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Abstract

Background: Many children in low and middle-income countries remain unvaccinated, and vaccines do not always

produce immunity. Extensive research has sought to understand why, but most studies have been limited in breadth

and depth. This study documents existing evidence on determinants of vaccination and immunization and presents a

conceptual framework of determinants.

Methods: We used systematic review, content analysis, thematic analysis and interpretive synthesis to document and

analyze the existing evidence on determinants of childhood vaccination and immunization.

Results: We documented 1609 articles, including content analysis of 78 articles. Three major thematic models were

described in the context of one another. Interpretive synthesis identified similarities and differences between studies,

resulting in a conceptual framework with three principal vaccine utilization determinants: 1) Intent to Vaccinate, 2)

Community Access and 3) Health Facility Readiness.

Conclusion: This study presents the most comprehensive systematic review of vaccine determinants to date.

The conceptual framework represents a synthesis of multiple existing frameworks, is applicable in low and

middle-income countries, and is quantitatively testable. Future researchers can use these results to develop

competing conceptual frameworks, or to analyze data in a theoretically-grounded way. This review enables

better research in the future, further understanding of immunization determinants, and greater progress

against vaccine preventable diseases around the world.

Background
Childhood vaccinations are among the most effective

and cost effective public health interventions avail-

able [1, 2]. Yet, vaccine-preventable diseases caused

approximately 14% of disability-adjusted life years

(DALYs) in 2015 globally, and 15% of DALYs in Sub-

Saharan Africa [3].

Many children remain unimmunized. Global cover-

age of diphtheria-tetanus-pertussis (DTP3) vaccination

ranges from 75% in Africa to 96% in Europe [4]. Des-

pite progress, socio-economic inequalities persist as

well [5]. Furthermore, vaccines do not always provide

immunity. For example, vaccination against measles

has been estimated to be 85% effective in the United

States and 66% effective in Mozambique [6, 7].

Extensive research efforts have been focused to under-

standing why vaccine coverage (vaccination) remains low,

and why vaccines sometimes fail to produce immunity

(immunization). Quantitative studies have sought to meas-

ure determinants using survey and other data. Systematic

reviews have been published on both vaccination and

immunization determinants in order to gather studies

together [8–14]. Some have taken additional steps to de-

velop a conceptual framework, i.e. general model for think-

ing about how determinants interoperate [8, 11]. Others

assess health systems, describing bottlenecks and con-

straints to successful vaccine delivery from the supply-side,

for example by applying the World Health Organization’s
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(WHO) Health Systems Building Blocks framework to new

vaccine introductions [15–17].

Most studies and systematic reviews have been limited

in breadth and depth however. Other authors have noted

that studies seeking to directly measure determinants

are rarely based on a grounded theoretical model such

as a conceptual framework from systematic review

[11, 18]. Systematic reviews focusing on vaccine cover-

age have only covered a subset of the published re-

search [8, 11]. Reviews on vaccine effectiveness have

not offered a complete account of potential determi-

nants; they instead focus on a few important factors

such as cold storage or administration [12–14]. Syn-

thesis of a wide body of literature also faces challenges

of combining heterogeneous study designs [19]. Previ-

ously proposed conceptual frameworks are often un-

testable in a quantitative sense, and therefore may

have limited utility to independent researchers with

new data to analyze [8, 11]. Most conceptual frame-

works rely on narrative description of determinants

more than explicit depictions of the pathways and in-

teractions through which they are thought to influence

immunization [8–14].

Public health practitioners and vaccine researchers

would benefit from a systematic review and synthesis

of determinants research. A complete listing of previ-

ous studies would be valuable as a standalone resource,

since one of the most challenging aspects of develop-

ing a conceptual framework is initially amassing all

available information for synthesis. Efforts to make

sense of the literature could yield useful hypotheses,

even competing hypotheses, about how different deter-

minants lead to immunization. Future studies could

collect data to measure the hypothesized determinants,

and model them to quantify their impact in a more

grounded way. Interventions could leverage such infor-

mation to target determinants of greater need and

evaluate programs with outcomes that are fit for pur-

pose to enhance their efforts to improve immunization

around the world.

The objective of this study is to generate a conceptual

framework of the determinants of effective coverage of

childhood vaccines. This will summarize, as succinctly

as possible, determinants of vaccine coverage, the deter-

minants of vaccine effectiveness, and relationships be-

tween them, and represent them in the form of a

testable hypothesis. Special emphasis will be placed on

including determinants that are relevant in low and

middle-income countries (LMICs). We accomplish the

study objective by conducting a systematic review of rea-

sons for non-vaccination and reasons for vaccine failure.

We perform three qualitative analyses on the informa-

tion in the review, using critical interpretive synthesis

defined in Dixon-Woods et al. 2006 [20].

Methods
Protocol, registration and preliminary review

A pre-defined protocol was followed, detailed in

Additional file 1. This protocol was unregistered. A

preliminary review was first conducted to inform future

searches and analyses. This was carried out in an unstruc-

tured manner, iteratively relying on Google Scholar search

results, backward/forward citation searches, examination

of highly-cited articles and expert input. Citation network

diagrams were generated as an aid to locate works that

web searches did not immediately uncover, but which

other researchers often reference. Further details can be

found in Additional file 1.

Eligibility criteria

Eligibility criteria were established in advance, using

information from the preliminary review as a guide. Any

English-language article that supplied evidence for at

least one determinant of vaccine coverage or effective-

ness was eligible for inclusion. Articles were excluded if

they specifically pertained to any of the following topics

without meeting the inclusion criterion: adult vaccines

besides HPV, animal vaccines, levels and trends of coverage,

consequences of utilization, health impact, highly-specific

subpopulations (e.g. travelers, HIV-positive populations),

vaccine effectiveness/efficacy/safety, disease treatment,

pathobiology, future vaccines, cost effectiveness, gen-

eral health care utilization, impact of a single interven-

tion, vaccine manufacturing, promotion of a particular

vaccine technology.

Search

A set of 112 potential search terms (mostly various syn-

onyms) was developed based on the preliminary review,

these terms are listed in Additional file 2. The search

strategy was as follows:

1) Order the potential searches according to their expected

propensity to return unique and relevant results

2) Enter the first search term into Google Scholar and

review the first 500 titles, adding eligible citations to

a database

3) Enter the next search term into Google Scholar,

again reviewing the first 500 titles for inclusion

4) Count the proportion of new and duplicate articles

identified by the present search

5) Repeat steps 3 and 4 until the duplication percentage

exceeds 33% for three consecutive searches

6) Conduct two PubMed searches with multiple MeSH

terms and screen results in their entirety.

By this procedure, 14 Google Scholar and 2 PubMed

searches were conducted. In addition, six special data-

bases were screened in their entirety with the keywords
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“Vaccine” and “Immunization”. These databases were

HealthSystemsEvidence.org, Cochrane Library, Journal

of Systematic Reviews, Agency for HealthCare Research

and Quality, Centre for Reviews and Dissemination and

EPPI Centre [21–26]. Nine existing systematic reviews

were discovered through this process, and their compete

citation lists were also screened [9, 10, 13, 27–32].

Study selection

All eligible articles and documents were catalogued in

a citation database and systematically evaluated for

relevance to the present study’s objectives. The object-

ive of this stage was to organize the search results so

that they could be analyzed in descending order of

relevance.

Articles and documents were assigned a subjective

relevance score (on a continuous scale ranging from 0 –

irrelevant to the present study, 1 – exactly on-topic)

based on a set of five criteria, listed in Table 1. Relevance

was determined using the title and abstract. An assess-

ment by the reviewer was used to judge relevance across

the five criteria. Although some criteria could be objectively

assessed (for example “comprehensiveness” was assessed

based on whether the authors of the study claimed to have

explored an exhaustive list of determinants, or only focused

on a subset), some degree of subjectivity was required on

the part of the reviewer to assign relevance scores. Articles

were assigned higher scores if all five criteria were aligned

with the study’s objectives, and lower scores if only some of

the criteria were aligned with the study’s objectives. 78

articles were determined to be highly-relevant and were se-

lected for analysis.

Data collection process

Starting with the most relevant articles, the information

therein was systematically extracted and stored in a

database. The objectives of this stage were to find a sub-

set of articles large enough to perform content analysis,

thematic analysis and interpretive synthesis (see subse-

quent sections), and to itemize and understand the con-

tent of that subset of articles.

Data items

Fourteen variables were extracted from each study in se-

lected set. Variables included study characteristics and

content of study results and are listed in Table 1. A color-

coding system was used, and all coded documents were

stored digitally to ensure transparency and consistency

between extractions. Data were extracted from the 78

selected articles in descending order of relevance.

Risk of bias

Risk of bias was assessed at the study-level. The primary

characteristics assessed were comprehensiveness of

determinants explored, emphasis of the study (whether

determinants were the primary purpose of the study)

and geography (subnational, national, sub-population).

Bias was minimized by excluding non-comprehensive

studies or studies which focused on specific sub-populations

from the highly-relevant set of 78 articles. Because this study

was primarily focused on understanding which determinants

are represented in the literature (and not the strengths of

their correlations), it was not deemed necessary to assess

risk of bias in study results, for example due to selection,

attrition, or detection.

Table 1 Systematic review criteria

Inclusion Exclusion Relevance Extraction

Supplies evidence for at least one determinant Adult vaccines besides HPV Comprehensiveness Country/region

Animal vaccines Emphasis Review

Levels and trends of coverage Geography Study design

English language Consequences of utilization Novelty Study population

Health impact Outcomes Related studies

Highly-specific subpopulations Antigen(s)

Vaccine effectiveness/efficacy/safety Outcome(s)

Disease treatment Determinant(s)

Pathobiology Exhaustive

Future vaccines Proximity

Cost effectiveness Pathway(s)

General health care utilization Effect size(s)

Impact of a single intervention Theme(s)

Vaccine manufacturing Thematic excerpts

Promotion of a particular vaccine technology
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Summary measures and content analysis

The aims of this study were primarily qualitative in nature.

Hence summary measures of study results were limited to

the descriptions and lists of determinants provided by the

authors.

Content analysis was performed to characterize the

itemized determinants from data extraction [19, 33]. The

objective of this stage was to document and organize the

data, specifically focusing on the determinants and path-

ways identified in the literature.

All discrete determinants mentioned in the extracted

data were listed and systematically examined. This was

done by maintaining a running list of determinants,

resulting in concurrent, rather than sequential content

analysis and data extraction. The list of determinants, as

well as the text from which they were extracted, was

repeatedly revisited to understand the context in which

those determinants were described. Synonymous determi-

nants and determinants with negligible conceptual differ-

ences (e.g. “not enough time” vs “too busy”) were condensed

into a common set of terms. Finally, a frequency table of

determinants was created, and related pathways were ex-

plored, starting with the most frequently-cited determinants.

The output from this stage was represented in a path

diagram intended to represent the universe of determi-

nants, according to the literature.

Synthesis of results

In addition to content analysis, two qualitative methods

were employed to synthesize across studies: Thematic

Analysis and Critical Interpretive Synthesis.

Thematic analysis

Thematic analysis was carried out to document the

broader qualitative groups (i.e. themes) within which de-

terminants are hypothesized to reside [19, 33]. The ob-

jectives of this stage were to describe the ways in which

authors most commonly categorize determinants, and to

bring together similar categorizations into a small num-

ber (three to five) of broad frameworks, termed thematic

models.

Thematic analysis was accomplished by relying on the

author descriptions. The categories they used to group

determinants were listed along with excerpts of text in

which they were described. Like content analysis, this

step was conducted in an iterative fashion, seeking pat-

terns between studies. It was anticipated that some stud-

ies would cite a more generalized sociological or health

system theory as the source for their themes. In the

event that multiple studies cited the same generalized

theory those citations were also examined and included

in the thematic analysis.

Critical interpretive synthesis

The third analysis was interpretive synthesis of the litera-

ture, following guidelines from Dixon-Woods et al. 2006

[20]. This stage entailed critical analysis of the determi-

nants identified through content analysis and categori-

zations identified through thematic analysis. The

objective of this phase was to formulate a conceptual

framework that draws from other researchers’ frame-

works, and represent this framework in the form of a

testable hypothesis. Critical interpretive synthesis was

used in addition to thematic analysis in order to draw

deeper understanding of the themes identified, and

analyze the ways in which they were hypothesized to

fit together. This approach was used because it details

suitable a process for accomplishing the goal of gener-

ating a testable hypothesis [20].

Key methods in interpretive synthesis are known as

reciprocal translational analysis (RTA), refutational syn-

thesis and lines-of-argument synthesis (LOA), and are

adapted from meta- ethnographical research [20, 34, 35].

RTA expands on the processes already described in the

previous two sections (Thematic Analysis and Content

Analysis). In short, RTA involves identifying broad con-

cepts (themes) reported in each study, and identifying

similarities between them. Refutational synthesis in-

volves the opposite process; contradictions between

studies (in terms of themes or descriptions of themes)

are explored. This process lends insight to a conceptual

framework by elucidating the gaps and discrepancies

between studies in such a way that produces novel per-

spectives on common concepts. The final method (LOA)

involves the most interpretive input on the part of the

researcher. LOA entails integrating strongly-supported

factors across studies and attempting to form a synthesiz-

ing argument, or a description of how they fit together,

that is both succinct and understandable to commonplace

audiences. The synthesizing argument often includes the

generation of synthetic constructs, sometimes referred to

as latent variables.

Information for interpretive synthesis came from

multiple sources. Other studies which offered their own

conceptual framework were used, as well as lessons

from Thematic Analysis described above. In addition,

broader theories which have been applied to describe

health service utilization and health system strength

were used [15, 36].

The ultimate testable hypothesis developed in this

stage was also formulated through an iterative process,

repeatedly revisiting previously-documented themes as

new studies were examined (over the period of the re-

view, see below) for further comparisons and contrasts.

This stage also relied heavily on broader sociological and

health systems theories to offer formalized and grounded

structure [15, 36].
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Additional analyses

Besides those previously described, no additional analyses

were performed.

Results
Study selection

A total of 35 web-searches were performed from February

2015 to May 2015, including Google Scholar (14 searches),

PubMed (2 searches) special databases (9 searches) and

backward citations (10 articles). In total, 9041 titles

were examined for inclusion. Of those, 1621 eligible

articles were identified, 12 studies were re-publications

of another article (with a different name or publisher)

and were excluded.

All 1609 included articles were assessed for relevance

based on title and abstract, resulting in 78 highly relevant

articles (relevance score > 0.9), 389 moderately relevant

articles (relevance score > 0.8 and <0.9) and 1142 less-

relevant articles (relevance score < 0.8). The complete list

of 1609 citations can be found in Additional file 3,

organized by relevance. Figure 1 displays a flow diagram

of the search and selection.

Study characteristics and content analysis

Content was extracted from 78 articles, the characteristics

of which are detailed in Additional file 3. A wide array of

determinants was documented among the extracted articles,

totaling 638 uniquely-worded factors such as travel time to

health facility, various perceptions about vaccines, stock-

outs at health facilities and others. By iteratively revisiting

the list of determinants and examining the context in

which they were described, a condensed framework of 69

coverage determinants and 20 effectiveness determinants

was developed. By examining the described pathways

between determinants, 115 pathways of influence were

identified, forming a comprehensive network of vaccine

coverage. An additional 22 pathways of influence were

identified for vaccine effectiveness. The complete net-

work of effective coverage determinants are listed in

Tables 2 and 3, and displayed visually in Fig. 2.

Fig. 1 Flow diagram of search and selection. The systematic review assessed 1621 articles for their degree of relevance, and included the 78

most-relevant articles in qualitative synthesis
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Synthesis of results

Thematic analysis

Thematic analysis was conducted concurrently with con-

tent analysis. The ways in which authors grouped together

determinants were documented, and excerpts related to

those themes were examined. This especially focused on

the definition and justification of each theme according to

the author. Authors’ descriptions regarding interactions

between themes were also examined. Often, authors tended

to use thematic groups as a convenient way to summarize

their approach, reflecting their preconceptions about a

theory of determinants. Of the 78 extracted articles, 41

relied on thematic groups.

Three major thematic models (i.e. broader frameworks of

themes) emerged from this analysis. One common model

can be described as proximity. Authors who relied on prox-

imity tended to group together determinants in terms of

whether they were thought to directly impact vaccine cover-

age, or whether they were thought to impact vaccine cover-

age through a mediating factor. For example, Gauri and

Kalenghian (2002) describe very high-level political, eco-

nomic and social determinants in contrast to individual-level

demand and acceptance, with accompanying description of

the mechanisms of mediation [37]. Another common the-

matic model can be described as patient-centric. Numerous

studies went into thorough detail conceptualizing the differ-

ences between determinants on the “demand side”, and

tended to group all other determinants as “health system fac-

tors”. Chen (1986) for example provides a useful example of

patient-centrism, in which a richness of information is pro-

vided about “biosocial” and “demand/utilization” factors, but

health system factors are described with greater ambiguity,

focusing on the high-level structure of the health system

without any further detail [38]. In contrast, other models can

be described as health system-centric, wherein more atten-

tion is given to factors on the “supply side”, and most other

determinants are classified as “demand factors”. One ex-

ample is Naimoli et al. (2008), who report four themes and

18 determinants relating to the health system, but only one

theme with very little detail to describe all of demand [18].

Figure 3 displays the proximity model mapped to the

content analysis.

Some areas of overlap emerged between themes. It

was noted that the “health system factors” from patient-

centric models, and the “demand factors” from health

system-centric models often referred to the same thing:

a more intermediate class of determinants that could be

described as access or ability (both physical access and

resource capacity). For example, Agot (2014) (one patient-

centric study) emphasizes the health system, but describes

health system factors as distance and cost incurred to the

patient [39]. While these can be considered characteristics

of the health system, they may usefully described as bar-

riers between the child’s caretaker and the health workers.

It was also noted that studies from high-income countries

tended to describe a narrower range of determinants than

studies from LMICs. Among these studies, few thematic

groups pertained to the health system itself, with the most

focusing on knowledge and perceptions and some pertain-

ing to logistical limitations to access [8, 29].

Interpretive synthesis

Interpretive synthesis was the third analysis conducted,

using the information from the systematic review.

Fig. 2 Network of determinants to vaccine effective coverage. This figure displays the full picture of determinants to vaccination and immunity.

For details on individual determinants, refer to Table 2 and Table 3
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Interpretive synthesis followed the approach outlined

by Dixon-Woods et al. (2006), [20] with the goal of

generating a succinct and testable depiction of factors

leading to vaccination. This entailed further compari-

son of themes, as well as integration of existing concep-

tual frameworks.

Three existing conceptual frameworks were explored

in depth. The earliest framework found in the literature

was described by Rudner-Lugo (1993) [8]. This model

largely builds on the Health Belief Model [40], and

describes perceived cost versus benefit of vaccination as

the deciding determinant of vaccine utilization. The

author depicts four demand-side factors and three supply-

side factors contributing to that cost-benefit assessment.

The second conceptual framework was put forward by Katz

et al. (2010) [41]. These authors used systematic review and

previous health behavior theories to generate what they title

the Vaccine Perceptions, Accountability and Adherence

Model. This model places additional emphasis on “cultural

and economic forces”, while also recognizing the importance

of barriers and “structural factors”. The third framework

was proposed by LaFond et al. (2014) [11]. These authors

offer a substantially different framework, focusing heavily on

community engagement, awareness and commitment from

high-level institutions such as government and development

partners.

The conceptual framework we present draws lessons,

similarities and differences from each of the above frame-

works. The Rudner-Lugo framework lays out a useful

structure of demand and supply-side factors coming to-

gether to lead to utilization, each with distinct contribut-

ing factors. The Katz et al. framework adds extended

background to demand-side factors, especially with em-

phasis on perception-related decision making rather than

strictly economic choices. The LaFond model brings an

emphasis on community-level factors which was captured

by neither of the other two. Our own thematic analysis (as

discussed above) identified an important third construct

between supply and demand: one relating to access and

barriers to access. We therefore depict a framework based

around three synthetic constructs: 1) health facility readi-

ness to administer vaccines, 2) community-level access

Fig. 3 Network of determinants to vaccine effective coverage. This figure displays an example of findings from Thematic Analysis. Vaccination

determinants in Fig. 2 have been labeled to represent one thematic model: proximity. For details on individual determinants, refer to Table 2

Phillips et al. BMC Health Services Research  (2017) 17:681 Page 12 of 17



and 3) intention (on the part of the mother or caretaker)

to vaccinate the child.

General theories of health service utilization were used

to describe contributors to the three primary constructs.

Contributing factors for Health Facility Readiness were

identified using the WHO Health System Building Blocks

Framework [15]. This framework describes Supply of essen-

tial medicines and health Workforce as the most proximal

components of a successful health system [15]. Contribut-

ing factors to Intent to Vaccinate were identified based on

the Theory of Planned Behavior, a highly-cited behavior

change model for health service utilization [36]. According

to this theory, the three contributing factors to Intent are

Attitudes, Perceived Norms, and Perceived Control,

which is sometimes described as perceived self-efficacy.

The resulting framework is depicted in Fig. 4.

The framework hypothesizes three principal determi-

nants of vaccine utilization:

� Intent to Vaccinate - Demand for vaccines on the

part of the mother that would result in vaccination

in the absence of other barriers.

� Facility Readiness - Supply (by the health system) of

vaccine services to adequately meet demand.

Incorporates supplies (vials, syringes etc.), human

resources and the consistency of their availability.

� Community Access - The ability (or inability) to

successfully carry out the transaction of vaccine

utilization, i.e. barriers and facilitators between

Intent and Readiness.

Each principal determinant is also influenced by con-

tributing factors, such as attitudes, norms and perceptions

[36] for Intent to Vaccinate, and supply and workforce for

Facility Readiness [15].

This framework represents the principal determinants

in their most simplified form; as separate and distinct

from one another. This was done in order to accomplish

the main objective of producing a testable hypothesis,

but does not preclude analysis of these constructs with

correlation.

Discussion

This study identifies three principal determinants of vac-

cine coverage: Intent to Vaccinate, Health Facility Readi-

ness and Community Access. We present these results

as part of the most comprehensive systematic review of

vaccine determinants to date including three qualitative

analyses and synthesis of the information we gathered

into an evidence-based conceptual framework. The key

advantages of the conceptual framework are that it is

designed to be exhaustive, succinct and testable.

This systematic review has a key advantages over previ-

ous reviews. First, this review includes a broader set of

studies than previous reviews. For example, Rudner Lugo

(1993) [8] Falagas (2008) [9] Rainey (2011) [10] and LaFond

(2014) [11] each performed systematic reviews to examine

factors associated with vaccine coverage, but none of the

reviews cited any of the others. Second, none of these stud-

ies examine the factors which impact the effectiveness of

vaccines. On the contrary, Patriarca (1991) [12], Akande

(2007) [13] and Cherry (2012) [14] explore reasons behind

the effectiveness of vaccines but not utilization, and only

focus on a subset of determinants. Beyond these, there are

hundreds of studies which consider factors relating to

either utilization or effectiveness but are not exhaustive in

terms of the reasons they explore.

The conceptual framework presented here has advan-

tages over previous frameworks as well. First, it represents

a synthesis of multiple existing frameworks. Our analysis

draws the most useful characteristics from each of them

to avoid gaps that disadvantage other frameworks. Second,

it was designed to be applicable in LMICs. Among the

two previous systematic reviews which offer a conceptual

Fig. 4 This figure displays the output from Interpretive Synthesis: a complete conceptual framework of vaccine determinants in its simplest

possible form. Conceptual framework for vaccine coverage

Phillips et al. BMC Health Services Research  (2017) 17:681 Page 13 of 17



framework [8, 11], only one of them focuses on LMICs,

and that framework focuses on only a select few determi-

nants [11]. Third, the conceptual framework presented

here integrates the Theory of Planned Behavior and the

WHO Building Blocks models. Both are vetted, tested

models, the former of which has quantitatively outper-

formed other theories in direct comparisons [42]. Finally,

this framework was designed to be quantitatively testable,

a characteristic that is absent in at least some other frame-

works. With appropriate data, the constructs in this

framework could be directly represented using latent vari-

able analysis. Future data collection and analysis plans

could take advantage of this conceptual framework to

be more grounded in existing research.

In light of this study’s strengths, a number of limita-

tions remain. Although the network of determinants

(Fig. 1) is intended to be comprehensive, one limitation

of this study is completeness. There are four reasons

why this study may not be considered complete. First, it

is only complete within the context of the scientific lit-

erature. Any determinants that have been systematically

overlooked by other researchers will not be present here.

Second, the systematic review did not include studies of

specific interventions to improve vaccine coverage, just

research on determinants. Because of this, there is po-

tential for our analyses to exclude potentially influential

information. Third, it is only complete within a certain

degree of proximity to utilization. One could continue

to argue that each determinant has its own preceding

determinants ad infinitum. While this may be true, it is

clearly not the goal of this research to describe the entire

spectrum of socioeconomic forces, thus only reasonably

proximal determinants were described. Last, despite going

to great lengths to uncover as many relevant articles as

possible, it may be that some research studies were simply

missed, or inaccurately assessed for relevance. Although

the best practice for study completeness would have been

a capture-recapture method, with a citation list of 1621 ar-

ticles, we are confident that such studies are few [43]. An-

other potential limitation is that the entire study (web

searches, review, analysis and synthesis) was conducted by

a single researcher. While it would have been ideal to rely

on multiple reviewers and assessment of inter-rater reli-

ability, that was not feasible for this study.

Conclusions
This study offers important contributions to the under-

standing of routine childhood vaccination in low and mid-

dle income countries. One is simply the list of studies it

identified (Additional file 3). We consider this to be a useful

public resource in its own right. Now that a near-complete

list of studies exists, future researchers can perform their

own qualitative analysis and develop competing conceptual

frameworks with greater ease. Because of the results of the

content analysis (Tables 1 and 2), researcher can easily

look up other studies that discuss any determinant in par-

ticular. This study contributes conceptual framework of de-

terminants of effective coverage of childhood vaccines that

represents a synthesis of multiple existing frameworks, is

applicable in low and middle-income countries, and is

quantitatively testable. Future quantitative researchers can

use this study to identify appropriate indicators to analyze

and to define their theoretical model. By bringing together

the collective evidence on the drivers of immunization, this

review lends itself to better research in the future, further

understanding of determinants, and greater progress

against vaccine preventable diseases around the world.
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