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Abstract

Introduction

In 2021, an estimated 18 million children did not receive a single dose of routine vaccina-
tions and constitute the population known as zero dose children. There is growing momen-
tum and investment in reaching zero dose children and addressing the gross inequity in the
reach of immunization services. To effectively do so, there is an urgent need to characterize
more deeply the population of zero dose children and the barriers they face in accessing
routine immunization services.

Methods

We utilized the most recent DHS and MICS data spanning 2011 to 2020 from low, lower-
middle, and upper-middle income countries. Zero dose status was defined as children aged
12—23 months who had not received any doses of BCG, DTP-containing, polio, and mea-
sles-containing vaccines. We estimated the prevalence of zero-dose children in the entire
study sample, by country income level, and by region, and characterized the zero dose pop-
ulation by household-level factors. Multivariate logistic regressions were used to determine
the household-level sociodemographic and health care access factors associated with zero
dose immunization status. To pool multicountry data, we adjusted the original survey
weights according to the country’s population of children 12—23 months of age. To contextu-
alize our findings, we utilized United Nations Population Division birth cohort data to esti-
mate the study population as a proportion of the global and country income group
populations.

Results

We included a total of 82 countries in our univariate analyses and 68 countries in our multi-
variate model. Overall, 7.5% of the study population were zero dose children. More than half
(51.9%) of this population was concentrated in African countries. Zero dose children were
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predominantly situated in rural areas (75.8%) and in households in the lowest two wealth
quintiles (62.7%) and were born to mothers who completed fewer than four antenatal care
(ANC) visits (66.5%) and had home births (58.5%). Yet, surprisingly, a considerable propor-
tion of zero dose children’s mothers did receive appropriate care during pregnancy (33.5%
of zero dose children have mothers who received at least 4 ANC visits). When controlled for
other factors, children had three times the odds (OR = 3.00, 95% CI: 2.72, 3.30) of being
zero dose if their mother had not received any tetanus injections, 2.46 times the odds (95%
Cl: 2.21, 2.74) of being zero dose if their mother had not received any ANC visits, and had
nearly twice the odds (OR = 1.87, 95% CI: 1.70, 2.05) of being zero dose if their mother had
a home delivery, compared to children of mothers who received at least 2 tetanus injections,
received at least 4 ANC visits, and had a facility delivery, respectively.

Discussion

A lack of access to maternal health care was a strong risk factor of zero dose status and
highlights important opportunities to improve the quality and integration of maternal and
child health programs. Additionally, because a substantial proportion of zero dose children
and their mothers do receive appropriate care, approaches to reach zero dose children
should incorporate mitigating missed opportunities for vaccination.

Introduction

Routine immunizations are consistently regarded as one of the best investments in public
health, and immunizations prevent an estimated 2 to 3 million deaths each year [1-3]. Over
the past several decades, investments in immunization programs have led to extraordinary
improvements in immunization access and utilization, and more children are reached by
immunization services than many other preventative health services [4]. Routine immuniza-
tion services are often one of a child’s first connections with the health system, so in addition
to providing direct protection, immunization programs serve a unique opportunity to expand
the reach and strength of the health system [4].

For nearly a decade between 2011 and 2019, coverage of the third dose of diphtheria-teta-
nus-pertussis (DTP) vaccination has been sustained around 85% (range: 84% to 86%). Yet,
with the COVID-19 pandemic causing disruptions to health and routine immunization ser-
vices, this global DTP3 coverage dropped from 86% in 2019 to 83% in 2020 and 81% in 2021
[5]. Therefore, in 2021, an estimated 25 million children were un- or under-vaccinated, an
increase of 6 million children since 2019 [5-7]. Of those, an estimated 18 million children
have not yet been reached with any immunization services in 2021 and constitute “zero dose”
children [5,6]. The number of zero dose children in Gavi-supported countries had decreased
by 1.7 million children over the previous four years, yet there were 5 million more zero dose
children globally in 2021 than 2019 [5,8]. Immunization programs, particularly vaccination
campaigns, have been successful at reaching children multiple times and have worked to
increase the number of fully immunized children, yet there are currently more never-immu-
nized than under-immunized children (defining zero dose children 12-23 months as having
not received their first dose of DTP-containing vaccine and under-immunized children as hav-
ing received at least the first but not the third dose of DTP-containing vaccine) [5,6]. This par-
adoxically highlights both the strength of routine immunization programs to provide
continuous services, as well as the weakness of these programs to expand their reach to
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vulnerable populations over the past decade [5]. Reaching zero dose children is critical, as the
same factors that contribute to them being unvaccinated will likely make them more vulnera-
ble to vaccine-preventable diseases and hinder their ability to seek quality care if they become
il1[9,10].

Currently, there is a concerted effort to address the gross inequity in immunization services
and to reach zero dose children. This has been reflected in World Health Organization’s
Immunization Agenda 2030 and Gavi, the Vaccine Alliance’s strategic plan for 2021 to 2025,
suggesting that the next decade of immunization work will be largely focused on this area
[11,12]. It is estimated that nearly half of zero dose children live in vulnerable contexts, includ-
ing urban poor communities, remote rural areas, and conflict-affected settings [10]. Current
approaches to reach children with vaccinations have proven to be insufficient in reaching
entire communities and their children. Beyond identifying vulnerable contexts where zero
dose children live, it is important to understand the risk factors and barriers they face in
accessing care; this knowledge is essential to designing and implementing new approaches to
engage vulnerable children in immunization systems and, more broadly, in the health system.

Several analyses have assessed factors related to under-immunization, but few analyses have
looked specifically at zero dose immunization; if they did, they focused on specific contexts
and were not multi-country or multi-regional analyses [13-16]. Household-level factors asso-
ciated with poor immunization coverage include lower socioeconomic status, lower maternal
education level, living in rural areas, and larger family size [13-22]. Children of mothers with
low access to maternal care services, including tetanus toxoid immunization, antenatal care
visits, and facility-based delivery, are more likely to be un- and under-immunized than fully
immunized [14,16,20-22]. In some contexts, girls are more likely to be un- and under-immu-
nized than boys; this finding was concentrated mainly in Southeast Asian countries [13,16,20].
Many studies have also looked at demand-related reasons for un- and under-vaccination, and
common reasons include the following: being unaware of vaccine needs, concerns over vac-
cine safety, difficulty in traveling to the health facility, and caregiver not having time to take
the child to the facility [13,21,23-25]. Demand-related factors varied considerably by context
[13,21]. For the effort and investment in this area to lead to significant improvements and
progress, it is central that we better understand the profile of zero dose children and the unique
barriers that prevent them from successfully reaching immunization services. These barriers
may differ substantially from those faced by under-immunized children who, although have
sub-optimal engagement with the health system, have shown an ability to overcome access bar-
riers to successfully receive immunization services. In addition, data suggest that children who
receive at least one vaccine are likely to receive future vaccines, so understanding the truly
never-immunized children is of great importance [6,26].

No recent analyses to our knowledge have quantified drivers of zero dose status at the global
or multi-region level. With renewed attention to address immunization inequity by global
organizations, it is essential to understand the population of zero dose children across coun-
tries, regions, and income levels, and avoid relying heavily on country-level analyses that may
be influenced by specific contexts. Our study aims to build upon previously published litera-
ture and provides a recent analysis on risk factors of non-vaccination at the global level. A pre-
ceding analysis had similar approaches and utilized data from 1998 to 2008 to characterize
unvaccinated children; this study was helpful in framing our work, but with renewed concen-
tration on zero dose status, understanding the current burden and drivers of zero dose chil-
dren is critical [17,20]. With the establishment of Gavi, the Vaccine Alliance in 1999 and
concentrated investment and political support during the Decade of Vaccines beginning in
2010, the immunization landscape today is drastically different than it was two decades ago,
and new analyses are needed to characterize the current landscape [27-30]. Additionally,
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recent work has helped to quantify zero dose status and describe patterns of under-immuniza-
tion but has not quantified or ranked household demographic and health access factors as
independent predictors of zero dose status [22,26,31]. With such investment and effort in this
area, there is an urgent need to describe the population of zero dose children and understand
the household-level drivers of zero dose status, so that programmatic levers can be applied to
reach them.

The objective of our paper is to quantitatively and qualitatively describe the profile of zero
dose children in low- and middle-income countries (LMICs) using recent, publicly available
data. We propose a conceptual framework to describe the multilevel barriers specific to zero
dose children based on the extant literature. We used this framework to guide our variable
selection. We utilized descriptive and multivariate statistical analyses to identify household-
level drivers of zero dose status globally and by country income level. We have developed this
framework and conducted this analysis with child health and immunization managers in
mind, so that their programs and efforts can address the barriers specific to zero dose children.

Materials and methods
Data sources

Our analysis utilized publicly available data collected through the Demographic and Health
Surveys (DHS) and Multiple Indicator Cluster Surveys (MICS). The DHS program is sup-
ported by the United States Agency for International Development (USAID), and the MICS
program is supported by the United Nations Children’s Fund (UNICEF). DHS and MICS are
nationally representative household surveys conducted approximately every five years in low,
lower-middle, and upper-middle income countries to collect information on demographic fac-
tors and maternal and child health service coverage and status. Both surveys follow a complex,
two-stage cluster sampling design, and results from the surveys are representative at the
national, regional, and residence (urban-rural) levels. The data utilized in our analysis are col-
lected by the DHS and MICS teams via in-person interviews with women between 15 and 49
years of age, and caregivers are interviewed about the health of their children up to 59 months
and the immunization history of their children 12 to 35 months (earlier DHS and MICS col-
lected immunization data of children 12 to 59 months) [32-34].

Countries’ income levels were categorized into low, lower-middle, and upper-middle
income countries based on the estimated per capita gross national income of the year that the
survey was conducted, per the World Bank Group’s classification [35].

We utilized birth cohort estimates from the 2010 to 2020 United Nations Population Divi-
sion’s (UNDP) World Population Prospects to provide a comparison for the study population
as a proportion of the global population and population by country income levels [36]. UNDP
estimates the number of births in five-year periods, so we utilized the number of births from
2010 to 2020 to align with the DHS/MICS data. UNDP utilized 2018 gross national income
(GNI) data from the World Bank Group to classify country income level. We calculated the
proportion of the birth cohort globally and in each country income group included in our
analysis by totaling the estimated number of births in the countries in our analysis, divided by
the total number of births globally and in the income group.

Inclusion and exclusion criteria

Low income, lower-middle income, and upper-middle income countries were included in our
analysis if they had a DHS or MICS published between 2011 and 2020 with immunization cov-
erage data available in the survey. When multiple versions were available, we utilized the most
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recent full DHS or MICS published for each country. We excluded surveys that did not have
data available on all of the childhood immunizations included in our outcome measure.

Outcome measure

The main outcome, zero dose status, is defined as children ages 12 to 23 months at the time of
the survey who have not received a single dose of the following routine immunizations: Bacille
Calmette-Guérin (BCG), DTP-containing vaccine, inactivated or oral polio vaccine, and mea-
sles-containing vaccine. Children who have received at least one dose of these vaccines are not
considered zero dose. Data were collected on these four vaccinations in the DHS/MICS; data
for other vaccinations (i.e., pneumococcal or rotavirus vaccinations) were not consistently col-
lected in DHS/MICS. Vaccination information was collected via vaccine card presentation,
record of participation in vaccination campaigns (in MICS only), or caregiver recall when a
vaccine card or record was not available.

Including children 12 to 23 months of age is aligned with recent analyses on zero dose sta-
tus and with annual WHO/UNICEF estimates of national immunization coverage that consid-
ers this age group [5,10,22,26]. Including the cohort of children 12-23 months of age at the
time of the survey reflects the youngest complete annual cohort that has had a chance to
receive the full infant immunization schedule and therefore reflects the system performance of
routine immunizations in the first year of life. Defining zero dose status by a set of routine
infant immunizations, rather than one select immunization, such as DTP/pentavalent vaccine,
provides a conservative estimate of zero dose children and more comprehensively assesses the
reach of the immunization system. It is appropriate to use at the global level, as it aligns with
the WHO vaccine recommendations [5,37]. Globally, all children should have received one or
more doses of each of these vaccines by 12 months of age, and data are available for each of
these vaccines after the first year of life in all DHS/MICS. In some contexts, second year of life
vaccination programs have yet to be uniformly scaled up, so there would be more gaps in data
if we considered children older than 24 months [38]. We also met with internal and external
partners working in global vaccine delivery to ensure that our definition could be complemen-
tary to ongoing and planned work. In addition, this ensures a large enough sample size for our
analysis.

Framework development

Prior to beginning our analysis, a literature review was conducted to guide the development of
a theoretical framework, define zero dose immunization, and to select covariates to include in
our model. The literature review included studies published between January 2010 and Febru-
ary 2021, and considered zero dose immunization as an outcome (definitions of zero dose
immunization differed across studies).

We identified a list of documented risk factors and concepts related to zero dose vaccina-
tion and grouped these variables by domains of interest. We then mapped these variables in a
directed acyclic graph to identify the factors and areas that are more proximal and distal to
zero dose status. Lastly, we considered available data sources that researchers and implemen-
ters could use when applying this framework to their work to conclude our final set of variables
for the framework.

Covariate selection

Through our literature review, we identified multiple indicators in the DHS/MICS to include
in our analysis, related to household demographics and maternal and child health. The house-
hold demographic variables and how they were assessed in our analysis are as follows:
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residence (rural/urban living), wealth quintile (ordinal, with richest quintile as reference level),
number of children ever born (1, 2-4, 5 or more), sex of head of household (male/female), fre-
quency of listening to radio (less than weeKkly, at least weekly, almost daily), and frequency of
watching television (less than weeKkly, at least weekly, almost daily). Maternal demographic fac-
tors include maternal education level (none, primary, secondary or more), mother’s age group
(adolescent (15-19 years)/adult (20-49 years)), and marital status (never married, currently
married, formerly married). Maternal and child health factors include the following: location
of delivery (home, facility, or other), number of antenatal care (ANC) visits (0, 1-3, 4 or
more), and number of maternal tetanus injections (0, 1, 2 or more). Child demographic and
health factors include the following: sex of child (female/male), illness with fever in the past
two weeks (yes/no), illness with cough in the past two weeks (yes/no), illness with diarrhea in
the past two weeks (yes/no), treatment for recent cough/fever at a health facility (no/yes), and
treatment for recent diarrhea at a health facility (no/yes). In the regression model, we used
dummy variables for these categorical variables, and the reference was considered the least
risk-related group (i.e., for the maternal tetanus variable, at least 2 tetanus injections was the
reference group), based on findings in the literature. The exceptions to this were the wealth
quintile variable, which we analyzed as an ordinal variable. In addition, primary education was
the reference group for the maternal education variable, due to very limited access of second-
ary education in many settings in our analysis, which hindered the precision of our estimate
and would have made interpretation of estimates challenging if based off widespread availabil-
ity of secondary education; our approach for analyzing maternal education is similar to that of
other studies [17,39].

Statistical analysis

Descriptive statistics were provided to quantify global and national prevalence estimates of
zero dose children. In pooling multicounty data from DHS and MICS, the original survey
weights were adjusted according to the country’s population of children of 12-23 months of
age [40,41]. We conducted univariate analyses to compare the characteristics of zero dose chil-
dren among different country income levels. Chi-square tests with Rao & Scott’s second-order
correction were conducted to compare the difference in the proportions of characteristics in
zero dose and non-zero dose children. In addition, we stratified the overall population and
zero dose population by urban/rural living and by wealth quintile, as considerable literature
suggests that poor urban living is associated with undervaccination [10,42,43]. For the multi-
variate analysis, multiple imputation by chained equations was used to impute observations
missing on one of the covariates of interest [41]. Multivariate logistic regressions were con-
ducted to determine the association between zero dose status and the covariates pre-specified
at the global level and stratified by country income level. In addition to the main covariates
stated above, we controlled for country-specific effects, WHO region-specific effects, and the
effect of different survey (DHS and MICS) in the analysis. All statistical analyses were con-
ducted using R 4.0.4 with ‘survey’ package to consider the complex survey design in the analy-
sis. Results were considered statistically significant at the alpha = 0.05 level.

Results

Eighty-two countries were included in our analysis, with 28 low-income countries (34.1% of
countries), 36 lower-middle income countries (43.9%), and 18 upper-middle income countries
(22.0%) included. Through comparing the population in the countries in our analysis to the
global cohort population estimates published by UNDP, the 82 countries in our analysis
include 67.0% of the global birth cohort; when stratified, the countries in our analysis include
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Leaders’ support for vaccination,
community trust of vaccines, health

87.6% of the birth cohort of low-income countries, 95.4% of lower-middle income countries,
and 28.6% of upper-middle income countries. The median survey year was 2017, and 75% of
the surveys were published in 2015 or later. The majority of surveys were DHS (N = 47), and
the remainder were MICS (N = 35).

Theoretical framework

We developed a theoretical framework (Fig 1) to describe the multi-level correlates of zero
dose status, by mapping the proximal and distal factors of zero dose status that are quantifiable
and operational. The top level of the framework includes macro-level contextual factors related
to community beliefs, political support, governance, gender norms, and location-related fragil-
ity [10,14,17,19,22]. The contextual factors affect the next set of more proximal factors: house-
hold, health system, and individual psychosocial factors. Household factors are related to
sociodemographic status, engagement with services and resources (i.e., health and education
services, access to media or internet), family-level gender dynamics (i.e., decision-making
autonomy), and the ease of reaching vaccination services (i.e., ability to take work off or pay
for transport to visit facility) [14,15,17-20]. Health systems factors consider distance to facility,
programs and services offered at facilities, vaccine supply, quality of services, and health work-
force capacity [16,19,20,39]. The set of psychosocial factors are the most proximal, as house-
hold demographics and health system factors affect individual psychosocial factors. Individual
psychosocial factors include caregiver’s knowledge, attitudes, and perception toward vaccines
and the risk of vaccine-preventable diseases, as well as trust in the health system and motiva-
tion to access health services [13,16,20,21]. Household-level factors like decision-making

Contextual factors

Fragility: remote
rural, urban poor,
conflict affected, mobile
settings

Gender norms
systems and government

!

Household factors Individual psychosocial factors

Demographic and SES

Caregiver’s knowledge

and perception of VPD Distance from health facility
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] E t with vaccination
Fa?lLy;i‘]eirlcsier hr:aga?tg:?:dnomer Vaccir|1e Ser;icifqt{ality
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Caregiver’s motivation,
trust in health system i
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vaccination services \\ /
<>K’/ZERO DOSE CHILD
=
Fig 1.
https://doi.org/10.1371/journal.pone.0287459.9001
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Fig 2.
https://doi.org/10.1371/journal.pone.0287459.9002

autonomy and ease of accessing services are likely to affect individual psychosocial factors, and
past experiences in health facilities affect the trust in health system and motivation to seek ser-
vices. Household factors are the focus of this analysis.

Population prevalence of zero dose

Within our study population, 7.5% of children (n = 14,697) were zero dose, having not
received a single dose of Bacille Calmette-Guérin (BCG), DTP-containing vaccine, inactivated
or oral polio vaccine, and measles-containing vaccine. Fig 2 shows the distribution of zero
dose prevalence by country. In nearly a quarter of the countries in our analysis (n = 20), at
least 10% of children 12 to 23 months are considered zero dose. The majority of countries with
zero dose prevalence above 10% are located in the African region. (See S1 Appendix for
national estimates of zero dose prevalence).

Table 1 shows the proportion of children considered zero dose by demographic and health
system factors, globally and by country income group. In low-income countries, 1 in 10 chil-
dren are zero dose (10.4%), followed by 7.0% in lower-middle income and 4.0% in upper-mid-
dle income countries. In the African region, 10.7% of children 12-23 months are zero dose,
followed by 7.5% in the Western Pacific region, and 5.7% in both the South East Asia and East-
ern Mediterranean regions. Nearly 9% (8.8%) of rural children are zero dose, which is higher
than the global, non-stratified average of 7.5%. The highest proportion of zero dose children
are in the poorest wealth quintile (12.4%), and the proportion of zero dose children decrease
as wealth quintile increases; this trend is consistent in low-income and lower-middle income
countries, but not upper-middle income countries where there is less variation by wealth quin-
tile. Globally, 14.1% of children with mothers who haven’t received education are zero dose,
which is nearly twice the global estimate of zero dose children. This finding is consistent in
each of the country income levels, where we see an elevated proportion of zero dose status
among mothers without education, compared to the zero dose prevalence in the general popu-
lation. In low-income counties, 12.1% of children with adolescent mothers are zero dose.
When looking at the proportion of zero dose children by access to maternal health services, we
see elevated zero dose prevalence among children of mothers who have not received any teta-
nus injections (19.4%) or any antenatal care visits (24.0%), and 16.0% of children 12-23
months who were born at home are zero dose. We see similar zero dose prevalence estimates
across maternal health indicators in low and lower-middle income countries, but not upper-

Category

<2% (n=30)

2to 5% (n=18)
D 5 to <10% (n=14)
. 10 to <25% (n=18)
B >s%e-2)
|:| N/A
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Table 1. Proportion of children 12 to 23 months that are zero dose by demographic and health system characteristics, globally and by country income level.

Global Low-income countries Lower-middle income Upper-middle income
N =194,829 N =43,884 countries countries
(% of population) | (% of population) N =137,702 N =13,243
(% of population) (% of population)

Percent of population 7.5 10.4 7.0 4.0
WHO region

AFR 10.7 10.3 11.7 5.6

AMR 4.2 10.2 0.6 4.4

EMR 5.7 13.1 5.0 3.5

EUR 2.3 3.6 2.1 1.8

SEAR 5.7 0.0 5.8 0.6

WPR 7.5 0.0 7.5 1.0
Rural 8.8 11.9 7.9 3.2
Urban 53 6.4 52 4.4
Sex of child

Male 7.5 10.2 7.0 3.9

Female 7.6 10.7 6.9 4.0
Wealth Index in Quintiles

Richest 3.2 4.4 2.7 3.9

Richer 4.9 7.6 4.1 3.5

Middle 6.7 9.8 5.9 4.4

Poorer 8.9 11.8 8.7 3.3

Poorest 12.4 16.7 11.9 4.7
Maternal Education

Secondary or higher 4.1 7.2 3.6 4.0

Primary 7.1 8.0 7.0 3.0

None 14.1 14.3 14.1 7.4

Missing (%) 10.4 19.6 7.0 3.8
Number of children ever born

1 53 7.9 4.9 33

2-4 6.9 10.0 6.4 4.0

>5 12.8 12.4 13.6 5.6
Missing (%) 11.1 20.7 7.5 4.1
Adolescent age of mother (15-19 years) 9.3 12.1 8.7 3.7
Missing (%) 11.0 19.6 8.0 3.8
Marital status

Currently married 7.5 10.5 7.0 33

Formerly married 8.2 10.9 7.3 3.2

Never married 7.9 8.6 6.7 8.4

Missing (%) 10.1 18.3 8.2 3.5
Female head of household 6.9 10.7 5.7 4.1
Access to maternal care
Maternal Tetanus Injection

>2 vaccinations 4.4 5.5 4.2 2.8

1 vaccination 5.6 7.0 53 3.9

0 vaccinations 19.4 18.1 20.8 4.6

Missing (%) 9.3 22.6 6.2 5.5
Number of Antenatal Visit

>4 Visits 3.9 5.0 3.8 3.0

(Continued)
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Table 1. (Continued)

Global Low-income countries Lower-middle income Upper-middle income
N =194,829 N =43,884 countries countries
(% of population) | (% of population) N =137,702 N =13,243
(% of population) (% of population)
1-3 Visits 6.5 7.8 5.9 6.6
0 Visit 24.0 28.2 22.9 11.2
Missing (%) 14.9 25.6 11.1 9.1
Place of Delivery
Medical Facilities 4.2 6.3 3.8 3.5
Home 16.0 17.4 15.6 7.3
Other 9.0 10.9 8.1 2.4
Missing (%) 13.5 20.9 9.2 10.4
Access to media
Frequency of Listening to Radio
Almost daily 4.8 8.3 4.5 3.1
At least weekly 5.9 5.1 6.3 6.3
Less than once a week 8.2 12.5 7.1 3.9
Missing (%) 6.5 15.8 7.3 2.7
Frequency of Watching TV
Almost daily 3.5 5.7 3.5 2.5
At least weekly 4.4 5.5 4.1 5.3
Less than once a week 11.1 11.5 11.2 5.8
Missing (%) 6.9 16.6 7.8 2.6
Recent child illness
Had diarrhea recently 7.5 8.5 7.3 2.9
Missing (%) 1.5 0.5 0.6 14.3
Had cough recently 5.7 84 5.1 2.7
Missing (%) 1.4 0.4 0.5 14.1
Had fever recently 7.0 9.0 6.6 2.1
Missing (%) 4.9 0.4 5.4 14.1
Treatment for child illness
Among with diarrhea in the past two weeks (N =38,411) (N = 15,200) (N =20,457) (N =2,754)
Percentage who received treatment at medical 5.7 5.7 5.9 2.0
facilities
Missing (%) 1.2 3.0 0.1 0.1
Among with cough/fever in the past two weeks (N = 64,262) (N =22,814) (N = 35,632) (N =5,816)
Percentage who received treatment at medical 5.2 6.0 5.1 3.8
facilities
Missing (%) 7.1 9.7 59 4.3

Column totals may not add up due to rounding.

https://doi.org/10.1371/journal.pone.0287459.t001

middle income countries. In comparing the proportion of zero dose children by sex, the pro-
portion of zero dose status in boys vs. girls is similar globally and across each country income
group. Overall, 6.9% of children living in female-headed households are zero dose, which is
slightly lower than the global average of 7.5%. Globally, 7.5% of children of mothers who are
currently married and 8.2% of mothers who never married are zero dose, which is similar to
the overall proportion of children zero dose (7.5%), with the exception of a relatively higher
proportion of zero dose children with mothers who were never married than currently or
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formerly married in upper-middle income countries. Lastly, we see that there is a higher pro-
portion of zero dose children among those whose mothers access TV and radio less than once
aweek (11.1% and 8.2%, respectively). (See S2 Appendix for the distribution of covariates in
the entire population in our analysis (N = 194,829)).

Table 2 shows the characteristics of the zero dose population. Globally, half (51.9%) of zero
dose children are located in the African Region, followed by a quarter (28.6%) in the South
East Asian Region. Three quarters (75.8%) live in rural areas, with 84.1% in rural areas in low-
income countries, 74.5% in lower-middle income countries, and 28.1% in upper-middle
income countries. For reference, 65.3% of global the population in the analysis lives in rural
areas (52 Appendix). Globally, 62.7% are in the bottom two wealth quintiles, with 37.5% in the
poorest 20% of the population. Half of zero dose children (51.5%) have mothers without edu-
cation; yet in upper-middle income countries, three quarters (75.1%) of mothers have com-
pleted at least secondary education. Globally, 30.5% of zero dose children live in families with
at least four other children, and this is higher in low-income countries (38.8%). Additionally,
the majority of zero dose children have mothers that are married (93.1%, globally). There was
no substantial difference observed by sex of the child globally or by country income level.

Nearly half of the mothers of zero dose children did not receive any tetanus vaccines
(46.9%), 39.9% did not receive any ANC visits, and 58.5% had home births. Yet, it is important
to note that 40.7% of zero dose children were delivered in a facility, and a third (33.5%) have
mothers who received at least four ANC visits, highlighting potential missed opportunities.
This is more pronounced in upper-middle income countries, where the majority of zero dose
children have mothers who delivered in facilities (88.8%) and had at least four ANC visits
(77.2%). Overall, 7.5% of zero dose children have an adolescent mother (15-19 years), and this
is higher in low income countries (9.5%). Globally, 15.0% of households of zero dose children
are female-headed. Lastly, that majority of zero dose children are in households with limited
access to and utilization of media, with 73.7% and 83.6% of zero dose children having mothers
that watch TV or listen to the radio, respectively, less than weekly. In comparing across coun-
try income levels, zero dose children are in households with more frequent access to radio and
TV in upper-middle income countries (59.3% have mothers who watch TV at least weekly or
almost daily in upper-middle income countries), but in households with less access to TV in
low-income countries (89.5% have mothers who watch TV less than once a week in low-
income countries). Globally, approximately 1 in 5 zero dose children experienced illness in the
past two weeks: 19.2% of zero dose children had diarrhea in the past two weeks, 19.2% had
cough, and 23.8% had fever. In looking at children with recent illness, less than half of children
with recent diarrhea or cough/fever received treatment at a medical facility (43.3% and 46.6%,
respectively) at the global level. This was lower in low-income countries, where less than 1 in 3
children with recent illness received treatment at medical facilities for diarrhea (29.4%) and
cough/fever (29.3%).

Table 3 examines the relationship between urban/rural living, household wealth, and zero
dose status. The leftmost columns in Table 3 provide a description of household wealth and
population distribution in urban and rural areas in the entire study population. This provides
a reference for the finding that there are more zero dose children in rural areas globally and in
low-income and lower-middle income countries. There is a substantially higher proportion of
children in rural areas in low- and lower-middle income countries, so it is expected that this
would also be reflected in the distribution of zero dose children in these areas (S2 Appendix).
There are more zero dose children in urban areas (71.9%) in the upper-middle income coun-
tries included in our analysis.

Overall, about 35% of children in the sample live in urban areas, with more of the urban
households in the top two wealth quintiles (23.0%) than in the bottom two (5.5%). In urban
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Table 2. Distribution of demographic characteristics and potential risk factors among zero dose children, globally and by country income level.

Global Low-income countries Lower-middle income Upper-middle income
N = 14,697 N =4,584 countries countries
(% of population) | (% of population) N =9,589 N =524
(% of population) (% of population)

WHO region

AFR 51.9% 89.5* 35.4* 24.7*

AMR 2.3* 1.4* 0.1* 51.6*

EMR 11.4* 8.7* 12.3* 19.4*

EUR 0.3* 0.4* 0.1* 3.3*

SEAR 28.6" 0.0* 43.8* 1.0*

WPR 5.4* 0.0* 8.3* 0.0*
Rural living 75.8* 84.1* 74.5% 28.1
Sex of Child, female 49.0 51.4 47.8 50.7
Wealth Index in Quintiles

Richest 7.0* 6.9% 6.6* 13.8

Richer 12.3* 14.0* 11.3* 16.1

Middle 18.1* 19.3* 17.3* 22.9

Poorer 25.2% 23.9* 26.1% 19.6

Poorest 37.5* 35.9* 38.8* 27.7
Maternal Education

Secondary or higher 26.6" 16.6* 28.7* 75.1%

Primary 21.9% 27.2* 19.8* 16.2*

None 51.5* 56.2* 51.5* 8.8*
Missing (%) 0.7 1.4 0.3 1.8
Number of children ever born

1 19.1* 14.9* 20.8* 25.8

2-4 50.4* 46.3* 51.7* 60.6

>5 30.5% 38.8* 27.5% 13.6

Missing (%) 0.7 1.5 0.3 2.1
Adolescent age of mother (15-19 years) 7.5% 9.5% 6.5* 7.8

Missing (%) 0.7 14 0.3 1.8
Marital status

Currently married 93.5 88.8 96.8 79.7*

Formerly married 3.4 6.3 2.2 7.1%

Never married 3.1 4.8 1.5 13.2*

Missing (%) 0.4 0.6 0.2 2.0
Female head of household 15.0* 18.3 13.0* 24.9
Access to maternal care
Maternal Tetanus Injection

>2 vaccinations 37.6* 33.8* 38.8* 43.8

1 vaccination 15.5% 18.9* 13.2* 41.8

0 vaccinations 46.9% 47.2* 48.0* 14.4

Missing (%) 18.0 27.2 12.5 37.0
Number of Antenatal Visit

>4 visits 33.5* 26.4* 34.4* 77.2*

1-3 visits 26.6" 35.0* 23.5* 17.7*

0 visits 39.9* 38.6" 42.2% 5.1%

Missing (%) 14.3 21.5 10.4 21.9
Place of Delivery

(Continued)
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Table 2. (Continued)

Global Low-income countries Lower-middle income Upper-middle income
N = 14,697 N =4,584 countries countries
(% of population) | (% of population) N =9,589 N =524
(% of population) (% of population)
Medical Facilities 40.7* 38.2* 39.5% 88.8*
Home 58.5% 60.7* 59.9* 11.1*
Other 0.8* 1.1* 0.7* 0.2*
Missing (%) 1.5 24 0.6 9.2
Access to media
Frequency of Listening to Radio
Almost daily 2.5% 2.7% 1.8* 15.3*
At least weekly 13.9% 13.0* 13.0* 40.5*
Less than weekly 83.6" 84.3* 85.2% 44.1%
Missing (%) 5.1 2.3 5.8 16.8
Frequency of Watching TV
Almost daily 9.6" 1.7* 13.0* 21.7*
At least weekly 16.7* 8.8* 19.7* 37.7*
Less than weekly 73.7* 89.5* 67.3* 40.7*
Missing (%) 5.7 2.3 6.7 16.0
Child illness
Had diarrhea recently 19.2 20.2* 19.0 11.9
Missing (%) 1.7 1.0 1.5 13.4
Had cough recently 19.2* 21.3* 18.3* 17.6
Missing (%) 1.5 0.9 0.5 11.6
Had fever recently 23.8* 23.5% 24.7 10.4*
Missing (%) 4.5 0.6 6.0 11.9
Treatment for child illness
Among with diarrhea in the past two weeks (N = 3,140) (N = 1,456) (N =1,603) (N =81)
Percentage who received treatment at medical 43.3* 29.4* 50.7* 32.5%
facilities
Missing (%) 0.5 1.0 0.0 1.2
Among with cough/fever in the past two weeks (N =4,624) (N =2,071) (N =2,371) (N =182)
Percentage who received treatment at medical 46.6* 29.3* 54.6* 76.1*
facilities
Missing (%) 7.1 6.3 7.8 7.1

Column totals may not add up due to rounding.

* denotes statistically significant difference between zero dose and non-zero dose children, p<0.05.

https://doi.org/10.1371/journal.pone.0287459.t1002

areas, the zero dose population is also distributed more toward higher wealth quintiles. How-

ever, this is more a function of the wealth distribution of the urban population than the likeli-
hood of being zero dose among the richer quintiles, given that 12.8% of all children live in the
richest urban households but only 5.4% of zero dose children live in the richest urban house-
holds. It is worth noting that the urban poor population is small-only 2%-so contributions to
the zero dose burden from such households will be limited in size. With 2.5% of all zero dose
children from urban poor homes, this constitutes a higher contribution that would be expected

given the distribution of children from urban poor households in the general population. We
also find that the zero dose population in rural areas is made up more of the lower wealth quin-
tiles. Over half of zero dose children globally and in low-income and lower-middle income
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Table 3. Distribution of full population and zero dose population by urban/rural living and wealth quintile.

Full population Zero dose population
Total population in Total zero dose Zero dose population in each country income group
analysis (regardless of population in analysis
vaccination status)
Globally Globally Low-income countries Lower-middle income Upper-middle income
(N =194,829) (N = 14,697) (N =4,584) countries countries
(N =9,589) (N =524)
Wealth quintile Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural
Richest 12.8 3.7 5.4 1.6 5.2 1.7 5.0 1.6 13.2 0.5
Richer 10.2 8.9 6.8 5.5 6.4 7.7 6.6 4.7 15.0 1.0
Middle 6.1 14.3 5.6 12.5 2.1 17.2 6.6 10.6 17.4 5.6
Poorer 3.5 17.7 3.9 21.3 1.2 22.8 4.8 21.3 12.2 7.4
Poorest 2.0 20.8 2.5 35.0 1.1 34.8 2.5 36.3 14.1 13.6
Total 34.7 65.3 24.2 75.8 16.0 84.1 25.5 74.5 71.9 28.1

The leftmost results column contains the full population in the analysis, regardless of vaccination status; the remainder of the columns contain the zero dose population.

Column totals may not add up due to rounding.

https://doi.org/10.1371/journal.pone.0287459.t003

countries are in the poorest 40% of rural households. This differs in upper-middle income
countries, where 45.6% of the zero dose children are in the wealthiest 60% of urban
households.

Profile of zero dose children

Zero dose children are predominantly concentrated in the poorest two wealth quintiles. Glob-
ally, zero dose children have mothers who have not received education and live in households
with limited access to TV and radio. In addition, the mothers of zero dose children have lim-
ited access to maternal health services, including tetanus injections, antenatal care, and health
facilities for delivery; this is seen at the global level and mainly in low and lower-middle
income countries.

Zero dose children-and the mothers of zero dose children-in upper-middle income coun-
tries are qualitatively different from zero dose children in lower income countries. There is a
substantial proportion of zero dose children in each wealth quintile in upper-middle income
countries, compared to primarily the bottom two wealth quintiles in the lower income coun-
tries. While zero dose children have mothers who haven’t received education in low and
lower-middle income countries, zero dose children in upper-middle income countries have
mothers who have received secondary education. The mothers of zero dose children in upper-
middle income countries have moderate to high use of maternal health services, are likely to
deliver in health facilities, and have moderate access to TV and radio, compared to low access
in lower income countries.

Multivariate analysis of zero dose risk factors

Sixty-eight countries were included in our multivariate analysis. Fourteen countries were
excluded (one low-income country, six lower-middle income countries, and seven upper-mid-
dle income countries) because they did not have data on one or more of the pre-specified
covariates. S3 Appendix presents the differences between the countries included and excluded
in this analysis. Zero dose prevalence was comparable in included vs. excluded upper middle
income countries (3.8% vs. 4.1%, respectively), but zero dose prevalence was higher in
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included than excluded lower-middle income countries (7.2% vs. 4.6%, respectively; excluded
lower-middle income countries accounted for 7.4% of the sample size in lower-middle income
countries.) The access to media and access to maternal tetanus injections had the most missing
data. (Because only one low-income country was excluded, accounting for 1.1% of the sample
size in low-income countries, the differences in included vs. excluded low-income countries
are not reported.) Table 4 presents the odds ratios and 95% confidence intervals of potential
drivers of zero dose status. When controlled for the other covariates included in the model, the
strongest risk factor for zero dose status at the global level was non-receipt of maternal tetanus
injections. Children of mothers who did not receive any tetanus injections have three times
the odds of being zero dose than children of mothers who received at least two tetanus injec-
tions (OR = 3.00, 95% CI: 2.72, 3.30), and similar and statistically significant findings were
seen across the income levels. Comparatively, low receipt of tetanus injections (1 dose) was a
weaker, but statistically significant, driver of zero dose status globally (OR = 1.22,95% CI: 1.10,
1.36). Children delivered at home were nearly twice as likely to be zero dose compared with
children delivered at facilities (OR = 1.87, 95% CI: 1.70, 2.05); similar and statistically signifi-
cant results were seen across the country income levels. Children of mothers who did not
receive any ANC visits were nearly 2.5 times as likely to be zero dose than children of mothers
who received at least 4 ANC visits (OR = 2.46, 95% CI: 2.21, 2.74), and children of mothers
with low access to ANC visits (1-3 ANC visits) were 33% more likely to be zero dose

(OR =1.33,95% CI: 1.21, 1.46) than children of mothers with at least 4 ANC visits. Children
who did not receive treatment for fever/cough were 30% (95% CI: 16%, 47%) more likely to be
zero dose than children who did receive treatment; no access to diarrhea treatment was mar-
ginally associated with zero dose status (OR = 1.14, 95% CI: 1.00, 1.30). In low-income coun-
tries, the lack of treatment for fever/cough (OR = 1.35, 95% CI: 1.09, 1.67) and diarrhea

(OR = 1.35;95% CI: 1.04, 1.74), compared to treatment in a medical facility, were risk factors
for zero dose status, but the strength and statistical significance of these associations varied
across the other country income levels.

Globally, children of mothers who did not receive education were 32% (95% CI: 20%, 46%)
more likely to be zero dose than children of mothers who completed only primary education.
Similar results were seen across country income levels. At the global level, secondary education
was protective against zero dose status (OR = 0.85, 95% CI: 0.76, 0.95), compared to only pri-
mary education. In addition, limited access to television was a risk factor for zero dose status at
the global level, with children of mothers who watch TV less than weekly having 1.37 (95% CI
1.20, 1.56) times the odds of zero dose status than children of mothers who watch TV almost
daily. The effect of TV access is strongest in upper-middle income countries, as children
whose mothers watch TV at least weekly (less than daily) and less than weekly have 2.00 (95%
CI: 1.13, 3.53) and 2.71 (95% CI: 1.66, 4.43) times the odds of being zero dose than children of
mothers who watch TV almost daily. Access to radio was not a driver of zero dose status glob-
ally or in any country income level.

Although a larger proportion of zero dose children live in rural areas (Table 2), when con-
trolled for other covariates in the model, urban/rural living was not a significant driver of zero
dose status globally (OR = 0.91, 95% CI: 0.81, 1.02) and in low and upper-middle income
countries; in lower-middle income countries, rural living was marginally associated with a
lower likelihood of being zero dose (OR = 0.87, 95% CI: 0.76, 0.99). In addition, the sex of the
child was not a statistically significant driver of zero dose status globally (OR = 1.01, 95% CI:
0.94, 1.08) or in any country income level. Children of adolescent mothers (15 to 19 years),
compared to children with mothers at least 20 years of age, are 31% (95% CI: 13%, 52%) more
likely to be zero dose at the global level, and similar trends are observed across country income
levels (although not significant in upper-middle income countries). Poor household
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Table 4. Odds ratios and 95% confidence intervals of potential risk factors for zero dose status, by income level, globally and by country income level.

Potential driver of zero dose Global Low-income countries (N* = | Lower-middle income countries (N* = | Upper-middle income countries (N* =
status (N* = 53,794.94) 101,417.1) 1,2303.2)
167,802.9) OR (95 CI) OR (95 CI) OR (95 CI)
OR (95 CI)
Access to maternal care
Maternal tetanus injection
>2 vaccinations 1.00 1.00 1.00 1.00
1 vaccination 1.22 (1.10, 1.03 (0.86, 1.24) 1.36 (1.20, 1.55) 1.23 (0.73, 2.09)
1.36)
0 vaccinations 3.00 (2.72, 2.34 (1.91, 2.86) 3.28 (2.94, 3.66) 2.93 (1.82,4.73)
3.30)
Delivery in facility 1.00 1.00 1.00 1.00
Delivery at home 1.87 (1.70, 1.79 (1.50, 2.14) 1.91 (1.71, 2.13) 1.69 (1.04, 2.75)
2.05)
ANC visits
>4 visits 1.00 1.00 1.00 1.00
1-3 visits 1.33 (1.21, 1.35 (1.14, 1.60) 1.32 (1.18,1.48) 1.78 (1.07, 2.95)
1.46)
0 visits 2.46 (2.21, 3.22 (2.61, 3.97) 2.27 (2.00, 2.58) 2.50 (1.16, 5.37)
2.74)

Access to childcare

Treated child’s fever/cough at

medical facility

Yes 1.00 1.00 1.00 1.00
No 1.30 (1.16, 1.35 (1.09, 1.67) 1.29 (1.12,1.49) 1.12 (0.66, 1.92)
1.47)
Treated child’s diarrhea at medical facility
Yes 1.00 1.00 1.00 1.00
No 1.14 (1.00, 1.35 (1.04, 1.74) 1.07 (0.91, 1.25) 1.41 (0.67, 3.00)
1.30)
Maternal education
None 1.32 (1.20, 1.31 (1.10, 1.56) 1.32 (1.17, 1.49) 1.59 (0.98, 2.56)
1.46)
Primary 1.00 1.00 1.00 1.00
Secondary or higher 0.85 (0.76, 0.96 (0.78, 1.18) 0.81 (0.71, 0.93) 0.75 (0.44, 1.30)
0.95)
Access to media
Watch TV
Almost daily 1.00 1.00 1.00 1.00
At least weekly 1.16 (0.99, 1.76 (0.94, 3.29) 1.10 (0.92, 1.30) 2.00 (1.13, 3.53)
1.36)
Less than weekly 1.37 (1.20, 1.62 (0.90, 2.93) 1.39 (1.20, 1.60) 2.71 (1.66, 4.43)
1.56)
Listen to radio
Almost daily 1.00 1.00 1.00 1.00
At least weekly 1.08 (0.85, 1.01 (0.68, 1.51) 1.07 (0.79, 1.45) 0.78 (0.34, 1.79)
1.36)
Less than weekly 1.20 (0.97, 1.24 (0.87,1.76) 1.12 (0.84, 1.48) 1.36 (0.68, 2.71)
1.48)
Household demographics
Urban 1.00 1.00 1.00 1.00
Rural 0.91 (0.81, 1.11 (0.88, 1.40) 0.87 (0.76, 0.99) 0.85 (0.53, 1.37)
1.02)
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Table 4. (Continued)

Potential driver of zero dose Global Low-income countries (N* = | Lower-middle income countries (N* = | Upper-middle income countries (N* =
status (N*= 53,794.94) 101,417.1) 1,2303.2)
167,802.9) OR (95 CI) OR (95 CI) OR (95 CI)
OR (95 CI)
Sex of child
Male 1.00 1.00 1.00 1.00
Female 1.01 (0.94, 1.08 (0.96, 1.22) 0.97 (0.89, 1.05) 1.38 (0.96, 1.99)
1.08)
Wealth quintile
Richest 1.00 1.00 1.00 1.00
Ordinal® 1.09 (1.05, 1.13 (1.05, 1.21) 1.06 (1.01, 1.11) 1.15 (0.97, 1.36)
1.13)
Birth order
1 (first born) 1.00 1.00 1.00 1.00
2-4 1.00 (0.90, 1.05 (0.84,1.31) 0.96 (0.86, 1.08) 1.82 (0.93, 3.53)
1.10)
>5 1.04 (0.92, 1.06 (0.83, 1.35) 1.04 (0.89, 1.21) 1.33(0.61,2.91)
1.18)
Mother’s age
Adult (>20 years) 1.00 1.00 1.00 1.00
Adolescent (15-19 years) 1.31 (1.13, 1.37 (1.05, 1.78) 1.27 (1.06, 1.52) 1.75 (0.84, 3.67)
1.52)
Marital status
Currently married 1.00 1.00 1.00 1.00
Formerly married 1.16 (0.91, 1.19 (0.80, 1.75) 1.03 (0.81, 1.31) 1.12 (0.38, 3.26)
1.47)
Never married 0.88 (0.71, 0.94 (0.66, 1.35) 0.76 (0.56, 1.01) 1.85(0.78, 4.38)
1.10)
Sex of head of household
Male 1.00 1.00 1.00 1.00
Female 0.93 (0.83, 1.05 (0.86, 1.28) 0.87 (0.76, 0.99) 0.66 (0.33, 1.31)
1.03)

Bolded results are significant at p<0.05.

*Weighted sample size.

* Analyzed as a linear ordinal variable.

https://doi.org/10.1371/journal.pone.0287459.t1004

socioeconomic status is also a risk factor for zero dose status; when considering wealth quintile
as a linear ordinal variable, there is an additional 9% (95%: CI 5%, 13%) greater odds of being
zero dose as one moves to the next poorer wealth quintile at the global level. In low-income
countries, this descent to poor wealth was associated with a 13% (95% CI: 5%, 21%) increased
odds of being zero dose. The negative association of wealth with zero dose status was not statis-
tically significant in upper-middle income countries. Overall, family size, marital status, and
sex of head of household were not found to be drivers of zero dose status (although female
head of household was marginally associated with lower odds of zero dose status in lower-mid-
dle income countries).

Discussion

Our analysis aimed to understand the current population of zero dose children and their risk
factors, to aid in identifying, adapting, and targeting interventions to strategically reach them. A
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lack of access to maternal health care was a strong risk factor of zero dose status and highlights
important opportunities to improve the quality and integration of maternal and child health
programs. Limited maternal education and adolescent age also affect zero-dose status, highlight-
ing the need for gender-responsive approaches to reach zero-dose children and their families.

An interesting finding was identifying that a substantial proportion of zero dose children
and their mothers are engaged with the health system, and this highlights an opportunity to
improve existing health services and mitigate missed opportunities for immunization. This
shows that the health system reaches a substantial proportion of zero dose children and their
families, but the routine immunization systems or campaigns still fail to reach these children
in these contexts. It begs three important questions: 1) How can we improve the quality and
scope of these maternal and child health programs and integrate their services with immuniza-
tion services?, 2) What motivation and access factors drive families to seek health services for
these areas that could be transferable for preventative, repeat immunization services?, and 3)
Understanding key drivers, what approaches can be used to increase uptake of maternal ser-
vices such as ANC and maternal immunization and also reduce missed opportunities for
increasing routine immunization? A major missed opportunity is seen when we look at the
40.7% of zero dose children who were born in facilities but did not receive the birth-dose BCG
vaccination. In addition, a third of zero dose children had mothers who received four or more
ANC visits. One of the secondary objectives of ANC is to provide mothers with information,
resources, and a pathway to protect themselves and their infants against vaccine-preventable
diseases. Optimizing this process-or better, understanding its shortcomings—could be critical
to reaching zero dose children [44]. Although some zero dose children remain entirely
excluded from the health system, discussed next, it’s important to understand that a large pro-
portion of zero dose children and their families do have existing connections with the health
system, and addressing these missed opportunities could have remarkable impact on lessening
the number of zero dose children.

A perhaps more urgent challenge is the proportion of zero dose children that are entirely
disengaged from the health system; this brings up questions about health system reach and
responsiveness to some communities. A third of zero dose children had mothers who did not
receive any ANC visits prior to birth, and nearly 60% of zero dose children were born at home.
In the multivariate analysis, covariates related to a lack of access to maternal health services
were among the strongest drivers of zero dose status when controlled for other factors, so it is
crucial to improve these services, both to reach women with essential services and to mitigate
the zero dose burden. When comparing no access to low access to maternal health services in
the multivariate analysis, interestingly, low access to maternal health services was a substan-
tially weaker driver of zero dose status (OR = 1.22 for low access to tetanus injections and
OR = 1.33 for low access to ANC) in comparison to no access to maternal health services
(OR = 3.00 for no access to tetanus injections and OR = 2.46 for no access to ANC), suggesting
that there are qualitative differences in those who never access health services and are disen-
gaged from the health sector, versus those who have some level of engagement with the health
system. Our findings align with the literature identifying the correlates of non-vaccination,
and further reinforces the need for interventions and activities to address the challenges
underlying children unreached by immunization services [13-18,22,23]. In addition, though,
we also focus on the zero dose children who have mothers who do access appropriate care,
thus shifting the discussion toward quality of care and missed opportunities for vaccination.

When looking at the immunization status of children of mothers with poor access to health
care (i.e., no ANC visits), we see that the majority of the children of mothers with poor access
to care do end up receiving immunizations and are not zero dose. Understandably, some of
the same barriers that mothers may face in accessing their own care are likely to also be present
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when accessing immunization services for their children. Yet, we see that most of the mothers
with poor health access are able to overcome these barriers: 76.0% of children of mothers with
0 ANC visits and 80.6% of children of mothers without tetanus injections do successfully
receive immunization services and are not zero dose. Although this analysis did not assess this
relationship, perhaps the relatively high percentage of women who did not receive ANC or tet-
anus injections but were able to get their children vaccinated show the strength of community
outreach of vaccination programs. This leads us to question why a relatively small proportion
of this low-access group is unable to overcome these barriers, and why they might face unique
challenges and experience additional vulnerability that make them unlike their peers in access-
ing immunization services for their children. This could also reinforce that additional efforts
to provide vaccination services in communities play an important role in reaching families
who do not interact with the fixed health facility. When considering opportunities to integrate
maternal, child health, and immunization services, it is important to consider the potential
heterogeneity among mothers with poor access to care and how this may impact care-seeking
for themselves and their children.

While data limitations prevented us from looking specifically at remote rural and poor
urban areas-settings identified as areas with a high proportion or number of zero dose chil-
dren-we conducted an analysis to assess the distribution of household wealth across urban and
rural areas [10]. In the full population, 1 in 5 children (20.8%) are in the poorest wealth quintile
and live in rural areas, but among zero dose children, this proportion is higher; more than 1 in
3 zero dose children (35.0%) are in the poorest wealth quintile and live in rural areas [45]. This
is similar in low and lower-middle income countries and shows that children in poorer house-
holds in rural areas make up a substantial proportion of the zero dose population, and contrib-
ute more to the zero dose burden than would be expected on the basis of the distribution of
households by wealth and urban/rural residence alone. Although in our study, the population
of children in urban areas is a little less than half the size of those living in rural areas (34.7% vs.
65.3%, respectively), there are 3.5 times as many children in the wealthiest quintile in urban
areas than in rural areas (12.8% vs. 3.7%, respectively). Thus, the overall urban population in
our sample is considered wealthier than the rural population. This partially explains why the
urban zero dose population skews, paradoxically, towards the wealthier quintiles. Additional
data and methods are needed to have a more nuanced understanding of the relationship
between household wealth and zero dose status in children in urban areas, especially given that
in some contexts, the poorest urban children fare worse than their rural peers [46].

By assessing the zero dose status in children 12-23 months of age, we can assess recent per-
formance of routine infant immunizations. In many contexts, immunization programs in the
second year of life were still being introduced and strengthened over the past decade, so limit-
ing our analysis to vaccines received in the first year of life provides a more precise and consis-
tent overview of zero dose status across the countries [38]. Although a single-vaccine
definition has also been used to define zero dose status (i.e., no receipt of DTP/pentavalent
vaccine), our multi-vaccine definition of zero dose status provides a conservative estimate of
the number of zero dose children and aims to identify those who truly have not received any
vaccines through routine services, campaigns, or other outreach activities. A forthcoming anal-
ysis aims to understand how using a “no DTP 1” definition of zero dose status compares with
using a “purist” definition of having not received any vaccine doses, as zero dose. The analysis
will examine quantitative and qualitative implications of the two definitions on describing the
population of zero dose children.

A strength of our analysis includes utilizing recent data from 82 LMICs. We utilized a the-
ory-driven approach to guide our model selection by developing and using a robust, multi-
level conceptual framework. Due to the design of DHS and MICS that utilized multi-level
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complex sampling, our results are nationally representative, and we have large power to make
statistical inferences. In addition, stratification by country income group provides insights to
characterize zero dose status and risk factors. Selecting DHS/MICS datasets for our analysis
enabled us to utilize recent data on a set of household and child health indicators that could be
compared and analyzed across 82 countries. Yet, a limitation is that there may be correlates of
zero dose status that are not collected in DHS/MICS questionnaires. From recent work, we
know that certain settings (remote rural, urban poor, and conflict-affected settings) are home
to a disproportionate number of zero dose children, but we were not able to factor this into
our analysis due to data availability in the DHS/MICS [10]. Primarily, poor urban and peri-
urban communities are reported to be under-sampled in large national surveys such as the
DHS [47,48]. Households in poor urban communities are challenging to enumerate, and cen-
sus data, which is used to enumerate areas in the DHS and MICS, often miss vulnerable popu-
lations present in urban areas, such as migrants and homeless families [47,48]. Access to
vulnerable urban households and communities is often limited and survey data collection is
therefore especially difficult in these settings, which results in the under-representation of
urban poor populations in surveys such as the DHS and MICS [47,48]. In addition, DHS and
MICS use an asset-based indicator to assess household-level wealth, which has limitations in
describing urban and rural population socio-economic status in LMICs [49,50]. The asset
index does not consider whether an asset is new or old, and lacks a denominator that adjusts
for the cost of living across settings, so therefore misses out on important comparisons (i.e.,
ownership of certain assets may be more common in rural vs. urban areas) [51]. Hence, this
limits the ability of our analysis to provide a close examination between urban poverty and
zero dose status. Although we acknowledged these limitations, we used the standard wealth
quintile index to allow for comparability with other studies, as this relatively straightforward
index is easily understood and widely utilized [52]. Several indices to measure poverty, equity,
and household wealth have been proposed and should be explored in future analyses that
examine the relationship between urban living, household economic status, and zero dose
status.

There is somewhat limited interpretability of our analysis at the global level and among
upper-middle income countries, as we do not include high income countries and many upper-
middle income countries in our analysis. Although higher income countries are not expected
to account for a large number of zero dose children, our findings may not be applicable in
these settings, and understanding the children yet to be reached by any immunization services
in contexts with potentially stronger immunization access and coverage may be important to
developing solutions in these contexts [53]. Acknowledging that the countries in our analysis
constitute approximately two-thirds of the global birth cohort, our findings are interpretable at
the global level, country income group level, and national level, but we do not consider sub-
national disparities. We expect within-country disparities to occur and to be relevant to zero
dose communities, potentially more so in upper-middle income countries, where there may be
greater inequities between zero dose children and vaccinated children [54]. In addition, our
data is from 2011 to 2020, with 2017 as the median survey year, so these findings may not
show the current setting, especially as health system resources and capacity may have shifted
due to the COVID-19 pandemic. Lastly, we had fewer surveys from upper-middle income
countries, since DHS/MICS have not conducted recent surveys in these countries, and we
included fewer upper-middle income countries in our multivariate analysis due to missing
data. Our sample size of zero dose children in upper-middle income countries was compara-
tively more limited, so some of our findings in upper-middle countries were not statistically
significant and should be interpreted with some caution. Further analyses should incorporate
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alternative data sources and qualitative data to more fully understand the zero dose population
and risk factors in upper-middle income countries.

Future work should focus on identifying best practices and approaches to identify and reach
unimmunized children. Although there is extensive literature on improving access to health
services and continued engagement with the health system, it is becoming clear that zero dose
children experience unique barriers that can exclude them from the health system entirely; it is
therefore necessary to identify, develop, and scale the types of interventions—such as improved
community-based microplanning-that can respond to these barriers and engage them with the
immunization system for the first time. In addition, since they have limited interaction with
the health system, reaching zero dose children with vaccinations could be an opportunity to
integrate other health services and strengthen overall maternal and child health programs, and
vice versa. Innovative strategies to improve integration of services while strengthening existing
immunization platforms, such as birth dose immunization, should be explored to better protect
the health of zero dose children. This study also underscores the association between access to
maternal health services and immunization uptake and makes an argument for stronger collab-
oration between maternal and newborn health and immunization managers.

As presented in our framework, contextual factors, health systems factors, and individual psy-
chosocial factors are also drivers of zero dose status, so future work should aim to understand
and quantify the contribution of these areas to the burden of zero dose status. It is promising to
see global commitment focused on improving immunization equity and on reaching the most
vulnerable children. It is important that in filling these research gaps, context-specific approaches
are identified and implemented to address the multi-level barriers faced by zero dose children.

Conclusions

Across the 82 low- and middle-income countries in our analysis, 7.5% of children 12 to 23
months have not received a single dose of BCG, polio, pentavalent, and measles-containing
vaccines and are considered ‘zero dose’. Half (51.9%) of zero dose children live in African
countries, half (51.5%) have mothers who have not received any formal education, and 37.5%
live in the poorest wealth quintile. Limited to no access to maternal health care was a strong
risk factor for zero dose status, with children of mothers without ANC visits and tetanus injec-
tions and who had home deliveries significantly more likely to be zero dose than their peers
with mothers who did access these services, when controlled for other factors. Yet, the relation-
ship between maternal care and zero dose status highlights an important paradox: while zero
dose children are likely to have mothers with limited access to care, a substantial proportion of
zero dose children have mothers who have repeatedly accessed care. This underscores impor-
tant opportunities to strengthen the quality of maternal care and improve the integration of
maternal, neonatal, and child health programs to mitigate missed opportunities for vaccina-
tion as an approach to reach zero dose children.
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