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Abstract

:

Vaccination is a proven equitable intervention if people take advantage of the opportunity to get vaccinated. Niger is a low-income country in West Africa, with a 76% measles 1 vaccination coverage rate in 2016. This study was conducted to identify individual- and neighborhood-level factors that could improve measles 1 vaccination coverage in Niamey, the capital. In October 2016, 460 mothers with children aged 12–23 months were surveyed. The outcome was to determine whether the mother’s child had been vaccinated against measles 1 or not. For individual-level variables of measles 1 vaccination status, the following were included: mother’s age group, mother tongue, maternal education level, husband’s job, where the mother gave birth (at home or at a health center) and whether the mother discussed vaccination with friends. Neighborhood-level factors were access time to the health center, household access to electricity, and a grand-mean-centered wealth score. Multilevel logistic regression analysis was performed. At the individual-level, primary and secondary-educated mothers were more likely to vaccinate their children against measles 1 (aOR 1.97, 95% CI 1.11–3.51). At the neighborhood-level, no factors were identified. Therefore, a strengthened focus on equity-based, individual factors is recommended, including individual motivation, prompts and ability to access vaccination services.
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1. Introduction


In 2015, the world rallied around the Sustainable Development Goals (SDGs) for the well-being of all [1]. Vaccination interventions have been viewed as a means to rectify health inequalities, but studies have continued to describe inequalities in vaccination coverage [2]. Research has focused on determinants of full vaccination coverage [3,4,5,6,7], barriers [8] and vaccination acceptance [5,9]. These studies concluded that education and socio-economic status are critical to achieve the “no one left behind” goal. One study conducted in urban Niger long before the SDGs were implemented found that mothers’ education had a larger influence on full vaccination status than either household structure or economic status [7]. A recent study identified high birth order, high number of under-five children in the house, household wealth, lack of maternal education, lack of media access, and living in poorer neighborhoods as risk factors for missing vaccination opportunities [10]. Another meta-analysis of 12 East African Demographic Health Survey (DHS) studies identified mothers’ age, education, husband’s education, media exposure, birth interval from last child, number of antenatal care visits, post-natal care visits, place of delivery, child size at birth, number of children, wealth index, country, and community poverty as determinants of complete vaccination [11].



In recent years, studies have increasingly focused on identifying effective interventions to improve vaccination. A 2016 Cochrane Review identified (1) providing parents and other community members with vaccination information, (2) health education at facilities in combination with redesigned vaccination cards, (3) regular vaccination outreach, and (4) integration of vaccination with other health services as effective interventions to improve vaccination coverage in low-and middle-income countries [12]. An article by the 2019 Nobel Economics Prize winners identified the most effective tool to increase vaccination coverage as a combination of information hubs, SMS reminders, and progressive incentives for immunization. As a result of this unique combination, vaccination increased by 44% compared with the status quo [13].



Nonetheless, the poorest and least educated populations in low-income countries remain at higher risk for measles. The poorest populations face a higher risk of death from measles, owing to higher undernutrition rates and, consequently, a weaker immune system [14]. Vaccination services alone do not reduce this risk. Furthermore, the poorest populations also lack resources to access water and sanitation facilities, as well as preventive and timely curative care [15]. The urban poor live in densely populated, unaired, closed, close-contact quarters, which puts them at a higher risk of measles [16]. Contextual factors, such as urban environment, population density, and migration, have played a role in measles outbreaks [17].



Outbreak prevention factors include enabling poor mothers to vaccinate their children [18]. One study in Pakistan identified family discussions on vaccination as strongly associated with measles vaccination [19]. An Indian study used multilevel analysis and found that individual socioeconomic characteristics were a strong factor for non-vaccination [20]. Another multilevel study found that neighborhood characteristics influence individual behaviors to such an extent that they cannot be ignored [21]. Such a multilevel context is also found on the African continent and several multilevel model studies have been conducted on this multilevel African context [22,23,24,25]. However, none of these studies focused on measles alone, and the only Niger dataset analyzed was from 2006, as one of the twenty-four countries studied [25].



Niger is a low-income country [26], with an estimated average vaccination coverage rate of 76% for measles 1 in the 2016 WHO-UNICEF estimate [27]. Since measles vaccination coverage is under the optimal 95%, the risk of disease outbreaks remains. To date, only two studies have been published on the individual-level factors associated with full vaccination in Niger [6,7]. There is little evidence on how communities could encourage mothers to vaccinate their children against measles. This study was conducted to identify individual- and neighborhood-level factors that could improve measles 1 vaccination coverage in Niamey, Niger.




2. Methods


2.1. Study Area


Niger is a landlocked desert country in West Africa, with an estimated population of 16 million people in 2015 [28]. The capital Niamey’s population is estimated to be just over one million. The average annual population growth rate was 4.0% per year from 2010 to 2015, whereas the average annual urban population growth rate was 5.1% per year from 2010 to 2015 [29]. The five health districts in Niamey have population densities ranging from 824 to 4845 people/km2 [28]. The districts are further divided into neighborhoods, which are considered as community-level administrative units in this study. A recent map of land use and the distribution of concrete buildings and steel-sheet roofs demonstrates Niamey’s spatial expansion [30].



According to the 2012 DHS, nearly twenty-five percent of households in Niamey had an indoor water faucet; one-fourth of households had a water faucet within the concession, while approximately half of the households had to use a public water tap. A third of the surveyed households had an indoor improved toilet, half shared toilets with other families, and six percent had no access to sanitation facilities. The average household size in Niamey was 5.8 persons, while 17% of households had more than 9 persons. A quarter of the households had only one room, whereas forty-five percent of households had two rooms [31].




2.2. Study Design and Data Collection


The overall study design, sample size calculation, study participants, data sources, and study management are detailed in the work of Kondo Kunieda et al. [6]. In brief, a cross-sectional household survey was conducted in the capital of Niger, Niamey. Data on the full vaccination coverage and socioeconomic household characteristics of 460 children aged 12–23 months were collected. Of 445 children, 38% were fully vaccinated. Mothers who were satisfied with their health workers’ attitude and had correct vaccination calendar knowledge were more likely to have fully vaccinated children. Mothers who had completed secondary school were also associated with having fully vaccinated their children.



For the outcome of this study, measles 1 vaccination status was determined by the dates recorded in the MCH handbook. However, when a mother was unable to show her child’s MCH handbook, she was asked questions on household characteristics, knowledge, attitude, and actions related to child vaccination. When a mother showed her child’s MCH handbook, the surveyors copied all the dates of vaccination onto the survey questionnaire, photographed the page, and asked the mother the same questions as described above.



All the data were entered and cleaned with Microsoft Excel and then exported to MLwiN 2.26 (Centre for Multilevel Modelling, University of Bristol, Bristol, UK) for preliminary statistical analyses. The final analyses presented in this paper were performed using Stata 16.1 for Windows (StataCorp LLC, College Station, Texas, USA). Analytical results were then visualized using QGIS Desktop 2.18.13 software.




2.3. Data Analysis


For individual-level variables of measles 1 vaccination status, the following were included: mother’s age group, mother tongue, maternal education level, husband’s job, where the mother gave birth (at home or at a health center) and whether the mother discussed vaccination with friends [13,19]. Neighborhood-level variables included a categorical variable for access time to the health center [5,32], a binary variable for household access to electricity [33], and a grand mean-centered wealth score [33].



Multilevel modeling was employed to assess the relevance of individual- and neighborhood-level factors in predicting measles 1 vaccination status [33,34]. Multilevel modeling also deconstructed the variance attributed to mothers or neighborhoods. The following five models were fitted: model 0 was a null model with no exposure variable, model 1 contained only individual-level variables, and model 2 contained only neighborhood-level variables. Model 3 was a multilevel model that contained all the individual- and neighborhood-level variables. The two-level regression model 3 is as follows:
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In this two-level regression model,     C o v   i j     is the vaccination coverage or status of the mother i’s child in the neighborhood j.    υ  0 j   ,  υ  30 j     are variances in measles vaccination status for variable    x 0  ,    x  30     in the neighborhood j.    u  0 j   ,  u  30 j     are random effects at the neighborhood level.    ε  0 j   ,    ε  30 j     are the random effects at the mother level.    ε  i j   ,    ε  30 j     represent the differentials in measles vaccination status for variables    x 0  ,    x  30     for mother i in district j. When the individual-level variables are mean-centered, between-mother effects, regardless of neighborhood, are detected for wealth scores.





3. Results


3.1. Study Population Characteristics


A total of 460 mothers were recruited for this study. Their children were presumed to have finished routine vaccination before turning one year old. Children aged 12–23 months were included; of 460, 15 children over or under the age criteria were excluded from the data analysis.



Table 1 shows the individual- and neighborhood-level descriptive characteristics of the mothers, according to their children’s measles vaccination status. Regarding individual-level factors, a little over a third (33.7%, 150 mothers) had never attended school. Approximately 40% of mothers (182 mothers) had attended both primary and secondary school. Of these primary- and secondary-educated mothers, 70.3% had children vaccinated against measles 1. Nearly nine out of ten mothers had given birth at a health center (398 mothers out of 445).



For the neighborhood-level factors, access time to the health center and access to electricity (in the household) were examined. Almost three-quarters (73.8%) of the mothers lived within 30 min of the health center. Three-quarters of the mothers surveyed had access to electricity. Of these, 219 mothers (65.2%) had vaccinated their children with the measles 1 vaccine.




3.2. Map of Measles 1 Vaccination Coverage by Neighborhood


Figure 1 shows a map of measles 1 vaccination coverage by neighborhood. The black dots in the map represent local health centers. The access time to local health centers varied among mothers. For the least-vaccinated neighborhoods of the Koubia Nord and Kolonsa neighborhoods, nine mothers had to travel for 60 min to reach the health center. One mother in Koubia Nord had to travel 70 min and another mother travelled 90 min to reach the health center. In Bani Fandou I, with 40.0% measles 1 coverage, access time to the health center was 10 min for nine mothers and 20 min for one mother. For Sari Koubou et Kobontafa mothers, two lived within 30 min of the health center, two within 45 min, three within 60 min, one said it took 120 min, and two replied that it took them 150 min to reach the health center. For Nogare neighborhood mothers, access time to the health center was between 8 min and 40 min, with 50.0% living 15 min away from the health center. For the outlying villages without a health center, 7 out of 10 mothers who took their children to receive measles vaccination had to travel 120 min.



None of the respondents in the Kolonsa neighborhood had access to electricity. Four out of seven respondents (57.1%) in the Koubia Nord neighborhood did not have electricity. Of the 10 respondents from Bani Fandou I, 10 (100.0%) had access to electricity. Seven out of ten respondents (70.0%) in the Sari Koubou et Kobontafa neighborhood had access to electricity. In the Nogare neighborhood, eight out of ten respondents (80.0%) had access to electricity.




3.3. Multilevel Logistic Regression


When a null model (model 0) was run with measles 1 vaccination coverage as the dependent variable, some neighborhood-level variance (0.29) was detected. Therefore, four multilevel models were constructed and tested. The results are presented in Table 2. Measures of association were reported as odds ratios (ORs) with 95% confidence intervals (CIs). Variations were reported using the variance partition coefficient (VPC), intraclass correlation (ICC), proportional change in cluster variation (PCV), and median odds ratio (MOR) [35,36]. VPC represents the proportion of all observed individual variations in measles 1 vaccination attributable to neighborhood-level variation. In a simple multilevel structure of mothers nested within the neighborhood, VPC is equivalent to ICC. ICC is the percentage of total variance in the odds of measles 1 vaccination at the neighborhood level. MOR is the probability of measles 1 vaccination attributed to the neighborhood context. The MOR is a measure of heterogeneity between neighborhoods; in general, the larger the MOR, the larger the variance. However, the MOR value should be interpreted with respect to the VPC (ICC). In this case, even a seemingly large MOR would be considered low if the VPC (ICC) is small. PCV, or the proportional change in variance, quantifies neighborhood-level variation. A lower Akaike information criterion (AIC) indicates a better model fit.



Model 0 identified a 1.71 odds ratio of a child’s measles 1 vaccination in a certain neighborhood when all the independent variables were equal to zero. VPC was 0.08, which translates to 8% mother-level differences in the underlying propensity for her child to be measles 1 vaccinated. This 8% variation is due to between-neighborhood systematic differences, while the remaining 92% is due to within-mother systematic differences. The ICC was 8.1%, indicating a relatively small between-group variance and a larger within-group variance. If two mothers were randomly selected from the same neighborhood, the ICC would be the correlation between the two mothers in measles 1 vaccination.



Model 1 focused on individual-level factors, such as mother’s education level, mother’s age, mother tongue, and husband’s job, where the mother had given birth and whether she discussed vaccination with friends. In this model, primary and secondary-educated mothers were more likely to vaccinate their children against measles 1 (aOR 1.92, 95% CI 1.14–3.22). In addition, model 1 found that 13.8% of the neighborhood level differences could be explained by individual-level factors.



Model 2 included neighborhood-level variables, which were access time to the health center and access to electricity or whether the mother lived in a neighborhood on the electricity grid. The between-neighborhood variance was 7.1%. PCV was 13.8%. The MOR was the smallest (MOR 1.61) among the four models, indicating the smallest variance among neighborhoods. Model 2 was the best-fit model, with an AIC of 517.21.



The full multilevel model 3 was the second-best fit model, with an AIC of 530.93 among the four multilevel models. The MOR was 1.68, and the VPC and ICC were both 8%. Neighborhood-level PCV was −3.5%. In this model, primary and secondary-educated mothers were more likely to vaccinate their children against measles 1 (aOR 1.97, 95% CI 1.11–3.51).



The results of the null model, model 1, model 2, and model 3 demonstrate, through the VPC and MOR, a small magnitude neighborhood-level effect, with little variation between neighborhoods.



The neighborhood context was relatively homogeneous in terms of electricity and wealth. However, access time to health centers varied widely among mothers. Mothers who lived more than 30 min away from the health center were less likely to vaccinate their children against measles 1. Although not a significant association, mothers who lived furthest away from the health center (between 91 to 150 min) were twice as likely than those who lived close by to vaccinate against measles 1. Of the ten mothers who lived furthest away but had vaccinated their children against measles 1, seven were between the ages of 30 and 39 years (data not shown).





4. Discussion


In this study, the individual-level factor of primary and secondary educated mothers indicated a higher likelihood of mothers to vaccinate their children against measles 1 (aOR 1.97, 95% CI 1.11–3.51). At the neighborhood-level, no factors associated with measles 1 vaccination coverage were identified. The variance partition coefficient (VPC) of 0.08 meant that only a small proportion of all the observed individual variations in measles 1 vaccination were attributable to neighborhood-level variation.



4.1. Individual-Level Factors Associated with Measles 1 Vaccination


This study identified mother’s primary and secondary education as a factor for her child’s measles 1 vaccination. In reality, Nigerien girls’ access to primary and secondary education has improved over the last decade [37]. The World Bank estimates that lower secondary education completion rates for urban girls improved from 17.7% (2006) to 19.7% (2016) in particularly urban areas. Upper secondary education completion rates for urban girls has risen from 1.9% (2006) to 4.9% (2012) [26]. The same World Bank data on measles coverage for children aged 12–23 months show an improvement from 37% in 2000, to 53% in 2006 and 75% in 2012 [26]. Therefore, it is possible that measles 1 vaccination will improve as more mothers complete their primary and secondary education.



Examining how decisions are made by low-literate mothers may also be necessary. A qualitative study conducted in Australia found that participants with less education tended to consent to the option recommended by the doctor, but not necessarily agreeing with the recommendation [38]. These low-literate participants were frequently consulted and played a key role in their relatives’ and friends’ decisions. They also admitted that their health worker’s interpersonal communication skills influenced them. A qualitative enquiry might be necessary to investigate whether this is also happening in Niamey’s low-literacy environment.




4.2. Neighborhood-Level Factors Associated with Measles 1 Vaccination


At the neighborhood-level, contrary to a multi- and national-level Ethiopian study, no factors associated with measles 1 vaccination were identified through the multilevel analysis [39]. This may have been because the enumeration areas and neighborhoods were too small to detect differences. Another issue might have been the focus on infrastructure-related, constructed neighborhood variables of access time to health centers, access to electricity, and mean-centered individual wealth scores. These variables may not have been optimal as neighborhood-level factors in determining measles vaccine uptake.



According to local health workers, mothers are not restricted to their nearest health center. Mothers who live on the north side of the river Niger can access any health center with which they are familiar and that meets their expectations in terms of environment and worker attitudes. This access multiplicity may have led to skewed neighborhood-level results.



Another supply-side constraint, especially for the peripheral, almost rural health centers in the capital, would be the 10-dose vials for BCG and measles vaccination [40,41]. Health workers would be reluctant to open the vial if there were fewer than 10 infants (between the ages of 9 and 12 months for measles vaccination) on that day. Vaccination services are not routinely provided, and mothers are forced to travel to other health centers that provide routine vaccination services.



Niamey is a rapidly growing city, with little distinction between rich, poor, or slum neighborhoods [30,42]. If a neighborhood does not have access to the electricity grid, this is not necessarily because it is a poor neighborhood, but because this neighborhood is new and there is still no electricity grid [43]. If the households do not have electricity, the health center will probably also not have electricity, or a refrigerator to store vaccines [44]. In this case, the unelectrified health center relies on the nearest health center to keep vaccines and supply them through cold carriers.




4.3. Actionable Factors for Measles Vaccination Coverage


If individual-level factors are of relative importance, more research is required to identify the unidentified, highest-impact individual-level factors. At the same time, if neighborhoods do not account for a large difference in results, a multilevel analysis might not always be necessary. The multilevel analysis relies on the mean to calculate the differences in intercepts and slopes between individuals and neighborhoods. Instead of erasing the differences between individuals using the mean, more individual differentiation factors are necessary for a better understanding of the problem [45]. Factors should consider individual characteristics, such as habits, individual motivation, and the ability to access vaccination services, as well as direct prompts that trigger such motivation and ability [46,47]. The ability to access vaccination services also includes child health or vaccination-specific decision-making power within the household, as a recent study identified that the medium decision-making power of the mother is associated with complete vaccination of her child [48].



One behavior that might be interesting to examine further is “discussion on vaccination.” In this study, questions on “discussion on vaccination” with family and friends were asked at the individual-level. However, at an aggregated, neighborhood-level, properly guided “discussions on vaccination” programs could lead to the creation of a positive social norm regarding vaccination. Mothers might receive information on vaccination, or in the Indian case, through an information hub and SMS reminders [13]. These would work as prompts for discussing vaccination among family and friends. By participating in a discussion on vaccination, mothers may be motivated to access vaccination. More specifically, discussions may enable mothers to overcome their inabilities to access vaccination together and make sure that, together, they coordinate their visit and a multi-dose measles vaccine vial can be opened.



Another study on rubella seroprevalence in Niger, using approximately 40% of the suspected measles cases of surveillance data, found a national prevalence of 7%. The sero-prevalence in the Maradi region was four times higher, in the Tahoua region, it was 2.5 times higher and in the Zinder region, it was 2 times higher. There were no urban or rural differences, and the majority of cases were reported from January to April, with a peak in April [49]. Such scientific information could be diffused to create discussions and readiness to vaccinate when measles and rubella campaigns are implemented.



In a previous study on access to health facilities in Niger, 67% of children living farther than one hour from the health center, compared to the 44% of those living within one hour, were completely vaccinated by the time they had turned one year old [32]. There might be a difference in full vaccination and measles vaccination, as this study found that an access time between 61 and 90 min seems to be a deterrent to vaccination. Another measles uptake study identified a similar trend that the longer the travel time to the health facility, the less measles uptake [50]. Although the results were insignificant, ensuring that planned outreach and mobile vaccination activities are realized is critical in improving individual- and neighborhood-level vaccination coverage. Figure 1 shows that vaccination coverage is low (red) in neighborhoods with a just-opened health center far from the majority of its residents. However, the outlying rural village Alpha Toukou Kouara did not have a health center, but had higher vaccination coverage than this urban neighborhood. Seven out of ten mothers had travelled for 120 min to get their children’s measles vaccination. These examples of positive deviance show the importance of motivation to overcome distance.




4.4. Limitations


The present study has several limitations. First, information on contextual factors, such as living and housing environments, was not collected. Such information would have provided more information related to measles infection risk factors, such as whether the families lived in aired or unaired, open or closed, close-contact rooms. Overall, sampling and collecting data for vaccine uptake-related neighborhood variables is a limitation of this study. Second, as the questionnaire was based on the traditional DHS questionnaire and coverage survey questionnaire, data were not collected on individual influences, such as religious beliefs, media access, cultural drivers, and decision-making power, which might have uncovered more insight into the individual-level factors associated with measles vaccine uptake. Third, not all Niamey’s enumeration areas were surveyed, preventing a full-scale spatial analysis. Fourth, despite an extensive search for studies on health promotion and vaccine decision-making among low-literacy African populations, none were directly relevant. Studies were either conducted outside Africa or not specifically on low-literacy populations. Finally, the cross-sectional study design limits the determination of cause-and-effect relationships.





5. Conclusions


At the individual-level, primary and secondary-educated mothers were more likely to vaccinate their children against measles 1. At the neighborhood-level, no factors were identified. Therefore, a strengthened focus on equity-based, individual factors is recommended, including individual motivation, prompts and ability to access vaccination services.
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Figure 1. Measles 1 vaccination coverage (%) by neighborhood in Niamey, Niger. Source: base maps from OCHA Niger, Open Street Map, and National Institute of Statistics Niger. Measles 1 vaccination coverage data from Kondo Kunieda et al. (2021). 
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Table 1. Study population characteristics.
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Variable

	
Total

	
Child Vaccinated Against Measles 1

	
Child Not Vaccinated Against Measles 1

	




	
n

	
(%)

	
n

	
(%)

	
n

	
(%)

	
p-Value






	
Maternal Education Level

	
0.037




	
No education

	
150

	
(33.7)

	
84

	
(56.0)

	
66

	
(44.0)

	




	
Basic literacy

	
87

	
(19.6)

	
50

	
(57.5)

	
37

	
(42.5)

	




	
Primary-secondary education

	
182

	
(40.9)

	
128

	
(70.3)

	
54

	
(29.7)

	




	
Secondary plus education

	
26

	
(5.8)

	
17

	
(65.4)

	
9

	
(34.6)

	




	
Mother’s Age

	

	

	

	

	

	

	
0.433




	
15 to 19 years old

	
32

	
(7.2)

	
17

	
(53.1)

	
15

	
(46.9)

	




	
20 to 24 years old

	
103

	
(23.3)

	
69

	
(66.0)

	
35

	
(34.0)

	




	
25 to 29 years old

	
132

	
(29.8)

	
86

	
(65.2)

	
46

	
(34.9)

	




	
30 to 34 years old

	
80

	
(18.1)

	
44

	
(55.0)

	
36

	
(45.0)

	




	
35 to 39 years old

	
73

	
(16.5)

	
48

	
(65.8)

	
25

	
(34.3)

	




	
40 years old or more

	
23

	
(5.2)

	
16

	
(30.4)

	
7

	
(69.6)

	




	
Mother Tongue

	

	

	

	

	

	

	
0.912




	
Hausa

	
143

	
(32.1)

	
87

	
(60.8)

	
56

	
(39.2)

	




	
Zarma

	
240

	
(53.9)

	
154

	
(64.2)

	
86

	
(35.8)

	




	
Fulani

	
35

	
(7.9)

	
22

	
(62.9)

	
13

	
(37.1)

	




	
Tamachek

	
8

	
(1.8)

	
4

	
(50.0)

	
4

	
(50.0)

	




	
Others

	
19

	
(4.3)

	
12

	
(63.2)

	
7

	
(36.8)

	




	
Husband’s Job

	

	

	

	

	

	

	
0.464




	
Unemployed

	
19

	
(4.3)

	
13

	
(68.4)

	
6

	
(31.6)

	




	
Informal work

	
194

	
(43.6)

	
119

	
(61.3)

	
75

	
(38.7)

	




	
Formal employment

	
147

	
(33.0)

	
88

	
(59.9)

	
59

	
(40.1)

	




	
Public servant

	
85

	
(19.1)

	
59

	
(69.4)

	
26

	
(30.6)

	




	
Gave Birth

	

	

	

	

	

	

	
0.017




	
At home

	
47

	
(10.6)

	
22

	
(46.8)

	
25

	
(53.2)

	




	
At health center

	
398

	
(89.4)

	
257

	
(64.6)

	
141

	
(35.4)

	




	
Mother Discussed Vaccination with Friends

	

	

	

	

	

	

	
0.311




	
No discussion

	
163

	
(37.7)

	
100

	
(61.4)

	
63

	
(38.7)

	




	
Had discussed

	
269

	
(62.3)

	
178

	
(66.2)

	
91

	
(33.8)

	




	
Time to (Access) Health Center

	

	

	

	

	

	

	
0.033




	
1 to 30 min

	
302

	
(73.8)

	
204

	
(67.6)

	
98

	
(32.5)

	




	
31 to 60 min

	
84

	
(20.5)

	
49

	
(58.3)

	
35

	
(41.7)

	




	
61 to 90 min

	
10

	
(2.4)

	
3

	
(30.0)

	
7

	
(70.0)

	




	
91 to 150 min

	
13

	
(3.2)

	
10

	
(76.9)

	
3

	
(23.1)

	




	
Access to Electricity

	

	

	

	

	

	

	
0.076




	
No

	
101

	
(23.1)

	
56

	
(55.5)

	
45

	
(44.6)

	




	
Yes

	
336

	
(76.9)

	
219

	
(65.2)

	
117

	
(34.8)

	




	
Mean Centered Wealth Scores

	

	

	

	

	

	

	
0.092




	
Total

	
436

	

	
275

	
(63.1)

	
161

	
(36.9)

	








p-value *: significant at the 5% level.
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Table 2. Factors of measles 1 vaccination from multilevel logistic regression models.
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Variables

	
Model 0 (Empty Model)

	
Model 1 (Only Individual Level Variables)

	
Model 2 (Only Neighborhood-Level Variables)

	
Model 3 (Multilevel)




	
n = 445

	
n = 431

	
n = 401

	
n = 400




	
OR

	
(95% CI)

	
OR

	
(95% CI)

	
OR

	
(95% CI)

	
OR

	
(95% CI)






	
Maternal Education

	

	

	

	

	

	

	

	




	
No education (ref)

	

	

	

	

	

	

	

	




	
Basic literacy

	

	

	
1.05

	
(0.57–1.95)

	

	

	
0.94

	
(0.49–1.82)




	
Primary-secondary education

	

	

	
1.92 *

	
(1.14–3.22)

	

	

	
1.97 *

	
(1.11–3.51)




	
Secondary plus education

	

	

	
1.75

	
(0.60–5.13)

	

	

	
1.53

	
(0.48–4.83)




	
Mother’s Age

	

	

	

	

	

	

	

	




	
15 to 19 years old (ref)

	

	

	

	

	

	

	

	




	
20 to 24 years old

	

	

	
1.72

	
(0.73–4.05)

	

	

	
1.40

	
(0.56–3.53)




	
25 to 29 years old

	

	

	
1.81

	
(0.78–4.20)

	

	

	
1.62

	
(0.65–4.04)




	
30 to 34 years old

	

	

	
1.27

	
(0.53–3.06)

	

	

	
1.01

	
(0.39–2.60)




	
35 to 39 years old

	

	

	
2.01

	
(0.80–5.06)

	

	

	
1.87

	
(0.70–5.00)




	
40 years old or more

	

	

	
3.01

	
(0.82–10.98)

	

	

	
3.91

	
(0.90–16.92)




	
Mother Tongue

	

	

	

	

	

	

	

	




	
Hausa (ref)

	

	

	

	

	

	

	

	




	
Zarma

	

	

	
1.05

	
(0.64–1.72)

	

	

	
1.17

	
(0.69–1.98)




	
Fulani

	

	

	
0.98

	
(0.38–2.52)

	

	

	
1.35

	
(0.47–3.85)




	
Tamachek

	

	

	
0.84

	
(0.15–4.62)

	

	

	
1.27

	
(0.21–7.50)




	
Others

	

	

	
0.93

	
(0.31–2.73)

	

	

	
0.93

	
(0.29–3.02)




	
Husband’s Job

	

	

	

	

	

	

	

	




	
Unemployed (ref)

	

	

	

	

	

	

	

	




	
Informal work

	

	

	
0.51

	
(0.16–1.66)

	

	

	
0.47

	
(0.13–1.64)




	
Formal employment

	

	

	
0.51

	
(0.15–1.68)

	

	

	
0.54

	
(0.15–1.95)




	
Public servant

	

	

	
0.63

	
(0.18–2.24)

	

	

	
0.51

	
(0.13–1.99)




	
Gave Birth

	

	

	

	

	

	

	

	




	
At home (ref)

	

	

	
1.83

	
(0.85–3.94)

	

	

	

	




	
At health center

	

	

	

	

	

	

	
2.04

	
(0.84–4.94)




	
Mother Discussed Vaccination with Friends

	

	

	

	

	

	

	

	




	
No discussion (ref)

	

	

	

	

	

	

	

	




	
Had discussed

	

	

	
1.25

	
(0.75–2.07)

	

	

	
1.09

	
(0.63–1.87)




	
Time to (Access) Health Center

	

	

	

	

	

	

	

	




	
1 to 30 min (ref)

	

	

	

	

	

	

	

	




	
31 to 60 min

	

	

	

	

	
0.68

	
(0.39–1.18)

	
0.71

	
(0.39–1.28)




	
61 to 90 min

	

	

	

	

	
0.23

	
(0.05–1.02)

	
0.23

	
(0.04–1.26)




	
91 to 150 min

	

	

	

	

	
2.35

	
(0.51–10.76)

	
4.12

	
(0.77–22.03)




	
Access to Electricity

	

	

	

	

	

	

	

	




	
No (ref)

	

	

	

	

	

	

	

	




	
Yes

	

	

	

	

	
1.06

	
(0.50–2.26)

	
0.85

	
(0.38–1.92)




	
Mean Centered Wealth Scores

	
1.11

	
(0.92–1.34)

	
1.11

	
(0.90–1.36)




	
Intercept (SE)

	
1.71

	
(0.23)

	
0.77

	
(0.63)

	
2.02

	
(0.69)

	
1.06

	
(1.00)




	
Random Effects

	

	

	

	

	

	

	

	




	
Neighborhood variance (SE)

	
0.29

	
(0.19)

	
0.25

	
(0.20)

	
0.25

	
(0.20)

	
0.30

	
(0.23)




	
VPC

	
0.08

	
0.07

	
0.07

	
0.08




	
PCV (%)

	
-

	
13.8%

	
13.8%

	
−3.5%




	
Interclass Correlation (ICC, %)

	
8.1%

	
7.1%

	
7.1%

	
8.3%




	
Median Odds Ratio (MOR)

	
1.67

	
1.61

	
1.61

	
1.68




	
Log Pseudolikelihood

	
−291.61

	
−268.48

	
−251.60

	
−241.47




	
AIC

	
587.23

	
574.96

	
517.21

	
530.93
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