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[bookmark: _3znysh7]Abstract
Background: Vaccine preventable diseases still contribute substantially to child mortality in sub-Saharan Africa. Delays in administering vaccines within the recommended age group increase the risk of infection because of a prolonged potential exposure to vaccine-preventable diseases. Birth dose vaccines are administered late, due to fragmented systems of delivery, recording and communication between maternal health and child health services. Understanding these deficiencies presents opportunities for improving timely vaccinations at birth.
Objective: The main aim of this study is to assess the effectiveness of community health volunteers (CHVs) and healthcare workers using an electronic immunization registry consisting of a digital platform, web-based database and health text messages to improve timeliness of administering birth dose vaccines such as Bacille Calmette Guerin (BCG) and Oral Polio Vaccine (OPV) in Nairobi slums.

Methodology: Through a cross-sectional stepped wedge design, the intervention consisting of interaction between CHVs, pregnant women and healthcare workers using a digital platform linked to a central registry will be implemented in eight villages in Viwandani (a site for the Nairobi Health and Demographic Surveillance System). CHVs or healthcare workers will register pregnant women at home or health facility and automatically send tailored text messages from a central server, encouraging timely vaccination uptake. The project will test the feasibility of CHVs or healthcare workers using the platform and the effectiveness including cost-effectiveness of the intervention. Interviews will be conducted with women with infants at baseline and the introduction of the intervention into clusters (villages) to measure the effect of the intervention on timeliness of birth dose vaccines. 
Duration and budget: The duration of the project is 18 months and the total budget will be USD 100,000.
Conclusion: The expected findings generated from this study will include the feasibility and effectiveness of using the digital platform for improving timely vaccinations and these will be used to inform the design of a large trial in other settings. Within the larger trial we hope to also measure the impact of the intervention on infant survival. The digital platform will be customized based on recommendations from this study to include additional features such as health sensitization videos. 
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I. [bookmark: _2et92p0]Background
Globally, under-five mortality has dropped by 56% (from 93 to 41 deaths per 1,000 live births) between 1990 and 2016, with neonatal deaths accounting for about half of this mortality and sub-Saharan Africa alone contributed 38% of all neonatal deaths [1]. Most of the deaths resulted from vaccine-preventable causes. Annually, immunization programs were estimated to have saved more than 2.5 million lives worldwide [2]. The Expanded Program on Immunization (EPI) was established in 1974 to ensure universal availability of key life-saving vaccines to children in the developing world. In 1984, the World Health Organization (WHO) established a standard schedule for all the essential vaccines targeting optimal points of early childhood in order to allow children to develop immunity safely, effectively and as early as possible. The schedule was designed to address age-specific risks of disease, age-specific risks of complications and age-specific patterns of immunity [3, 4]. Although Low- and middle-income countries (LMIC) follow the WHO EPI schedule, most vaccines are administered outside the required schedule. 

Timely administration of the vaccines is important because immunizations that are received too early can significantly shorten the duration of protection, decrease overall levels of protection and even lead to complications due to interactions with immunity patterns [4]. Delays in administering vaccines within the recommended age group increase the risk of infection because of a prolonged potential exposure to vaccine-preventable diseases. Factors related to supply and demand of vaccines lead to delays in the administration of vaccines. On the supply side, factors such as weak supply chain systems, poor health management information systems, poor access to health services and poor provider performance are cited as responsible for untimely vaccinations [5]. Demand-side factors include living in urban and peri-urban settings, long distance from vaccination delivery points, ethnicity, and low maternal education among others [5, 6]. There is need to address the challenges of late vaccine administration to maximize the value of vaccines. 

II. [bookmark: _tyjcwt]Problem Statement/Justification
Although vaccination programs are known to play a critical role in improving child survival [7], timeliness of administration has been an obstacle particularly for vaccines administered at birth in LMICs: Hepatitis B virus (HBV) vaccine, Bacillus Calmette-Guerin (BCG) and oral polio vaccine (OPV) with very low rates of timely vaccination reported at birth [8-10]. Late vaccinations lead to reduced levels of protection and significant exposure to vaccine preventable diseases [11, 12]. The design of most vaccination programs in LMICs is not informed by accurate data and therefore lacks focus. For example in the slums of Nairobi, Kenya, only 22% of vaccinations are administered timely [10] because there is lack of coordination between antenatal services, which usually identify eligible infants before birth and childhood vaccination services that administer the vaccine after birth. Furthermore, providers’ immunization data are not linked. Health managers lack data to estimate appropriate denominator populations for planning services. Several data collection systems at population level exist in parallel with immunization data but are not linked. Absence of data linkage also happens within health facilities: birth data is not linked to immunization data, thus babies born in health facilities also miss birth-doses of vaccines. Data capture is mainly paper based or through a hybrid process in which data is initially recorded on paper and entered manually into a registry making linkage impossible. We propose to approach these challenges by introducing real-time linkage between the various databases, while improving the quality of birth registration by CHVs using a digital platform. Immunization registries at health facilities will also be updated in real time using the same application. A centralized electronic database will facilitate linkage of birth records with immunization registry and between health facilities. An automated data platform will generate information for timely response of the health system.


III. [bookmark: _3dy6vkm]Review of Literature
Coverage versus timeliness of vaccination
The WHO introduced the EPI as an essential, cost-effective health intervention to reduce child morbidity and mortality worldwide [7]. There has been a substantial increase in vaccination coverage with several countries reporting uptake ranging from 60%-90%, and this has contributed to the reduction of vaccine-preventable diseases and deaths [13].
However, despite this progress, the proportion of children receiving vaccines timely is low. Timeliness of administering a vaccine is considered a better performance indicator and the current performance benchmark for immunization programs. Delays in administering vaccines within the recommended age group increase potential exposure to vaccine-preventable diseases [11]. Several studies have shown that good vaccination coverage for individual vaccines does not necessarily translate to timely vaccination [12, 14-16]. Demographic and Health Surveys conducted between 1996 and 2005 which were based on events recorded on vaccination cards and interviews with mothers provided evidence that vaccination of children are delayed for approximately two weeks for BCG, 2.5 weeks for diphtheria, tetanus, and pertussis (DTP) and 2.7 weeks for measles-containing vaccine and among 12 countries in the study: 25% of the children were vaccinated more than 10 weeks late for BCG [14]. More studies assessing timely vaccination in African countries continue to show a very low proportion of children receiving their vaccines timely. For example in Eastern Uganda, timely vaccination in compliance to the Ugandan EPI recommendations ranged between 56% and 89% with only 18% of the children receiving all vaccines within the recommended time ranges [16]. Another study in Kampala, the capital city of Uganda found about half of the children vaccinated untimely [17]. In the 2014, Kenya Demographic Health Survey, timeliness of childhood vaccinations was also found to be generally low, especially for some ethnic groups such as Somali with only about 30% of babies receiving timely birth dose vaccines and 38% among those with non-institutional deliveries [18]. A study in the slums of Nairobi conducted between 2007 and 2014 showed that only 22 % of fully immunized children had vaccines administered timely [10]. 
Birth dose vaccines 
The WHO recommends three vaccines; HBV, BCG and OPV to be administered soon after birth [19-21]. The early administration of HBV, BCG and OPV vaccines at birth is aimed at preventing both mother-to-child and early horizontal Hepatitis B transmission [21]; Tuberculosis  in children [22]; and to increase OPV sero-conversion rates with subsequent doses, respectively [20]. Most countries in Africa administer two vaccines at birth: BCG and OPV and WHO provides estimates of coverage for almost all countries where such vaccination is done. Only 10 out of 47 countries in Africa, and none from East Africa; have implemented the WHO recommendation of introducing a birth-dose of hepatitis B vaccine in their EPI program [23]. Approximately 100 million doses of BCG vaccine given to children every year prevent about 40 000 cases of tuberculous meningitis and military tuberculosis from occurring before children reach the age of five years, and it is the most cost-effective intervention for severe childhood tuberculosis in low and middle-income countries in Africa, South East Asia and Western Pacific where Tuberculosis infection rates are high [24]. The OPV is central to the goal of polio eradication in many countries where affordable and easily administered vaccination can facilitate the prevention of disease. OPV has low immunogenicity and thus requires multiple doses of the vaccine to be given including the first dose given at birth. The administration of OPV at birth was based on clinical studies [25, 26]. This dose provides early protection to newborns in endemic settings and may be the only vaccine received by children who later become lost to medical services. In addition, given that most newborns have maternally derived antibody against polioviruses, a birth dose of OPV is associated with the lowest risk of serious adverse events.

Timeliness of administering birth dose vaccines
A birth dose vaccine is defined as a dose of vaccine given within the first seven days of life in a non-premature, healthy neonate. Timely vaccination with any of the three vaccines at birth protects children against morbidities and mortalities at earlier stages of life and also heightens population herd immunity levels [11], thereby protecting those that are too young to be vaccinated or are medically contraindicated. Delays in vaccination lessen population coverage and create a pool of susceptible individuals, thereby increasing the pathogen’s ability to spread and theoretically increasing the risk of exposure. In Ghana a median delay for BCG was 1.7 weeks and 5 days for OPV given at birth [9]. In the same study, some of the factors cited as drivers of untimely vaccination include low demand in the population, poor availability of the vaccine in village clinics and remote location of some births. In order to administer birth dose vaccines timely, there is need to efficiently coordinate between EPI and maternal and child health (MCH) services [27]. Overall, collaboration between MCH and EPI and supervision are essential to increase overall timeliness of vaccination at birth. Most of the current vaccination coverage monitoring in LMICs relies on aggregated data that have significant deficiencies such as fragmented systems of vaccination delivery, poor recording and communication between maternal health services and child health services. Understanding these deficiencies presents formidable opportunities for improving timely vaccinations at birth. 
Improved monitoring of vaccination programs can improve both coverage and timeliness of vaccinations. With the emerging information and communication technologies, electronic immunization registries (EIRs) could potentially facilitate vaccination monitoring through tracking of individuals to their homes. In 2005, WHO passed a resolution on eHealth (electronic health) to “strengthen the ability of Member States to address health problems by integrating eHealth applications into health systems in order to improve performance, care delivery, and information mechanisms” and to “support capacity- building and to provide technical assistance and policy guidance on the implementation of eHealth applications”[28]. The computerization of immunization registries is an important part of eHealth in the context of national immunization programs. Several countries are rapidly developing and implementing national EIRs and rich experiences from these countries suggest that electronic registries improve monitoring of immunization coverage and results in better coverage[29]. The “ideal” EIR comprises: (i) enrollment at birth; (ii) a unique identifier (ID); (iii) vaccination provider, vaccine dose, and date; (iv) mechanisms for aggregating data at different geographical levels; and (v) automated individualized follow-up of vaccination schedules [30]. Besides improving coverage and timeliness of vaccinations, EIRs can also help support decision-making on individual-basis and at the population level, and enable more targeted vaccination delivery, social communication, and advocacy strategies. Opportunities thus exist to leverage mobile-health (mHealth) technologies to tackle both demand-side and supply-side barriers to vaccination timeliness such as forgetting vaccination appointments, not knowing the vaccine schedule, or incurring transportation costs, to improve vaccination uptake, improving community registration of pregnancies, births and generating automated reminders. However, the evidence that supports these approaches especially to improve timeliness of vaccinations in Africa and LMICs is insufficient. 


One of the first studies to examine use of mHealth for improving the timeliness of vaccinations in a LMIC was a cluster randomized controlled trial conducted in Western Kenya between 2013 and 2014, which demonstrated that sending text messages (SMS) was effective at increasing vaccination timeliness [31]. The trial recruited village reporters to identify eligible caregivers and their infants. Village reporters used mobile phones to send birth notification text messages to a Rapid SMS server. Birth notifications were relayed to field-based community interviewers who then screened caregivers of newborns for eligibility into the study. SMS reminders were sent three days and the day before scheduled vaccination visits to caregivers whose children were due for vaccination. This study, in a rural sub-Saharan African setting with high baseline vaccination coverage, showed that SMS reminders could yield significant gains in timeliness of vaccination. However, timeliness of birth dose vaccines (OPV and BCG) was excluded in the primary outcome definition of the study because the study was not designed to enroll children from birth.
With some births occurring at home, it is important to register pregnancies in the communities in order to increase the chances of registering children at birth. The role of CHVs in registering pregnancies at birth and improving health facility births has been demonstrated in a study in rural Uganda [32], and this could additionally improve timeliness of birth dose vaccines. The CHVs hold important primary health care roles including improvement of vaccination uptake [33]. They have in-depth knowledge of fellow community members and the culture of their communities. With training and supervision, they have taken on tasks such as health promotion, birth and death registration, and assisting community members in accessing care [34]. The CHVs are therefore crucial in establishing the linkage between health workers and communities, and play a critical role in improving timeliness of administering birth dose vaccines. 
IV. [bookmark: _1t3h5sf]Research Objectives
General objective: The main aim of this study is to assess the  feasibility, and effectiveness of introducing an electronic immunization registry consisting of  a digital platform, web-based database and health text messages used by CHVs and healthcare workers in improving timeliness of administering birth dose vaccines (BCG and OPV) in Nairobi slums.

    Specific objectives
The specific objectives of the study are to:
1. Determine if CHVs and health workers at health facilities can enroll pregnant women using a digital platform and track them until birth. 

2.  Assess if health workers in health facilities in Viwandani, Nairobi can use an electronic registry of pregnancies and births to make decisions for planning birth dose vaccination services.

3. Estimate the effectiveness of the mobile phone text messages in improving timeliness of administering birth-dose vaccines. 

4. Estimate the cost of the intervention (mobile and web-based platform), and examine its cost-effectiveness.

V. [bookmark: _4d34og8]Conceptual Framework and Operationalization
[bookmark: _2s8eyo1]Description of the mHealth model for improving timeliness of vaccination
The core of the model is the improvement of the interaction between CHVs, pregnant women and healthcare workers using a digital platform linked to a central registry. The central registry of pregnancies and births is expected to facilitate decision making by health workers to schedule messages to mothers encouraging them to take up vaccinations timely. It is also envisaged that the healthcare workers will plan vaccination programs based on the knowledge of new births in a particular location. Figure 1 shows the initial model that will be developed and tested in this protocol. 


      
[image: ]
Figure 1: Digital platform for improving timeliness of birth dose vaccines
CHVs and healthcare workers will register pregnant women at home or health facility. After each registration, the data will be automatically transferred into a central server. In order to increase timeliness of administering birth dose vaccines health messages will be integrated into the application and will trigger messages to pregnant women at specified time points close to birth. By doing this, the application will help pregnant women understand the value of timely vaccination and create habits that will enhance positive behaviors to adhere to vaccination appointments. It will remove barriers that would otherwise interfere with behavior change, and will lead to sustained behavior change. Additionally, health workers will receive automated lists of unvaccinated children to enable them plan vaccination schedules. CHVs will also be triggered by text messages to follow unvaccinated children in their own villages. 

VI. [bookmark: _17dp8vu]Hypotheses/research questions
We hypothesize that a well-coordinated pregnancy and birth registration led by CHVs and health workers can be linked to immunization data at health facility to effectively increase the timeliness of BCG and OPV birth dose vaccination. This is expected to build on existing data collection systems successfully led by CHVs. Both CHVs and health facility staff can be trained to use phones for capturing birth and immunization data. Through automation guided by national algorithms for immunization, text messages generated close to due vaccination dates may increase the timeliness of administering OPV and BCG birth doses. We seek to address the following research questions.
1. Can CHVs accurately register pregnant women in their own village using mobile phones?
2. Can health workers register pregnant women at health facilities using mobile phones?
3. Can the data generated from community registration of pregnancies and births by CHVs and health workers in health facilities be used to improve timeliness of administering birth dose vaccines?
4. What is the effectiveness of the electronic platform in improving timeliness of birth dose vaccination?
5. Is the intervention (electronic registry) a cost-effective venture to improve timeliness of birth dose vaccinations?
[bookmark: _3rdcrjn]VII. Study Design and Sampling Strategy
Study design
We will use a cross-sectional stepped wedge design which will involve a sequential roll-out the intervention to clusters (defined as a village with one CHV selected for this study) over a number of time periods. A stepped wedge design allows the intervention to be staggered until all clusters receive the intervention in a determined random order. The two key reasons for choosing this design are: first, the intervention is likely to do more good than harm and would therefore be unethical to withhold the intervention from some participants of the study [35], secondly for logistical reasons, the intervention can only be implemented in stages [36].
Baseline measurements of timely vaccination will be taken in all study villages at month 0 followed by introduction of the intervention sequentially in three time points 2 months apart. Initially three villages will receive the intervention followed by six after four months and finally all eight villages at six months will be included in the intervention. Timeliness of vaccination will be estimated at each point. Table 1 shows the sequential roll out of the intervention at given time points in the 8 villages.

Table 1: Sequential sampling of study villages for recruitment of pregnant women
	 
	Time points

	Group (clusters)-villages
	Month 0
	Month-2
	Month-4
	Month-6

	3
	0
	1
	1
	1

	3
	0
	0
	1
	1

	2
	0
	0
	0
	1


Note: 0 means the clusters have not received the intervention while 1 means that the clusters have received the intervention. The order of switching of cluster will be randomly determined.  


Study site (geographical)
The study will be conducted in Viwandani, a Nairobi Urban Health and Demographic Surveillance System (NUHDSS) site [37], which has a population of 49,000 people, birth rate of 16 per 1000 per year, infant mortality rate of 34.7/1000 and timely vaccination coverage of 22% [10]. Viwandani is well characterized as a mobile population, with challenges of health services uptake, therefore suitable for testing this intervention.
Study populations
Pregnant women will be recruited in their second or last trimester, followed to birth and infant-mother pair followed two months after birth. 
[bookmark: _26in1rg]Inclusion criteria
The following criteria will be used to enroll women in the study:
1. Pregnant women living in Viwandani and in their second or third trimester (5-9 months of pregnancy)
2. Pregnant women resident in Viwandani and not intending to leave the study village in the next six months.
3. Pregnant women willing to be enrolled and followed until two months after birth.
[bookmark: _lnxbz9]Exclusion criteria
1. Pregnant women with complications of pregnancy as documented by health workers.
2. Pregnant women planning to vaccinate their baby outside Viwandani clinics.
3. Women with adverse pregnancy outcome during follow up (abortion, stillbirth, and early neonatal death).
4. Women diagnosed with multiple pregnancies.

Sample size and Sampling
Our sample size estimates are done following Hooper et al. [38]. First, a recent study on vaccination in the slums suggested that the percentage of timely vaccination is 22% [10]. We hypothesize that the intervention will increase that percentage of timely vaccination to 45% (significant difference of 23%), implying an effect size of 0.5. Based on the study by Russo et al. [39] on the vaccine coverage in Cameroon, we assume an intra-cluster correlation (similarity of outcomes from individuals within a cluster at the same time point) of 0.04. Furthermore, we assume a cluster autocorrelation (similarity of outcomes from individuals within a cluster taken at different times) of 0.8. We also assume a cluster size of 12 neonates specified in advance, three steps and four time points (one baseline and three follow-up time points) are expected during recruitment and follow up. We further conjecture a confidence interval of 95%, a margin-of-error of 5% and a power of 80%. Based on these assumptions, the sample size required will be 383 neonates and 8 clusters (villages). If we assume a dropout rate to be 20%, our final sample size is 479 neonates. 
Twelve neonates will be consecutively selected in each cluster. In other words, during the time of the study CHVs will consecutively enroll the neonates in each cluster until the targeted number is reached. At each step a new cohort will be recruited and followed-up till 2 months after birth. At each step our primary outcomes will be measured.

[bookmark: _35nkun2]VIII. Data Collection
a) Procedures
Interviews
Mothers with infants between 0- and 4-weeks will be interviewed in the eight villages to determine the baseline (month 0) timeliness of vaccination for BCG and OPV. Data collection will be repeated at each point where a new set of villages receives the intervention. The interviews will be conducted by a field worker either within households or at the healthcare facility. These interviews will be repeated at the enrolment of new mothers every two months. ODK (Open Data Kit) Collect software on a simple smartphone will be used for the interviews. Data on mobile phone ownership, literacy, demographics, vaccine perceptions, transportation, and socioeconomic status and the child’s immunization record and other immunization-related costs will be collected at enrollment. See Appendix 2A for the detailed questionnaire.  

The intervention
One CHV will be selected from each  village and will be trained to register pregnancies in their second or third trimester using a mobile phone. Demographic variables of women, age of gestation, expected date of birth and the preferred health facility and village of residence will be documented and this information will be relayed first to a central database. This will trigger an automated reminder to the CHV about when the woman is due to deliver. At delivery, the CHV will document the date of delivery of the child and submit to the central database. Standardized health messages on vaccination will also be automated from the central server and sent to the mother’s phone. At the vaccination point immunization status is updated by the CHV or the Health facility and relayed to the central server from which  a list of unvaccinated children due for vaccination is generated. The CHV and Health facility will receive fortnightly reports with the baby’s due for vaccination so that the health facility can plan vaccination services appropriately .

Training of field staff, community health volunteers and Health workers 
Data will be collected mainly by community health volunteers and health facility staff. Interviews with mothers on timeliness of vaccination and other associated variables will be conducted at baseline and during follow-up by trained data collectors. All data collectors will be carefully trained in line with APHRC’s standards. 
During recruitment, all data collectors will be expected to be fluent in both English and Swahili, which are the most commonly used languages in Nairobi and preference will be given to residents in the study area.
A training on ethical issues, data collection procedures will be conducted and this training will be based on both information and problem-solving techniques. 
[bookmark: _1ksv4uv]

b) Ethical considerations
The objectives of this study can only be achieved with the involvement of human participants as part of primary data collection (interviews with pregnant women, registration of pregnancies, reviewing vaccination records). Since the primary data collection will involve human subjects, we will observe the ethical principles of justice, beneficence and respect. Although pregnant women are a vulnerable group in this study, the study poses no more than minimal risk to the participants as there is no investigator product testing, however, we will ensure that confidentiality of study participants is maintained through anonymization of personal identifiers. We will also seek ethical clearance from the Africa Medical Research Foundation - Ethical and Scientific Review Committee (AMREF - ESRC). 
[bookmark: _44sinio]Informed consent 
Participants will be given a verbal explanation about the study by trained CHVs and a verbal consent will be obtained and documented for the registration by CHVs. But for the interviews that will be conducted by trained field workers an informed written consent will be obtained. For participants who are illiterate a witness will attest that they have read the study information as is written. 
[bookmark: _2jxsxqh]Voluntary Participation.
It will be made clear to participants from the onset that participation in the study is voluntary and that they may choose to withdraw from the study or decline to respond to any question that they may feel uncomfortable answering at any time and for whatever reasons without fear of penalty. An individual would therefore be removed from the study if she expresses the desire to do so. 
[bookmark: _z337ya]Confidentiality 
Participants will be notified that their data are confidential. Information (names or addresses) of respondents and facilities will be retained in the electronic version of the data. The centralized data is secured using stringent privacy and security standard based on industry best practices. Strong administrative role based control over configuration, application settings, streamlined authentication, asset protection and operation control is put in place.  The data provided by respondents will be used for research purposes only and we will not present results that in any way will permit identification of the respondents or facilities. All staff will also receive training on the ethical treatment of human subjects and confidentiality. 
[bookmark: _3j2qqm3]Risk benefit assessment
Since this study does not involve testing a new investigational product, the risks of undertaking this research are minimal. However, there could be risks related to the electronic data collected being made publicly available. To minimize these risks, information with participants’ identifiers (such as names) will be hidden in the database except when needed for tracking purposes. Instead, unique identifiers will be used to identify participants. 

Anything discussed during individual interviews will remain private and confidential. The respondents will not get any direct benefit for participating in the study but the health information they receive through text messages will be helpful especially regarding access to vaccination services. In the long run, the findings from the study will be useful in informing policy and interventions that would benefit their wider community and the general population.
[bookmark: _1y810tw]Compensation
No compensation will be provided for participation in this study since the study is nested within routine maternal and child health services. 
[bookmark: _4i7ojhp]IX. Data Processing and Analysis
a) [bookmark: _2xcytpi] Data management, storage and sharing
The questionnaire data
The Data Manager will upload the interview data collected from each tablet into an interim data management database and will carry out regular quality control checks on the study database. The SOP for doing this will be developed in relation to the study questionnaires before the start of the study. The Research Officer will undertake quality controls to ensure that relevant data queries are resolved and will work in close cooperation with the data Manager to ensure data are stored and archived appropriately. The data management team will be trained on handling data. 
When the queries have been resolved, the data Manager will then upload the cleaned data into the master study database. The master study database will be backed up onto a secure location using a server. In addition the data manager will maintain a password-protected copy of the database on his/her computer and on an external hard drive. A detailed data dictionary will be prepared to help with curation of the data.

The electronic pregnancy and immunization registry
The digital platform accessed by the CHV and the Health facility from their smart devices will directly be submitted into a secured database, where regular quality control checks would be implemented. No data will remain on the smartphone after uploads and the CHV will not have access to data that is already uploaded.  A backup of the original submitted data will be electronically maintained with stringent access control. Data management team will be trained on handling data using stringent privacy and security standard based on industry best practices. Cleaned data will be inserted into the master database, where a regular password protected secured backup will be made by the data manager. To ensure quantitative data collected, validation rules will be implemented on the platform and regular data checks would be performed. The digital form platform will be tested by the quality control team to fine-tune before it is implemented for data collection to ensure consistency in flow of questions. The data schema for electronic immunization registry is shown in Appendix 2B
b) Data sharing
Data sharing will be based on a pre-approved list of role-based access control. Certain fields will be anonymized for the purpose of data anonymity. Role and need based limited data access will be granted as per the pre-approved list for data management and analysis 
Since the design and implementation of the electronic pregnancy, birth and immunization registry will be managed by VAL partners, a private organization collaborating with APHRC on this project, any data collected by VAL partners as result of performance of the services will be shared with APHRC on a monthly basis. APHRC has the right to use such data in anonymized format for the purpose of analyses, research, reporting, fundraising or publications in any other form or shape and share such data with third parties for the same purpose.
c) Data Analysis
Timeliness of vaccination will be estimated at each point of enrolment.
Using linked data by health facility staff for identifying newborns missing vaccinations, aggregated data summaries for health managers, proportions of timely BCG and OPV uptake by intervention period will be generated to estimate effectiveness of the intervention. 
Data on feasibility of maintaining electronic pregnancy and birth registries by CHVs, electronic immunization registry, using linked data by health facility staff for identifying newborns missing vaccinations, aggregated data summaries for health managers, proportions of timely BCG and OPV uptake by intervention period will be generated to estimate effectiveness of the intervention. These will be published. 
 
Econometric model
Multilevel analyses will be performed to take into account repeated measurements in children as well as the effects of clustering in the proposed study. We will use a mixed model including a random effect for each cluster and fixed effects for time period to account for secular trends
The econometric model follows Hooper et al. [38]. For any time point, individuals are exposed to control or experimental treatment, and their outcomes are related over time. The outcome (timeliness of birthdose vaccination of BCG and OPV) at time  for individual  in cluster , arm  is
,                                                              
where


,

with the  ,  and  all independent of another, and






In the hierarchical multilevel model above, the parameters  and  are the time fixed effect and the treatment effect, respectively. The time effect assesses any systematic change that could happen with times, implying that we are capturing any overall trend in the outcome.. The intercept  measures the overall mean of the outcomes across all clusters, time points and individuals.   ,, and  are the variation between clusters, variation between times within a cluster, and individual level residual error term, respectively. Furthermore,  is the total variance,  is the intra-cluster correlation which measures the correlation between the outcomes of two individuals from the same cluster at the same time,  is the cluster autocorrelation which captures the similarity of outcomes from individuals within a cluster taken at different times. The most key variables are: age of the children, gender of the children, vaccination timeliness, education of the mothers, income of the mothers, profession of the mothers, vaccine perceptions, etc. 

Cost-effectiveness analysis and business model
We will use the ingredient approach to estimate the total cost of accessing vaccinations timely.  The costing will be done from both the provider’s and care givers perspective. The provider’s perspective represents a ‘business case’: how do the costs of the program compare to the gains or losses in productivity. As such it forms, in essence, an accounting exercise. Hence, we will collect the expenditures related to the establishing an electronic database, sending, SMS, transportation, drugs, forgone earnings due to time spent in clinics, etc. First, we will estimate the average cost (unit cost, i.e., total expenditures incurred by one child to access.  A cost-effectiveness will also be carried out to estimate the cost to recruit an additional children for timely vaccination. 
Secondly, we will develop a net-cost model to estimate the substantial cost savings for the individual using the productivity approach. Hence, the net benefit is:
The costs avoided will be translated into monetary terms by capturing the excess of lost work hours using a survey instrument or surveillance system, transport cost and clinic viisits that will be saved by patients due to the intervention (avoided medical costs=pre-intervention medical care cost minus post medical care cost). The costs of the intervention will be estimated using the ingredient approach and information found in the financial report. 

[bookmark: _1ci93xb]X. Plan for Communicating Findings of the Study
Since this project is a pilot phase, the findings generated from this study will be used to inform the design of a large trial in the same setting including a rural location to measure the effectiveness for timely vaccination where timeliness of birth dose vaccination is lower. Within the larger trial we hope to also measure the impact of the intervention on infant survival. The digital platform will be customized based on recommendations from this study to include additional features such as health sensitization videos. 
We will also endeavor to disseminate findings of the study to the academic community, policy makers and wider community through knowledge translation activities such as open access publications, conference presentations, APHRC website and social media.
[bookmark: _3whwml4]XI. Study Limitations and Risks
Work force. Primary health clinics and general practitioner’s offices are strained in high, middle and low-income settings. This study may place an unanticipated strain on these clinics making study recruitment, implementation, and follow-up difficult. The success of this project relies heavily on cooperation of CHVs and health workers working in the selected health facilities in the study area. These staff have many other competing priorities and thus with a heavy workload. However, APHRC has worked closely with CHVs and health workers in Viwandani in other projects and we will use the experiences of those projects to inform our approach. The project has budgeted some modest incentives to motivate the CHVs and health workers.
Potential risks and benefits to patients 
The study described in this proposal is a cross sectional stepped wedge design which introduces a new mobile health application for patients and providers. The model is embedded in local vaccination guidelines and should not deviate significantly from these guidelines. 
Nonetheless, the proposed intervention has specific risks associated with it. Parents of the children enrolled may suffer stress and undue concern due to the frequent monitoring and follow up. This could result in an unnecessary and potentially costly visit to other health facilities for the patient. 
Our study has been designed to mitigate some of the risks. We will keep the follow up visits and text messages to minimum essential messages close to birth and immediately after birth to maximize timeliness of administering birth dose vaccines.


Conversely, the proposed intervention could have several benefits for patients. The first is enhanced education and awareness of vaccination. The second is an improvement in the trust and reliance of the primary health care provider. The third is a potentially improved timeliness of vaccination which will lead to better protection of children against tuberculosis and polio thus better survival.

This study has been designed in order to identify barriers to implementation of the model on a larger scale. Rich experiences from the study will inform the design of a larger trial that is anticipated to benefit populations beyond the study area. 
[bookmark: _2bn6wsx] XII Management and organization of the study 

a) Roles of investigators and team members
Gershim Asiki, the PI is an Associate Research scientist at APHRC. His role is to provide overall intellectual guidance and coordination of the project, supervise the research officers’ activities, and provide the external reporting needed by the funder. He will participate in data analyses and will lead the scientific publications. Hermann Donfouet a Co-principal Investigator will oversee the cost-effectiveness aspects including sampling of the study population, design of tools for cost-effectiveness analysis
Two co-investigators: Martin Kavao Mutua (providing statistical support including design of study tools and analysis and Elizabeth Kimani (supporting project administration including financial oversight and reporting) will work closely with the PI in implementing this project.
Peter Otieno, a research officer at APHRC will coordinate the activities for the study. He will manage the day to day project activities including field logistics, overseeing the CHV and health facility staff duties and will be primarily responsible for the quality of the data. He will participate in data analysis and scientific writing.
A data analyst at APHRC will conduct regular data quality checks to ensure clean data is collected and will also conduct preliminary analysis for study reporting purposes.
A data systems programmer at APHRC will work closely with VAL partners in monitoring the electronic data systems established for pregnancy, birth and vaccination registration. 
A program assistant at APHRC will coordinate the logistics for workshops for training CHVs and health workers.
The design and implementation of the electronic registry will be managed by VAL partners, a private organization that has been working closely with health stakeholders and research organizations in rolling out m-health based vaccination reminders (MOMTOTO). At VAL partners, Kumar Abhishek Khamrai and Dominic Muindi will lead the design the tools for electronic data capture, text message design, train CHVs, health workers to manage the electronic data capture manage a database, monitor the progress of the data system and provide regular data reports.



  b) Time Frame/Duration of the Project
Since pregnant women will be recruited in their second or last trimester, followed to birth and infant mother pair followed 2 months after birth, a total of 18 months will be required for this study, distributed as follows; an initial 4 months will be required for setting up the study (ethical clearance, designing tools and training). Since the last pregnant women will be enrolled at month-6 and a follow up period of 4 months is required, a total of 10 months will be needed for field work. An additional 4 months will be required for report write up and dissemination. 

[image: ]

b) Budget
	Item
	Total (USD)

	Personnel
	42697

	Inception meeting for partners and stakeholders 
	1000

	Ethical Approval costs & Nacosti research permit
	1700

	CHV allowance
	3200

	Health worker allowance
	10000

	Ground transport for monitoring implementation
	1400

	Setting up and management of electronic data system
	40000

	Total Direct 
	100000
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