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Abstract 

Introduction: the use of digital health technologies 
and geographical information systems (GIS) in the 
conduct of immunization campaigns had proven to 
be a success story, and is gaining acceptance 
towards improving supervision, accountability, and 
real-time access to quality information. The 
demand for real-time information by policymakers 
and stakeholders in the polio eradication 
programme is increasing towards ensuring a world 
free from all polioviruses. This study aims to develop 
a tool that monitor and evaluate the circulating 
vaccine-derived poliovirus (cVDPV) campaign 
processes in real-time using open data kits (ODK) to 
collect data, analyze and visualize using an 
interactive dashboard in Power BI, towards 
improving timeliness and completeness of data 
reporting and providing real-time quality 
information to stakeholders. Methods: electronic 
checklists were developed using open data kits 
(ODK) and uploaded onto android-based 
smartphones for data collection during a round of 
cVDPV outbreak response immunization. 
Supervisors were deployed to the field and the 
checklists were utilized at both stages of the 
campaign activities. A Power BI data visualization 
tool was used for reporting, analysis, and 
monitoring the activities of the campaign.  
Results: an interactive dashboard was developed, 
providing real-time information that supports 
stakeholders during the campaign processes with 
improved timeliness and completeness of data 
reporting. The usage of the tool during the 
campaign enhanced close supervision, and 
increased transparency in data availability and 
accessibility by all partners. Conclusion: the study 
had shown that real-time information has 
significantly improved the smooth conduct of the 
immunization campaign processes through 
identifying gaps, and challenges in the field and can 
be utilized in similar resource settings including 
complex and humanitarian. It has demonstrated 
the capability of mobile phones using ODK for data 
collection and linked to a Power BI dashboard for 
enhanced supervision and transparency, and we 

encourage further studies to assess the effects of 
the tools on the campaign results. 

Introduction     

The African Region has been certified wild polio-
free by the African regional certification 
commission (ARCC). In August 2020 after the 
acceptance of documentation from 47 African 
countries, representing over 90% of the world´s 
population becoming wild polio-free, with five out 
of the six (5/6) region certified [1]. However, the 
battle is not over, as there are outbreaks of 
circulating vaccine-derived poliovirus (cVDPV), 
occurring mainly in places with low immunization 
coverage, most especially in conflict areas and 
remote communities experiencing huge migration. 
In the African Region, a total of 380 and 82 cases 
were confirmed from acute flaccid paralysis (AFP) 
and environmental surveillance respectively in 

seven (7) countries as of December 5th, 2020. South 
Sudan had reported 21 cVDPV in 2020 from AFP 
cases, with 1 case from environmental surveillance 
in 9 out of the 10 states of the country same 
period [2]. This has become a challenge to the 
global polio eradication programme in its final 
stage of eradication efforts [3]; the silver lining is 
that the same techniques used to eradicate the wild 
poliovirus, such as enhancing polio surveillance 
networks and achieving high vaccine coverage 
needed to cease transmission, may be utilized to 
combat the cVDPV2, as outlined in the recently 
released guide [4]. 

Digital health technologies use platforms for 
computing, software, connectivity, and sensors 
poised for health care and its related usages, it 
spans a wide range of uses, which includes 
applications in general wellness and medical 
device. The general scope of digital health includes 
among others mobile health (mHealth), telehealth 
and telemedicine, health information technology 
(IT), personalized medicine and wearable devices, 
etc. [5]. The use of these technologies has changed 
the way we communicate, and also provided 
innovative ways for monitoring our health and well-
being through greater access to information, new 
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options for enhancing prevention, early detection 
and diagnosis of life-threatening diseases, the 
extension of life expectancy through management 
of chronic conditions, etc. [6]. 

The need for a high-quality campaign is becoming 
increasingly important with much focus on the use 
of technologies and geographical information 
systems (GIS) to support, guide, and monitor the 
conduct of the campaign activities, towards 
enhancing close supervision, accountability, 
transparency, and increasing real-time access to 
information. The demand for quality and real-time 
information using geographic information systems 
(GIS) and other technologies by policymakers at 
levels by different stakeholders in the polio 
eradication programme is increasing and several 
approaches and tactics had been adopted to meet 
these demands. Digital technologies had proven to 
have supported positively the polio eradication 
programme through enhancing surveillance 
performance [7-10], support the implementation of 
real-time supplemental immunisation activities 
(SIAs) [11-13], use of mobile phones to support 
polio vaccination [14], tracking vaccination teams 
during the conduct of polio campaigns in northern 
Nigeria [15], creating maps using a geographical 
information system to aid microplanning for 
enhanced close supervision [16], the use of mobile 
phones short text messages (SMS) for community 
mobilization and conduct of surveys to support 
polio campaigns [17,18], use of real-time  
data transmission approach in campaign 
monitoring [19], the use of mobile data collection 
tools in the conduct of lot quality assurance 
sampling (LQAs) to support post-campaign 
monitoring [20] and leveraging the use of mobile 
technology in support of polio post-campaign 
evaluation [21] among others. 

Although there are several efforts in documenting 
the use of mobile and GIS technologies in the 
conduct of polio immunization campaigns across 
different geographical settings, limited studies exist 
targeting the entire component of the campaign 
(pre, intra, and post implementation) and using 
complex and humanitarian settings like South 

Sudan, which requires more robust and flexible 
solutions due to its peculiarities like insecurity, high 
numbers of displaced persons, lack of 
communication and internet in many parts of the 
country, etc, with nearly over 4 million people 
displaced, which includes 1.6 million internally 
displaced people (IDPs) and 2.2 million South 
Sudanese refugees [22]. This study is aimed at 
developing a tool that will monitor and evaluate the 
campaign processes in real-time, from pre-
implementation activities (training, pre-validation, 
etc.), intra-implementation (team supervision, in-
process (inside and outside) monitoring, and post-
implementation (post-campaign evaluation, LQAs, 
and administrative coverage data)) using open data 
kits (ODK), linked to an interactive dashboard in 
Power BI. It will also evaluate the impact of the tool 
on the timeliness and completeness of data 
reporting and providing real-time information to 
stakeholders at all levels to take informed action 
while increasing transparency and accountability. 

Methods     

Study settings: South Sudan is a landlocked country 
located in the Sahel Region of East Africa bordering 
Ethiopia to the east, Kenya to the southeast, 
Uganda to the south, the Democratic Republic of 
the Congo to the southwest, the Central African 
Republic to the west, and Sudan to the north. The 
country covers a landmass of approximately 

644,329 km2. The project population based on the 
2008 census was estimated to be 13.3 million 
(2019) using a 3% growth rate. The people of South 
Sudan have continued to experience the impacts of 
years of conflict and violence, with limited or no 
development investment. It had been estimated 
that about 7.3 million people are facing problems 
related to their mental and physical well-
being [23,24]. Infrastructural development is 
limited, the country is among the most 
underdeveloped in terms of road networks in the 
world, since most of the national, interstate, and 
urban roads are bad and not maintained, and 60 
percent of the limited road network are 
inaccessible during the rainy season [25]. 
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In response to the cVDPV type 2 outbreak declared 

on the 18th of September 2020 by the national 
ministry of health (MOH), the country conducted 
the first round of campaigns in six (6) states and 44 
counties with mOPV2 targeting all children under 
the age of five (5). The ministry of health alongside 
other partners (WHO, UNICEF, Core Group, etc.) 
supported the campaign. The World Health 
Organization (WHO) provided technical and 
financial support on training, microplanning, intra-
campaign monitoring and supervision, LQAs, and 
administrative data collection all over the country, 
United Nations Children's Fund (UNICEF) supported 
vaccine management, logistics, communication, 
and social mobilization. Training was conducted at 
both national, state, and counties level with the 
support of WHO, UNICEF, and MOH personnel at 
both levels on the use of the tools, and all 
supervisors were either equipped with 
smartphones/tablets or their personnel phones 
had the open data kit (ODK) installed and 
configured to download the electronic forms (e-
forms) for electronic data collection and 
transmission. In each state, the WHO state EPI 
officer, McKings consultant, STOP consultants, 
UNICEF, and other partners supported the state 
MOH officials in the preparation and 
implementation of the campaign. 

Study design: pre-campaign activities started a 
month before the commencement of the campaign 
with each state updating and sharing the status of 
implementation of activities (these activities 
include microplanning, team selection, training, 
community mobilization, and sensitization, etc.). A 
google spreadsheet was utilized to update and 
monitor the status of implementation by states, 
which could be viewed at the national level to 
decide if a state or county is ready to implement. 
The training was conducted at all levels (national, 
state, county, and payam) with the lowest level of 
personnel being the team supervisors. A total of 
285 supervisors and monitors teams were trained 
using mobile smartphones and tablets on ODK 
collect configuration, installation, and downloading 
of the e-checklists and were assigned to areas 

(counties) where they will provide support to 
supervise and monitor the campaign (Table 1). 

Intra-campaign monitoring took place during the 
four (4) days of the campaign, with supervisors 
being allocated payams, where they were expected 
to supervise and coordinate with the support of the 
county and state health teams as well as other 
partners in the county. Each supervisor completed 
a team supervision checklist electronically using the 
ODK checklist for every team he/she supervises, 
conducts both inside and outside monitoring, and 
fills the appropriate checklist using a simple 
random sampling methodology to select ten (10) 
households in each village supervised. The data 
collected are sent in real-time to a central server 
hosted in AFRO (Brazzaville). All checklists for the 
campaign were embedded with coordinate 
location, which gives the location of all places 
supervised and houses visited during the campaign. 
The post-campaign survey took place over two days 
independently by CORE group immediately after 
the immunization campaign and a two-stage cluster 
random sampling design was used to select the 
sample and the supervisors selected twenty 
households from within each cluster to apply the 
monitoring tool using ODK. ODK Collect was the 
application of choice due to its ability to cater for 
large data expedition in collecting data on mobile 
phones, more tenable to low resource settings like 
Africa [26-28]. 

Data collection and management: the campaign 
checklist forms were all translated from paper 
format into Microsoft Excel (XLS) forms and 
uploaded into ODK electronically, where they were 
pre-tested and debugged where corrections were 
needed. The electronic checklists were then 
uploaded onto the android-based smartphones for 
all activities, pre-campaign, intra-campaign 
supervision, and post-campaign survey. The 
checklists were enhanced with options of taking 
geo-coordinates location with in-built constraints 
and skip logics for easy flow and addressing errors 
at the point of entry, and validation with immediate 
identification of areas with poor indicators for ease 
of follow up. All supervisors and monitors (PCE and 
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LQAs) household interviewers received appropriate 
training on the usage of the tool and interview 
techniques. The administration of data was agreed 
to be limited to the WHO data team for quality 
control, monitoring, and analysis of data, however, 
MOH and partners were able to view all the 
datasets. Data were transmitted in real-time as 
soon as the survey was completed from the field in 
places with good internet connection. The ODK 
collect can work in both real-time and offline, 
hence places where the internet and 
communication were a challenge, the users saved 
the forms and later sent them to the server when 
internet connectivity became available, but the 
greater emphasis was made for data to be 
transmitted in real-time to ensure that programme 
officers can monitor the progress of the campaign 
and take decisions where necessary. 

The intra-campaign indicators had the components 
of team supervision, which looked at the 
performance of the team, it had several indicators 
that were being monitored to guide and take 
corrective action as the campaign was going on. 
The other aspect was the in-process monitoring for 
both inside and outside households, where children 
were sampled to find areas/locations and 
households with missed children. The lot quality 
assurance sampling (LQAs) was used to evaluate 
the campaign alongside the post-campaign 
evaluation (PCE), the LQAs result was used to 
identify locations where the campaign had failed 
using the decision rule on the number of children 
missed in that location. The indicators were 
eventually disaggregated down to the settlements 
where the children are missed with the coordinate 
location of the household of these children. 

Data analysis: Power BI was employed to build 
reports and dashboard, which was connected to 
the ODK server to fetch the data in real-time 
(Figure 1), with a visualization that was customized 
and filtered to highlight the status of the campaign 
and showcase coverage and the quality of the 
outbreak response. The report was then published 
as a web link, with all partners given access to 
monitor the performance of the campaign in real-

time. An automated schedule was set up to refresh 
the data from the server four (4) times a day during 
the campaign at different intervals (9 a.m., 12 p.m., 
3: 30 p.m., and 6: 00 p.m.) to ensure that the most 
up-to-date information is reflected on the 
dashboard. Feedback from the dashboard was used 
during the daily meeting at the national emergency 
operation center (EOC) during the campaign, and 
details of the dashboard report were discussed, and 
appropriate decisions and actions are taken using 
the information available to the ministry of health 
and all partners. 

The time duration from the time data was collected 
from the field to the time it reached the national 
level was calculated using the time stamp feature, 
which is embedded in the ODK data collection tool. 
This allowed us to monitor when the data collection 
starts, ends and when it eventually reached the 
server for download at all levels. The time duration 
for the paper-based method was obtained from 
previous analysis conducted manually to determine 
the number of days taken to get the data at the 
national level from the field. However, the 
administrative data (total children immunized by 
states, counties, and payams) disaggregated by 
different age groups were entered into an excel 
sheet and uploaded onto the Power BI. This is 
because there were no enough mobile phones at 
the payam level to allow for these data to be 
captured in an online, and the unavailability of 
power and internet services at some locations 
within the country. 

The dashboard report developed catered to both 
pre, intra, and post-campaign activities, with 
indicators selected to monitor the quality of the 
campaign. A total of seven (7) feedback pages 
formed the dashboard report covering the entire 
campaign indicators, each page had visualizations 
that monitored the selected indicators. The pre-
campaign indicators used were preparedness 
validation and training components, which assess 
indicators related to the readiness of each 
cluster/state in starting the campaign, it also had 
indicators that monitored the quality of the training 
conducted at both levels before the start of the 
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campaign (Figure 2). The report also depicts the 
proportion of children with finger marked, and 
children not finger marked (missed), with the 
reasons why children are missed based on the 
different categorizations that were considered as 
options in the checklists. All the feedbacks available 
on the dashboard report have been stratified by 
states, counties, payam, and down to the health 
care centres, to allow programme managers to 
narrow down to the lowest level of the system for 
corrective actions to be taken. 

Results     

The duration (time taken to receive data) of data 
transmission from the field to the national level has 
improved for both the different phases of the 
campaign (pre, intra, and post), with a P<0.001 for 
all the data sets compared. Table 2 summarized the 
different data sets for the three (3) phases of the 
campaign, with an average duration for both paper-
based in comparison to the use of electronic-based 
(ODK), a paired t-test was carried to test for 
significance. Table 2 depicts the comparison 
between the average time taken between the 
paper-based and electronic data timeliness of 
reporting. The pre-campaign data sets (training and 
preparedness validation) had an average of 58 
hours from collection to the national level for 
action for paper-based, with an average of 5 hours 
for the electronic-based tool, showing a significant 
difference (P<0.001). The intra-campaign data used 
(team supervision and inside/outside monitoring) 
showed an average of 178 hours using the paper-
based system, with 5 hours for the electronic-based 
system, giving a significant difference (P<0.001). In 
the same vein, the post-campaign data (LQAs) had 
equally shown a significant difference between 
paper-based and electronic-based (P<0.001) 
timelines for reporting. However, the number of 
records on the server for the training checklist was 
minimal as compared to expected, since this is the 
first time the strategy was used, as most of the 
personnel in the states and counties conducted the 
pre-implementation activities without using the 
mobile phone, but the few records available on the 

server were used for the analysis and populating 
the dashboard. 

The training indicators monitored by the dashboard 
include the total number of trainings that were 
supervised at all levels (national, state and 
counties), and the number of supervisors that 
monitored the trainings. Some of the key indicators 
for the training were the availability of agenda, 
training materials, presence of all participants 
invited, provision of refreshment during the 
training, appropriate agenda, etc. (Figure 2). 
Figure 3 portrays the team supervision checklist, 
which highlights the performance of the teams 
while in the field. Some of the indicators monitored 
by the dashboard included the proportion of team 
members trained, proportion of team members 
who know how to interpret the vaccine vial monitor 
(VVM) correctly, teams of area maps available and 
know how to interpret the maps correctly to guide 
their work, and teams that were marking fingers 
correctly in the field, etc. 

Other indicators monitored included the 
availability of vaccines in the field and the status of 
the vaccine (vaccine vial monitor (VVM)), this 
allowed for issues to be addressed instantly when 
the supervisors were in the field. For instance, in 
previous campaigns, when payams ran out of 
supplies (vaccine or devices), they had to send a 
request to the counties and states at the end of the 
day before these are replenished, but using this 
tool, shortages of supplies at the team level were 
identified and escalated to the right level 
(payam/counties), immediately the data was 
uploaded where corrective action could be taken 
and documented by the appropriate level. Figure 4 
highlights the lot quality assurance sampling result, 
which is used to monitor the quality of the 
campaign. It showed the number of children 
sampled by the surveyors, the total number of 
children vaccinated, total children missed, reasons 
for missing these children and the location where 
they are missed, etc. 
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Discussion     

The use of these tools has shown to improve the 
timeliness of data reporting, and the time taken to 
get the data to the national level for both pre, intra 
and post campaign data (Table 2), all the different 
data sets showed that it is statistically significant 
(P<0.001) for all the data sets compared between 
the paper-based and the electronic-based using 
ODK. This is in agreement with studies, which 
showed that the use of mobile phone electronic 
data collection improves timeliness, accuracy, and 
increases data availability [29-32]. Consequently, 
the post-campaign data for LQAs surveyors had 
improved with the final status of county acceptance 
level visible in real-time (Figure 4), as against 
previous campaigns where the data has to be 
downloaded, analysed before a presentation is 
made, and shared with all stakeholders. These had 
helped monitor places with missed children 
(including coordinates location) to allow the team 
to plan for revisit targeting these missed children 
and can also be used to plan strategies that may 
adequately ensure good coverage in these 
locations in subsequent rounds. Data availability 
had improved and the country is now able to meet 
up with the expected deadline for submitting LQAs 
data to the African regional office (AFRO) rapid 
response team (RRT) within 24-48 hours after the 
campaign as stipulated in the cVDPV outbreaks 
response guideline [4]. 

The use of a real-time dashboard and data 
transmission during the intra-campaign monitoring 
activities helped tremendously in identifying 
problems on time towards addressing them while 
supervisors are already in the field throughout the 
campaign. The tool facilitated real-time analysis of 
disaggregated data up to the payam, and village 
level, especially with the team supervision checklist 
where details of each team supervised and the 
location where they worked are visible to all 
stakeholders (Figure 3). The tool equally 
highlighted processes and challenges that the 
teams faced in the field and allowed for critical 
challenges to be escalated to the next level for a 

prompt solution, and for corrective action to be 
taken on the spot during the campaign effectively 
(Figure 3). One critical component that the tool 
addressed is the issue of transparency across all 
stakeholders and partners supporting the campaign 
due to improved access to data and information  
in real-time which foster communication, 
collaboration and follow up between different 
program managers and partners at the national and 
states level where decisions to guide the campaign 
are taken. The result of our study is also in line with 
similar findings on adapting mHealth solution in 
health services and quality of care [33,34]. 

To the best of our knowledge, this is the first time 
that real-time monitoring of all the phases and 
indicators of a polio campaign is being conducted in 
South Sudan [21]. Our study demonstrates that the 
use of this tool during this round of campaign had 
enhanced the transparency of data management 
and the reporting timeliness of the data from the 
field to the national level since the system had 
successfully truncated the components of data 
collation, collection, entry, and analysis at the field 
level through directly sharing of the data from the 
phone to the server (where internet is available), 
and these had equally increased the potential of 
informing programme officers and policymakers 
across all stakeholders on the programme planning 
and programming that support decision-making for 
immediate action in both pre, intra, and post-
campaign modes, this validates similar studies that 
opined the use of mobile phones in improving the 
timeliness of data reporting [19,35,36]. It is also 
worth mentioning that during the conduct of this 
campaign, there was a daily feedback meeting, and 
using data from the dashboard allowed the 
program to take decisions and actions informed by 
real-time data. Previous campaigns do not have 
consistent meetings where feedback was provided 
based on data from the field, due to the limitation 
of application for real-time data transmission. 
Hence, corrective action could not be made on time 
for additional intervention. 

Some of the limitations of the study are that this 
tool does not automatically fetch the post-
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campaign evaluation (PCE) data for inside and 
outside monitoring, which is currently being 
handled by another agency (CORE-group) because 
they used a server different from the one used to 
populate the dashboard, and the tally 
administrative data is captured manually using an 
Excel workbook. Hence, both data from PCE and the 
tally sheets are received in an Excel form and 
uploaded into the Power BI report to populate the 
dashboard towards ensuring having a one-stop 
point for all information about the campaign. 
However, plans are underway in moving the tally 
administrative data into the ODK platform where it 
can be directly entered from the county and payam 
level to allow for automatic update, and the link to 
the PCE data will be provided by CORE-group to be 
fetched directly into the dashboard. It is equally 
important to acknowledge that this study only 
focuses on the development and use of the real-
time interactive tools to enhance the decision-
making processes during the campaign processes, 
and not the results of the campaign, hence the 
need for additional studies that will monitor the 
outcome of the campaign. Consequently, we noted 
the lack of internet availability in some locations of 
the country, leading to delay in data transmission 
from the field in real-time, however, provisions 
were made to save the data on the phone and later 
transmitted wherever the internet becomes 
available. 

Conclusion      

Our findings from this study had demonstrated that 
the use of a real-time interactive visualization 
dashboard had improved the conduct of polio 
campaign processes, with the potential of 
improving the outcomes towards ensuring timely 
information, accountability, and transparency 
across different partners and stakeholders. It can 
be applied not only to the polio immunization 
programme, but all other similar campaigns like 
Measles, Cholera, etc. which require timely 
information to support decision-makers in guiding 
the conduct of the activities. In South Sudan, the 
implementation of this tool had helped the global 

polio eradication initiative (GPEI) partners and the 
ministry of health to identify achievements, gaps, 
and challenges in reaching children in the field, and 
support in identifying locations with missed 
children promptly to appropriately plan for means 
of reaching these children, in ensuring all children 
are reached with the polio vaccines. The study has 
also demonstrated the value of ODK linked with 
Power BI in ensuring real-time data transmission 
for supporting campaign monitoring processes 
(pre-, intra, and post), and we encourage further 
studies that will compare the effects of this tool on 
the outcome of the campaign (coverage). 

What is known about this topic 

 Digital health technologies had proven to 
improve real-time data collection and 
monitoring to support health programmes; 

 Digital health technologies and geographic 
information services (GIS) have been 
deployed to support the conduct of 
immunization campaigns in the polio 
programme; 

 The use of ODK for data collection and linked 
to Power BI dashboard for visualization can 
enhance real-time monitoring of campaign 
indicators during outbreak response 
activities. 

What this study adds 

 The use of real-time monitoring of campaign 
indicators had improved the timeliness and 
completeness of data reporting during the 
campaign; 

 The use of the tool had shown that gaps can 
be identified, and challenges can be 
resolved while in the field and had helped 
identify houses and settlements with missed 
children; 

 Our study portrays the capability of using 
ODK in complex and humanitarian settings 
to collect data in the field and linked to 
Power BI for analysis and monitoring 
results. 

 

https://www.panafrican-med-journal.com


Article  
 

 

Isah Mohammed Bello et al. PAMJ - 40(200). 04 Dec 2021.  -  Page numbers not for citation purposes.    9 

Competing interests     

The authors declare no competing interests. 

Authors’ contributions     

IMB and MS conceptualized the study and wrote 
the original draft; IMB, MS, GUA, MNM, and MF 
compiled the data sets and did the analysis; ATA, 
SO, AA, and OOO provided comments and edits. All 
the authors have read and agreed to the final 
manuscript. 

Acknowledgments     

We thank all the staff at both levels (national, state, 
county, and payam) of the ministry of health and all 
GPEI partners who have continuously made the 
polio eradication agenda a personal mission. 

Tables and figures     

Table 1: number of supervisors trained to supervise 
and monitor the campaign 
Table 2: comparison of timeliness of data reporting 
comparison between paper-based and electronic-
based (using ODK) from field to national 
Figure 1: architecture of the system showing the 
components and connection flow 
Figure 2: indicators showing pre-campaign 
indicators (training supervision checklist) 
Figure 3: indicators showing team supervision 
indicators (intra-campaign) 
Figure 4: lot quality assurance sampling (LQAs) 
indicators showing indicators for monitoring 
campaign quality 

References     

1. World Health Organization, Regional Office for 
Africa. Polio. 2020. 

2. Global Polio Eradication Initiative, World 
Health Organization. Circulating vaccine-
derived poliovirus. 2020. 

3. Global Polio Eradication Initiative. Vaccine-
derived polioviruses - GPEI. 2020. 

4. The Global Polio Eradication Initiative. Strategy 
for the response to type 2 circulating vaccine-
derived poliovirus 2020-2021. 2020;1-32. 

5. United States Food and Drug Association (FDA). 
What is digital health? 2020. 

6. Nations U. The impact of digital technologies. 

2020. Accessed on 6th September 2021. 
7. Clarke A, Blidi N, Dahn B, Agbo C, Tuopileyi R, 

Rude MJ et al. Strengthening acute flaccid 
paralysis surveillance post Ebola virus disease 
outbreak 2015 - 2017: the Liberia experience. 
Pan African Medical Journal. 2019;33(Suppl 2): 
2. PubMed| Google Scholar 

8. Shuaib FMB, Musa PF, Gashu ST, Onoka C, 
Ahmed SA, Bagana M et al. AVADAR (auto-
visual AFP detection and reporting): 
demonstration of a novel SMS-based 
smartphone application to improve acute 
flaccid paralysis (AFP) surveillance in Nigeria. 
BMC Public Health. 2018;18(Suppl 4): 1305. 
PubMed| Google Scholar 

9. Ticha JM, Akpan GU, Paige LM, Senouci K, Stein 
A, Briand P et al. Outcomes of the deployment 
of the auto-visual acute flaccid paralysis 
detection and reporting (AVADAR) system for 
strengthening polio surveillance in africa from 
2017 to 2018: evaluation study. JMIR Public 
Health Surveill. 2020;6(4): e18950. PubMed| 
Google Scholar 

10. World Health Organization. Using SMS 
technologies to enhance polio surveillance. 
2017. 

11. Jusril H, Ariawan I, Damayanti R, Lazuardi L, 
Musa M, Wulandari SM et al. Digital health for 
real-time monitoring of a national 
immunisation campaign in Indonesia: a large-
scale effectiveness evaluation. BMJ Open. 
2020;10(12): e038282. PubMed| Google 
Scholar 

12. Kazi AM, Murtaza A, Khoja S, Zaidi AK, Ali SA. 
Monitoring polio supplementary immunization 
activities using an automated short text 
messaging system in Karachi, Pakistan. Bull 
World Health Organ. 2014 Mar 1;92(3): 220-5. 
PubMed| Google Scholar 

https://www.panafrican-med-journal.com


Article  
 

 

Isah Mohammed Bello et al. PAMJ - 40(200). 04 Dec 2021.  -  Page numbers not for citation purposes. 
   

10 

13. The Polio Network. The use of digital 
technologies and approaches for real-time 
monitoring of supplementary immunization 
activities. 2021. 

14. Shaw R, Bosworth H. Short message service 
(SMS) text messaging as an intervention 
medium for weight loss: a literature review. 
Health Informatics J. 2012;18(4): 235-50. 
PubMed| Google Scholar 

15. Touray K, Mkanda P, Tegegn SG, Nsubuga P, 
Erbeto TB, Banda R et al. Tracking vaccination 
teams during polio campaigns in Northern 
Nigeria by use of geographic information 
system technology: 2013-2015. J Infect Dis. 
2016 May 1;213 Suppl 3(Suppl 3): S67-72. 
PubMed| Google Scholar 

16. Barau I, Zubairu M, Mwanza MN, Seaman VY. 
Improving polio vaccination coverage in 
Nigeria through the use of geographic 
information system technology. J Infect Dis. 
2014 Nov 1;210 Suppl 1: S102-10. PubMed| 
Google Scholar 

17. Balfour N, Wainaina Kinyanjui J, Mutai C. 
Mobile phone-based hygiene and sanitation 
promotion in Somalia. 2015. 

18. Kazi AM, Jafri LA. The use of mobile phones in 
polio eradication. Bull World Health Organ. 
2016 Feb 1;94(2): 153-4. PubMed| Google 
Scholar 

19. Kakakhan J, Al-Tamimi W, Butt MO ul I, Musani 
A, Abbass M. Use of real-time data 
transmission method for polio vaccination 
campaign monitoring in Iraq. 2016. Google 
Scholar 

20. Gonzales IC. Implementation of lot quality 
assurance sampling using mobile data 
collection tools to assess vaccination coverage 
after synchronized polio vaccination in the 
province of Camiguin, Philippines. 2020. 
Google Scholar 

21. Haskew J, Kenyi V, William J, Alum R, Puri A, 
Mostafa Y et al. Use of mobile information 
technology during planning, implementation 
and evaluation of a polio campaign in South 
Sudan. PLoS One. 2015;10(8): e0135362. 
PubMed| Google Scholar 

22. ACAPS. South Sudan complex crisis. Accessed 

on 6th September 2021. 
23. Food Security Information Network, Global 

Network Against Crises. 2020 global report on 
food crises. FaoOrg. 2020. 

24. Liebling H, Barrett H, Artz L. South Sudanese 
refugee survivors of sexual and gender-based 
violence and torture: health and justice service 
responses in Northern Uganda. Int J Environ 
Res Public Health. 2020 Mar 5;17(5): 1685. 
PubMed| Google Scholar 

25. United Nations Office for the Coordination of 
Humanitarian Affairs (OCHA). South Sudan 
Humanitarian Needs Overview 2020 
(November 2019). ReliefWeb. 2020. 

26. Hartung C, Anokwa Y, Brunette W, Lerer A, 
Tseng C, Borriello G. Open data kit: tools to 
build information services for developing 
regions. In: ACM International Conference 
Proceeding Series. 2010. Google Scholar 

27. Tomlinson M, Solomon W, Singh Y, Doherty T, 
Chopra M, Ijumba P et al. The use of mobile 
phones as a data collection tool: a report from 
a household survey in South Africa. BMC Med 
Inform Decis Mak. 2009 Dec 23;9: 51. 
PubMed| Google Scholar 

28. Maduka O, Akpan G, Maleghemi S. Using 
android and open data kit technology in data 
management for research in resource-limited 
settings in the niger delta region of nigeria: 
cross-sectional household survey. JMIR 
Mhealth Uhealth. 2017 Nov 30;5(11): e171. 
PubMed| Google Scholar 

29. Allmendinger RW, Siron CR, Scott CP. 
Structural data collection with mobile devices: 
accuracy, redundancy, and best practices. 
Journal of Structural Geology. 2017;102: 98-
112. Google Scholar 

30. Ganesan M, Prashant S, Jhunjhunwala A. A 
review on challenges in implementing mobile 
phone based data collection in developing 
countries. Journal of Health Informatics in 
Developing Countries. 2012;6(1). Google 
Scholar 

https://www.panafrican-med-journal.com


Article  
 

 

Isah Mohammed Bello et al. PAMJ - 40(200). 04 Dec 2021.  -  Page numbers not for citation purposes. 
   

11 

31. Grantz KH, Meredith HR, Cummings DAT, 
Metcalf CJE, Grenfell BT, Giles JR et al. The use 
of mobile phone data to inform analysis of 
COVID-19 pandemic epidemiology. Nat 
Commun. 2020 Sep 30;11(1): 4961. PubMed| 
Google Scholar 

32. MNM, UJM, AMN, IM, BK, DM. The benefits of 
using mobile phones in monitoring health 
interventions: the perspective from the 
neglected tropical diseases control in Tanzania. 

2012. Accessed on 25th February, 2020. 
33. Källander K, Tibenderana JK, Akpogheneta OJ, 

Strachan DL, Hill Z, ten Asbroek AH et al. 
Mobile health (mHealth) approaches and 
lessons for increased performance and 
retention of community health workers in low- 
and middle-income countries: a review. J Med 
Internet Res. 2013 Jan 25;15(1): e17. PubMed| 
Google Scholar 

34. Murali-Ganesh R, Tan Z, Harvey A, Ballurkar K, 
Navani V, Pooviah N. From smartphone to 
electronic health record (EHR): an innovative 
implementation of patient-reported outcomes 
and patient-generated health data in routine 
cancer care. Asia-Pacific Journal of Clinical 
Oncology. 2018. Google Scholar 

35. Brown AE, Okayasu H, Nzioki MM, Wadood 
MZ, Chabot-Couture G, Quddus A et al. Lot 
quality assurance sampling to monitor 
supplemental immunization activity quality: an 
essential tool for improving performance in 
polio endemic countries. J Infect Dis. 2014 Nov 
1;210 Suppl 1: S333-40. PubMed| Google 
Scholar 

36. Mbabazi WB, Tabu CW, Chemirmir C, Kisia J, Ali 
N, Corkum MG et al. Innovations in 
communication technologies for measles 
supplemental immunization activities: lessons 
from Kenya measles vaccination campaign, 
November 2012. Health Policy Plan. 2015 
Jun;30(5): 638-44. PubMed| Google Scholar 

Table 1: number of supervisors trained to supervise and monitor the campaign 

States National 
sup 

State 
sup 

McKings 
cons 

UNICEF 
sup 

Independent 
mon 

WHO 
field 
staff * 

LQAs 
surveyors 

Total 

National 2   5 7       14 

Lakes 6 8     31 10 4 59 

Northern 
Bahr El 
Ghazal 

3 5     20 6 4 38 

Unity 1 9     4 11 4 29 

Upper Nile 1 7     12 10 4 34 

Warrap 6 7     24 9 5 51 

Western 
Bahr El 
Ghazal 

2 3     8 5 2 20 

Western 
Equatoria 

4 6     18 8 4 40 

Total 25 45 5 7 117 59 27 285 

WHO field staff*: EPI officers, stoppers, and field supervisors; sup: supervisors; mon: monitor; cons: 
consultant 
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Table 2: comparison of timeliness of data reporting comparison between paper-based and electronic-based 
(using ODK) from field to national 

Campaign 
phase 

Data sets Paper-
Based - 
(avg 
time in 
hours) 

Electronic-
based - (avg 
time in 
hours) 

Std. 
deviation 

Std. 
error 
mean 

95% confidence 
interval of the 
difference 

P-
value 

           Lower Upper   

Pre-
campaign 

Training checklist 58 5 13.322 5.035 40.536 65.178 0.001 

 Preparedness 
validation 

58 5 13.322 5.035 40.536 65.178 0.001 

Intra-
campaign 

Team supervision 178 5 13.322 5.035 160.54 185.18 0.001 

 In-process 
monitoring 
(inside/outside) 

178 5 13.322 5.035 160.54 185.18 0.001 

Post-
campaign 

LQAs 86 8 22.026 8.325 57.487 98.228 0.001 

 

 

 

Figure 1: architecture of the system showing the components and connection flow 
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Figure 2: indicators showing pre-campaign indicators (training supervision checklist) 

 

 

Figure 3: indicators showing team supervision indicators (intra-campaign) 
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Figure 4: lot quality assurance sampling (LQAs) indicators showing indicators for monitoring campaign 
quality 

 

https://www.panafrican-med-journal.com

