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INTRODUCTION
Significant progress has been achieved in the social,
economic, educational, and health status of many
populations. Compared with previous generations, the
educational status of those born after 1990 has improved,
as reflected in higher rates of school enrollment,
especially in low- and middle-income countries (LMICs)
(UNESCO 2014). Countries have started to expand their
immunization programs beyond infants to young
children, adolescents, and adults, with the goal of preventing, controlling, and where possible, eliminating
vaccine-preventable diseases (WHO 2013a).
The combination of increased school attendance and
expanded target populations for vaccines has created a
rich opportunity for exploring vaccine delivery in schools
(annex 15A, figure 15A.1). Meningitis, measles, hepatitis B,
tetanus toxoid (TT), and human papillomavirus (HPV)
are examples of vaccines offered in schools, either as
routine primary or booster vaccinations or through
campaigns for catch-up strategies or disease control
(Grabowsky and others 2005; Mackroth and others 2010;
WHO 2012a). These vaccines have demonstrated efficacy
in preventing significant morbidity and mortality among
school-age children, adolescents, and adults (Mehlhorn,
Balcer, and Sucher 2006; WHO 2009). Understanding
country experiences with the operational and logistical
factors that have enabled successful delivery of vaccines
through school-based programs—and the challenges

encountered—can provide salient lessons for other
countries, irrespective of income status. This chapter
highlights the promise of school-based delivery of
vaccines in LMICs, using the experience of TT and HPV
vaccine delivery as examples. Definitions of age groupings and age-specific terminology used in this volume
can be found in chapter 1 (Bundy and others 2017).

TETANUS AND HPV EPIDEMIOLOGY AND
PREVENTION
Tetanus
Tetanus is caused by the bacterium Clostridium tetani,
the spores of which are widespread in the environment
(Black, Huber, and Curlin 1980). The bacterium is
introduced into umbilical stump tissue during unclean
delivery or unclean cord care practices, or occasionally
at the site of traditional surgery and deep penetrating
wounds. The disease is caused by the action of a neurotoxin produced by the bacteria when they grow in the
absence of oxygen. Tetanus is characterized by muscle
spasms, initially in the jaw. As the disease progresses,
mild stimuli may trigger generalized tetanic seizure-like
activity, which contributes to serious complications and
eventually to death unless supportive treatment is given
(Black, Huber, and Curlin 1980).
Vaccines containing TT are the primary prevention
strategy against infection and have been in use
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for decades. Both the efficacy and the effectiveness of
the TT vaccine are well documented (Newell and others
1971). TT vaccines, particularly the widespread expansion of maternal tetanus immunization services, have
been largely responsible for the marked reduction in
neonatal tetanus deaths, from 787,000 deaths in 1988 to
49,000 by 2013 (Liu and others 2015; Vandelaer and
others 2003).
According to the World Health Organization (WHO),
effective and full immunization against the tetanus infection requires five doses between infancy and adolescence
(WHO 2006). An additional dose during the first pregnancy will protect a woman and her fetus throughout
this and future pregnancies, provided that she has
received all previous recommended doses (Rahman and
others 1982). Countries have been using TT vaccines,
including school-based vaccination, as a main strategy to
eliminate maternal and neonatal tetanus and to maintain
elimination status. The success of such strategies has
been demonstrated in Tanzania (WHO 2013c).
Cervical Cancer
Cervical cancer is caused by several types of HPV
(zur Hausen 1977). Two types, 16 and 18, account for
approximately 70 percent of all cases (Denny and
others 2015; Ferlay and others 2010). This virus is sexually transmitted, and most people are exposed within
the first few years of engaging in sexual relations
(Moscicki 2007). If the infection persists long term,
women can develop precancerous lesions; if left
untreated, these lesions can develop into cervical cancer
(zur Hausen 1977). The progression from infection to
disease takes, on average, 20 years. Globally, there
are more than 528,000 new cases of cervical cancer and
more than 266,000 deaths each year among women;
more than 85 percent of the disease burden occurs in
LMICs (Ferlay and others 2010).
Cervical cancer can be prevented through either
primary prevention (vaccination) or secondary prevention (screening and treatment) (Denny and others
2015). Vaccines against HPV are effective when administered to individuals not yet exposed to HPV vaccine
types, which for most people is before sexual debut
(Denny and others 2015). Screening through cervical
smears (Papanicolaou or Pap smears), visual inspection
with acetic acid, or HPV DNA (deoxyribonucleic acid)based testing is effective in detecting precancerous
lesions that can be treated. Accordingly, HPV vaccination is recommended for girls ages 9–13 years (WHO
2014b), and screening is recommended for adult women
generally beginning at age 25 or 30 years to age 49 years
(Denny and others 2015).
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Prevention
Both TT and HPV vaccinations have been demonstrated
to be cost-effective in schools (Goldie and others 2008;
Griffiths and others 2004). Targeting children at the
beginning and end of primary school for booster doses of
TT vaccines and targeting young adolescents before completing primary school for HPV vaccines have been two
successful delivery strategies (LaMontagne and others
2011; Steinglass 1998). Young adolescents ages 9–11 years
produce higher levels of antibodies to HPV vaccines,
which are maintained at higher levels over time, compared with older adolescents (Block and others 2006).
Additionally, delivering HPV vaccines at this young age
generally ensures that girls receive the vaccine before
sexual exposure to HPV (Moscicki 2007; WHO 2014b).
Since adolescents do not regularly attend health
facilities, schools may offer advantages for reaching this
population (Mackroth and others 2010). Increasingly
high levels of primary school enrollment and attendance
throughout LMICs have created an opportunity to
identify and efficiently reach a large proportion of
the population eligible for school-based vaccination
(Grabowsky and others 2005; UNESCO 2014). Schools
can also be used to leverage additional services or interventions (Broutet and others 2013) that might be needed
by the age groups receiving TT or HPV vaccine, such as
antihelmintics for deworming, vision screening, and
bednet distribution (Broutet and others 2013).

PROGRAM DESIGN FOR SCHOOL-BASED
VACCINE DELIVERY OF TT AND HPV
VACCINES
TT Vaccine Delivery Strategies
The childhood tetanus immunization schedule recommended by the WHO includes five doses:
• Primary series of three doses of DTP (diphtheria/
tetanus/pertussis) or other tetanus-containing vaccine,
such as DTwP (diphtheria/tetanus/whole pertussis) or
DTaP/TDaP (diphtheria/tetanus/acellular pertussis)
given before age one year
• Booster dose of a TT vaccine at ages four to seven
years
• Second booster dose between ages 12 and 15 years
(WHO 2006).
Resources available through existing school health
services are used to give the TT booster doses in adolescence while ensuring that out-of-school children are also
served through routine activities of national immunization programs (WHO 2008b).

Many low- and lower-middle-income countries
implement some school-based vaccination (annex 15A,
table 15A.1), targeting the school grades where the largest proportion of children are found. Several countries
have conducted household and school-based surveys to
tabulate age-by-grade distributions to determine which
grade is most appropriate for capturing the largest proportion of children—ages 4–7 years or ages 12–15 years.
Indonesia found that most children ages 6–9 years are
enrolled in grades one to three (Kim-Farley and others
1987). Nepal and Tunisia determined that entry in primary school was the optimal time to provide TT vaccination (Vandelaer, Partridge, and Suvedi 2009;
WHO 2008c).
An email survey was sent to all 192 WHO member
countries in 2008 (WHO-UNICEF 2009). Of the
143 countries responding, 61 countries (43 percent)
reported conducting some school-based immunization. Among these 61 countries, the TT-containing
vaccine was one of the interventions given; 41 countries (67 percent) start from primary school grade 1,
and 54 percent target ages 9–13 years. Data from the
2012 WHO-UNICEF Expanded Programme on
Immunization Joint Reporting Form indicate that,
among 86 low- and lower-middle-income countries,
21 countries (24 percent) administer TT-containing
vaccines; 10 of these countries deliver the vaccine in
grade 1, and 16 deliver TT vaccines through grade 6
(on average, capturing children ages 12–15 years)
(WHO-UNICEF 2013). The relatively low levels of
school vaccination in these countries, combined with
increasing school enrollment, particularly among girls,
suggests an untapped opportunity to increase vaccination coverage through school-based programs.
Information, education, and communication components are essential in ensuring the success of schoolbased TT vaccination in LMICs. Parents and community
leaders need to know why the children are being vaccinated; have resources for further information, as well as
know when the vaccination activities will take place;
and understand what to do if their children miss the
vaccine. To prevent rumors that TT vaccination is connected to fertility control and to address the immunity
gap that results in lack of a second opportunity for TT
vaccination in adolescent boys and adult men, both
boys and girls are often vaccinated. Information on the
protection conferred by the vaccine against tetanus
caused by injuries during sports, planting, and
other activities helps achieve community acceptance
(Steinglass 1998). The active engagement, collaboration, and training of the ministries of health and education on the requirements of the school-based TT
vaccination are crucial (WHO 2008c).

HPV Vaccine Delivery Strategies
The WHO recommends that the HPV vaccine be given to
girls between ages 9 and 13 years, including immunocompromised individuals (WHO 2014b). As of early 2016,
three HPV vaccines are available—a quadrivalent vaccine
(Gardasil, Merck & Co.), a bivalent vaccine (Cervarix,
GlaxoSmithKline), and a nonavalent vaccine (Gardasil9,
Merck & Co.). Licensure recommendations vary by
country; in general, Gardasil and Gardasil9 are registered
for use in females ages 9–26 years in 130 and 39 countries,
respectively. In some countries, these two HPV vaccines are
also registered for use in males of the same age for the prevention of genital warts. Cervarix is generally registered for
use in females ages 9–44 years in more than 120 countries;
it is not registered for males because no clinical trial of the
efficacy of this vaccine in males has been conducted.
Although all HPV vaccines were licensed for
a three-dose schedule, the European Medicines Agency
(EMA) (EMA 2013, 2014) and the WHO Strategic
Advisory Group of Experts on Immunization recently
concluded there was sufficient evidence for the bivalent and quadrivalent HPV vaccines to recommend a
two-dose schedule for young immunocompetent adolescent girls up to age 14 years, with a minimum interval of six months between doses (WHO 2014c). As of
early 2016, 46 countries had adopted the revised twodose schedule, or schedules with two initial doses and
a delayed third-dose booster after five years, for young
immunocompetent adolescent girls in their national
immunization programs (Brotherton and Bloem 2015;
Institute of Social and Preventive Medicine 2014).
As of early 2016, HPV vaccination is part of the
recommended national schedule in nearly 80 countries
or territories, of which approximately 25 percent are
low- or middle-income (comprising both lower-middle
and upper-middle income) countries. As of June 2016,
89 countries and territories have HPV vaccination on a
national schedule (map 15.1; annex 15A, table 15A.2).
However, an additional 37 LMICs have piloted the
introduction of the vaccine in one or more urban and
rural districts, 20 of which are in Sub-Saharan Africa
(annex 15A, table 15A.3).
Based on experiences with pilot demonstration
programs, school-based vaccination is most often used as
the primary delivery strategy, usually accompanied by a
secondary strategy based in health centers to reach out-ofschool and underserved girls (Ladner and others 2012;
LaMontagne and others 2011; Paul and Fabio 2014;
Watson-Jones and others 2012). Countries introducing
HPV vaccines through schools seem to use grade- and
age-based eligibility equally (Gallagher and others
2016; LaMontagne and others 2011; Paul and Fabio 2014).
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Map 15.1 HPV National Vaccine Introduction Globally, June 2016
IBRD 42570 | OCTOBER 2016

With the HPV vaccine in their national vaccination schedules
Without the HPV vaccine in their national vaccination schedules

Note: HPV = human papillomavirus.

Several elements make HPV vaccine delivery unique.
These considerations may create operational challenges
for implementation (WHO 2014a).
• There is often lack of awareness of cervical cancer
and of HPV infection as a causal agent (Rama and
others 2010).
• Unlike other immunization programs that target
infants of both genders, HPV vaccination is targeted to girls ages 9–13 years (before sexual debut)
(WHO 2014b).
• Because the recommended age group for HPV vaccination may not routinely attend health facilities, and
visits by health workers to schools for vaccination may
be one-time events, such as vaccination campaigns,
delivery platforms and strategies used for HPV vaccine
delivery may be new for LMICs (WHO 2012b).
• Consent procedures for HPV vaccines are not standardized; both opt-in and opt-out are used (Cover and
others 2012; Moodley and others 2013; WHO 2014a).
HPV vaccination can be integrated with other health
services for this underserved age group, which may
enhance the efficiency and sustainability of vaccination
programs (Broutet and others 2013; Mugisha and others
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2015; Watson-Jones and others 2016). Some countries
also use the opportunity to sensitize girls and women to
the importance of adhering to the screening guidelines,
the delivery of cervical cancer screening of adult women,
or other child health programs (Wamai and others 2012).
HPV vaccination requires special attention to social
mobilization and communication efforts to ensure
acceptability and high coverage (Bingham, Drake, and
LaMontagne 2009). In most low- and lower-middleincome countries, messages were disseminated through
meetings in schools and communities, during home
visits, and through written materials and radio
announcements (Kabakama and others 2016;
LaMontagne and others 2011). In Rwanda, Uganda,
and Vietnam, teachers play an important role in
communication efforts (Binagwaho and others 2012;
Galagan and others 2013). The WHO encourages all
countries to develop communication strategies with
multisectoral stakeholders and engage communities at
the start of planning the program (WHO 2013b).
Among LMICs that have completed pilot delivery of
HPV vaccine, all have chosen to focus messages on cervical cancer prevention and the importance of vaccination rather than to stress the sexual transmission of
HPV because these messages have been proven to be

the most important for parental acceptability (Bingham,
Drake, and LaMontagne 2009; Kabakama and others
2016; LaMontagne and others 2011).
Some pilot programs followed extensive informed consent processes (Moodley and others 2013). In others, the
government used the same consenting procedures applied
to other vaccines, including those delivered to children up
to age 17 years, principally through an opt-out or implied
consent approach (LaMontagne and others 2011). Pending
developments that could facilitate easier delivery of HPV
vaccines to young adolescent populations include expanded
in-country licensure for delivery to boys (Markowitz and
others 2012), alternative dosing schedules for three-dose
regimens (Esposito and others 2011; LaMontagne and
others 2013), and the recent approval of two-dose schedules for immunocompetent adolescent girls younger than
age 15 years (WHO 2014c). Moreover, opportunities for
reduced procurement prices through Gavi, the Vaccine
Alliance and the Pan American Health Organization
Revolving Fund, as well as potential cost reductions
through the pooled purchase for middle-income countries
by the United Nations Children’s Fund, are likely to
increase the number of countries that will introduce HPV
vaccines by 2020 (Gavi, the Vaccine Alliance 2016).

EVIDENCE OF EFFECTIVE SCHOOL-BASED
DELIVERY OF HPV AND TT VACCINES
TT Vaccine
Although some country programs have added delivery
of TT vaccines to those as young as age 10 years, documentation of the implementation method, successes,
and challenges has been largely absent in the literature.
Among the 27 low- and lower-middle-income countries
administering TT-containing vaccines in schools,
19 have reported coverage data (WHO-UNICEF 2013).
In Indonesia, consistently high coverage of more than 95
percent of children enrolled in schools has been reported
(Kim-Farley and others 1987; WHO-UNICEF 2013). Sri
Lanka monitors the proportion of schools reached for
immunization in each province, and 92 percent of all
schools were covered by 2005 (WHO 2008b). Data from
the 2014 WHO-UNICEF Joint Reporting Form show
nine additional countries (Afghanistan, the Arab
Republic of Egypt, Honduras, Mongolia, Mozambique,
Nepal, Sierra Leone, Tonga, and Vanuatu) reported coverage levels for TT-containing vaccines of more than
80 percent for the population targeted in schools between
2011 and 2013 (WHO-UNICEF 2014). However, the
lack of adequate documentation of TT-containing vaccines in schools continues to be a major obstacle to
meaningful conclusions about school-based delivery for

this intervention. A summary of facilitators and barriers
to TT-containing vaccine delivery in schools is provided
in annex 15A, table 15A.4).
HPV Vaccine
Schools have been a primary delivery strategy for HPV
vaccine in a number of LMICs (Gallagher and others 2016; Ladner and others 2012; LaMontagne and
others 2011; Raesima and others 2015). The rising levels
of primary school attendance in many LMICs has
enhanced this delivery approach (UNESCO 2014). The
vaccine is usually offered at specific times during the
school year, and school-based delivery may be combined
with outreach or health facility vaccine delivery. High
three-dose coverage (75 percent to 100 percent) has been
achieved in pilot studies and demonstration programs
using school-based delivery strategies, which is similar to
the coverage levels achieved in national programs that
also used school-based delivery (Brotherton and Bloem
2015; Markowitz and others 2012; Sinka and others
2013). A systematic review of HPV vaccine delivery
experiences in 47 LMICs reported coverage levels of
70 percent or greater in the vast majority of programs
that used a school-based delivery component (Gallagher
and others 2016). Differences in coverage between the
previously recommended three-dose schedule and the
revised two-dose schedule were not observed; however,
only 10 countries had reported coverage data from twodose delivery. Further information about the possible
impact of fewer doses on feasibility of school-based HPV
vaccine delivery will be available in future years as this
schedule becomes established.
Countries implementing school-based programs need
to decide whether to establish age- or grade-based eligibility. A demonstration project in Tanzania found significantly higher coverage with grade-based vaccination,
compared with age-based vaccination, at slightly lower
cost (Watson-Jones and others 2012). Bhutan has reported
national coverage of more than 90 percent through
school-based delivery (Dorji and others 2015). A summary of facilitators and barriers to HPV vaccine delivery
in schools can be found in annex 15A, table 15A.5.

COSTS AND COST-EFFECTIVENESS OF
SCHOOL-BASED TT AND HPV VACCINE
DELIVERY
Consideration of the costs and cost-effectiveness of
school-based vaccination programs are instrumental in
decisions for national introduction and scale-up
(WHO 2006, 2014b). Given the shortage of routine
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health services for adolescents (UNICEF 2007), the
opportunities to leverage existing programs are limited
(Broutet and others 2013; WHO 2008a). Accordingly,
the incremental costs associated with implementation
and delivery of TT and HPV vaccinations, both targeted
to adolescents, are expected to be high relative to new
childhood interventions. School-based delivery of vaccines provides an opportunity to access young adolescent populations who may not attend regular health
services. To date, the empirical data on the added costs of
school-based vaccination programs have been limited,
with little to no coverage of TT vaccination (Griffiths
and others 2004). However, several demonstration studies have emerged on the financial and economic costs of
school-based HPV vaccination (Levin and others 2013;
Levin and others 2014; Levin and others 2015).
Costs of HPV Vaccine Delivery
Several published studies have estimated the incremental
costs of school-based HPV vaccine delivery in Bhutan,
India, Peru, Tanzania, Uganda, and Vietnam, which are
all LMICs (Levin and others 2015). Each of the analyses
distinguished financial costs, reflecting actual expenditures, from economic costs, including the value of
donated and shared resources, to more fully assess the
opportunity costs of the HPV vaccination program.
Results from three studies largely resulted in consistent
estimates for economic and financial costs per HPV vaccine dose and per fully immunized girl (table 15.1; Levin
and others 2013). In these studies, the incremental

financial cost ranged from US$1.65 to US$2.25 per dose
and US$4.96 to US$7.49 per fully immunized girl for
a three-dose vaccination schedule. The economic costs
were higher, ranging from US$2.11 to US$4.62 per dose
and US$6.37 to US$16.10 per fully immunized girl.
A two-dose vaccine schedule would reduce both financial and economic costs per fully immunized girl, but
start-up costs are expected to be similar. As hypothesized, these costs are higher than the delivery costs of
other routine immunizations reported in LMICs, which
have ranged between US$0.75 and US$1.40 per dose,
depending upon vaccine, country, and year of implementation (Brenzel and others 2006).
Specific findings from the studies also suggested interesting trends in the cost of HPV vaccine delivery mechanisms. For example, Quentin and others (2012) found
that HPV vaccine delivery in urban schools was cheaper
than delivery in rural schools, mainly due to higher costs
of procurement and transport to rural areas. Irrespective
of location, grade-based delivery was less costly by
roughly 30 percent than age-based delivery in schools
because of higher coverage and number of eligible girls.
Hutubessy and others (2012) found that the recurrent
costs for delivering HPV vaccines in schools were higher
than delivery in health facilities by US$1.65 for three
doses per eligible girl (US$0.55 per dose). Similarly,
Levin and others (2013) found that school-based delivery had higher economic costs than an integrated (school
and health center) approach or delivery solely in a health
center, mainly due to the additional personnel and transportation costs required to reach the schools.

Table 15.1 Financial and Economic Costs for School-Based HPV Vaccine Delivery Using a Three-Dose Schedule
(Excluding Vaccine Cost), 2013
U.S. dollars
Tanzania (Hutubessy
and others 2012)

Tanzania (Quentin
and others 2012)

Peru (Levin
and others 2013)

Uganda (Levin and
others 2013)

Vietnam (Levin
and others 2013)

Program scale

Scaled-up national
program

Scaled-up regional
program

Demonstration
project

Demonstration
project

Demonstration
project

Method of
estimation

Projected (using WHO
C4P tool)

Projected

Microcosting
approach

Microcosting
approach

Microcosting
approach

Financial cost,
per dose

2.2

2.3

2.2

2.2

1.7

Financial cost,
per FIG

7.5

7.1

6.5

6.9

5.0

Economic cost,
per dose

4.6

4.0

4.1

3.2

2.1

Economic cost,
per FIG

16.1

12.7

12.4

10.4

6.4

Note: FIG = fully immunized girl for recommended three-dose schedules at the time of study; HPV = human papillomavirus; WHO C4P tool = World Health Organization Cervical
Cancer Prevention and Control Costing tool. Methods for estimating costs differed across studies, except in Peru, Uganda, and Vietnam.
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Main Contributors to Costs
Head-to-head comparison of the main cost contributors
across all settings was precluded by differences in categorizations of costs across studies. The cost of procurement, including receiving and transporting vaccines to
the appropriate locations, was the largest cost component
of scaled-up delivery of HPV vaccination in schools
(46 percent to 70 percent of financial costs) (Hutubessy
and others 2012; Quentin and others 2012). Of the
remaining costs, service delivery, comprising health
worker salary and allowances; social mobilization, comprising information, education, and communication
(IEC); and supervision of vaccinations were important
contributors to the total delivery costs (LSHTM and
PATH, forthcoming).
In one study, costs were broadly categorized as start-up
costs (for example, social mobilization and IEC, training,
and microplanning) and recurrent (for example,
personnel) costs (Levin and others 2013). Start-up costs
of school-based vaccination programs were a large
share of the total financial cost per dose (69 percent in
Peru, 41 percent in Uganda, and 72 percent in Vietnam).
When shared and donated resources were taken into
account, start-up costs were far lower at 36 percent,
27 percent, and 56 percent of the total economic cost
per dose, respectively.
The cost estimates may not be widely generalizable
to other countries because the unit costs were setting
specific. Accordingly, the experience of school-based
delivery of HPV vaccines may not be generalizable to
other adolescent vaccines such as TT, although the same
principles may well apply. Furthermore, simultaneous
delivery of TT and HPV vaccines in schools—to the
same or different age cohorts or grades—may allow for
the sharing of cost drivers, such as transport, which can
reduce delivery costs.
Cost-Effectiveness of HPV Vaccination
According to several cost-effectiveness analyses in LMICs,
HPV vaccination of preadolescent girls is likely to be
good value for money, even at the higher cost of schoolbased delivery (Levin and others 2015). Several studies
have estimated that the economic cost per fully vaccinated girl for a three-dose vaccination schedule was I$25
(25 international dollars) when the vaccine cost was
US$5 per dose (Goldie and others 2008). At this vaccine
cost, under assumptions of lifelong high vaccine efficacy
against HPV-16/18 cervical cancers, the analyses found
that HPV vaccination was very cost-effective in most
LMICs, according to a cost-effectiveness threshold of
per capita gross domestic product (GDP) (Fesenfeld,
Hutubessy, and Jit 2013). At lower vaccine costs that

are more reflective of the subsidized price of HPV
vaccines for countries eligible through Gavi, the Vaccine
Alliance (for example, US$0.55–US$2.00 per dose), HPV
vaccination was found to be cost-saving or had attractive
cost-effectiveness ratios well below per capita GDP
(Goldie and others 2008; Kim and others 2013; Levin and
others 2015). In these analyses, the most influential drivers of cost-effectiveness were the cost per vaccinated girl
(including vaccine price and delivery costs), vaccine
coverage and efficacy, overall cancer and genital warts
disease burden, and assumptions about the discount rate.
With the recent change in the recommended schedule for
HPV vaccine among young immunocompetent adolescent girls from three doses to two and increased flexibility
in the interval between doses, adjustments to the cost and
cost-effectiveness assumptions and analyses are likely to
result in an increasingly favorable cost scenario for
school-based delivery in a wider range of LMICs.
The question of male HPV vaccination has been
evaluated in several high-income countries, but only a
few cost-effectiveness analyses have addressed this question in LMICs, and the conclusions have been mixed.
In Brazil (Kim, Andres-Beck, and Goldie 2007) and
Vietnam (Sharma, Sy, and Kim 2015), including males in
the HPV vaccination program yielded marginal health
gains relative to vaccinating girls only. While the analysis
in Vietnam found that at a low vaccine cost, vaccinating
boys had a cost-effectiveness ratio below per capita GDP,
both studies concluded that increasing coverage in girls
was more cost-effective than extending coverage to boys.
In contrast, in Mexico (Insinga and others 2007), the
quadrivalent HPV vaccine in both girls and boys was
found to be very cost-effective when including genital
warts and cervical cancer benefits. As in analyses from
high-income countries, the cost-effectiveness of male
HPV vaccination depends heavily on the achievable
HPV vaccine uptake in females, vaccine price, and health
conditions (such as male and female cancers) included
in the analysis.
Overall, these findings imply that at the estimated
total cost of delivering HPV vaccination in schools, HPV
vaccination of preadolescent girls is good value for
money, but that vaccination of boys is less certain.
Summary of Cost-Effectiveness Analyses
Although the evidence on the cost of HPV vaccine delivery in LMICs is emerging, findings from a number of
studies in selected settings affirm that the cost of schoolbased delivery of HPV vaccination is slightly higher
relative to other traditional and new infant immunizations. Reaching a target group not routinely served by
national immunization programs may require new or
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modified delivery strategies (LaMontagne and others
2011; WHO 2014b); more intensive IEC activities
(Galagan and others 2013; WHO 2013b); and additional
logistics and staff time, resulting in higher start-up and
recurrent costs. An analysis from Tanzania concluded
that the financial cost of introducing HPV vaccination
for a three-dose schedule to 26 regions over a five-year
period (2011–15) was an estimated US$11.9 million,
excluding vaccine cost; or US$40.9 million with vaccine
at an unsubsidized price of US$5 per dose (Hutubessy
and others 2012). To the extent that scaling up a program
to the national level would result in economies of scale;
or that the vaccination program could be integrated
as part of an existing, efficient program; or that the
vaccination schedule would be reduced from three doses
to two, both financial and economic costs of HPV vaccine delivery may be lower than what has been estimated
in these smaller-scale studies. Countries will need to
commit substantial resources to initiate, scale up, and
sustain HPV vaccination programs.
Based on the start-up and recurrent cost estimates
of school-based delivery from published studies, the
majority of cost-effectiveness analyses have found HPV
vaccination to be good value for money, even in the poorest countries. Securing a low vaccine cost and achieving
high vaccine uptake and adherence in adolescent girls
will maximize the return on investment of school-based
HPV vaccination in any setting.

CONCLUSIONS
School-based delivery of vaccines is a viable approach
for the control of infections and diseases that cause
significant morbidity and mortality. Increasing school
enrollment and attendance by children and adolescents,
particularly girls, has changed the landscape for health
service delivery, providing an excellent opportunity to
capture large proportions of populations eligible for
TT-containing, HPV, and other vaccines. To ensure equitable access for the most vulnerable populations, schoolbased delivery of vaccines must be complemented by
strategies to reach those not attending school, such
as mobile teams, outreach, and provision of vaccines at
health facilities.
The wide variety of experiences using schools to
deliver TT-containing vaccines in 27 LMICs or HPV
vaccines in 47 LMICs has provided valuable lessons
about the factors that have resulted in success. Pilot
programs have been useful in providing countries with
the opportunity to test new delivery strategies and learn
what works well in their contexts. Community acceptance can be achieved through effective sensitization
and mobilization efforts. Feasible delivery strategies for
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LMICs, especially using two-dose schedules, can be
implemented and reach high coverage. And a strong case
for the cost-effectiveness of using schools as a location
for adolescent vaccinations has been documented.
Government ownership, endorsement, and financial
support; active and sustained involvement and leadership
from ministries of health and education; and broadbased community support from health workers, teachers,
community leaders, civil society, parents, and adolescents
are critical elements in the success and sustainability
of any vaccine delivery program, but especially those
using schools.
Delivery of TT-containing and HPV vaccines is
an opportunity to regalvanize school health programs
and build a stronger foundation for the delivery
of other important health interventions. A holistic
approach combining vaccine delivery with other interventions may help sustain both and has the potential to
lead to improvements in the overall health of children
and adolescents.

ANNEX
The annex to this chapter is as follows. It is available at
http://www.dcp-3.org/CAHD.
• Annex 15A. Supplemental Figures and Tables for
School-Based Vaccinations

NOTES
Tania Cernuschi, MSc, MPH, represented Gavi, the Vaccine
Alliance Secretariat, Geneva, Switzerland, at the time this work
was performed.
World Bank Income Classifications as of July 2014 are as
follows, based on estimates of gross national income (GNI)
per capita for 2013:
•
•

•

Low-income countries (LICs) = US$1,045 or less
Middle-income countries (MICs) are subdivided:
a) lower-middle-income = US$1,046 to US$4,125
b) upper-middle-income (UMICs) = US$4,126 to US$12,745
High-income countries (HICs) = US$12,746 or more.

REFERENCES
Binagwaho, A., C. M. Wagner, M. Gatera, C. Karema, C. T. Nutt,
and others. 2012. “Achieving High Coverage in Rwanda’s
National Human Papillomavirus Vaccination Programme.”
Bulletin of the World Health Organization 90: 623–28.
Bingham, A., J. K. Drake, and D. S. LaMontagne. 2009.
“Sociocultural Issues in the Introduction of Human
Papillomavirus Vaccines in Low-Resource Settings.” Archives
of Pediatric and Adolescent Medicine 163 (5): 455–61.

Black, R. E., D. H. Huber, and G. T. Curlin. 1980. “Reduction of
Neonatal Tetanus by Mass Immunization of Non-Pregnant
Women: Duration of Protection Provided by One or Two
Doses of Aluminium-Adsorbed Tetanus Toxoid.” Bulletin of
the World Health Organization 58 (6): 927–30.
Block, S. L., T. Nolan, C. Sattler, E. Barr, K. E. Giacoletti, and
others. 2006. “Comparison of the Immunogenicity and
Reactogenicity of a Prophylactic Quadrivalent Human
Papillomavirus (Types 6, 11, 16, and 18) L1 Virus-Like
Particle Vaccine in Male and Female Adolescents and Young
Adult Women.” Pediatrics 118 (5): 2135–45.
Brenzel, L., L. J. Wolfson, J. Fox-Rusby, M. Miller, and
N. A. Halsey. 2006. “Vaccine-Preventable Diseases.” In
Disease Control Priorities in Developing Countries (second edition): edited by D. T. Jamison, J. G. Breman,
A. R. Measham, G. Alleyne, M. Claeson, D. B. Evans, P. Jha,
A. Mills, and P. Musgrove, 389–412. Washington, DC:
Oxford University Press and World Bank.
Brotherton, J. M. L., and P. J. N. Bloem. 2015. “HPV Vaccination:
Current Global Status.” Current Obstetrics and Gynecology
Reports 26. doi:10.1007/s13669-015-0136-9.
Broutet, N., N. Lehnertz, G. Mehl, A. V. Camacho, P. Bloem, and
others. 2013. “Effective Health Interventions for Adolescents
that Could Be Integrated with Human Papillomavirus
Vaccination Programs.” Journal of Adolescent Health 53 (1):
6–13.
Bundy D. A. P., N. de Silva, H. Horton, G. C. Patton, L. Schultz,
and D. T. Jamison. 2017. “Child and Adolescent Health and
Development: Realizing Neglected Potential.” In Disease
Control Priorities (third edition): Volume 8, Child and
Adolescent Health and Development, edited by D. A. P. Bundy,
N. de Silva, S. Horton, D. T. Jamison, and G. C. Patton.
Washington, DC: World Bank.
Cover, J. K., N. Q. Nghi, D. S. LaMontagne, D. T. Huyen,
N. T. Hien, and others. 2012. “Acceptance Patterns and
Decision-Making for Human Papillomavirus Vaccination
among Parents in Vietnam: An In-Depth Qualitative Study
Post-Vaccination.” BMC Public Health 12: 629.
Denny, L., R. Herrero, C. Levin, and J. J. Kim. 2015. “Cervical
Cancer.” In Disease Control Priorities (third edition): Volume
3, Cancer, edited by H. Gelband, P. Jha, R. Sankaranarayanan,
and S. Horton, 69–84. Washington, DC: World Bank.
Dorji, T., U. Tshomo, S. Phuntsho, T. D. Tamang, T. Tshokey, and
others. 2015. “Introduction of a National HPV Vaccination
Program into Bhutan.” Vaccine 33 (31): 3726–30.
EMA (European Medicines Agency). 2013. “Assessment Report
[for Bivalent HPV Vaccine].” Report EMA/789820/2013.
http://www.ema.europa.eu/docs/en_GB/document_library
/EPAR_-_Assessment_Report_-_Variation/human/000721
/WC500160885.pdf.
———. 2014. “Assessment Report [for Quadrivalent HPV
Vaccine].” Report EMA/CHMP/66618/2014. http://www
.ema.europa .eu/docs/en_GB/document_library/EPAR
_-_Assessment _Report_-_Variation/human/000732
/WC500167944.pdf.
Esposito, S., V. Birlutiu, P. Jarcuska, A. Perino, S. C. Man,
and others. 2011. “Immunogenicity and Safety of
Human Papillomavirus-16/18 AS04-Adjuvanted Vaccine

Administered According to an Alternative Dosing Schedule
Compared with the Standard Dosing Schedule in Healthy
Women Aged 15 to 25 Years.” Pediatric Infectious Disease
Journal 30 (3): e49–55.
Ferlay, J., H. R. Shin, F. Bray, D. Forman, C. Mathers, and others.
2010. “Estimates of Worldwide Burden of Cancer in 2008:
GLOBOCAN 2008.” International Journal of Cancer 15:
127 (12): 2893–917.
Fesenfeld, M., R. Hutubessy, and M. Jit. 2013. “CostEffectiveness of Human Papillomavirus Vaccination in
Low and Middle Income Countries: A Systematic Review.”
Vaccine 31 (37): 3786–804.
Galagan, S. R., P. Paul, L. Menezes, and D. S. LaMontagne. 2013.
“Influences on Parental Acceptance of HPV Vaccination in
Demonstration Projects in Uganda and Vietnam.” Vaccine
31 (30): 3072–78.
Gallagher, K. E., S. Kabakama, N. Howard, S. Mounier-Jack,
U. K. Griffiths, and others. 2016. “Lessons Learnt from Human
Papillomavirus (HPV) Vaccine Demonstration Projects and
National Programmes.” London School of Hygiene & Tropical
Medicine. https://researchonline.lshtm.ac.uk.
Gavi, the Vaccine Alliance. 2016. “Human Papillomavirus
Vaccine Support.” http://www.gavi.org/support/nvs/human
-papillomavirus/.
Goldie, S. J., M. O’Shea, N. G. Campos, M. Diaz, S. Sweet, and
others. 2008. “Health and Economic Outcomes of HPV
16, 18 Vaccination in 72 GAVI-Eligible Countries.” Vaccine
26 (32): 4080–93.
Grabowsky, M., T. Nobiya, M. Ahun, R. Donna, M. Lengor, and
others. 2005. “Distributing Insecticide-Treated Bednets during Measles Vaccination: A Low-Cost Means of Achieving
High and Equitable Coverage.” Bulletin of the World Health
Organization 83 (3): 195–201.
Griffiths, U. K., L. J. Wolfson, A. Quddus, M. Younus,
and R. A. Hafiz. 2004. “Incremental Cost-Effectiveness
of Supplementary Immunization Activities to Prevent
Neonatal Tetanus in Pakistan.” Bulletin of the World Health
Organization 82: 643–51.
Hutubessy, R., A. Levin, S. Wang, W. Morgan, M. Ally, and others.
2012. “A Case Study Using the United Republic of Tanzania:
Costing Nationwide HPV Vaccine Delivery in Low and
Middle Income Countries Using the WHO Cervical Cancer
Prevention and Control Costing Tool.” BMC Medicine 10: 136.
Insinga, R. P., E. J. Dasbach, E. H. Elbasha, A. Puig, and
L. M. Reynales-Shigematsu. 2007. “Cost-Effectiveness of
Quadrivalent Human Papillomavirus (HPV) Vaccination in
Mexico: A Transmission Dynamic Model-Based Evaluation.”
Vaccine 26 (1): 128–39.
Institute of Social and Preventive Medicine. 2014. “Evidence
Based Recommendations on Human Papilloma Virus
(HPV) Vaccines Schedules.” Background paper for
World Health Organization Strategic Advisory Group of
Experts (SAGE) discussions, University of Bern. http://
www.who.int/immunization/sage/meetings/2014/april/1
_HPV_Evidence_based_recommendationsWHO_with
_Appendices2_3.pdf ?ua=1.
Kabakama, S., K. E. Gallagher, N. Howard, S. Mounier-Jack, H. E. D.
Burchett, and others. 2016. “Social Mobilisation, Consent

School-Based Delivery of Vaccines to 5- to 19-Year Olds

207

and Acceptability: A Review of Human Papillomavirus
Vaccination Procedures in Low- and Middle-Income
Countries.” BMC Public Health 16: 834.
Kim, J. J., B. Andres-Beck, and S. J. Goldie. 2007. “The Value
of Including Boys in an HPV Vaccination Programme: A
Cost-Effectiveness Analysis in a Low-Resource Setting.”
British Journal of Cancer 97 (9): 1322–28.
Kim, J. J., N. G. Campos, M. O’Shea, M. Diaz, and I. Mutyaba.
2013. “Model-Based Impact and Cost-Effectiveness of
Cervical Cancer Prevention in Sub-Saharan Africa.” Vaccine
31 (Suppl 5): F60–72.
Kim-Farley, R., T. I. Soewarso, A. Karyadi, and M. Adhyatma.
1987. “Assessing the Impact of the Expanded Programme
on Immunization: The Example of Indonesia.” Bulletin of
the World Health Organization 65 (2): 203–6.
Ladner, J., M. H. Besson, R. Hampshire, L. Tapert, M. Chirenje,
and others. 2012. “Assessment of Eight HPV Vaccination
Programs Implemented in Lowest Income Countries.”
BMC Public Health 12: 370.
LaMontagne, D. S., S. Barge, N. T. Le, E. Mugisha, M. E. Penny,
and others. 2011. “Human Papillomavirus Vaccine Delivery
Strategies that Achieved High Coverage in Low- and
Middle-Income Countries.” Bulletin of the World Health
Organization 89: 821B–30B.
LaMontagne, D. S., V. D. Thiem, V. M. Huong, Y. Tang, and
K. M. Neuzil. 2013. “Immunogenicity of Quadrivalent HPV
Vaccine among Girls 11 to 13 Years of Age Vaccinated Using
Alternative Dosing Schedules: Results 29–32 Months after
Third Dose.” Journal of Infectious Diseases 208 (8): 1325–34.
Levin, A., S. A. Wang, C. Levin, V. Tsu, and R. Hutubessy. 2014.
“Costs of Introducing and Delivering HPV Vaccines in Low
and Lower Middle Income Countries: Inputs for GAVI
Policy on Introduction Grant Support to Countries.” PLoS
One 9 (6): e101114.
Levin, C. E., M. Sharma, Z. Olson, S. Verguet, J. F. Shi, S.-M. Wang,
Y.-L. Qiao, D. T. Jamison, and J. J. Kim. 2015. “An Extended
Cost-Effectiveness Analysis of Publicly Financed HPV
Vaccination to Prevent Cervical Cancer in China.” In Disease
Control Priorities (third edition): Volume 3, Cancer, edited
by H. Gelband, P. Jha, R. Sankaranarayanan, and S. Horton,
295–305. Washington, DC: World Bank.
Levin, C. E., H. Van Minh, J. Odaga, S. S. Rout, D. N. Ngoc,
and others. 2013. “Delivery Cost of Human Papillomavirus
Vaccination of Young Adolescent Girls in Peru, Uganda
and Viet Nam.” Bulletin of the World Health Organization
91 (8): 585–92.
Liu, L., S. Oza, D. Hogan, J. Perin, I. Rudan, and others.
2015. “Global, Regional, and National Causes of Child
Mortality in 2000–13, with Projections to Inform Post-2015
Priorities: An Updated Systematic Analysis.” The Lancet
385 (9966): 430–40.
LSHTM (London School of Hygiene and Tropical Medicine)
and PATH. Forthcoming. “Lessons Learnt from Human
Papillomavirus (HPV) Vaccine Demonstration Projects
and National Programmes in Low- and Middle-Income
Countries.” Technical Research Report. Summary results
available at http://www.rho.org/HPVlessons. Full report to
be available on the LSHTM website.

208

Child and Adolescent Health and Development

Mackroth, M. S., K. Irwin, J. Vandelaer, J. Hombach, and
L. O. Eckert. 2010. “Immunizing School-Age Children and
Adolescents: Experience from Low- and Middle-Income
Countries.” Vaccine 28 (5): 1138–47.
Markowitz, L. E., V. Tsu, S. L. Deeks, H. Cubie, S. A. Wang, and
others. 2012. “Human Papillomavirus Vaccine Introduction:
The First Five Years.” Vaccine 30S: F139–48.
Mehlhorn, A. J., H. E. Balcer, and B. J. Sucher. 2006. “Update
on Prevention of Meningococcal Disease: Focus on
Tetravalent Meningococcal Conjugate Vaccine.” Annals of
Pharmacotherapy 40 (4): 666–73.
Moodley, I., N. Tathiah, V. Mubaiwa, and L. Denny. 2013.
“High Uptake of Gardasil Vaccine among 9–12-YearOld Schoolgirls Participating in an HPV Vaccination
Demonstration Project in KwaZulu-Natal, South Africa.”
South African Medical Journal 103 (5): 313–17.
Moscicki, A. B. 2007. “HPV Infections in Adolescents.” Disease
Markers 23 (4): 229–34.
Mugisha, E., D. S. LaMontagne, A. R. Katahoire, D. Murokora,
E. Kumakech, and others. 2015. “Feasibility of Delivering
HPV Vaccine to Girls Aged 10 to 15 Years in Uganda.”
African Health Sciences 15 (1): 33–41.
Newell, K. W., D. R. Leblanc, G. Edsall, L. Levine, H. Christensen,
and others. 1971. “The Serological Assessment of a Tetanus
Toxoid Field Trial.” Bulletin of the World Health Organization
45 (6): 773–85. http://europepmc.org/articles/PMC2427996
/pdf/bullwho00199-0079.pdf.
Paul, P., and A. Fabio. 2014. “Literature Review of HPV
Vaccine Delivery Strategies: Considerations for School- and
Non-School Based Immunization Program.” Vaccine 32 (3):
320–26.
Quentin, W., F. Terris-Prestholt, J. Changalucha, S. Soteli,
J. W. Edmunds, and others. 2012. “Costs of Delivering
Human Papillomavirus Vaccination to School Girls in
Mwanza Region, Tanzania.” BMC Medicine 10: 137.
Raesima, M. M., S. E. Forhan, A. C. Voetsch, S. Hewitt, S. Hariri,
and others. 2015. “Human Papillomavirus Vaccination
Coverage among School Girls in a Demonstration Project:
Botswana, 2013.” Morbidity and Mortality Weekly Report
64 (40): 1147–49.
Rahman, M., L. C. Chen, J. Chakraborty, M. Yunus,
A. I. Chowdhury, and others. 1982. “Use of Tetanus Toxoid
for the Prevention of Neonatal Tetanus. Reduction of
Neonatal Mortality by Immunization of Non-Pregnant
and Pregnant Women in Rural Bangladesh.” Bulletin of the
World Health Organization 60 (2): 261–67.
Rama, C. H., L. L. Villa, S. Pagliusi, M. A. Andreoli, M. C. Costa,
and others. 2010. “Awareness and Knowledge of HPV,
Cervical Cancer and Vaccines in Young Women after
First Delivery in São Paulo, Brazil: A Cross-Sectional Study.”
BMC Women’s Health 10: 35. http://www.biomedcentral
.com/1472-6874/10/35.
Sharma, M., S. Sy, and J. J. Kim. 2016. “The Value of Male HPV
Vaccination in Preventing Cervical Cancer and Genital Warts
in a Low-Resource Setting.” British Journal of Obstetrics and
Gynaecology 123 (6): 917–26.
Sinka, K., K. Kavanagh, R. Gordon, J. Love, A. Potts, and
others. 2013. “Achieving High and Equitable Coverage

of Adolescent HPV Vaccine in Scotland.” Journal of
Epidemiology and Community Health 68 (1): 57–63.
Steinglass, R. 1998. “Using Childhood Booster Doses to
Maintain the Elimination of Neonatal Tetanus.” Based on a
paper delivered at the World Health Organization Neonatal
Tetanus Elimination Technical Consultation, Geneva, 1997.
Published for the U.S. Agency for International Development
(USAID) by the Basic Support for Institutionalizing Child
Survival (BASICS) Project, Arlington, VA.
UNESCO (United Nations Educational, Scientific and Cultural
Organization). 2014. Education for All Global Monitoring
Report 2013/14. Teaching and Learning: Achieving Quality
for All. ED.2013/WS/29. Paris: UNESCO.
UNICEF (United Nations Children’s Fund). 2007. State of the
World’s Children 2008: Child Survival. New York: UNICEF.
http://www.unicef.org/sowc08/docs/sowc08.pdf.
Vandelaer, J., M. Birmingham, F. Gasse, M. Kurian, C. Shaw,
and others. 2003. “Tetanus in Developing Countries: An
Update on the Maternal and Neonatal Tetanus Elimination
Initiative.” Vaccine 21 (24): 3442–45.
Vandelaer, J., J. Partridge, and B. K. Suvedi. 2009. “Process of
Neonatal Tetanus Elimination in Nepal.” Journal of Public
Health 31 (4): 561–65. http://jpubhealth.oxfordjournals.org
/content/31/4/561.full.
Wamai, R. G., C. A. Ayissi, G. O. Oduwo, S. Perlman, E. Welty, and
others. 2012. “Assessing the Effectiveness of a CommunityBased Sensitization Strategy in Creating Awareness about
HPV, Cervical Cancer and HPV Vaccine among Parents
in North West Cameroon.” Journal of Community Health
37 (5): 917–26.
Watson-Jones, D., K. Baisley, R. Ponsiano, F. Lemme, P. Remes,
and others. 2012. “Human Papillomavirus Vaccination
in Tanzanian Schoolgirls: Cluster-Randomized Trial
Comparing 2 Vaccine-Delivery Strategies.” Journal of
Infectious Diseases 206 (5): 678–86.
Watson-Jones, D., S. Lees, J. Mwanga, N. Neke, J. Changalucha,
and others. 2016. “Feasibility and Acceptability of
Delivering Adolescent Health Interventions alongside HPV
Vaccination in Tanzania.” Health Policy and Planning 31 (6):
691–99.
WHO (World Health Organization). 2006. “Tetanus Vaccine.”
Position Paper. Weekly Epidemiological Record 81 (2): 198–208.
http://www.who.int/wer/2006/wer8120.pdf?ua=1.
———. 2008a. Promoting Adolescent Sexual and Reproductive
Health through Schools in Low Income Countries. Information
Brief, Geneva: WHO. http://www.who.int/maternal_child
_adolescent/documents/who_fch_cah_adh_09_03/en
/index.html.

———. 2008b. School Immunization Programme in Sri Lanka;
26 May-2 June 2008. Geneva: WHO.
———. 2008c. Tunisia School Immunization Report. Geneva:
WHO.
———. 2009. “Hepatitis B Vaccines.” Position paper. Weekly
Epidemiological Record 40 (84): 405–20. http://www.who
.int/wer/2009/wer8440.pdf ?ua=1.
———. 2012a. MenA Campaign in Ghana (9–18 October):
Highlights from Upper West Region. Geneva: WHO.
http:// www.afro.who.int/en/ghana/press-materials /item
/5040-mena-campaign-in-ghana-09-18-october-2012
-highlights-from-upper-west-region.html.
———. 2012b. Report of the HPV Vaccine Delivery Meeting:
Identifying Needs for Implementation and Research. Geneva:
WHO. http://screening.iarc.fr/doc/WHO_IVB_12.09_eng
.pdf.
———. 2013a. Global Vaccine Action Plan 2011–2020. Geneva:
WHO.
———. 2013b. HPV Vaccine Communication: Special
Considerations for a Unique Vaccine. WHO/IVB/13.12.
Geneva: WHO.
———. 2013c. “Validation of Maternal and Neonatal Tetanus
Elimination in United Republic of Tanzania, 2012.” Weekly
Epidemiological Record 88 (3): 313–20.
———. 2014a. “Considerations Regarding Consent in Vaccinating
Children and Adolescents between 6 and 17 Years Old.”
WHO/IVB/14.04. WHO, Geneva.
———. 2014b. “Human Papillomavirus Vaccines.” Position
paper. Weekly Epidemiological Record 43 (89): 465–92.
http://www.who.int/wer/2014/wer8943.pdf ?ua=1.
———. 2014c. “Summary of the SAGE April 2014 Meeting.”
http://www.who.int/immunization/sage /meetings /2014
/april/report_summary_april_2014/en/.
WHO-UNICEF. 2009. “Potential Role of School-Based
Immunization in Protecting More Children: Results of
email Survey.” Presented at the Fourth Annual Global
Immunization Meeting, New York, February.
———. 2013. Expanded Programme on Immunization
Joint Reporting Form (2012 data). http://www.who.int
/immunization/monitoring_surveillance/routine/reporting
/reporting/en/.
———. 2014. Expanded Programme on Immunization
Joint Reporting Form (2013 data). http://www.who.int
/immunization/monitoring_surveillance/routine/reporting
/reporting/en/.
zur Hausen, H. 1977. “Human Papillomaviruses and Their
Possible Role in Squamous Cell Carcinomas.” Current
Topics in Microbiology and Immunology 78: 1–30.

School-Based Delivery of Vaccines to 5- to 19-Year Olds

209

