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Abstract

Background and objectives

Vaccination status becomes more equitable when interventions are carried out to eliminate
poverty or to improve levels in maternal education. Low-income countries need to identify
interventions that would have a more immediate and equitable effect. The present study
aimed to identify rapidly modifiable factors associated with full vaccination status among
children in Niamey, Niger.

Methods

A cross-sectional, random cluster household survey was conducted in Niamey’s five health
districts. Data on vaccination coverage and socioeconomic household characteristics were
collected. Logistic regression analysis was conducted with data on 445 mothers and their
children aged 12-23 months.

Results

Of 445 children, 38% were fully vaccinated. Mothers who were satisfied with their health
worker’s attitude and had correct vaccination calendar knowledge (adjusted odds ratio
[aOR] 5.32, 95% confidence interval [Cl] 2.05-13.82) were more likely to have fully vacci-
nated children. Mothers who had completed secondary school (aOR 2.04, 95% CI 1.17—
3.55) were also associated with having fully vaccinated children.

Conclusions

A higher rate of full vaccination among children could be achieved by relatively short-term
modifiable factors. These modifiable factors are mothers’ satisfaction with health workers’
attitudes and knowledge of the vaccination calendar. Maternal satisfaction with health
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workers’ attitudes could be improved through better interpersonal communication between
health workers and mothers. Specifically, mothers should be given specific information on
time intervals between appointments. Strengthened communication interventions may be
effective in improving both the acceptability of health services and low vaccination
coverage.

Introduction

In Niger, there is a relatively high rate of initial access to vaccination. For example, results
from the 2012 Demographic Health Surveys (DHS) showed coverage rates of 84.0% for Bacil-
lus Calmette-Guérin (BCG) and 86.2% for the Diphtheria, Tetanus, and Pertussis vaccines
(DTP) 1 among children aged 12-23 months [1]. For DTP 2, the coverage fell to 78.9%. For
DTP 3, the coverage fell by another 10%. Only 68.7% of children receive the measles vaccina-
tion before they turned 1-year-old. Of the 2275 children surveyed in 2012, the full vaccination
coverage was estimated at 52.0%, with 4.1% of children having never received any vaccination.

Globally, vaccination coverage is monitored through DTP coverage. In Niger, the pentava-
lent vaccine (Penta) coverage is used as Penta is a combination of five vaccines: those for DTP,
hepatitis B, and Haemophilus influenza type b. A Penta coverage >80% implies good access to
services [2]. A poor utilization rate reflects a high drop-out rate >10% [3]. Niger has good
accessibility but low utilization, a trend that has continued even after user fees were exempted
for maternal and child services [4]. As accessibility and availability of services are not problem-
atic, acceptability becomes the issue. In the field, officials frequently blame the high vaccina-
tion drop-out rate on socioeconomic factors, notably the lack of maternal education.

Vaccination status becomes more equitable when interventions are carried out to eliminate
poverty or to improve maternal education levels. However, such interventions require time to
take effect. For example, years of maternal education or maternal knowledge can be changed.
However, change might take longer than a few years. In addition, there is no assurance that
knowledge would lead to behavior change. Poverty elimination in order to achieve equitable
vaccination would take decades. As low-income countries (including Niger) have low human
capital and limited resources, they cannot afford to wait. These countries need to identify
rapid or short-term interventions that would have a more immediate and equitable effect in a
year or two.

In this context, the present study aimed to identify rapidly modifiable factors associated
with full vaccination status among children in Niamey, Niger.

Materials and methods
Study design

This cross-sectional study was conducted in October 2016. A multi-stage random cluster
design was used, following the WHO cluster survey 2005 guidelines [5]. Just as the study was
being implemented, the WHO cluster survey 2015 draft working guidelines were published

[6].

Study setting

The study setting is the urban capital of the Republic of Niger, Niamey. A random selection of
clusters from the 2012 census and other survey preparations was performed at the National
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Institute of Statistics (INS) during the first week of October 2016. The questionnaire was pre-
tested at the surveyor training day on October 9. Data were collected through household inter-
views from October 10 to 14.

Study participants

Mothers of children aged 12-23 months were identified within each cluster. The inclusion cri-
teria for this study were 1) a parent of children aged 12-23 months at the time of the survey; 2)
the child had slept in Niamey the night before the interviewer’s visit; and 3) one child, in the
case of multiple children between 12 and 23 months, only data of the youngest child were col-
lected. The exclusion criteria were 1) persons who did not give their consent to be interviewed.

Study variables

The dependent variable was a fully vaccinated status verified by the child’s vaccination record
in the MCH handbook. The present study did not collect information on vaccination based on
the mother’s memory.

For the dependent variable of a fully vaccinated child, independent variables derived from
the literature were selected. Specifically, independent socioeconomic variables were mostly
structural and non-modifiable factors including maternal education level [7-11], socioeco-
nomic status based on wealth quintile [7-10,12], maternal and paternal ages (as continuous
variables), maternal employment status [13], and the child’s birth order [14,15]. Independent
and modifiable variables included in the analysis were: discussion about vaccination with the
family [16-19], satisfaction with the attitudes of health workers [13,18,20-22], and maternal
knowledge of the vaccination calendar. All independent variables were binary.

Vaccination status was encoded as “1” if the child had received BCG, three DTP doses, oral
polio vaccine drops thrice, and one dose of measles vaccine. If the child had missed any of the
vaccines mentioned above, the antigen status was encoded as “0”. Full vaccination status was
the sum “8” for 8 vaccines which were coded “1”. If all antigens were coded “0”, the child was
considered to be “zero-dose” or “not vaccinated”.

The wealth quintiles used in the present study were constructed using principal component
analysis of household assets. Questions were asked on electricity, water source, home and vehi-
cle ownership, livestock ownership, as well as ownership of a television set, refrigerator, and
air conditioner. Typical DHS questions regarding housing materials were not included, as
roofing and flooring materials used in Niamey are similar.

Binary response questions were asked on satisfaction with the attitudes of health workers,
and whether the women discussed vaccination with friends and family. Responses were coded
in binary form (“1” for “yes” and “0” for “no”).

Maternal knowledge of the vaccination calendar was assessed through the question, “How
many times should you take your child (to the vaccination center) so that he/she is fully vacci-
nated?” Mothers who correctly replied “five” to the question, received a code of “1” for “has
knowledge”. Mothers who gave another number or were unable to answer received a code of
“0” for “does not have knowledge”.

Data sources and measurement

The sample size for the five stratified health districts was calculated based on an 85% likely cov-
erage for DTP 3 from administrative data obtained in 2014 (8). In addition, the following
parameters were applied: a 95% confidence interval (CI), 90% power, and an intra-cluster cor-
relation of 0.042 (or a design effect of 1.38, which indicated very little variation in coverage).
After stratifying according to health district, 46 clusters were selected randomly from a list of

PLOS ONE | https://doi.org/10.1371/journal.pone.0249026 March 31, 2021 3/12


https://doi.org/10.1371/journal.pone.0249026

PLOS ONE

Rapidly modifiable factors associated with full vaccination status among children in Niamey, Niger

enumeration areas (EAs). This cluster list was constructed for the 2012 Census by the INS of
Niger.

Study questions were drafted based on the 2012 Niger DHS questionnaire and WHO clus-
ter survey 2015 draft working guidelines [1,6]. A small study coordination committee reviewed
the questions for cultural appropriateness. The questionnaire (only available in French) has
been uploaded to Harvard Dataverse. The study coordination committee then pretested the
questions while training 22 surveyors. Four of the 22 were selected as supervisors during train-
ing to oversee the remaining 18 surveyors. The four supervisors were supervised by the study
coordination committee.

The first household to be assessed in the study was marked randomly on maps prepared by
INS. Cluster boundaries were confirmed on the ground. Surveyors then canvassed each clus-
ter, going in a predetermined direction. The surveyors continued until they had interviewed
ten mothers. The same procedure was repeated in each of the 46 clusters. For clusters that
were markets or bus terminals, surveyors randomly approached mothers carrying babies on
their backs. Mothers were interviewed using a structured questionnaire.

Missing data on vaccination coverage were supplemented with information from a photo
of the vaccination page of the person’s MCH handbook. Other missing information on the
husband’s education level and other variables were not supplemented or imputed.

Data analysis

Mother-child pairs were nested within their neighborhoods. Usually, when data are nested, a
multilevel regression is run. However, the intraclass correlation coefficient (0.02, standard
error 0.03) was negligible when an empty model was run for the dependent variable of a fully
vaccinated child. This was interpreted as minimal variation in the dependent variable from
one neighborhood to another. Therefore, data were analyzed at the mother-child level without
considering neighborhood clustering. A single-level logistic regression analysis was run. The
data were checked for multicollinearity. All statistical analyses were performed using Stata ver-
sion 13.1 (StataCorp LLC, College Station, TX, USA). The full dataset has been uploaded onto
Harvard Dataverse.

Ethics approval

The Research Ethics Committee of the Graduate School of Medicine, University of Tokyo
approved the protocol of the present study (serial number 11218). The National Ethics Com-
mittee of Niger authorized study execution (no. 03660/MSP/SG/DEP/DER). Consent in the
form of a signature or thumbprint was obtained from all mothers. The Research Ethics Com-
mittee waived the need to obtain parental consent as married Nigerien women (even if they
are teenagers) are not considered minors. Participation was strictly voluntary, with no incen-
tive given. Measures were taken to ensure the confidentiality of the data so that individuals
could not be identified.

Results
Study population characteristics

A total of 460 mothers of children aged 12-23 months were recruited. Data regarding 15 chil-
dren were removed before data analysis, as they did not meet the age inclusion criteria.

Table 1 shows the descriptive characteristics of the 445 mothers. Of 146 mothers who were
unable to read and write, 101 (69.2%) did not have fully vaccinated children. More than half
(n =96, 52.8%) of 182 mothers who had completed both primary and secondary schools did
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Table 1. Study population characteristics.

Variable Total Child not fully vaccinated Child fully vaccinated p-value
n @ n n
Mother’s education level (n = 445) 0.030
Unable to read and write 146 (32.8) 101 (69.2) 45 (30.8)
Able to read and write 28 (6.3) 19 (67.9) 9 (32.1)
Primary and secondary 182 (40.9) 96 (52.8) 86 (47.3)
Post-secondary 26 (5.8) 16 (61.5) 10 (38.5)
Koranic 63 (14.2) 42 (66.7) 21 (33.3)
Socio-economic status (measured by constructed wealth index) (n = 436) 0.003
Poorest 85 (19.5) 65 (76.5) 20 (23.5)
Poorer 89 (20.4) 60 (67.4) 29 (32.6)
Middle 87 (20.0) 44 (50.6) 43 (49.4)
Richer 87 (20.0) 48 (55.2) 39 (44.8)
Richest 88 (20.2) 50 (56.8) 38 (43.2)
Mother’s age group (n = 443) 0.721
15-19 years 32 (7.2) 19 (59.4) 13 (40.6)
20-24 years 103 (23.3) 63 (61.2) 40 (38.8)
25-29 years 132 (30.0) 86 (65.2) 46 (34.9)
30-34 years 80 (18.1) 50 (62.5) 30 (37.5)
35-39 years 73 (16.5) 43 (58.9) 30 (41.1)
>40 years 23 (5.2) 11 (47.8) 12 (52.2)
Father’s age group (n = 437) 0.038
20-29 years 44 (10.1) 28 (63.6) 16 (36.4)
30-34 years 84 (19.2) 46 (54.8) 38 (45.2)
35-39 years 96 (22.0) 69 (71.9) 27 (28.1)
40-44 years 91 (20.8) 60 (65.9) 31 (34.2)
45-49 years 69 (15.8) 40 (58.0) 29 (42.0)
>50 years 53 (12.1) 25 (47.2) 28 (52.8)
Mother’s employment status (n = 445) 0.651
Stay-at-home mother 341 (76.6) 208 (61.0) 133 (39.0)
Working mother 104 (23.4) 66 (63.5) 38 (36.5)
Child’s birth order (n = 444) 0.689
1°¢ child 92 (20.7) 53 (57.6) 39 (42.4)
2" child 84 (18.9) 52 (61.9) 32 (38.1)
3" child 87 (19.6) 49 (56.3) 38 (43.7)
4™ child 55 (12.4) 37 (67.3) 18 (32.7)
5%_6" child 73 (16.4) 47 (64.4) 26 (35.6)
711" child 53 (11.9) 35 (66.0) 18 (34.0)

(n = 445 total, n = 274 not fully vaccinated, n = 171 fully vaccinated).

https://doi.org/10.1371/journal.pone.0249026.t001

not have a fully vaccinated child. Of 445 mothers, 436 were divided into quintiles according to
their socioeconomic status. The poorest quintile had the lowest percentage (23.5%), while the
middle class had the highest percentage (49.4%) of fully vaccinated children. The richest quin-
tile had only 38 fully vaccinated children out of 88 (43.2%), less than that of the middle class.
Children in the poorest quintile compared to those in the richest quintile were disadvan-
taged by 19.7% in terms of full vaccination status. Children whose mothers were uneducated
were disadvantaged by 16.5% in terms of full vaccination status, compared to those whose
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Table 2. Study population behavioral characteristics.

Variable Total Child not fully vaccinated Child fully vaccinated p-value
n (%) n (%) n (%)

Mother’s possession of maternal and child health handbook (n = 445) 0.001
No 18 (4.0) 18 (100.0) 0 (0.0)
Yes 427 (96.0) 256 (60.0) 171 (40.0)

Mother’s discussion with family about vaccination (n = 434) 0.019
No 119 (27.4) 83 (69.8) 36 (30.3)
Yes 315 (72.6) 181 (57.5) 134 (42.5)

Mother’s satisfaction with health worker’s attitude (n = 433) 0.025
No 49 (11.3) 37 (75.5) 12 (24.5)
Yes 384 (88.7) 226 (58.9) 158 (41.2)

Maternal knowledge of vaccination calendar (n = 433) <0.001
No 225 (52.0) 156 (69.3) 69 (30.7)
Yes 208 (48.0) 107 (51.4) 101 (48.6)

(n = 445 total, n = 274 not fully vaccinated, n = 171 fully vaccinated).

https://doi.org/10.1371/journal.pone.0249026.t002

mothers received secondary education. A pattern of economic- and education-related inequal-
ity similar to that reported by the WHO was observed.

One-third of the mothers were aged 25-29 years. Almost one in four mothers were aged
between 20-24 years. Three out of four mothers were stay-at-home mothers, and one-fourth
replied that they were working mothers. No association was found between maternal employ-
ment status and full child vaccination status. One-fifth of the children were first-borns. Two-
fifths of the children were second- and third-borns. Of 444 children, 53 (11.9%) were seventh
to eleventh-borns. No association was found between a child’s birth order and full vaccination
status.

Table 2 shows modifiable factors assessed among the 445 mothers. When mothers were
asked “Are you satisfied with the attitude of your health worker?”, 384 of 433 mothers (88.7%)
responded positively. Of 433 mothers who were asked the question regarding maternal knowl-
edge of the vaccination calendar, 208 (48.0%) responded correctly. Of these 208 mothers, 101
(48.6%) had fully vaccinated children.

Vaccination coverage

One-hundred-and-seventy-one (38.4%) of 445 children were fully vaccinated. As shown in

Fig 1, 91% of children received the BCG vaccine soon after birth. DTP 1 (Penta 1) is adminis-
tered when a child is 6 weeks old. The coverage of DTP 1 vaccination was 90%. The DTP 2
(Penta 2) vaccine is given when a child is 10 weeks old. The coverage of DTP 2 vaccination was
86%. The DTP 3 (Penta 3) vaccine is administered when a child is 14 weeks old; the coverage
was 83%. The measles vaccine is administered when a child is 9 months old, or 6 months after
DTP 3. There was a 20% drop in coverage between DTP 3 and measles. The measles vaccine
coverage was 63%.

Socioeconomic and modifiable factors associated with a fully vaccinated
status

Table 3 shows the result of multivariable logistic regression on the association between the
independent variables and the dependent variable of a fully vaccinated status. Given the
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Fig 1. Routine vaccination coverage rates along the vaccination schedule. OPV: oral poliovirus vaccine. IPV: injectable
poliovirus vaccine. Penta: Pentavalent vaccine (a 5-in-1 vaccine) containing five antigens (diphtheria, pertussis, tetanus, hepatitis
B, and Haemophilus influenzae type b). PCV: pneumococcal vaccine.

https://doi.org/10.1371/journal.pone.0249026.9001

relatively small sample size of the present study, selected socioeconomic variables were
included in the logistic regression analysis [23,24]. Mothers in the middle wealth quintile
(adjusted odds ratio [aOR] 4.05, 95% CI 1.90-8.66) and the richer wealth quintile (aOR 2.67,
95% CI 1.28-5.58) were likelier to have fully vaccinated children. Mothers who had completed
primary and secondary schools (aOR 2.04, 95% CI 1.17-3.55) were likelier to have fully vacci-
nated children. Mothers who were satisfied with their health workers’ attitudes and had correct
knowledge of the vaccination calendar (aOR 5.32, 95% CI 2.05-13.82) were also likelier to
have fully vaccinated children.

Discussion

The present study identified modifiable and less modifiable factors that were associated with
the full vaccination of children. The modifiable factors were mothers’ satisfaction with their
health workers’ attitudes and their knowledge of the vaccination calendar. Financial status and
education level were considered as less modifiable factors.

Maternal knowledge of the vaccination calendar and satisfaction with
health worker’s attitude

In the present study, mothers who knew that they needed to bring their children to the health
center five times for vaccination were more likely to have fully vaccinated children. Maternal
education and health literacy levels are commonly associated with higher vaccination coverage
[7-11]. However, health literacy level assessment can be not only complicated but also
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Table 3. Factors associated with full vaccination status® (n = 412).

Factors aOR 95% CI p-value
Mother’s age 1.04 0.99-1.10 0.129
Father’s age 1.03 0.99-1.06 0.132
Child’s birth order 0.90 0.77-1.05 0.183

Maternal education level

Unable to read and write (ref)

Able to read and write 0.80 0.31-2.07 0.650
Primary and secondary 2.04* 1.17-3.55 0.011
Post-secondary 1.35 0.48-3.76 0.570
Koranic 1.28 0.62-2.67 0.502

Mother’s employment status

Stay-at-home mother (ref)

Working mother 0.58 0.33-1.02 0.059
Socioeconomic status (measured by constructed wealth index)

Poorest (ref)

Poorer 1.47 0.71-3.05 0.301

Middle 4.05*** 1.90-8.66 <0.001

Richer 2.67* 1.28-5.58 0.009

Richest 1.96 0.91-4.20 0.084
Mother’s discussion with family about vaccination

No (ref)

Yes 1.48 0.88-2.50 0.140

Mother’s satisfaction with health worker’s attitude and knowledge about vaccination calendar

Not satisfied and incorrect knowledge (ref)

Not satisfied but correct knowledge 2.87 0.67-12.23 0.155
Satisfied but incorrect knowledge 2.26 0.88-5.81 0.092
Satisfied and correct knowledge 5.32** 2.05-13.82 0.001

*: Significant at the 5% level,

**: Significant at the 1% level,

***: Significant at the 0.1% level.

! A child is fully vaccinated when he/she has received one dose of BCG vaccine at birth, three doses of polio and DTP
vaccines at six, 10, and 14 weeks after birth, and one dose of measles vaccine at nine months.

https://doi.org/10.1371/journal.pone.0249026.t003

inconsistent [25]. In the present study, maternal knowledge of the vaccination calendar was
assessed through a simple and direct question with a binary response. Such a question can eas-
ily be added to household and vaccination coverage surveys. In this way, maternal knowledge
of the vaccination calendar could predict whether the mother will bring back her child for fur-
ther vaccination. If the knowledge is insufficient, communication interventions could be
implemented to modify this independent variable rapidly. Communication could improve the
correct knowledge of the vaccination schedule, such as the time intervals between appoint-
ments. Mothers might be nudged to come for timely vaccination.

Children were more likely to be fully vaccinated when their mothers had the knowledge
and were satisfied with health worker attitudes. Health worker attitudes and knowledge may
be interconnected. Health worker attitudes are critical when a mother is looking for informa-
tion on vaccination [26-28]. If health worker attitudes are acceptable, mothers are more likely
to trust vaccination programs and vaccines. Trusting mothers may be more willing to attend
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vaccination sessions. Through these visits, mothers might acquire correct knowledge of the
vaccination schedule compared to those women who come less often.

Socioeconomic status and healthcare utilization

In the present study, the poorest and poorer mothers were less likely to have fully vaccinated
children. Compared to children in the richest quintile, children in the poorest quintile were
disadvantaged, as were children whose mothers were uneducated compared to those whose
mothers received secondary education. A pattern of economic- and education-related inequal-
ity similar to that reported by the WHO [29] was observed. Similar findings have been pub-
lished on the association between lower socioeconomic status and the lower likelihood of a
fully vaccinated child [8,12,30,31]. One explanation was that poorer mothers had less time or
“multiple livelihood activities that deterred clinic attendance” [32]. A previous study also
found that poor mothers felt that they were treated poorly by health workers [32]. Health
worker attitudes may influence healthcare utilization more than previously acknowledged.
Therefore, modifying health worker attitudes may be vital to improving healthcare utilization
among poor mothers. More economically disadvantaged children could be fully vaccinated if
sympathetic health workers communicated with mothers better. These factors promote vacci-
nation service utilization.

Economically underprivileged children could also be protected from vaccine-preventable
infectious diseases through reinforced herd or community immunity. Community immunity
can be raised if a critical mass has been vaccinated through routine vaccination and vaccina-
tion campaigns [33]. In addition, community immunity can be kicked-off with correct mater-
nal knowledge of the vaccination calendar and helpful health workers, both of which are short-
term modifiable factors.

Study limitations

The present cross-sectional study did not record vaccination antigens received by children of
mothers who did not possess their child’s vaccination record or a maternal child health hand-
book. Recall bias, a problem flagged by prominent researchers in this field [34,35], was there-
fore minimized. Selection bias is possible as the surveyors may have selected mothers who
were able to show their child’s vaccination record. The random cluster survey design pre-
vented selection bias based on neighborhood or neighborhood health centers. Chance
responses to the question regarding knowledge of the maternal vaccination calendar could not
be controlled. In any case, a binary response question was the most direct way to assess mater-
nal knowledge of the vaccination calendar. The wealth index quintiles need to be interpreted
with caution. The wealth quintiles used in the present study were constructed from urban
household assets unweighted to a national scale. The results could be skewed, as this study’s
urban residents fall in the top two quintiles of the national wealth index. Owing to the cross-
sectional design, the cause-effect relationship between modifiable factors and full vaccination
status could not be assessed. For example, mothers could have acquired knowledge regarding
the vaccination calendar while getting their child fully vaccinated or mothers could have
learned the correct vaccination calendar through frequent contact with health workers. Finally,
an ethnographic and spatial analysis could have furthered understanding of urban specificities,
including place and access to health services.

Conclusions

Based on proof of vaccination recorded in the MCH handbook, only 38% of children were
fully vaccinated. A higher rate of full vaccination among children could be achieved by
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relatively short-term modifiable factors. These modifiable factors are mothers’ satisfaction
with health workers’ attitudes and knowledge of the vaccination calendar. Maternal satisfac-
tion with health workers’ attitudes could be improved through better interpersonal communi-
cation between health workers and mothers. Specifically, mothers should be given specific
information on time intervals between appointments. Strengthened communication interven-
tions may be effective in improving both the acceptability of health services and low vaccina-
tion coverage. To increase the number of fully vaccinated children, the coverage of the last
vaccine (measles vaccine) needs to be improved.

Acknowledgments

Study design and data collection was done during MKK’s PhD studies at the University of
Tokyo, Graduate School of Medicine, Department of Community and Global Health. The
Fukutaro Zaidan supported MKK’s PhD studies. Analysis, interpretation of data was con-
ducted during MKK’s research fellowship at the Takemi Program in International Health
(August 2017-June 2018) Harvard T.H. Chan School of Public Health. This research fellow-
ship was supported by the Japan Medical Association.

The National Statistics Institute (INS) played a crucial role in realizing this study through
their active participation in data collection as well as thorough follow-up for the mapping of
results conducted approximately a year after data collection. Field data collection would not
have been possible without the friendship, encouragement, advice and support of Dienaba
(Abou) Diallo and her family, as well as former colleague Assoumana Abdou of JICA Niger.
The findings, interpretations and conclusions expressed in this article are entirely those of the
authors and do not represent the views of the afore-mentioned institutions or colleagues.
Thank you Editage (www.editage.com) for English language editing. Last but not least, the
parents who participated in the study as well as all positive attitude Nigerien health workers
who provide vaccination services to the population.

Author Contributions

Conceptualization: Mika Kondo Kunieda, Akira Shibanuma, Masamine Jimba.
Data curation: Mika Kondo Kunieda.

Formal analysis: Mika Kondo Kunieda, Akira Shibanuma.

Funding acquisition: Mika Kondo Kunieda, Akira Shibanuma, Masamine Jimba.
Investigation: Mika Kondo Kunieda, Mahamane Laouali Manzo.

Methodology: Mika Kondo Kunieda, Mahamane Laouali Manzo.

Project administration: Mika Kondo Kunieda, Akira Shibanuma, Masamine Jimba.
Resources: Mika Kondo Kunieda, Akira Shibanuma, Masamine Jimba.

Software: Mika Kondo Kunieda.

Supervision: Mika Kondo Kunieda, Mahamane Laouali Manzo, Masamine Jimba.
Validation: Mahamane Laouali Manzo, Akira Shibanuma.

Visualization: Mika Kondo Kunieda.

Writing - original draft: Mika Kondo Kunieda.

Writing - review & editing: Mika Kondo Kunieda, Mahamane Laouali Manzo, Akira Shiba-
numa, Masamine Jimba.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249026 March 31, 2021 10/12


http://www.editage.com
https://doi.org/10.1371/journal.pone.0249026

PLOS ONE

Rapidly modifiable factors associated with full vaccination status among children in Niamey, Niger

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

ICF, INS. Enquéte Démographique et de Santé et a Indicateurs Multiples du Niger 2012. Calverton,
Maryland, USA; 2013.

Bado AR, Sathiya Susuman A. Women’s education and health inequalities in under-five mortality in
selected sub-Saharan African countries, 1990-2015. PloS One. 2016; 11: e0159186. https://doi.org/10.
1371/journal.pone.0159186 PMID: 27442118

Kazungu J, Adetifa |. Crude childhood vaccination coverage in West Africa. Wellcome Open Res. 2017.
2017;2. https://doi.org/10.12688/wellcomeopenres.10690.1 PMID: 28459105

Amouzou A, Habi O, Bensaid K. Reduction in child mortality in Niger: a Countdown to 2015 country
case study. Lancet (London, England). 2012; 380: 1169-1178. https://doi.org/10.1016/S0140-6736(12)
61376-2 PMID: 22999428

WHO. Immunization coverage cluster survey- reference manual. Geneva; 2005. Contract No.: WHO/
IVB/04.23.

WHO. Vaccination coverage cluster surveys: reference manual version 3, working draft. 2015.

Glatman-Freedman A, Nichols K. The effect of social determinants on immunization programs. Hum
Vaccin Immunother. 2012; 8: 293—-301. https://doi.org/10.4161/hv.19003 PMID: 22327490

Mutua MK, Kimani-Murage E, Ettarh RR. Childhood vaccination in informal urban settlements in Nai-
robi, Kenya: who gets vaccinated? BMC Public Health. 2011; 11: 6. https://doi.org/10.1186/1471-2458-
11-6 PMID: 21205306

Clouston S, Kidman R, Palermo T. Social inequalities in vaccination uptake among children aged 0-59
months living in Madagascar: an analysis of Demographic and Health Survey data from 2008 to 2009.
Vaccine. 2014; 32: 3533-3539. https://doi.org/10.1016/j.vaccine.2014.04.030 PMID: 24814558

Shrivastwa N, Gillespie BW, Kolenic GE, Lepkowski JM, Boulton ML. Predictors of vaccination in India
for children aged 12—-36 months. Am J Prev Med. 2015; 49: S435—444. https://doi.org/10.1016/j.
amepre.2015.05.008 PMID: 26297449

Fatiregun AA, Okoro AO. Maternal determinants of complete child immunization among children aged
12-23 months in a southern district of Nigeria. Vaccine. 2012; 30: 730-736. https://doi.org/10.1016/j.
vaccine.2011.11.082 PMID: 22137878

Kawakatsu Y, Tanaka J, Ogawa K, Ogendo K, Honda S. Effects of three interventions and determinants
of full vaccination among children aged 12—59 months in Nyanza province, Kenya. Public Health. 2015;
129: 1530-1538. https://doi.org/10.1016/j.puhe.2015.07.008 PMID: 26278475

Cutts FT, Diallo S, Zell ER, Rhodes P. Determinants of vaccination in an urban population in Conakry,
Guinea. Int J Epidemiol. 1991; 20: 1099—-1106. https://doi.org/10.1093/ije/20.4.1099 PMID: 1800410

Antai D. Gender inequities, relationship power, and childhood immunization uptake in Nigeria: a popula-
tion-based cross-sectional study. Int J Infect Dis. 2012; 16: e136—145. https://doi.org/10.1016/}.ijid.
2011.11.004 PMID: 22197748

Johri M, Subramanian SV, Sylvestre MP, Dudeja S, Chandra D, Kone GK, et al. Association between
maternal health literacy and child vaccination in India: a cross-sectional study. J Epidemiol Community
Health. 2015; 69: 849-857. https://doi.org/10.1136/jech-2014-205436 PMID: 25827469

Kwan TT, Chan KK, Yip AM, Tam KF, Cheung AN, Young PM, et al. Barriers and facilitators to human
papillomavirus vaccination among Chinese adolescent girls in Hong Kong: a qualitative-quantitative
study. Sex Transm Infect. 2008; 84: 227-232. https://doi.org/10.1136/sti.2007.029363 PMID:
18256106

Cockcroft A, Andersson N, Omer K, Ansari NM, Khan A, Chaudhry UU, et al. One size does not fit all:
local determinants of measles vaccination in four districts of Pakistan. BMC Int Health Hum Rights.
2009; 9: S4. https://doi.org/10.1186/1472-698X-9-S1-S4 PMID: 19828062

Kawakatsu Y, Honda S. Individual-, family- and community-level determinants of full vaccination cover-
age among children aged 12—-23 months in western Kenya. Vaccine. 2012; 30: 7588-7593. https://doi.
org/10.1016/j.vaccine.2012.10.037 PMID: 23102973

Vikram K, Vanneman R, Desai S. Linkages between maternal education and childhood immunization in
India. Soc Sci Med. 2012; 75: 331-339. https://doi.org/10.1016/j.socscimed.2012.02.043 PMID:
22531572

Favin M, Steinglass R, Fields R, Banerjee K, Sawhney M. Why children are not vaccinated: a review of
the grey literature. Int Health. 2012; 4: 229-238. https://doi.org/10.1016/j.inhe.2012.07.004 PMID:
24029668

Byrne A, Hodge A, Jimenez-Soto E, Morgan A. What works? Strategies to increase reproductive,
maternal and child health in difficult to access mountainous locations: a systematic literature review.
PloS One. 2014; 9: e87683. https://doi.org/10.1371/journal.pone.0087683 PMID: 24498353

PLOS ONE | https://doi.org/10.1371/journal.pone.0249026 March 31, 2021 11/12


https://doi.org/10.1371/journal.pone.0159186
https://doi.org/10.1371/journal.pone.0159186
http://www.ncbi.nlm.nih.gov/pubmed/27442118
https://doi.org/10.12688/wellcomeopenres.10690.1
http://www.ncbi.nlm.nih.gov/pubmed/28459105
https://doi.org/10.1016/S0140-6736%2812%2961376-2
https://doi.org/10.1016/S0140-6736%2812%2961376-2
http://www.ncbi.nlm.nih.gov/pubmed/22999428
https://doi.org/10.4161/hv.19003
http://www.ncbi.nlm.nih.gov/pubmed/22327490
https://doi.org/10.1186/1471-2458-11-6
https://doi.org/10.1186/1471-2458-11-6
http://www.ncbi.nlm.nih.gov/pubmed/21205306
https://doi.org/10.1016/j.vaccine.2014.04.030
http://www.ncbi.nlm.nih.gov/pubmed/24814558
https://doi.org/10.1016/j.amepre.2015.05.008
https://doi.org/10.1016/j.amepre.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/26297449
https://doi.org/10.1016/j.vaccine.2011.11.082
https://doi.org/10.1016/j.vaccine.2011.11.082
http://www.ncbi.nlm.nih.gov/pubmed/22137878
https://doi.org/10.1016/j.puhe.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/26278475
https://doi.org/10.1093/ije/20.4.1099
http://www.ncbi.nlm.nih.gov/pubmed/1800410
https://doi.org/10.1016/j.ijid.2011.11.004
https://doi.org/10.1016/j.ijid.2011.11.004
http://www.ncbi.nlm.nih.gov/pubmed/22197748
https://doi.org/10.1136/jech-2014-205436
http://www.ncbi.nlm.nih.gov/pubmed/25827469
https://doi.org/10.1136/sti.2007.029363
http://www.ncbi.nlm.nih.gov/pubmed/18256106
https://doi.org/10.1186/1472-698X-9-S1-S4
http://www.ncbi.nlm.nih.gov/pubmed/19828062
https://doi.org/10.1016/j.vaccine.2012.10.037
https://doi.org/10.1016/j.vaccine.2012.10.037
http://www.ncbi.nlm.nih.gov/pubmed/23102973
https://doi.org/10.1016/j.socscimed.2012.02.043
http://www.ncbi.nlm.nih.gov/pubmed/22531572
https://doi.org/10.1016/j.inhe.2012.07.004
http://www.ncbi.nlm.nih.gov/pubmed/24029668
https://doi.org/10.1371/journal.pone.0087683
http://www.ncbi.nlm.nih.gov/pubmed/24498353
https://doi.org/10.1371/journal.pone.0249026

PLOS ONE

Rapidly modifiable factors associated with full vaccination status among children in Niamey, Niger

22,

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

Rainey JJ, Watkins M, Ryman TK, Sandhu P, Bo A, Banerjee K. Reasons related to non-vaccination
and under-vaccination of children in low and middle income countries: findings from a systematic review
of the published literature, 1999-2009. Vaccine. 2011; 29: 8215-8221. https://doi.org/10.1016/j.
vaccine.2011.08.096 PMID: 21893149

Katz MH. Study design and statistical analysis: a practical guide for clinicians. Clin Med. 2008; 8: 111—
112.

Acock AC. A gentle introduction to Stata. 4th edition. ed. College Station, Texas: A Stata Press Publi-
cation, StataCorp LP; 2014.

Jordan JE, Osborne RH, Buchbinder R. Critical appraisal of health literacy indices revealed variable
underlying constructs, narrow content and psychometric weaknesses. J Clin Epidemiol. 2011; 64: 366—
379. https://doi.org/10.1016/j.jclinepi.2010.04.005 PMID: 20638235

Brunson EK. The impact of social networks on parents’ vaccination decisions. Pediatrics. 2013; 131:
e1397-e1404. hitps://doi.org/10.1542/peds.2012-2452 PMID: 23589813

Benin AL, Wisler-Scher DJ, Colson E, Shapiro ED, Holmboe ES. Qualitative analysis of mothers’ deci-
sion-making about vaccines for infants: the importance of trust. Pediatrics. 2006; 117: 1532—-1541.
https://doi.org/10.1542/peds.2005-1728 PMID: 16651306

Ames HM, Glenton C, Lewin S. Parents’ and informal caregivers’ views and experiences of communica-
tion about routine childhood vaccination: a synthesis of qualitative evidence. Cochrane Database Syst
Rev. 2017; 2: CD011787. https://doi.org/10.1002/14651858.CD011787.pub2 PMID: 28169420

WHO. State of Inequality: Childhood Immunization. Geneva: World Health Organization; 2016.

Abebe DS, Nielsen VO, Finnvold JE. Regional inequality and vaccine uptake: a multilevel analysis of
the 2007 Welfare Monitoring Survey in Malawi. BMC Public Health. 2012; 12: 1075. https://doi.org/10.
1186/1471-2458-12-1075 PMID: 23237082

Mugali RR, Mansoor F, Parwiz S, Ahmad F, Safi N, Higgins-Steele A, et al. Improving immunization in
Afghanistan: results from a cross-sectional community-based survey to assess routine immunization
coverage. BMC Public Health. 2017; 17:290. https://doi.org/10.1186/s12889-017-4193-z PMID:
28376806

Cassell JA, Leach M, Fairhead JR, Small M, Mercer CH. The social shaping of childhood vaccination
practice in rural and urban Gambia. Health Policy Plan. 2006; 21: 373-391. https://doi.org/10.1093/
heapol/czl020 PMID: 16940303

Logan J, Nederhoff D, Koch B, Griffith B, Wolfson J, Awan FA, et al. 'What have you HEARD about the
HERD?’ Does education about local influenza vaccination coverage and herd immunity affect willing-
ness to vaccinate? Vaccine. 2018; 36: 4118—4125. https://doi.org/10.1016/j.vaccine.2018.05.037
PMID: 29789242

Cutts FT, Izurieta HS, Rhoda DA. Measuring coverage in MNCH: design, implementation, and interpre-
tation challenges associated with tracking vaccination coverage using household surveys. PLoS Med.
2013; 10: e1001404. https://doi.org/10.1371/journal.pmed.1001404 PMID: 23667334

Brown DW. COMMENTARY—Child immunization cards: essential yet underutilized in national immuni-
zation programmes. Open Vaccine J. 2012; 5: 1-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249026 March 31, 2021 12/12


https://doi.org/10.1016/j.vaccine.2011.08.096
https://doi.org/10.1016/j.vaccine.2011.08.096
http://www.ncbi.nlm.nih.gov/pubmed/21893149
https://doi.org/10.1016/j.jclinepi.2010.04.005
http://www.ncbi.nlm.nih.gov/pubmed/20638235
https://doi.org/10.1542/peds.2012-2452
http://www.ncbi.nlm.nih.gov/pubmed/23589813
https://doi.org/10.1542/peds.2005-1728
http://www.ncbi.nlm.nih.gov/pubmed/16651306
https://doi.org/10.1002/14651858.CD011787.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28169420
https://doi.org/10.1186/1471-2458-12-1075
https://doi.org/10.1186/1471-2458-12-1075
http://www.ncbi.nlm.nih.gov/pubmed/23237082
https://doi.org/10.1186/s12889-017-4193-z
http://www.ncbi.nlm.nih.gov/pubmed/28376806
https://doi.org/10.1093/heapol/czl020
https://doi.org/10.1093/heapol/czl020
http://www.ncbi.nlm.nih.gov/pubmed/16940303
https://doi.org/10.1016/j.vaccine.2018.05.037
http://www.ncbi.nlm.nih.gov/pubmed/29789242
https://doi.org/10.1371/journal.pmed.1001404
http://www.ncbi.nlm.nih.gov/pubmed/23667334
https://doi.org/10.1371/journal.pone.0249026

