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Nigerian urban slums have a high population of infants with suboptimal vaccination despite previous interventions. Older women traditionally play supervisory roles in infant care in Nigeria but their influence is untapped in infant vaccination. This study sought to determine if training of older women (≥35 years) in urban slum communities in Ibadan, South west Nigeria, and involving them in infant vaccination will improve infant vaccination timeliness and completion. This was a randomized experimental community study and pregnant women in their third trimester, residing in seven urban slum communities were randomized using their antenatal clinics (ANCs) into intervention (six ANCs) and control groups (six ANCs). The older women who will supervise the care of the infants of pregnant women in the intervention group had seven sessions of training on the importance of infant vaccination timeliness and completion. The vaccinations of the infants from both groups were compared from birth till 9 months. Data were analyzed using descriptive statistics and Chi square test at α = 0.05. There were 96 older women, 198 pregnant women (105 in intervention group and 93 controls) and 202 infants (109 in intervention group and 93 controls). Infants in the intervention group (67.9%) significantly had both timely and complete vaccinations compared with those in the control group (36.6%). Vaccines given at birth were the least timely in both groups. More infants whose older women caregiver were married had timely and complete vaccinations. Also, a higher proportion of male infants, low birth weight babies and infants with older women caregiver with at most two children had timely and completed vaccinations but these were not statistically significant. Training of older women caregivers improved infant vaccination timeliness and completion in these urban slum communities. This model may improve infant vaccination in other similar urban slum settings.
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Introduction

Despite the efforts to improve the uptake of infant vaccination in the last decade in Nigeria, the country was still one of the 10 countries whose infants constituted 60 percent of unimmunized or partially immunized infants globally in 2020 (1). According to the Nigerian National Demographic Health Survey report of 2018, basic infant vaccination uptake among children aged 12 to 23 months improved from 23 percent in 2008 to 31 percent in 2018 while those in the same age group who were never immunized reduced from 29 percent to 19 percent over the same period (2). This is not an impressive improvement and calls for a review of the current interventions which are being used to improve infant vaccination uptake. Apart from the generalized efforts aimed at the promotion of infant vaccination uptake in Nigeria (3), specific strategies are required to target particular sections of the population where infant vaccination uptake remain low.

Infant vaccination uptake has been shown to be least among infants from families from the least wealth quintiles in Nigeria (2, 4). While this category of infants is commonly assumed to be more in the rural areas, a multicountry study showed that living in urban area was associated with incomplete infant vaccination in sub-Saharan Africa (5). A significant number of these infants live in urban slums (6) and they are usually infants of mothers with little or no education (a common characteristics of most unimmunized infants in Nigeria) (4). The segregation of infant vaccination data into urban and rural prevents the appreciation of differences in the vaccination coverage between the different socioeconomic strata in urban areas. However, the uptake of health interventions, including vaccination have been shown to be worse among urban slum children (7, 8) and this can be responsible for the poorer under five health indices seen in these areas compared with the rural areas and formal urban settings (9–11). Earlier literature has suggested that the peculiarities of urban slums need to be considered in designing strategies aimed at improving vaccination uptake among urban slum infants (12). This will not only provide a short-term solution to the problem of infant under vaccination, but it will have a long term effect on under five health indices and ensure that infants in urban slums are not left behind in the effort to improve infant vaccination uptake in Nigeria.

Older women are known to play important roles in infant care in developing countries and they have great influence in decision making about uptake of infant health care services (13–15). Some of these influences have been negative as they have been reported to frustrate efforts at compliance with exclusive breastfeeding of young infants (15) and in the prevention of mother to child transmission of HIV (16). However, there were instances where the influence of the older women were positive like improved timeliness and completion of vaccination of impoverished infants who were living with their grandmothers in Indianapolis, United States (17). The influence of the older women can be harnessed in ensuring optimal infant vaccination uptake in urban slums in developing countries and this can improve the health indices of these children in the long term.

For an optimal infant vaccination to be realized, both the timeliness of the vaccine and the completion of the schedule are equally important. Many epidemiological data emphasize infant vaccination coverage without taking into cognizance the timeliness of the vaccine. Vaccines are scheduled based on the age the infant will be able to mount adequate immune response to the antigen being introduced and become immunized (18). This schedule is also made to coincide with the time that the maternal antibodies that were transferred in pregnancy begin to reduce (19). Failure to immunize infants as scheduled makes them not only vulnerable to vaccine preventable infections, but it also threatens the development of herd immunity in the community and expose other infants to infections as well. Infants who delay vaccines are also more likely to have incomplete vaccination (20). The problem of delayed and incomplete infant vaccinations has been described in earlier studies (21, 22) and it is important to take a further step by addressing this problem, specifically in the context in which it occurs.

The culture of older women overseeing the care of infants is being practiced in urban slums in Nigeria and their influence in infant care decision making can be used in improving infant vaccination among infants in families living in urban slum. It is on this premise that this study aimed to determine the differences in the infant vaccination timeliness and completion among infants whose older women carers were trained about the importance of infant vaccination and those who were not trained.



Methods


Study design

This was a randomized experimental community study in which pregnant women in their third trimester were randomized into intervention and control groups.



Study area

The study was conducted in seven urban slum communities which spread over Ibadan North and Ibadan Northeast local government areas in Ibadan, a city in southwest Nigeria. Most of the inhabitants were of Yoruba origin and culturally, older women (including relatives like grandmothers, Aunties and non-relatives like neighbors) oversee the care of infants and as a result are very influential in decision making about infants' care. Infant vaccination services in the study communities were being provided by 10 Primary Health Care (PHC) centers and a secondary health center (which had two immunization clinics) in the communities as at the time of this study. These health centers also provide antenatal care services for pregnant women. There were also antenatal clinics which were run by community birth attendants who were under the supervision of the primary health care centers. These community birth attendants were resident in the communities and trained by the State Ministry of Health to provide basic midwifery services to pregnant women in the communities. Infants delivered at these clinics were being referred to the PHCs for vaccination.



Study population

These were infants whose mothers lived in urban slum communities and had antenatal care at the health facilities located in these communities.



Study participants and sampling

The mothers of infants who participated in this study were recruited in their third trimester from all the 10 PHCs and two immunization clinics hosted by the secondary health center that serve the communities by trained research assistants. A sample size was not calculated a priori because the proportion of the population of women who live in urban slums that access healthcare services in the health facilities was not known due to their poor utilization of the services. The definition of urban slum was according to the UN-HABITAT criteria (23) which defined a slum dwelling as any residential house in which any of the following criteria that is required for good housing is lacking:

1. Durable house with a permanent structure that can protect its inhabitants against extreme climate.

2. Enough space with a maximum of three people living in one room.

3. Availability of affordable and adequate safe water for use.

4. Good sewage disposal which may be privately owned toilet facility or public toilet that is shared by a reasonable number of people.

Women who reported that their residences fulfilled these criteria were recruited and a visit was made to validate the information provided. Figure 1 shows the flow of the participants all through the study. The women were then recruited consecutively over a 3 month period (November 2018 to January 2019), and randomized using their ANCs into intervention group (five PHCs and one clinic in the secondary health center) and the control group (five PHCs and one clinic in the secondary health center) as shown in Figure 1. This was achieved through balloting by FMB. The women in the intervention group were asked to bring the potential older woman caregiver for their unborn babies to the clinic.
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FIGURE 1
 Flow of study participants.




The study intervention

These women were trained using a seven-module manual on the importance of infant vaccination, timeliness and completion of the schedule. The manual was developed based on findings from focus group discussions among women of similar age group from these communities. Participatory learning method was used and each training session lasted for about 90 to 120 min. Each module had assessment strategies to monitor the knowledge gained from each training session. Further details about this training manual, the training process and the effect on the older women's knowledge and support for infant vaccination has been published in an earlier literature (24). Each older woman had at least 2 sessions of training before the infants were born. The pregnant women in the control arm had their infant vaccination as usual. The vaccination of all the infants were monitored from birth till 9 months and 2 weeks of age when all infant vaccination were expected to have been completed.



Ethical considerations

The study protocol was approved by the Oyo State Ethics Research Committee and the University of Ibadan/University College Hospital Institutional Review Board. The permission to access the antenatal clinics was also obtained from the Coordinator of the PHC of Ibadan North and Ibadan North East local government areas (under the management of Oyo State Ministry of Health) where the PHCs were located. Both the pregnant women and the older women gave written informed consent before participation in the research. All identifiers like names and addresses were removed before data analysis to protect the identity of all participants.



Data collection procedure

Data was obtained with the aid of a proforma using RedCap. Data about the sociodemographic characteristics of the pregnant women, the older women and the infants were collected. Visits were made to the homes of the women monthly and the date that each infant vaccine was received were documented as seen in the vaccination cards.



Data analysis

Data was exported to Statistical Package for Social Sciences version 25 software. Socioeconomic class was determined using a method described earlier in a Nigerian study (25) where the socioeconomic class is a result of the composite score of the father and mothers' highest education attainments and their occupation. Descriptive analysis was used to generate frequencies and proportions for categorical variables such as socio demographic characteristics of the mothers, older women and infants. For this study, timeliness of a vaccine was defined as receipt of a vaccine within 2 weeks of the scheduled time. Also, vaccination completion was defined as receipt of four doses of oral polio vaccine (OPV), a single dose each of Bacille Calmette Guerin (BCG), Hepatitis B (HBV), measles, and yellow fever vaccine, and three doses of the Pentavalent (PENTA) vaccine (made up of Diptheria, Pertussis, Haemophilus influenza B and Hepatitis B antigens and Tetanus toxoid). Timeliness and completion of vaccination was also computed and presented in Tables. Association between selected independent variables and timeliness and completion of immunization was explored using the chi square test. All statistical significance was set at 5%.




Results

A total of 211 pregnant women were recruited, however only 198 pregnant women had complete data post-intervention (105 in intervention group and 93 controls) and were included in the analysis. Their mean age was 27.6 ± 6.0 years. There were also 109 older women (mean age 55.8 ± 11.6 years. The details of the sociodemographic characteristics of the pregnant women and older women are as shown in Table 1. There were 202 infants (109 in intervention group and 93 controls) made up of 104(51.5%) males and 98(48.5%) females. All the babies in the intervention group were vaccinated but 2 in the control group did not receive any vaccine. Overall, about half of the infants (53.5%) had timely and complete vaccination and this was significantly higher in the intervention group compared with the controls. Specifically, the infants in the intervention group significantly had with timely and complete vaccination (67.9%) compared those in the control group (36.6%) (p < 0.01) as shown in Table 2. The post hoc power calculation showed that for a minimum sample size of 180 at 95% confidence with the prevalence of infants with timely and complete vaccination among the intervention and control group seen in the study being 0.7(67.9%) and 0.4 (36.6%), respectively gave a power of 90%.


TABLE 1 Socio-demographic characteristics of Mothers of infants and older women caregivers from selected slum communities in Ibadan, Nigeria.
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TABLE 2 Differences in vaccination timeliness and completion among infants in the intervention and control groups from selected urban slums communities in Ibadan, Nigeria.
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In Table 3, the infants in the intervention group significantly received all the required vaccines at the right time compared with the infants in the control group. The BCG was the least timely of all the vaccines given at birth among the intervention group, while there was no difference in the timeliness of the same vaccine among the control group compared with other vaccines. Overall, the vaccines given at birth (BCG, OPV1, and HBV0) were less timely compared with other vaccines in both groups. There was an increase in the timeliness of the other vaccines (OPV1, 2 and 3; HBV1, 2 and 3; PENTA1, 2 and 3) subsequently in both groups except the last set of vaccines (measles, yellow fever and IM polio vaccines) given at 9 months of age that was slightly delayed in the control group.


TABLE 3 Timeliness of vaccines among intervention and control group of infants from selected slum communities in Ibadan, Nigeria.
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More infants whose older women caregivers were married significantly had timely and complete vaccination (75.3%) compared to those who were not married (45.8%) as shown in Table 4. Also, infants with older women who had 1 or 2 children had a higher proportion of timely and complete vaccination (85.7%) compared with those with five or more children (65.6%), though this was not statistically significant. Table 5 showed that male infants (59.6%) were more likely to have timely and complete vaccination compared to female infants (46.9%) (p = 0.25), and more infants whose birth weight were < 2.5 kg had both timely and complete vaccinations (71.4%) (p = 0.68). This proportion however reduced to 57.1% among those with normal birth weight and 41.2% in those with birth weight 3.5 kg and above (p > 0.05). In Table 6, infants with mothers aged < 25 years had a higher proportion (62.2%) of timely and complete vaccination and this same pattern was seen in both intervention and control groups. However, this was also not statistically significant. Unemployed mothers also had a higher proportion (76.9%) of infants who had timely and complete vaccination compared with other working mothers.


TABLE 4 Relationship between selected older women caregivers' socio demographic characteristics and overall timeliness and completeness of infant vaccination in urban slum communities of Ibadan, Nigeria.
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TABLE 5 Relationship between infant characteristics and overall timeliness and completion of vaccination among infants in urban slum communities in Ibadan.
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TABLE 6 Relationship between selected mothers' socio demographic and overall timeliness of infant vaccination in urban slum communities in Ibadan.
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Discussion

The training of older women caregivers about the importance of infant vaccination timeliness and completion greatly increased optimal infant vaccination in the intervention arm of this study. These infants significantly had timely and complete vaccination compared with the infants whose older women caregivers were not trained. This type of training appears promising in turning the tide of under-five mortality and morbidity arising from vaccine preventable diseases (VPDs) among infants of urban poor communities.

Many studies have highlighted the strong influence of older women in the care of children in the family and community (26, 27), with older women being viewed as custodians of traditional wisdom and cultural heritage in many cultures, especially in Africa (28, 29). We decided to leverage on the strategic position that these older women caregivers occupy in communities and families to improve infant vaccination timeliness and completion which have consistently been low in Nigeria among infant from families with the least wealth quintile. This similar picture is seen in many other developing countries (7, 30). Despite the earlier national interventions to improve infant vaccination coverage, there had been a slow improvement in infant vaccination rates and this was worse among those from lower socioeconomic class (31, 32), who also have lower rate in other health indices (33, 34) just as seen in the mothers' low uptake of contraceptives and antenatal care in this study.

The current intervention gives hope for the improvement of infant vaccination timeliness and completion in disadvantaged communities and has some edge over earlier interventions that were designed to achieve the same. The odds of its acceptance in other similar settings are high because it was built on an existing and respected cultural set up which community members could identify with. The focus here was on training older women caregivers who are influential and respected compared with general training of community members in an earlier intervention (35). This type of general training has been employed at different levels in Nigeria. The focused training employed in this study will reduce the resources required for the intervention. The skills that these women acquired can be transferred to others in their social network, broadening the impact. This will open the window for sustainability of the model as it will be easy for the communities to take ownership of the program. This is in addition to the contribution of cultural appeal and the fact that women were already traditionally involved in supervising infants' care. Therefore, there will be no need for the creation of new relationships or structure. This model can easily be adopted on a large scale because it will be cost effective compared with earlier interventions which used monetary and other forms of incentives to improve infant vaccination (36, 37) or those that adopted outreaches which are equally expensive (30). This is because aside the initial cost of the training, there will be very little subsequent cost, unlike the later interventions which will incur huge recurrent cost. The use of phone reminders (38) also required phone possession and electricity to keep the phone charged. These will cost money and might not be cost effective as compared with this model. This community based model has the capacity to have lager impact unlike facility based interventions (39) whose impact are likely to be restricted to some subset of the population.

The timeliness for each of the infant vaccines was significantly higher among the infants with trained older woman caregiver compared with those that were untrained. The importance of this is not only the effective protection from the VPDs that the vaccines target, but it will promote herd immunity and ensure that the infants do not become a threat to other infants if they become infected. They were also more likely to complete their vaccination as delayed vaccination have been linked with incomplete vaccination (21, 40). Specifically, timely BCG and HBV vaccination at birth will prevent tuberculosis and perinatal transmission of hepatitis B from mother to child respectively. These two diseases are endemic in many developing countries and prevention of transmission in infancy and beyond is important in their control.

Furthermore, the timeliness and completion of infant vaccination has been shown to depend on factors such as maternal age, education and level of income (40, 41). These factors were not significantly associated with timeliness and completion of infant vaccination in this study cohort. This makes the association of higher timeliness and completion of infant vaccination among infants with trained caregivers more relevant as it implies that the mothers' characteristics were not the responsible for the difference seen in the vaccination rate of both group of infants. The area of residence might explain the non-association of the women's characteristics with timeliness and completion of the infant vaccines as they were likely to share similar cultures and values which will in turn affect their perception and attitude toward infant vaccination (42). Schoeps et al. reported that timeliness and completion of BCG vaccination and completion of the vaccination schedule were affected by area of residence in Burkina Faso, suggesting that a community effect or belief may be at play in the decision to get the children vaccinated (41). A multinational study among sub-Saharan African countries also showed that living in poorer neighborhood was associated with incomplete vaccination (42). However, the training of the older women caregivers can also influence the mothers' perception about infant vaccination because of the strong influence of the older women. Further studies are required to see if this will be the case.

The timeliness and completeness of vaccination in this study was consistent all through the age of the infants among the intervention group in this study. This is in contrast with the typical pattern of gradual reduction in the timeliness and uptake of infant vaccination as the age of infants progress in sub-Saharan Africa (26, 40, 43). This is likely to be a reflection of the improved knowledge and efforts of the older women caregiver who ensured timely uptake of each vaccine by the infants. This further makes this model appealing as decline in vaccine uptake as an infant grows older have been a concern over the years in different settings. Distraction of the mother by other responsibilities looks like a plausible explanation for this reduction in timeliness and completion as the infant grows. The training and involvement of older women infant caregivers (where this set up exist) may be used to address this decline effectively, with resultant improvement in infant vaccination timeliness and completion.

It is important to look at some characteristics of the older women care givers which were associated with higher proportion of infants with timely and complete vaccinations. First, the older women care givers who were married might have the capacity to be more committed to overseeing the care of the infants they were assigned to because of the existing social support they enjoy as a result of their marital status. Being married in many African setting gives women access to more social support from family members who sometimes assist in carrying out domestic chores which are seen as primary responsibilities of women. This could create more room for the married women to engage in, and fare better in other activities like providing support for infant vaccination in their communities. Secondly, the reduction in domestic responsibilities could also explain the higher proportion of infants with timely and complete vaccination whose older women caregivers had two or less children. Such caregiver will have more time to provide care for an additional child (in this case, the infant) because of reduced demand for her time by her few children.

Gender Inequalities in immunization coverage have been shown to exist in many parts of the world (44). In this study, more male infants (72.6%) had timely and complete vaccination compared with the females (60.9%), although, this was not statistically significant. This has been reported by earlier researchers, typically in some developing countries where the male children were being given preferential treatments due to the patriarchal nature of the settings. An example is the report by Pande and Yazbeck where there was disparity in the vaccination rates of the infants in India with a higher male infant vaccination rates in 10 of the 17 major states in India (45). They noted that even states that performed well in immunization coverage struggled with considerably differences in immunization rates between boys and girls. In another Indian study, it was reported that girls had a 5% lower coverage compared to boys (46). This is likely to be the reason for the differential higher rate of under five mortality seen among female infants in some states in India (47). The reason for this gender difference in infant vaccination is not clear but it may be due to the cultural preference for the male child. Therefore, gender equity has to be addressed if the SDG 3 that aim to ensure health for people of all ages is to be achieved in Nigeria and in countries with similar discriminatory statistics.

There were also infant characteristics that had been associated with delay or incompletion of infant vaccination which were reversed in this study. For example, almost all the low birth weight (LBW) infants had both timely and complete vaccinations compared to normal weight infants. This is contrary to earlier reports where there were delayed vaccination of LBW infants (48, 49). This is a concern because mortality of LBW infants has the highest contribution to under five mortality and death from VPDs due to delayed vaccination will be an unnecessary and avoidable added cause of mortality among this group of infants. Urgent efforts are required to correct this. Our approach of involving older women caregivers in infant vaccination in communities needs to be tested among LBW infants at community level to determine how it can improve vaccination timeliness among these infants. There was a recent study in South Africa which demonstrated that it is possible to get LBW babies vaccinated in a timely manner (50) but the study was among LBW infants admitted in the hospital. Furthermore, a greater proportion of infants with higher birth order received timely and complete immunization which is in contrast to an earlier report (40). The reason for this is not clear and it will require further investigation.

It is interesting to note that some maternal factors which have been associated with delayed and incomplete infant vaccination in earlier reports also had reverse associations in this study. More infants of younger mothers had both timely and complete vaccination than their other counterparts and this is seen in both intervention and control groups. This contrasts with an earlier report where infants of older mothers were more likely to be fully vaccinated in Nigeria (32). Also, a higher proportion of infants of non-working mothers had timely vaccinations compared with those with working mothers (51–53). The working mothers in this study may have difficulty in balancing their time between work and the care of their infants. This is a vacuum that can be filled by the presence of a trained older woman caregiver who can step in to ensure the infants are vaccinated even when the mothers are busy at work. These contrary associations need to be further investigated to establish if the results were solely due to the training of the older women caregivers.

This study has some strengths and this includes the novel and low cost strategy of training of older women caregivers which builds on an existing structure in the community. This provides specific solution to the suboptimal vaccination of infants in urban slums which has defied solutions by the current strategies to promote optimal infant vaccination. Its short and long term impacts require further study. The odds of the sustainability of this strategy are high because it was built on the people's culture and it was community based. There is likely to be spillover of the skills learnt in the social circles of the trained older women.

There were a number of limitations in this study as well. The strategy is only relevant in settings where older women are involved in the care of infants. It may also have a different effect on infant vaccination if it is used outside urban slums because of the differences in the education and economic status of mothers in such settings.



Conclusion

In conclusion, the involvement of trained older women caregivers in infant vaccination improved both the timeliness and completion of infants' vaccination in urban slum. There were evidences that the training also increased the timeliness and completion of vaccination of infants who were LBW and those with higher birth order, contrary to earlier reports. This appears to be a promising strategy to improve the quality of infant vaccination in disadvantaged communities where older women oversee the care of infants. However, this strategy still needs to be tested in a larger population to firmly establish its impacts on infant vaccination timeliness and completion.



Data availability statement

The datasets presented in this study can be found in online repositories. The name of the repository and accession number can be found at: Mendeley Data, V1, doi: 10.17632/g8cnrk58mv.1.



Ethics statement

The study protocol was approved by the Oyo State Ethics Research Committee and the University of Ibadan/University College Hospital Institutional Review Board. The permission to access the antenatal clinics was also obtained from the Coordinator of the PHC of Ibadan North and Ibadan North East local government areas (under the management of Oyo State Ministry of Health) where the clinics were located. Both the pregnant women and the older women gave written informed consent before participation in the research. The mothers also gave consent for their infants' participation.



Author contributions

FB conceived the research idea and coordinated the data collection. FB and AA designed the study while EB analyzed the data. All the authors interpreted the results, wrote the manuscript and approved its final draft, and attest they meet the ICMJE criteria for authorship.



Funding

This project was supported by the Bill and Melinda Gates Foundation under the Grand Challenge Explorations [OPP1190834]. The funder had no role in the design of the study, data collection, analysis and interpretation, as well as the writing of the manuscript.



Acknowledgments

We appreciate all the community leaders and primary health care staff for their support all through this research. We also thank all the older women, mothers and infants who participated in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. UNICEF. Immunization: UNICEF (2021). Available online at: https://data.unicef.org/topic/child-health/immunization/ (accessed August 10, 2021).

 2. National Population Commision ICF. Nigeria Demographic and Health Survey 2018. Abuja, Nigeria, Rockville, Maryland, USA (2019).

 3. Omoniyi OS, Williams I. Realist synthesis of the international theory and evidence on strategies to improve childhood vaccination in low- and middle-income countries: developing strategies for the nigerian healthcare system. Int J Health Policy Manag. (2020) 9:274–85. doi: 10.15171/ijhpm.2019.120

 4. Adedokun ST, Uthman OA, Adekanmbi VT, Wiysonge CS. Incomplete childhood immunization in nigeria: a multilevel analysis of individual and contextual factors. BMC Public Health. (2017) 17:236. doi: 10.1186/s12889-017-4137-7

 5. Wiysonge CS, Uthman OA, Ndume PM, Hussey GD. Individual and contextual factors asociated with low childhood immunization coverage in Sub-Saharan Africa: a multilevel analysis. PloS ONE. (2012) 7:e37905. doi: 10.1371/journal.pone.0037905

 6. Obanewa OA, Newell ML. The role of place of residency in childhood immunisation coverage in nigeria: analysis of data from three Dhs rounds 2003–2013. BMC Public Health. (2020) 20:123. doi: 10.1186/s12889-020-8170-6

 7. Mberu BU, Haregu TN, Kyobutungi C, Ezeh AC. Health and health-related indicators in slum, rural, and urban communities: a comparative analysis. Glob Health Action. (2016) 9:33163. doi: 10.3402/gha.v9.33163

 8. Lilford RJ, Oyebode O, Satterthwaite D, Melendez-Torres GJ, Chen Y-F, Mberu B, et al. Improving the health and welfare of people who live in slums. Lancet. (2017) 389:559–70. doi: 10.1016/S0140-6736(16)31848-7

 9. Abidoye RO, Ihebuzor NN. Assessment of nutritional status using anthropometric methods on 1–4 year old children in an Urban Ghetto in Lagos, Nigeria. Nutr Health. (2001) 15:29–39. doi: 10.1177/026010600101500104

 10. Ahsan KZ, Arifeen SE, Al-Mamun MA, Khan SH, Chakraborty N. Effects of individual, household and community characteristics on child nutritional status in the slums of Urban Bangladesh. Arch Public Health. (2017) 75:9. doi: 10.1186/s13690-017-0176-x

 11. Crocker-Buque T, Mindra G, Duncan R, Mounier-Jack S. Immunization, urbanization and slums-a systematic review of factors and interventions. BMC Public Health. (2017) 17:556. doi: 10.1186/s12889-017-4473-7

 12. Singh S, Sahu D, Agrawal A, Vashi MD. Ensuring childhood vaccination among slums dwellers under the national immunization program in India-challenges and opportunities. Prev Med. (2018) 112:54–60. doi: 10.1016/j.ypmed.2018.04.002

 13. Masvie H. The role of tamang mothers-in-law in promoting breast feeding in Makwanpur District, Nepal. Midwifery. (2006) 22:23–31. doi: 10.1016/j.midw.2005.02.003

 14. Gross F, Van der Sand ICP, Girardon-Perlini NO, Cabral FB. Influence of grandmothers on infant feeding: what they sayto their daughters and granddaughters. Acta Paul Enferm. (2011) 24:534–40. doi: 10.1590/S0103-21002011000400014

 15. Agunbiade OM, Ogunleye OV. Constraints to exclusive breastfeeding practice among breastfeeding mothers in Southwest Nigeria: Implications for Scaling Up. Int Breastfeed J. (2012) 7:5. doi: 10.1186/1746-4358-7-5

 16. Falnes EF, Moland KM, Tylleskar T, de Paoli MM, Leshabari SC, IM E. The potential role of mother-in-law in prevention of mother-to-child transmission of HIV: a mixed methods study from the Kilimanjaro Region, Northern Tanzania. BMC Public Health. (2011) 11:551. doi: 10.1186/1471-2458-11-551

 17. Bates AS, Fitzgerald JF, Dittus RS, Wolinsky FD. Risk factors for underimmunization in poor urban infants. JAMA. (1994) 272:1105–10.

 18. Englund JA. The influence of maternal immunization on infant immune responses. J Comp Pathol. (2007) 137(Suppl 1):S16–9.

 19. Carazo Perez S, De Serres G, Bureau A, Skowronski DM. Reduced antibody response to infant measles vaccination: effects based on type and timing of the first vaccine dose persist after the second dose. Clin Infect Dis. (2017) 65:1094–102. doi: 10.1093/cid/cix510

 20. Masters NB, Tefera YA, Wagner AL, Boulton ML. Vaccine hesitancy among caregivers and association with childhood vaccination timeliness in Addis Ababa, Ethiopia. Hum Vaccin Immunother. (2018) 14:2340–7. doi: 10.1080/21645515.2018.1480242

 21. Sadoh AE, Eregie CO. Timeliness and completion rate of immunization among nigerian children attending a clinic-based immunization service. J Health Popul Nutr. (2009) 27:391–5. doi: 10.3329/jhpn.v27i3.3381

 22. Masters NB, Wagner AL, Boulton ML. Vaccination timeliness and delay in low- and middle-income countries: a systematic review of the literature, 2007–2017. Hum Vaccin Immunother. (2019) 15:2790–805. doi: 10.1080/21645515.2019.1616503

 23. UN-HABITAT. State of the World Cities 2006/7 (2007).

 24. Balogun FM, Bamidele OS, Bamgboye EA. Effect of intensive training in improving older women's knowledge and support for infant vaccination in nigerian urban slums: a before-and-after intervention study. BMC Public Health. (2021) 21:266. doi: 10.1186/s12889-021-10310-0

 25. Oyedeji G. Socioeconomic and cultural background of hospitalised children in ilesa. Nig J Paed. (1985) 12:111–7.

 26. Babirye JN, Engebretsen IMS, Makumbi F, Fadnes LT, Wamani H, Tylleskar T, et al. Timeliness of childhood vaccinations in kampala uganda: a community-based cross-sectional study. PloS ONE. (2012) 7:e35432-e. doi: 10.1371/journal.pone.0035432

 27. Mansour Z, Said R, Brandt L, Khachan J, Rady A, Fahmy K, et al. Factors affecting age-appropriate timeliness of vaccination coverage among children in Lebanon. Gates Open Res. (2018) 2:71. doi: 10.12688/gatesopenres.12898.1

 28. Mbekenga CK, Pembe AB, Christensson K, Darj E, Olsson P. Informal support to first-parents after childbirth: a qualitative study in low-income suburbs of Dar Es Salaam, Tanzania. BMC Pregnancy Childbirth. (2011) 11:98. doi: 10.1186/1471-2393-11-98

 29. Gupta ML, Aborigo RA, Adongo PB, Rominski S, Hodgson A, Engmann CM, et al. Grandmothers as gatekeepers? the role of grandmothers in influencing health-seeking for mothers and newborns in Rural Northern Ghana. Glob Public Health. (2015) 10:1078–91. doi: 10.1080/17441692.2014.1002413

 30. Banerjee AV, Duflo E, Glennerster R, Kothari D. Improving immunisation coverage in rural India: clustered randomised controlled evaluation of immunisation campaigns with and without incentives. BMJ. (2010) 340:c2220. doi: 10.1136/bmj.c2220

 31. Adegboye OA, Kotze D, Adegboye OA. Multi-year trend analysis of childhood immunization uptake and coverage in Nigeria. J Biosoc Sci. (2014) 46:225–39. doi: 10.1017/s0021932013000254

 32. Olorunsaiye CZ, Degge H. Variations in the uptake of routine immunization in nigeria: examining determinants of inequitable access. Glob Health Commun. (2016) 2:19–29. doi: 10.1080/23762004.2016.1206780

 33. Lamidi EO. State variations in women's socioeconomic status and use of modern contraceptives in Nigeria. PLoS ONE. (2015) 10:e0135172. doi: 10.1371/journal.pone.0135172

 34. Nwosu CO, Ataguba JE. Explaining changes in wealth inequalities in child health: the case of stunting and wasting in Nigeria. PLoS ONE. (2020) 15:e0238191. doi: 10.1371/journal.pone.0238191

 35. Andersson N, Cockcroft A, Ansari NM, Omer K, Baloch M, Ho Foster A, et al. Evidence-based discussion increases childhood vaccination uptake: a randomised cluster controlled trial of knowledge translation in Pakistan. BMC Int Health Hum Rights. (2009) 9(Suppl 1):S8. doi: 10.1186/1472-698x-9-s1-s8

 36. Barham T, Maluccio JA. Eradicating Diseases: The effect of conditional cash transfers on vaccination coverage in rural Nicaragua. J Health Econ. (2009) 28:611–21. doi: 10.1016/j.jhealeco.2008.12.010

 37. Robertson L, Mushati P, Eaton JW, Dumba L, Mavise G, Makoni J, et al. Effects of unconditional and conditional cash transfers on child health and development in zimbabwe: a cluster-randomised trial. Lancet. (2013) 381:1283–92. doi: 10.1016/s0140-6736(12)62168-0

 38. Oladepo O, Dipeolu IO, Oladunni O. Nigerian rural mothers' knowledge of routine childhood immunizations and attitudes about use of reminder text messages for promoting timely completion. J Public Health Policy. (2019) 40:459–77. doi: 10.1057/s41271-019-00180-7

 39. Bolam A, Manandhar DS, Shrestha P, Ellis M, Costello AM. The effects of postnatal health education for mothers on infant care and family planning practices in Nepal: a randomised controlled trial. BMJ. (1998) 316:805–11.

 40. Stein-Zamir C, Israeli A. Age-appropriate versus up-to-date coverage of routine childhood vaccinations among young children in Israel. Hum Vaccin Immunother. (2017) 13:2102–10. doi: 10.1080/21645515.2017.1341028

 41. Schoeps A, Ouédraogo N, Kagoné M, Sié A, Müller O, Becher H. Socio-demographic determinants of timely adherence to Bcg, Penta3, measles, and complete vaccination schedule in Burkina Faso. Vaccine. (2013) 32:96–102. doi: 10.1016/j.vaccine.2013.10.063

 42. Uthman OA, Sambala EZ, Adamu AA, Ndwandwe D, Wiyeh AB, Olukade T, et al. Does it really matter where you live? a multilevel analysis of factors associated with missed opportunities for vaccination in Sub-Saharan Africa. Hum Vaccines Immunother. (2018) 14:2397–404. doi: 10.1080/21645515.2018.1504524

 43. Odutola A, Afolabi MO, Ogundare EO, Lowe-Jallow YN, Worwui A, Okebe J, et al. Risk factors for delay in age-appropriate vaccinations among gambian children. BMC Health Serv Res. (2015) 15:346. doi: 10.1186/s12913-015-1015-9

 44. Vilms RJ, McDougal L, Atmavilas Y, Hay K, Triplett DP, Silverman J, et al. Gender inequities in curative and preventive health care use among infants in Bihar, India. J Glob Health. (2017) 7:020402. doi: 10.7189/jogh.07.020402

 45. Pande RP, Yazbeck AS. What's in a country average? wealth, gender, and regional inequalities in immunization in India. Soc Sci Med. (2003) 57:2075–88. doi: 10.1016/S0277-9536(03)00085-6

 46. Borooah VK. Gender Bias among Children in India in Their Diet and Immunisation against Disease. Soc Sci Med. (1982) 58:1719–31. doi: 10.1016/S0277-9536(03)00342-3

 47. Sankar MJ, Neogi SB, Sharma J, Chauhan M, Srivastava R, Prabhakar PK, et al. State of newborn health in India. J Perinatol. (2016) 36:S3–8. doi: 10.1038/jp.2016.183

 48. Bary-Weisberg D, Stein-Zamir C. Vaccination timeliness and completeness among preterm and low birthweight infants: a national cohort study. Hum Vaccin Immunother. (2021) 17:1666–74. doi: 10.1080/21645515.2020.1840255

 49. Soans S, Mihalyi A, Berlaimont V, Kolhapure S, Dash R, Agrawal A. Vaccination in preterm and low birth weight infants in India. Hum Vaccines Immunother. (2021) 18:1–12. doi: 10.1080/21645515.2020.1866950

 50. Tooke L, Louw B. A Successful preterm vaccination program in a neonatal unit in a developing country. Heliyon. (2019) 5:e02857. doi: 10.1016/j.heliyon.2019.e02857

 51. Ushie BA, Fayehun OA, Ugal DB. Trends and patterns of under-5 vaccination in Nigeria, 1990–2008: what manner of progress? Child Care Health Dev. (2014) 40:267–74. doi: 10.1111/cch.12055

 52. Uthman OA, Adedokun ST, Olukade T, Watson S, Adetokunboh O, Adeniran A, et al. Children who have received no routine polio vaccines in Nigeria: who are they and where do they live? Hum Vaccin Immunother. (2017) 13:2111–22. doi: 10.1080/21645515.2017.1336590

 53. Alrowaili GZR, Dar UF, Bandy AH. May We Improve Vaccine Timeliness among children? a cross sectional survey in Northern Saudi Arabia. J Family Community Med. (2019) 26:113–7. doi: 10.4103/jfcm.JFCM_153_18





OPS/images/fpubh-10-898636-t004.jpg
Selected sociodemographic characteristics

Age group (years)
35-44

15-54

55-64

>65

Marital status
Married
Others
Education
No formal
Primary
Secondary
Tertiary

No of children
12

34

5and above

Timely and complete infant vaccination

Yes No
n(%) n(%)
10(71.4) 4(28.6)
20(64.5) 11(35.5)
27(77.1) 7(22.9)
17(60.7) 11(39.3)
58(75.3) 19(24.7)
11(45.8) 13(542)
20(71.4) 8(28.6)
16(72.7) 6(27.3)
35(66.0) 18(34.0)
3(75.0) 1(25.0)
6(85.7) 10143)
28(70.0) 12(30.0)

40(65.6) 21(34.4)

Chi Square x>

228

050

124

p-value

051

<001

091

053





OPS/images/fpubh-10-898636-t005.jpg
Selected characteristics

Sex of child
Male

Female

Birth weight
Less than 2.5kg
25-35kg
>35kg

Birth order

1

2-3

4and above

Timely and complete
Intervention Control

n(%) n(%)
45(72.6) 1727.4)
28(60.9) 18(39.1)
3(60.0) 2(40.0)
57(67.9) 27(32.1)
10(71.4) 4(28.6)
29(65.9) 15(34.1)
32(72.7) 12(27.3)
12(63.2) 7(36.8)

Chi square/

p-value

x?=129
p=025

=022
p=089

=074
p=068

Not timely nor complete

Intervention
n(%)

17(34.0)

17(34.0)

1(50.0)

21(33.3)
9(45.0)

12(37.5)

19(38.8)
4(333)

Control
n(%)

25(59.5)

33(66.0)

1(50.0)

42(66.7)
11(55.0)

20(62.0)

30(61.2)
8(66.7)

Chi square/
p-value

x2=026
p=060

2P=105
p=059

x=012
p=094





OPS/images/fpubh-10-898636-t002.jpg
Study Arm

Study Arm
Intervention
Control

Total

Timely and complete

74(67.9)
34(36.6)
108(53.5)

Not timely nor complete

35(32.1)
59(63.4)
94(46.5)

19.79

p-value

<0.01





OPS/images/fpubh-10-898636-t003.jpg
Vaccines  Intervention Control x* p-value
n(%) n(%)

BCG

Timely 100(91.0) 50(53.2)

Not timely 8(7.3) 40 (42.6) 389 0.00

Not given 1009) 4(4.3)

HBVO

Timely 101(92.7) 50(53.2)

Not timely 7(6.4) 40(42.6) 4131 0.00

Not given 1(09) 4(4.3)

OPVO

Timely 101(92.7) 50(53.2)

Not timely 7(6.4) 39(41.5) 4127 0.00

Not given 1(09) 5(5.3)

OPV 1

Timely 105(96.3) 78(83.9)

Not timely 4(37) 99.7) 107 0.00

Not given 0(0.0) 6(6.5)

PENTA 1

Timely 105(96.3) 78(83.9)

Not timely 467 99.7) 107 0.00

Not given 0(0.0) 6(6.5)

HBV 1

Timely 105(96.3) 78(83.9)

Not timely 4(37) 9(9.7) 107 0.00

Not given 0(0.0) 6(65)

oPV2

Timely 106(97.2) 78(84.8)

Not timely 328 9(9.8) 109 000

Not given 0(0.0) 5(5.4)

PENTA 2

Timely 106(97.2) 78(84.8)

Not timely 328) 9(9.8) 109 0.00

Not given 0(0.0) 5(5.4)

HBV 2

Timely 106(97.2) 78(84.8)

Not timely 3(28) 9(9.8) 109 0.00

Not given 0(0.0) 5(5.4)

OPV3

Timely 105(96.3) 73(79.3)

Not timely 32.8) 13(14.1) 1423 0.00

Not given 1(09) 6(6.5)

PENTA 3

Timely 105(96.3) 73(79.3)

Not timely 328) 13(14.1) 1423 0.00

Not given 1009) 6(65)

HBV 3

Timely 105(96.3) 73(79.3)

Not timely 328) 12(13.0) 1431 0.00

Not given 1(0.9) 7(7.6)

Measles

Timely 90(97.8) 64(77.1)

Not timely 202 9(108) 18.43 0.00

Not given 0(0.0) 10(12.0)

Yellow fever

Timely 90(97.8) 63(76.8)

Not timely 2(22) 9(11.0) 18.70 0.00

Not given 0(0.0) 10(12.0)

IM Polio

Timely 104(96.3) 71(78.9)

Not timely 328) 13(14.4) 1452 0.00

Not given 100.9) 6(6.7)

Bacille Calmette Guerin; HBY, Hepatitis B vaccine; OPV, Oral Polio vaccine;

TA, Pentavalent vaccine.





OPS/images/fpubh-10-898636-t006.jpg
Selected characteristics Timely and complete Chi
square/p-value

Intervention Control
(%) (%)
Age group
15-24 34(73.9) 1206.1) x=L1g
25-34 32(65.3) 17(34.7) e
35-45 8(61.5) 8(38.5)
Occupation
Business Woman/Trading 23(639) 13(36.1)
Artisan 33(71.7) 13(28.3)
Civil servant 5(83.3) 116.7)
Patent medicine vendor 2(40.0) 3(60.0)
None 6(60.0) 4(40.0)
Others 5(100.0) 0(0.0)
Education
No formal
777.8) 2222) p=046
Secondary 59(67.0) 29(33.0)
Tertiary 8(72.7) 8027.3)
Delay in ANC
Yes 50(71.4) 20028.6)
No 23(622) 14(37.8)
Previous contraceptive use
No 50(71.4) 20(28.6) x2=139
Yes 21(600) 1440.0) p=023
Socio economic status
Low 14(70.0) 6(30.0)
Middle 56(70.0) 24(30.0) £=020
High 4(50.0) 4(500)

\tenatal care.

Not timely nor complete

Intervention
n(%)

12(42.9)

14(30.4)
8(44.4)

12(36.4)

14(36.8)
2(40.0)
3(300)
0(0.0)
3(100.0)

1(50.0)

2(28.6)
23(33.3)
8(57.1)

21(41.2)

13(31.7)

28(43.8)

5(208)

5(27.8)

28(39.4)
1(333)

Control
(%)

16(57.1)

32(69.6)
10(55.6)

21(63.6)

24(63.2)
3(60.0)
7(70.0)

3(100.0)
0(0.0)

1(50.0)

5(71.4)
46(66.7)
6(42.9)

30(58.8)

28(68.3)

36(56.2)

19(79.2)

13(722)

43(60.6)
2(66.7)

Chi
square/p-value

X =161
p=042

=710
p=021

p=036

=087
p=035

X =391
p=004

X =085
p=065





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Improving timeliness and completion of infant vaccination among infants in Nigerian urban slums through older women's participation



		Introduction



		Methods



		Study design



		Study area



		Study population



		Study participants and sampling



		The study intervention



		Ethical considerations



		Data collection procedure



		Data analysis







		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Improving timeliness and
completion of infant vaccination
among infants in Nigerian urban

slums through older women'’s
participation





OPS/images/fpubh-10-898636-g001.gif
Clinies
SRV
Rusdoiation ‘clinics in a Secondary Health care center (SHC)
St
Alocation ‘clinic from SHC.
=
Recruitmeat 103 Pregaant women
— Per——
L oo
s
vy et






OPS/images/fpubh-10-898636-t001.jpg
Selected Mothers’
sociodemographic characteristics
(N =211)

Age group (years)
15-24
25-34
35-45

Education

No formal
Primary
Secondary
Tertiary
Occupation
Trading
Artisan

Public worker
Patent Medicine Vendor
Unemployed
Others

Delay in ANC
Yes

No

Previous contraceptive use
Yes
No

Socio economic class
Low

Middle

High

n (%)

79(37.4)
99(46.9)
33(15.6)

200)
18(8.5)
165(78.2)
26(12.3)

74(35.1)

88(41.7)
12(5.7)
15(7.1)
14(6.6)
8(338)

130(61.9)
80(38.1)

61(30.7)
138(69.3)

46(21.8)
154(73.0)
11(52)

Selected Older Women’s
sociodemographic characteristics
(N =109)

Age group (years)
35-44

45-54

55-64

>65

Education

No formal

Primary

Secondary

Tertiary

Occupation

Trading

Artisan

Retired Public worker
Patent Medicine Vendor
Birth Attendant/Midwife
Unemployed

Marital Status

Married

Widowed
Single/Separated
Number of children had
12

34

5 and above
Relationship of older woman to mother
Mother-in-law

Mother

Sister

Siste
Aunt
Neighbor
Friend

Grandmother

n (%)

15(13.8)
31(28.4)
35(32.1)
28(25.9)

9(26.6)

22(204)

54(50.0)
4(3.7)

79(72.5)
10(92)
5(4.6)
1(0.9)
43.7)
10092)

81(75.0)
26(23.9)
2(1.8)

8(7.3)
40(36.7)
61(56.0)

47(43.1)
30027.5)
9(8.3)
7(6.4)
6(5.5)
6(5.5)
2(1.8)
2(1.8)









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





