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Abstract: (1) Background: The Democratic Republic of the Congo (DRC) is one of the countries with
the highest number of never vaccinated or “zero-dose” (ZD) children in the world. This study was
conducted to examine the proportion of ZD children and associated factors in the DRC. (2) Methods:
Child and household data from a provincial-level vaccination coverage survey conducted between
November 2021-February 2021 and 2022 were used. ZD was defined as a child aged 12 to 23 months
who had not received any dose of pentavalent (diphtheria-tetanus-pertussis-Haemophilus influenzae
type b (Hib)-Hepatitis B) vaccine (by card or recall). The proportion of ZD children was calculated and
associated factors were explored using logistic regression, taking into account the complex sampling
approach. (3) Results: The study included 51,054 children. The proportion of ZD children was 19.1%
(95%CI: 19.0-19.2%); ZD ranged from 62.4% in Tshopo to 2.4% in Haut Lomami. After adjustment,
being ZD was associated with low level of maternal education and having a young mother/guardian
(aged < 19 years); religious affiliation (willful failure to disclose religious affiliation as the highest
associated factor compared to being Catholic, followed by Muslims, revival/independent church,
Kimbanguist, Protestant); proxies for wealth such as not having a telephone or a radio; having to
pay for a vaccination card or for another immunization-related service; not being able to name any
vaccine-preventable disease. A child’s lack of civil registration was also associated with being ZD.
(4) Conclusions: In 2021, one in five children aged 12-23 months in DRC had never been vaccinated.
The factors associated with being a ZD child suggest inequalities in vaccination that must be further
explored to better target appropriate interventions.

Keywords: Democratic Republic of the Congo; immunization; vaccination coverage; zero-dose;

inequity; determinants; non-vaccination

1. Introduction

Routine childhood immunization is one of the most important advances in global
health and development [1]. Global routine childhood vaccination programs provided
protection to 86% of children in 2019, before the COVID-19 pandemic hit, greatly reducing
the effects of diseases such as polio, measles, and several others on children, helping them
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grow up healthy. Vaccination is considered one of the most cost-effective ways to promote
global well-being [2] and even development.

Despite all the proven benefits, vaccination coverage has remained low in some
settings, and this was worsened through the pandemic. In 2021, for example, nearly
25 million children remained undervaccinated, 6 million more than in 2019 and the highest
number since 2009 [2]. In addition, the number of “children zero dose”, defined as those
who did not receive any dose of a diphtheria-pertussis-tetanus vaccine as proxy for lack
of access to vaccination services [3], increased from 13.6 million in 2019 to 18.2 million in
2021 [2,3]. Many of these children live in countries affected by conflict, in urban slums, or
in remote areas that are hard to reach [2,3], but characterizing them in each country remains
important. Gavi, the Vaccine Alliance, through its action plan, has expressed the goal of
reducing the ZD children by 25% by 2025 and more than 50% by 2030 [4].

The Democratic Republic of the Congo (DRC), located in the heart of Africa, had an
estimated population of 98.3 million in 2016 according to the results of the count organized
by the health zones [5]. About 70% of this population lives in rural areas and 30% in
urban areas [5]. This population is young, 48% are less than 15 years old, 18.9% are
less than 5 years old and about 4% are less than one-year-old [5]. The health system
comprises three levels (central, intermediate, and peripheral), and vaccination activities
are an integral part of the minimum package of activities of health facilities [5]. The DRC
has made significant efforts to improve immunization through the implementation of the
Mashako Plan, which is an emergency plan to strengthen the expanded immunization
program aimed at reviving routine immunization activities to avoid epidemic outbreaks
of certain vaccine-preventable diseases (VPDs) by increasing immunization coverage [5].
Yet, vaccination coverage remains way below the 90% global target according to national
surveys and WHO/UNICEEF estimates [2]. The DRC is one of the countries in Africa, and
the world, with the highest number of ZD children, which results in repeated outbreaks of
vaccine-preventable diseases such as vaccine-derived polio, measles, and yellow fever [2,6].

The present study was conducted to examine the proportion of ZD children in each
of the 26 provinces of DRC in 2021, as well as the factors associated with being ZD, using
data from a provincial-level survey. This information will help better characterize this
population and serve as a benchmark to evaluate progress.

2. Materials and Methods
2.1. Study Design

This study is an analytical cross-sectional study aimed at estimating the proportion of
ZD children in the DRC and associated factors. It used data from a vaccination coverage
survey in 511 of the 519 health zones of the 26 provinces of the DRC conducted between
December 2021 and February 2022. Seven health zones were excluded due to insecurity
linked to the presence of active armed groups or of poachers.

2.2. Sampling

Sampling was representative at the provincial level, and all 26 provinces of the DRC
were surveyed. Multistage sampling was use in each province. First stage: simple random
sampling of 5 health areas within each health zone. Second stage: simple random sampling
of 30% of avenues/villages within each selected health area. Third stage: systematic
random sampling of 34 households with at least one eligible child within each selected
avenue/village. Scheme 1 summarizes the sampling approach down to the number of
children surveyed.
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| Level | | Entity | | Sampling technique |
| Province (26) | s> | Exhaustive sampling |
| Health zones | sma—- > I Exhaustive sampling |
Simple random sampling
First Health area (5 per health
s—ee> N .=====> | (done by the research
degree zone; total 2580 clusters) :
team at the central level)
Simple random sampling
Second Avenue/village (30% per (done by survey team
— p— . -
degree health area) leaders, guided by the
survey supervisors)
Third Household with child aged 6 Systematic sampling
r
~====> | to 23 months (34 per health ~====> | (done by survey team
degree . .
area; total: 87,720 children) leaders)

Scheme 1. Sampling procedure by level, 2021-2022 Vaccination Coverage Survey, DRC.

In accordance with the objectives, this survey consisted of 3 distinct statistical units: the
child aged 12 to 23 months (though, to estimate other indicators, children aged 6-11 months
were also included) living in the household, the head of household sheltering a child aged
12 to 23 months, and the mother/guardian of the child aged 12 to 23 months living in the
household. Response rate at the household level was 99.7%.

2.3. Data Collection

As mentioned earlier, this is a secondary analysis for data collected from a nation-wide,
provincial-level survey that collected data through interview, observation, and document
review. The interview was conducted with heads of household, mothers/caregivers of
children aged 6 to 23 months, and nurses from health centers or their assistants. The
observation and document review were of vaccination cards and health facility registries
(for children for whom a card was not seen at home) in order to transcribe vaccination
dates into the data collection tool.

All data collected for the survey was encoded on an android tablet by trained study
staff using the SurveyCTO application [7]. All data, including GPS coordinates, was
transmitted from the surveyors’ tablets to a secure virtual server after data quality checks
were conducted by the field supervisor. Vaccination status was ascertained, by hierarchical
order, by the observation of data on the vaccination card or records kept at home, the
registers at the health care facilities where available, or the use of recall or verbal history if
documented vaccination history was not available.

2.4. Variables

The outcome of interest was not having received any dose of the pentavalent vaccine.
The explanatory variables used were: household urban/rural location; wealth quintiles
calculated from household proxies for socio-economic status using Principal Component
Analysis (PCA); presence of a telephone or a radio set as a possible means of communication
in the household; maternal/caregiver characteristics including relationship with the child,
age, marital status, educational level, occupation, religion, the number of children in the
household; gender of the child; birth registration of the child with the civil authority;
potential financial barriers from the household such as having to pay for a vaccination
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card or for another immunization-related service; and caregiver knowledge of vaccine-
preventable diseases.

2.5. Data Analysis

We performed weighted descriptive analyses of household characteristics in the study
sample with categorical variables reported as frequencies and percentages and continuous
variables summarized using means and standard deviations or medians and inter-quartile
ranges, depending on normality of the distribution.

The extrapolation of ZD children in the general population was made based on the
target number of the DRC surviving infants estimated at 4,037,161 for 2021.

We conducted a bivariate analysis between ZD and factors using the Rao-Scott chi-
square test, as it is adequate for multistage sampling, to compare the proportions according
to the socio-demographic, economic, communicational characteristics, and those related to
the system when the expected minimum was >5. Then, a multivariable logistic regression
model was fitted. The automatic selection of variables using the forward type was used
with an entry probability of 0.05. We considered it acceptable after verification of the
area under the receiver operating characteristic curve (ROC area = 0.6640). We used the
Archer-Lemeshow test to assess the goodness-of-fit of the logistic regression model, as the
data was data collected using a complex survey design that involved clustering. Measures
of association between each variable and ZD were reported as Adjusted Odd Ratio (AOR)
along with their 95% Confidence Intervals (95% CI). Before gauging the final model, we
checked the collinearity effect among the variables. The final model only included the
variables whose effects remained significant after adjustment.

All analyses were conducted using Stata version 17 (StataCorp, College Station, TX,
USA). To account for the complex sampling design, the svy command and the weighting
taking into account the multistage design were used.

2.6. Ethical Considerations

The Kinshasa School of Public Health Ethical committee approved the vaccination cov-
erage survey before data collection (approval number: ESP/CE/175/2021). Authorization
was also provided by health and politico-administrative authorities. Before starting the
interview, oral informed consent was obtained from the study participants. The research
team provided the respondent with information about the nature of the study, its objectives,
the risks and benefits incurred, the freedom to participate or not without any prejudice, the
confidentiality, and the contact details of the person in charge of the study for subsequent
contact if necessary. Confidentiality was respected by anonymizing the dataset.

3. Results
3.1. Description of the Sample
3.1.1. Characteristics of Mothers/Caregivers of 12-23 Month Old Children and Gender of
the Child

Table 1 describes the characteristics of the sample of 51,054 children aged 12-23 months.
Mothers/caregivers had a median age of 27 years (interquartile range (IQR) = 22-33) with
the youngest at 13 and the oldest at 81 (a non-mother caregiver), were mostly married
(52.5%) or in a free union (38.1%), had completed primary (38.0%) or secondary education
(45.5%), were professionally occupied (68.8%, with 42.4% being farmers/breeders), had
religious beliefs (98.5%), and had other children under their care (99.9%). Over half of the
children 12-23 months were male (54%), and almost all (93.9%) mothers/caregivers cited
at least one vaccine-preventable disease (VPD).
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Table 1. Socio-demographic, economic, communicational, and system-related characteristics, 2021-2022 Vaccination Coverage Survey, DRC.

Socio-Demographic Characteristics of the Mother/Guardian of the Child and Gender Household Socio-Economic, Communicational, and System-Related

Characteristics
Variable n Weighted % Variable n Weighted % Variable n Weighted %
Relationship between respondent and child Occupation Household wealth quintile
Child’s mother 48,838 95.8 No occupation 15,034 32.2 Lowest 21,955 40.7
Other caregiver 2216 4.2 Teacher 1687 3.4 Second 24,500 49.0
Total 51,054 100.0 Official 673 15 Middle 3949 8.9
Age Farmer/Breeder 24,722 424 Fourth 630 1.3
Median: 27 years Fisherman 277 0.5 Highest 20 0.1
IQR: 22-33 years Trader 4806 11.6 Total 51,054 100.0
Range: 13-81 years Worker 564 13 Household location environment
<19 years 3643 7.0 Others 2081 4.7 Rural 41,041 73.2
20 to 29 years 26,718 52.6 Pupil /Student 1210 2.5 Urban 10,013 26.8
30 to 39 years 17,351 342 Total 51,054 100.0 Total 51,054 100.0
40 to 49 years 2903 5.4 Number of other children Registration of birth with the civil authority
>50 years 429 0.8 0 17 0.1 Yes 12,863 29.4
Total 51,054 100.0 1 49,589 97.2 No 37,598 69.4
Current marital status 2 1347 2.5 Do not know 593 12
Married 25,066 52.5 3 101 0.2 Total 51,054 100.0
Free union 21,199 38.1 Total 51,054 100.0 Having to pay for the vaccination card
Separated 1082 19 Religion Yes 16,174 39.8
Single 3004 6.1 No religion 826 15 No 27,697 59.7
Divorced 225 0.4 Catholic 14,964 289 Do not know 250 0.5
Widow 478 0.9 Protestant 13,711 25 Total 44,121 100.0
Total 51,054 100.0 Kimbanguist 1460 2.7 Having to pay for another immunization-related service
Educational level Muslim 773 17 Yes 7712 212
No level 7156 12.7 Revival Church 17,063 35.5 No 36,066 78.1
Primary 20,851 38 Other religion 2158 4.5 Do not know 343 0.7
Secondary 21,493 45.5 Do not know 23 0.1 Total 44,121 100.0
Superior 1342 3.3 Failure to disclose RA 76 0.1 Telephone use
Do not know 40 0.1 Total 51,054 100.0 Yes 29,845 64.8
No response 172 0.4 Gender of the child No 21,209 35.2
Total 51,054 100.0 Male 27,493 54 Total 51,054 100.0
At least one vaccine-preventable .
disease cited by the respondent Female 23,561 46 Radio
Yes 47,674 93.9 Total 51,054 100.0 Yes 25,883 54.2
No 3380 6.1 No 25,171 45.8
Total 51,054 100.0 Total 51,054 100.0

n = number of subjects; % = percentage; IQR = interquartile range; Min = smallest observed value; Max = largest observed value; RA = religious affiliation.
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3.1.2. Household Socio-Economic, Communicational, and System-Related Characteristics

In terms of household socio-economic, communicational, and system-related char-
acteristics, the majority (89.7%) were in the bottom two wealth quintiles, living in rural
areas, with unregistered children (69.4%). Over half had a home radio and telephone. Even
though most had not paid money either for the vaccination card or for a vaccination-related
service, 39.8% did report having to pay for a card and 21.2% reported having to pay some
other immunization-related fee (Table 1).

3.2. Proportion of ZD Children 12-23 Months in DRC

The percentage of ZD children aged 12-23 months was 19.1% (95% CI: 19.0-19.2%),
which would correspond to a target population of between 767,061 and 775,135 surviving
infants in the DRC. This proportion varied importantly between provinces in the DRC. The
provinces with prevalence of ZD above the national mean included: Tshopo, Maniema,
Sankuru, Mongala, Bas Uele, Tshuapa, Maindombe, Kasai Oriental, Sud Ubangi, Kasai,
Haut Uele, and Nord Ubangi (Figure 1).

Weighted %

Province zero-dose
Tshopo 62.4% (62.1-62.7%)
Maniema 57.7% (57.4-58.1%)
Sankuru 49.2% (48.9-49.6%)
Mongala 48.1% (47.8-48.4%)
Bas Uele 47.6% (47.2-48.1%)
Tshuapa 44.1% (43.7-44.4%)
Maindombe 41.8% (41.5-42.2%)
Kasai Oriental ~ 29.2% (29.0-29.4%)
% zero-dose children Sud Ubangi 24.6% (24.4-24.9%)
o <=10% Kasai 24.6% (24.4-24.8%)
o >10-20% Haut Uele 22.3% (22.0-22.6%)
H >20%-50% Nord Ubangi 21.7% (21.4-22.0%)
H >50% Tanganyika 19.0% (18.8-19.3%)
Haut Katanga 18.5% (18.3-18.6%)
Lualaba 18.3% (18.0-18.5%)
Sud Kivu 15.2% (15.0-15.3%)
Kasai Central 12.6% (12.5-12.8%)
Ituri 12.6% (12.5-12.8%)
Kwilu 10.3% (10.1-10.4%)
Lomami 9.8% (9.6-9.9%)
Equateur 8.4% (8.2-8.6%
Kwango 7.8% (7.7-8.0%)
Kongo Central 5.8% (5.6-5.9%)
Nord Kivu 4.0% (3.9-4.1%)
Kinshasa 3.0% (2.9-3.1%)
Haut Lomami 2.4% (2.3-2.5%)
Total 19.1%

Figure 1. Proportion of ZD children aged 12-23 months by province in DRC, 2021-2022 Vaccination
Coverage Survey.

3.3. Factors Associated with Zero-Dose Vaccine in Children Aged 12 to 23 Months in the DRC

After adjusting for independent variables, being zero-dose was significantly associated
with the age of the mother or guardian being less than or equal to 19 years (AOR = 1.23
(95% CI 1.06 to 1.44)); maternal education (lack of education AOR = 3.46 (95% CI 1.99 to
5.99), primary AOR = 3.14 (95% CI 1.81 to 5.42), and secondary level AOR = 3.87 (95% CI
2.22 to 6.75) compared to the level of higher or university education); religious affiliation
(willful failure to disclose religious affiliation AOR = 4.22 (95% CI 1.63 to 10.94), Muslim
AOR =1.71 (95% CI 1.25 to 2.33), revival /independent Church AOR = 1.35 (95% CI 1.22 to
1.50), Kimbanguist AOR = 1.31 (95% CI 1.03 to 1.66), and Protestant AOR = 1.12 (95% CI
1.01 to 1.25) compared to the Catholic); proxies for wealth such as not having a telephone to
use AOR = 1.59 (95% CI 1.45 to 1.75) or a radio AOR = 1.48 (95% CI 1.34 to 1.63); and lack of
civil registration AOR =2.04 (95% CI 1.81 to 2.24). Parents who reported having to pay for a
vaccination card or for another immunization-related service were more likely to have a
ZD child AOR =2.02 (95% CI 1.81 to 2.24) and AOR =3.22 (95% CI 2.57 to 4.03), respectively.
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Finally, not being able to name any vaccine-preventable disease (VPD) was also associated
with being ZD, AOR = 3.37 (95% CI 2.94 to 3.87). Summary of these findings are in Table 2.

Table 2. Bivariate and multivariate analysis of the association “zero-dose” and socio-demographic,
economic, communication, and system-related characteristics, 2021-2022 Vaccination Coverage
Survey, DRC.

Bivariate Multivariate
Variables i o,
Yreighted 7 OR (95% CD) p-Value AOR (95% CI) p-Value
Age groups
20 to 29 years 18.9 1.00 1.00
30 to 39 years 17.9 0.94 (0.89 to 0.99) 0.034 1.01 (0.93 to 1.11) 0.760
40 to 49 years 21.6 1.19 (1.07 to 1.32) 0.002 0.97 (0.81 to 1.15) 0.680
>50 years 29.3 1.79 (1.38 to 2.31) <0.001 1.14 (0.74 to 1.75) 0.561
<19 years 24.0 1.36 (1.24 to 1.49) <0.001 1.23 (1.06 to 1.44) 0.007
Relationship between
respondent and child
Child’s mother 18.8 1.00
Other caregiver 27.8 1.67 (1.49 to 1.87) <0.001
Current marital status
Married 18.1 1.00
Free union 194 1.09 (1.03 to 1.15) 0.002
separated 28.2 1.77 (1.51 to 2.08) <0.001
Single 20.8 1.19 (1.07 to 1.32) 0.002
Divorced 344 2.37 (1.70 to 3.32) <0.001
Widow 28.8 1.83 (1.46 to 2.29) <0.001
Educational level
Superior 4.6 1.00 1.00
No level 22.8 6.18 (4.64 to 8.23) <0.001 3.46 (1.99 to 5.99) <0.001
Primary 14.6 3.59 (2.69 to 4.79) <0.001 3.14 (1.81 to 5.42) <0.001
Secondary 28.0 8.14 (6.09 to 10.89) <0.001 3.87 (2.22 to 6.75) <0.001
Occupation
No occupation 17.5 1.00
Teacher 13.0 0.71 (0.60 to 0.83) <0.001
Official 9.7 0.51 (0.38 to 0.67) <0.001
Farmer/Breeder 22.7 1.38 (1.30 to 1.47) <0.001
Fisherman 324 2.25 (1.66 to 3.05) <0.001
Trader 13.7 0.75 (0.67 to 0.83) <0.001
Worker 17.0 0.96 (0.75 to 1.24) 0.777
Others 19.1 1.11 (0.98 to 1.27) 0.103
Pupil /Student 18.4 1.06 (0.89 to 1.27) 0.507
Religion
Catholic 15.1 1.00 1.00
No religion 30.2 2.44 (2.02 to 2.95) <0.001 1.12 (080 to 1.56) 0.510
Protestant 19.7 1.39 (1.29 to 1.49) <0.001 1.12 (1.01 to 1.25) 0.031
Kimbanguist 20.7 1.47 (1.27 to 1.71) <0.001 1.31 (1.03 to 1.66) 0.026
Muslim 30.4 2.46 (2.05 to 2.96) <0.001 1.71 (1.25 to 2.33) 0.001
Revival/Ind. Church 20.5 1.45 (1.36 to 1.55) <0.001 1.35(1.22 to 1.50) <0.001
Other religion 21.9 1.58 (1.39 to 1.80) <0.001 1.13 (0.91 to 1.39) 0.267
Do not know 14.8 0.98 (0.36 to 2.70) 0.972 0.85 (0.23 t0 3.12) 0.804
Failure to disclose RA 52.0 6.12 (3.45 to 10.85) <0.001 4.22 (1.63 to 10.94) <0.001
Household wealth
quintile
Lowest 26.3 9.44 (1.23 to 72.29) 0.031
Second 15.6 4.88 (0.64 to 37.50) 0.127
Middle 8.1 2.34 (0.30 to 18.02) 0.415
Fourth 6.6 1.86 (0.25 to 14.76) 0.557
Highest 3.7 1.00
Household location
environment
Urban 12.7 1.00
Rural 215 1.89 (1.76 to 2.04) <0.001
Child’s gender
Male 194 1.00
Female 18.9 0.97 (0.92 to 1.02) 0.241
Registration of birth
with the civil authority
Yes 6.2 1.00 1.00
No 24.5 4.91 (4.50 to 5.35) <0.001 2.04 (1.81 to 2.29) <0.001
Do not know 28.9 6.17 (4.83 to 7.86) <0.001 2.36 (1.65 to 3.36) <0.001
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Table 2. Cont.

Bivariate Multivariate
Variables i o
Yreighted 7 OR (95% CI) p-Value AOR (95% CI) p-Value
Having to pay for the
vaccination card

Yes 3.8 1.00 1.00
No 11.0 3.10 (2.81 to 3.42) <0.001 2.02 (1.81 to 2.24) <0.001

Do not know 38.0 15.44 (11.29 to 21.12) <0.001 5.14 (3.46 to 7.65) <0.001

Having to pay for
another
immunization-related
service

Yes 1.8 1.00 1.00
No 9.8 5.81 (4.76 to 7.10) <0.001 3.22 (2.57 to 4.03) <0.001

Do not know 28.9 21.75 (15.58 to 30.37) <0.001 5.80 (3.82 to 8.82) <0.001

Telephone use
Yes 13.8 1.00 1.00
No 28.9 2.54 (2.41 to 2.67) <0.001 1.59 (1.45 to 1.75) <0.001

Radio
Yes 13.2 1.00 1.00
No 26.2 2.33 (2.21 to 2.45) <0.001 1.48 (1.34 to 1.63) <0.001
At least one
vaccine-preventable
disease cited by the
respondent

Yes 16.7 1.0 1.00
No 56.4 6.44 (5.90 to 7.03) <0.001 3.37 (2.94 to 3.87) <0.001

With n = number of subjects in the sample; OR = Odd Ratio; AOR = Adjusted Odd Ratio; 95% CI = 95% Confidence
Interval; RA = religious affiliation.

4. Discussion

The results from this survey showed 19.1% ZD, representing between 767,061 and
775,135 ZD children in the DRC. This result is similar to the proportion estimated by WHO
and UNICEEF relating to the national vaccination coverage estimates of 19% for the DRC in
2021 [6]. The fact that almost 1 in 5 children aged 12 to 23 months was ZD in the DRC in
2021 is high in comparison to other low- and low-middle-income countries including those
in Africa [2]. There was an increase in the prevalence of zero-dose children in sub-Saharan
Africa from 6.8% in 2010 to 14% during the COVID-19 pandemic year of 2021 [2].

Our study found that zero-dose children were significantly associated with several
factors. Zero-dose children were positively associated with young mothers, which is similar
to findings from several studies. The older the mother gets, the less she may hesitate and
the fewer barriers she may face to have the child vaccinated [8-11]. Our study also found
that uneducated mothers and those who had only primary or secondary education were
more likely to have a ZD child compared to those with higher or university education.
Maternal education has been associated with vaccination in most settings [12-24]. This
may be affected by changes affected by education in attitudes, traditions, and beliefs,
and even increased autonomy and control over household resources that would improve
health-care seeking [12-20]. Zero-dose status was also associated with religious affiliation
in the DRC, with those not reporting an affiliation having the highest odds of having
an unvaccinated child. A pooled cross-sectional study of individual and national data
obtained from Demographic and Health Surveys of 33 sub-Saharan African countries found
that the children of Muslims were significantly more likely to be zero-dose than children
of Christians (25.2% versus 12.3%) [25]. However, Costa et al., in an analysis of 66 low
and middle income countries with standardized national surveys since 2010, found that
the relationship between religion and vaccination was not consistent across the world [26].
The latter suggests that various cultural and community-level factors may modulate the
relationship between religious affiliation and immunization. Working with religious leaders
may be an appropriate solution.

Zero-dose children are significantly related to proxies for wealth such as not having
a telephone to use or a radio. These two elements are currently important channels
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through which messages can pass to reach a large part of the population. This significant
link somehow reflects the existence of a dissemination of messages likely to encourage
parents to have their children vaccinated. However, information and communication
are a major challenge in the viability of an initiative. Its success or failure depends on
communication and information [27]. Vaccination services, which are the subject of so
much controversy, cannot do without communication. Communicating to convince cannot
be improvised either at the risk of reaping the opposite effects of what is expected. It is,
therefore, worthwhile to rely on the socio-cultural realities of the populations in order
to develop appropriate communication strategies, including those adapted to these two
channels, to better explain the advantages of vaccination. In the DRC, ZD children were
also significantly linked to the lack of civil registration. This result opens a window of
action to linking immunization and birth registration, as has been discussed by many
in recent years [28,29]. Another finding that is of significance is the high proportion of
people reporting having to pay for a vaccination card or another immunization-related
fee, as this is a potentially modifiable factor. This study suggests an inhibiting role of fees
on child vaccination, and this has been reported as an important barrier elsewhere. This
undoubtedly goes against the official free vaccination policy of the DRC, which is aimed at
breaking down the financial barrier to give the population maximum access to vaccination
services; several studies support that making vaccination free plays a most fundamental
role in improving immunization coverage [30,31].

Finally, not being able to name any VPD was also associated with being zero-dose.
This association has also been found in several studies conducted in sub-Saharan Africa,
particularly in Ethiopia, Burkina-Faso, or Nigeria, including systematic reviews. The
lower the level of knowledge, the less likely the caregiver is to vaccinate the child. Work-
ing on improving maternal and community knowledge about vaccination, about the
diseases that are targeted for protection, the consequences of not vaccinating the child,
the vaccination schedule, and on awareness of vaccination campaigns can help improve
vaccination [8,17,21,24,32].

The literature suggests that to reduce inequalities in immunization, targeted and
pro-equity interventions should be explicitly developed. Such interventions need to be mul-
ticomponent to mainly facilitate access through the proper offer of services and community-
based mobilization, outreach, and education, adapted to the language and health literacy of
the population [33]. Using the results of the 2021-2022 Vaccination Coverage Survey, along
with periodic monitoring of process indicators, each province, and health zone, in the DRC
is tailoring its immunization delivery strategy. The survey and this analysis were conducted
in the context of the Mashako Plan [5]. Alongside other system-strengthening actions, the
Mashako Plan is a multipartner and multicomponent initiative that is addressing access
and inequalities through simple and targeted interventions developed in collaboration
with many stakeholders. The Plan started targeting 9 provinces and has now been ex-
tended to all but two of the provinces. It took lessons from previous experiences, including
work to improve coverage in Kinshasa [34]. The focus is to favor access to vaccination by
strengthening local-level data use and accountability for better micro-planning, outreach,
and reduction of vaccine stock-outs, supportive supervision and outreach monitoring, as
well as demand generation through community engagement [5].

Limitations

This study reflects one point in time, and it does not provide longitudinal data. It relies
on survey data that can be affected by selection and information biases. The sampling frame
was derived from 1984 census data that is known to be inaccurate. To tackle this issue, a
household listing exercise was conducted in all selected clusters. Only 7 of 519 health zones
were excluded due to insecurity and non-response was 0.3%, with 86920 HHs participating
out of 87166 selected HHs. Yet, communities not included in the sampling frame may have
been left out and such communities may also be less likely to be reached with vaccines.
Vaccination history obtained from cards or facility records may have errors, as records
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can be incomplete or difficult to read or interpret [35,36]. Additionally, the proportion of
vaccination status ascertained by recall was 30%, which can lead to recall bias; although,
stating that a child was not vaccinated might be more accurate than indicating which
vaccines or how many doses a child has received [37]. Similarly, the ascertainment of
factors that relate to vaccination might also suffer from desirability or other biases that are
difficult to quantify. Finally, while we assessed factors that were related to being ZD, our
study did not go into root cause analysis of the actual reasons for not being vaccinated, or
even the factors related to the provision of vaccination services that may affect vaccination.

5. Conclusions

Zero-dose is frequent and contributes to the serious health problems in the Democratic
Republic of the Congo, with some provinces having over half of their children unvaccinated.
Important geographic, demographic, and socio-economic inequalities were observed and
quantified. Several factors were associated with not being vaccinated; yet, only better
understanding of the underlying causes of ZD will help to inform strategic and operational
decisions and to tailor interventions aiming at reducing the ZD burden. Inequalities in
immunization should continue to be monitored to assess progress.

Author Contributions: Conceptualization, D.K.I., M.M.N., M.C.D.-H., EM., PSLL.D. and A.L,;
methodology, D.K.I, M.M.N., EM., PS.L.D. and A.L.; formal analysis, D.K.I. and M.M.N.; investi-
gation, EM., P.S.L.D. and A L.; writing—original draft preparation, D.K.I, M.M.N. and M.C.D.-H.;
writing—review and editing, D.K.I, M.M.N., M.C.D.-H.,, EM., PS.L.D,, AL, ]J.-CM., M.D.Y,, CM.,,
G.EN.,RB.R, E-EM., AM.-W.C,, C.L.L.,, D.M. (Dieudonné Mwamba), C.N., D.M. (Deo Manirakiza)
and J.O. All authors have read and agreed to the published version of the manuscript.

Funding: The survey that generated the data used in this study was funded by the United Nations
Children Emergency Funds (UNICEF) after mobilizing a significant funding from GAVI. The funders
had no role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Institutional Review Board Statement: The study protocol was approved by the institutional review
board of the Kinshasa School of Public Health Ethical committee (n°® ESP/CE/175/2021). This study
was conducted in accordance with the Helsinki Declaration II. Authorization was also provided by
health and politico-administrative authorities.

Informed Consent Statement: Verbal informed consent was obtained from all subjects involved in
the study. The research team provided the respondent with information about the nature of the
study, its objectives, the risks and benefits incurred, and the freedom to participate or not without
any prejudice.

Data Availability Statement: The data presented in this study are available on request from the
WHO-DRC office at the email address “nimpamengouom@who.int”. The data are not publicly
available due to the sensitivity of certain information from health facilities.

Acknowledgments: We are very thankful to the team of research nurses and physicians for their
involvement in the collection of data used in this study. We are also very grateful for the direction of
the Kinshasa School of Public Health for their flexibility in collaboration during the survey and to
Dale RHODA for advice on the statistical methods used.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1. Greenwood, B. The contribution of vaccination to global health: Past, present and future. Philos. Trans. R. Soc. Lond. B Biol. Sci.
2014, 369, 20130433. [CrossRef] [PubMed]

2. WHO. Global Immunization Coverage 2021 [Internet]; WHO: Geneva, Switzerland, 2021; (WHO Estimates of National Immunization
Coverage (Data as of July 2022)). Available online: https://www.who.int/news-room/fact-sheets/detail/immunization-
coverage (accessed on 10 November 2022).


http://doi.org/10.1098/rstb.2013.0433
http://www.ncbi.nlm.nih.gov/pubmed/24821919
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage

Vaccines 2023, 11, 900 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wigley, A.; Lorin, J.; Hogan, D.; Utazi, C.E.; Hagedorn, B.; Dansereau, E.; Tatem, A.].; Tejedor-Garavito, N. Estimates of the
number and distribution of zero-dose and under-immunised children across remote-rural, urban, and conflict-affected settings in
low and middle-income countries. PLoS Glob. Public Health 2022, 2, €0001126. [CrossRef] [PubMed]

Gavi, the Vaccine Alliance. The Zero-Dose Child: Explained. Vaccines Work, 26 April 2021. Available online: https:/ /www.gavi.
org/vaccineswork/zero-dose-child-explained (accessed on 12 November 2022).

Ministére de la Santé Publique de RDC. Plan D’urgence Pour la Relance de la Vaccination de Routine Dit «Plan Marshall sur la
Vaccination de Routine» (Plan MASHAKO). Programme Elargi de Vaccination; Ministere de la Santé Publique de RDC: Kinshasa,
Democratic Republic of the Congo, July 2018.

WHO/UNICEF. Estimates of National Immunization Coverage 2021 [Internet]; WHO/UNICEF: Geneva, Switzerland. Avail-
able online: https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-insights/
global-monitoring /immunization-coverage/who-unicef-estimates-of-national-immunization-coverage (accessed on 12
November 2022).

Dobiliti, Inc., USA. Available online: https:/ /www.surveycto.com/ (accessed on 12 November 2022).

Abebe, A.M.; Mengistu, T.; Mekuria, A.D. Measles case, immunization coverage and its determinant factors among 12-23 month
children, in Bassona Worena Woreda, Amhara Region, Ethiopia, 2018. BMC Res. Notes 2019, 12, 71. [CrossRef]

Negussie, A.; Kassahun, W.; Assegid, S.; Hagan, A.K. Factors associated with incomplete childhood immunization in Arbegona
district, southern Ethiopia: A case—Control study. BMC Public Health 2015, 16, 27. [CrossRef] [PubMed]

Mohamud, A.N.; Feleke, A.; Worku, W.; Kifle, M.; Sharma, H.R. Inmunization coverage of 12-23 months old children and
associated factors in Jigjiga District, Somali National Regional State, Ethiopia. BMC Public Health 2014, 14, 865. [CrossRef]
[PubMed]

Zewdie, A.; Letebo, M.; Mekonnen, T. Reasons for defaulting from childhood immunization program: A qualitative study from
Hadiya zone, Southern Ethiopia. BMC Public Health 2016, 16, 1240. [CrossRef]

Mekonnen, Z.A.; Gelaye, K.A.; Were, M.C.; Tilahun, B. Timely completion of vaccination and its determinants among children in
northwest, Ethiopia: A multilevel analysis. BMC Public Health 2020, 20, 908. [CrossRef]

Girmay, A.; Dadi, A.F. Full Inmunization Coverage and Associated Factors among Children Aged 12-23 Months in a Hard-to-
Reach Areas of Ethiopia. Int. ]. Pediatr. 2019, 2019, 1924941. [CrossRef]

Kinfe, Y.; Gebre, H.; Bekele, A. Factors associated with full immunization of children 12-23 months of age in Ethiopia: A multilevel
analysis using 2016 Ethiopia Demographic and Health Survey. PLoS ONE 2019, 14, e0225639. [CrossRef]

Tamirat, K.S.; Sisay, M.M. Full immunization coverage and its associated factors among children aged 12-23 months in Ethiopia:
Further analysis from the 2016 Ethiopia demographic and health survey. BMC Public Health 2019, 19, 1019. [CrossRef]

Kagoné, M.; Yé, M.; Nébié, E ; Sie, A.; Schoeps, A.; Becher, H.; Muller, O.; Fisker, A.B. Vaccination coverage and factors associated
with adherence to the vaccination schedule in young children of a rural area in Burkina Faso. Glob. Health Action 2017, 10, 1399749.
[CrossRef]

Kiptoo, E.; Esilaba, M.; Kobia, G.; Ngure, R. Factors Influencing Low Immunization Coverage Among Children Between 12-23
Months in East Pokot, Baringo Country, Kenya. Int. J. Vaccines Vaccin. 2015, 1, 00012. [CrossRef]

Gidado, S.; Nguku, P; Biya, O.; Waziri, N.E.; Mohammed, A.; Nsubuga, P.; Akpan, H.; Oyemakinde, A.; Nasidi, A.; Suleman, L;
et al. Determinants of routine immunization coverage in Bungudu, Zamfara State, Northern Nigeria, May 2010. Pan Afr. Med. ].
2014, 18, 9. [CrossRef]

Adedokun, S.T.; Uthman, O.A.; Adekanmbi, V.T.; Wiysonge, C.S. Incomplete childhood immunization in Nigeria: A multilevel
analysis of individual and contextual factors. BMC Public Health 2017, 17, 236. [CrossRef]

Duru, C.B,; Iwu, A.C.; Uwakwe, K.A.; Diwe, K.C.; Merenu, I.A.; Emerole, C.A.; Adaeze, C.A.; Onyekuru, C.U.; Thunnia, O.
Assessment of Immunization Status, Coverage and Determinants among under 5-Year-Old Children in Owerri, Imo State, Nigeria.
Open Access Libr. ]. 2016, 3, €2753. [CrossRef]

Legesse, E.; Dechasa, W. An assessment of child immunization coverage and its determinants in Sinana District, Southeast
Ethiopia. BMC Pediatr. 2015, 15, 31. [CrossRef]

Tadesse, H.; Deribew, A.; Woldie, M. Predictors of defaulting from completion of child immunization in south Ethiopia, May
2008—A case control study. BMC Public Health 2009, 9, 150. [CrossRef]

Johri, M.; Rajpal, S.; Subramanian, S.V. Progress in reaching unvaccinated (zero-dose) children in India, 1992-2016: A multilevel,
geospatial analysis of repeated cross-sectional surveys. Lancet Glob. Health 2021, 9, e1697-e1706. [CrossRef]

Toirambe, S.E.; Camara, T.; Khalis, M.; Serhier, Z.; Darkaoui, N.; Hassouni, K.; Belouali, R.; Jallal, M. Facteurs prédictifs de la
non-complétude vaccinale chez des enfants migrants de moins de 5 ans, Maroc. St. Publique 2021, 33, 435-443. [CrossRef]
Ozigbu, C.E.; Olatosi, B.; Li, Z.; Hardin, ].W.; Hair, N.L. Correlates of Zero-Dose Vaccination Status among Children Aged 12-59
Months in Sub-Saharan Africa: A Multilevel Analysis of Individual and Contextual Factors. Vaccines 2022, 10, 1052. [CrossRef]
Santos, T.M.; Cata-Preta, B.O.; Wendt, A.; Arroyave, L.; Hogan, D.R.; Mengistu, T.; Barros, A.J.D.; Victora, C.G. Religious
Affiliation as a Driver of Immunization Coverage: Analyses of Zero-Dose Vaccine Prevalence in 66 Low- and Middle-Income
Countries. Front. Public Health 2022, 10, 977512. [CrossRef] [PubMed]

Balle, F. Les Médias. In Que Sais-Je? PUF: Paris, France, 2006.


http://doi.org/10.1371/journal.pgph.0001126
http://www.ncbi.nlm.nih.gov/pubmed/36962682
https://www.gavi.org/vaccineswork/zero-dose-child-explained
https://www.gavi.org/vaccineswork/zero-dose-child-explained
https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-insights/global-monitoring/immunization-coverage/who-unicef-estimates-of-national-immunization-coverage
https://www.who.int/teams/immunization-vaccines-and-biologicals/immunization-analysis-and-insights/global-monitoring/immunization-coverage/who-unicef-estimates-of-national-immunization-coverage
https://www.surveycto.com/
http://doi.org/10.1186/s13104-019-4104-8
http://doi.org/10.1186/s12889-015-2678-1
http://www.ncbi.nlm.nih.gov/pubmed/26757893
http://doi.org/10.1186/1471-2458-14-865
http://www.ncbi.nlm.nih.gov/pubmed/25146502
http://doi.org/10.1186/s12889-016-3904-1
http://doi.org/10.1186/s12889-020-08935-8
http://doi.org/10.1155/2019/1924941
http://doi.org/10.1371/journal.pone.0225639
http://doi.org/10.1186/s12889-019-7356-2
http://doi.org/10.1080/16549716.2017.1399749
http://doi.org/10.15406/ijvv.2015.01.00012
http://doi.org/10.11604/pamj.supp.2014.18.1.4149
http://doi.org/10.1186/s12889-017-4137-7
http://doi.org/10.4236/oalib.1102753
http://doi.org/10.1186/s12887-015-0345-4
http://doi.org/10.1186/1471-2458-9-150
http://doi.org/10.1016/S2214-109X(21)00349-1
http://doi.org/10.3917/spub.213.0435
http://doi.org/10.3390/vaccines10071052
http://doi.org/10.3389/fpubh.2022.977512
http://www.ncbi.nlm.nih.gov/pubmed/36388274

Vaccines 2023, 11, 900 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Corréa, G.; Verstraete, P.; Soundardjee, R.; Shankar, M.; Paterson, C.; Hampton, L.; Jackson, D.; Muniz, M.; Mwamba, R.; Wenz,
K.; et al. Imnmunization programmes and notifications of vital events. Bull. World Health Organ. 2019, 97, 306-308. [CrossRef]
[PubMed]

Pan American Health Organization (PAHO). Immunization and Birth Registration. Immun. Newsl. 2012, 34, 1-2. Available online:
www.paho.org/immunization/newsletter (accessed on 20 November 2022).

Jiang, X.; Shang, X.; Lin, J.; Zhao, Y.; Wang, W.; Qiu, Y. Impacts of free vaccination policy and associated factors on influenza
vaccination behavior of the elderly in China: A quasi-experimental study. Vaccine 2021, 39, 846-852. [CrossRef] [PubMed]
Fang, R.;Ma, Y.; Wu, J.; Lv, M,; Tian, L.; Xie, Z. Free influenza vaccination coverage and its influencing factors about cognition
among elderly population in Beijing. Chin. Gen. Pract. 2013, 17, 1403-1406. [CrossRef]

Crocker-Buque, T.; Mindra, G.; Duncan, R.; Mounier-Jack, S. Inmunization, urbanization and slums—A systematic review of
factors and interventions. BMC Public Health 2017, 17, 556. [CrossRef]

Machado, A.A.; Edwards, S.A.; Mueller, M.; Saini, V. Effective interventions to increase routine childhood immunization coverage
in low socioeconomic status communities in developed countries: A systematic review and critical appraisal of peer-reviewed
literature. Vaccine 2021, 39, 2938-2964. [CrossRef]

JSI Inc. Attendre les Enfants non Vaccinés: Legons Tirées de L’assistance Technique de JSI au Gouvernement de RDC Pour
L’amélioration de L'acces aux Services de Vaccination de Routine et Pour une Meilleure Utilisation de ces Services. 2020.
Available online: https:/ /publications.jsi.com/JSIInternet/Inc/Common/_download_pub.cfm?id=23343&lid=6 (accessed on 20
November 2022).

Kaboré, L.; Méda, C.Z.; Sawadogo, E.; Bengue, M.M.; Kaboré, W.M.; Essoh, A.T.; Gervaix, A.; Galetto-Lacour, A.; Médah, I;
Betsem, E. Quality and reliability of vaccination documentation in the routine childhood immunization program in Burkina Faso:
Results from a cross-sectional survey. Vaccine 2020, 38, 2808-2815. [CrossRef]

Mansour, Z.; Brandt, L.; Said, R.; Fahmy, K.; Riedner, G.; Danovaro-Holliday, M.C. Home-based records’ quality and validity of
caregivers’ recall of children’s vaccination in Lebanon. Vaccine 2019, 37, 4177-4183. [CrossRef]

Dansereau, E.; Brown, D.; Stashko, L.; Danovaro-Holliday, M.C. A systematic review of the agreement of recall, home-based
records, facility records, BCG scar, and serology for ascertaining vaccination status in low and middle-income countries. Gates
Open Res. 2020, 3, 923. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.2471/BLT.18.210807
http://www.ncbi.nlm.nih.gov/pubmed/30940988
www.paho.org/immunization/newsletter
http://doi.org/10.1016/j.vaccine.2020.12.040
http://www.ncbi.nlm.nih.gov/pubmed/33390294
http://doi.org/10.3969/j.issn.1007-9572.2014.12.019
http://doi.org/10.1186/s12889-017-4473-7
http://doi.org/10.1016/j.vaccine.2021.03.088
https://publications.jsi.com/JSIInternet/Inc/Common/_download_pub.cfm?id=23343&lid=6
http://doi.org/10.1016/j.vaccine.2020.02.023
http://doi.org/10.1016/j.vaccine.2019.05.032
http://doi.org/10.12688/gatesopenres.12916.2

	Introduction 
	Materials and Methods 
	Study Design 
	Sampling 
	Data Collection 
	Variables 
	Data Analysis 
	Ethical Considerations 

	Results 
	Description of the Sample 
	Characteristics of Mothers/Caregivers of 12–23 Month Old Children and Gender of the Child 
	Household Socio-Economic, Communicational, and System-Related Characteristics 

	Proportion of ZD Children 12–23 Months in DRC 
	Factors Associated with Zero-Dose Vaccine in Children Aged 12 to 23 Months in the DRC 

	Discussion 
	Conclusions 
	References

