densely populated area where people could walk to
clinics and important given limited parking space. In other settings, where
the population is more dispersed, availability of adequate parking may be
crucial. The need to assure equity in access between racial, ethnic, and so-
cioeconomic groups requires an understanding of issues and needs specific
to different subgroups within a community. Clinics located in occupational
settings may be optimal for vaccination of some priority groups. Potential
locations for community clinics include schools, churches, or auditoriums.

3.4
Clinic Lay-Out

The clinic must be laid out with a number of sequential stations, including for
example eligibility screening, registration,medical screening, andvaccination
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areas. Clinics should have a separate area for special needs patients (e.g.,
advanced age, infirm) who may not be able to walk through the clinic stations.
Ideally, all vaccination clinics in a jurisdiction will share the same floor plan
making it easier for staff to move between clinics. Translation services will
be important in some communities. Buildings where clinics are to be held
need to have separate entry and exit doors to allow for unidirectional flow,
functional and accessible restrooms, adequate space for all clinic functions,
and separate areas for vaccine preparation and staff breaks.

3.5
Security and Crowd Control

The importance of security for mass vaccination clinics and the number of
persons needed for this purpose should not be underestimated. Security staff
will be needed for crowd control, traffic movement and personnel safety. In
a setting where vaccination priorities are strictly enforced, security personnel
may need to help turn away those not in the designated groups. Limiting the
number of controlled entry and exit portals will facilitate clinic security.

3.6
Communication and Public Education

The scale of a mass vaccination campaign in a pandemic and the anxiety
inherent to a health emergency when a key preventive intervention must
be rationed call for clear and consistent communication with the public.
The public must be informed of the need to target vaccine supplies, the
rationale and the approach to defining priority groups, and the eventual
availability of vaccine for everyone. In addition, people must be informed
of the procedures to be used in the vaccination campaign before it begins.
This includes informing them where and when they need to present for
vaccination, the expected processes, and the importance of follow-up if a two-
dose vaccination schedule is required. Information must be disseminated
through the appropriate channels to reach all the target populations and must
be disseminated in multiple languages as needed.

3.7
Exercises

Clinic drills offer an opportunity to test a clinic lay-out, identify and remedy
bottleneckareas, andoptimize staffing.Exercises are importantnotonly tode-
termine how well the plan will function, but also to help develop partnerships
with other agencies and between the public and private sectors. By contrast
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with other emergency preparedness vaccination programs where opportu-
nities to realistically test vaccination plans are not available, with influenza
suchopportunities occur annually. Thus, exercises to vaccinatehospital-based
heath care workers can help achieve annual influenza prevention goals while
also enhancing pandemic preparedness.

Monitoring and evaluation of pandemic influenza vaccination programs
are an important shared responsibility of national, state, and local public
health personnel. Systems must be developed or existing immunization reg-
istries adapted to capture pandemic vaccination data. The ability to use such
systems to automatically generate reminders for a second dose, if needed,
would be of benefit. Analysis of coverage data at community level should be
done periodically during the pandemic to determine whether persons are
completing their vaccination schedule, to assess whether vaccine is being
effectively targeted to priority groups, and to determine whether dispari-
ties in coverage exist between segments of the population among the target
populations.

Careful monitoring for adverse events is important for any vaccination
program but particularly for pandemic influenza vaccination given the oc-
currence of GBS associated with swine influenza vaccination in 1976. During
a pandemic, national adverse event surveillance may be augmented by state-
based systems to stimulate reporting and analyze and investigate signals of
potentially vaccine-linked adverse events. The ability to distinguish between
coincidental and vaccine-associated events is a particular challenge. Within
the first 2 weeks after implementing the swine influenza vaccination program
in October 1976, three elderly persons in Pittsburgh died of cardiac disease
within a day after vaccination. The local coroner would not rule out vaccina-
tion as a contributing factor, the media disseminated the story widely, and
several states suspended their vaccination programs. Subsequent analysis of
data on cardiac mortality showed that in the context of a mass vaccination
campaign, three deaths shortly after vaccination could be expected to occur.
The furor subsided, the President demonstrated confidence in the program
by being vaccinated, and vaccinations resumed (Neustadt and Feinberg 1978).
This episode illustrates, however, the potential for mass vaccination activities
to be derailed by vaccine safety concerns and the importance of communica-
tion and education before the campaign about the occurrence of coincidental
health events, and the value of having calculated, in advance, the expected
frequencies of common health events.
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4
The Future of Mass Vaccination for Annual and Pandemic Influenza

The significant annual health impacts of influenza, the difficulty achieving
high coverage rates among older adults and those at high-risk for severe dis-
ease, and lower vaccine efficacy in these populations, have led to consideration
of expanded vaccination recommendations. Children experience the highest
rates of influenza and transmit infection to household contacts (Neuzil et al.
2002; Principi et al. 2004). Community-based studies have shown that vac-
cinating children against influenza also decreases influenza disease among
adults (Monto et al. 1969; Glezen 2004). A longitudinal study of excess pneu-
monia and influenza mortality in Japan suggests that rates dropped between
1962 and 1987 when the influenza vaccination program was targeted at school
children but increased once the program was discontinued in favor of vacci-
nating the elderly and those at high risk (Richert et al. 2001). Results from
mathematical models also predict greater vaccination program impacts when
vaccine is targeted to children (Weycker et al. 2005), with adults indirectly
protected because of decreased exposure to influenza as transmission within
the community is decreased.

Major challenges exist to implementing a childhood influenza vaccina-
tion strategy, potentially under a universal vaccination recommendation. In-
fluenza vaccine supply delays and shortages have occurred in the US during
recent years and influenza vaccine manufacturing capacity falls short of that
needed to support implementation of expanded recommendations. Develop-
ing feasible strategies to reach children and achieve high vaccination coverage,
and acceptability of annual vaccination to children, their parents, and medical
care providers are additional challenges. Vaccination campaigns in schools
would be an ideal approach to achieve access to the large majority of chil-
dren. In the Michigan community-based study, 86% of all school children
were vaccinated: 92% of those in elementary school and 75% of high-school
students. Under Ontario, Canada’s universal vaccination recommendation,
coverage among children tended to be greater in health districts that held
school-based clinics compared with those that did not (S. Tamblyn, personal
communication). Mass vaccination in schools would be facilitated by use
of more acceptable vaccine delivery methods than injection. Intranasal ad-
ministration of live-attenuated influenza vaccine, licensed in the US for use in
healthy persons 5–49 years old, offers an alternate approach. This vaccine also
may offer greater cross-protection against drifted influenza variants leading
to better effectiveness than inactivated vaccine when the match between the
circulating and vaccine strain is less close or in a second year after vaccination
the previous season (Gaglani et al. 2004).
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If a universal influenza vaccination recommendation were made, in addi-
tion to school-based vaccination, implementation would require additional
community-based strategies, including expansion of clinics at health de-
partments, workplaces, retail locations, and community centers. Easier vac-
cine delivery methods also would be of value for adult vaccination; self-
administration of the intranasal vaccine has been proposed but would require
licensure. Achieving success in vaccinating adults also requires strengthening
the public-sector adult immunization infrastructure, which has been a crit-
ical factor in the pediatric vaccination program. Key elements of proposals
to strengthen adult immunization are enhancing capabilities at state health
departments and increasing the public sector role in vaccination financing
for adults, possibly through federal financing of vaccines for low income
and uninsured adults who do not qualify for current entitlement programs.
Some state health departments have conducted mass vaccination exercises
for pandemic preparedness which may mimic their role if universal influenza
vaccination were recommended annually.

Vaccination for pandemic influenza is constrained primarily by the lim-
ited vaccine supply that would be available. If manufacturing capacity were
expanded or if innovations in vaccine formulation or delivery were studied
and licensed before the next pandemic, approaches to pandemic vaccination
also may change. Major expansions in production capacity are unlikely be-
causemanufacturers calibrate capacity toannual vaccinedemand; inaddition,
building new facilities requires several years. A more promising solution is
licensure of ‘antigen-sparing’ approaches which would expand the number of
doses produced by decreasing the amount of vaccine antigen required in each
dose. Adding an aluminum adjuvant to influenza vaccine (Hehme et al. 2002)
and administering vaccine intradermally (Belshe et al. 2004; Kenney et al.
2004) have been shown to enhance immune response to vaccination for some
circulating as well as novel influenza strains and may make possible lower
antigen dose formulations; further investigation of these strategies is needed.
An intervention that substantially expands pandemic vaccine availability may
decrease the need for strict adherence to vaccination only of priority groups.
Efficient mass vaccination programs would be more critical if more doses
were available to be administered. Intradermal vaccination would pose spe-
cial challenges due to the difficulty administering intradermal vaccination
with needle and syringe. New intradermal or transcutaneous vaccine delivery
methods are being developed to overcome this obstacle (Glenn et al. 2003).

The optimal long-term solution to pandemic and annual vaccination is the
development of a new influenza vaccine that induces an immune response
to an antigen that is present in all influenza subtypes and does not change.
This will prove challenging as natural influenza infection one year does not



150 B. Schwartz · P. Wortley

protect against infection with another strain the following year. However, the
availability of various strategies to enhance immune responses beyond what
occurs in nature may make this goal possible. A common-epitope influenza
vaccine would likely obviate the need for annual vaccination and would mean
that persons vaccinated previously would be immune or partially immune
to the pandemic strain, depending on the level and duration of protection
afforded by vaccination. It also would mean that vaccine could be stockpiled
and the riskof shortages eliminated.Although this is a long-termgoal thatmay
not be achieved by the time of the next pandemic, the nature of the influenza
virus and inevitability of annual epidemics and periodic pandemics, makes
it a goal worth pursuing vigorously.
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Abstract Measles is one of most infectious diseases. Before the introduction of the
measles vaccine, practically all children in the long run contracted measles. By the end
of the 1980s most countries of the world had incorporated measles vaccine into their
routine vaccination programs. Globally, some 800,000 deaths due to measles still occur
every year, half of them in Africa. Eradication of measles would play an important
role in improving child survival. The goal to eradicate measles from the Americas
was set by the Pan American Sanitary Conference in 1994. Progress to date has been
remarkable. Measles is no longer an endemic disease in the Americas and interruption
of transmission has been documented in most countries. As of August 2005, 3 years
have elapsed since the detection of the last indigenous case in Venezuela in September
2002. This experience shows that interruption of measles transmission can be achieved
and sustained over a long period of time and that global eradication is feasible if
appropriate strategy is implemented. Even in a new paradigm in which eradication
is not followed by the discontinuation of vaccination, eradication of measles will be
a good investment to avoid expensive epidemics and save the almost one million
children that die every year to infection with the measles virus. It is not a dream to
think that we will se a world free of measles by the year 2015.

Reproduced with permission of the Pan American Health Organization
(PAHO). This article was originally published in PAHO´s book: “Vaccines.
Preventing Disease and Promoting Health”. To obtain information about
PAHO publications vistit their website at: http://publications.paho.org
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1
Background

Measles is one of the most infectious diseases. Before the introduction of the
measles vaccine, practically all children contracted measles in the long run.
Human beings are the only reservoir of measles, although other primates,
such as monkeys, also can have the infection. The most infectious phase is
the prodromic one, before other symptoms, such as fever and exanthema,
appear. The communicability diminishes rapidly after the appearance of ex-
anthema [1].

At the end of the 1970s an attenuated live measles virus vaccine, which was
authorized for use in the US in 1963, had already been widely disseminated in
several parts of the world. It is documented that this vaccine protects for more
than 20 years, but it is believed that the immunity conferred by the vaccine
lasts for the entire life [2]. Its effectiveness is around 90% to 95%. Due to the
interference of maternal antibodies, the effectiveness of the vaccine increases
after the first 6 months of life, reaching the maximum level of 95%–98% at
12–15 months of age [3]. By the end of the 1980s, most countries of the world
had incorporated measles vaccines into their routine vaccination programs,
and immunization coverage with this vaccine has increased considerably. By
1990, the world reported coverage of children aged 2 years was approximately
70%.

Data from the World Health Organization (WHO) indicate that measles
is responsible for 10% of deaths worldwide in children under 5 years of age.
Worldwide, some40millioncases and800,000deathsdue tomeasles still occur
every year; more than half of the deaths occur in Africa. The eradication of
measles would, therefore, play an important role in improving child survival.

To answer the question posed in this chapter’s title it is necessary to review
the experiences with measles eradication in the Region of the Americas. To
that end, what is briefly described here are the strategies being implemented
in the Americas to interrupt indigenous measles transmission, as well as the
results achieved so far.

2
Measles Eradication in the Western Hemisphere

The goal to eradicate measles from the Western Hemisphere was set by the
Pan American Sanitary Conference in 1994, at the same time that that the
International Commission for Certification of Poliomyelitis declared the Re-
gion polio free [4]. The rationale for the strategy used to achieve this goal
was based in the epidemiology of measles before and after the vaccine was
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Fig. 1 Measles interepidemic periods, post-vaccine era, Chile, 1960–1998. Vaccination
coverage in children <1 year of age. (Source: Immunizations Unit, PAHO)

introduced. Before the vaccine was introduced, measles epidemics occurred
every couple of years, emerging as soon as a pool of susceptibles provided
by every birth cohort was available to fuel transmission when the virus was
introduced in a given population. After the introduction of the vaccine and
with subsequent increases in vaccination coverage, the interepidemic periods
lengthened, sometimes stretching for several years between one epidemic
and the next. For example, the interepidemic period spanned 9 years in Chile
(Fig. 1) and 12 years in the US.

Furthermore, in the pre-vaccine era, measles cases occurred in very young
children and by the age of 5 years almost all had already suffered the diseases.
With the introduction of the vaccine, and with increased coverage, the age
specific rate increased in older children and even young adults and adults
suffered measles [5].

Another important factor to consider is that a considerable number of chil-
dren remain susceptible because they never received the vaccine. In addition,
because vaccine effectiveness is not 100%, a small proportion of those vac-
cinated who were primary failures also remain susceptible. The result is that
over a few years, even with a very good immunization program in place, ac-
cumulation of susceptible children will occur (Fig. 2). In other words, vaccine
coverage does not equal population immunity.



156 C. A. de Quadros

Fig. 2 Accumulation of susceptibles while an immunization program is in place. Note:
500,000 newborns, vaccine coverage, 90%; vaccine efficacy, 90%. (Source: de Quadros
et al. [6])

3
Strategies

Given this background, the strategy recommended by the Pan American
Health Organization called for high vaccination coverage of the susceptible
population at all times and effective surveillance to detect measles transmis-
sion and respond accordingly. The vaccination strategy [6] is three-pronged.
First, a one-time-only “catch-up” campaign, implemented during the low
season targets all children 1–14 years of age, to attempt interruption of all
chains of measles transmission. This age group was chosen because it was
among them where more than 90% of the cases were occurring by the time
this program started in the Americas. The strategy’s second component is
to “keep up” with vaccination in routine services to achieve the highest level
possible of coverage in the new birth cohorts in every district of every country
in order to delay the accumulation of susceptibles.

However, even with high coverage in every district, susceptibles will ac-
cumulate because some children will be missed and a few that received the
vaccine are primary failures as indicated above. With average vaccination cov-
erage of 80%, it is estimated that it takes about 5 years for the accumulation of
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susceptible children to be equivalent to one birth cohort. When this number is
reached, it is suggested that a “follow-up” campaign be undertaken in all chil-
dren aged 1–4 years, regardless of previous vaccination status. This, then, is
the third component of the vaccination strategy—“follow-up” campaigns de-
signed to address the accumulation of susceptibles. These campaigns are con-
ducted every 4 years and target all children 1–4 years of age, regardless of pre-
vious vaccination status. The campaigns’ main objective is to reach those chil-
dren who never received a single dose of measles vaccine, but those children
that did receive a previous dose will benefit from a second dose. This strategy
offers children a “second opportunity” to receive their first measles vaccine
dose. The first country to utilize this strategy in the Americas was Cuba, which
successfully interrupted measles transmission in the late 1980s (Fig. 3).

The surveillance component was designed to be very simple and timely,
as well as sensible to detect outbreaks and to be understood by every health
worker, allowing for a prompt and adequate response (Fig. 4). Basically it
works this way: if a health worker suspects measles, the suspected case should
be visited by a trained epidemiologist who decides whether the case should
be classified as a suspected measles case requiring further investigation and
collection of a blood specimen for confirmation through an IgM capture test.
If no adequate specimen was taken but there was an epidemiological link with

Fig. 3 Reported measles cases, by month, Cuba, 1971–1998. (Source: Ministry of
Health, Cuba)
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Fig. 4 Surveillance strategy for measles cases

a laboratory-confirmed case, the case also would be laboratory confirmed,
otherwise it would be clinically confirmed. This last category of cases was the
result of deficiencies in the surveillance system.

At the beginning of the program, a major proportion of cases were clini-
cally confirmed, while at present nearly 100% of cases are discarded because
they have adequate specimens and negative laboratory results. Surveillance
was integrated with rubella surveillance to maximize the activities related to
rubella control. If a suspected measles case is laboratory-negative, tests are
performed to investigate for rubella, and vice versa. Management indicators
have been introduced, such as the proportion of suspected cases investigated
within 48 h of reporting; the proportion of those that have adequate speci-
mens collected and sent to the lab; and for each outbreak, urine samples are
taken for virus isolation. The proportion of laboratory results that is avail-
able within 5 days of receipt at the laboratory serve to measure the network
performance. Active search for cases also is conducted periodically in areas
that have suffered recent outbreaks or have low coverage, have reported sus-
pected cases for some time, or where the population has low access to health
services.
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Fig. 5 Measles vaccination coverage, by subregion, 1998–2000, and last “follow-up”
campaign. (Source: Country reports. US data are from national survey for children
ages 19–35 months)

Progress todatehasbeen remarkable.Mostof the countrieshaveconducted
“catch-up” campaigns with very high coverage levels, and now most of them
are in the phase of implementing “follow-up” campaigns. These campaigns
usually have achieved very high coverage, more than 90% at the national level
(Fig. 5).

Fig. 6 Average observance, measles surveillance indicators (%), Region of the Amer-
icas, July 2000–November 2002. (Source: Country reports, data as of 15 November
2002)



160 C. A. de Quadros

Districts that are below the national average are identified, and additional
“mopping-up” campaigns are then implemented in districts at risk.

Surveillance indicators have been kept at acceptable levels (Fig. 6). Lab-
oratory response within 5 days has improved, and the laboratory-discarded
cases now reach over 80% [7].

4
Results

In 1990, there were more than 240,000 cases reported in the region. In 1996,
only 2,106 cases of measles were reported in the Western Hemisphere. Of
these, some 50% were laboratory confirmed. By the end of 1996, the number
of measles cases in the Americas had been reduced by 99%, compared with
1990. In 1997 there was a resurgence of measles in São Paulo, Brazil, that
country’s only state that did no implement a follow-up campaign due in the
country for 1996. An outbreak that started in early 1997, originating from
a probable importation from Europe, spread to other states and to several
other countries in the region. By the end of 1997, more than 50,000 cases were
reported in the Americas, with more than 90% originating in Brazil [8].

In 1998, the number of cases declined to 14,000 cases, following the epi-
demic generated in Brazil in 1997, with subsequent spread to Argentina,
Bolivia, and eventually to the Dominican Republic and Haiti. During 2001

Fig. 7 Distribution of confirmed measles cases, Colombia, Venezuela, and all other
countries, Region of the Americas, 2002. Data as of 16 November 2002. (Source: Pan
American Health Organization, Immunizations Unit)
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only 545 cases were reported in the entire region, with epidemic transmission
at the end of 2001 only in Venezuela and a few importations into the northern
border areas of Colombia.

Transmission in the Dominican Republic and Haiti was interrupted in mid-
2001. The majority of cases reported in 2002 were from Venezuela, with other
countries reporting a few cases related to importations from other Regions of
the world (Fig. 7).

The last indigenous cases in the region were in Colombia in week 36 and in
Venezuela in week 38. As of today, 4 months have elapsed without indigenous
transmission being detected anywhere in the Western Hemisphere.

5
Lessons Learned

In summary, the “catch-up” campaigns, the “keep-up” activities, and the
“follow-up” campaigns have been successful in interrupting measles trans-
mission in the Americas.

Measles is no longer an endemic disease in the Americas, and interruption
of transmission has been documented in most countries. Thirty-eight of 47
countries and territories have been free of indigenous measles transmission
for more than 2 years. The Americas suffered a re-emergence of measles in
2001/2002 because of failure to fully implement the recommended strategy.
In that instance, most cases were seen in vaccinated pre-school aged children
and in unvaccinated young adults, with health professionals playing a very
important role in the chain of transmission. A similar reemergence of measles
occurred in 1997 and 1998 in Brazil for the same reason, failure to fully
implement the strategy.

Importations of measles into countries that have followed the PAHO rec-
ommended strategies did not generate epidemics, and only occasionally gen-
erated a few secondary cases. This happened in EI Salvador, for instance,
which had the last case in 1996. In May 2001 two young adults who had been
traveling in Europe, returned infected with measles, probably acquired in
Switzerland. There was no secondary transmission in spite of an active search
conducted throughout the country in which basically every household in was
visited. Peru suffered several importations from neighboring Bolivia during
the outbreak during 2000. Only in a few instances were there secondary cases
within the household were the importation had occurred. Cases in Canada
and the US also have been linked to importations from Europe. In Mexico,
two cases were imported from Japan, into Cancún, a very busy tourist resort,
but with no spread into the overall community.
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Surveillance has improved considerably throughout the region, and active
search has not detected transmission in any country. In the Dominican Re-
public and Haiti there were house-to-house vaccinations to control a vaccine-
derived polio outbreak that occurred in 2000/2201. This polio outbreak was
concomitantwith the importationofmeasles intobothcountries, therefore the
vaccination campaigns used polio and measles vaccines. Furthermore health
workers were offered a US$ 100 reward dollars if they found a case of polio or
measles during the house-to-house visits. No case of either disease was found.

Although the resurgence of measles in the Americas during 1997 repre-
sented an important increase compared with the number of cases reported
in 1996, the total of 53,000 cases represents only about 10% of the cases re-
ported in 1990. Nevertheless, important lessons can be extracted from this
experience.

First, the lack of a timely “follow-up” vaccination campaign in 1996 in
São Paolo for children 1–4 years old, combined with low coverage of routine
vaccination (“keep-up”) of infants with at least one dose of measles vaccine,
allowed for a fast anddangerousaccumulationof susceptible children. Second,
the presence of a great many young adults who were not exposed to the natural
infection and had never been vaccinated exacerbated the risk of an outbreak.
Third, the measles virus was most likely introduced from Europe into São
Paulo. Finally, the city’s great population density facilitated contact between
infected persons and the susceptible population.

Surveillance data for measles, combined with the results of molecular epi-
demiology studies, indicate that the countries of the Americas are continually
exposed to measles virus from other regions of the world where measles
continues to be endemic.

As of today, 4 months have elapsed since the detection of the last case in
Venezuela. The eradication of the clade 9 of measles virus that was imported
into Venezuela has been documented [9].

6
Conclusion

The experience of the last 5 years with the measles eradication program in the
Americas shows that measles transmission can be interrupted and interrup-
tion can be sustained over a long period if countries fully apply the strategy
of vaccination recommended by PAHO for all the countries of the region.

The experience described indicates that the PAHO strategy can effectively
achieve and sustain the interruption of epidemic transmission in a very large
geographical area, such as the Western Hemisphere. From this experience we
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believe that global eradication is feasible if an appropriate strategy is imple-
mented. We also believe–and the experience in the America’s proves this, that
the current measles vaccine–although not perfect, has been adequate to stop
measles transmission. The eradication of measles will have a major impact in
childhood morbidity and mortality. Even in a new paradigm in which erad-
ication is not followed by the discontinuation of vaccination, eradication of
measles will be a good investment to avoid expensive epidemics of measles,
but most importantly, to save the almost one million children that die every
year due to infection with the measles virus.

However, before a global initiative on measles eradication is launched, it is
necessary to demonstrate that poliomyelitis has been eradicated. There also
will be programmatic, political and financial obstacles that will need to be
overcome before global measles eradication is launched. Partnerships will be
essential to support governments embarking on it.

It is not a dream to imagine a world free of measles by the year 2015.
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Abstract Measles ranks fifth among the five major childhood conditions which are
responsible for 21% of all deaths in low and middle-income countries. Measles immu-
nization is considered the most cost-effective public health intervention in the world.
In recent years, there has been a critical need to identify alternative routes of measles
immunization, which are rapid, reliable, cost-effective, needle-free, and suitable for
use in mass campaigns. Aerosol administration of measles vaccines in mass cam-
paigns was first proposed by Dr. Albert Sabin. We review the different clinical trials
that have been conducted using the classic Mexican device as well as issues regarding
vaccine strain, presentation, and manufacturer. Results of clinical trials indicate that
the method is safe and immunogenic in infants and school age children. The viral
inoculum will probably need to be increased when administered to infants. From the
logistical point of view, the use of the aerosol method has not been evaluated in routine
immunization although feasibility of its routine implementation was proved in mass
campaigns in Mexico. Cost savings will probably be demonstrated. As to licensure, its
compliance with the appropriate international regulatory requirements for medical
aerosol delivery devices is in process.

1
Measles Disease Burden

According to the World Health Organization (WHO) [1], immunization pro-
grams have yielded the most significant changes in child health in the last few
decades. However, although some vaccines represent the most cost-effective
public health intervention of all, the world does not use them enough. Measles
ranks fifth among the five major childhood conditions which are responsible
for 21% of all deaths in low and middle income countries [1]. For 2002, WHO
estimated that 611,000 deaths due to measles occurred during that year and
that the burden of disease using disability adjusted life years (DALYs) was of
21,475, 000 (sum of the years of life lost owing to premature mortality and the
years lost through disability) [2].

2
New Approaches to Measles Control

Measles immunization is considered tobe themost cost-effectivepublichealth
intervention in the world [3]. Failure to deliver at least one dose of measles
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vaccine to all infants remains the primary reason for high measles morbidity
and mortality. Additionally, some countries do not provide a second oppor-
tunity for measles vaccination which has the purpose of immunizing children
who were not vaccinated as infants or who failed to respond to an initial
dose [4]. Achievement of high measles vaccine coverage throughout popula-
tions, followed by mass campaigns, has been shown capable of interrupting
transmission in the Americas where the disease is no longer endemic [3].
The Pan American Health Organization (PAHO) has recommended supple-
mentary immunization activities to rapidly interrupt transmission of measles
that have notably decreased incidence rates in the Latin American and the
Caribbean countries, particularly after an initial vaccine failure [5, 6]. In other
parts of the world, mass campaigns have been carried out in many countries
and situations. However vaccine coverage is highly variable, estimated as low
as 35% in some African countries [2]. Therefore, it is a priority to design
strategies that achieve effective delivery of these interventions. Several of the
advantages associated with aerosol immunization, such as public acceptance,
lowcost and fewside effects,would contribute to extendcoverageof childhood
vaccination.

Another obstacle to measles eradication that is being faced by international
agencies such as the United Nations Children’s Fund (UNICEF) is the vaccine
supply for the near future. This organization which is the single largest buyer
of pediatric vaccines, has experienced in recent years temporary vaccine
shortages and its administrators consider it may become a global problem [7].
In addition to the areas that are being focused by UNICEF, methods such
as aerosol delivery, could potentially decrease the overall requirements for
vaccine, and contribute to overcoming this obstacle.

It is recognized that unsafe injections and disposal of waste occur in both
preventative and curative scenarios and place children, health staff and com-
munities at risk for infection with blood-borne diseases. It is estimated that
up to one-third of all infections administered in developing countries are
unsafe [8]. Auto-disable syringes that block the plunger after a single use are
the safest devices for injections because they can only be used once. However,
many countries are not able to afford these new devices and continue to use
glass or standard disposable syringes [9]. Other methods, such as jet injec-
tors, have been proposed to administer vaccines through the skin without the
use of conventional needles. (Dr. Ciro de Quadros discusses these methods
more extensively; see his chapter in this volume.) The aerosol method would
contribute to overcoming this problem by circumventing the need for needles
and providing a noninvasive and safe method which would greatly reduce
the need for training health personnel and would be suitable for vaccination
during mass campaigns.
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3
Benefits of Measles Vaccination via the Respiratory Route

In recent years, there has been a critical need to identify alternative routes
of immunization for prevention of infectious diseases. The basis for this
mandate derives from several sources including the requirement for more
rapid, reliable, cost-effective, needle-free methods for mass immunization
campaigns targeted at the global eradication of infectious diseases such as
measles. Aerosol administration of measles vaccines in mass campaigns was
first proposed by Dr. Albert Sabin [10]. A review of previous studies of various
routes of measles immunization [11], identified several important advantages
of the aerosol route. These advantages included its noninvasiveness, good
serological response in seronegative children, apparently good boosting re-
sponse in seropositive children, evidence of effect in young infants with ma-
ternal antibody, potential to stimulate local respiratory tract immunity and
prevent re-infection and potential for administration by nonmedical person-
nel. Several of the advantages that had not been tested when this review was
published have been confirmed though studies performed in recent years.

4
The Aerosol Method Using the Classic Mexican Device
4.1
The Classic Mexican Device

The aerosol method as used in the Classic Mexican Device was designed by
Dr. Albert Sabin and adapted by Dr. Fernandez de Castro. A plastic nebulizer
containing the vaccine is placed in a container with crushed ice, and aerosols
are generated by connecting the nebulizer to an electric compressor. Aerosols
are generatedby connecting thenebulizer to anelectric compressor, 40–50psi,
(Evans T045) providing approximately 0.10 to 0.18 ml of aerosol in 30-s bursts.
A plastic nebulizer (AeroMist Treatment Set of IPI Medical Products catalogue
No. 4107, IPI Medical Products) containing the vaccine is placed in a container
with crushed ice. A plastic tube joins the nebulizer to a Teflon tube ending in
a cone template through which the vaccine is administered. A paper cone is
loosely fitted over the nose and month of the child and is discarded after each
use (Fig. 1).

4.2
Aerosolization of Vaccine

The aerosol containing viral particles is generated by the nebulizer. A pres-
surized jet air stream delivered by the compressor enters through a narrow
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Fig. 1 Diagram of the Classic Mexican Device

tube (labeled A in Fig. 2) and is forced through a narrow opening called the
venturi. The jet stream causes a pressure drop near the venturi (B). Decreased
pressure creates a vacuum effect and causes liquid vaccine in the reservoir to
be sucked up through the liquid feeding tube (C). The jet stream strikes the
rising liquid and breaks it up into droplets (B). Large droplets fall back into
the reservoir or are deflected by baffles. Small droplets (1–10 µm) are pushed
by the jet stream out of the nebulizer as a fine mist that is inhaled by the
subject (C) (Fig. 2)

4.3
Dose Administered by the Aerosol Method

One of the most important aspects of immunization by aerosol route is cal-
culation of the amount of viral particles that is delivered by the nebulizer.
Estimation for the dose administered by the device is based on several aspects
that include vaccine potency, volume of vaccine nebulized per unit of time,
total volume of aerosol produced per unit of time, average number of inspira-
tions of the subject and tidal volume of the individual. Vaccine potency varies
according to the vaccine that is used and is different for each lot. The volume
of vaccine nebulized is usually calculated for 30 s. Field reports on volume of



170 J. L. Valdespino-Gómez et al.

Fig. 2 Aerosolization of vaccine using the Classic Mexican Device

vaccine used by dose of aerosol vaccine administered have documented that
0.10–0.17 ml of vaccine is used for every 30 s of nebulization. The volume of
aerosol produced every unit of time (30 s) varies according to the pressure at
which the compressor is set. The compressor included in the Classic Mexican
Device is of 40–50 psi. In vitro studies using this compressor and nebulizer
have measured the total volume of aerosol produced in 30 s with the compres-
sor set at 40–50 psi to be 4–7 l. The main factor that determines the average
number of inspirations and tidal volume is the age of the individual. For
example, for infants 9 months of age it has been estimated in 15 inspirations
every 30 s and with a tidal volume per inspirations of 70 ml. Tidal volume is
used because it is a conservative measure of inhaled volume. Older children
may breathe more deeply on instruction, while infants breathing patterns are
often erratic.

Estimation of the amount of viral particles inhaled by the individual is
made by the formula shown in the upper panel of Fig. 3. The proportion
of the dose delivered to the upper airway that actually deposits in the lung
depends on the ‘respirable fraction’. The amount of viral particles inhaled by
the individual by the respirable fraction results in the amount of viral particles
that are deposited in the lung (lower panel, Fig. 3).
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Fig. 3 The amount of viral particles inhaled by the individual and the amount of viral
particles deposited in the lung are calculated by the various formulas

4.4
Dose Reaching the Lung Parenchyma

The amount of viral particles reaching the lung parenchyma is mainly depen-
dent upon droplet size and diameter of respiratory airways. This has given
rise to the concept of the ‘respirable fraction’ of an aerosol which is defined as
the fraction of the mass of aerosol carried in particles smaller than 5 µm [12].
Existing guidelines for aerosol administration of pharmacologically active
substances to the lung parenchyma recommend that devices should produce
particles sizes with a median aerodynamic diameter of 1–3 µm [13]. Most
probably in the case of school age children and adults respirable particles
sizes necessary for immunization are mainly between 3 and 5 µm [14, 15].

4.5
Considerations on Vaccine Strain, Presentation and Manufacturer

Studies that have evaluated aerosolization of measles vaccine have used two
strains: Schwarz and Edmonston-Zagreb (EZ). Results of the different studies
(described in more detail below) have indicated that the EZ strain is more im-
munogenic when administered via the aerosol route [16–19]. Additionally in
a studyconducted inMexico that evaluateddifferentdoses, results showed that
the EZ strain was more immunogenic when administered subcutaneously [20,
21]. In vitro studies conducted by Drs. Bennett and Fernandez de Castro have
revealed that the process of aerosolization with the Classic Mexican Device de-
creases vaccine potency. This effect is especially pronounced with the Schwarz
vaccine which can therefore not be effectively and consistently delivered by
this device.
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Whether the vaccine is used in liquid or lyophilized form has also been
relevant when used for aerosol immunization. Different studies have demon-
strated that nonlyophilized liquid vaccine has provided the high potency that
was required (104.5–105.0 pfu) [17, 18, 22, 23]. The first study to use reconsti-
tuted lyophilized vaccine (EZ strain) was conducted in 1999 in the State of
Hidalgo [16, 19]. This vaccine was produced from a batch which had been
produced for routine use and had a potency of 104.2 pfu/ml. Results indicated
that this vaccine was more immunogenic when administered by aerosol than
the same vaccine administered by subcutaneous route as booster vaccination
to school age children. Immunogenicity of this vaccine has been lower when
tested in primary vaccination in children 12 months of age or younger [24,
25]. Therefore, we consider that EZ strain with a potency above 104.5 pfu/ml
should be used for aerosolization when a lyophilized vaccine is considered.

The different clinical trials have used EZ strain vaccines produced by
the Mexican Institute of Virology (currently BIRMEX) [17, 18, 23, 24, 26]
Swiss Serum and Vaccine Institute of Berna [16, 19], Switzerland, SmithKline
Beecham [22, 27] and the Serum Institute of India [25]. Combined vaccines
including measles and rubella have been proven to be safe and immuno-
genic [19]. A recent pilot study of MMR aerosol in adults, the first to study
triple-antigen aerosol [28], yielded better serologic results after aerosol than
injection for all three antigens. These initial promising findings have led to
a more extensive and individually randomized Phase I study of MMR aerosol,
which is currently underway in Mexico.

5
Experience in Administration of Measles Vaccine
via the Respiratory Route
5.1
In Vitro Studies

Studies supported by the Measles Aerosol Project of the WHO are currently
involved in determining the optimal particle size, output flow and consistency
of the administration route, measurement of the size and distribution of
live viral particles through the devices, and characterization of the classical
Mexican aerosol device [29].

5.2
Animal Studies

The Measles Aerosol Project has also supported animal studies in Cynomol-
ogous macaques that have shown good safety and efficacy of the aerosol
administration [29].
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5.3
Clinical Studies

Early studies performed between 1961 and 1990 using different types of
devices are described in Table 1. Table 2 presents clinical studies that have
been conducted using the method developed by Dr. Albert Sabin and adapted
by Dr. Fernandez de Castro. These studies are described in more detail below.

5.3.1
Initial Studies

Initial studies on aerosol administration of measles vaccine were pioneered by
Dr. Sabin and collaborators who conducted small clinical trials in Mexico. In
1981 Dr. Sabin and colleagues vaccinated 4–6-month-old infants and 12–24-
month-old children with and without residual maternal antibodies with high
tittered human diploid cell vaccine containing the EZ strain or a chick embryo
fibroblast vaccine which contained the Edmonston-Schwarz strain and ten
times more virus [17, 18]. Results demonstrated the greater immunogenicity
of the diploid cell vaccine using the aerosol route and that aerosolized vaccine
was not blocked by maternal antibodies. Inhalation of undiluted, aerosolized
measles vaccine was immunogenic in 100% of infants and older children
with the human diploid cell vaccine. These initial studies demonstrated lack
of reactogenicity as there were no immediate clinical reactions among par-
ticipants. In 1986, in Mexico City, immunogenicity of aerosolized human
diploid cell vaccine (EZ) was compared to the same vaccine administered by
subcutaneous route and with chick embryo fibroblast vaccine (Schwarz) by
the subcutaneous route. Results demonstrated that aerosol and subcutaneous
routes were similarly immunogenic in infants and young children [23].

5.3.2
Mass Campaign

Aerosol administration of measles vaccine was used in a mass campaign in
Mexico being administered both as primary and booster dose to nearly four
million children as part of the control measures that were implemented during
the outbreak affecting North America during 1989–1990. Efficacy of aerosol
vaccination could be determined in a small community, San Juan Cosalá, of
the state of Jalisco where children had been vaccinated by aerosol or subcuta-
neous route before the outbreak. Investigation of measles attack rate after the
outbreak showed that the highest attack rate occurred in unvaccinated chil-
dren (26.2% of 61 children), followed by children vaccinated subcutaneously
(14.6% of 48), and lastly by children who received the vaccine by aerosol route
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(0.8% of 723). The estimated efficacy of aerosol vaccine was over 96%, con-
siderably higher than the 44.3% of the subcutaneous vaccine [41]. However,
questions have been raised in retrospect about whether the subcutaneous vac-
cine was properly potent, since absolute efficacy (44.3%) was unexpectedly
low.

5.3.3
South African Studies

More recently, in 1996, a randomized, controlled trial of response to revaccina-
tion in 4327 South African schoolchildren showed that previously vaccinated
children given aerosolized EZ vaccine (5,000 pfu/dose) had significantly bet-
ter booster responses than those given comparable doses of EZ or Schwarz
vaccines by injection at 1 month and 1 year after revaccination [27]. Re-
contact of most of these children at 2 years postvaccination demonstrated
better antibody persistence in the group receiving aerosolized vaccine [22].
Additional results included the finding that as baseline titers increased, the
boosting response decreased. A lower proportion of African children showed
seroconversion than Indian children suggesting an effect of ethnic group. Re-
ported illness in the month before vaccination was associated with reduced
serological responses. Finally, there were no serious side effects; about 5% of
children in each group had a rash within 2 weeks of vaccination.

5.3.4
Recent Mexican Studies

In 1998, a large randomized controlled study was performed in Hidalgo State
in Mexico on school-aged children to investigate the immunogenicity and
safety of aerosolized EZ vaccine administered as booster dose. Aerosolized
EZ measles vaccine was given to three groups at different administered doses:
103 pfu (low-dose measles vaccine group), 103.9 pfu (measles vaccine group)
or 104.2 pfu in a vaccine also containing RA27/3 rubella vaccine (measles–
rubella vaccine group). The latter groups received doses equivalent to those
normally given by injection. These groups were compared with three groups
who received injected measles vaccine; two groups each received a 103.9 pfu
dose of EZ vaccine (one group was administered the vaccine as single antigen
and the other combined with rubella vaccine) and a third group received
103.7 pfu dose of subcutaneous Schwarz measles vaccine. The study involved
760 children who received aerosolized vaccine and 864 children receiving
injected vaccine. Baseline seronegativity determined by ELISA was compa-
rable for all groups, except the group that received measles–rubella vaccine
subcutaneously, which had a significantly higher frequency of seronegativity.
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Percentagesof children seronegativebyELISA formeasles antibodiesbygroup
were: Aerosolized low-dose EZ measles vaccine 15%; aerosolized EZ measles
vaccine 18%, aerosolized EZ measles–rubella vaccine 18%; subcutaneous EZ
measles vaccine 16%; subcutaneous Schwarz measles vaccine 20%; subcuta-
neous EZ measles–rubella vaccine 28%. However, there were no significant
differences in seronegativity evaluated by ELISA between the two routes of
administration. The superior immunogenicity of measles vaccine adminis-
tered by aerosol was confirmed documenting that this advantage persisted
despite aerosol doses one-fifth or less than customary injected doses. Overall,
seroconversion was detected in 57% of the children in the groups that received
aerosolized vaccine, but only 11% of those in the injected groups. Serocon-
version was affected by baseline neutralization antibody titers, being higher
among children with lowest baseline titers. The groups that received standard
dose aerosolized measles and measles–rubella vaccine had symptoms signifi-
cantly less frequently than any group that received injected vaccines [16]. The
same researchers separately assessed reactogenicity and immunogenicity of
combined measles and rubella booster vaccination via aerosol and subcu-
taneous routes in the 562 children who received combined antigens. Rates
of measles seroconversion measured by plaque neutralization antibodies,
median geometric titers and measles ELISA postvaccination seropositivity
and seroconversion rate were each higher for aerosol vaccine (54%, 3928 IU/l,
99.6% and 98.8%), than for subcutaneous vaccine (7%, 866 IU/l, 92.2%, 82.4%)
P<0.01. Reactogenicity was higher for subcutaneous vaccine (P<0.05) [19].

Evaluation of local immune responses of aerosol measles booster vaccina-
tion in school-aged children were evaluated in a small group of children also
in Hidalgo State. A cohort of 49 children from 6 to 7 years of age were ran-
domized to receive either aerosol or subcutaneous EZ measles vaccine. Serum
and nasal secretions were collected prior to vaccination and at 1 and 3-month
intervals and analyzed for immunoglobulin concentrations and measles spe-
cific Ig isotype-associated antibody by enzyme immunoassay (EIA). Serum
and nasal IgG and IgA antibody responses were stimulated by either route
but these responses were significantly greater by the aerosol compared to
the subcutaneous route. These studies also suggested that the measurement
of mucosal immune responses may serve as an important predictive marker
of protective immunity to measles and lent support for aerosol immuniza-
tion as an effective alternative vaccine delivery strategy for measles eradica-
tion [42].

Cellular and humoral immunity after primary immunization using the
aerosol route has been studied in 9 and 12 month-old children. Results have
indicated that a low dose of measles vaccine given by aerosol is effective for
inducing measles-specific T-cell immunity in most children. However, results
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have indicated that smaller children more probably require higher doses for
immunization than those that have been immunogenic for inducing a booster
response in school age children. This is probably explained by their lower tidal
volumes and smaller droplet size needed to reach the lung. Twelve-month-old
infants were enrolled in a study conducted in the state of Morelos, Mex-
ico [24]. This randomized controlled study involved 59 infants who received
103.6 pfu of aerosolized EZ measles vaccine and 55 infants receiving 104.27

pfu of subcutaneous EZ measles vaccine. Measles-specific T-cell proliferative
responses with stimulation index equal or greater than three developed in
72% of children given aerosolized vaccine compared with 87% after subcu-
taneous vaccine. Seroconversion rates were 90% after aerosol and 100% after
subcutaneous immunization and measles Geometric Mean Titers [95% con-
fidence interval (CI)] were 237mIU (146–385) and 487 mIU (390–609) in each
group, respectively. All three measurements were significantly higher for the
subcutaneous immunization. Authors suggested that technical modifications,
such as increasing the infectious viral inoculum or improving the aerosol de-
livery device, would be expected to eliminate differences in immunogenicity.
Both routes were well tolerated. Episodes of conjunctival hyperemia were
more frequent in the aerosol group. The need for a higher viral inoculum
with the classic Mexican device was more evident when 9-month-old infants
were studied. This controlled, randomized study conducted in the Queretaro
State involved 46 children who received EZ measles vaccine by aerosol [102.81

cell culture inactivated dose (CCID)50/dose] and 53 children who were ad-
ministered the same vaccine by the subcutaneous route (104.28 CCID50/dose).
Measles-specific T-cell proliferative responses developed in 42% of children
given aerosolized vaccine compared with 67% of those who received sub-
cutaneous vaccine (P = 0.01); the mean stimulation index (SI) was 4.4±0.7
versus 6.9±1, respectively (P = 0.05). Seroconversion rates were 33% and 92%
after aerosol or subcutaneous immunization (P<0.001). Among infants with
serologic responses, measles geometric mean titers (GMT; 95% CI) by neutral-
izing antibody assay were 215mIU/ml (115–400) in aerosol vaccine recipients
and 411mIU/ml (345–490) in those given subcutaneous vaccine (P = 0.06).
There were no serious adverse reactions. Fever was more frequent in the
aerosol group. The proportion of 9-month-old infants who developed cellular
and/or humoral immunity to measles was lower in the aerosol vaccine group.
However, among those who developed a measles-specific response, measles
antibody and T-cell responses were comparable. Authors suggested that ob-
served differences between both routes were attributable to more than 25-fold
lower dose administered by aerosol route and that improvement of aerosol
delivery or increasing the dose may enhance immunogenicity of primary
measles vaccination by the aerosol route in this age [25].
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A single study has evaluated immunogenicity and side effects of triple
viral vaccine administered by the aerosol route [28]. Using a nonrandomized
design these researchers vaccinated 100 adult volunteers, most of them health
workers, in the state of Jalisco, Mexico with MMR vaccine: measles (EZ strain)
103.917 50% tissue culture inhibiting doses (TCID50) per dose; rubella (RA27/3
strain) 103.950 TCID50 per dose; and mumps (L-Zagreb strain) 104.833 TCID50

per dose. The aerosol route was superior for measles, mumps and rubella
when baseline titers were controlled for in multivariate analysis. Since most
of the participants had high baseline measles antibody levels, there were few
seroconversions, which raised considerable uncertainty about the true mag-
nitude by which the response to the measles component of aerosolized MMR
exceeded that for injected MMR. Investigation of adverse effects was limited
by the fact that associated events were self-reported. Although side effects did
not differ by vaccination route, an unexpected higher frequency of postauric-
ular swelling (8.7% of 46 individuals in the aerosol group versus 2.1% of 48
individuals in the subcutaneous group) and lethargy (6.5% of 46 individuals
in the aerosol group versus 0% of 48 individuals in the subcutaneous group)
were observed, which was speculated to most likely derive from the mumps
component.

6
Future Challenges

There are several concerns regarding aerosol immunization that will need to
be solved before this method can be globally implemented: (1) the dose that
interacts with the individual needs to be precisely determined; (2) experi-
ence of studies in South Africa have shown that there may be loss of potency
in some vaccine strains. Therefore, it is necessary to determine the vaccine
strains that can be aerosolized and maintain adequate potency; (3) avail-
able equipments are cumbersome and noisy. It is necessary to test other
devices that are more practical for use in the field and in small health cen-
ters; (4) another concern regards the potential environmental effects. Aerosol
administration may expose vaccinators or household contacts of vaccinated
children to measles vaccine. Until now, no contacts of children vaccinated
with aerosolized measles vaccine have developed a measles-like illness. Of
greater concern are the potential risks associated with exposure of immuno-
compromised individuals to vaccine virus if it is effectively shed by persons
vaccinated via the aerosol method. This is of greater concern in regions where
HIV/AIDS is prevalent since attenuated measles vaccine virus has caused fatal
disease in one severely immunosuppresed HIV-infected patient [43]; (5) re-
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searchers have questioned whether measles vaccine might reach the brain
of aerosol vaccinees by retrograde transport via the olfactory nerve fibers.
Experience of mass administration or clinical trials has provided no evidence
that indicates central nervous system symptoms after vaccination; (6) finally
it is necessary to conduct clinical trials that study immunogenicity and safety
in asthmatic and HIV infected individuals.

7
The Measles Aerosol Project

The WHO has recognized the need of extending the coverage of measles
vaccine through implementation of novel methods of administration among
which is included the aerosol route. In 2002, in view of the results of several
studies on the administration of measles vaccine through the aerosol route,
WHO, in collaboration with other organizations, established the Measles
Aerosol Project, with the purpose of conducting the necessary studies to
achieve the licensure of a product (device and vaccine) administered through
this route [44]. A multidisciplinary group of experts was invited to provide
advice and guidance on the project.

The goal of the WHO’s Measles Aerosol Project is to license at least one
method for respiratorydeliveryof currently licensedmeasles vaccines. During
2004 and 2005 preclinical studies, economic analyses and phase I and phase
II studies are being planned and initiated [44].

8
Conclusions

Measles aerosol studies have used some of the vaccine strains that are recom-
mended for subcutaneous use. The EZ strain has been proved to be stable in
these studies. Future studies will need to evaluate stability of other strains.
Animal studies have been performed that indicate that measles aerosol im-
munization is safe and immunogenic when administered to macaques. These
results have been confirmed in clinical trials that indicate that the method is
safe in school age children and infants. Immunogenicity results in school age
children have shown that the aerosol route is immunogenic when the vaccine
is administered as booster dose. Seroconversion was affected by baseline neu-
tralization antibody titers, being higher among children with lowest baseline
titers. As to infants, data indicate that the vaccine administered as primary
immunization is immunogenic but that viral concentration will probably need
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Table 3 Summary of immunogenicity of EZ measles aerosol vaccination. Median
seroresponse and range in various studies

Infants Children

Potency of
vaccine log10
(pfu or CCID50)
1ml

Dose aerosol
vaccine (ml)

Presumably
seronegative
% (range)
[Reference]

Presumably
seronegative
% (range)
[Reference]

Presumably
seropositive
% (range)
[Reference]

≥5.0 0.145 97% (91–100)
[17, 23]

– –

4.0–4.9 0.12–0.17 97% (90–100)
[18]

89% (85–93)
[26, 27]

79% (79)
[26]

≤3.9

0.10–0.17 61% (33–79)
[24, 25]

92% (92%)
[41]

76% (53–100)
[16, 19, 28, 42]

to be increased. These studies have indicated that potency of the vaccine will
probably need to be at least 104.5 pfu when administered as primary dose to
infants or as booster dose to children with baseline antibody titers (Table 3).
From the logistical point of view, the use of the aerosol method has not been
evaluated in routine immunization although feasibility of its implementation
was proved in the mass campaign implemented in Mexico during the out-
break of 1990. During this campaign, it was found to be simple and easy to
use, that it could operate for many hours, with minimal need for cleaning and
sterilization and that could undergo replacement of parts for maintenance.
However, the involved devices have not been evaluated as to their portability
or weight. Cost savings will probably be demonstrated. As to licensure, its
compliance with the appropriate international regulatory requirements for
medical aerosol delivery devices is in process.
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Abstract Effective vaccines against poliomyelitis became available in the mid-1950s
and early 1960s. Mass campaigns were an integral part of early control efforts. There-
after, polio vaccines were used largely in routine childhood programs. The resolution
in 1988 to eradicate polio globally led to the development of appropriate strategies to
achieve this goal, including mass vaccination campaigns (i.e., national immunization
days, sub-national immunization days and mop-up activities), to achieve the highest
possible coverage in the shortest possible time. Unlike other vaccines, mass campaign
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use of oral poliovirus vaccine enhances the immunogenicity of this vaccine, primarily
due to: (1) the decrease in the prevalence of other enteroviruses that potentially inter-
fere with seroconversion; and (2) the secondary spread of vaccine virus from vaccinees
to close contacts, resulting in seroconversion of some unvaccinated contacts. To reach
the highest possible coverage, detailed planning, meticulous execution, careful super-
vision and standardized monitoring are critical. A number of innovative approaches
to improve the quality and/or coverage have become the ‘standard’ of supplemental
immunization activities. These mass campaigns have led to dramatic decreases in the
incidence of polio. This chapter reviews the scientific, operational and programmatic
data on mass campaign use of polio vaccines, and summarize the lessons learnt from
implementing the mass vaccination strategies used to eradicate poliomyelitis globally.

1
Introduction

Mass campaigns have been an essential strategy for polio control since effec-
tive vaccines were first licensed, starting with inactivated poliovirus vaccine
(IPV) in 1955, and oral poliovirus vaccine (OPV) in 1961 [1]. While both
vaccines provide individual protection against paralytic disease, OPV has
attributes which made it the vaccine of choice for the global eradication
initiative, and which make it very suitable for campaign use: (1) it can be
administered by volunteers after basic training (health professionals are not
essential for all immunization activities) [2]; (2) it induces mucosal immunity
which decreases the community transmission of polioviruses; and (3) it is
associated with secondary spread from vaccines to close contacts, thereby
immunizing some of these contacts.

In 1988, the World Health Assembly (WHA) resolved to eradicate polio by
2000 [3]. The polio eradication initiative designed and implemented eradi-
cation strategies for all polio-endemic countries, including the use of mass
campaigns with OPV to rapidly raise population immunity and interrupt the
circulation of wild poliovirus [4].

To make the most of the attributes of OPV, and achieve the maximum
benefit of OPV in campaigns, it is essential to reach a very high proportion of
the target population with potent vaccines, and to do that consistently with
each immunization round. Operational planning and effective management
are essential to ensuring the quality of campaigns, and to achieving consis-
tent high coverage. Effective implementation of mass campaigns with OPV
has been instrumental in interrupting wild poliovirus circulation in many
countries, and campaigns will continue to be a critical strategy for the final
achievement of polio eradication globally.

This chapter focuses on OPV use through mass campaigns for polio pre-
vention and interruption of poliovirus transmission.
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2
Early Polio Control Efforts

2.1
Industrialized World

Following licensure of IPV of Salk in 1955, the industrialized world put in
place aggressive immunization programs, which boosted population immu-
nity levels, and led to dramatic decreases in the incidence of poliomyelitis [1].
For example, in the US, the number of reported cases fell from 18,308 in 1954
to 2,525 in 1960, the last year where IPV was used exclusively. Despite the need
for trained health professionals to inject IPV, campaigns were an integral part
of these control efforts. These campaigns were usually not large-scale, but in-
stead focused on schools, churches, and work places (see polio pioneers [5]).
To induce immunity, three to four doses of IPV were needed; the first three
considered priming doses, and the last as boosting dose.

Pioneering work on OPV, conducted in the Soviet Union, demonstrated
the effectiveness and established the safety profile of OPV, and provided much
of the scientific base for eventual licensure in the US [6, 7]. Between 1961 and
1962, monovalent OPV (mOPV) 1, 2, and finally 3, of Sabin, were licensed
in the US, and then used extensively in mass campaigns. These campaigns
were called SOS (Sabin Oral Saturday or Sunday), and administered mOPV1,
mOPV3, and mOPV2 sequentially, with an interval of 4 weeks between the
monovalent vaccines [8, 9].

In 1963, trivalent OPV (tOPV) was licensed in the US [1]. This vaccine
was developed primarily on programmatic grounds (a single vaccine greatly
facilitated stock keeping and recording in vaccination sites), and contained
‘a balanced formulation’ of the three Sabin strains [10]. Three doses were
needed for a primary immunization schedule. This vaccine soon became
the mainstay of polio control efforts in most of the industrialized world,
until the 1990s when progress toward polio eradication dramatically reduced
the risk of wild poliovirus importation in these countries, and the burden
of vaccine-associated paralytic poliomyelitis (VAPP), the only serious side
effect of OPV, became increasingly unacceptable. Sequential use of IPV, or
exclusive IPV use, replace tOPV, as many industrialized countries [1, 11, 12].

2.2
Developing World

In the 1950s and 1960s, few individuals in the tropical developing world
profited from polio vaccines, whether IPV, mOPVs, or tOPV. The vaccines
were not used widely, primarily due to two reasons: (1) at the time, there
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was a widespread perception that poliomyelitis was not a public health prob-
lem in these tropical developing settings (only the lameness surveys in the
1960s and 1970s dispelled the myth [13, 14]); and (2) the operational ca-
pacity in these countries to reach a large proportion of the population with
vaccines was limited. There was, however, one noticeable exception. The na-
tional campaigns with OPV in 1962 in Cuba rapidly eliminated wild poliovirus
transmission [15–17].

The establishment of WHO’s Expanded Program on Immunization (EPI) in
1977 focused attention on [18]: (1) the burden of vaccine-preventable diseases;
(2) the need for control strategies; (3) the supply of affordable vaccines; and
(4) the need for adequate funding. The Universal Childhood Immunization
Initiative (UCI) in the mid-1980s, promoted the vision of 80% global coverage
with routine immunization, to be achieved by 1990 [19]. The vaccine of choice
for polio control in theEPI programwasOPV.TheEPI andUCI initiativeswere
successful in initiating and strengthening vaccine program infrastructure
and capacities, and were an effective tool to draw attention to immunization
as one of the most cost-effective public health control interventions [20].
However, after 1990 when UCI ended, attention and funding focused on other
health priorities. During the 1990s, routine coverage levels stagnated in many
developing countries [21].

The impact of the early polio immunization efforts were variable. If one
assumes that 1 in 200 children susceptible to poliomyelitis will develop par-
alytic disease after exposure to wild poliovirus, approximately 600,000 par-
alytic cases would have occurred in the absence of vaccination in the world
in 1988, the year that global polio eradication was resolved by the WHA. The
polio eradication initiative estimated that in 1988, 350,000 cases occurred
in the world, or a 42% reduction [1]. But, 58% of paralytic cases were still
occurring–most totally preventable through vaccination–and almost all re-
siding exclusively in the developing world.

3
Oral Poliovirus Vaccine

3.1
Immunogenicity

In industrialized countries, three doses of OPV induce immunity in >90% of
vaccineesagainst all threepoliovirus serotypes [22, 23]. Incontrast,OPVis less
immunogenic in developing, especially tropical, countries. A review of stud-
ies in developing countries reported that three doses of OPV induced median
seroconversion levels in 72%, 95%, and 65% of vaccinees to poliovirus types
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1, 2, and 3, respectively [24]. There are a number of reasons for the lower im-
munogenicity of OPV in developing countries, including interference between
Sabin strains, interference with concurrent nonpolio enterovirus infections,
diarrhea, and other nonspecific factors [24, 25]. To partly compensate for the
lower immunogenicity of OPV in developing countries, WHO recommended
since the 1980s that polio-endemic countries use four doses of OPV in the
routine immunization programs [26]. The first OPV dose is customarily given
at birth (or shortly thereafter, and if that is not feasible, administered as fourth
dose together with measles vaccine at 9 months of age).

3.2
OPV Modifications to Improve Immunogenicity and Potency at the Point of Use

Several changes were made to OPV over the past 40 years, the most significant
being: (1) the change in type 3 seed strain from Sabin Original (SO) to Pfizer
RSO (a seed virus change); (2) the change in formulation (increasing the
potency of the type 3 component); and (3) the addition of vaccine-vial monitor
(VVMs) (allowing evaluation of vaccine potency at point of use).

The change in seed strain from Sabin SO to Pfizer RSO is important be-
cause it probably decreased the neurovirulence of the vaccine. The immediate
grounds for the change were the relatively high proportion (~10%) of type
3 bulks that did not pass the release criteria for regulatory approval, and
this change increased the predictability that type 3 bulks would pass the
neurovirulence testing requirements before release [27, 28].

A change in OPV formulation was implemented following a type 3 out-
break in northeastern Brazil [29]. The formulation changed from a 10:1:3 to
10:1:6 to boost the immunogenicity of the type 3 component of the vaccine
from 300,000 median tissue culture infective dose (TCID50) to 600,000 TCID50.
Nevertheless, even with these changes, the immunogenicity of OPV in devel-
oping countries remains substantially lower than in industrialized countries.
It has been estimated that six to seven doses of OPV are needed to induce
immunity to type 1 in >90% of vaccinees, and that 11–13 doses of OPV are
needed to induce immunity in >90% of vaccinees to type 3 [30].

Substantial efforts to develop a more thermostable OPV with the use deu-
terium as a stabilizer were ongoing in the 1990s [31]. However, the devel-
opment and introduction of VVMs in the late 1990s (requirement for pro-
curement of this vaccine by United Nations’ agencies), allowing assessment
of OPV vaccine potency at any point in the cold chain [32]. VVMs allowed
vaccinators to take the vaccine out of the cold chain in selected circumstances
(i.e., fast chain) and be confident that the vaccine is potent, if so indicated by
the VVM, at the point of administration.
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3.3
Effectiveness of OPV in Mass Campaigns

OPV has distinct operational advantages for administration in mass cam-
paigns, because the oral administration could be done by volunteers, lim-
iting the number of trained health professionals required. However, OPV
had additional attributes which increased the impact of use in campaign
settings, and which became apparent as campaigns were conducted, partic-
ularly in developing country settings. OPV administered in mass campaign
appears to be considerably more immunogenic than if administered during
routine immunization activities [7, 8] (Table 1). The effectiveness of OPV
administered as a routine vaccine in infancy and childhood in reducing the
burden of poliomyelitis, including in developing countries, has been well

Table 1 Operational and scientific rationale for using OPV in mass campaigns

Attribute Operational consequences Impact

Admini-
stration

Can be administered by volunteers
(non-health care professionals); allowing
the mobilization of large numbers
of volunteers

Making higher
coverage possible

Cold chain Use of OPV in short campaigns (3–5 days)
permitted novel approaches to cold chain
(‘fast-chain’), which was strengthened
by vaccine-vial monitors (VVMs) in the
late 1990s; allowing vaccinators at point
of administration to determine
the effectiveness of OPV

More effective vaccines
could be administered

Secondary
spread from
vaccines to
close contacts

Inherent characteristic of OPV, but
accentuated in campaigns with a high
proportion of the target age group
vaccinated in a short period of time

Reaching unvaccinated
contacts, and inducing
immunity in some
(the magnitude of this
effect is hightlighted
in Figure 2)

Mucosal
immunity

Inherent characteristic of OPV, but
accentuated because of less interference
with OPV-take due to decreases of
nonpoliovirus enterovirus (NPEV)
transmission after mass campaigns

Providing a more
effective barrier to
community spread and
transmission
of wild polioviruses

OPV
immuno-
genicity

Higher during campaigns because of
administration of effective vaccines (cold
chain), and the combined secondary spread
from vaccines, and mucosal immunity

OPV substantially
more immunogenic
when administered
during mass campaigns
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documented [1, 33]; however, the use of OPV in massive campaigns demon-
strated dramatic, immediate impact [34, 35]. Two factors appear to be largely
responsible for the enhanced effectiveness of OPV during campaign use: (1)
substantially-increased coverage with campaign use, even in countries with
no or suboptimal health systems [36, 37]; and (2) significantly-enhanced im-
munogenicity of OPV when administered in campaigns. The latter effect is
likely composed of several elements: (1) vaccine quality may be less compro-
mised than during routine use (the introduction of VVMs, and the use of
‘fast chain’ distribution procedures are among the elements helping to ensure
viable vaccine during campaigns); (2) secondary exposure of close contacts to
vaccines appears to be massive; and (3) reduction of interference with other
nonpolio enteroviruses during and after the campaigns [38]. The developer
of OPV, Dr. Albert Sabin, always believed that the best way to use his vaccine
would be in mass vaccination campaigns [8].

A landmark study of large-scale OPV use in Mexico in 1959–1960 demon-
strated an additional benefit of OPV, the temporary displacement of other
enteric pathogens, especially nonpolio enteroviruses [38], in the vaccinated
population, therefore decreasing the interference of such agents with OPV
take. OPV gained further prominence after Brazil demonstrated in 1980
that OPV use in large-scale mass vaccination campaigns in a developing
tropical country could dramatically decrease the incidence of poliomyelitis
(Fig. 1) [39]. The experiences in Brazil were instrumental in motivating the
public health community to call for better polio control in the developing
world [40]. The state of the art of large scale, nationwide immunization activ-
ities were defined [41].

While it has been known that vaccine viruses can be transmitted from
vaccines to close contacts from the beginning of OPV use, the magnitude of
this effect is difficult to estimate. The spread of mOPV2 virus from vaccines
to siblings and extra-familial contacts was demonstrated during the winter
1960 in Houston, at a time when conditions are typically not favorable for
polioviruses transmission [42]. The magnitude of secondary exposure in in-
dustrialized countries to OPV poliovirus administered in routine vaccination
programs were further elaborated for the US [43] and England [44].

In the developing world, several reports suggest that OPV administered in
campaigns spread to nonimmunized children. The report from the Magreb
Immunization Days in Morocco documented the relatively high proportion of
children not reached during the campaign that did seroconvert [45]. In Oman
a trial of IPV and OPV allowed the evaluation of OPV secondary transmission
to the IPV vaccinated group, following a large mass campaign with OPV. While
the study district was excluded from the OPV campaign, study participants
in the IPV arm could be stratified by exposure to the campaign [46]. Figure 2
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Fig. 1 Impact of national immunization campaigns on incidence of poliomyelitis,
Brazil. (From [39])

shows seroconversion in the IPV study arm (participants had received a sin-
gle dose of IPV at 6 weeks of age) between birth and 10 weeks by exposure.
Seroconversion rates increased from 28% to 64% for poliovirus type 1, 40%
to 82% for poliovirus type 2, and remained relatively stable at 37% and 41%
for poliovirus type 3, for participants without or with campaign exposure, re-
spectively. The magnitude of secondary exposure and infection was estimated
to be very high for types 1 and 2 (~80–90%), but much lower for type 3.

A study from Jordan also showed very high seroconversion rates follow-
ing OPV administration during two rounds of national immunization days
(NIDs) [47]. As expected, the effect of two rounds of NID was most pro-
nounced in those who the fewest previous doses of OPV.

However, the mass campaigns are usually conducted during the low trans-
mission season, when interference with other nonpolio enteroviruses on OPV
take should be minimized. There is a suggestion that the effectiveness of OPV
is higher during the low transmission season [48], at a period when incidence
of diarrheal diseases would be lowest [49].
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Fig. 2 Seroconversion between birth and 10 weeks of age to poliovirus types 1, 2, and
3, among infants receiving a single dose of IPV vaccine at 6 weeks of age, stratified by
potential exposure to mass campaign, Oman. (Constructed from data in [46])

3.4
Vaccine-Associated Paralytic Poliomyelitis in Campaigns

Soon after widespread use of OPV began in 1961, it was found that OPV could
on rare instances cause exactly the disease they were designed to prevent [50–
55]. VAPP was found in both vaccine recipients and contacts. Studies in
the US found an overall risk of VAPP of one case per 2.5 million doses of
OPV administered [56–59]. Immunodeficient individuals were found to be
at substantially higher risk for VAPP [60]. However, it does not appear that
the mass campaign use of OPV is associated with a higher risk of VAPP in
developing countries [53–55].

4
Mass Vaccination in the Polio Eradication Era

4.1
Strategies

With the beginning of the elimination efforts in the Western Hemisphere in
the 1980s, the polio eradication strategies were defined first for the Americas,
and then for the world [4, 61, 62]: (1) achieve and maintain the highest levels of
routine immunization coverage with OPV; (2) establish sensitive surveillance
to detect all cases of acute flaccid paralysis (AFP); (3) conduct supplemental
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immunization activities (SIAs) with OPV, first as NIDs or subnational im-
munization days (SNIDs) to reduce widespread poliovirus transmission; and
(4) carry-out focused campaigns (mop-up campaigns) to eliminate the last
foci of transmission.

Mass vaccination campaigns used in the polio eradication program can be
classified as: (1) NIDs, national campaigns, usually targeting all children less
than 5 years of age, regardless of previous vaccination status, administering
two rounds of OPV, separated by 4–6 weeks; these campaigns initially were
health facility and boot-based; (2) SNIDs, same target age group and opera-
tional approaches, but campaigns limited to subnational levels; and (3) mop-
up activities, targeting the same age group (or determined by epidemiology
of remaining cases) but in a limited geographic area (a district or multiple
districts), and administering OPV by vaccination teams going house-to-house
to achieve the highest possible coverage. In the early phases of polio eradica-
tion, outbreak response immunization activities were used, usually providing
a single dose of OPV to children in close contact with a confirmed polio case.
These activities were usually small-scale, with hundreds of doses adminis-
tered. The impact of the mass campaigns were dramatic as the experiences
from the Americas and the Western Pacific Region indicated [63, 64].

By the end of 1999, fewer than 20 polio-endemic countries remained, and
the program intensified to address the remaining challenges in these polio-
endemic countries. The intensification addressed both the frequency and
quality of the mass vaccination campaigns. In many areas, more than two
rounds of NID were carried out, often using a house-to-house method of
administration, or a combination fixed facility and house-to-house use. Simi-

Fig.3 Cumulative number of countries conducting national immunization days, 1988–
2004. (WHO unpublished data)
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larly, mop-up campaigns were extended to cover epidemiologically important
areas. Figure3 shows thecumulativenumberof countries that conductedNIDs
from 1988 to 2004.

5
Programmatic Aspects of Mass Campaigns

The capacity of campaigns to consistently reach and vaccinate a very high
proportion of children depends on how well they are prepared for, and how
they are conducted. The key to success is careful planning, uniform execu-
tion, strong monitoring and supervision, and finally evaluation to identify
problems to be addressed prior to the next round. The WHO Polio Field
Guide outlines in detail the basic processes for planning, carrying-out, and
evaluating campaigns [65].

5.1
Campaign Scope and Strategies for Delivering Immunization

The operational objective of campaigns using OPV is to reach all children
in the target age group (usually all children below 5 years of age) in the
area selected for the campaign, with potent vaccine. While this objective has
never varied, campaigns have been carried out in different ways at different
times and in different places during the period of the global polio eradication
initiative. As noted above, campaigns using OPV are referred to generally as
SIAs, and they can be roughly divided into three groups: (1) those that were
national in scope; (2) large subnational campaigns, usually targeting areas
of known higher risk of transmission; and (3) mop-ups, intense activities
intended to interrupt the last chains of transmission in particular areas or as
response to importations of wild poliovirus, that varied in geographic extent.

A characteristic of polio SIAs is the need for multiple rounds in order
to achieve a significant impact. SIA rounds are typically 4–6 weeks apart,
and a minimum of two rounds are usually conducted. In the most intensely
endemic areas of the Americas and the Western Pacific Region, and later
in particular in the critical reservoir countries (India, Pakistan, Nigeria),
multiple rounds have often been conducted in an attempt to maximize impact.

Two basic methods have been used to deliver vaccine to children during
SIAs. The first is based on delivering immunization from fixed sites or posts
in communities, to which children are brought by parents or caregivers.
This method was most commonly used during the earlier years of the polio
eradication era, and in particular in countries with a better developed health
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delivery system; for example, this method was widely used in countries in the
Americasand in theWesternPacificRegion[63, 64].Tobeeffective, campaigns
based on fixed sites required very strong planning, and particularly strong
communications and social mobilization activities to ensure that families
were aware of the immunization activity and of the importance of bringing
their children to the immunization post.

The second method is most commonly known as house-to-house immu-
nization (effectively family-to-family or child-to-child). This involves teams
of vaccinators visiting each dwelling or each household to identify and im-
munize children in the target age group. This was pioneered in the Americas
in the later stages of eradication in that Region, was subsequently adopted
in the final stages of eradication in the Western Pacific and European Re-
gions, and has ultimately become the standard approach for all SIAs in the
South East Asian, Eastern Mediterranean, and African Regions. It is certainly
the method of choice for all mop-up activities. House-to-house activities take
considerably longer than pure fixed post rounds, typically lasting several days
as opposed to 1 or 2 days.

Both of the broad methods described above have often been supplemented
by additional strategies such as immunization teams covering transit points
such as railway stations, congregation points such as markets, and other places
where target age children may be found, and mobile immunization teams tar-
geting areas where families live in nonformal dwellings. In practice the meth-
odsusedhavenotbeenexclusive, and thehighestqualitySIAshavemadeuseof
aflexiblemixtureof strategies to ensuregoodaccess toall children in the target
group. In India for example, current SIAs employ a mixture of fixed post activ-
ities (typically the first day of the round), followed by several days of house-to-
house activity, supplemented by teams covering transit points (i.e., railway or
bus stations, highways, roads, etc.) and other areas where children congregate.

5.2
Planning, Operational, and Logistical Issues for SIAs—
Lessons Learned During the Polio Eradication Initiative

Whatever the extent of the campaign or the delivery strategies used, in prac-
tice, achieving high coverage of a very large target population (often more
than 15% of the total population of any given country or area), with po-
tent vaccine, is extremely difficult and challenging. Even more challenging is
achieving this same high coverage consistently round after round. Experience
has shown that different aspects of planning, preparation, conduct, and eval-
uation have been critical to the success of campaigns. Some critical aspects
are outlined below, although this is not an exhaustive list.
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1. National Interagency Coordinating Committee (ICC). In many countries,
the presence of a strong ICC at national level, involving different govern-
ment sectors and other national and international agencies and usually
chaired by the Ministry of Health, has been of major benefit in the process
of national planning and preparation. These committees have frequently
had responsibility for approving overall plans and budgets and coordi-
nating the technical and resource inputs of various government sectors
and other agencies. In several instances these committees have raised
considerable resources from nongovernment sectors.

2. Engaging local government. At subnational level, the engagement of lo-
cal (district level) government has been critical to ensuring operational
quality. The development of district management teams or district task
forces, which are multi-sectoral in nature (usually chaired by the senior
government official in the district), and which can engage nongovern-
ment community groups at local level, has been a consistent feature of
successful activities. In the most difficult areas for eradication (such as the
western districts of Uttar Pradesh in India, and in Pakistan), the engage-
ment of local government has been the major factor in the improvement
in quality of SIAs.

3. Detailed microplanning from district to community level, on all aspects
of operations and logistics. The development of plans at district and even
community level is the step thatmovesplanning fromthe theoretical to the
practical. In areas conducting the best quality SIAs, microplans include
not only the details of local logistics requirements, but also the details
of immunization teams, the areas they are supposed to cover (including
maps of these areas on a day-by-day basis), the supervisors and their
responsibilities, local community leaders and influencers, and basic social
mobilization activities.

4. Identification of high risk areas and groups for special attention. In many
polio-endemic areas, certain population groups have been at higher risk
of polio, and of sustaining wild poliovirus transmission even when the
general population is largely free of polio. These groups have tended to be
ethnic or religious minorities, particular social classes or groups, or mo-
bile populations—all somewhat outside the orbit of general society and
the provision of regular government services. The identification of these
groups and development of specific plans for ensuring special attention to
them during SIAs has proven critical to reaching them effectively; every-
thing from communications and social mobilization strategies through
to the make up of the immunization team can have a direct impact on
reaching children.
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5. Communications and social mobilization. Two aspects of communica-
tions and social mobilization strategy have been of great importance.
The first is the general strategy of broad communication to the general
community to ensure awareness of the SIA activity, and mobilization of
mainstream community groups to hopefully achieve a high level of active
community participation. The second is specific communications and
mobilization strategies for the highest risk groups referred to above. On
several occasions during the polio eradication era, failure to recognize
high risk groups with particular communications needs has resulted in
setbacks for the program (the most recent examples are western UP in
northern India, and most spectacularly northern Nigeria, where immu-
nization activities actually stopped in several states due to community
concerns over vaccine safety). Reaching these communities has required
specific and extensive communications activities, designed to address
community concerns and engage influential figures.

6. A flexible mixture of strategies. As noted above, there is no ‘one size fits
all’ as far as reaching the maximum proportion of children is concerned,
particularly where health infrastructure is weak. The core strategy for im-
munization delivery, whether it is fixed site or house-to-house or a com-
bination of the two, must be supplemented by other strategies. The switch
from fixed site to house-to-house as a standard strategy in part of India
and in Pakistan early in this decade led to immediate increases in the
number of children covered; subsequently, however, the need for at least
some fixed sites, and for special activities to cover transit points, have
been recognized, and the addition of these strategies have led to further
improvements in access to children. In the Mekong Delta area of Cambo-
dia and Vietnam, the use of mobile teams on boats commencing in 1996
provided access to boat-dwelling communities who regularly moved up
and down the waterways, and who could be reached in no other way.

7. Training of supervisors and immunization teams and selection of the cor-
rect team members. Once the planning has been done and the logistics
put in place, everything rests on the work of immunization teams and
supervisors. The selection of these teams, and their training and motiva-
tion, has long been recognized as critical to the success or failure to reach
children during campaigns. In situations where health infrastructure is
weak, the emphasis placed on selection and training becomes even more
critical. Selection of appropriate team members where particular high
risk groups exist has been noted above to strongly influence the accep-
tance of the activity by communities; it has been noted that for traditional
communities in Pakistan, for example, the presence of a woman on the
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immunization team greatly facilitates entry to multi-household dwelling
compounds, and therefore the chance of finding particularly the youngest
children and immunizing them.

8. Technical support from partner agencies available at the district level.
This aspect has been most important in countries, or areas of countries,
with weaker health infrastructure and less local trained human resources.
WHO and UNICEF in particular have supported district teams in several
countries through the deployment of national or international staff. The
partner agency staff support local district teams in microplanning, selec-
tion and training of immunization teams and supervisors, local commu-
nications and social mobilization activities, monitoring of immunization
activities, and evaluation following rounds. The deployment of partner
agency staff has to be carefully planned to ensure maximum benefit; these
staff numbers are generally limited and usually have to be concentrated
in areas where the quality of SIAs has been weakest.

9. Intensive monitoring using standard indicators for immediate feedback
and action on problems. Over time, in most countries conducting SIAs
a process of monitoring immunization activities during immunization
rounds has developed, using monitors independent of the immunization
activity where possible. The indicators monitored are simple but critical,
including outcome indicators by area monitored such as the proportion
of children found by the monitor who have not been immunized during
the round, and the proportion of houses/households found that have not
been visited or reached, as well as process indicators such as whether im-
munization team members encountered have received training, whether
supervisory visits are being conducted, etc. Monitoring has proved ex-
tremely useful in two ways, firstly by allowing immediate feedback to
responsible district officers in evening meetings during each day of SIA
activities to enable action to be taken to address problems during the
round, and secondly by providing an independent assessment of quality
of activities for use in evaluation.

10. Review of lessons learned after each round and identification of actions
needed to improve quality in subsequent rounds. Using monitoring data
and other indicators, in many countries a review of the overall quality
of activities is held immediately following a round, including the impact
of various tactics used to improve access to children by immunization
teams. This has proven extremely helpful in identifying actions that can
be undertaken to improve subsequent rounds. This kind of review process
is now standard in all remaining endemic countries.
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5.3
Improvement in Quality of SIAs

The quality of SIAs, in terms of the proportion of children reached with potent
vaccines, has varied dramatically in different countries or areas of countries,
and at different times during the polio eradication process. In general, as
the program has evolved in different places the quality of SIAs has gradually
improved. Many innovative approaches were adapted over the years (Table 2).
Occasionally a deterioration of quality has occurred (for example, in India
in 2001 and early 2002, when polio appeared to be on the way out), which
has usually been rapidly punished by a resurgence of disease. Despite these
variations, the operational capacity to conduct high quality campaigns now
exists virtually everywhere wild poliovirus still circulates; in some areas, such
as northern India, parts of Pakistan, and Afghanistan, campaign quality is
truly excellent despite extremely difficult conditions. Indeed in these areas it is
possible to see ‘state of the art’ activities, where all of the critical components
mentioned above are being addressed more or less effectively.

SIAs have been carried out over the past two decades in countries with
widely different circumstances. Countries like Afghanistan, Somalia, Angola,
Cambodia, and Democratic Republic of Congo, which carried out years of
campaigns while in the grip of complex emergencies, and which at the time
of writing are either polio-free or extremely close to becoming polio-free.
India, China, Vietnam, Egypt, Brazil, Bangladesh, and Pakistan coped with
massive population size, extremely high population density in different areas,
and a wide variety on internal geography and social organization to conduct
increasingly high quality activities; all those except Afghanistan, India, and
Pakistan are polio free, and these countries are very close to achieving the
goal.

5.4
Effect of Mass Campaigns: Progress in Polio Eradication

In 1980, Brazil conducted national immunization campaigns with OPV for
the first time, and demonstrated a dramatic impact in this developing tropical
country (Fig. 1). The number of reported cases decreased from 1,290 in
1980 to 122 in 1981 [28]. The experiences from Brazil, and elsewhere, were
critical in promoting more ambitious control and elimination targets. In
1985, the Pan American Sanitary Conference adopted the goal of elimination
of poliomyelitis in the hemisphere by 1990 [66]. Progress was remarkable,
and by 1988, the WHA resolved to eradicate poliomyelitis globally by the year
2000 [3]. The last case of poliomyelitis in the Americas was reported in 1991,
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Table 2 Some operational and programmatic innovations in SIA implementation,
1988–2005

Intervention First extensive use in SIAs Advantage

Mobile
teams/
transit
teams

Widely used in the Americas and
Western Pacific Region in early
SIAs, now very important in India
and Pakistan

Reaches children who are moving
during the SIA round and who will
not be reached by either fixed posts
or house to house; reaches children
living on the streets

House-to-
house (child
to child)
vaccination

First used nationally in Cuba in
the 1960s, used extensively in
mop-ups in the Americas from
1989, and in the Western Pacific
Region (including rural China)
from the mid 1990s. Since 2000 this
has been the preferred strategy
in all polio-endemic countries

Increases coverage of children
particularly in areas with less well
developed health infrastructure;
allows use of a geographical target
area rather than a numerical target

House
marking

Introduced following wide
adoption of house-to-house
approach in SIAs from 2000,
firstly in India. Currently
highly developed in India
and Pakistan

Permits supervisors and monitors
to rapidly check on the quality
of work of vaccination teams

Finger
marking
with
indelible
ink of each
vaccinated
child

Gentian violet marking used
frequently in Western Pacific,
African, and South East Asian
Regions; in 2000, silver nitrate
marker pens first used in India

Permits rapid assessment of
vaccination status of target
children (without having to rely
on parental recall); particularly
useful in transit points, markets,
etc., and in monitoring quality
of work

Formal
monitoring
process
using
standard
indicators

Early monitoring processes in
WPR and the Americas;
subsequently in other regions.
Extensive monitoring using
standard indicators adopted in
India in 2002, now in general use

Allows for immediate feedback on
quality based on indicators
during SIA rounds, so that
corrective actions can be quickly
taken; provides the basis for
evaluation of SIA quality

Identification
of high risk
areas and
groups for
special
attention

Recognized as important from
the late 1980s in the Americas;
integral part of SIA planning in
WPR and European Region;
currently standard approach in
SEAR and EMR countries, and
increasingly used in AFR countries

Ensures development of plans to
specifically target these groups
and increase the likelihood of
reaching children; targets
communications and social
mobilization activities
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and in 1994 the hemisphere was certified by an international commission as
polio free [67].

Progress in the other WHO regions followed. The Western Pacific Region
and the European Region were certified as polio free in 2000, and 2001,
respectively [68, 69]. Between 1988 and 2004, the number of polio cases has
decreased from an estimated more than 350,000 cases to a reported 1,263 cases
(data as of 29 March 2005) (Fig. 4), and the number of polio-endemic countries
has declined from more than 125 to six. However, due to a resurgence of polio
in Africa between 2003–2005, 18 previously polio-free countries in West,
Central and East Africa, as well as the Middle East and Indonesia, imported
poliovirus. Currently, polio transmission is occurring in three WHO regions
(African Region, Eastern Mediterranean Region, and South Asia Region)
(Fig. 5). Figure 6 shows the incidence of poliomyelitis in India during 1998
to 2005, and demonstrates the intensity (number and type) of SIAs needed to
control, and hopefully, eliminate wild poliovirus transmission under the most
difficult circumstances (highpopulationdensity, highpopulationmovements,
and low hygiene and sanitation).

Fig. 4 Reported number of poliomyelitis cases, worldwide, 1988–2004. (WHO unpub-
lished data)



Mass Vaccination Campaigns for Polio Eradication 213

Fig. 5 Polio-endemic and countries with re-established poliovirus circulation, 2004.
(WHO unpublished data)
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Fig. 6 Reported number of poliomyelitis cases, and national and subnational vaccina-
tion campaigns, India, 1998–2005

6
The Future: OPV Use in Campaigns Post-Polio Eradication

There is now a growing consent that OPV use must be discontinued some
interval after interruption of wild poliovirus transmission has been accom-
plished [70, 71]. OPV use must be discontinued because of the well-known
risks for paralytic poliomyelitis associated with its continued use; but the
overriding objective is to remove all forms of polioviruses from human popu-
lations, and ensure that the achievements of polio eradication will be perma-
nent. Continued use of OPV will almost certainly lead to reversion of vaccine
viruses to assume the neurovirulence and transmission characteristics of wild
poliovirus, circulate, and re-establish poliovirus circulation, thus negating the
achievements of polio eradication.

Six prerequisites must be fulfilled to discontinue OPV: (1) confirmation of
interruption of wild poliovirus transmission in all WHO Regions; (2) biocon-
tainment of all poliovirus laboratory stocks and production facilities; (3) polio
vaccine stockpile and response capacity; (4) detection and response capacity;
(5) concurrence for synchronous OPV cessation; and (6) national immuniza-
tion policies in place. It is likely that industrialized countries will continue
using IPV (in combination vaccine preparations); however, it is less apparent
what developing countries will do. It may be anticipated that some countries
will switch to IPV, while many others may discontinue all polio vaccination. In
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those countries that decide to discontinue all polio vaccination, future birth
cohorts would remain susceptible to poliomyelitis.

In the post-OPV cessation era, the use of OPV would be highly restricted
through international consensus and agreement. In this period OPV would
only be used (most likely, in the form of monovalent OPV types 1, 2, and
3, respectively) for emergency control activities, should poliovirus be re-
introduced and circulate in human populations. The ensuing campaigns
would likely to be large-scale and aimed at controlling (and, if possible, elim-
inating) re-introduced poliovirus, or at a minimum, decreasing the paralytic
burden, until routine immunization could again be re-introduced.

7
Conclusions

Therecordwithpoliovaccines is extensive.Thesevaccineshavebeenusedover
the past 50 years, in all countries of the world, and have had a substantial and
predictable impact on the incidence of paralytic disease due to polioviruses.
With the global consensus to eradicate poliomyelitis globally, vaccine use
increased several-fold in the past decade.

Polio vaccines were administered through the routine program, and in
campaigns. During the past decade more than 122 countries conducted NIDs,
SNIDs and mop-up operations. The impact of the massive use of OPV has
been dramatic, at the beginning of 2006, only four countries were polio-
endemic (and even within these countries poliovirus transmission was highly
focal). Suspension of vaccination in Kano State, Nigeria, for more than a year,
however, was followed by importation of virus into 18 countries, primarily
West and Central Africa, but also to the Horn of Africa, the Arabian peninsula,
and as distant as Indonesia. In response, massive synchronized immunization
campaigns have been put in place to rapidly eliminate virus transmission.

There is a synergistic effect of OPV attributes which make the vaccine
almost ideally suited for mass campaign use; both with the effect in the indi-
vidual (individual protection against paralysis; decreased shedding following
subsequent exposure) and effect in the community (establishing a barrier;
and mass secondary spread immunizing some unvaccinated individuals).
However, the future of OPV appears to be grim, just like the disease, this
vaccine must be relegated to history once wild poliovirus transmission has
been interrupted globally.
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Abstract The availability of vaccines that contain both measles and rubella compo-
nents allows for the elimination of both diseases. Although routine infant vaccination
with rubella vaccine has had profound effects on the incidence of both acquired and
congenital rubella, mass vaccination rapidly stops circulation of the virus and prevents
paradoxical increases in susceptibility of women that might result from decreased ex-
posure in childhood. Whereas routine rubella vaccination has eliminated the infection
from many developed countries, mass vaccination has rapidly accomplished the same
goal in Latin America and the Caribbean, and is being applied in other developing
country areas.

1
Introduction

Rubella, once thought to be a benign illness, gained public health importance
when Dr. Norman Gregg associated the risk of rubella in pregnant women
and congenital birth defects [1]. In the early 1960s, the ability to isolate
the virus was achieved by two separate groups [2, 3]. A worldwide rubella
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epidemic that began in 1962 in Europe led to the 1964–1965 rubella epidemics
in the US. The US epidemic alone involved an estimated 12.5 million cases of
rubella including 2,000 cases of encephalitis, 11,250 abortions, 2,100 neonatal
deaths, and 20,000 infants born with congenital rubella syndrome (CRS). The
financial cost of the epidemic was estimated at $1.5 billion. The morbidity
and mortality of the epidemic spurred development of rubella vaccines, and
emphasized the need for control strategies for rubella to prevent a recurrence
of this devastating epidemic [4]. In 1969, three rubella vaccines were licensed
in the US, ultimately reduced to one (RA 27/3).

In light of the pending licensure of the rubella vaccines, there was consider-
able debate on the best approach for implementing the vaccination program.
The goal of a rubella vaccination program is the prevention of congenital
rubella infections. Because the rubella vaccine is a live-attenuated vaccine,
there were initial concern of vaccination of women who were later found
to be pregnant might result in fetal infection and deformities. This concern
resulted in two different strategies that were used by various industrialized
countries [5, 6]. These strategies included vaccination of children–resulting
in herd immunity and known as the indirect approach–and vaccination of
women of childbearing age–providing individual protection and known as
the direct approach. The rational for the direct approach was that as rubella
incidence was greatest in preschool and elementary school children, it was
reasoned that vaccination of this age group would decrease or interrupt the
circulation of the virus; susceptible pregnant women would be protected
indirectly by virtually eliminating the risk of exposure. The risk of giving
a potentially teratogenic live virus vaccine to young women of childbearing
age was undefined. The direct approach would provide individual immunity
and decrease the risk of CRS; however, would not interrupt rubella virus
circulation.

In the US, to increase the immunity among children aged 1 year to puberty
several mass campaigns were undertaken. These campaigns ranged from local
to statewide [7].

With over two decades of experience with the initial vaccination programs,
the best options were to target both children and women of child-bearing age.
The US and UK started with two different approaches but now vaccinate both
children and women of childbearing age [8].

Another vaccination strategy that is now being used widely for rubella is
the Mass Immunization Campaign (MIC). MICs have played a significant role
in the eradication of polio and control/elimination of measles [9].

In the 1990s, MICs were part of the strategy used for measles elimination
by PAHO that was subsequently adapted in other parts of the World Health
Organization (WHO) regions. The strategy used for measles control included:
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catch-up, mop-up, keep-up, and follow-up [10]. The initial catch-up campaign
for measles was to conduct a MIC in the highest risk group—children less than
15 years of age. This target group comprised the highest group of susceptibles.
This was followed by keep-up to maintain high coverage in children less than
5 years of age.

With the successful control of measles, the public health importance of
rubella became apparent. Approximately 30% of the suspected measles cases
were rubella (PAHO). Even though there are limited data available on the
burden of CRS, several countries (Brazil, US, Canada, Mexico, Barbados,
Jamaica, Cuba and Belize) have documented cases of CRS or fetal infection. It
has been estimated that in the Western Hemisphere more than 20,000 infants
with CRS were born annually in the pre-vaccine era [11].

As part of the measles elimination strategy, countries in the Western Hemi-
sphere were already conducting MICs in children aged 1–14 years. Rubella
vaccine is available as a single antigen or in combinations of measles-rubella
(MR) or measles-rubella-mumps (MMR) vaccine, so it is straightforward to
incorporate a rubella-containing vaccine into the existing measles vaccina-
tion program. With no rubella control goal in the Western Hemisphere, and
the extensive previous experience with established vaccination programs,
the question of what would be the most appropriate strategy was raised. In-
troduction of rubella vaccine into childhood programs would decrease the
circulation of rubella virus; however, it would not have an immediate impact
on CRS. However, a complete rubella vaccination program would include
individual protection by vaccination of women of childbearing age and of
children to interrupt rubella virus transmission. It was recommended that
countries add a rubella-containing vaccine to their routine childhood pro-
gram, and as part of the follow-up campaign in children aged 1–4 years
also and to conduct a one-time mass campaign among adults. Countries that
would like to accelerate their control of rubella and CRS should rapidly in-
troduce rubella-containing vaccine into the adult population in addition to
the routine childhood program. To accelerate CRS prevention, countries are
advised to conduct a one-time mass campaign that targets all females from
ages 5 to 39 years [12]. Countries wanting to control/prevent rubella and CRS
are advised to conduct a one-time mass campaign that targets both males and
females from ages 5 to 39 years [12].

The Caribbean subregion was the first to establish a rubella elimination
goal in the Western Hemisphere. As part of the measles eradication resolution
adopted in 1991, measles surveillance was established. Rubella vaccine had
been introduced in the late 1970s and early 1980 in several countries in the
Caribbean. The vaccination strategy was to target adolescent girls; however,
the coverage was less than 80%. Rubella continued to circulate throughout
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the Caribbean with increased recognized rubella activities in 1986, 1988 and
1990. As part of the catch-up campaigns, 11 of the 18 countries included
rubella-containing vaccine. To understand the financial impact of CRS and
rubella, a costing study was conducted. It was estimated that without the cur-
rent vaccination strategies, it would cost more than $60,000,000; however, the
cost to conduct mass adult campaigns to eliminate rubella and CRS would be
only $4.3 million. From this exercise it became apparent that mass immuniza-
tion campaigns were a very cost-effective strategy. In 1998, after reviewing
the available epidemiology, serologic and cost data, CARICOM Council for
Human and Social Development passed a resolution to eliminate rubella and
CRS by 2000. Between 1998 and 2001, 18 of the 19 countries conducted adult
mass campaigns. Since 2001 and 1999, no rubella or CRS cases have been
confirmed. One of the lessons learned from the Caribbean experience is that
the mass campaigns must be completed within 1 month. Numerous cam-
paigns lasting over several months resulted in fatigue of health care staff and
interruption of the routine health care system.

Because of the widespread circulation of rubella in the Western Hemi-
sphere and the potential for rubella epidemics, the Technical Advisory group
for PAHO recommended in 1997 that strengthing of rubella and CRS pre-
vention efforts. The vaccination strategies included: incorporation of rubella-
containing vaccine into the routine childhood program at 12 months of age,
and as part of the complementary follow-up campaigns (part of the measles
elimination strategy) targeting children aged 1–4 years every 4 years depend-
ing on the routine coverage. Countries that wish to accelerate their control of
rubella and CRS should introduce rubella-containing vaccine rapidly into the
adult population in addition to the routine childhood program. In 1999, at the
TAG meeting in Canada, TAG recommended that countries conduct a one-
time mass campaign targeting all females aged 5–39 years. This strategy
rapidly decreases the number of CRS cases; however, men remain susceptible
and rubella virus could continue to circulate. With the success of the accel-
erated rubella control and CRS prevention, in 2003, all the PAHO member
countries passed a resolution calling for the elimination of rubella and CRS by
2010. To achieve this goal, countries must have the political will and financial
commitment to sustain a program involving both sexes.

After the success in the Caribbean, countries in Latin America embarked
on adult mass vaccination campaigns (Table 1). In 1999, Chile conducted
a mass campaign, but vaccinated only women up to the age 29 years. In
2001, Costa Rica embarked on a mass campaign in adults (males and fe-
males) after a large rubella outbreak in 1998–1999. The highest incidence was
among persons aged 25–34 years followed by the 35–44 year-old group. Sev-
eral lessons were learned as part of this campaign including the importance
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Table 1 Countries that have conducted adult mass campaignsa

Countries Year of campaign Type of campaign Number vaccinated

Sri Lanka 1996 Female only

English-speaking
Caribbean

1997–2001
18 Countries

Adult
17/18 Female/male
1 Female only

2.16 million

Chile 1999 Female only 2.5 million

Costa Rica 2001 Male/female 1.6 million

Brazil 2001–2002 Females only 29 million

Kyrgyzstan 2001 Females only

Honduras 2002 Male/female 3.3 million

Iran 2003 Male/female 33.0 million

El Salvador 2004 Male/female 2.8 million

Ecuador 2004 Male/female 4.8 million

Libya 2004 Male/female 2.75 million

a Albania did not do a mass campaign—conducted in routine program

of integration of partners into the process, the importance of social mobi-
lization/communication, effective microplanning and supervision and safety
issues. Since the campaign the last case of rubella and CRS both occurred in
2001. As noted in Table 1, several countries in Latin America have conducted
campaigns, each building on the previous experience of other countries. To
achieve the rubella goal by 2010, eight countries are planning to conduct adult
MICs in 2005. The remaining countries plan to conduct adult mass campaigns
in 2006.

2
Other Regions

2.1
European Region

The EURO region of WHO has established a goal of measles and rubella elim-
ination by 2010 and prevention of congenital rubella infection (CRI) (CRS
(<1/100,000 live births by 2010) [13]. To accomplish the measles and rubella
elimination goal and the CRI prevention goal, the recommended strategies
include: achieve and maintain high coverage (95%) with two doses of measles-
containing vaccine and at least one dose of rubella vaccine through routine
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services; provide a second opportunity through supplementary immuniza-
tion activities (SIAs); provide rubella vaccination opportunities including the
opportunity provided by the SIAs to target all rubella-susceptible populations
including children, adolescents and women of childbearing age. Between 1990
and 2004, nine SIAs were conducted, six of which used rubella-containing vac-
cine. In addition, three countries simultaneously offered rubella-containing
vaccine to women of childbearing age.

2.2
Eastern Mediterranean Region

The WHO Eastern Mediterranean Region has established a goal for elimi-
nation of CRS by 2010. Several of member countries have conducted cam-
paigns using rubella-containing vaccine. Of the 23 countries, 10 countries,
particularly the Arab/Gulf states, have conducted catch-up campaigns using
rubella-containing vaccine. Only two countries have vaccinated women of
childbearing age above 18 years of age. In 2003, Iran conducted a MIC using
MMR targeting both males and females between 5 and 25 years of age. In 2004,
Libya conducted a mass campaign in males/females between ages 9 months
to 20 years.

2.3
South Eastern Region

This region has not established a rubella/CRS goal. However, several countries
have been interested in understanding the burden of CRS in their countries. In
1996, Sri Lanka established a goal for the prevention of CRS. In 1996, a rubella
immunization day targeting girls and women aged 11–44 years. During 2001
and 2004, the coverage in women aged 11–44 years ranged from 72% to 82%.

2.4
African Region

This regionhasnotestablishedarubella/CRSgoal. Several countrieshavebeen
assessing their burden of rubella/CRS; however, no country has conducted
adult mass campaigns.

2.5
Western Pacific Region

This region has not established a rubella/CRS goal. However, two countries in
the South Pacific have conducted mass campaigns in response to outbreaks.
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In 2002, the kingdom of Tonga experienced a rubella outbreak. With many of
the cases occurring among adults and documented high susceptibility (20%)
in women, a mass campaign was undertaken for all children aged 9 months
to 14 years and for women aged 15–44 years. The coverage in both groups was
95%. In addition, measles vaccine was replaced with MR vaccine in the routine
childhood schedule. In 2003, a rubella outbreak occurred in Samoa. Like
Tonga, rubella vaccine had not been introduced into their national program.
In response to the outbreak, a mass campaign was conducted.

3
Rubella Campaigns

3.1
Issues and Components to Mass Campaigns

To plan a successful campaign, several aspects must be included. These in-
clude political commitment at all levels of the government along with the
necessary financial support; intersectorial participation of various depart-
ment of the government (e.g., labor, education). After the target population
for vaccination has been identified, development of the vaccination strategy
is necessary. Different vaccination approaches may be based on the situation
in each area, such as access to existing services, availability of resources and
previous experience with similar activities. Several tactics that have been pre-
viously used included mobile posts, a call to gather at strategic locations, the
use of brigades, house-to-house vaccination, and flexible hours.

For adult campaigns, social mobilization was critical. Development of
a strong and comprehensive social mobilization plan may include the par-
ticipation of political, union and religious leaders, national personalities,
community associations, presidents of professional societies, representatives
of education, artists, entrepreneurs, local non-government organizations, and
the media.

To ensure that the goal of the vaccination campaign is met, organization,
planning, training and supervision at all levels of government are critical com-
ponents. To adequately prepare for a campaign, the minimum time needed is
6 months with 9 months being preferable. Each level of the government must
know what their role and responsibilities are. Microplanning to the lowest
level is critical. This will ensure that the proposed strategy is implemented
as planned. To ensure that staff understand the plan, training at all levels is
critical for the success of the campaign. This has been realized time after time
with each campaign. Even with the best planning, supervision at all levels
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is a critical component. Monitoring the progress of the campaign ensures
that goals are being achieved and corrective measures taken. To ensure that
the target population has been vaccinated, rapid monitoring of vaccination
coverage must be conducted. If unvaccinated populations are identified, then
strategic corrective measures should be undertaken. Unlike childhood cam-
paigns, adult campaigns are more challenging. The two areas that required
additional planning includes pregnant women and blood banks.

3.1.1
Safety Issues

Vaccination of Unknowingly Pregnant Women Prior to the licensure of the
rubella vaccines in 1969, vaccine virus strains were shown to cross the placenta
and asymptomatically infect the fetus [11, 12]. Because of the theoretical risk,
it is recommended that pregnancy be a contraindication to rubella vaccina-
tion. Since that time, data from several countries including the US, Germany,
and the UK have shown that a small percentage of infants will be infected;
however, no infant has been born with CRS. If considering the highest risk
period for CRS (mothers vaccinated 1–2 weeks before to 4–6 weeks after con-
ception, the maximum theoretical risk is 1.3%). This risk is substantially less
than the >20% risk for CRS associated with maternal infection during the
first 20 weeks of pregnancy.

Additional data were obtained during the mass campaigns in Costa Rica
and Brazil. Follow-up of these more than 1,000 pregnancies has provided
more information on the safety of rubella-containing vaccine. Even though
3.6% of the infants had rubella antibodies, no cases of CRS were identified.
These data show a further decrease in the known theoretical risk of CRS due
to vaccination of unknowingly pregnant women.

Blood Bank After receipt of rubella-containing vaccine, persons are not eli-
gible to donate blood for 1 month. In many countries, the targeted age-group
may account for a majority of the blood donors in a country. In Costa Rica, the
campaign was expected to decrease the blood supply in the country, and the
national blood bank observed a 52% decrease in blood donations compared
with previous months. To maintain the blood supply, several strategies can
be used including targeted awareness and motivational campaigns to persons
aged 40 and older, who were not targeted for vaccination and donation of
blood just prior to the campaign of the targeted age-group.
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4
Conclusions

The use of adult rubella mass campaigns have resulted the significant re-
duction of rubella and CRS cases, particularly in the Western Hemisphere.
However, their role in the other parts of the world remains to be evaluated
and the overall cost-effectiveness of conducting these mass campaigns needs
to be determined. Initial calculations document the financial savings of these
campaigns; however, thorough evaluation of the cost–benefit and cost effec-
tiveness is currently underway.
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1
Introduction

1.1
Typhoid Fever: Clinical Disease and Epidemiologic Behavior

Typhoid fever is a generalized infection of the reticuloendothelial system
(spleen, liver, bone marrow), gut-associated lymphoid tissue and gall bladder
caused by the highly human host restricted pathogen Salmonella enterica
serovar Typhi (S. Typhi). The propensity with which this pathogen causes
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disease in populations is closely correlated with the adequacy of sanitation
and availability of protected drinking water. School age children (5–19 years
of age) and young adults bear the brunt of the clinical disease burden in
endemic areas in developing countries. Typhoid fever also constitutes a risk
for travelers from industrialized countries who visit developing countries
where typhoid is endemic or epidemic (Steinberg et al. 2004).

In endemic areas, chronic gall bladder carriers (usually adult females who
excrete large numbers of typhoid bacilli) constitute an important long-term
reservoir of infection (Levine et al. 1982). Where sanitation is deficient, fecal
contamination from inapparent carriers (chronic or temporary) and clinically
ill patients can contaminate water supplies. If treatment of water sources is
inadequate or unavailable, water can serve as an important vehicle of trans-
mission (Mermin et al. 1999).

Consumption of contaminated water and food vehicles by susceptible sub-
jects results in either clinical or subclinical infection, depending on the dose
ingested, the nature of the contaminated vehicle that conveys the typhoid
bacilli and the susceptibility of the host (Hornick et al. 1970). Onset of clinical
disease ensues after a fairly long incubation period (8–14 days) that follows the
ingestion of typhoid bacilli. The typical typhoid clinical syndrome in older
children and adults includes fever (that increases in step-wise fashion and
persists for weeks if improperly treated), headache and abdominal discom-
fort. A wide array of clinical complications may occur, since typhoid bacilli
reach many organs. However, the intestinal complications (perforation or
hemorrhage that occur in ~1%–2% of patients) are particularly common and
feared. It is not well appreciated but in the pre-antibiotic era the case fatality
of typhoid fever was circa 15%. Thus, the demonstration in the late 1940s that
chloramphenicol could successfully treat typhoid fever, decreasing the case
fatality to <1%, constituted a benchmark advance in public health. Over the
next few decades, mortality due to typhoid fever decreased in many endemic
countries because of early therapy of suspected cases with oral chlorampheni-
col, a practical and inexpensive intervention. Nevertheless, in ensuing years,
typhoid fatality remained a problem whenever relevant antibiotic therapy was
delayed or unavailable, or when inappropriate antibiotics were administered.
With this background providing context, one appreciates how the emergence
of antibiotic-resistant S. Typhi greatly diminishes the role that antibiotics
can play as a control measure (Butler et al. 1973; Gilman et al. 1975). Since
1990 the world has entered a hallmark era in the history of typhoid fever
because of the emergence, dissemination and persistence in Asia and Africa
of S. Typhi strains that carry resistance to most of the clinically relevant an-
tibiotics (Gupta, 1994; Mermin et al. 1998, 1999; Mikhail et al. 1989; Rowe
et al. 1997).
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Since typhoid bacilli may reach many organs, a wide array of clinical com-
plications can ensue. However, because the gut-associated lymphoid tissue
(in particular Peyer’s patches in the ileum) constitutes the most overt site of
gross pathology, intestinal complications such as perforation or hemorrhage
(which occur in around 1%–2% of patients) are particularly well recognized
and feared.

Most large and protracted epidemics of typhoid fever are due to contami-
nation of water supplies. Contamination of food vehicles usually leads to less
extensive epidemics than water-borne outbreaks. In areas of high endemic-
ity epidemics of typhoid fever can also occur. Interest in mass vaccination
to control endemic typhoid typically occurs when prevalent strains become
resistant to the most clinically relevant antibiotics resulting in an increase in
hospitalizations, cases with severe complications and fatalities.

1.2
Typhoid Vaccines

Currently, three types of licensed vaccines to prevent typhoid fever are
available in various countries. These include the venerable heat-inactivated,
phenol-preserved parenteral whole cell vaccine, Ty21a attenuated live oral
vaccine, and purified Vi capsular polysaccharide parenteral vaccine. Over the
years, each of these vaccines has been used in mass vaccinations to control
either endemic or epidemic typhoid fever.

1.2.1
Killed Whole Cell Parenteral Vaccine

The heat-inactivated, phenol-preserved whole cell parenteral vaccine devel-
oped at the end of the nineteenth century was the first bacterial vaccine of
any kind to be widely used in humans (Pfeiffer and Kolle 1896; Wright and
Semple 1897). From its earliest days, the killed whole cell parenteral vaccine
gained infamy because of the frequent and severe adverse reactions that it
invoked, including high fever, malaise and headache. In the 1950s and 1960s,
controlled field trials carried out under the sponsorship of the World Health
Organization in Eastern Europe and South America assessed the safety and
the efficacy of the killed whole cell vaccine (Ashcroft et al. 1967; Hefjec et al.
1969; Yugoslav Typhoid Commission 1962; Yugoslav Typhoid Commission
1964). The heat-inactivated, phenol-preserved vaccine was shown to confer
a moderate (51%–66%) level of efficacy. However, it was highly reactogenic,
causing notable adverse reactions in circa 25% of vaccinees (Ashcroft et al.
1964; Hejfec et al. 1966; Yugoslav Typhoid Commission 1964). Whereas the
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heat-inactivated phenol-preserved whole cell typhoid vaccine was once man-
ufactured by many public health institutes and a few private sector manufac-
turers, only a few public health institutes in the developing world still produce
this vaccine.

1.2.2
Ty21a

Attenuated S. Typhi strain Ty21a, which serves as a live oral vaccine, was
derived by chemical mutagenesis from wild type strain Ty2 (Germanier and
Furer 1975). Among the multiple mutations contributing to the attenuation of
this strain is the inability of Ty21a to express the Vi capsular polysaccharide
(Germanier and Furer 1975). Ty21a was the first vaccine to be well tolerated
yet to provide a level of protection that equals or surpasses that conferred by
the heat-inactivated, phenol-preserved whole cell parenteral vaccine. Thus,
upon its licensure by many countries, Ty21a provided an alternative that vastly
improved the ability to prevent typhoid fever (Levine et al. 1989c).

An enormous evidence base generated in controlled trials and post-
licensure surveillance has established that Ty21a is well tolerated and safe and
confers a moderate to high level of protection, depending on the formulation
administered. In a controlled field trial in Santiago, Chile, three doses of
Ty21a in an enteric-coated capsule formulation given on an every other
day schedule conferred 67% efficacy against typhoid fever over 3 years of
follow-up (Levine et al. 1987, 1999); continued surveillance documented 62%
efficacy over 7 years of follow-up. In another controlled field trial in Santiago,
three doses of a liquid (reconstituted lyophilate) formulation were found to
confer 78% protection over 5 years of follow-up (Levine et al. 1990, 1999).
Ty21a is administered as a three-dose regimen (a dose every other day); an
exception is the USA where a four-dose regimen is recommended. There is
evidence that large-scale immunization with Ty21a led to a herd immunity
effect (Levine et al. 1989a).

1.2.3
Vi

S. Typhi expresses on its surface a capsular polysaccharide referred to as Vi
(for ‘virulence’) (Robbins and Robbins 1984). Parenteral immunization with
purified Vi polysaccharide elicits serum Vi antibodies and confers protec-
tion. Vi polysaccharide vaccine is given as just a single (usually 25 or 30 µg)
parenteral dose because as a polysaccharide it does not elicit immunologic
memory and the serologic responses elicited are not boostable by administer-
ing additional doses (Keitel et al. 1994). In controlled field trials, a single 25-µg
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(Nepal and South Africa) or 30-µg (China) dose of purified Vi polysaccharide
administered as a parenteral (subcutaneous or intramuscular) vaccine was
shown to be both well tolerated and to confer a moderate level of protection.

A controlled field trial in South Africa demonstrated that Vi confers 64%
efficacy over 21 months of follow-up and 55% over 3 years of surveillance
(Klugman et al. 1987, 1996), while another field trial in Nepal demonstrated
72% efficacy over 17 months of follow-up (Acharya et al. 1987).

In Guangxi, China, 131,271 subjects 3–50 years of age were randomly
allocated to receive a 30-µg subcutaneous dose of Vi polysaccharide prepared
by the Shanghai Institute of Biological Products (n = 65,287) or saline placebo
(n = 65,984); subjects were followed for 19 months thereafter to detect cases
of typhoid fever (Yang et al. 2001b). The Shanghai Vi vaccine conferred 69%
efficacy against culture-confirmed typhoid fever (Yang et al. 2001b).

Thus, data from multiple controlled trials with several different sources
of Vi vaccine have generated a robust evidence base demonstrating that Vi
vaccine confers ~70% efficacy against typhoid fever for at least 2 years. In all
of the above-mentioned controlled trials Vi vaccine was well tolerated. It thus
constitutes another alternative to the reactogenic killed whole cell vaccine.

1.2.4
Strategies to Deliver Typhoid Vaccines

The main strategy to deliver the existing licensed typhoid vaccines to high risk
populations in endemic areas is via school-based immunization programs or
mass vaccination campaigns rather than by vaccination of infants through
the Expanded Program on Immunization. The reasons include the fact that
the main burden of typhoid fever falls among school age children 5–19 years
of age and the current vaccines are not readily amenable to use in infants
either because of reactogenicity (killed whole cell parenteral vaccine), poor
immunogenicity (Vi polysaccharide) or lack of data (Ty21a).

2
Mass Vaccination with Typhoid Vaccines
2.1
Experience with Killed Whole Cell Parenteral Vaccine

2.1.1
Early Experiences with Poorly Standardized Killed Whole Cell Vaccines
in Military Populations

Prior to the 1960s, most killed whole cell parenteral vaccines manufactured
globally were poorly standardized. Nevertheless, several reports of mass im-
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munization with killed whole cell parenteral typhoid vaccine carried out in
the first decades of the twentieth century provide useful information, as sum-
marized below.

In 1898, consequent to the Spanish American War, the troop strength
of the US Army increased rapidly from a standing army of 25,280 troops
(mean annual strength, 1893–1897) to a wartime army of 147,795. During the
Spanish-American War (1898), 20,926 cases of typhoid and paratyphoid fever
were admitted to ‘sick report’ and 2192 died; ~73% of the enteric fever cases
were typhoid and 27% paratyphoid (Siler et al. 1941).

During the first decade of the twentieth century, typhoid fever remained
highly endemic among soldiers in the US Army, including those assigned to
its bases throughout the USA. The mean annual incidence rate of typhoid
fever admissions in the US Army for the years 1901–1905 was 521.0 cases
per 105 troops and for the period 1906–1910 it was 361.28 cases per 100,000
troops. Approximately 10%–15% of soldiers who contracted typhoid fever in
this era died (Siler et al. 1941).

In an attempt to control the typhoid problem, the US Army introduced the
use of typhoid vaccine (Siler et al. 1941). In March 1909, vaccine was offered
on a voluntary basis and fewer than 1000 of the 84,077 soldiers in the Army
elected to receive it. Vaccination remained voluntary through 1910. In March
1911, a division of troops (15,000 soldiers constituting ~18% of all men in the
US Army) was mobilized in Texas and for the first time the administration
of typhoid vaccine was made compulsory. Because of the low incidence of
typhoid among troops in the Texas Division, beginning on 30 September
1911, vaccination with heat-inactivated, phenol-preserved whole cell vaccine
was instituted by the US Army as a compulsory preventive measure for all
soldiers. Thereafter, the reported incidence of typhoid fever in the US Army
plummeted by >90%, from a mean of 361.28 cases per 105 troops annually
in the period 1906–1910 to an annual mean of 25.05 cases per 105 troops in
the period 1911–1915 (Siler et al. 1941). The diagnosis of cases of typhoid
fever among US soldiers in this era was surprisingly specific as most cases
on bases within the USA were diagnosed by isolation of typhoid bacilli from
blood, urine or stool or by serology (Widal test) (Siler et al. 1941). The striking
diminution in the incidence of typhoid fever documented by the US military
following systematic use of the killed whole cell vaccine provides a strong
indication that the vaccine was effective.

The vaccine used by the US Army in the period 1909 through 1916 was
a heat-inactivated (56oC for 60 min), phenol-preserved whole cell vaccine
containing 109 ‘Rawlings strain’ killed typhoid bacilli per ml (Siler et al.
1941). Three doses were given with a 1-week interval between doses. The
first dose contained 5×108 inactivated bacilli and the second and third doses
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each contained 109 killed bacilli. A booster dose was administered 3 years
after initial immunization. The heat-inactivated phenol-preserved typhoid
vaccine was licensed by the USA in 1914. Among the various nations whose
armies were major combatants in World War I, troops of the US Army had
the lowest reported incidence of typhoid fever (Batson 1949). It is presumed
that the routine use of typhoid vaccine contributed to this low incidence.

During the Boer War (1899–1902), typhoid fever was a major health prob-
lem faced by the 208,000 British troops in South Africa (Cockburn 1955),
10% annually being admitted as cases and 1.5% each year dying of this dis-
ease. Indeed, more British soldiers died of typhoid fever (8225 deaths) than
of wounds from battle (7582 deaths). Approximately 100,000 British soldiers
participating in the Boer War received a heat-inactivated phenol-preserved
vaccine prepared by Wright and Leishman. However, it was not possible to
derive a clear effect of the vaccine. Therefore, in the period between 1904 and
1908, following the Boer War, the British Army undertook a somewhat more
systematic evaluation of the effect of typhoid vaccine in more than 10,000 sol-
diers who volunteered to be vaccinated before being deployed abroad (Cock-
burn 1955); 9,000 unvaccinated subjects in the same units served as ‘controls’.
Twenty-four units, mainly deployed in India, participated in this evaluation of
the typhoid vaccine and were followed up for 4–24 months after their arrival
at their foreign duty stations (Cockburn 1955). A Typhoid Commission con-
cluded that vaccination with typhoid vaccine diminished by sixfold the risk
of development of typhoid fever (Cockburn 1955). However, a more detailed
and stringent analysis was also carried out in which the denominators con-
sisted of all soldiers present at the initiation of the deployment (Greenwood
and Yule 1915). In this analysis, it was shown that soldiers in units 1–7 who
had received an ‘old-type’ vaccine (in which the bacteria were inactivated at
a higher temperature) did not have a lower attack rate of typhoid fever than
nonvaccinated soldiers (Greenwood and Yule 1915). In contrast, soldiers in
units inoculated with the ‘new-type’ typhoid vaccine had a fourfold (units
8–14) or threefold (units 15–23) lower incidence of typhoid than the unvacci-
nated solders in their units. As the solders who volunteered to be vaccinated
may have differed in other ways from those who did not, their exposure risk
may have been different. Therefore, one must be cautious in concluding that
the difference in attack rate between vaccinated and unvaccinated soldiers
was entirely due to the protective effect of vaccine.
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2.1.2
Early Experiences with Poorly Standardized Killed Whole Cell Vaccines
in Civilian Populations

The first instance of compulsive mass vaccination of a civilian population
against typhoid fever was instituted by the Belgian government during the
First World War. In April 1915, the Belgian government made typhoid vac-
cination compulsory for 14,836 civilians residing in Ypres and its environs
(Goodall 1937); anyone refusing vaccination was threatened with expulsion.
The typhoid vaccinations were carried out by a unit of the Red Cross. One
decade later in Hamburg, Germany, in response to a typhoid epidemic that
resulted in 2200 cases, a mass vaccination was rapidly organized and 117,000
residents of the city were vaccinated (Hahn 1927; Tarr et al. 1999).

In the USA during the first three decades of the twentieth century, the con-
trol of endemic typhoid was overwhelmingly accomplished by the provision
of treated water supplies (Wolman and Gorman 1931). However, on several
occasions small mass vaccinations with killed whole cell typhoid vaccine were
carried out in response to epidemics of typhoid (Batson 1949). One rural geo-
graphic locale in the USA where typhoid vaccination was widely practiced to
control endemic typhoid fever was Williamson, County, Tennessee (Williams
and Bishop 1936). In two highly endemic districts of Williamson, County
where 87% of the population had received typhoid vaccine, the disease was
virtually eliminated in the period 1927–1931. In a comparator control district
in the county during this period that had a similar size population and socioe-
conomic level but where only 41.5% of the population had been vaccinated,
the incidence of disease did not decline (Williams and Bishop 1936).

2.1.3
Modern Experiences With Mass Vaccination Using Killed Whole Cell
Parenteral Vaccine

Typhoid fever was endemic in Thailand, including Bangkok, in the 1960s
and early 1970s. In the period 1974–1976, the incidence of typhoid fever in-
creased sharply in Bangkok. Accordingly, the Thai Ministry of Health initiated
a national immunization program against typhoid fever among schoolchil-
dren 7–12 years of age using a locally manufactured heat inactivated, phenol
preserved whole cell parenteral vaccine containing 109 organisms per ml
(Bodhidatta et al. 1987). At the peak of the vaccination campaign in the late
1970s and early 1980s, more than 80% of Thai schoolchildren 7–12 years of
age received annual inoculations with 0.25 ml of typhoid vaccine (Bodhidatta
et al. 1987).
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The reported incidence of typhoid fever in Bangkok dropped following ini-
tiation of the mass vaccinations (Bodhidatta et al. 1987). Thai epidemiologists
reviewed blood culture data at the four main teaching hospitals in Bangkok for
school age children to assess the impact of the immunization campaign. Since
the typhoid vaccination campaign would be expected to have a protective ef-
fect against S. Typhi infections but not likely against S. Paratyphi A infections
(which were also endemic in Thailand), the ratio of S. Typhi to S. Paratyphi
A isolations in blood cultures was calculated for the pre-campaign years and
during the years of mass vaccination. The ratio of S. Typhi to S. Paratyphi
isolations dropped from 4.1:1 in the period 1970–1973 to 1.2:1 in 1980–1985,
after several years of mass vaccination of school children (Bodhidatta et al.
1987).

A mass vaccination was carried out of residents of a refugee camp in
Phnom-Penh, Cambodia in response to a typhoid epidemic. In total, 172 2–5
year olds, 362 6–14 year olds and 455 adults constituted the target population
for mass vaccination with a combination vaccine prepared by the Cambodian
Pasteur Institute that contained inactivated typhoid and paratyphoid bacilli
and tetanus toxoid (Bollag 1980). Children were targeted to receive four par-
enteral immunizations and adults three, with a 1-week interval between doses.
Considerable publicity about the impending campaign preceded its initiation.
Febrile adverse responses were observed commonly, including in 86 of 415
children (20.7%) and 37 of 315 adults (11.7%). Presumably because of these
frequent adverse reactions, only 20% of residents returned for their final dose
in the immunization schedule.

2.2
Experiences with Ty21a Live Oral Typhoid Vaccine

In the late 1980s, Ty21a in the enteric-coated capsule formulation was li-
censed in many countries following the reports of the successful field trial
in Santiago, Chile of a three-dose regimen with vaccine administered at an
interval of 48 hours between doses (Levine et al. 1987). Chile also licensed
this formulation of Ty21a. At the time (mid-1980s), typhoid fever was en-
demic among school age children in Santiago; approximately two-thirds of
all reported cases of typhoid fever occurred among children 5–19 years of age
(Levine et al. 1986). This is the typical epidemiologic age-specific pattern of
endemic typhoid fever.

To determine the practicality of mass school-based immunization with
different regimens of Ty21a in the enteric-coated capsule formulation, more
than 225,000 schoolchildren (>80% of age-eligible children) attending schools
in the Area Sur and Area Central Health Services of Santiago were enrolled
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in a post-licensure effectiveness trial (Ferreccio et al. 1989). The design of the
effectiveness trial was to compare practicality, logistics and typhoid incidence
among schoolchildren 6–19 years of age who were given either a two-dose,
a three-dose or a four-dose regimen of Ty21a. Since two of the regimens (two-
dose and four-dose) differed from the three-dose recommended schedule for
licensed Ty21a, parental consent was obtained for participation (Ferreccio
et al. 1989). Classes in the government schools were randomly allocated to
receive two, three or four doses of Ty21a in enteric-coated capsules. In total,
216,692 of the children for whom parental consent was obtained received at
least one dose of Ty21a vaccine. Of these, 189,819 children (84%) received
the complete assigned regimen. Failure to receive the full number of assigned
doses was due to school absenteeism or difficulty among young children
in swallowing the capsule; approximately 8% of children 5–7 years of age
could not ingest a capsule. Impressively, 93% of children allocated to receive
two doses, 84% assigned to get three doses and 76% intended to receive
four doses successfully completed the oral vaccination regimen. Particularly
among adolescents and teenagers, it was logistically simple and practical with
this oral vaccine to rapidly immunize large numbers of classes in each school.

Surveillance to detect cases of typhoid fever was maintained for 3 years.
Two blood cultures were drawn from suspect cases and cases were considered
confirmed only if S. Typhi was isolated. Table 1 summarizes the results of
both the ‘per protocol’ and ‘intent-to-treat’ analyses. Children who received
a four-dose regimen exhibited a significantly lower incidence of typhoid fever
than the three-dose or two-dose regimens. These data influenced the US
FDA to license a four-dose regimen, whereas in other countries a three-dose
immunization schedule with Ty21a is followed (Levine et al. 1989c).

Between 1980 and 1990, four large-scale field evaluations were carried
out in the different health services of Santiago, Chile, encompassing ~500,000
schoolchildren, 5–19 years of age, approximately 80% of whom received Ty21a
vaccine in one or another formulation or immunization schedule (Black et al.
1990; Ferreccio et al. 1989; Levine et al. 1987, 1990, 1999). Over the course
of the decade during which these trials were undertaken there was strong
evidence that mass immunization with Ty21a conferred indirect protection
to unimmunized persons in the community. As summarized in Table 2, this
was observed by continuing to measure the incidence rate in the control group
in the first vaccine trial site, Area Norte. In the first year of that trial (and in
several preceding years), the incidence of typhoid fever in the unimmunized
control children was ~225 cases/105 schoolchildren. Each time a field trial
was initiated in another part of Santiago, the incidence in the control group in
Area Norte fell (Table 2). The one year (1985) when no new trial was initiated,
the incidence rose (Levine et al. 1989b).
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Table 1 The incidence of typhoid fever in children vaccinated with two, three of four
dosesofTy21a ina large-scale effectiveness trial inAreaSurandAreaCentral, Santiago,
Chile

Per protocol analysis Intent to treat analysis

Allocated
regimen

Number
of school-
children

Number
of typhoid
cases

Incidence
of typhoid
per 100,000
children

Number
of school-
children

Number
of typhoid
cases

Incidence
of typhoid
per 100,000
children

2-dose 66,615 123 184.6 71,754 149 207.6

3-dose 64,783 104 160.5 77,246 143 185.1

4-dose 58,421 56 95. 8 76,998 97 126

The incidence of typhoid fever was significantly lower in recipients of four doses
compared to children who received three or two doses (P < 0.01)

Table 2 Herd immunity indirect protective effect on unimmunized school children
in Area Norte, Santiago, Chile consequent to the widespread use of Ty21a vaccine in
other Areas of Santiago

Year of
follow-up

Typhoid incidence
in the control
group in the
Area Norte trial
(cases/105)

Site of new
field trial

Impact of new trial
on typhoid incidence
in the control group
in Area Norte

1982 227 – –

1983 139 Occidente ↓ 39%

1984 70 Sur and Central ↓ 39%

1985 103 None ↑ 32%

1986 62 Suroriente & Norte ↓ 40%

Following the Gulf War of 1991, a large-scale mass vaccination of 12,000
Kurdish refugees in a refugee camp in southern Iran was carried out with oral
Ty21a to control an epidemic of typhoid fever (Reisinger et al. 1994). Before
the mass vaccination the incidence of typhoid fever was 12 cases per week.
Following the mass vaccination, the incidence fell to 2 cases per week.

2.3
Experiences with Parenteral Vi Vaccine

An advantage of Vi polysaccharide is that the immunization schedule requires
only a single intramuscular or subcutaneous dose. This makes it amenable
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to use in mass campaigns. There are two reports on the use of Vi vaccine in
mass immunizations to control epidemic disease or endemic typhoid, both
from Asia.

During the massive and prolonged epidemic of multiply antibiotic-
resistant typhoid fever in Tajikistan in the 1990s (Mermin et al. 1999; Tarr
et al. 1999), a Russian Vi polysaccharide vaccine was given to 18,362 Russian
Border guards 18–21 years of age stationed in Dushanbe, Tajikistan in March
1997 (Tarr et al. 1999). During January and February 1997, 174 cases and
two deaths from typhoid fever were recorded among the Russian troops
in Dushanbe, prompting a mass vaccination in March with the Vi vaccine
(Tarr et al. 1999). Thereafter, from April through December only 51 cases of
typhoid were observed among the troops, suggesting that the vaccine was
responsible for the decrease.

Based on the positive safety and efficacy results of two field trials of Vi
vaccine in Jiangsu and Guangxi Provinces in China (Wang et al. 1997) and
evidence of effectiveness from an outbreak investigation in an area where Vi
was used among school children (Yang et al. 2001a), Vi vaccine has been used
widely in China since July 1996. More than 10 million doses were administered
in 1997, with 800,000 doses being given in Guangxi Province. The general
strategy inChinahasbeen tovaccinate school children. In reactive vaccination
in response to typhoid outbreaks in China, a broader age range is targeted
that extends well into adulthood.

In 1995, public health officials in 40 counties of Guangxi Province, China
introduced immunization with a Vi vaccine manufactured by the Wuhan
Institute of Biological Products (Yang et al. 2001a) as a measure to control
endemic typhoid fever. A single 30-µg subcutaneous dose was given. From
1996 through 1999 in Xing-An county, 61,303 doses of the Wuhan Vi vaccine
were administered, including, as of 1998, in school based immunization pro-
grams. During May 1999, an outbreak of typhoid fever occurred in Xing-An,
thereby providing an opportunity to carry out a field evaluation of vaccine ef-
fectiveness by means of a epidemiologic investigation. Immunization records
of school children were compared with confirmed cases to calculate attack
rates and assess effectiveness. For 1701 school children immunized in 1998 or
1999, the outbreak investigation estimated that the Vi vaccine conferred 71%
protection against typhoid fever (Yang et al. 2001a).

Some individuals have voiced concern that widespread use of Vi polysac-
charide vaccine may lead to the emergence of disease caused by Vi-negative
strains of S. Typhi (Arya, 2000, 2002). Although S. Typhi strains lacking Vi are
rare among clinical isolates and tend to be less virulent, they are nevertheless
capable of causing typhoid fever (Hornick et al. 1970). To address this concern,
it will be important to maintain adequate surveillance in typhoid-endemic
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areas and populations where Vi vaccine is being used on a large-scale. Such
surveillance is also likely to demonstrate that, as was observed in Bangkok
when killed whole cell vaccine was introduced programmatically, the ratio
of S. Typhi to S. Paratyphi isolations will probably change notably as the
incidence of typhoid diminishes (Bodhidatta et al. 1987).
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Abstract The skin is populated with Langerhans cells, thought to be efficient, potent
antigen-presenting cells, that are capable of inducing protective immunity by targeting
antigen delivery to the skin. Delivery to the skin may be accomplished by active
delivery such as intradermal injection, use of patches or a combination of a universal
adjuvant patch with injections. The robust immunity induced by skin targeting can
lead to dose sparing, novel vaccines and immune enhancement in populations with
poorly responsive immune systems, such as the elderly. Vaccine delivery with patches
(transcutaneous immunization), may allow self-administration, ambient temperature
stabilization and ease of storage for stockpiling, leading to a new level of efficient
vaccine distribution in times of crisis such as a bioterror event or pandemic influenza
outbreak. The use of an adjuvant (immunostimulant) patch with injected vaccines
has been shown in clinical studies to enhance the immune response to an injected
vaccine. This can be used for dose sparing in pandemic influenza vaccines in critically
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short supply or immune enhancement for poor responders to flu vaccines such as
the elderly. Transcutaneous immunization offers a unique safety profile, as adjuvants
are sequestered in the skin and only delivered systemically by Langerhans cells. This
results in an excellent safety profile and allows use of extremely potent adjuvants.
The combination of the skin immune system, safe use of potent adjuvants and ease of
delivery suggests that skin delivery of vaccines can address multiple unmet needs for
mass vaccination scenarios.

1
Introduction

The skin is well equipped to deal with the hostile microbial world. It is reg-
ularly challenged with frequent exposure to microbes through micro-trauma
and disruption of its protective barriers. The skin is populated with dendritic
cells, whose role is to provide effective surveillance and immune responses
to infectious challenges coming through the skin. These cells are thought to
be efficient and potent antigen-presenting cells for induction of protective
immunity. In comparison to skeletal muscle, which is the target of intramus-
cular (IM) injections, the skin is a far more attractive immune environment
and thus has great potential to address the unmet needs of mass vaccination,
such as dose-sparing and ease of delivery. One may ask ‘why has the skin
been overlooked as a vaccine target, and why is it of interest now?’ We would
suggest that one contributing factor is that many of the long-held established
maxims regarding delivery to the skin were erroneous and should be modified
based on new preclinical and clinical data. There is a great deal of new data
on skin delivery with over 100 publications on the subject in the past 7 years.
This has created a major new research paradigm in vaccine development.
The interest is well placed from a historical perspective, considering that the
most successful mass vaccination campaign ever conducted used a crudely
delivered and simply prepared dried vaccine, and fully eradicated smallpox
by means of skin immunization. Vaccines delivered to the skin have recently
been shown to induce robust immune responses, leading to improved efficacy
markers and enhanced antibody responses to new candidate vaccine antigens.
These and other data, and the new delivery systems under development, have
caused vaccinologists to reexamine the advantages of the skin as a target for
new vaccines for both improved efficacy and ease of use.

In this chapter we review the skin anatomy and immune system from
a practical point of view. We also look at strategies for immune manipulation
that may address needle free vaccination, dose-sparing, enhancement of the
immune responses in the senescent immune system, and improved initial
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responses toafirstdose in the immunenaïvepopulation.Wethen look forward
and suggest avenues of further development that should be considered to
address the unmet needs of mass vaccination.

2
Structure of the Skin

Mammalian skin is composed of three primary layers (Fig. 1). The stratum
corneum (SC), the outermost layer of the skin, is composed of 10–20 layers of
quiescent, cornified epidermal skin cells called keratinocytes that are contin-
uously shed. During the formation of the SC, the keratinocytes secrete lipids
that form a type of mortar encasing the dead and dying cells. The human SC
is organized in a 10–20-µm-thick ‘bricks-and-mortar’ format and represents
an effective but fragile barrier to microbes, fluids, and foreign material. The
thickness of the SC varies based on anatomic site (on the extremities, palms

Fig. 1 Structure of human skin. The skin is composed of three principal layers: the
dermis, epidermis, and stratum corneum. Existing vaccine delivery involves perfora-
tion through the skin, bypassing the immune-rich layers of the skin. New technologies
targeting the skin take advantage of the skin immune system elements, such as epi-
dermal Langerhans cells, shown here stained with anti-CD1a. (Adapted from Glenn
et al. 2000, with permission)
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and soles), pigmentation (thicker with darker skin), smoking history (thinner
in smokers), and different phenotypes (dry vs. moist skin) (Sandby-Moller
et al. 2003). Although the question of whether skin vaccination techniques
will be influenced by these variations is important, the initial data from Phase
2 clinical trials suggests a minor role for skin types at best. Scarification as
a delivery method, used with the smallpox vaccine, clearly paid little atten-
tion to skin types, with the exception of avoidance of diseased skin. Similarly,
transdermal delivery of other drugs demonstrates that patch application can
be quite flexible and effective over the range of skin types and ages. For patch
vaccine delivery techniques, the SC is the primary barrier, as it is for transder-
mal drug delivery and, as discussed below, methods for its disruption lead to
improved efficiency of vaccine delivery. If SC disruption accompanies vaccine
delivery, the technique will need to overcome any individual variability.

The epidermisunderlies theSCand is composedofkeratinocytes andother
skin elements in a continuous growing layer of epithelium. The final layer of
the skin, the dermis, supports the epidermis with connective tissue, contains
the blood vessels (generally the target for transdermal drug delivery), nerves,
and lymphatics, and provides a foundation for the epidermal appendages
such as hair and sweat glands. The epidermis is also a dynamic immune
environment, with active traffic of immune cells in and out of the epidermis.
The primary antigen-presenting cell (APC) found in the epidermis is the
Langerhans cell (LC), a dendritic cell that migrates from the bone marrow
into the skin and plays the dual role of immune surveillance and antigen
presentation (Jakob and Udey 1999). Confocal microscopy in human skin
demonstrated that LCs cover 25% of the total skin surface area, although they
account for approximately only 1%–3% of the epidermis cells (Yu et al. 1994).
There is some suggestion that a homeostasis exists that maintains immune
health through constant challenge with skin and gut pathogens. Beyond this
basal activity, the skin immune system is sensitive to ‘spikes’ in the danger
signals presented by microbes that trigger effective immune responses. LC
density, accessibility, and antigen presentation function create an ideal target
for vaccine delivery.

The dermis also contains dendritic cells and LC in transit, but the density of
APC in the dermis does not match that of the epidermis (Udey 1997) although
hair follicles, which extend into the dermis, have their own unique microen-
vironment of immune cells (Christoph et al. 2000). The normal practice of
vaccine delivery by needle perforates the skin to deliver antigens below the
skin, bypassing the highly attractive skin immune system and it is the object
of this review to point out the merits of delivery into the skin.
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3
The Skin as the Best Site for Vaccination

3.1
Overview of Skin Immunization Techniques

The gold standard skin immunization technique was developed in the
1700’s (or earlier) for smallpox. The modern technique involves intradermal
inoculation with a bifurcated needle. Specifically, the needle is dipped into
a vial of vaccine and a small volume of vaccine (0.0025 ml), adherent by
capillary action between the tines of the needle, is applied by stroking the
skin 15 times so that a trace of blood appears at the vaccination site. The
vaccine take can readily be observed, since the local infection leaves an eschar.
The most recent embodiment uses a dried, stabilized antigen on a bifurcated
needle and the US stockpile vaccine utilized this type of product. This
seemingly crude technique results in very high levels of vaccine uptake and is
in large part responsible for eradication of smallpox worldwide (Henderson
et al. 2004). As a skin delivery scenario, bifurcated delivery has the merits
of efficacy and is the only safe means by which this live viral vaccine can be
delivered. However, adverse reaction rates are high and the systemic infection
triggered by the use of this live virus would not be acceptable for the general
population except in a crisis scenario.

Intradermal (ID) delivery using a small-gauge needle and small volume of
material (≤ 100 µl) is commonly used in the US and other countries for TB
testing. ID injections are alsoused for infantBCG immunization inmost coun-
tries of the world, as well as for post-exposure rabies prophylaxis. Studies with
hepatitis B, rabies, and influenza vaccines suggest the potential for greater im-
munogenicity and dose-sparing (Briggs et al. 2000; Bryan et al. 1992; Kenney
et al 2004b; Redfield et al. 1985). Some of the data using hepatitis B suggested
that ID injection resulted in inconsistent immunogenicity, which has led to
a widely held perception that ID delivery is inconsistent and difficult to per-
form. However, the dose in these studies was one-tenth the normal human
dose, therefore incomplete seroconversion might be expected. A thorough
dose study may yield a clearer picture of the ID dose response. Technological
advances in needle design have improved the utility of the ID approach. ID
vaccination can be performed effectively using a 27-gauge, 1/2-inch detach-
ableneedle, suchas theBDPrecisionglideTM slip tipwithan IDbevel, todeliver
100 µl from a 1-ml syringe (calibrated in hundredths) (Kenney et al. 2004b).
Trained medical personnel can readily and reliably perform this technique.

Transcutaneous immunization and similar techniques (discussed below)
specifically target the skin for delivery. In the simplest embodiment, the
vaccine is placed in a patch and the antigen is delivered passively into the
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skin. Active delivery techniques using patches are also being investigated.
Gas-powered gun devices have been used for decades but skin targeting has
only recently been refined. Gas-powered guns for delivering antigen into the
skin could theoretically be used with dry, stabilized formulations, but scale-up
for mass immunization or even a common vaccine product is not feasible.

3.2
Dose-Sparing Techniques

ID immunization is a long-standing delivery technique that can be used in
attempts to dose-spare. We recently conducted a controlled trial in which
subjects were immunized with a licensed trivalent influenza vaccine (egg-
based, purified hemagglutinin antigen) either by the intramuscular (IM) route
or via the ID route using one-fifth the dose (100 µl) of the standard vaccine
(Kenney et al. 2004b). The immune responses to the ID injection were similar
or superior compared to responses in the IM group. The data were published
concurrently with the recent US vaccine supply crisis of 2004 and clearly
suggested a simple dose-sparing strategy might be implemented using such
a technique (La Montagne and Fauci 2004).

Other important issues, such as the paucity of multi-dose vialing, lack of
100-µl filling capacity, and ID syringe validation data, are barriers to ready
implementation of dose-sparing. Many public health thinkers seem to be of
the view that ID immunization is cumbersome or complex to administer, and
unsuitable for mass vaccination. We believe that this impression may need to
be reevaluated in the context of influenza with the recent improvements in the
syringes and needles designed for ID use. In the hands of skilled health care
workers, ID immunization may be reliably administered to a large number
of subjects in a reasonable time frame. In the context of influenza, where
hemagglutination inhibition (HAI) titers can be reasonably assumed to be the
protective correlates, the ‘efficacy’ of ID influenza can be evaluated in trials
of sufficient size and appropriate populations (e.g., the elderly) to confidently
use ID vaccination in settings where dose-sparing would meet a crisis need.
In particular, in the setting of an annual ’flu vaccine shortage and severe
influenza epidemics, or in the event of a pandemic, such a technique could be
critical to achieving full coverage of at-risk populations or to compensate for
supply shortfalls due to manufacturing limitations.

3.3
Barriers to Passive Skin Immunization

TheSC isaneffectivebut fragilebarrier to thedirectpenetrationoffluids, large
molecules, particles and microbes. Long-held maxims of skin penetration
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have stated that even with use of skin penetration techniques, delivery of
drugs and bioactive molecules greater than 500 Da is not possible. However, it
has become clear that these maxims were often based on transdermal delivery
of drugs to the blood vessels in the dermis or due to the failure to deliver larger
moieties such as insulin through the combined barrier created by the SC,
epidermis, and dermis. By contrast, vaccine antigens and adjuvants targeting
the skin, defined here as transcutaneous immunization (TCI), merely require
delivery into the skin, where they can be carried to the draining node to
induce a response by the resident immune cells.

3.4
TCI Techniques

The superficial nature of anatomical targets for antigen delivery suggests that
few restrictions for antigen size apply to TCI. In human skin, which is the most
relevant setting for testing vaccine delivery concepts, we have shown that with
crude patches and minimal SC disruption, very large recombinant antigens
in the order of 1,500,000 Da can be delivered to elicit strong systemic immune
responses (Güereña-Burgueño et al. 2002). This study followed initial obser-
vations that the heat-labile enterotoxin of Escherichia coli (LT) (86,000 Da)
was effectively delivered through human skin by simply applying LT in wet
gauze to the skin without any other manipulation (Glenn et al. 2000). Most
currently licensed vaccine antigens fall within this size range, (e.g., tetanus
toxoid ~160,000 Da). Extensive animal data has shown that whole viruses
(Hammond et al. 2000), recombinants (Yu et al 2002), and even whole bac-
terial cells (L.R. Ellingsworth, unpublished observations) can be effectively
delivered to the skin immune system. These observations suggest that the
delivery of a range of antigens and adjuvants is feasible.

Disruption of the SC is important for efficient delivery and lends itself
to relatively simple techniques. Occlusion, wetting of the skin, and other
methods lead to hydration of the SC. Hydration of the SC results in swelling
of the keratinocytes and pooling of fluid in the intercellular spaces, leading to
dramatic microscopic changes in the SC structure (Richter et al 2004; Roberts
and Walker 1993) that have no lasting effect once the skin is allowed to
dry. Simple hydration using a saline-wetted patch results in hydrated SC that
clearly allows antigens to pass through the skin (Glenn et al. 2000). The transit
pathways utilized by antigens (as well as transdermal drugs) to traverse the SC
are not well characterized. Transdermal drug delivery of polar small molecule
drugs is thought to occur through aqueous intercellular channels formed
between the keratinocytes in hydrated skin, and it is possible that similar
pathways are engaged for antigen delivery by TCI (Roberts and Walker 1993).
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Physical and chemical penetration enhancement techniques that disrupt
the integrity of the SC have also been described (Chen et al. 2001; Glenn and
Alving 1999a; Glenn et al. 2003; Guebre-Xabier et al. 2004; Mikszta et al. 2002).
We have tested concepts with clinical relevance to patch delivery in model
systems and subsequently applied them to human skin where penetration
enhancement appears to represent an improvement over simple hydration
of the skin. For product development, we have focused on the use of sim-
ple, inexpensive materials with clinical utility in other settings, and simple
methods of use and application that lead to consistent, heightened immune re-
sponses. Device-based techniques also disrupt the SC and use various means
for delivery of antigens and adjuvants into the epidermis; however, with the
exception of gas-powered gun delivery, these techniques have not been proven
to work in the clinic to date and only limited animal immunization data ex-
ist. Disruption of the SC using mild abrasive materials is a technique used
clinically for enhancing conductivity of electrical fields through the skin to
record EKGs. The same materials used in conjunction with hydrating solu-
tions improve antigen delivery, creating a single, simple pretreatment swab
for use prior to patch placement. Studies in our laboratory have explored this
concept and demonstrated its feasibility and effect on the delivery of both
an antigen and adjuvant. In preclinical studies, the optimized application of
a simple, wet patch compares well with the efficiency of adjuvanted, injected
antigen.

3.5
Animal Models for Skin Delivery of Vaccines

Animal modeling for skin delivery of vaccines is under continuous refinement
in several settings, but needs clinical data with which it may be correlated.
Preliminary TCI studies in mice often predict the general response to coad-
ministered antigens, but their skin anatomy is quite different from human
skin, which makes dose comparisons difficult. The guinea pig’s SC and epi-
dermal thickness is similar to human skin (Panchagnula et al. 1997) and this
represents a convenient and immunologically responsive model. Shaved hairy
and hairless guinea pigs can be used to examine the effect of mild abrasives
or devices for stratum corneum disruption. Biopsy of skin treated to disrupt
the SC suggested that this method might aid in efficiency of antigen delivery
and allow optimization and testing of agents to disrupt the SC (Glenn et al.
2003). Simple topical immunization studies with wet patches and no pretreat-
ment will yield little useful information (Mikszta et al. 2002). It has been
suggested that hair follicles play an important role in topical administration,
but this hypothesis would not explain the enhancement seen with SC disrup-
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tion. The likelihood that follicles are not significant antigen transit pathways
is supported by the observation that out-bred CD1 mice with normal hair
follicle development, and hairless SKH mice (same genetic background) with
sparse, vestigial follicles, respond equally well to topical immunization and
disruption of the SC (Glenn et al. 2003).

Robust immune responses to TCI are generally dependent on the pres-
ence of an adjuvant in the formulation (Baca-Estrada et al. 2000; Chen et al.
2001; Glenn et al 1999a; Güereña-Burgueño et al. 2002; Kenney et al 2004c;
Scharton-Kersten et al. 2000), although some antigens may be immunogenic
in sufficient doses by themselves. In general, adjuvants greatly augment the
immune responses to co-administered antigens and there are a wide variety
of adjuvants that may be used (Kenney and Edelman 2004). The bacterial
ADP-ribosylating exotoxins (bAREs) are potent adjuvants in the context of
the skin and include CT, LT, and their mutants and subunits. The bAREs have
had extensive use as adjuvants via intranasal and oral routes, and are causative
agents in the natural setting resulting in self-limiting diarrheal diseases, the
latter finding suggesting that their topical use would not be accompanied by
long-term side effects (Dickinson and Clements 1995; Freytag and Clements
1999; Glück et al. 2000; Kenney and Edelman 2003; Michetti et al. 1999; O’Ha-
gan 2000; Scharton-Kersten et al. 2000; Snider 1995; Weltzin et al. 2000).

The adjuvanticity of the bAREs on the skin appears to correlate with the
level of ribosyl-transferase activity as it does inoral andmostnasal immuniza-
tion studies (Lycke et al. 1992; Scharton-Kersten et al. 2000).Purified cholera
toxin B-subunit (pCTB) and mutant toxins that retain ribosyl-transferase ac-
tivity act as adjuvants on the skin, in contrast to recombinant CTB that is
devoid of ribosyl-transferase activity and is subsequently far less potent as
an adjuvant (Hammond et al. 2001a; Matousek et al. 1998; Scharton-Kersten
et al. 2000; Simmons et al. 2001). Other adjuvants, including bacterial DNA,
cytokines, lipopolysaccharide (LPS), and LPS analogs, have been shown to
have activity in the context of the skin, but their comparative potency on the
skin needs to be further evaluated (Scharton-Kersten et al. 2000).

TCI is similar to intranasal or oral immunization, as the simple admixture
of LT with a co-administered antigen such as tetanus toxoid (TTx) or in-
fluenza hemagglutinin results in markedly higher antibody levels compared
to the administration of antigens alone (Glenn et al. 1998; Güereña-Burgueño
et al. 2002; Scharton-Kersten et al. 2000). Similarly, use of bAREs by TCI in-
duces cell-mediated immunity to the co-administered antigens such as CD4+

or CD8+ T cells with a balanced T helper profile (Hammond et al. 2001b;
Neidleman et al. 2000; Porgador et al. 1997; Seo et al. 2000).
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4
The Safety and Immunogenicity of an Adjuvant on the Skin

4.1
Preclinical Safety

For specific product development, we have focused on the adjuvant LT, a mem-
ber of the family of bARE adjuvants that includes CT, Pseudomonas exo-
toxin A, and diphtheria toxin. Each member has distinctive features, such
as cell surface binding targets, size, and qualitative immune effects. LT is
the causative agent in enterotoxigenic E. coli (ETEC) traveler’s diarrhea. As
an adjuvant, LT has a unique safety database since millions of persons are
exposed yearly to this self-limiting disease with no short-term or long-term
adverse events. In developing countries with endemic ETEC, a high propor-
tion of the population develops anti-LT antibodies through repeated exposure
to the pathogen, and adults in developed countries frequently have high levels
of serum anti-LT IgG, suggesting local or travel-related exposure to ETEC.
The immune responses to LT after challenge studies are similar in magnitude
to responses elicited by transcutaneous immunization (D.N. Taylor, unpub-
lished observations), suggesting that this level of exposure and response to LT
occurs without significant effects beyond the self-limited diarrheal disease.
Additionally, there exists a unique and extensive publication record on the
safety/toxicology of LT, providing helpful guidance for reviewers and regula-
tory authorities.

LT and its mutants have been subjected to extensive formal toxicology
studies (Peppoloni et al. 2003; Zurbriggen et al. 2003). This includes ferrets,
rats, miniature pigs, NZW rabbits, and baboons using nasal, oral, and intra-
venous (IV) routes. The most invasive route, IV injection, required 630 human
doses to reach an LD50, whereas the oral route using equivalent doses did not
induce mortality or clinical changes (Zurbriggen et al. 2003). Ocular exposure
in New Zealand White mice and nasal use of LT in baboons resulted in no
local or distal changes in a detailed CNS histopathologic study (Zurbriggen
et al. 2003). Toxicology studies in guinea pigs using LT with a recombinant
antigen, CS6, previously demonstrated the preclinical safety of LT as adjuvant
on the skin (Yu et al. 1994). Six carefully controlled GLP toxicology studies
in guinea pigs and rabbits have confirmed these findings (S.A. Frech, unpub-
lished observations). Claims that CT may induce chronic diseases based on
contrived mouse models (using spinal cord proteins as immunogens given in
conjunction with IV infusion of pertussis toxin; Riminton et al. 2004) have
been made. Previous similar claims have been made for oil-in-water adju-
vants (autoimmune disease, cancer), and Hib vaccination (diabetes). These
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specific claims have been discounted with extensive, carefully conducted hu-
man studies showing that these models have no predictive value for safety in
human vaccination studies (Graves et al. 1999; Offit and Hackett 2003; Page
et al. 1993).

Although the native LT and CT toxins are highly sensitive to the low pH
found in the stomach, the use of various mutant toxins as adjuvants are
molecular approaches to address the potential concerns associated with oral
vaccination, which can cause diarrhea upon ingestion in fasting subjects in
whom the gastric acid has been neutralized (Levine et al. 1983; Michetti
et al. 1999). The relevance of these concerns for topical use of adjuvants
such as LT is doubtful. Given the common use of potentially toxic drugs
in transdermal patches, such as nicotine, and the potential for misuse of
otherpharmaceuticals suchas acetaminophen,whenusedasdirected, patches
are likely to have no significant side effects. The ability to safely use potent
adjuvantson the skin thatmightnotbeusedotherwise isprecisely the strength
of skin-targeting technologies.

4.2
Clinical Safety

In Phase I human trials, the use of LT on the skin appears to be safe and
well tolerated (Glenn et al. 2000, 2003; Güereña-Burgueño et al. 2002). Local,
mild rashes on the skin have been described in up to 74% of the subjects
in conjunction with topical use of LT (Güereña-Burgueño et al. 2002). In
contrast, the use of gene guns to deliver DNA to the skin resulted in mild,
self-limiting local rashes in 100% of the subjects, but these do not appear to
be a serious concern (Roy et al. 2000). Studies with smallpox and BCG result
in local scarring, with the eschar of smallpox vaccination suggesting a clinical
‘take’ of the vaccine, but this clearly is not acceptable as a routine reaction
for skin delivery of new vaccines. The oral use of LT or detoxified mutants
appears to have enough side effects (including diarrhea) to discourage its use
as an oral adjuvant (Kotloff et al. 2001), and the possible relationship between
the increased incidence of Bell’s Palsy in subjects and the administration of
an intranasal flu vaccine with LT, and controversy suggesting LT may migrate
along the olfactory bulb (Mutsch et al. 2004; Zurbriggen et al. 2003) suggests
that the skin may be the most acceptable route by which LT may be used as an
adjuvant. Others have pursued the use of mutant LT adjuvants for intranasal
products and are in Phase I trials (Peppoloni et al. 2003). Our group has
completed double-blind placebo controlled trials and repeat dosing trials
that have confirmed the finding of the preclinical toxicology studies showing
that LT may be safely used on the skin. These findings are in concert with the
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scientific data on the mechanism of adjuvanticity, the epidemiology of enteric
diseases as toxin-based, self-limiting events with no long-term sequelae, and
suggest that LT is an ideal adjuvant for use on the skin.

4.3
Immune Response to Transcutaneous Immunization

The ability of LT to act as antigen as well as adjuvant led us to conduct an
initial clinical trial using LT alone in a simple patch on untreated skin in
a dose escalation fashion to assess the safety and immune responses (Glenn
and Alving 1999). Volunteers received an LT solution in a gauze pad under
an adhesive patch, and were immunized at 0, 1, and 9 months. No serious
vaccine-related adverse reactions were observed, and histological sections of
biopsies taken at the dosing sites were normal, consistent with the absence
of delayed type hypersensitivity (DTH) clinically. All subjects in the high
dose group produced a greater than fourfold increase in serum antibodies
against LT, along with IgG or IgA antibodies against LT in either the urine or
stool. Antibodies against LT were durable and persisted long after the second
immunization, with a clear booster response after the second and third dose.
This was the first demonstration that a vaccine antigen passively delivered to
the skin could elicit a systemic immune response in humans.

The importance of the role of an adjuvant in the induction of immune
responses to a co-administered antigen was initially tested in the context of
ETEC-related traveler’s diarrhea using the colonization factor CS6, a multi-
subunit intestinal epithelial cell-binding protein (Wolf et al. 1997). Volunteers
were given CS6 with or without LT in a dose escalating fashion at 0, 1, and
3 months (Güereña-Burgueño et al. 2002). Mild DTH skin reactions occurred
in 74% of volunteers in the combined groups with the second or third dose,
possibly to the colonization factor CS6 or LPS in the CS6 buffer. No other
adverse events correlated with vaccine administration. Only volunteers re-
ceiving LT as adjuvant produced serum anti-CS6 IgG and IgA. The anti-CS6
response compared favorably to responses seen after challenge infection us-
ing the live B7A ETEC strain, which results in full protection on rechallenge
(Levine et al. 1983; Wolf et al. 1997). Antibody secreting cells (ASCs) to CS6
were also detected in the peripheral blood. The lack of response to CS6 with-
out LT and clear responses in the presence of LT confirmed the universal
finding in animal studies that the adjuvant plays a critical role in TCI. This
study also confirmed that large antigens such as CS6 (>1,500,000 Da) can be
readily delivered to the human skin immune system (Yu et al. 2002).

Preclinical studies suggested the dose of antigen could be reduced with
retention of immunogenicity by disruption of the SC. The effect of mild
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disruption of the SC on the delivery of LT was explored with commercially
available medical products, including abrasive pads used to enhance EKG
signal conductivity, or adhesive tape used to evaluate skin hydration. These
strategies are in clinical practice to enhance the flux of drugs for topical appli-
cation or electrical conductivity to improve the quality of electrocardiograms.
To evaluate the penetration enhancement of various skin pretreatment meth-
ods in humans, we conducted a Phase I study in healthy adults (Fig. 2). The
skin was pretreated prior to vaccination with either a glycerol/isopropyl alco-
hol (IPA) solution (groups 1 and 5), tape-stripping followed by glycerol/IPA
hydrating solution (group 2), a pumice-impregnated IPA pad (group 3), or
with emery paper (group 4). Following pretreatment, all groups were then
vaccinated twice, 21 days apart, with a patch composed of gauze containing
50 µg LT (groups 1–4) or 400 µg LT (group 5), covered by Tegaderm. No sig-
nificant adverse events were observed after either LT vaccination, apart from
a mild, self-limited maculopapular rash that occasionally developed with or
without associated pruritus at the site of vaccination.

Results from this study demonstrate that pretreatment with either emery
paper or tape-stripping delivered LT more efficiently than with glycerol/IPA
hydration alone (Fig. 2). Following each vaccination, LT IgG showed greater

Fig.2 Response to various skin pretreatments. Disruption of human stratum corneum
can augment delivery of proteins to the Langerhans cells to provide substantial im-
provements in antibody titers. Eight subjects per group were dosed at days 0 and
21 with 50 µg or 400 µg LT on gauze patches following pretreatment with hydration
alone, tape-stripping, pumice pads, or emery paper. Serum LT-specific IgG measured
by ELISA is shown after the second dose at day 42 and the geometric mean was
calculated. (Adapted from Glenn et al. 2003, with permission)
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response following pretreatment with glycerol/alcohol hydration and emery
paper (group 4) and tape-stripping (group 2) when compared to glycerol/IPA
hydration alone (group 1). The improvements in LT IgG seen in the treatment
groups (emery and tape-stripping), with respect to hydration alone, suggest
improved LT delivery with SC disruption using emery pretreatment. Subjects
pretreated with tape-stripping (group 2) or emery (group 4) and vaccinated
with 50 µg showed no significant difference for LT IgG when compared to
those receiving hydration alone and 400 µg LT (group 5). These data indicate
that an eightfold reduction in LT from 400 µg to 50 µg is possible when emery
pretreatment, or its equivalent, is used. This study established the general
tolerability of various penetration enhancement techniques, as well as the
potential dose-sparing such pretreatment can yield.

4.4
Transcutaneous Immunization Induces Functional Antibodies

Serum antibodies that block pathogenic factors are typically used as predic-
tors of vaccine efficacy, even in the absence of validated correlates of pro-
tection. The most familiar example may be the influenza vaccine HAI assay,
where a titer of 1:40 is commonly regarded as providing a degree of protec-
tion. Vaccination by TCI can induce potent mucosal neutralizing antibodies
to LT in mice that block the induction of diarrhea by an oral challenge of LT.
This effect can even be passively transferred by injection of immune serum
into naïve mice, emphasizing the importance of circulating antibodies (Yu
et al. 2002). Toxin neutralizing antibodies (TNA) were induced by TCI with
the recombinant protective antigen (rPA) of anthrax in mice and rabbits, and
were associated with protection from an anthrax spore challenge in the mice
(Kenney et al 2004c).

We evaluated the ability of TCI to generate protective antibodies in humans
in the anthrax system. Eight subjects per group were randomized to receive
rPA without or co-administered with LT in a dry adhesive patch (groups
1–4) or as liquid antigens on gauze (group 5) following skin pretreatment
with a nonwoven abrasive pad. Subjects were dosed at 0, 4, and 8 weeks and
followed for safety and immunogenicity. Serum IgG antibodies to rPA were
readily induced, particularly in the groups that also received LT (unpublished
data). A moderate dose response was observed, although the response to the
liquid antigens was stronger, suggesting the dry adhesive formulation will
need further optimization. Functional antibodies were induced in groups
that received the adjuvant (Fig. 3). The level of TNA that is required for
protection in humans is unknown; however, the presence of significant toxin
neutralization capacity in most subjects suggests this mode of vaccination
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Fig. 3 Human toxin neutralization antibody responses to anthrax vaccination. Serum
antibodies against rPA can neutralize the effect of anthrax lethal toxin on J774A.1
mouse macrophage cells. Eight subjects per group were pretreated with a non-woven
abrasive pad and then immunized on days 0, 28, and 56 with 0 µg, 17 µg or 50 µg
LT and 50 µg or 150 µg rPA as indicated. The titers of toxin neutralizing antibodies
measured on day 84 are shown for the individuals in each group and a geometric
mean is calculated. The number of subjects with detectable responses in each group
is shown at the bottom. Groups 1–4 were vaccinated with dry adhesive patches and
liquid antigen on gauze was used for group 5

could be developed as a means of rapid vaccination on a massive scale. The rPA
also appears to be well stabilized in patch formulations. In pre-clinical studies,
it is clear that a formulated dry patch provides improved delivery compared
to the simple wet patch used in this study. These observations have led to
a development program for a cold-chain-free, easily self-administered patch
vaccine for anthrax that can improve delivery and reach immune responses
that are superior or equal to those seen by the IM route.

4.5
Dose-Sparing and Immune Enhancement via a Universal Adjuvant Patch

The use of a ‘universal’ adjuvant patch as a nonspecific local immunostimulant
(IS) is a dose-sparing and immune enhancement strategy to consider for
vaccine supply crises or limitations in manufacturing. An LT patch added
directly over the site of an injected vaccine greatly enhances the immune
response to the injected vaccine (Frech et al. 2005; Guebre-Xabier et al. 2003,
2004). The simple placement of an adjuvant-laden patch on the skin results in



262 G. M. Glenn · R. T. Kenney

trafficking of activated Langerhans cells to the draining lymph nodes where
immune responses are generated as a part of normal host defense (Glenn
et al. 2003; Hammond et al. 2001a). The presence of adjuvant-activated LCs
in the draining lymph node appears to have positive bystander effects on
both IM and ID injected vaccines (Glenn et al 2003; Guebre-Xabier et al.
2003). The IS patch was recently shown to enhance the immune responses
to annual influenza vaccination in the elderly (Frech et al. 2005). Preclinical
data suggests that intradermal, as opposed to intramuscular, immunization
combined with the adjuvant patch may be the most efficient at improving the
immune response to the injected vaccine up to tenfold. In a preclinical study
using recombinant pandemic H5 antigen, mice were immunized by the ID
route and given an IS patch. As shown in Fig. 4, significant dose-sparing was
achieved by adding an LT patch at the time of immunization.

The adjuvant patch could fit simply into the vaccine administration pro-
tocol in that it can replace the ‘bandaid’ used at the injection site. Given the

Fig. 4 Intradermal immunization with pandemic flu antigens can be augmented by an
immunostimulant patch. C57Bl/6 mice were shaved near the base of the tail and the
area was hydrated with saline and pretreated with emery paper. Mice were immunized
by ID injection with the indicated doses of recombinant H5N1 influenza vaccine
(A/Vietnam/1203/2004) and a 1-cm2 gauze patch (with placebo or 10 µg LT) was
applied over the injection site. Patches were removed the next day and the skin rinsed
with water. The geometric mean titer is indicated for groups of 10
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human data showing fivefold dose-sparing through use of ID injection (Ken-
ney et al. 2004a), an additional five- to tenfold dose-sparing effect conferred
by an IS patch (Guebre-Xabier et al. 2004) could potentially allow one million
pandemic influenza vaccine doses to be used in 25–50 million subjects. Be-
cause a dry, formulated patch is an ideal format for LT stability, the adjuvant
patch can be stockpiled in advance, unlike pandemic influenza vaccines. This
strategy could greatly extend the supply and provide sufficient vaccine for the
whole population in a pandemic event.

5
Mass Vaccination: Logistics of an Anthrax Patch

A major obstacle to the routine use of a vaccine for mass distribution is the
overhead associated with its delivery, storage, and administration, as well as
the safe disposal of the needles, all of which can account for 80% or more of the
cost of a vaccine program. We have been developing an anthrax patch vaccine
as a biodefense product (Kenney et al. 2004b; Matyas et al. 2004). In this sit-
uation, where the currently preferred approach is to stockpile the vaccine for
local emergency use, it is critical to conserve packaging space and simplify
conditions where the product is stored. The safe storage of a million glass
syringes of a liquid vaccine requires substantial protection and careful han-
dling to avoid breakage, as well as refrigerated warehouse space. Distribution
invokes maintenance of the cold chain, delivery to personnel trained in injec-
tions, and organization of clinics for immunization. On the other hand, in the
event of an anthrax exposure a dry, temperature-stabilized, self-administered
patch that was being stored in much more efficient packaging in a standard
warehouse could be rapidly shipped to the site and distributed broadly with
relative ease. Needle disposal, which seems trivial in industrialized countries
that routinely dispose of garbage in landfills, also becomes a major public
health problem in areas without the necessary infrastructure.

The patch approach answers each of the major distribution and delivery
needs associated with planning for a biodefense emergency, such as with
anthrax. The benefits are actually amplified in truly massive vaccination cam-
paigns, where immunization coverage becomes more important. Funds that
are currently going toward expensive storage and distribution channels could
be freed up to allow better organization and tracking of delivery. If injections
are not required, public health authorities can depend on less well-trained
personnel to be the actual providers, which simplifies planning for the cam-
paign and enhances the ability to vaccinate everyone in each geographic area.
Development of a patch that could be reliably self-administered, like the vari-
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ous over-the-counter patches in use today, would simplify the approach even
more.

6
Conclusions

Skin delivery techniques are promising technologies that can utilize the im-
mune environment of the skin to confer clinically important immune re-
sponses. Given the success of smallpox eradication, it is unfortunate that the
skin has generally been bypassed as the preferred approach for vaccination.
Patch vaccination has the advantage of being simple to apply with minimal
administrative overhead in its distribution, storage, and ultimate disposal,
potentially making a vaccine campaign less expensive and assisting the gen-
eral usage of the vaccine. The dose-sparing potential embodied in the im-
munostimulant patch approach may become a key element in increasing the
vaccine supply for pandemic influenza responses where production capacity
is severely limited. The simplified logistics associated with the TCI approach
become readily apparent in the biodefense arena, such as with the anthrax
vaccine that we are developing, where plans for stockpiling and ease of rapid
distribution and self-administration become paramount. Developments in
skin delivery techniques can meet the needs of mass vaccination campaigns
in times of crisis in addition to addressing the challenges of disease control
and eradication.
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