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ABSTRACT

This dissertation is a systematic review comparing school based vaccination (SBV) strategies
versus supplemental immunisation activities (SIAs) in the delivery of vaccines to 5-19 year
olds in Africa.

The protocol (Part A) outlines the rationale for this review, the study aim and the methods. The
aim of the review was to compare the effectiveness of SIAs to SBV for the delivery of vaccines
to 5-19 year olds in Africa. Effectiveness was measured in terms of vaccination coverage, cost
of the vaccination strategy and effect of the strategy on routine immunisation. The protocol
follows the PRISMA guidelines.

The literature review (Part B) is a summary of the existing literature on the vaccination of
school age children and adolescents in Africa. The literature review explores the burden of
disease among school age children and adolescents and the challenges faced by existing
structures in providing routine immunisation to this age group. It then ends by evaluating the
use of complementary strategies to provide immunisation services to school aged children and

adolescents.

The manuscript (Part C) is presented in a format suitable for Plos Medical journal submission.
It summarises the background, outlines the methods used, presents and discusses the results.
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PART A: PROTOCOL



INTRODUCTION

Background

Immunisation is a key public health strategy that has been practiced since the discovery of
smallpox vaccine in 1796 [1]. In 1974, the Expanded Programme on Immunisation (EPI), a
global initiative aimed at a more optimal use of available vaccines was started [2]. Through
EPI, millions of lives, especially those of young infants are saved every year [2]. However,
vaccine preventable diseases (VPDs) still contribute a significant portion to the public health
burden in many countries, especially those in Africa [3]. Globally, it is now appreciated that

EPI alone, is not enough to optimize the benefits of available vaccines.

There are multiple reasons which explain the relatively high burden of VPDs in some African
countries. Among these reasons is the high prevalence of low vaccination coverage rates in
some countries [4, 5]. High vaccination coverage rates are necessary to provide herd immunity
against the targeted VPDs [6]. It is therefore important to assess other vaccination strategies
that can be used to complement the EPI to maximize the benefits of available vaccines in the

control of \VPDs.

In one of the many strategies to address the low vaccination coverage rates in some settings,
the World Health Organisation (WHO) and the United Nations Children’s Fund (UNICEF)
launched the Global Immunisation Vision and Strategy (GIVS) in 2006 [7]. The GIVS was a
ten year framework aimed at helping countries immunise people of all age groups, by optimally
using a wide range of available vaccines to reduce the morbidity and mortality of VPDs [7].
The GIVS recognized the need to extend the benefits of immunisation beyond childhood period
[7]. The EPI is structured to deliver immunisation services during the childhood period and not
to adolescents or adults. For GIVS to be successful there was a need to develop novel

vaccination strategies to reach adolescents and adults with vaccines.



Five years post the GIVS initiation, an improvement in routine vaccination coverage as well as
the use of new vaccines and reduction of mortality of certain VPDs was noted [8]. However,
the need for more efforts in order to achieve the set goals for the global immunisation and child
survival was also noted [8]. In 2011, the WHO in collaboration with member states launched
the Global Vaccine Action Plan 2011-2020 (GVVAP) in order to cater for the next decade of
vaccination. The GVAP reinforced the goals of GIVS while adding new ones and providing
guidelines to evaluate the impact of the plan [9]. Though the aims of GIVS and GVAP are to
vaccinate people of all age groups, Africa has lagged behind in expanding the immunisation
services to adolescents and adults [10]. In Africa, there is limited or absence of structured

programmes to vaccinate school age children and adolescents.

Immunisation in Africa is mostly carried out through the EPI. The aim of the EPI is to make
immunisation services available to all children aged 0-5 years. With the development and
licensing of new vaccines, the number of vaccines recommended for inclusion into EPI is
rapidly growing [11] and also, the need to expand immunisation services to adolescents and

adults [7, 9].

The inclusion of vaccines targeting school age children and adolescents has been a challenge
for several African countries because this age group does not correspond to that targeted by the
EPI. The WHO classifies children aged 10 to 19 years as adolescents [12]. Some African
countries have used school based vaccination (SBV) strategies and supplemental immunisation
activities (SIAs) to deliver vaccines such as human papillomavirus (HPV), tetanus, rubella,

measles and hepatitis B to school age children and adolescents [13, 14].

One of the key vaccines recommended by WHO for inclusion into routine programs which
targets school age children and adolescents is the HPV vaccine. As of 2016, five African

countries have introduced the HPV vaccine into their national programs while a further 22 have



conducted demonstration projects to assess feasibility of HPV vaccine introduction [15].
Almost all African countries have adopted a school based approach. This approach is used as
the model of choice because it facilitates accessibility to the target population of girls aged 9

to 13 years.

Through the SBV strategy, two main options are used to select children to be vaccinated; the
age of the child or the grade [14]. As recommended by WHO, the selected school age children
receive two doses of the HPV vaccine with a six months interval [16, 17]. Several countries
using this strategy have reported high vaccination coverage rates [18-20]. The success of this
school based approach has been attributed to proper community sensitisation, and the use of
existing health resources [20]. Nonetheless, several key challenges have been reported such as
complex logistics to bring the immunisation services to the schools, low school attendance
rates, inadequate finances, poor cervical cancer knowledge, school absenteeism and fear of side
effects [21-24]. Supplemental immunisation activities could be used as an alternative to reach

adolescents and adults in settings such as Africa, where the school enrolment rate is not 100%.

Supplemental immunisation activities, also known as mass vaccination campaign refers to an
immunisation strategy where a large number of people are vaccinated within a defined
geographical area and period [25]. This is usually done in order to rapidly increase the
immunity level of the target population in the face of an outbreak or potential outbreak. The
SlIAs are carried out to complement routine immunisation as well as during the introduction of
a new vaccine into the routine immunisation programme [25]. The benefits of using SIAs to
complement the routine immunisation programmes have been recognized for decades. The
SIAs are reported to have an optimal vaccination coverage rate and are considered cost
effective. Most importantly SIAs help in the control of VPDs [26-28]. Since 1988 they have
helped reduce the global incidence of polio by 99% [29]. Similarly the use of SIAs targeting

smallpox over several years permitted the disease eradication by 1980 [25].



In comparison to the SBV, SIAs may be a better option for the delivery of vaccines to school
age children as well as adolescents. SIAs could be used to deliver HPV vaccines as well as
other adolescent vaccines against diseases such as tetanus, acellular pertussis, diphtheria and
meningococcal disease [10, 30]. SIAs would permit harmonisation of the immunity levels of
the population before the vaccine is delivered by the routine immunisation services, as is the
case with HPV vaccine [25]. Recently, there are studies showing that HPV vaccine could
potentially be delivered as a single dose schedule instead of the two dose schedule that is
currently being used in most countries [31, 32]. The mobile and fixed strategies used during
SlIAs allow vaccinators to reach and vaccinate the target population irrespective of attendance
or non-attendance of school. Using SIAs therefore, could have an advantage over the school
based immunisation strategy in that mass vaccination ensures that everyone in the susceptible
targeted population group has been immunised, hence closing the immunisation gap as

recommended by the GIVS and GVAP initiatives [7, 9].

Our systematic review study therefore proposes to evaluate the feasibility of using SIAs as an
alternative to school based HPV vaccine delivery strategy, as well as the delivery of other

adolescent vaccines in African countries.

Objectives
The objective of this systematic review is to compare the effectiveness of supplemental
immunisation activities and school based vaccination strategies in the administration of

vaccines to school age children and adolescents in Africa.

METHODS

Study registration
This protocol will follow the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses Protocol 2015 (PRISMA-P) and is registered with PROSPERO CRD42017057475.
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Criteria for considering studies for this review

Types of studies

Included studies will consist of randomised controlled trials (RCTs), non-RCTs, cluster-RCTs,
interrupted time series, controlled before-and-after, cohort, cross-sectional and case-control

studies. All included studies will be primary studies. Reviews will be excluded.

Types of participants

Participants will include school age children and adolescents (5-19 years) living in Africa.

Types of interventions

Studies evaluating SIAs also called mass immunisation campaigns will be included. SIAs are
mass vaccination campaigns within a defined geographical area and period regardless of the
previous vaccination status of the target population [33] . Studies reporting on mass campaigns
delivering services other than vaccination e.g. sensitisation as well as SIAs targeting age groups

outside 5-19 years old will be excluded.

Types of comparators
Studies looking at school based vaccination strategies will be included. This strategy entails
vaccinating children in schools either based on their grades or their ages. Depending on the

vaccine, multiple doses may be administered at specified intervals.

Types of outcome measures
Primary outcome

e Vaccination coverage

e Costs of vaccine delivery

Secondary outcome

e Effects on routine vaccination/child health services



Search method for identification of studies
An extensive search will be carried out to identify all relevant studies. Both published and

unpublished literature will be searched. No restriction will be placed on language or period.

The following electronic databases will be searched for peer reviewed primary studies using
both medical subject headings (MeSH) and free text terms relating to vaccination, children,
adolescents and Africa; PubMed, Africa Wide, Cochrane Central Register of Controlled trials
(CENTRAL), Cumulative Index to Nursing and Allied Health Literature (CINAHL), World
Health Organization Library Information System (WHOLIS), Web of Science, PDQ (Pretty
Darn Quick)-Evidence and Scopus. The detailed search strategy is provided in the appendix
(S1 Table). The following databases will also be searched for grey literature (reports, non-
reviewed and non-published papers); WHO, The Global Vaccine Alliance (GAVI) and
UNICEF. We will browse reference lists of relevant publications to identify other potential

studies.

Data collection and analysis

Selection of studies

The titles and abstracts of eligible studies obtained through the search will be screened
independently by two study team members. The two study team members will then
independently read the full text of the retained studies and mark the studies for either inclusion
or exclusion. Where differences arise the two team members will reach a consensus by
discussion and if need be a third study team member will be consulted. The study selection

process will be illustrated using the PRISMA flow chart.



Data extraction

A data collection form will be designed and used independently by the two study team members
to extract data from the included studies (S1 Form). The data extraction form will first be
piloted by the two team members using the same studies to assess comprehension. In case of
discrepancies with data extraction, the two study team members will discuss and if no
agreement, a third study team member will be consulted and the differences will be resolved
by consensus. Data will be extracted on four main aspects; participants, intervention,

comparison and outcomes.

e Intervention/comparison: type of vaccination strategy (SBV or SIA), the aim of the
vaccination activity, its duration, the type and number of personnel carrying out the

vaccinations.

e Participants: age, gender, socio-economic status

e Outcomes: coverage, costs, effects on routine vaccination/child health programs

Assessment of risk of bias in included studies

Experimental studies will be assessed using the Cochrane Collaboration’s tool for assessing
risk of bias [34]. The other study designs will be assessed using the Scottish Intercollegiate
Guidelines Network (SIGN) checklist [35] and the Hoy modified tool [36] where applicable.

The following biases will be assessed:

e Selection bias: random sequence generation, concealment allocation, comparability of

groups at baseline

e Performance bias: blinding of participants and interviewers/care providers,

comparability of care between both groups



e Attrition bias: percentage lost to follow-up, measures put in place to limit loss to follow-

up, non-response rate, missing outcome data

e Detection bias: blinding of assessors, methods used to measure outcomes

e Other biases

Studies assessed using the SIGN checklist will be scored as ‘High quality’, ‘Acceptable’ or
‘Unacceptable’, those assessed using the Cochrane tool will be scored as ‘High risk’, ‘Low
risk’, ‘Unclear’ and those assessed using the Hoy modified tool will be scored as ‘Low risk’,
‘Moderate risk” or High risk’ of bias. Where discrepancies arise, a consensus will be arrived at

through discussion by the two reviewers and a third will be consulted if need be.

Assessment of reporting biases

A funnel plot will be constructed to assess the risk of publication bias per type of intervention
if each intervention type included in the meta-analysis has over 10 studies of varying sizes. It
will be examined for asymmetry visually and statistically using the Egger test and Harbord test

[37, 38].

Data synthesis and analysis
Data will be presented in text, tables and figures. An overview of the risk of bias of included

studies will also be presented. Statistical analysis will be carried out using Stata v. 14.0.

Results from studies reporting vaccination coverage will be expressed as percentages. Reported
cost of vaccines shall be standardised to United States dollars (USD). The effects of the
vaccination strategy (school based or SIA) on routine vaccination and health programmes will
be expressed as the proportion of people in the catchment area seeking health services before

and after the intervention.



Where data from the included studies is homogeneous, results will be pooled for meta-analysis
using a random effects model due to probable clinical and methodological heterogeneity.
Pooled statistics for vaccination coverage and effect on routine health programmes shall be
expressed as risk ratios with their 95% confidence interval (95% CI) while those for cost of
vaccines shall be expressed as the standardised mean difference (SMD) with its 95% CI. Where
a meta-analysis cannot be carried out due to substantial heterogeneity, the results will be

reported in a narrative form.

Data will be pooled to assess heterogeneity. This will be assessed firstly by visually inspecting
the forest plots. Secondly, the Chi-squared test for homogeneity with a significance level set at
10% will be used. Finally, the 12 statistic will be used to quantify any statistically significant
heterogeneity between study results and rated as ‘low’ for < 49% and ‘moderate’ for 50-74%

and ‘high’ for > 75%.

Efforts will be made to retrieve missing data by contacting the corresponding authors’ for the
included studies. Where this is not possible, values will be imputed for primary outcomes in
order to enable an intention-to-treat analysis. The other outcomes will be analysed with only

available data.

Subgroup analysis will be carried out based on the study design, type of vaccines, study setting
and the age of the participants if possible. Sensitivity analysis will be carried out where
imputations were done for the primary outcomes and also to determine if the study designs,

study period or publication type have an impact on the results of the meta-analysis.



ETHICS

Systematic reviews use publicly available data, and therefore do not require formal ethical
review. Notwithstanding, this protocol shall be submitted to the University of Cape Town
Departmental Research Committee for approval. The findings of this review shall be available
online through the university library and shall also be submitted for publication in a peer-

reviewed journal.

DISCUSSION

Most vaccines in Africa are administered through the EPI hence leaving the 5-19 year olds
vulnerable to some VPDs such as cervical cancer and group A meningococcal meningitis.
According to WHO, in Africa, cervical cancer is responsible for 22% of all female cancers and
23 per100,000 female deaths [39]. On the other hand Meningococcus A is responsible for large

epidemics resulting in many deaths with nasal carriage highest among 5 — 14 year olds [40].

The importance of immunising this age group (5-19) is rapidly being appreciated by public
health systems. Our review will generate useful data on the strategy that can best deliver

vaccines to this population.
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INTRODUCTION

Vaccination has played a big role in the control, elimination and even eradication of some
infectious diseases such as measles, polio and smallpox respectively [1, 2]. Nonetheless, some
vaccine preventable diseases (VPDs) such as pneumococcal disease, cervical cancer and
rotavirus still contribute significantly to the overall infectious diseases burden in Africa [3-5].
Several reasons, among them suboptimal vaccination coverage, lack of access as well as
hesitancy to vaccination may explain the high burden of VPDs in Africa [6]. In order to mitigate
the burden of VVPDs, vaccination would have to be accessible to all age groups. The Expanded
Programme on Immunisation (EPI) is the main platform used globally to provide childhood
vaccination services. Extension of the immunisation services to school age children and

adolescents has been recommended by the World Health Organisation (WHO) [7].

School age children and adolescents are susceptible to VPDs due to reasons such as waning of
the immunity achieved after childhood vaccination and lack of immunity against some VPDs
targeting only this age group. To improve vaccination coverage in Africa, strategies such as
Supplemental Immunisation Activities (SIAs) and School Based Vaccinations (SBV) are used
in many settings to complement the EPI [8-10]. The SIAs and SBV strategies can target broader
age group populations not normally included in the EPI. In addition, these two EPI
complementary outreach strategies promote higher vaccination coverage which is a key
element in the fight against VPDs. This review therefore focuses on the use of SIAs and SBVs
as complementary strategies to the EPI in order to reduce the burden of VPDs in school age

children and adolescents.

SECTIONS OF THE REVIEW

The first section explores the burden of specific VPDs among school age children as well as

adolescents in Africa. The second section gives an overview of the challenges faced by the EPI



in providing vaccines to school age children and adolescents. The last section evaluates the
utilisation of SIAs and SBV as complementary strategies to reach school age children and

adolescents with vaccination services.

SEARCH STRATEGY

Key terms such as vaccines, mass campaigns, immunisation, immunization, school based
immunisation, adolescent and school age children were used to identify the relevant literature.
The following electronic databases and websites were searched for peer-reviewed journals or
reports: PubMed, Africa Wide, UpToDate, CINAHL, WHOLIS, CENTRAL the World Health

Organisation (WHO) website and Google Scholar.

No restriction was placed on the type of study design, study period or language. Articles or
reports that reported about vaccination in children or adolescents were included as well as

studies that focused on SIAs or SBVs.

IMPORTANCE OF VACCINATING SCHOOL AGE CHILDREN AND
ADOLESCENTS

Overview

Vaccine preventable diseases (VPDs) have one distinct characteristic: there exists a vaccine
capable of preventing the infection. The WHO list 25 VPDs whose vaccines already exist [11].
Future vaccines against infectious diseases such as Mycobacterium tuberculosis (M.tb), HIV,
ebola, zika, malaria among others are under development [11]. In comparison to adults, infants
are at the highest risk of contracting VPDs because they have a “naive” immune system against
the disease causing pathogens [12]. From birth until a few months later, babies are immune to
very few pathogens like the measles virus due to antibodies acquired from their mothers [12].

Immunity to other pathogens can only be acquired either through vaccination or natural



infection [12]. Therefore; the EPI in most countries mainly focuses on immunising during the
childhood phase of life to protect the young infants from infectious pathogens. The need to
vaccinate school age children and adolescents has recently become a very topical issue in

vaccinology [13].

There are several reasons that make vaccination of school age children and adolescents
important. First is catch up as some infants miss routine vaccinations delivered via EPI leaving
these children susceptible to VPDs [7, 14]. Second, for some VPDs such as tetanus, diphtheria
and pertussis, immunity acquired after infant immunisation wanes over time thus requiring
booster doses later in life to sustain the immunity [15]. Third, some VPDs such as rubella have
shown a shift in age distribution from infancy to adolescence in some settings [7, 16]. Finally,
new vaccines such as HPV are developed to target pre-adolescent and adolescent age groups

[10] and it is also likely that future vaccines against HIV will target adolescents.

The WHO recommends addition of vaccines targeting older children into national EPIs or the
extension of existing ones to the older age groups [17]. The vaccines recommended for school
age children and adolescents include HPV, diphtheria, tetanus, pertussis, measles, rubella,
hepatitis B and meningococcal disease [7, 17]. In agreement with the WHO recommendations,
a majority of High Income Countries (HICs) now routinely vaccinate older children and
adolescents [18, 19]. However, implementation of the WHO recommendations to vaccinate
older children and adolescents has been slow in most of the Low and Middle Income Countries

(LMICs) [13].

In Africa, weak surveillance systems are prevalent partly due to underfunding and competing
interests [20]. As a result, data on the regional burden of many VPDs among older children and
adolescents is limited in Africa. Lack of epidemiological data may be another barrier to the

inclusion of the vaccines recommended by the WHO for older children and adolescents into



national EPIs in Africa [21]. Below, we discuss some reported information on the burden of
VPDs for which the WHO has recommended vaccinations for, among school age children and

adolescents.
Disease burden

e Cervical cancer, preventable by HPV vaccine

The human papillomavirus (HPV) is a necessary cause for the development of cervical cancer
[22]. Depending on the serotype of the virus, infection can lead to low risk genital infection or
high risk invasive cancers [23]. Cervical cancer is the third most common cancer in women
worldwide and one of the leading causes of cancer related deaths among women in developing
countries [24]. In Africa, according to the 2015 WHO report, cervical cancer was responsible
for 22% of all female cancers, and 23 per 100,000 female deaths per year [24]. A study carried
out in Burkina Faso among adolescents showed that 41.5% of the study population tested
positive for at least one high risk HPV genotype [25]. Similarly, 64.7% South African women
were reported to be positive for at least one high risk HPV genotype [26]. The HPV infection
and consequently cervical cancer can be prevented by the vaccination of 9-14 year old girls

with the HPV vaccine [17].

e Diphtheria, Tetanus and Pertussis preventable by Tdap (Tetanus, Diphteria, Acellular
Pertussis) vaccine

Diphteria is a bacterial infection caused by the toxin producing Corynebacterium diphtheriae.

C. diphtheriae is transmitted through contact with respiratory droplets or skin lesions [27]. Due

to vaccination, diphtheria is becoming a rare disease globally. In 2015 there were 4530 reported

cases globally [28]. However, the disease is still sporadic in many parts of the world [29] and

remains a public health problem in countries with low vaccination coverage [28]. School age



children and adolescents can be protected from diphtheria by receiving a booster dose of the

Tdap vaccine [17].

Pertussis also known as whooping cough is caused by the bacteria Bordetella pertussis.
Infection occurs through direct contact with secretions from the nose or mouth of an infected
person [30]. Adolescent infection has been largely attributed to waning immunity obtained
after immunisation early in life [15, 31]. Studies suggest that adolescent and adult infection
serve as the source of infection to younger children [30, 32]. A study carried out among
adolescents in South Africa showed that 15% of the study group did not show any detectable
antibody titres against pertussis [33]. Furthermore, in the same study, among the adolescents
with detectable antibody levels, it was not known if these titres were protective [33]. School
age children 5-6 years can be protected from pertussis by receiving a booster dose of a whole
cell pertussis (wP) containing vaccine while older children can receive a booster dose of the

Tdap vaccine [17].

Tetanus is caused by spores from the bacteria Clostridium tetani. These spores are found in the
soil and cause infection when they enter a flesh wound. Tetanus still remains a threat to many
lives in Africa. Maternal and neonatal tetanus were targeted for global elimination by 2015 but
only 27 countries in Africa have achieved this goal as of 2017 [34, 35]. A study conducted by
Scobie et al., in three African countries showed that children aged 5-14 had a lower immunity
to tetanus than those <5 years, and men > 15 years had a lower immunity compared to women
[36]. Another study carried out in Ivory Coast evaluated the mortality and morbidity of tetanus
among children 0 — 15 years and showed that 59.5% of the cases admitted in hospital were > 5
years and 22% of them died [37]. Children aged 5-14 and men >15 are the most vulnerable

group in Africa due to the waning immunity. Anti-tetanus toxoid (ATT) or booster doses of the



Tdap vaccine should also be administered to school age children and adolescents to prevent

tetanus [17].

e Hepatitis B, preventable by Hepatitis B vaccine

Hepatitis B is a viral liver disease caused by the Hepatitis B virus (HBV). The HBV is
transmitted through contact with infected bodily fluids (blood, semen, saliva). The WHO
estimates that 5-10% of the general population in Africa live with the virus [38]. Most children
and adolescents infected with HBV are also co-infected with HIV. A study carried out in
Tanzania among children and adolescents showed that 9.6% of the study population was
HIV/HBV co-infected [39] while another study carried out in Zambia reported a similar
infection burden of 10.4% [40]. According to the WHO recommendations, school age children
and adolescents at high risk for Hepatitis B who were not immunised in infancy should receive

3 doses Hepatitis B vaccine in order to prevent disease [17].

e Measles and Rubella preventable by MMR (Measles, Mumps, Rubella) vaccine

Measles is caused by the measles virus. Infection occurs through inhalation of droplets from
respiratory or throat secretions from an infected person. The introduction of the measles
vaccine has led to a significant drop in the number of measles cases globally [41]. However,
measles still remains endemic in some parts of Africa and Asia [41]. Large epidemics can still
be seen in parts of Southern Africa and this is threatening the achievement of the WHO goal
of eliminating measles by 2020 [42]. As of February 2017, Africa registered 36260 cases
compared to 55263 in 2016 [43]. Due to under reporting, the true burden of the measles disease
is believed to be much greater in Africa and globally. Measles mostly affects children but cases
have also been reported among adolescents and adults. Adult infection occurs usually in the
case where the person missed their routine infant vaccination or received only one dose of the
measles vaccine [7]. A study carried out by Goodson et al., showed that the mean age of

6



measles cases in Africa was 79 months [44]. Measles infection in school aged children and
adolescents can be prevented by the administration of 2 doses of measles vaccine alone or in

combination [17].

Congenital rubella syndrome which results from a pregnant women infected with rubella
passing the virus to her foetus is the most devastating form of rubella [45]. A review conducted
by Goodson et al., on the epidemiology of rubella in Africa showed that the infection occurred
across all age groups with 68% of cases occurring in people > 4 years and 5% among women
of child-bearing age [46]. Rubella is detected through the surveillance system designed for
measles hence many cases may be misclassified as measles. Children 5-19 years are at risk of
acquiring the disease due to the shift in the age group infected by rubella. Nonetheless,
vulnerable populations to rubella can be protected by administration of at least one dose of the

MMR vaccine [17].

e Meningococcal meningitis, preventable by PSA-TT vaccine

Neisseria meningitidis is responsible for a majority of meningitis cases in Africa. Most cases
occur within the Sub-Saharan meningitis belt which is made up of 26 countries [47]. N.
meningitis group A is responsible for most of the disease in this region but other serotypes B,
C, W and X have recently caused epidemics too [48, 49]. Nasal carriage of the bacteria has
been shown to be highest among 5-14 year olds [50]. The introduction of a vaccine against
meningoccocus A (PsA-TT) in 2010 has led to a significant drop in the incidence of disease
caused by the serotype A [51]. Lingani et al., reported an incidence rate of 0.27 cases per
100,000 inhabitants in 10 countries in the belt before the introduction of the vaccine in 2010
compared to 0.02 cases per 100,000 inhabitants in 2011-2013 after the vaccine introduction

[52]. School aged children and adolescents who are at risk for meningitis A can prevent the



spread of the bacteria or getting the disease by being vaccinated with one dose of PSA-TT

vaccine [51].

THE CHALLENGES OF THE EPI IN DELIVERING VACCINES TO SCHOOL AGE

CHILDREN AND ADOLESCENTS

The EPI has been successful in Africa with vaccination coverage of the third dose of the
diphtheria, tetanus, pertussis vaccine (DTP3) increasing from 8% in 1980 to 76% in 2015 [53].
Periodically, new vaccines are being recommended by WHO for addition into national EPI
programmes. Some of these new vaccines now target school age children and adolescents [17].
However, introduction of the new vaccines by African national immunisation programmes
(NIPs) has been slow. The EPI in Africa is faced with several challenges ranging from
suboptimal policies to poor service delivery which prevents the programme from meeting the
target coverage among the primary target population (0-5 years). In our view, in order to extend
routine immunisation services to older age groups, the African EPI would have to overcome

the following challenges;

e Policies, programme management

Most African countries do not have adequate policies and guidelines for immunisation which
define the roles of each stakeholder and describe the standard operating procedures for
vaccination, monitoring, disease surveillance, data management or communication [54]. This
leads to confusion of leadership roles and poor ownership of the programme especially at the
periphery [55]. There is little or no evidence to inform on which sectors need reinforcement
or which new vaccines need to be introduced [6]. Strengthening of the programme management

is therefore critical to address the EPI challenges in Africa.



e Sustainable financing

National EPIs are subject to budget cuts due to competing national programmes. These budget
cuts are motivated by high vaccination coverage or absence of outbreaks. On the other hand
there is low sourcing for funds from donors [55]. The low funding leads to a drop in the quality
of services and the inability to meet the agreements signed with international partners such as

The Global Vaccine Alliance (GAVI),

The GAVI finances the introduction of new vaccines into NIPs for most African countries [56].
The initiative also finances demonstration projects such as for HPV vaccine introduction, mass
campaigns (measles-rubella, meningitis A) or provides introduction grants in GAVI eligible
countries. The GAVI beneficiary countries are supposed to self-finance routine delivery of the

vaccines within several years of the campaigns [56]. However, many countries still lag behind.

e Service delivery

The EPI uses health facilities as its main delivery centre in addition to the outreach strategy
which entails providing services to children several kilometres away from the nearest health
facilities. Unfortunately, some older children including adolescents, hardly use health services
for different reasons; perceived sub-optimal care provided by the health facilities, lack of
finances to pay for services, preoccupation with other activities during the day such as school,
self-perceived state of good health [57, 58]. A more structured platform is therefore needed to

make vaccines accessible to this older age group.

Understaffing is a challenging issue that is routinely reported by many of the EPI centres.
Coupled to the understaffing is the high staff turnover and reliance on in service training. The
end result is vaccinators and managers are not adequately skilled to carry out their functions
which require a degree of specialty [6]. The staff shortage has led to the use of community

health workers as vaccinators who are less skilled and knowledgeable and prone to cause more



immunisation errors [54]. Increasing the number of staff required to cater for the older children

places a considerable strain on an already stretched programme [59].

e Cold chain and logistics management

Extending services to older children means an increase in the quantity of vaccines that need
storage, transporting and tracking. This implies increasing the capacity of the cold chain and
logistics management at the national and district levels. Vaccine storage is already a concern
in most settings especially those that lack electricity [6]. Inadequate storage and transport can
destroy vaccines leading to huge financial ramifications as the new vaccines are more
expensive than the regular vaccines [54]. Poor stock management due to inadequate supply
and distribution of vaccines and consumables leads to vaccine stock outs in some areas and

overstocking in others.

e Communication, community involvement and advocacy

Low community awareness of vaccination services, inadequate follow-up of parents by health
staff, stock out of vaccines at vaccination centres and poor handling of rumours generated after
an adverse event following immunisation (AEFI) are reported as major obstacles preventing

the EPI from attaining its goal [54, 59].

COMPLEMENTARY IMMUNISATION STRATEGIES TO REACH SCHOOL AGE
CHILDREN AND ADOLESCENTS

Overview

The foundation of routine immunisation in most countries is the EPI. Through EPI, several
vaccines delivery strategies to the target populations are used. As the delivery of vaccination

services through the EPI are mainly done at a health facility, additional vaccination delivery
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methods are necessary to reach populations such as school age children and adolescents whose
contacts with health facilities are infrequent. The additional vaccine delivery strategies used
usually depend on the objectives of the vaccination programmes. These vaccination delivery

strategies include fixed, outreach, mobile or door-to-door [60].

e Fixed: This strategy involves the delivery of vaccines by health workers at an existing
health facility. Vaccination is usually rendered every day or on specific days throughout
the week.

e Outreach: Involves the delivery of vaccines by health workers or volunteers at a location
in the community other than the regular vaccination site on specific dates. The location and
vaccination dates are usually publicised well in advance.

e Mobile: Involves a team of health workers and volunteers who travel to hard to reach areas
such as islands and mountainous villages to administer vaccines to the target population.
This team usually spends several days vaccinating the community.

e Door-to-door: A team of volunteers and health workers move from house to house

vaccinating the target population.

To extend the benefits of immunisation to school age children and adolescents, routine

immunisation can broadly utilize SIAs and SBVSs.

Supplemental Immunisation Activities (SIAs) strategy

The SlAs, also known as mass vaccination campaigns involve fixed, outreach, door-to-door
and mobile strategies aimed at vaccinating a large number of people within a short period
regardless of their previous vaccination status [1]. The fixed strategy involves using existing
vaccination sites like health facilities while the other strategies entail vaccinating the target

population in their homes or at local gatherings such as markets, churches, schools.
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Due to its door-to-door component, SIAs have the capacity to reach a majority of the target

population resulting in a better vaccination coverage which provides the herd immunity needed

to prevent disease transmission. This property of SIAs makes it useful for several immunisation

objectives:

Eradication: SIAs were used for the eradication of smallpox in 1980 [1] and are
currently being used for the eradication of polio by 2018 [61]. Smallpox is the only
disease to achieve an eradication status after global vaccination efforts from 1966-1980.
Polio is the next disease targeted for eradication. Synchronised SI1As are being carried
out in endemic and susceptible countries to break transmission of wild and vaccine
derived poliovirus [62].

Control of outbreaks: SIAs are used during outbreaks to quickly interrupt disease
transmission. These outbreaks usually occur due to poor vaccination coverage achieved
during routine immunisation or infection in populations not covered by the EPI. This
has been the case with measles, yellow fever and cholera. SIAs used during such
outbreaks target infant to adult populations [63-65].

Introduction of new vaccines into the EPI: New vaccines are often being recommended
by WHO for addition into national EPIs. The high vaccination coverage achieved
during SIAs allows for the harmonisation of the immunity levels of the target
population before its delivery through EPI. This was the case with the introduction of
the meningococcal meningitis vaccine MenAfricVac in the Sub-Saharan African
meningitis belt in 2010. Mass vaccination campaigns targeting people aged 1-29 were
carried out in 15 countries [66, 67]. These countries were encouraged to include the

vaccine into the national EPIs within 1-5 years after the mass campaign.

Despite these benefits, SIAs have been thought to negatively impact routine immunisation and

health systems. Some reports argued that during SIAs, routine immunisation activities and
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regular activities in the health facilities are interrupted [66]. Moreover, frequent SIAs targeting
different diseases may make care-givers reluctant to take their children to clinics for routine
vaccines thinking it will be delivered at home [68, 69]. On the other hand, resources, both
human and financial that would have been spent on strengthening the EPI are thought to be

spent on planning for the SIA, vaccinators, transport for mobile teams and much more [70, 71].

School Based Vaccination (SBV) strategy

The SBV is an outreach strategy which involves vaccination of children enrolled in school and
within the school grounds during or after school hours. This strategy takes into account the
previous vaccination status of the child and should not be confused with vaccination of children
in schools during SIAs. The target group of the children is determined by their age or grade.
This strategy has been widely used for the delivery of HPV vaccine to young girls in Africa

[72].

Several benefits have been associated with this mode of service delivery for vaccines targeting
school age children especially HPV. First, one of the aims of routine immunisation is to
vaccinate all persons eligible and SBV has been shown to achieve a high coverage [73]. In
most settings, a majority of children aged 5 to 19 years are enrolled in schools though this may
vary depending on urban or rural areas. Hence vaccinating children in schools ensures a high
vaccination coverage [73]. Second, SBV facilitates the administration of vaccines requiring
several doses. Older children who hardly use health services may fail to return for subsequent
doses of a vaccine delivered at a health centre thus a school setting facilitates the follow up and
vaccination of students who missed a dose [74, 75]. Third, SBV enables adequate planning and
resource management. The exact number of children targeted is known beforehand by using
school registers hence, sufficient vaccines and related materials can be ordered and stored
adequately [74]. Fourth, SBV helps increase awareness of diseases in the community. Before
any vaccination session, caretakers are invited for an education meeting or the children are

13



given information packs and consent forms which they hand to their caretakers. In several
settings, female caretakers of targeted girls for vaccination have been offered HPV screening
[75, 76]. Lastly, other health services such as deworming can be delivered alongside SBV [77]

as well as increased benefits of bringing partnership between health and education departments.

The delivery of HPV through school based vaccination has faced several challenges. First is
the identification of the target vaccination group using the learners’ grade as a criteria. The
WHO recommends vaccination of children 9-14 years old. Using the grade criteria, grade 4 to
6 is usually targeted for vaccination because most of the learners fall within the specified age
group. However, this brings confusion because children who do not meet the age criteria are
found in grades 4 to 6 [74, 78]. Second, girls who do not attend school do not have the
opportunity to get the HPV vaccine [78]. This can be problematic in areas with low school
attendance rates. In some settings the vaccine is made available at the health centre for a limited
period for girls who do not attend school or missed school during the vaccination session [76].
Related to this second point, a substantial number of girls in private schools, for example in
South Africa, do not get free HPV vaccination from the government. Third is the sensitisation
of the learners and guardians. Consent from guardians is a requirement before children can be
vaccinated in schools or during SIAs. These guardians include both the teachers and the legal
guardians. Vaccination is hampered when head teachers refuse vaccination of children in their
schools and in the case where school vaccination has been permitted, legal guardians do not

consent [74, 76].

CONCLUSION

Vaccine preventable diseases remain a public health burden for Africa but the availability of

vaccines combined with the best vaccine delivery strategy can alleviate this burden. The EPI
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has been largely successful in delivering vaccines to children < 5 years although a lot can be
done to improve. However, due to the epidemiological changes of some VPDs and the
development of new vaccines, vaccines targeting older children are now recommended for
inclusion into the EPI. Strategies such as SIAs and SBV can be used by the EPI to reach school
age children and adolescents. In the presence of resource constraints as is in the case in Africa,
NIPs may be required to use SIAs or SBV. Systematised evidence is not available on which
strategy would be more effective. We therefore planned a systematic review to evaluate which

strategy (SIA or SBV) is more effective for the delivery of vaccines to 5-19 year olds in Africa.
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ABSTRACT

Background

Some vaccine preventable diseases still remain a public health burden in many African
countries. The occurrence of vaccine preventable diseases in all age groups has led to the
realization of the need to extend routine immunisation services to school age children and
adolescents. Supplemental immunisation activities (SIAs) and school based vaccination (SBV)
are two common strategies used to complement the EPI in vaccine delivery. Therefore, this
review aimed to assess the effectiveness of SIAs compared to SBV in the administration of
vaccines to 5-19 year olds in Africa.

Methods and findings

Systematic review methods (protocol number CRD42017057475) were used to address our
study aim. Electronic databases were searched up to March 30, 2017 for primary studies
investigating the delivery of vaccines via SIAs or SBV to 5-19 year olds. To be included in the
review, studies must have reported any of the following outcomes: vaccination coverage, cost
of the vaccination strategy or effect of the strategy on routine immunisation. During the search,
no restriction was placed on language or the study period. The search was complemented by
browsing reference lists of potential studies. Out of the 4938 studies identified, 31 studies met
our inclusion criteria. Both SIAs and SBV showed high vaccination coverage. This result
should be interpreted with caution due to the high heterogeneity observed across the included
studies. The SIAs reported a higher coverage of 91% (95% CI: 84%, 98%) than SBV which
had a coverage of 75% (95% CI: 67%, 83%). In most settings, SBV was reported to be more
expensive than SIAs. The SIAs were found to negatively affect routine immunisation services.
Conclusions

Both SIAs and SBV are routinely used to complement the EPI in the delivery of vaccines in
Africa. In settings where school enrolment is suboptimal as is the case in many African
countries, our results show SIAs may be more effective in reaching school age children and
adolescents than SBV. The SBV has only been tested in the delivery of two or three dose HPV
vaccine to adolescent girls, whereas SIAs have been tested in the delivery of different types of
vaccines. Our results re-iterate the importance of systematic evidence to best inform African
authorities on the optimal delivery strategies of vaccines targeting school age children and

adolescents into their immunisation programme.



AUTHOR SUMMARY

Why was this study done?

Vaccine preventable diseases (VPDs) are a public health burden in Africa due to low
vaccination coverage. All age groups are at risk of VPDs in the absence of optimal
vaccination coverage.

Extension of routine vaccination services to school age children and adolescents has been
recommended by global immunisation organisations in order to fight VPDs. However,
uptake of vaccines in older children and adolescents in Africa is slow, partly due to the
absence of a structured delivery platform.

To evaluate the use of supplemental immunisation activities (SIAs) and school based
vaccination (SBV) as potential vaccine delivery platforms to school aged children and

adolescents.

What did the researchers do and find?

A systematic review was conducted. Several (31) studies were identified that reported any
of the following outcomes: vaccination coverage, cost of vaccine delivery strategy or effect
of either strategy (SIA or SBV) on routine immunisation services.

The SIAs achieved a higher vaccination coverage than SBV.

The SBV is a more expensive strategy than SIAs.

The SIAs negatively affected routine immunisation.

What do these findings mean?

In settings where school enrolment is low, SIAs would be a better vaccine delivery option
than SBV.

Policies on vaccination need to be revised based on the existing local evidence to ensure
the most optimal vaccine delivery strategies are used, particularly to school age children

and adolescents.



INTRODUCTION

The Expanded Programme on Immunisation (EPI) was founded in 1974 to provide
immunisation services to children both nationally and globally [1]. The EPI has proven to be a
cost effective public health strategy with reports suggesting that due to the programme, millions
of infants’ lives have been saved against vaccine preventable diseases (VPDs) [1]. Despite the
widespread implementation of EPI, some VVPDs still remain a public health burden in a majority
of the African countries[2]. Low vaccination coverage rates in children and the inability to
reach populations not targeted by the EPI are likely contributors to the high prevalence of VPDs

in Africa [3, 4].

Routinely, school aged children and adolescents are not the primary target of EPI and as a
result, an immunisation gap among this population is observed in many settings [5]. In this
light, the WHO recommends several vaccines for school aged children and adolescents to be
included in national immunisation programmes (NIP). The WHO recommended vaccines to
older children include HPV, diphtheria, tetanus, pertussis, measles, rubella, hepatitis B and
meningococcal vaccine [5, 6]. Most High Income Countries (HICs) have implemented these

WHO recommendations but most Low and Middle Income Countries (LMICs) have not [7-9].

Several reasons justify the inclusion of school aged children and adolescents into NIPs. First,
infants who miss routine vaccinations remain susceptible to VPDs as they grow older [5, 10].
Second, immunity acquired through infant immunisation for some VPDs like tetanus,
diphtheria and pertussis wanes over time thus requiring booster doses later in life [11]. Third,
epidemiological changes have led to a shift in the age group infected by certain VPDs like
rubella from infancy to adolescence, thus requiring a shift in the age group targeted for

immunisation [12]. Lastly, new vaccines under development such as against HIV and



tuberculosis (TB) are likely to target older children and adolescents. In the absence of
structured vaccine delivery programs for school age children and adolescents, many settings
use school based vaccination (SBV) and supplementary immunisation activities (SIAs) to reach

these groups.

Supplementary immunisation activities, also known as mass vaccination campaigns refer to an
immunisation strategy where a large number of people are vaccinated within a defined
geographical area and period regardless of their previous vaccination status [13]. The success
of SIAs in outbreak control as well as in the eradication of smallpox is well documented [13-
16]. However, there are reports suggesting negative effects of SIAs on the routine health

services, including EPI [17, 18].

School based vaccination is the vaccination of school children on school premises within
school hours. This delivery platform is fairly new to the EPI compared to SIAs [19],
particularly in Africa. Currently in Africa, the main vaccine administered through SBV strategy
is the HPV vaccine. Among the advantages of SBV are high vaccination coverage and the
possibility to extend other health services to school age children [20-22]. However, in Africa,

there are millions of children not attending school [23] and are missed by SBV strategy.

Therefore our study aimed to compare the effectiveness of using SIA or SBV to deliver

vaccines to 5-19 year olds in Africa.

METHODS

A protocol for this review was developed and adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocol 2015 (PRISMA-P) (S1 Checklist). The

protocol was registered with PROSPERO (CRD42017057475) [24].



Search strategy

A search was carried out to identify all relevant studies. Both published and unpublished
literature was searched up to March 30, 2017. No restriction was placed on the publication
language or period. The following electronic databases were searched using both medical
subject headings (MeSH) and free text terms relating to vaccination, children, adolescents and
Africa (S1 Table); PubMed, Africa Wide, Cochrane Central Register of Controlled trials
(CENTRAL), Cumulative Index to Nursing and Allied Health Literature (CINAHL), World
Health Organization Library Information System (WHOLIS), Web of Science, PDQ (Pretty
Darn Quick)-Evidence and Scopus. The following grey literature databases were searched for
reports, non-reviewed and non-published papers; WHO, Gavi, The Vaccine Alliance (GAVI)
and UNICEF. The reference lists of the included publications were evaluated to identify other

potential studies.

Study selection

The following criteria was used to select primary studies for inclusion: (1) the study was either
a randomised controlled trial (RCTs), non-RCT, cluster-RCT, interrupted time series,
controlled before-and-after, cohort, cross-sectional or case-control studies; (2) participants
were school aged children to adolescents (5-19 years) living in Africa; (3) supplementary
immunisation activities (SIAs) or school based vaccination (SBV) were the vaccination
strategies under investigation; (4) vaccination coverage, cost of vaccine delivery or effect of
either strategy (SIA or SBV) on routine health services including EPI were reported as any of
the outcomes. Retrieved articles were independently screened by two reviewers (HEC and LA).
Where eligibility was unclear, a review was carried out by a third independent reviewer (BK).

The same process was carried out for review of the full text of eligible studies.



Data extraction

HEC and LA independently reviewed each included study and extracted data using a piloted
data extraction form (S1 Form). Where discrepancies arose HEC, LA and BK reached a
consensus by discussion. Corresponding authors were contacted for missing data and some of

them provided the missing information.

Quiality assessment of included studies

Experimental studies were assessed using the Cochrane Collaboration’s tool for assessing risk
of bias [25], while the Hoy et al., modified tool was used for cross-sectional studies [26].
Studies using the Cochrane checklist were scored as ‘High risk’ or ‘Low risk’. Those using the
Hoy et al., checklist were scored as High risk’ or “Moderate risk’ or ‘Low risk’ of bias. Studies
with high risk of bias were rated as poor quality studies while those with moderate and low risk
of bias were rated as moderate and high quality studies respectively. Where discrepancies
arose, a consensus was arrived at through discussion by HEC and LA. The nine studies
reporting data on the costs had variable study designs, some of them with no known tool for
quality assessments. As our only interest from these studies was the cost of the strategy

irrespective of the study design, there were no quality assessments done for the nine studies.

Data synthesis and analysis

Data was analysed using Stata v. 14.0. Results from the studies reporting vaccination coverage
were expressed as percentages. Reported costs of the delivery strategies were standardised to
United States Dollars (USD) if reported in a different currency. The costs of the strategies (SBV

or SIA) and their effects on routine vaccination were presented in a narrative form.

A meta-analysis for vaccination coverage using a random effects model with inverse variance
proportion was carried out. Pooled statistics for vaccination coverage were expressed as

proportions with 95% confidence interval (95% CI) as opposed to risk ratios proposed in the



protocol because of the study designs of the included studies. Coverage was expressed as a
prevalence in all studies reporting this outcome and not as a risk hence our decision to report
proportions. Subgroup analyses were carried to evaluate vaccination coverage per strategy
stratified by vaccines or study setting. Missing values were imputed in order to enable an
intention-to-treat analysis. A sensitivity analysis was then carried out where imputations were

done to see if the result differed from that without imputations.

Visual inspection of forest plots, the Chi-squared test for homogeneity with a significance level
set at 10% and the |2 statistic were used to assess and quantify any heterogeneity between study
results. Heterogeneity was rated as ‘low’ for <49% and ‘moderate’ for 50-74% and ‘high’ for

> 75% using the 12 statistic.

RESULTS

Literature search

Three thousand seven hundred and nineteen (3719) studies were identified through searching
electronic peer reviewed databases. A further 1461 were identified from grey literature. An
additional five studies were identified from the reference lists of potential articles only. After
duplicates were removed 4938 studies were left. The titles and abstracts of the 4938 studies
were screened and 4872 were excluded. The full text of the remaining 65 were retrieved and

assessed for eligibility. Out of the 65, 31 met our inclusion criteria (Fig 1).
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Fig. 1. PRISMA flowchart for selection of included studies



Characteristics of included studies

A total of 31 studies were included in our review. There were 20 cross-sectional studies [22,
27-45], eight economic evaluation studies [46-53], one cluster-randomised trial [54], one
epidemiological report [55] and one interrupted time series [56]. The included studies were
published between 1993 and 2016 with only three studies published before 2000 [44, 45, 55].
A total of 17 African countries (Fig.2) and five different vaccines were represented from all
the included studies are shown. Zanzibar, one of the 17 countries is too small to be shown on
the map. Except four of the included studies that were written in French [43, 45, 49, 52], the
rest were in English. One of the study team members (HEC) is French literate and translated
the four articles. In terms of vaccine delivery strategy, 20 and 11 studies assessed SIAs [28-31,

33, 35-37, 42-45, 48-53, 55, 56] and SBV [22, 27, 32, 34, 38-41, 46, 47, 54] respectively.

I Mali A|

Senegag
N ina ?aso
l_
.\be a lvory Coast

Key

B ssvony

|| SlAonly

- Both strategies

Fig 2. Countries and vaccine delivery strategies represented by the 31 included studies
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Risk of bias and quality assessment

Using the Hoy modified tool, a 10 item scale was used to assess the internal and external
validity of the 20 cross-sectional studies. Ninety-five percent (19) of the studies were of high
quality (low risk of bias) meaning further research is very unlikely to change our confidence in
the estimate of the study outcomes. Five percent (1) of the studies were of moderate quality
(moderate risk of bias) meaning further research is likely to have an important impact on our
confidence in the estimate of the outcomes (Fig 3b). For the internal validity, all the studies
defined which participants were considered to have been vaccinated (by self-report or
vaccination card) and used the same data collection tool for all the participants. However, five
studies did not mention if the tool used was standardised [28, 33, 41, 44, 45]. Ten studies
collected information from proxies (parents or guardians of vaccinated children) [28-31, 33,
35, 42-45]. All the studies calculated vaccination coverage as the ‘number vaccinated divided
by the number of the targeted population’. For the external validity, all the studies had
representative samples in terms of age and sex. Random sampling was used in all except four
studies [32, 34, 36, 38]. Similarly, a majority of the studies had a low non-response rate except

three studies [32, 39, 45].

The Cochrane checklist was used to assess the clustered-randomised trial [54] and interrupted

time series [56] study (Fig 3a).
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Fig 3a. Risk of bias for experimental studies



Overall risk of bias

Was the likelihood of non-response bias minimal?

Was some form of random selection used to select the sample?

Was the sampling frame a true or close representation of the target
population?

Was the study's target population a close representation of the national
population in relations to relevant variables

Were the numerator(s) and denominator(s) for the parameter of interest
appropriate?

Was the length of the shortest prevalence period for the parameter of
interest appropriate?

Was the same mode of data collection used for all participants?

Was the study instrument valid and reliable?

Was an acceptable case definition used in the study?

Were data collected directly from the participants?
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Fig 3b. Risk of bias for cross-sectional studies



Vaccination coverage

SIAs: Twelve studies reported vaccination coverage for SIAs. Ten studies were surveys while

two [55, 56] were census. Three studies reported coverage data on meningitis PSA-TT vaccine

[28, 29, 43], five on measles vaccine [30, 31, 33, 55, 56], two on yellow fever vaccine [35, 42],

one on cholera vaccine [37] and one on meningitis A/C vaccine [45]. Vaccination coverage for

SIAs ranged from 48.5% to 98% (Table 1).

Table 1. Characteristics of the included studies reporting vaccination coverage for SIAs

First author and g’aurlg;et'ciz(:] | Ade arou
year of Setting Vaccine E/p . d fg group Coverage
ublication accinate of interest
P population
Ouatara et al., Meningitis 0
2013 Urban/rural (PSA-TT) 817|782 6-15 95.6%
Meningitis i 0
Meyer et al., 2015  Urban/rural (PSA-TT) 10001 | 9741 6-15 97.4%
Meningitis 0
Tall et al., 2015 Urban (PSA-TT) 232210 5-19 90.5%
Luquero et al., 0
2011 Urban Measles - 5-15 95%
Spiegel et al., Meningitis i 0
1993 Urban (bivalent A C) 850 | 833 5-19 98%
Gil Cuesta et al., 0
2015 Urban Measles - 5-15 87.4%
Ohuma et al., 2009 Rural Measles 378|334 5-15 88.3%
Huhnetal.,, 2005  Displaced Ye"(‘i";’g)e"er 25230 | 12238 5-14 48.5%
Cavailler et al., Cholera i i .
2006 Urban (rBS-WC) 5-14 62.1%
Bagonza et al., Rural  Yellow Fever 201197 5-15 98%
CDC, 1999 Urban/rural Measles 4045498 | 3495415 5-14 86%
Verguetetal, \onfrural Measles 10383500 | 7579955  5-14 73%

2013
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A meta-analysis of a pooled estimate of coverage was conducted (Fig 4). A pooled estimate
of 86% (95% CI: 80%, 93%) was observed. Three studies were excluded from the pooled
meta-analysis due to missing sample sizes [30, 31, 37]. However, after imputation of the

sample sizes no major difference was seen in the pooled coverage (Fig 5).

%
Study ES(95%Cl)  Weight
Spiegel 1993 | 098(0.97,099) 11.19
CDC 1999 ¢ 0.86(0.86,086) 1122
Ohuma 2009 i 0.88(0.85,0.1) 10.90
Verguet 2013 L 073(073,073) 1122
Ouatara 2013 | ® 0.96(0.94,097) 11.16
Bagonza 2013 | - 0.98(0.95,099) 11.10
Tall 2015 Le  0.91(0.86,0.94) 10.79
Meyer 2015 | % 097(0.97,098) 11.21
Huhn 2005 . | 049(048,0.49) 1121
Overall (2 = 100.00%, p = 0.00) <> 086(0.80,0.93) 10000

| | : | |

0 : 1 15

Fig. 4. Forest plot showing vaccination coverage for SIAs
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%

Study ES (95% Cl) Weight
Spiegel 1993 | 098(0.97,099) 840
CDC 1999 . 0.86 (0.86, 0.86) 8.42
Ohuma 2009 Le  088(0.85091) 819
Verguet 2013 0.73(0.73,0.73) 842
Ouatara 2013 1% 096(094,097) 838
Bagonza 2013 i = 098(0.95099) 834
Tall 2015 i~ 091(0:86,094) 810
Meyer 2015 ' ® 097(097,098) 842
Huhn 2005 ! 0.49 (0.48,0.49) 8.41
Luquero 2011 + 0095(0.93,096) 838
Gil Cuesta 2015 - 0.87 (0.85,0.89) 8.32
Cavailler 2016 ; 0.62 (0.59,0.65) 822
Overall (1"2 = 100.00%, p = 0.00) <>>  085(0.80,091) 100.00
| : 1
0 1 15

Fig 5. Forest plot showing vaccination coverage for SIAs with imputed data

SBV: Eight studies reported vaccination coverage for school based vaccination (Table 2). All
the studies reported coverage of the HPV vaccine among girls aged 9-19 years. Four studies
reported a combination of a grade and age based approach for identifying the target girls for
the vaccination [27, 32, 34, 54] while three reported a grade based only approach [22, 39, 40].
Vaccination coverage of completed doses among the targeted population ranged from 42.4 —
97.4%. A meta-analysis of the studies gave a pooled coverage of 75% (95% CI: 67, 83) (Fig

6).
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Table 2. Characteristics of included studies reporting vaccination coverage for SBV

. Targeted
First author . . Selection population | Age
and year of Setting Vaccine N . Coverage
! . criteria Vaccinated range
publication .
population
Raes'zmo"i‘;t 8l Urban HPV  Grade/Age 2488|1967  9-14+  79%
BInagwao et \panrural  HPV  Grade  94141[88927 12 94.4%
al., 2012
Mood®Vetal:  Rural WPV GradelAge 963 | 938 9-14  97.4%
S”V”;%”lset al., Rural HPV  Grade/Age 965 | 495 914  51.2%
somasial,  Urbanfural  HPV  Grade 3465(1859 912  53.7%
Wasom 0SSl Urbanfrural - HPV  GradelAge  5532[4211 1213 76.1%
2008: .
La Montagne et 3459 | 3131 90-5%
Rural HPV Grade . -
al., 2011 2009: -
2835 | 2512 o7
Katagwaetal., o HPV Age 415176 919 42.4%

2014
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%
Study ES(95%Cl)  Weight
La Montagne 2011 (2008) * 0.91(0.89,091) 11.18
La Montagne 2011 (2009) - 0.89 (0.87,0.90) 11.17

Binagwaho 2012 . 0.94 (0.94,0.95) 11.20

Moodley 2013 # 0097(0.96,098) 11.18
Katagwa 2014 —_—— 0.42 (0.38,0.47) 10.78
Synman 2015 —— 0.51 (0.48,0.54) 11.01

Reasima 2015 - 0.79(0.77,0.81) 1115

Botha 2015 - 0.54 (0.52,0.55) 11.15

Overall {I"2=99.84%, p=0.00) <> 0.75(0.67,0.83) 100.00

Watson-Jones 2012 - 0.76 (0.75,0.77) 11.18

4 ) B T 8 9 1
Proportion

Fig. 6. Forest plot showing vaccination coverage for SBV

Comparison of vaccination coverage: To compare the two vaccine delivery strategies, pooled
estimates for SIAs (mass campaigns) and SBV were evaluated. The SIAs and SBV had a
pooled coverage of 91% and 75%; respectively. (Fig 7). For this comparison and subsequent
analyses, Huhn et al.’s, study [35] was not included in the meta-analysis as the targeted

population (displaced) in the study is not the routine group for SIAs.
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Fig. 7. Comparison of vaccination coverage per strategy

Study
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Subgroup analyses for vaccination coverage

Subgroup analyses were carried out to evaluate if vaccination coverage varied by setting in the

case of both strategies or by vaccine for SIAs.

Setting: For SIAs, vaccination coverage did not vary much per setting (Fig 8). Coverage was

highest in urban areas (97%, 95% CI: 96, 98) and lowest in a mixed setting (88%, 95% CI. 79,

98).
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Similarly for SBV, there was little variation of coverage across setting. Coverage in urban areas
represented by one study was 79% (95% ClI: 77, 81), rural areas 74% (95% CI: 63, 85) and

mixed settings 75% (53, 97).

%

Study ES(95%Cl)  Weight
URBAN :
Spiegel 1993 | 0.98(0.97,0.99) 12.60
Ohuma 2009 - 0.88 (0.85,0.91) 12.27
Subtotal ("2 = %,p=) . ¢ 097(0.96,098) 24.88
URBAN/RURAL |
CDC 1999 « . 086(0.86,0.86) 1264
Verguet 2013 . ' 0.73(0.73,0.73) 12.64
Quatara 2013 .+ 096(094,097) 1257
Meyer 2015 ' * 0.97(0.97,098) 1263
Subtotal ("2 =100.00%, p =0.00) <::::> 0.88 (0.79,0.98) 50.47
RURAL !
Bagonza 2013 . =+ 0.98(0.95,099) 12.50
Tall 2015 —- 0.91(0.86,0.94) 12.15
Subtotal ("2 = %,p=) ' 0.96(0.95,0.98) 24.65
Heterogeneity between groups: p = 0.129
Overall ("2 = 100.00%, p = 0.00); <> 0.91(0.84,0.98) 100.00
I T — T
0 5 1 15

Fig 8. Subgroup analysis of SIA coverage per setting

Vaccine: There was some variation in coverage with regards to the vaccine (Fig 9). Measles
campaigns reported the lowest coverage 83% (95% CI: 72, 93). Meningitis campaigns had a
coverage of 96%, (95% CI: 94, 98) while the only study on yellow fever reported a coverage

of 98% (95% ClI: 95, 99).

20



%
Study ES (95% Cl) Weight

MENINGITIS :
Spiegel 1993 | % 0.98(0.97,0.99) 12.60
Ouatara 2013 '+ 0.96(0.94,097) 1257

Tall 2015 —~  0.91(0.86,0.94) 12.15
Meyer 2015 « 0.97 (0.97,0.98) 1263
Subtotal ("2 = 84.90%, p = 0.00) ¢ 0.96(0.95,0.98) 49.95

MEASLES
CDC 1999 . 0.86 (0.86, 0.86) 12.64
Ohuma 2009 —~  0.88(0.85,091) 1227
Verguet 2013 . ' 0.73(0.73,0.73) 1264
Subtotal (1"2= %, p=) <>  0.83(0.72,0.93) 37.54
YELLOW FEVER

Bagonza 2013 ~ 0.98 (0.95,0.99) 12.50

Heterogeneity between groups: p = 0.015
Overall ("2 =100.00%, p = 0.00); <> 0.91(0.84,0.98) 100.00

Fig 9. Subgroup analysis of SIA coverage per vaccine

Cost of vaccine delivery strategy

SIAs: Seven studies reported the cost of organising SIAs (Table 3). These results represent the
costs spent on the total target population for the campaign. It was not feasible to separate the
amount spent for 5-19 year olds only. The campaigns targeted people aged 6 months and older
with the number of vaccinated people across all studies ranging from 23921 to 12,649,448. The
vaccines administered were against measles, cholera, meningitis A/C and yellow fever and all
were administered as a single dose. Two studies reported on campaigns where two vaccines

were administered simultaneously [48, 52].
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A majority of the total cost across the studies was used to procure vaccines and consumables.
The highest proportion (86%) was reported by da Silva et al., for the combined yellow fever
and meningitis A/C campaign in Senegal [52]. Salaries of health staff and international
supervisors were another source of high expenditure. Other reported minor expenses included
training of personnel, social mobilisation, transport, maintenance of equipment, cold chain and
management of AEFI.

SBV: Two studies reported the cost of HPV vaccination in Tanzania and Uganda [46, 47]
(Table 3). In Tanzania, 4211 girls were vaccinated with three doses of HPV vaccine either
based on age or class. Schools were chosen from both urban and rural settings. The total
economic cost for the project was 349,400 USD. The vaccine cost 5 USD/dose. The total cost
per fully immunised girl in urban areas were 66 USD and 100 USD for class-based and age-
based approach respectively; and in rural areas, 78 USD and 107 USD for class-based and age-
based approach respectively. Administration and supervision (salaries) of the project and
procurement of vaccines accounted for the major expenses. The reported minor expenses in the
study included training, cold chain, waste management and social mobilisation. In Uganda,
3038 girls in a rural setting were vaccinated with three doses of HPV vaccine using a class
based approach. The total economic cost (cost of all resources used regardless of who paid)
was 30,646 USD. The vaccine cost 0.2 USD/dose. The total economic cost per fully immunised
girl was 9.5 USD. Salaries of staff accounted for the greatest part of the cost followed by micro-
planning, staff training, community mobilisation (start-up costs). Other expenses included

supplies, cold chain, vehicles and transportation.
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Table 3. Characteristics of included studies reporting the cost of the vaccination strategy

. Cost per
First author . Targeted . Vaccinated Cost of strategy fully Major sources of
and year of Setting age group Vaccine . . . .
. population usD immunised  expenditure (%)
publication (Years)
person
School based vaccination
Quentin et al., Salaries (42)
Urban/Rural 12-13 HPV 4,211 349,367 66-107
2012 Procurement (34)
Levin et al., Salaries (40)
Rural Grade 5 HPV 3,038 306,463 9.5
2013 Start-up costs (27)
Supplemental immunisation activities
Verguet et al., Measles/ Personnel (58.3)
Urban/Rural 5-14 ) 12,649,448 36,859,000 2.9 )
2013 Polio Vaccines (30.6)
Zengbé-Acray Vaccines and
Urban > 6 months  Yellow fever 2,610,994 2,382,582 0.9
et al., 2009 consumables (80.6)
Transport of
Legros et al., ) )
e Displaced >1 Cholera 27,607 14,655 0.53 vaccines (61.8)
Consumables (21.8)
Vaccines and
Wallace et al., 6 months-
2014 Rural 15 Measles 457,035 380,052 72.29 consumables (67)

Salaries (23)
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da Silva et al.,
2003

Uzicanin et al.,
2004

Schaetti et al.,
2012

Yellow fever/

Urban/rural 1'25 Menlngltls
A/C
9 months -
Urban/rural Measles
14
Urban/rural >2 Cholera

85,925

23,921

62,055.44

Western Cape:
927,287
Mpumalanga:
781,858

760,000

72.2

0.96

0.87

30

Vaccines and

consumables (86)

Vaccine
administration
(73%)

Vaccines (67.1)

Salaries of
international staff
(14.4)
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Effect on routine immunisation

SIA: Two studies reported the effect of SIAs on routine immunisation and health services.
Mounier-Jack et al., reported on a 10 day meningitis A campaign in Mali, in 2010 [36] while
Verguet et al., reported on a 3 weeks measles campaign in South Africa in the same year [56].
Both S1As reported a negative effect on routine immunisation (Table 4).

Low attendance: Both studies reported a decrease in the number of children attending the child
clinics during the vaccination period. Mounier-Jack et al., reported a 71-74% decrease in the
number of children vaccinated during the campaign [36] while Verguet et al.. reported an 8%
decrease in the number of children who were weighed [56].

Redeployment of health staff: During the SIAs, staff in charge of routine immunisations were
either deployed as supervisors for the campaign. This led to the closure of routine immunisation
services in some districts during the campaign period.

Cold chain management: In Mali, routine vaccines were relocated and stored at the regional
and district level so fridges could be made available to store the campaign vaccine [36].

SBV: One study in Rwanda reported on the effect of HPV vaccination on routine immunisation
[38] (Table 4). According to Torres-Rueda et al., the vaccination activity which lasted 2 days
had no effect on routine immunisation services [38]. There was no change in the demand for

routine immunisation and health services.
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Table 4. Characteristics of included studies reporting effect on routine immunisation

First author
and year of  Country Setting Vaccine
publication

Duration

of strategy Effect

Supplemental immunisation activities

Negative effect. Fewer
children vaccinated through

Mounier-Jack . Meningitis o o :
etal. 2014 Mali  Urban/rural (PSA-TT) 10days  routine immunisation during
vaccination campaign than
expected.
Negative effect.
Verguet et al., South The use of child health
2013 Africa LI e e oIS services decreased during

the vaccination campaign

School based vaccination

No or minimal effect.
Routine immunisation

Torres-Rueda continued during the

etal., 2016 FEres i el Rlaie vaccination campaign with
the same demand for
services.
DISCUSSION

Both S1As and SBVs are supplementary EPI programs in many settings, including Africa. Our
results show both strategies attain high coverage with SIAs showing greater coverage than
SBVs. However, we showed SIAs negatively affect the provision of routine health services,
particularly the EPI. In settings like Africa where many resource challenges prevail, the use of

both SIAs and SBVs to reach school age and adolescents is questionable.

The high coverage achieved by SIAs reported in this review corroborates with the past
successes of smallpox eradication, achieved by complementing EPI with SIAs [57].
Interestingly, coverage of the SIAs was high irrespective of the vaccine and setting, and this

attests to the robustness of the strategy. Despite being a new strategy in Africa and being used
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for the introduction of HPV vaccines, SBV was able to achieve a high coverage. Our findings
are similar to those obtained in HICs where the SBV strategy is more established and used for

routine immunisation to this age group [58].

In terms of vaccine coverage, our review supports what is already known: both SIAs and SBV
are good options to complement the EPI. However, other factors such as the costs of the
strategy, school attendance and existing immunisation policies have to be taken into
consideration when deciding which of the two strategies to use in any given setting. Local
evidence should be used to evaluate which vaccine delivery strategy is more optimal to reach

school age children and adolescents in Africa.

SBV is likely to be more cost-effective than SIAs in countries with high school enrolment. In
this review, countries reporting SBV coverage had national primary school attendance rates
ranging from 84.2-98.5% during the period the SBV projects were carried out [59]. Similarly,
SBV is likely to be optimal in countries with strong inter-ministerial collaboration.
Collaboration between health and education sectors is crucial to ensure smooth implementation
of SBV strategies [60]. Conversely, SBV strategy is unlikely to be optimal in countries without
sufficient financial commitment. School based vaccination has been reported to be an
expensive strategy which may be feasible on a small scale but not sustainable at a national level

[61]. Our findings support reports that SBV is an expensive strategy.

Supplemental immunisation activities, could be the preferred strategy in countries where
campaigns are regularly used to complement infant immunisation. The experience in
organising SIAs and community awareness of this strategy can be used to extend the
vaccination services to school age children and adolescents. Additionally, the SIAs are able to
reach non-school going children. Majority of African countries have millions of non-school

going children who will miss vaccines delivered by SBV programs. The negative impact of
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SIAs on routine immunisation and health services due to the overlapping of resources (financial
and human) and duration of the campaigns is a key concern that should be minimized wherever

SIAs are used.

Strengths and limitations

We comprehensively and systematically searched as well as used data from peer-reviewed and
non-reviewed sources. This study adhered to the PRISMA guidelines of conducting systematic
reviews. Nonetheless, our review had several limitations. Firstly, we missed a lot of
information on vaccination coverage because age specific coverage was not reported in some
of the retrieved studies. Secondly, we observed a high heterogeneity during the meta-analysis.
The heterogeneity was likely due to differences across studies of factors such as the age groups
included, study designs, settings and period. This high heterogeneity calls for caution when
interpreting the coverage achieved by both strategies. Thirdly, the only vaccine administered
via SBV was the HPV vaccine which is a new and more expensive vaccine administered in
several doses. These characteristics probably render HPV less acceptable than older vaccines
used during SIAs thus accounting for some of the differences observed in terms of SBV
coverage. Fourthly, the absence of a harmonised method of analysing the costs of SIAs and
SBVs may have accounted for some of the differences in cost observed across countries. Lastly,
few studies were found reporting the effect of SIAs or SBV on routine immunisation and health

services so our findings may not reflect the true effect.

Implication for policy and research

Local evidence is crucial in the review and development of immunisation policies. Both SIAs
and SBVs are routinely used in Africa to vaccinate older children. In settings where school
enrolment is low as is the case in many African countries, our results show SIAs may be more
effective in reaching school age children and adolescents than SBV. In Africa, the SBV has
mainly been tested in the delivery of two or three dose HPV vaccine to adolescent girls while
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SIAs have been used for diverse vaccines and on a larger scale. Further research is therefore
needed to assess the sustainability of SBV for nationwide delivery of vaccines to school age
children and adolescent in resource constraint settings that are prevalent in Africa. As
discussed, one vaccine delivery strategy will not be optimal in all African countries. Our results
re-iterate the importance of systematic evidence to best inform African authorities on the
optimal delivery strategies of vaccines targeting school age children and adolescents into the

immunisation programme.
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figures central to the study should be included in the main paper. The Results section should
be written in past tense.

PLOS journals require authors to make all data underlying the findings described in their
manuscript fully available without restriction, with rare exception.

Large data sets, including raw data, may be deposited in an appropriate public repository. See
our list of recommended repositories.

For smaller data sets and certain data types, authors may provide their data within Supporting
Information files accompanying the manuscript. Authors should take care to maximize the
accessibility and reusability of the data by selecting a file format from which data can be
efficiently extracted (for example, spreadsheets or flat files should be provided rather than
PDFs when providing tabulated data).
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For more information on how best to provide data, read our_policy on data availability. PLOS
does not accept references to “data not shown.”

As outlined in the Uniform Requirements:

Give numeric results not only as derivatives (for example, percentages) but also as the
absolute numbers from which the derivatives were calculated, and specify the statistical
significance attached to them, if any. Restrict tables and figures to those needed to explain
the argument of the paper and to assess supporting data. Use graphs as an alternative to
tables with many entries; do not duplicate data in graphs and tables. Avoid nontechnical uses
of technical terms in statistics, such as “random” (which implies a randomizing device),
“normal,” “significant,” “correlations,” and “sample.”

Discussion
The Discussion should be concise and tightly argued. It should start with a brief summary of
the main findings. It should include paragraphs on the generalizability, clinical relevance,
strengths, and limitations of your study.
You may wish to discuss the following points also:

o How do the conclusions affect the existing knowledge in the field?

« How can future research build on these observations and what are the key
experiments that must be done?
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citation (citation-sequence) method and first six authors, et al.
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PLOS uses the reference style outlined by the International Committee of Medical Journal
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Philadelphia: University of Pennsylvania Press; 1992.

Book chapters  Hansen B. New York City epidemics and history for the public. In:
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List supporting information captions at the end of the manuscript file. Do not submit captions
in a separate file.

The file number and name are required in a caption, and we highly recommend including a
one-line title as well. You may also include a legend in your caption, but it is not required.

Example caption

S1 Text. Title is strongly recommended. Legend is optional.

In-text citations

We recommend that you cite supporting information in the manuscript text, but this is not a
requirement. If you cite supporting information in the text, citations do not need to be in

numerical order.

Read the supporting information guidelines for more details about submitting supporting
information and multimedia files.

Figures and Tables
Figure files

If you are submitting a new manuscript, embed each figure in the manuscript in read
order, immediately following the paragraph where the figure is first mentioned and above the
related figure caption.

Upon revision, each figure must be prepared and submitted to the submission system as an
individual file. Additionally, embed the same figures in the manuscript in read order, and
ensure that they match the figure files that you uploaded.

Upon acceptance, figure files should be uploaded to the submission system, with no
embedded figures in the manuscript.

Figure citations

Cite figures in ascending numeric order upon first appearance in the manuscript file.

Systematic reviews and meta-analyses

Reports of systematic reviews and meta-analyses must adhere to the PRISMA Statement or
alternative guidelines appropriate to the study design, and include the completed checklist
and flow diagram to accompany the main text. Authors must complete the appropriate
reporting checklist not only with page references, but also with sufficient text excerpted from
the manuscript to explain how they accomplished all applicable items.

Abstracts should follow PRISMA for Abstracts, using the PLOS abstract format. Authors
must also state within the Methods section of their paper whether a protocol exists for their
systematic review, and if so, provide a copy of the protocol as supporting information.
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