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National immunization
programmes

Introduction

Since the late 1970s, childhood immu-
nization has been one of the most ef-
fective and cost-effective public health
preventive measures in developing and
developed countries [1–3]. Immuniza-
tion is estimated to prevent 2–3million
deaths annually across all age groups [4].

The establishment of national
immunization programmes
globally: the Expanded
Programme on Immunization

In 1980, coverage with three doses
of diphtheria–tetanus–pertussis(DTP)-
containing vaccines (DTP3) globally was
around 20%with a wide disparity in cov-
erage between the high- and low-income
countries; DTP3 coverage in low-income
countries was less than 10% (. Fig. 1).
The success of the smallpox eradica-
tion programme and the recognition of
the enormous potential of vaccination
even in the most resource-constrained
settings where children had almost no
access to this life-saving intervention
led the World Health Assembly to pass
a resolution (WHA27.57) establishing
the Expanded Programme on Immu-
nization (EPI) in May 1974. Thus, EPI
was created to expand large-scale de-
livery of vaccines against an additional
six life-threatening or disabling diseases,
namely tuberculosis, diphtheria, tetanus,
pertussis, poliomyelitis, and measles [5].

The slow progress in increasing cov-
erage after the establishment of EPI led
to the establishment of the Universal
Childhood Immunization (UCI) initia-
tive led by the United Nations Children’s
Fund (UNICEF) in collaboration with

the World Health Organization (WHO)
in 1984, with the aim of increasing DTP3
coverage to 80% globally by 1990. This
initiative was extremely successful and
DTP3 global coverage rose from around
20% in 1980 to close to 80% in 1990;
coverage in low-income countries rose
from less than 10% in 1980 to 51% in
1990 (. Fig. 1).

This early success and its consequent
impact on the diseases that were tar-
geted led to the establishment of am-
bitious disease eradication (poliomyeli-
tis), elimination(measles, rubella,mater-
nal and neonatal tetanus), and control
(hepatitis B and Japanese encephalitis)
goals. Surveillance capacity to document
progress with eradication and elimina-
tion goals provided a platform for com-
municable disease surveillance that has
served to detect and respond to a range
of diseases, including those that are not
vaccine preventable.

Gavi, the Vaccine Alliance

Despite early successes, immunization
coverage stagnated in the 1990s and the
new life-saving vaccines were not reach-
ing children in the poorest countries.
Gavi, the Vaccine Alliance, (hereafter
referred to as “Gavi”) was established in
2000 to improve the access to new and
underused vaccines for children living
in these countries and to reduce the
historical time lag between rich versus
poor countries. In its initial phases,
available new and underutilized vac-
cines, namely hepatitis B, Haemophilus
influenzae type b (Hib), Yellow Fever,
pneumococcal and rotavirus vaccines
were selected based on the estimated
burden of disease in Gavi-eligible coun-

tries and a WHO recommendation for
use. Subsequently, support for additional
vaccines was determined through a vac-
cine investment strategy, an evidence-
informed and consultative process that
is undertaken every 5 years [6].

Eligibility for Gavi support is based
on the gross national income (GNI)
per capita. In the first phase of Gavi
(2000–2005), the eligibility threshold
was set at US$ 1000 GNI per capita.
Currently, countries with GNI≤US$
1580 over the past 3 years (according
to the World Bank data published each
July) are eligible to seek support for
the introduction of new or underutilized
vaccines, or forhealth systemstrengthen-
ing. Countries eligible for Gavi support
in 2019 are shown in . Fig. 2. Countries
enter into a “transition” process and start
phasing out of Gavi support once their
per capita GNI exceeds the prescribed
threshold [7].

Support fromGavi catalysed the intro-
duction of new and underused vaccines
in low- and low-middle incomecountries
(LMICs). As a result, most countries now
have nine or more vaccines in their na-
tional schedules, compared with the six
when EPI was established (. Fig. 3).

The Global Vaccine Action Plan

Recognition of the substantial achieve-
ments of EPI since its inception and
theunprecedentedopportunities tomake
a greater impact on the health of popu-
lations through increasing coverage with
existing vaccines and the use of the new
array of life-saving vaccines led to the
call for a Decade of Vaccines in 2010
[8]. In response to this call, the Global
Vaccine Action Plan (GVAP) was devel-
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Fig. 18 Coveragewiththreedosesofdiphtheria-tetanus-pertussis-containingvaccines,bycountryincomelevels,1980–2018.
Source: WHO/UNICEF coverage estimates 2018 revision, July 2019, andCountry IncomeCategories (World Bank), as at June
2019. Income classification not available for: Cook Islands andNiue; 194WHOMember States. (Date of slide: 8 July 2019)

Fig. 28 Countries eligible for Gavi support for new vaccines, 2019. (©WHO2019. All rights reserved)

oped through a broad consultative pro-
cess toprovide a framework for achieving
a common vision of a world in which
all individuals and communities enjoy
lives free from vaccine-preventable dis-
eases [9]. The GVAP is accompanied by
a monitoring and accountability frame-
work and an independent assessment of
progress that is presented annually to

the World Health Assembly. Each of
the WHO regions adapted the GVAP to
develop regional vaccine action plans.
Countries in turn updated their national
immunization plans to achieve the goals
and objectives of GVAP.

Progress with achieving global
goals

Progress in achieving the ambitious goals
established in the GVAP has been patchy
and uneven. The increasing array of vac-
cines being used across the life course
in national immunization programmes
has exposed the fragility of immuniza-
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tion systems in LMICs. Conflicts and
crisis in other countries have damaged
existing and reasonably well-functioning
systems. The erosion in confidence in
vaccines has led to hesitancy and falling
demand for vaccination.

While only one of the six interimgoals
set for 2015 were met [10], and it is un-
likely thatmanyof the targets for2020will
be met, there has been progress. In 2018,
86% of infants (estimated 116.3 million)
worldwide received the recommended
three doses of DTP-containing vaccines
(DTP3); 129 countries achieved ≥90%
DTP3 coverage [11]. Three additional
countries achieved elimination of ma-
ternal and neonatal tetanus, leaving only
13 countriesworldwidewhere this condi-
tionremainsapublichealthproblem. The
WHOWesternPacific regionachieved its
lowerever incidenceofmeasles, while the
WHO South-East Asia region averted an
estimated 622,000measles deaths in 2017
alone. TheWHOAfrican regionhas seen
a 130% increase in government expen-
diture on immunization since 2010. The
WHOEasternMediterranean region has
maintained DTP3 coverage of 81% de-
spiteeightof the22countries intheregion
being affected by conflict or humanitar-
ian crisis [12].

Nevertheless, challenges remain. Vac-
cine hesitancy that appears to be affecting
uptake of vaccination is being reported
in almost every country. Four of the
sixWHOregions experienced significant
measles outbreaks with several countries
and the region of the Americas losing
their measles elimination status. Out-
breaks of diphtheria are increasingly be-
ing reported with two of the six regions
reporting significant outbreaks. The po-
lio eradication goal remains stubbornly
elusive and the presence of circulating
vaccine-derived polioviruses in three re-
gions further threatens progress [12].

Addressing the challenges for
global immunization

The assessment of progress clearly indi-
cates thatwe are not on track to achieving
the goals established for the Decade of
Vaccines. Several broad areas need to be
addressed in order to overcome some of
the challenges faced, in particular the fol-
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Abstract
Immunization represents one of the most
cost-effective means to improve the health
and well-being of populations and contribute
to sustainable development. Since the
inception of the Expanded Programme on
Immunization (EPI) in 1974, considerable
gains have beenmade in improving access to
vaccination in all countries. However, the full
potential of vaccination is yet to be tapped.
Health systemweaknesses have prevented
universal access to vaccination and are
a limitation for sustainable use of the
increasing array of new vaccines. Fortunately,
solutions exist and opportunities are available
to strengthen immunization systems and to
implement strategies to achieve the vision
of universal access to vaccines. National
immunization programmes are responsible

for the management of immunization at the
country level and cover a range of functions
from establishing evidence-based policies
to financing and procurement of vaccines,
vaccinemanagement and logistics, delivery of
vaccination services and collection, as well as
analysis and use of immunization data. Well-
functioning immunization programmes that
deliver high-quality services using tailored
strategies to meet the needs of different
population groups can reap the health
benefits of high and equitable coverage with
vaccines.

Keywords
Vaccine · Expanded Programme on Immuniza-
tion · Immunization · National programmes ·
Health systems

Nationale Impfprogramme

Zusammenfassung
Impfungen gehören zu den kosteneffek-
tivsten Maßnahmen zur Verbesserung
der öffentlichen Gesundheit und tragen
wesentlich zur nachhaltigen Entwicklung
bei. Seit der Einführung des „erweiterten
Impfprogramms“ (Expanded Programme on
Immunization [EPI]) im Jahr 1974 wurden in
allen Ländern weltweit erhebliche Verbesse-
rungen im Zugang zu Impfungen erzielt. Das
Potenzial, das Impfungen bieten, ist jedoch
weiterhin nicht voll ausgeschöpft. Schwächen
in Gesundheitssystemen verhindern den
universellen Zugang zu Impfungen und die
Einführung neuer Impfstoffe, die in zuneh-
mender Anzahl zur Verfügung stehen. Doch
es gibt vielfältige Möglichkeiten, nationale
Impfprogramme zu stärken und globale
Strategien für den universellen Zugang zu
Impfstoffen in den Ländern umzusetzen.
Nationale Impfprogramme decken eine Reihe

von Funktionen ab. Zu diesen gehören die
Erstellung evidenzbasierter Impfempfeh-
lungen, die Finanzierung und Beschaffung
von Impfstoffen, die Impfstofflogistik und
die Organisation von Impfangeboten,
darüber hinaus auch die Erhebung, Analyse
und adäquate Nutzung von Daten. Gut
funktionierende und qualitativ hochwertige
Impfprogramme, die mit maßgeschneiderten
Strategien auf die Bedürfnisse verschiedener
Bevölkerungsgruppen eingehen, können
durch das Erreichen eines ausreichend hohen
und gerecht verteilten Impfschutzes zur
nachhaltigen Verbesserung der Gesundheit in
der Bevölkerung beitragen.

Schlüsselwörter
Impfung · Expanded Programme on Immu-
nization (EPI) · Immunisierung · Nationale
Programme · Gesundheitssysteme

lowing: (1) establishing evidence-based
policies; (2) strengthening country own-
ership and governance; (3) strengthen-
ing health systems; and (4) establishing
strategies to improve the quality and cov-
erage of service delivery.

Establishing evidence-based
policies

With newer, more expensive vaccines
rapidly becoming available, guidance is
required to enable countries to make
informed choices on the introduction
and use of these vaccines in their na-
tional programs. Most LMICs as well
as their development partners, includ-
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Fig. 38 Number of vaccines/antigens introduced in national immunization schedules—2000 comparedwith July 2018.
Source: WHO/IVBDatabase, as at 18 September 2019.Map production: Immunization Vaccines and Biologicals (IVB).World
HealthOrganization; 194WHOMember States.Date of slide: 18 September 2019. The boundaries and names shown and the
designations used on thismap donot imply the expression of any opinionwhatsoever on the part of theWorldHealthOrga-
nization concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitationof
its frontiers or boundaries.Dotted linesonmaps represent approximateborder lines forwhich theremaynot yetbe full agree-
ment.DTPdiphtheria–tetanus–pertussis. (©WHO2019. All rights reserved)

ing Gavi, look to the WHO to provide
such guidance. The WHO Strategic Ad-
visory Group of Experts (SAGE) for im-
munization was established in 1999 to
advise WHO on vaccine policy. In 2005,
SAGE was restructured and its working
mechanism adjusted to meet the emerg-
ing needs of global immunization [13].
The group, with representation from all
regions, functions in an open and trans-
parent manner and provides policy and
strategy recommendations on the use of
vaccines in national programmes, which
form the basis of the WHO position pa-
pers published in the Weekly Epidemio-
logical Record. These are accompanied
by publication of tables that assess and
grade the quality of the evidence un-
derlying the recommendations using the
GRADE (Grading of Recommendations
Assessment, Development and Evalua-
tion) approach [14]. SAGE is supported
by Working Groups that are established
on a time-limited basis to conduct in-
depth reviews to address specific ques-
tions identified by SAGE that cannot be

addressed by existing standingWHOad-
visory committees [13].

Regional Immunization Technical
Advisory Groups (RITAGs) have been
established in each of the WHO regions
[15]. These groups help with the adapta-
tion of the global policies at the regional
level, advise the respective WHO Re-
gional Directors on establishing regional
priorities and strategies, and assist in
monitoring progress with immuniza-
tion in the respective regions. At the
national level, National Immunization
Technical Advisory Groups (NITAGs)
are responsible for providing evidence-
based policy advice to national policy-
makers and programme managers. As
of June 2018, 134 countries reported
having an NITAG. Of these, 98, in-
cluding 66 LMICs, reported having
a NITAG that met all the six process
indicators established by the WHO [16].
These include well-established advisory
groups in high- and upper-middle-in-
come countries that make independent
policy recommendations, often in ad-

vance of SAGE recommendations. The
NITAG Resource Centre (NRC) offers
centralized access to NITAG-related
documentation and tools [17].

Country ownership and
management of immunization
programmes

Lack of ownership and good governance
of the immunization programme consti-
tutes an important barrier to its success-
ful implementation in several countries.
In these settings, weak capacity for de-
veloping evidence-based national poli-
cies and insufficient or poor-quality data
required for planning have often led to
poormanagementofnational immuniza-
tionprograms. Ensuring effective immu-
nizationprograms requires collaboration
among multiple stakeholders, including
policymakers, and is facilitated through
comprehensive national multi-year plans
(cMYPs) and annual operational plans
for immunization[18]. Successful imple-
mentation of national plans requires that
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all relevant stakeholderswork in close co-
ordination.

Strengthening health and
immunization systems

To realize the full potential of vaccines,
health and immunization programs in
all countries need adequately resourced
androbusthealth systems toreachall seg-
ments of the population, including the
hard-to-reachcommunities. This section
describes some of the health systemchal-
lenges faced by National immunization
programmes and potential solutions.

Immunization programmes across
the world can be quite heterogeneous,
especially in terms of how they are orga-
nized. In many high-income countries,
immunization systems are a partnership
between private and public sectors and
include national and local health de-
partments and a network of health-care
providers who offer vaccination. Vacci-
nations may be financed through public
or private insurance, with special pro-
visions for the financially vulnerable or
as part of government-funded national
health services. By contrast, in most
LMICs, vaccination occurs through gov-
ernment-funded national immunization
programmes, with the service delivery
component often decentralized in the
larger countries. In LMICs vaccination
is often delivered in dedicated vacci-
nation clinics or through outreach and
mobile services. However, even in these
countries the financing of immunization
programmes has started diversifying
to include public and private insurance
schemes. The description of national im-
munization programmes in this article
is more aligned to the systems that exist
in LMICs, although the immunization
system components and general princi-
ples apply more broadly to all national
immunization programmes, irrespective
of their organization and management.

Financing
The growth of EPI and the addition of
several new more expensive vaccines
has led to a more than 50-fold increase
in the price of a full vaccination course
for a child. Access to sufficient and
predictable financing is essential to the

ability of an immunization program to
improve the health of the population
through sustained vaccination coverage,
quality, and access to traditional and
newer vaccines [9]. After many years of
being almost entirely reliant on external
financing for their immunization pro-
grams in the 1970s and 1980s, national
governments in LMICs are increasing
the allocations of domestic resources for
their immunization programs, although
there is considerable variation from re-
gion to region and country to country.
The poorest countries are still largely
dependent on external support for their
immunization programs and are pro-
jected to continue to remain financially
dependent in the coming years [19].
With the inclusion of newer more ex-
pensive vaccines combined with efforts
to increase coverage and meet disease
elimination and eradication goals, ensur-
ing sustainable immunization financing
for all countries has become an impor-
tant challenge for national and donor
governments [9].

Human resources
The role of trained health workers in the
strengthening of health systems is well
recognized [20]. The relationship be-
tweenhealth-careworkerdensityandim-
munization coverage has been well doc-
umented in studies from several LMICs
[21–23]. Despite the recognition of the
problem, there has been little progress
in addressing the human resource crisis.
However, it is recognized that the solu-
tions are not straightforward and con-
siderable investments in time, effort and
money are required to train and retain
health workers. As immunization pro-
grammes increase in complexity as a re-
sult of adding new vaccines, with vac-
cination schedules extending across the
life-course, and the need to extend cov-
erage to reach ≥90% of their target pop-
ulations, not only the number of health
workers, but also their skill levels will
need to be addressed. The WHO has
recently published the Standard Com-
petencies Framework for the Immuniza-
tionWorkforce as guidance for countries
[24], and provided training resources to
strengthen their skill levels [20, 25].

Sustainable supply of vaccines at
affordable prices
Ensuring an adequate supply of safe and
effective vaccines continues to be a global
priority in aworld that is seeing unprece-
dented changes in the vaccine industry
andmarket [26–28]. Developingcountry
manufacturers are now fulfilling an in-
creasing role in vaccine supply, and their
entrance into the market is stimulating
pricedecreasesofkeyvaccines[29]. More
than 60% of traditional EPI vaccines are
supplied by developing country manu-
facturers [30], which are increasingly en-
tering into joint development agreements
with developed country vaccine manu-
facturers to produce new vaccines [31].

Concurrently, considerable efforts
have been made to strengthen National
Regulatory Authorities (NRAs) and pro-
cesses in both vaccine-producing and
vaccine-procuring countries to ensure
that all vaccines used in national im-
munization programmes are of assured
quality. A fully functional NRA is a ba-
sic requirement for a vaccine to be
prequalified by the WHO for procure-
ment by United Nations agencies. As
of June 2018, of 43 vaccine-producing
countries worldwide, 37 reported hav-
ing a functional NRA and 21 of them
were producing one or more WHO-
prequalified vaccines [32].

The affordability of the newer vac-
cines, especially for middle-income
countries who are not eligible for or
will soon lose Gavi support, is becom-
ing an increasing concern. Available
information suggests that there is a wide
variation in the prices paid by middle-
income countries for the same prod-
ucts. Previous studies have identified
inefficient procurement as a barrier to
obtaining competitive prices for vaccines
[33]. The support provided to countries
in improving their procurement prac-
tices has beenpatchy and remains an area
where more needs to be done to secure
access to affordable prices. Increasing
price transparency can result in more
favourable outcomes from contract ne-
gotiations and better prices. Building on
the success of the Vaccine Product, Price
and Procurement (V3P) project, a Web-
based platform on Market Information
for Access (MI4A) that provides market
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information to support sustainable ac-
cess to vaccines at affordable prices has
been established [34].

Immunization supply chains
Supply chain and logistics systems that
strive to ensure the uninterrupted avail-
ability of vaccines up to service delivery
levels as efficiently as possible, while safe-
guarding their potency, are the backbone
of a well-functioning immunization sys-
tem.

The Effective Vaccine Management
(EVM) initiative allows for an end-to-
end, in-depth diagnosis of the strengths,
weaknesses and bottlenecks of an in-
country immunization supply chain and
for the development of comprehensive
plans for improvements based on the
outcomes of the assessment [35]. The
EVM assessment sets the minimum
standards for each dimension, based on
WHO norms and guidance. However,
progress has been slow and few LMICs
currently meet the minimum standard
on each dimension at each level of the
supply chain, from the national to the
service delivery point [36]. Fortunately,
a range of technological and supply sys-
tem solutions exist that hold the promise
of addressing most of the current and
upcoming challenges faced by immu-
nization supply chains, especially in
LMICs. There are several transforma-
tional solutions ready for wider-scale
adoption in countries by 2020.

Several vaccines commercialized for
use in developing countries are quite heat
stable. Unfortunately, irrespective of the
actual thermostability of a vaccine, al-
most all vaccines used today are licensed
forstorageat2–8 °Catallpoints in the im-
munization supply chains. In November
2012, a meningococcal A conjugate vac-
cine, MenAfriVac (Serum Institute of In-
dia, Pune, India), became the first prod-
uct to be relicensed for use at up to 40 °C
for up to 4 days in campaign settings.
As there is no associated loss of safety,
potency or efficacy, this regulatory ap-
proval opened the possibility of keeping
doses of this vaccine in a relatively simple
controlled temperature chain (CTC) for
a few days, rather than in a standard cold
chain system. Several other vaccines are
equally heat resistant andhave the poten-

tial to be used in a CTC.This comes with
important benefits, since reaching hard-
to-reach areas and people is no longer
bound by the reach of the cold chain if
vaccines can be kept in a CTC even for
relatively short periods.

Battery-free solar cold chain equip-
ment and long-lasting passive cooling
containers allow the reach of the cold
chain to be extendedmuch further down
the supply chain in countries where elec-
trical supply is not available or is erratic
[37, 38]. This increases the availability of
vaccines at the point of delivery and de-
congests the storage capacity constraints
further up the chain.

Today, an increasing number of in-
expensive devices exist for continuous
temperature monitoring, which can mit-
igate the risks of potency loss of vaccines
from damaging temperature excursions
in the cold chain during both storage and
transport.

The widespread availability of mobile
and cloud-based technology solutions al-
lows for the establishment of networked
systems for ordering vaccines, manag-
ing stocks and equipment, monitoring
consumptionandvaccineutilization, and
helping vaccine supply managers make
sure that vaccines are being kept in the
rightconditionsandmadeavailablewhen
and where they are needed.

Information systems: monitoring
and evaluation of immunization
programs
The availability of “good quality” data is
fundamental to achieving immunization
goals and targets. Data are considered
to be of good quality if they contribute
to a complete, unambiguous, meaningful
and correct inference of the status of an
immunization system. Data should also
be available, analysed and interpreted in
a timely way, in order to allow managers
to take actions to optimize the perfor-
mance and impact of the program.

Data required to monitor the perfor-
mance and impact of immunization pro-
grams include the following: (1) data to
monitor programme inputs and process;
(2) data tomonitor indicators of program
outputs—e.g. coverage of each dose of
each vaccine in the national schedule and
related indicators of dropout and missed

opportunities; (3) data on the burden of
disease and the impact of vaccine on the
trends of vaccine-preventable diseases;
and (4) data on adverse events following
immunization.

Data on inputs and process It is impor-
tant to ensure that an immunization pro-
gram is adequately resourced and that ac-
tivities are conducted as planned, both in
terms of their quantity and their quality.
Data on human and financial resources
and vaccine supply are usually available
from national health information and lo-
gistics informationmanagementsystems.
In addition, the immunization system
as a whole should be reviewed periodi-
cally, either by comprehensive program
reviews [39] or during a “post-introduc-
tion evaluation”, which is a systematic
method for evaluating the impact of the
introduction of a vaccine on the existing
immunization system in a country [40].

Data to monitor program outputs At
national and subnational levels, mon-
itoring coverage of different vaccines
provides insight not only into the overall
program success in delivering all vac-
cines to the targetpopulation(percentage
of targeted individuals vaccinated with
each vaccine and fully vaccinated with
all vaccines in the national program),
but also into areas of program weakness.
Coverage and the related indicators of
dropout rates, missed opportunities and
timeliness of vaccination are monitored
through several methods, each having
advantages and disadvantages (. Table 1;
[41, 42]).

Ideally, vaccination coverage should
be monitored continuously using reg-
istries or administrative reports. Elec-
tronic immunization registries aim to
document all vaccinations of each in-
dividual in each birth cohort [43]. De-
nominators may derive from the same
registry or from a separate vital statistics
system. When well implemented, elec-
tronic immunization registries can pro-
vide data for coverage measurement and
for program management activities such
asmonitoringvaccinesupplyandrequisi-
tions and sendingvaccination reminders.
Challenges facing such registries include
accounting for migration within and be-
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Table 1 Advantages anddisadvantages ofmethods tomeasure vaccination coverage

Method Advantages Disadvantages

Register-based
(electronic)

Can give complete and accurate information on
cumulative vaccination status of individual persons
and populations
Can be used to set appointments and issue re-
minders and recalls
Use of electronic systems could reduce time spent
on paper registers that are widespread in low-in-
come countries and often not used

Need good computer access
Need complete birth registry for true denominator
Need unique ID number throughout life
If held locally, difficult to track vaccination of migrants
If held nationally, feedback/use at local level may be slow
Requires adequate funding and human resources
Need secure procedures tomaintain confidentiality

Routine reports
of vaccinations
delivered

Simple in conception
Continuous information allowsmonitoring of cu-
mulative coverage through the year and by district/
health facility
Can be used at local level to track coverage and
dropout rates

Population denominators often inaccurate
Private sector often does not report
Exaggeration of doses administered common (e.g. double counting of
same child if home-based record mislaid, inclusion of children outside
target age group, or purposeful exaggeration)
Transcription errors at each health system level when paper-based sys-
tems used

Surveys If well-conducted, can provide accurate information
Other indicators (e.g. missed opportunities, care-
taker knowledge) can be assessed
Involvement of health workers can be training op-
portunity
Large-scale surveys for multiple programs can re-
duce costs
Lot quality sample surveys can be used to identify
health facilities and low coverage population sub-
units

Accuracy of data depends on adequate survey design, training, supervi-
sion, and quality control
Sampling frame often based on outdated census information
High-risk subgroups (e.g. migrants, street children) may be missed
Home-based records may be missing or incomplete, and accuracy of
verbal history of vaccination varies
Participation rate affects reliability of results
Often long delays until results are known
Small samples give imprecise results; large samples are expensive and
more time-consuming

tween countries, ensuring complete and
timely birth registration and vaccination
reporting, avoiding record duplication
[44], and ensuring continuity after orga-
nizational changes [45].

The “administrative coverage” is cal-
culated using aggregate reported data on
the number of doses of each vaccine ad-
ministered to individuals in the target
age group in a given time period and
target population estimates and projec-
tions from population censuses, or in
some cases, from the number of regis-
tered births. The administrative method
has the advantages of providing continu-
ous information at the local and district
levels and being relatively inexpensive.
Despite these advantages, “administra-
tive coverage” is often unreliable owing
to incomplete, inaccurate or delayed re-
porting of numerator data and out-of-
date information on population denom-
inators [41].

Household surveys are complemen-
tary ways to determine coverage [41].
The most common surveys have been
the EPI cluster survey [46] and the larger
UNICEFMultiple IndicatorsClusterSur-
vey (MIC) and Demographic and Health
Surveys (DHS; [47, 48]). Data from sur-

veys are often considered to be more re-
liable (closer to the “true” vaccination
coverage) than those from administra-
tive reports, but this is not necessarily
the case. The accuracy of survey data is
affected by factors such as selection bias
and information bias, which cannot be
solved by increasing the sample size [41].

Whenwell-conductedandofadequate
size, surveys may provide more accu-
rate and nuanced information than other
sources. Analyses can assess the timeli-
ness of vaccination, missed immuniza-
tion opportunities through the failure to
administer vaccines simultaneously and
reasons for failure to vaccinate. However,
household surveys are expensive and can
only be conducted periodically, usually
once every 5 years.

Disease surveillance: measurement
of disease burden and vaccine impact
Surveillance is required to measure the
impact of immunization programs on
reducing vaccine-preventable diseases
(VPDs) and to generate information to
inform policy decisions and support sus-
tained financing for the immunization
program. It is also important to identify
changes in disease epidemiology that

may require modifications of vaccina-
tion schedules (e.g. addition of booster
doses) and/or adaptation of program
strategies (e.g. implementation of sup-
plementary immunization activities of
different age ranges).

Different methods of surveillance are
used at different stages of immunization
programs and for varying objectives. No
single approach may be enough to meet
the epidemiological information needs
for planning or for the comprehensive
documentation of the impact of immu-
nization. Hence, a variety of approaches
are used to monitor the epidemiology of
diseases targeted by vaccines, including:
1. Passive country-wide surveillance

with case-based or aggregate re-
porting of VPDs and outbreak
investigation

2. Active country-wide surveillance
(usually case-based) with laboratory
confirmation

3. Sentinel site surveillance
4. Special epidemiological studies and

sero-surveys (e.g. for estimating
hepatitis B vaccine impact)
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Table 2 Cause-specific categorization of adverse events following immunization (AEFI;
CIOMS/WHO2012)

Cause-specific type of
AEFI

Definitions

Vaccine product-related
reaction

An AEFI that is caused or precipitated by a vaccine due to one or
more inherent properties of the vaccine product

Vaccine quality defect-re-
lated reaction

An AEFI that is caused or precipitated by a vaccine that is due to
one or more quality defects of the vaccine product, including its
administration device as provided by the manufacturer

Immunization error-re-
lated reaction (formerly
“programmatic error”)

An AEFI that is caused by inappropriate vaccine handling, prescrib-
ing or administration and thus by its nature is preventable

Immunization anxiety-re-
lated reaction

An AEFI arising from anxiety about the immunization

Coincidental event An AEFI that is caused by something other than the vaccine prod-
uct, immunization error, or immunization anxiety, but a temporal
associationwith immunization exists

“Immunization” is used in these definitions means the use of a vaccine for the purpose of immu-
nizing individuals. “Use” includes all processes that occur after the vaccine product has left the
manufacturing/packaging site, i.e. prescribing and administration of the vaccine

For all disease surveillance, standard case
definitions and minimum data elements
should be used [49].

Monitoring adverse events following
immunization Although modern vac-
cines are well tolerated and efficacious,
no vaccine is totally safe. The more
successful vaccination programs are in
controlling disease, the higher the atten-
tion attracted by adverse events, often
reported in the media. An inadequate
response to such events can erode public
trust, lead to the reduction in vaccina-
tion coverage, with the resultant risk
of re-emergence of vaccine-preventable
diseases. Reported adverse events can
either be true adverse events—i.e. result-
ing from the vaccine or immunization
process—or coincidental events that are
not due to the vaccine or immunization
process but are temporally associated
with immunization. In 2012, the exist-
ingclassificationregardingcause-specific
categorization of adverse events follow-
ing immunization (AEFI) was revised
by the Council for International Orga-
nizations of Medical Sciences (CIOMS)
and WHO and a new categorization was
introduced (. Table 2).

WHOdefinestheminimalcapacityfor
vaccine safetymonitoring to includeded-
icated pharmacovigilance capacity, regu-
lar reporting ofAEFI, national dataman-
agement systems for AEFI, a national

AEFI review committee and a risk com-
munications strategy [50].

National surveillance for AEFIs
should emphasize reporting and follow-
up of cases caused by program error,
including reconstitution with the wrong
diluent; administration of dangerous
drugs mistaken for vaccines; contam-
ination of multiple-use vials; and use
of contaminated needles or syringes.
Single serious events or clusters of un-
usual events should be appropriately
investigated, and an independent review
committee should review serious cases
and assess causality.

Enhancing service delivery

In order to achieve high and equitable
coverage, health system strengthening
has to be accompanied by efforts to im-
prove community demand for services
and for tailoring service delivery tomax-
imize uptake. A combination of delivery
strategiesmustbeused toensure access to
services to all segments of thepopulation.
Strategies to enhance service delivery are
described in an accompanying article in
this issue of the journal (Mantel, Cherian
2019).

Conclusion

Immunization is one of the most cost-ef-
fective health interventions. Through its

use, over2–3milliondeathsare estimated
to be averted each year. Since the estab-
lishment of the EPI over 45 years ago the
world has seen significant health gains by
scaling up the coverage with vaccination.
With the expandingportfolioof vaccines,
targeting diseases that are still important
causes of death anddisability, immuniza-
tion has a large untapped potential for
saving lives and improving the health and
well-being of populations. An estimated
1.5million future deaths could be averted
annually in LMICs through the scale-up
of currently available vaccines. However,
the addition of an increasing number of
vaccines to the immunization programs
of LMICs has exposed the fragility of
their health systems. Fortunately, there
are solutions to the problems that will al-
low national immunization programmes
to strengthen their delivery systems and
adopt strategies to improve vaccination
coverage and, thereby, the health of their
populations.
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