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Thesis Abstract

Thesis Title: The use of m-Health active participant centred (MAPC) systems to improve

surveillance of adverse events following Immunization (AEFIs) in Zimbabwe.

Introduction

A robust national AEFI surveillance system ensures timely AEFI detection, good quality AEFI
reports, prompt case investigation and robust causality assessment for corrective AEFI case
management, signal detection and appropriate feedback ultimately to improve public safety
and trust in vaccines and the Immunization programme. Each AEFI surveillance method has
advantages and disadvantages. This thesis aimed to develop an evidence-based and
empirical foundation to guide recommendations for the use of mHealth for active vaccine
safety surveillance (AVSS) in  Zimbabwe to strengthen its passive (spontaneous) AEFI

surveillance system.

The primary hypothesis of the thesis is that an mHealth application system that supports
AEFI detection and reporting is a feasible approach to supporting active AEFI surveillance in

Zimbabwe.
Method

| used mixed methods comprising a scoping and narrative literature review, a descriptive
evaluation of Zimbabwe’s AEFI system, a randomised control trial (RCT) to assess the impact
of the Zimbabwe stimulated telephone assisted rapid safety surveillance (Zm-STARSS)
approach, and a consumer and healthcare professional (HCP) survey to assess their

experience and the acceptability of Zm-STARSS.



Results

The scoping and narrative review revealed that most MAPC AEFI surveillance studies (92%,
24/26) were conducted in High Income Countries(HICs) and only two in Low Middle-Income
Countries (LMICs). The mean response rate to (Short Message Services)SMS prompts was
71% among 23 studies. Out of 1440 assessed Zimbabwean AEFI reports 54.2% were non-
serious, 29.7% non-serious but deemed medically important, 6.6% causing prolonged
hospitalizations and 8.1% fatal. In the Zm-STARSS RCT, despite a relatively low (31%, n = 704)
response rate, we demonstrated that the SMS group had a 2% AEFI detection rate compared
to 0% in the passive control arm. Of the 31 HCPs and 96 consumers who responded, 96%
and 71%, respectively, supported the use of Zm-STARSS for improving AEFI reporting.
Respondents identified lack of feedback after reporting, fear of negative consequences, and

mobile phone costs as major barriers to SMS reporting.
Conclusion and recommendations

The paucity of MAPC surveillance in LMICs highlights the need for more active surveillance
of AEFIs in these regions. Zm-STARSS AEFI surveillance improved AEFI detection and
reporting in an LMIC setting. Although the response rate was lower than what was seen in
HICs, potential barriers to responding can be mitigated with simple
reprogramming. Therefore, we recommend its use in LMIC settings. To support this
improved reporting and ensure appropriate responses to these reports, it is imperative to
strengthen the remaining elements of AEFI surveillance, including case investigation,
causality assessment, case management and feedback. In addition, prioritising training and
awareness initiatives aimed at mitigating factors contributing to underreporting, including
addressing HCPs and consumers’ fear of victimisation, is essential. The cost of MAPC for both
consumers and HCPs should be minimised to improve AEFI reporting in Zimbabwe
and similar LMICs. This may require engagement with mobile phone operators to lower
rates (toll-free) for mHealth surveillance systems. Further studies should investigate the

feasibility and effectiveness of the mHealth approach in other LMIC settings, particularly
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consumer response rates, impact on AEFI reporting rates and the regulatory and

Immunization programmes’ responses to these reports.

Key words: Adverse events following Immunizations (AEFI), adverse events of special
interest (AESI), mobile-health (mHealth), mHealth for active participant centred (MAPC)
AEFI surveillance Short Message Services (SMS), Zimbabwe stimulated telephone assisted

rapid safety surveillance (Zm-STARSS) study, vaccine vigilance.
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Glossary of Definitions

Adverse event following Immunization (AEFI) is defined as “any untoward medical
occurrence, symptom or disease which follows Immunization that does not necessarily have
a causal relationship with the usage of the vaccine” -The WHO and The Council for

International Organizations of Medical Sciences (CIOMS) definition.

Adverse events of special interest (AESI) is defined as a “clinically important untoward
medical occurrence that is either known to occur following administration of the type of
vaccine under study (for example, hypotonic-hyporesponsive episodes or febrile convulsions)
or is considered to be a possible risk on the basis of knowledge of the content of the vaccine
and/or its interaction with the host immune system (for example, autoimmune disease or

antibody-dependent enhanced clinical disease)” -WHO definition.

Active vaccine safety surveillance (AVSS) is defined as “a data collection system that seeks
to ascertain as completely as possible the number of AEFIs and underlying causes in each

population via a continuous organized process” -CIOMS definition.

“Stimulated Telephone Assisted Rapid Safety Surveillance (STARSS) or Australia Stimulated
Telephone Assisted Rapid Safety Surveillance (Au-STARSS) randomised controlled trial’
studies of SMS mHealth and active AEFI surveillance were successfully conducted in Australia.
The Au-STARSS is one of two published randomised controlled trials (RCT) which has
compared the AEFI detection rate in an active (SMS surveillance) and control (passive
surveillance) groups. The study evaluated the feasibility and acceptability of SMS based
surveillance using a two-step process with an initial SMS being the entry point for detection

whilst a subsequent digital interaction elicited information to determine the nature of the

16



event . The outcome of the Au-STARSS study showed a 13-fold greater AEFI detection rate in
the SMS group (Pearson’ y2 test = 76.0, p < 0.0001) compared to the control group (passive

surveillance)”.

Efficacy, effectiveness and efficiency. The Oxford and Cambridge dictionaries state that
efficacy, effectiveness and efficiency are synonymous terms, with some scientific fields
imposing artificial interpretations of these terms. Some authors have tried to provide clarity
on the distinctions between efficacy, effectiveness, and efficiency within the healthcare
context. They defined ‘efficacy’, as “the ability of a given intervention under excellent or
controlled conditions in healthcare systems, ‘effectiveness’ as the ability of an intervention
to have a meaningful effect on patients in normal clinical conditions, and ‘efficiency’ as doing

things in the most economical way”

mHealth active participant centred (MAPC) AEFI surveillance system is part of participatory
approach to AEFI surveillance that is increasingly being recognised as a complement to the
widely used passive surveillance, particularly in LMICs and HICs. The participatory approach
to AEFI surveillance entails the patients reporting health events to the authorities. Using this
approach, AVSS or post-marketing AEFI surveillance or has been implemented using mobile
devices mHealth active participant centred (MAPC) is part of ‘mobile health’ (mHealth). An
mHealth application using SMS-based follow up of vaccinees as a form of MAPC AEFI
surveillance could improve case detection and AEFI reporting such as Au-STARSS, STARSS or

Zm-STARSS.

Mobile health (mHealth) is defined as “medical and public health practice supported by
mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants

(PDAs), and other wireless devices”.
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Vaccine hesitancy was defined in 2015 by The SAGE Working Group defined vaccine as “a
delay in acceptance or refusal of vaccination despite availability of vaccination services.
Vaccine hesitancy is complex and context specific, varying across time, place and vaccines. It
is influenced by factors such as complacency, convenience and confidence”. The definition
was recently updated in 2022 by other authors as “a state of indecision and uncertainty about

vaccination before a decision is made to act (or not act)”

Vaccine pharmacovigilance is “the science and activities relating to the detection,
assessment, understanding and communication of AEFIs and other vaccine- or Immunization-

related issues, and to the prevention of untoward effects of the vaccine or Immunizations”
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Chapter 1 Thesis Introduction

Thesis title: The use of m-Health active participant centred (MAPC) systems to improve

surveillance of adverse events following Immunization (AEFIs) in Zimbabwe.

Overall thesis layout/presentation: Overall thesis layout/presentation is based on the
University of Cape Town, Health Sciences thesis requirements including Vancouver referencing
style for references, table of contents, list of acronyms and abbreviations, including definitions
stated in the main text. The thesis has 6 chapters, structure and rationale are briefly explained
under chapter 1 and illustrated in Figure 1 below with more detailed information under each

chapter 2-6.

Chapter 1 provides the thesis study title, overall introduction, conceptual framework, and
structure leading to the formulation of the justification, problem statement, research
question, hypothesis, purpose, aim, objectives, methodology, limitations, ethical approvals,

and quality assurance.

1.1 Abstract:

Introduction: Globally, Immunization is a critical public health intervention credited with
saving millions of lives by reducing the burden of vaccine preventable diseases (VPDs)
including COVID-19 disease. Although people get protection through safe and effective
vaccines, in rare instances, adverse events following Immunization (AEFI) may occur, reducing
public trust in vaccination. This negatively affects vaccination uptake which could lead to an
increased incidence in VPDs. A robust AEFI surveillance system is therefore considered a key
component of the Zimbabwe National Immunization Programme (NIP). This surveillance
system aims to respond timeously to AEFIs, support AEFI case management, assess causality

of reported cases and perform signal detection. Innovative strategies to strengthen national
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AEFI surveillance systems including for pandemic vaccines are therefore a public health

priority.

Research Question and Aim: Recent developments in high income countries (HICs) have
shown that vaccinee participatory AEFI surveillance using mHealth technology known as
‘mHealth active participant centred (MAPC) AEFI surveillance system’ could be applied in
Zimbabwe, given its high mobile phone penetration rate (93.4%). The overarching research
guestion was: Can ‘MAPC AEFI surveillance be feasibly applied in Zimbabwe to support better
detection and response to AEFIs?’ Broadly, the aim or purpose of the study was to establish
the challenges of the Zimbabwe AEFIs surveillance system including for COVID-19 vaccines in
a low middle income country (LMIC) setting and to test the feasibility of using the MAPC AEFI

surveillance system in Zimbabwe.

Methods: Firstly, a scoping literature review study of MAPC AEFI surveillance systems was
conducted to investigative baseline evidence on challenges related to SMS response rates,
AEFI reporting rates, types of technology, implementation, cost, as well as the experiences of
consumers and healthcare professionals (HCPs). The literature was assessed from a LMIC
perspective. Secondly, we conducted a descriptive study of the Zimbabwe AEFIs surveillance
system by assessing the AEFI cases reported using VigiBase, VigiLyze and causality assessment
outcomes; we also evaluated how the Zimbabwean AEFI surveillance system performs using
the World Health Organisation (WHO) Global Bench Marking Tool (GBMT) criteria. Thirdly,
we conducted a randomised clinical trial (RCT) comparing reporting rates between a type of
MAPC AEFI surveillance system known as “Zimbabwe Stimulated Telephone Assisted Rapid
Safety Surveillance (Zm-STARSS)” and routine AEFI surveillance in Chitungwiza a peri-urban
district of Zimbabwe. Fourthly, nested within the RCT, we conducted a sub-study to explore
the experiences of healthcare professionals (HCPs) and vaccinees, or parents or guardians of
infant vaccinees, with mHealth for AEFI surveillance by administering surveys to these groups.

Finally, we developed recommendations on the feasibility of using Zm-STARSS in Zimbabwe,
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reflecting also on the potential applicability of this active AEFI surveillance tool in other similar

settings and scenarios.

Dissemination of the results: Chapter 4 (Zm-STARSS) was published in Vaccines Journal.
Chapters 2, 3 and 5 will also be published in peer reviewed journals. Study findings will also
be disseminated through the Medicines Control Authority of Zimbabwe (MCAZ) Medicines
Safety Bulletin and website. Additionally, the findings will be shared with diverse stakeholders
such as the Zimbabwe National Immunization Advisory Group (NITAG), Ministry of Health and
Childcare (MoHCC) NIP, healthcare staff at provincial district levels including vaccination
clinics and study sites. Other fora where the results will be disseminated are the WHO African
Vaccine Regulatory Forum (AVAREF) and the International Pharmacovigilance Regulatory

AfriSummit. Finally, the thesis will be published on the University of Cape Town (UCT) portal.

Ethical Approvals: Ethical approval was obtained from the University of Cape Town (UCT)
Health Research Ethics Committee (HREC) (HREC Ref 184/2020). Ethical permission was also
obtained from the Medical Research Council of Zimbabwe (MRCZ)” (reference MRCZ/A/2286)

and the Director of Health Services, Chitungwiza City Health Department, Zimbabwe.

” "

Key words: “Adverse Events Following Immunizations (AEFI)”, “adverse events of special
interest (AESI), mobile-health (mHealth), “mHealth for Active Participant Centred (MAPC)
AEFI surveillance, Short Message Services (SMS), “Zimbabwe Stimulated Telephone Assisted

Rapid Safety Surveillance (Zm-STARSS)” study.
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Publications arising from the thesis: The UCT Doctoral Degrees Board (DDB) approved that

Chapter 4 be submitted as a published paper of Zm-STARSS with the following reference:

1) Nyambayo PPM, Gold MS, Mehta UC, Clarke S, Manyevere R, Chirinda L, Zifamba EN,
Nyamandi T. Efficacy and feasibility of SMS m-Health for the detection of adverse
events following Immunization (AEFls) in resource-limited setting-The Zimbabwe
stimulated telephone assisted rapid safety surveillance (Zm-STARSS) randomised
control trial. Vaccine 41 (2023)6700-6709; S0264-410X(23)01107-6. Doi:
10.1016/j.vaccine.2023.09.037. (Chapter 4 research publication).

Chapter 3 titled ‘Descriptive study of AEFI surveillance system in Zimbabwe’ was submitted
as a “publication ready format” and Chapters 1, 2, 5 and 6 were submitted as thesis

monograph chapters as approved by the UCT Doctoral Degrees Board (DDB).
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1.2 Introduction and background

Vaccination, AEFI surveillance in the Zimbabwe context, the need for active AEFI
surveillance

According to the Zimbabwe National Statistic Agency (ZIMSTAT) and the World Bank 2022
ratings, Zimbabwe is a low middle income country (LMIC) with a population of 16.3 million;
the per capita Gross Domestic Product (GDP) stands at USD1267, the international poverty
rate measured at USD2.15 is 39.8% and the country has low economic growth(1). The World
Health Organization (WHO) 2023 report states that Zimbabwe has 0.14 physicians and 1.85
midwives/nurses per 1000 population. This is well below the Sustainable Development Goals
(SDGs) index threshold of combined 4.45 midwives, nurses, and doctors per 1000
population(1). The Zimbabwe Inter-Census Demographic Survey 2017 and United Nations
International Children’s Emergency Fund (UNICEF) 2018 report disclosed that “infant and
under-five mortality rates were 52 deaths per 1,000 live births and 72 deaths per 1,000 live
births, respectively”(2). Every year about 600 000 Zimbabwean children under five years are

vaccinated.

Globally, Immunization is a critical public health intervention that reduces vaccine
preventable diseases (VPDs) including COVID-19 disease thereby saving millions of lives.
Although vaccines usually have high safety and efficacy, sometimes in rare instances severe,
or serious AEFIs occur, and these reduce public perception of safety and trust in vaccination(3-
5). The WHO and ‘The Council for International Organizations of Medical Sciences (CIOMS)’
define an ‘Adverse Event Following Immunization (AEFI)’ as “any untoward medical
occurrence, symptom or disease which follows Immunization that does not necessarily have
a causal relationship with the usage of the vaccine”(6). There has been a notable increase in
vaccine hesitancy, particularly after the introduction of COVID-19 vaccines. Vaccine hesitancy
was initially defined as ‘the reluctance or refusal to vaccinate despite the availability of
vaccines’ (7). In 2015 The SAGE Working Group defined vaccine hesitancy as 'a delay in
acceptance or refusal of vaccination despite availability of vaccination services. Vaccine
hesitancy is complex and context specific, varying across time, place and vaccines. It is
influenced by factors such as complacency, convenience and confidence'(8).The definition
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was recently updated in 2022 by other authors as ‘a state of indecision and uncertainty about

vaccination before a decision is made to act (or not act)’(9).

Vaccine hesitancy hampers progress made in effectively tackling VPDs in many countries
including Zimbabwe, putting millions of people at risk of illness and even death. Just before
the COVID-19 pandemic started, the WHO established that vaccine hesitancy is one of the top
10 global health threats and emphasised the need for innovative strategies to combat it (10).
Several studies over the years have cited the limitations of most vaccine development clinical
trials phases (I-1ll) due to relatively small sample sizes; these trials may fail to detect rare
AEFIs that occur infrequently at rates of at least 1 in 10 000 or more vaccinees, including
adverse events of special interest (AESI)(11). The WHO defined an AESI as a “clinically
important untoward medical occurrence that is either known to occur following
administration of the type of vaccine under study (for example, hypotonic-hyporesponsive
episodes or febrile convulsions) or is considered to be a possible risk on the basis of
knowledge of the content of the vaccine and/or its interaction with the host immune system
(for example, autoimmune disease or antibody-dependent enhanced clinical disease)”(12). In
clinical trials, AEFI documentation may often be shortened to adverse event (AE). In addition
to developing effective robust national AEFI surveillance systems, each country is also
required to have a system of measuring background rates of AEFIs so as to be able to make

meaningful benefit risk assessments of vaccine related AEFIs(13).

Vaccines are complex biological products with limited pre-licensure studies that may not
detect rare adverse reactions due to the small, controlled populations included in these
clinical trials (14). The formulation of vaccines includes ingredients designed to elicit desired
immune responses. These may use adjuvants or protein conjugation to polysaccharide
(conjugate vaccines)(14). Some vaccines may also contain antibiotics, stabilisers or
preservatives to reduce contamination during the manufacturing process or to maintain their
sterility and effectiveness throughout the cold chain distribution process(14). What is
therefore required for vaccine safety surveillance is AEFI notification/reporting, data
collection and storage, case investigation, causality assessment, cause-specific response and
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communication. Classification of an AEFI is only possible after causality assessment, which is
evident from the WHO definition of AEFI and why all events following Immunization must be
reported. Causality assessment is conducted to determine whether the event was caused by
the vaccine or not. The WHO AEFI causality assessment algorithm 2019, classified AEFIs into
5 different groups/categories, namely ” (a) vaccine product related; (b) vaccine quality
defects; (c) Immunization error; (d) Immunization stress-related response; and (e)
coincidental event”(15). Irrespective of the causality assessment category a NIP should have
a robust surveillance system that identifies and responds timeously to all these types of AEFI
scenarios. Failure to detect and manage serious AEFIs may result in serious illness or sudden
death after vaccination, thereby triggering bad publicity. Consequently, prospective vaccinees
may stop participating in vaccination programmes, potentially leading to outbreaks of VPDs
in the country. Hence, the thesis was conducted with the aim of improving AEFI surveillance

to minimise/eliminate VPD occurrence.

There are additional shortcomings to AEFI surveillance such as lack of timely feedback and
inadequate data quality to support causality assessment. Throughout the research study, it is
vital to note that mHealth only addresses one component of the AEFI surveillance system that
is, case detection. Effective and timely case investigation, assessment, and feedback to
reporters and vaccinees remain important components that require attention. The Zm-
STARSS alone cannot address all the aspects of AEFI surveillance hence it is a limitation of the
study. This thesis focused on improving the AEFI case detection component, a critical arm of
managing AEFIs(16). Considering that vaccines are mainly given to people in good health to
protect against possible occurrence of VPDs in the future, the NIP should ensure vaccines are
safe and Immunization programmes are trusted(7, 17). Given the inherent shortcomings of
passive (spontaneous/voluntary) AEFI surveillance systems currently used in Zimbabwe, such
as under reporting, there is great need to develop and operate a reliable, cost-effective and
capable active AEFI surveillance system that would increase AEFI detection, reduce VPDs and

enhance public trust (6, 18).
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In accordance with WHO recommendations, Zimbabwe’s national AEFI surveillance system is
co-ordinated by the national pharmacovigilance centre, which is run by the “Medicines
Control Authority of Zimbabwe (MCAZ)” together with the “Zimbabwe Expanded Programme
on Immunization (ZEPI) and Ministry of Health and Child Care (MoHCC)”(15). The AEFI
surveillance process is outlined in the Guidelines 2017 and COVID-19 Vaccines AEFI
surveillance Guide 2021 (19, 20). The process includes passive AEFI detection, case reporting,
causality evaluation, benefit and risk assessment, management including mitigation
strategies, feedback, and public health communication. Zimbabwe has a relatively low and
variable AEFI reporting ratio ranging from 0 to 20 AEFIs “per 100 000 surviving infants” per
year from 2000 to 2018(21). Zimbabwe does not always meet the annual minimum
recommended goal of 10 AEFIs ‘per 100 000 surviving infants’ as stipulated by the WHO Joint
Reporting Form (21). However, in 2021 the WHO Global Advisory Committee on Vaccine
Safety (GACVS) recommended a new case-based vaccine safety indicator for monitoring
progress in AEFI surveillance in all age groups i.e. ‘one or more serious AEFI per 1 million total
population per year’(22). In addition, they recommended the use of electronic reporting tools
to overcome challenges of paper-based tools and facilitate the flow of information from

district to provincial and national levels(22).

Based on AEFI reporting rates in other countries, underreporting is likely to be considerable
since most African countries do not meet the WHO annual target of 10 AEFIs per 100 000
infants that survive (21, 23). Under-performing AEFI surveillance system has the potential to
negatively affect the performance of ZEPI. The Zimbabwe national pharmacovigilance centre
publications noted that the commonly reported passive surveillance AEFIs from 2005 to 2018
included pain/redness/swelling/injection site abscess, fever, convulsions, diarrhoea,
nausea/vomiting, rash, excessive crying, breast milk aspiration, drowsiness/ irritability or
encephalitis, anaphylaxis and/or sudden infant death (18, 24). This list of commonly reported
AEFIs demonstrates the value of strengthening the Zimbabwe national AEFI surveillance
system. Local injection site reaction reports could indicate preventable programmatic errors
such as poor injection technique or problems with cold chain management. Serious AEFIs such

as infant persistent crying caused by whole cell pertussis-based vaccines, that might cause
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breast milk aspiration leading to death, require early detection, risk minimisation and

communication(25).

Early and complete AEFI detection is a vital step towards investigating and appropriately
responding to serious AEFIs. These could potentially derail the Immunization programme and
reduce confidence in vaccination. Broadly, the AEFI surveillance aims to identify AEFlIs,
manage AEFI case investigation, implement corrective action(s) to facilitate patient recovery,
prevent or minimise the occurrence of similar AEFIs in the future, and communicate
effectively throughout the process. Therefore, timely and high-quality case detection is a key
component of an AEFI surveillance system. This thesis was conducted to assess the
Zimbabwean AEFI case detection system and test the effectiveness and feasibility of
introducing an innovative MAPC AEFI surveillance approach as a means of encouraging early

detection and management of AEFIs in Zimbabwe.

1.3 COVID-19 vaccines deployment in Zimbabwe and the need for active AEFI
surveillance

Zimbabwe started procuring COVID-19 vaccines in February 2021 with the aim of reaching a
target of 10 million vaccinated people (60% of country population) to ensure adequate
coverage to reduce the transmission and hospitalisation associated with the deadly COVID-19
disease. According to the WHO website on 18 August 2023, Zimbabwe had 265 716 confirmed
cases of COVID-19 disease with 5713 deaths reported to WHO; a total of 13 935 112 COVID-
19 vaccines were administered in Zimbabwe from February 2021 to 7 July 2023. The COVID-
19 vaccine rollout further motivated the need for a better AEFI surveillance system for early
case detection and management. Since February 2021, in consideration of the COVID-19
pandemic, the Zimbabwe national AEFI surveillance system has been adapted to included
monitoring of COVID-19 vaccines. This adaptation includes training of healthcare
professionals countrywide on the deployment of COVID-19 vaccines and reporting
procedures through the AEFI surveillance passive system. Given the rapid introduction of

novel vaccines and relatively low AEFI reporting rates, there was a need to improve the
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reporting infrastructure to detect any new safety signals while ensuring public confidence in
the new vaccines. Several authors (19. 22, 23) have advocated for the implementation of
active AEFI surveillance systems for the timely monitoring COVID-19 vaccines, highlighting the

importance of this thesis study.

1.4 Mobile Health and active AEFI surveillance approaches.

The main aim of the research was to determine the feasibility, applicability and efficacy of
MAPC AEFI surveillance system. mHealth active participant centred (MAPC) is part of ‘mobile
health’ (mHealth). ‘Mobile health is defined as “medical and public health practice supported
by mobile devices, such as mobile phones, patient monitoring devices, personal digital
assistants (PDAs), and other wireless devices”(26). Vaccine pharmacovigilance is “the science
and activities relating to the detection, assessment, understanding and communication of
AEFIs and other vaccine- or Immunization-related issues, and to the prevention of untoward
effects of the vaccine or Immunizations”(6). To safeguard patient health, there is need for
“active vaccine safety surveillance”. “The Council for International Organizations of Medical
Sciences defines active vaccine safety surveillance (AVSS)” as “a data collection system that
seeks to ascertain as completely as possible the number of AEFIs and underlying causes in
each population via a continuous organized process” (6, 27). In AVSS, Immunization data are
gathered with clearly defined goals to investigate one or more AEFIs including predetermined
AESIs (6, 27). Mobile health utilises mobile phones and information communication
technology in healthcare and treatment interventions (28). Globally, mHealth is a growing
area of research because of its widespread adoption including the widespread use of “smart"

mobile phones and the declining cost of mobile technology (28, 29).

One possible application of mHealth is AVSS. There are studies showing the feasibility of
mHealth for AVSS to strengthen safety surveillance (30). Mobile phone-based applications
and SMS have been successfully tested for enhancing a variety of aspects of Immunization
programmes including Immunization reminders, measuring vaccine coverage and improving

logistics and communication(31). These applications of mHealth have been tested
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successfully in a variety of countries including China, Guatemala, Kenya, Pakistan and
Zimbabwe (30, 31). At the time of initiating this study, there were few published studies from
LMIC on MAPC AEFI surveillance(32, 33). Most published studies were from HICs, mainly
Australia and Canada where SMS mHealth has been used for active adverse event surveillance

following seasonal influenza vaccines(34-36).

Timely data collection and reporting is usually a challenge when AEFI surveillance is paper
based. There are issues with completeness of the report, delayed submission, missing reports
and under reporting. Rapid technological developments have created several opportunities
to innovatively conduct AEFI surveillance. Among the technological developments that can be
tapped for AEFI surveillance are the digital tools which can eliminate the paper-based method
of data collection and reporting. In HICs, vaccine dose tracking as well as vaccine confidence

monitoring have reliably been done with digital tools (28).

The participatory approach to AEFI surveillance is increasingly being recognised as a
complement to the widely used passive surveillance, particularly in LMICs (37, 38) . The
participatory approach to AEFI surveillance entails the patients reporting health events to the
authorities. Using this approach, post-marketing AEFI surveillance has been implemented

using mobile devices (39, 40).

‘Stimulated Telephone Assisted Rapid Safety Surveillance (Au-STARSS) randomised controlled
trial’ studies of SMS mHealth and active AEFI surveillance were successfully conducted in
Australia, a HIC (41, 42) hence this thesis aimed to investigate if a similar methodology could

be used to improve AEFI detection in Zimbabwe, a LMIC.

The Global System for Mobile communication Association (GSMA) projected that “By the end
of 2020, 495 million people would have subscribed to mobile services in Sub-Saharan Africa,
representing 46% of the region’s population and this is projected to rise to 615 million by

2025, or (50% of the region’s population)”(43). According to the Abridged Postal &
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Telecommunications Regulatory Authority of Zimbabwe (POTRAZ) Sector Performance
Report Third Quarter 2022, the total number of mobile phone subscribers in Zimbabwe was
14.3million and the number of data including internet subscription was 9.64 million. This

translates to mobile phone penetration and internet of 93.4% and 63% respectively.

The researcher took note that the application of mHealth for active AEFI surveillance in
Zimbabwe may face challenges such as failure to detect AEFIs, low SMS response rates from
vaccinees, and other barriers (26). Understanding the challenges of applying mHealth for
active AEFI surveillance in Zimbabwe is critical prior to expansion of such a surveillance system

in a resource-limited country like Zimbabwe.

1.5 Thesis Justification:

The study was critical for the following reasons:

a) Vaccine safety surveillance in a LMIC like Zimbabwe required strengthening for early
detection of AEFIs. A preliminary background study of the Zimbabwe AEFIs
surveillance system was conducted as part of the thesis to identify the gaps that the

descriptive study aimed to address.

b) In HIC, MAPC AEFI surveillance has been shown to enhance AEFI detection hence the
need to test for effectiveness in a LMIC like Zimbabwe. A scoping literature review
study of MAPC AEFI surveillance was conducted as part of the thesis to generate
exploratory evidence on acceptability, AEFI reporting rates, SMS response rates, cost,
experience of consumers and healthcare workers, and challenges of SMS MAPC AEFI

surveillance. The literature was assessed from a LMIC perspective.

¢) An mHealth SMS based surveillance system to follow up vaccinees as a form of active

AEFI surveillance was investigated for feasibility and efficacy.

d) There was very little information on efficacy and/or experience of mHealth for AEFI
detection in Zimbabwe, so this study addressed important gaps in knowledge within

the scientific community.
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e) This study shed more light on the acceptability of MAPC AEFI surveillance by both

consumers (participants) and healthcare professionals (HCPs).
Thesis Problem Statement:

Zimbabwe’s National Immunization Programme (NIP) needs a robust AEFI surveillance system
to ensure patient safety, promote vaccine acceptance and enhance public trust in the national
Immunization programmes. Zimbabwe’s passive AEFI surveillance system is ineffective in
detecting AEFIs thereby posing serious challenges to the safety of vaccinees and undermining
public confidence in the Immunization programme. An mHealth application using SMS-based
follow up of vaccinees as a form of MAPC AEFI surveillance could improve case detection

and AEFI reporting.

The Thesis Research Aim was to develop an evidence-based and empirical foundation to
guide recommendations for the use of MAPC in Zimbabwe to improve vaccine surveillance
and enhance the safety of consumers. The thesis aimed to investigate the performance of
MAPC AEFI surveillance in various countries; assess the capabilities of Zimbabwe AEFI
surveillance systems in detecting AEFIs and test the feasibility and iMAPCt of the STARSS m-

health system as a tool to augment AEFI case detection in Zimbabwe.

The Thesis Primary hypothesis was that an mHealth application system that supports AEFI
detection and reporting is a feasible approach to supporting active AEFI surveillance in
Zimbabwe. The Zimbabwean AEFI surveillance system can benefit from the implementation

of mHealth to support active patient-centred case detection and reporting.

Research question: Can the use of MAPC improve AEFI surveillance in Zimbabwe?
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Null hypothesis: An SMS-based mHealth application has no effect on the active AEFI
surveillance approach in Zimbabwe i.e., there is no difference between the intervention

MAPC system (CATI arm) and the Control group.

Figure 1 below shows the research journey and justification of the study. The Thesis structure
is illustrated in Figure 1 in line with the research question and specific thesis study chapter

objectives below:

The feasibility and value of the SMS-active follow-up approach was determined by i) exploring
existing knowledge and research around the use of SMS-based AVSS for AEFI detection; ii)
examining the existing passive surveillance AEFI system in Zimbabwe; iii) measuring the
difference in reporting rates between the Zm-STARSS active and passive reporting systems;
iv) assessing the user experience and acceptance of the Zm-STARSS mHealth SMS system, and

v) making recommendations based on the thesis overall findings.

Most medical researchers and practitioners the world over prioritise the importance of
efficient, and cost-effective use of resources, particularly when considering vaccine efficacy,
effectiveness or efficiency relative to cost. The Oxford and Cambridge dictionaries state that
efficacy, effectiveness and efficiency are synonymous terms, with some scientific fields
imposing artificial interpretations of these terms. Some authors have tried to provide clarity
on the distinctions between efficacy, effectiveness, and efficiency within the healthcare
context. They defined ‘efficacy’, as “the ability of a given intervention under excellent or
controlled conditions in healthcare systems, ‘effectiveness’ as the ability of an intervention
to have a meaningful effect on patients in normal clinical conditions, and ‘efficiency’ as doing

things in the most economical way”(44).
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Figure 1 : The thesis primary hypothesis is that an mHealth application
system that supports AEFI detection and reporting is a feasible
approach to supporting active AEFI surveillance in Zimbabwe.

Figure 1: Summary of the PhD thesis research plan in line with the research question.

Having discussed the research problem statement, research aim, research question, primary
hypothesis and research justification, the next section discusses research bias, confounding

factors and limitations
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1.6 Bias, confounding factors and limitations:

1.6.1 Declarations: Limitations, potential bias and confounding factors
Limitations, potential bias and confounding factors were individually addressed in each thesis
chapter. The focus of this thesis is largely on AEFI case detection rather than case
investigation, causality assessment, and the provision of feedback. Moreover, due to
challenges encountered as a result of lockdown during COVID-19, the physical group
discussions could not be conducted as approved by the UCT HREC Committee (see Appendix
1). As such we did not conduct interviews of HCPs from two selected control vaccination

clinics that did not use Zm-STARSS.

Data was only collected from HCPs from the active sites that employed the mHealth tool.
These HCPs were interviewed through online pre and post study online surveys (Appendix 6-
7) as well as during study close-out virtual/hybrid meetings, (see Appendix 1). This was a
chapter on case control study involving interviews of HCPs from two selected vaccination
clinics that did not use Zm-STARSS, was affected and only study vaccination clinics HCPs were
interviewed through online pre and post study online surveys (Appendix 6-7) including study
close out virtual/hybrid meetings. This may have contributed to the limitations and bias
observed in that chapter. Given that the Zm STARRS was only tested in Zimbabwe, during the
COVID-19 pandemic, there may be limitations to the generalisation of the findings in other
LMIC settings. Most possible biases and/or confounding factors were minimised and
acknowledged for each chapter of the PhD study thesis in line with the “Strategic Advisory
Group of Experts” (SAGE) guidelines for recommendations for vaccination programmes,
ethical and biostatics requirements. Information gleaned from literature reviews conducted
by other authors was acknowledged using the Vancouver referencing style. The use of Zm-

STARSS randomised controlled trial (RCT) golden standard methodology minimised bias.
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1.6.2 Ethical considerations and participant consent.
Ethical approval was granted by the University of Cape Town (HREC 184/2020) (Appendix 1)
and by Medical Research Council of Zimbabwe (MRCZ) (MRCZ/A/2268) (Appendix 2). Study
sites approval was obtained from Ministry of Health and Director Health Services, Chitungwiza
Municipality (Appendix 3). Study participants signed consent forms before taking part in the
research. All research data is published in anonymised format to protect participants. The
thesis protocol and amendments to include the COVID-19 vaccines were approved by the UCT
Health Research Ethics Committee (HREC) committee, Medical Research Council of Zimbabwe

(MRCZ) Ethics committee and Chitungwiza Hospital Ethics committee.
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Chapter 2 Scoping Literature Review

Chapter 2 Title: A scoping literature review of the use of mHealth tools for active participant
centered adverse events following Immunizations surveillance in low middle-income

countries (LMICs).

Chapter 2 reviewed literature on mHealth tools for active surveillance of adverse events
following immunizations. Gaps were identified that could be closed using SMS based

applications in low middle income setting.

2.1 Abstract:

Introduction: The applications facilitated by mobile phone technology are rapidly expanding
globally and this includes health-related interventions, and medical products vaccine
pharmacovigilance. mHealth technology has been used to enhance adverse events following
Immunization (AEFI) surveillance in high income countries (HICs). There is limited evidence
on the feasibility of such mHealth technology in low middle-income countries (LMICs). This
scoping and narrative literature review focused on assessing the value and the feasibility of
mHealth Active Participant Centered (MAPC) AEFI surveillance systems and how this may

apply in LMICs.

Methods: | carried out a scoping review using Joanna Briggs Institute (JBI) approach from
1970 to December 2022 studies. MEDLINE via PubMed was also used together with CINAHL,
Scopus, Cochrane Library and Africa -wide via EBSCOs. Criteria for assessments of the studies
were based on the mHealth platform, country experience, key findings of uptake,

acceptability, response rates, cost and key challenges identified.
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Results: Most studies 24/26 (92%) were conducted in HICs from 2010 to December 2022,
with evidence of MAPC surveillance improving AEFI reporting rates for most vaccines. The
consumer vaccinees SMS mean response rate was 71% for 23 studies using mixed digital

technologies methods mostly conducted in HICs.

Conclusion: The evidence-based findings showed that MAPC AEFI surveillance occurred
mostly in countries with well-resourced healthcare services including adequate AEFI
surveillance programs and consumer participation. In LMICs there is the potential to take
advantage of mobile phone technology penetration that is increasing for health surveillance.
However, critical resource limitations and expertise may limit the feasibility of MAPC AEFI

surveillance.

Key words: Short Message Services (SMS), mHealth Active Participant Centered (MAPC) AEFI

surveillance system, Scoping Literature Review.
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2.2 Introduction:

Immunization is “globally one of the most cost-effective ways of preventing or reducing the
severity of infectious diseases including, most recently, COVID-19 disease” (6, 45), however
serious reaction(s) rarely occur post vaccination. An adverse event following
Immunization(AEFI) is “any untoward medical occurrence after Immunization that does not
necessarily have a causal relationship with the usage of the vaccine” (6, 27). No matter the
cause, an AEFI can reduce public support and confidence as well as affect program reputation.
Whilst most HICs have well developed vaccine pharmacovigilance systems to detect and
respond to AEFIs these are less developed in LMICs. There are vaccines exclusively used in
LMICs so safety information and decisions to manage AEFIs should come from these LMICs.
In view of this there is need for LMICs to generate AEFIs data by implementing robust and
effective surveillance systems. Unfortunately, most LMIC use passive paper based AEFI
surveillance with most reports from health care professionals (HCPs) who underreport events.
Sometimes not all the information availed is captured hence reports are incomplete (6).
Inadequate AEFI monitoring and reporting systems lead to slow or lack of detection of AEFIs
which compromise subsequent investigation and management of cases including assessment
for causality. Vaccine preventable diseases (VPDs) can increase when potential vaccinees no
longer participate in programs because of negative publicity that erodes trust caused by poor
AEFI surveillance and/or case management. In most LMIC’s some people also don’t report
AEFIs due to several limitations such as unaffordable communication services or mobile
phones, lack of knowledge, fear to express their experiences and limited access to primary

health care systems (46).

Active Vaccine Safety Surveillance (AVSS) is defined as “a data collection system that seeks to
ascertain as completely as possible the number of AEFIs and underlying causes in each
population via a continuous organized process”(6, 27). To implement AVSS it is critical to
adopt new technologies and tools and to capitalize on emerging digital health tools (47, 48).

Mobile Health (mHealth) is one digital tool which has been defined as “medical and public
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health practice supported by mobile devices, such as mobile phones, patient monitoring

devices, personal digital assistants (PDAs), and other wireless devices”(48).

The aim of the scoping review was to focus on assessing mHealth active participant centered
(MAPC) for AEFI surveillance using SMS and/or mobile apps, while identifying gaps in
knowledge and research including practical challenges to inform the application of this

surveillance method in a LMIC.

2.3 Methods:

This scoping review was conducted in line with Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) requirements and the latest Joana Briggs Institute (JBI)
guidance for scoping reviews (49, 50). Due to the limited number of studies of MAPC
surveillance in LMICs, from the scoping literature review, in addition to the overall data
extraction summarized table, | undertook a more detailed review of these studies to
understand what was going on including any relevant published commentaries and review
articles. Given that the commentaries and reviews articles had at least four relevant common
thematic areas the results were presented as such in relation to MAPC AEFI surveillance. The
fundamental guiding principles of scoping literature review and search strategy with the
searchers with assistance from a qualified UCT librarian in scoping literature review

methodology was done, including review of the findings by the student and two supervisors.

2.3.1 Search strategy:
Searches in line with the research question and inclusion criteria were systematically
performed on the following search engines: PubMed, Scopus, Embase, Cumulative Index to
Nursing and Allied Health Literature, Cochrane Library, google scholar and grey literature.
Online database searches were done in December 2022 by the first author with assistance

from an experienced librarian.
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The search criteria are listed in Appendix 1. All articles identified are listed in the data
extraction table in Appendix 2 and Prisma Flow Figure 2. The first author conducted the
literature review and the second and third authors verified and resolved any disagreements,
in line with the JBI Scoping Reviewers Manual (49, 50). Available full text articles were
downloaded, and outstanding articles were sourced through the University of Cape Town

library or via the corresponding authors.

2.3.2 Inclusion criteria:
The scoping Literature Review Search explored use of mHealth technology for AEFI detection
and/or surveillance for licensed vaccines including routine Immunizations as well as vaccines
used in national or regional campaigns or pandemics and emergency use authorisation of
COVID-19 vaccines. All published studies, opinions, editorial, commentaries, reviews, and
interviews focusing on MAPC AEFI surveillance of all licensed vaccines of all age groups were
searched from January 1970 to December 2022 to ensure all studies were included since the
discovery of mobile phones. All published studies in all languages were included if

automatically translated by the search tools into English language.

2.3.3 Exclusion criteria
Papers reviewing the use of mHealth for reporting AEFI or the use of mHealth to support other
elements of the Immunization programme such as Immunization reminders and/or increase
in Immunization coverage were excluded. Studies on social media were excluded. Papers only
written in other languages that could not be translated via Google translate and papers that
could not be sourced were excluded. Studies using participant centred active AEFI surveillance
without using mHealth were excluded such as web applications, emails, telephone calls, or

Telewatch or digital diaries.
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2.3.4 Target population and participants
Published literature which included the use of mHealth systems for vaccinees of any age or
person of any age (neonates, infants, children, adolescents, young adults, adults including the
elderly and pregnant women) in HICs and LMICs and receiving any licensed vaccine(s)

including COVID-19 vaccines were studied.

2.3.5 Data extraction and collection
A data extraction form was used to systematically extract data from the included studies for
assessment of study quality and evidence synthesis. In addition to basic details of the article
(first author, journal name, year of publication etc.), details of the study were summarized in
the data extraction table, Appendix 4. This included the type of mHealth system assessed,
aims and objectives, performance measures such as system effectiveness and feasibility, cost,
key findings, and study limitations. Studies were grouped based on the mHealth systems used
to conduct AEFI surveillance Table 1. Published commentaries, editorials and other soft
literature were also reviewed and incorporated into the discussion. Focus was to establish
whether the MAPC system supported AEFI surveillance successfully in the settings in which it
was used, whether there were any challenges encountered in implementation and whether
there were any lessons learnt that would assist in ensuring the success of such a system in an

African setting.
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2.4 Results
2.4.1 PRISMA Flow diagram for MAPC AEFI surveillance studies
The PRISMA process identified 589 potential studies with 26 studies and 13 commentaries,

editorials, opinions, and reviews meeting the inclusion criteria, Figure 2.

[ Identification of studies via databases and registers ]

_ B _ Records removed
( Records identified through database searching (n=589) before screening

total n=50:

c PubMed = 288 Duplicate

% SCOpUS =143 records

© CINAHL = 29 removed (n

= COCHRANE =128 =20)

S Google scholar =1) Records

= Receedwved for

| 3 || exclothet reasons.

— Records screened (n =539) n=202
) No AEFI
Y MAPC
Surveilla
nce&
mHealth

v

Reports sought for retrieval (n = 337) > Replorl':fj nfot
available for

retrieval (n =1)

Screening

y Reports

Reports assessed for eligibility (n = 336) excluded=297
No AEFI MAPC

| surveillance.

Studies included in review of mHealth & AEFI surveillance (n = 26)

Published commentaries, editorials, opinions, & reviews of mHealth & AEFI
+surveillance (n = 13)

[ Included ]

Figure 2: PRISMA Flow diagram for MAPC AEFI surveillance studies
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2.4.2 MAPC AEFI surveillance studies
The essential findings from the 26 MAPC AEFI surveillance studies are included in Table 1
below. The extracted summary data includes the jurisdiction [World Health
Organization(WHO) region] of the study, the objective(s) of the surveillance study, the time
points and events under surveillance, the study design and/or surveillance system, the
population monitored, sample size and vaccines covered and a commentary on the study

findings including strengths and limitations.

Table 1: Summary of scoping literature review of 26 studies’ findings

Author (Ref) | mHealth  Active | Objectives. Study Design & | Population Study findings, strengths and
Country, WHO | AEFI surveillance Surveillance monitored; limitations.
Region system and # of system(s). sample size &
Time points of vaccine covered.
event AEFI
surveillance
1. Roseblum et al | V-Safe system. | Reviewed VAERS | Observational n=7 914 583 | Safety profile of COVID-19
2022(51) HIC, | Voluntary system. | and V-safe data | study for both | vaccinees vaccines. 340522 reports.
WHO AMR. # Daily from days | during first 6 | VAERS and V- | received COVID- | 1049.2 non-serious reports
0-7 post | months of USA | Safe system. 19 mRNA | per million doses and 90.4
vaccination. COVID-19 vaccines. serious reports per million
vaccination Completed at | doses via VAERS. Massive
programme. least one V-Safe | dataset included pregnancy

health  survey. | exposures and outcomes.
298 792 852 | SMS combined with web
mRNA  vaccine | based AEFI survey. Response

doses rate not stated.

administered.
2. Stockwell MS | USA SMS system | Assessed fever | Observational (84.1% [n=540]) | 61 % SMS response rate
et al 2017(52) | 2017 CATI Brand | frequency  after | study. eligible 24 to 59 | timely & 39% paper diaries
USA, HIC, WHO | name notstated. # | paediatric live months old | returndelayed. AEFI reporting
AMR. 0d, 2d,3d & 10d | attenuated versus children & | rateslow & fever frequencies

post vaccination. inactivated guardians on d 0 to d2 similar for LAIV4
influenza vaccines. enrolled. Live | &anyllV3orllV4.

attenuated

influenza vaccine

(LAIV)

guadrivalent
(LAIV4) or IV
(trivalent 1IV3 or
guadrivalent
11V4.
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3. Gold MS et al | STARSS Evaluated AEFl | Multi-center n=6338. Adults | 90.2% SMS response rate.
2022(41).(Austra | (Stimulated detection efficacy | randomised and children/ | AEFI reporting rate (4.3% vs.
lia) WHO WPR. Telephone- of STARSS SMS | controlled trial | guardian 0.3% controls). AEFI detection
Assisted Rapid | tool for active AEFI | (RCT). vaccinees. rate is 13-fold greater in SMS
Safety surveillance. group c.f. controls. AEFI
Surveillance). # 0- report completion rate higher
2d, 7d, 14d and 21- in SMS CATI (58.2%) rather
day post than  web-based  report
vaccination. (30.5%). Web-based AEFI
report completed faster from
AEFI event time. Opt-in
consent system > reporting
rate than opt-out
AuxVaxSafety system.
4. Gold MS et al | STARSS SMS | Evaluated Study nested | 1200 (20%) of | 96% indicated SMS-based
2022(42). system. consumer within STARSS | RCT participants, | surveillance  "should  be
(Australia WHO acceptability  of | RCT, of which 1139 | done". 62% should be done
WPR) STARSS SMS | questionnaire- completed the | with consent. Consent and
system. based survey. guestionnaire. data privacy highlighted as
key issues. Few participants
non-compliance was largely
demographic rather than
attitudinal.
5. Choi YY et al | Telephonic Examined safety of | Observational 2123 elderly | 79.1% & 90.9% SMS response
2021(53). South | interview & self- | BNT162b2 COVID- | study (>75-years old) | rates after 1st and 2nd doses.
Korea, HIC, WHO | report 19 vaccines in COVID-19 Overall response rate 82.3%.
WPR. questionnaire. # | adults>75years of vaccinees. 807 | Proxy responses increased
Monitored AEs 15- | age. (38%) CATI. Proxy | with age. AEFI reporting rate
30 minutes and 7 responses 50-45% local AEFIs & 16-26%
days post accepted. systemic AEFls 1st & 2nd
vaccination dose doses respectively. Higher
cf. passive AEFI response rate after 2nd dose
surveillance. due to selection bias i.e., only
included 1st dose
respondents.
6. Bae S et al | South Korea, | AEFI surveillance | Observational n=7,625 South | 76.9% overall SMS response
2021(54). South | mHealth AEFl | of 1st  doses | study. Korean HCPs. rate & AEF| reporting rate
Korea, HIC, WHO | surveillance SMS | ChAdOx1 nCoV-19 higher in ChAdOx1 (93.3%)
WPR. system. # 3 days | and BNT162b2 than BNT162b2 (80.1%; P <
post vaccination. vaccines 0.001).

administered  in
HCPs.

7. Menni C | UK-ZOE COVID-19 | Phase 3 | Observational Adults n=3106 of | 13.5% SMS response rate &
2021(55).UK-HIC, | Symptom 2021 | investigation  of | study. 103622 AEFI reporting rate 13-5% (38
WHO EUR. Study mHealth | safety & vaccinated & n= | 155 of 282 103) vaccinees
app and mobile | effectiveness of 50340 of 464 356 | systemic AEFIs after 1st dose
self-report BNT162b2 and unvaccinated 1.4x for ChAdOx1 nCoV-19 &
questionnaire. # 8- | ChAdOx1 nCoV-19 controls. 1.2x for BNT162b2.
day post | vaccines.
vaccination.
8. Nguyen M.T.H. | SafeVac mHealth | Feasibility of a | Observational n= 462 | 337 of 462 (72.9%) one entry
et al 2020(56). | mobile app. #0to | German SafeVac | study. consented to | used app. 207 (61.4%) used
Germany, HIC, | 3 months post | mHealth app for participate. app in 3 months study period.
WHO EUR. vaccination AEFI surveillance Seasonal Only 6 completed the
questions asked at | use by  bank Influenza usability survey. Participants
15-time intervals. employees. vaccines AEFI | cited reservations on
surveillance. confidentiality of SMS app.

Correct app entry associated
with increasing age and
higher.
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9. Nguyen M.T.H

Germany mHealth

Feasibility of a

Observational

153 employees,

63% rated positive App use.

et al 2021(57). | mobile app-based | German mHealth | study. n= 65 (42%) | 46 (71%) experienced
Germany, HIC, | prototype. #0-3 | app, AEFl use by agreed to | difficulties using app and
WHO EUR. days post | bank employees participate & | internet connection. Push
vaccination. for seasonal completed the | notification tolerated. Lack of
influenza survey. time and data protection
vaccination  Nov concerns raised. 43% (28)
2017. Participants declined
participation cited
reservations of mobile app,
data protection and demand
for transparency.
10. Guedel DS et | Switzerland Feasibility & | Observational Influenza & | 90.3% SMS response rate and
al 2021(58). | SmartVax 2021. # | acceptance study | pilot feasibility | Zoster vaccinees | 29.8% AEFI reporting rate.
Switzerland, HIC, | 3 days post | of SmartVax Smart | and acceptance | adults n=276
WHO EUR. vaccination. phone based AEFI | study. (46.6%), 33.3%
system. HCP, 20.1%
patients)
received 625
vaccinations.
11. Singh G et al | Australia Determined A qualitative | n=15 Positive SmartVax
2021(59). SmartVax 2021. pharmacists’ descriptive Pharmacists. perceptions. Small qualitative
Australia, HIC, experiences with | study COVID-19 study.
WHO WPR. SmartVax: vaccines.
12. Salter S M et | Australia SMARTVax active | Observational >10-year-olds. SMARTVax SMS response rate
al 2020(45). | SmartVax 2020. # | AEFI surveillance | study. March | n=101,440 96.1% within 1day and 76.4%
Western 1-7 days post | system in 22 | and October | influenza day 7. AEFI reporting rate
Australia  (WA) | vaccination. pharmacies cf. | 2020 vaccinees (6,992 | 4.8% pharmacists n=247 cf.
HIC. passive from 6.0% non-  pharmacists
surveillance in 90 pharmacies; n=4,356.
general  practice 94,448 from non-
(GP) and other pharmacy sites.)
clinics).
13. Westphal DW | Australia SmartVax Observational 3992 vaccination | 74.2% SMS response rate
et al 2016(60). | SmartVax. #3 days | feasibility study. visits. n= 1667 | among 1216 of 1667 patients
Australia,  HIC, | post vaccination. paediatric study children<5. 3906 | included. Response to first
WHO WPR. on reactogenicity SMSs sent. | SMS within 2 hours for 81.3%
profiles and Diphtheria— of responders. AEFI reporting
impact Tetanus— rate 8.2%.
assessment of Pertussis—
revised childhood Poliomyelitis

Immunization
schedule.

(DTPP) vaccine.

14. Leeb A et al | Australia Effectiveness Observational n=3281 80% SMS response rate 1st
2014 (61) | SmartVax. # 1-3 | study of SmartVax | study children/guardia day and 72.6 % within day 3
Australia, HIC, | days post | tomonitor AEFIsin n pairs taking | postvaccination.
WHO WPR. vaccination. GP. Influenza
vaccines and
others.
15. Cashman P et | Australia Explored potential | Observational Aboriginal SMS response rate & AEFI
al 2020(62) | Vaxtracker. # 0 to | barriers to | study. children (47.2%) | reporting rate lower in
Australia HIC, | 28 days post | participation in versus non- | Aboriginal children guardians
WHO WPR. vaccination. Vaxtracker Aboriginal (25.4%). c.f. non-Aboriginal
automated active children (25.4%) | children (47.2%). Complex
AEFI surveillance in 105 non- | sampling matrix. Findings
by Aboriginal Aboriginal showed lower SMS mHealth
parents of children families. MAPC  AEFI  surveillance
vaccinees. (Aboriginal uptake in some
n=13/28, non- | socioeconomically
Aboriginal disadvantaged Aboriginals in
n=75/91). a HIC.
Influenza or DTPa
vaccines.
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16.Cashman P et | Australia Vaxtracker web- | Prospective n=477 children 6 | 57% & 61% SMS response
al 2014 (63) | Vaxtracker. # 3- & | based survey for | study months to <10 | rates in 2012 & 2013
Australia,  HIC, | 42-days post | active Post | Vaxtracker. years respectively. AEFI reporting
WHO WPR. vaccination. Marketing administered rates were not stated
Surveillance (PMS) Inactivated although acute & delayed
of AEFIs. influenza AEFIs were detected.
vaccine.
17.Pillsbury AJet | SmartVax (most | AusVaxSafety Observational Adults 265 years. | 69.6 % SMS response rate.
al 2020(64) | used) and | study. PMS safety | study n=72013 HD-1IV3 (8.9%) higher AEFI
Australia.  HIC, | Vaxtracker profile of 2018 administered reporting rate than
WHO WPR deployed. #3 to 5 | influenza vaccines, Influenza vaccine | allv3(6.4%) (P < .001).
days post | an adjuvanted allv3 and HD- | Denominator data but AEFI
vaccination. trivalent 1IV3. events not clinically verified
inactivated by healthcare professionals
influenza vaccine including fatalities. Causality
(allv3) and high- assessment is not necessarily
dose trivalent done.
inactivated
influenza vaccine
(HD-11V3).
18.Pillsbury AJet | AusVaxSafety. Feasibility study of | Observational n= 7402 children | 75% SMS response rate. AEFI
al 2017 (65) | Day 3 post | AusVaxSafety AEFI | study. administered reporting rates lower fever for
Australia. HIC, | vaccination. surveillance of Influenza influenza vaccine 7.3% c.f.
WHO WPR. children seasonal Meningococcal B | 30.3% (p <.001) higher rates
influenza vaccines vaccines. for Meningococcal B vaccine.
in  children, in Concomitant vaccines caused
2015. more fever (7.5% versus 2.8%;
p <.001).
19.Reagan AK et | Fast Mum SMS | Investigated FAST | Observational Pregnant 86% SMS response rate AEFI
al 2015(66). | system. # Day 7 | Mum mHealth | study women= 3173 | reporting rates similar for
Australia,  HIC, | post vaccination. active AEFI | comparing the | however pregnant & non pregnant
WHO WPR. surveillance cf. | reactogenicity response  from | women (13.0% & 17.3%,
post-vaccination of trivalent | 1086 pregnant & | respectively; OR=1.2 [95% Cl:
AEFIs self- | influenza 314 non- | 0.8-1.8]). SMS active AEFI
reported by | vaccine (TIV) in | pregnant women | surveillance used successfully
pregnant women | pregnant and | (Total 1400). | in maternal health. TIV is safe
versus non- | non-pregnant Infuenza in pregnancy as well.
pregnant women | women. vaccines.
receiving TIV.
20. Regan AK et | FAST Mum SMS | FAST Mum AEFI | Prospective n= 5155 | 83.6 % SMS response rate

al 2014(67). | system. # Day 7 | surveillance  for | study Using | pregnant women | higher than 63% telephone
Australia, HIC, | post vaccination. Trivalent Influenza | SMS to monitor | administered response P < 0.001. AEFI
WHO WPR. Vaccine (TIV) for | AEFIs trivalent | Trivalent reporting rate not stated.
pregnant women. influenza Influenza Vaccine
vaccination in | (TIV).
pregnant
women.
21. Stuurman AL | Belgium 2017 | Assessed Feasibility n=100 adults | 68% SMS response rate &
et al 2017(68) | MAPC AEFI | feasibility of | study. aged 18 to | AEFI reporting rate: 68% local
Belgium, HIC | Surveillance collecting 65 years. Post | AEFIs & 65% general AEFls &
WHO EUR. system. Brand | reactogenicity vaccination  of | 51% reported both a local & a
name not stated. | data within one inactivated general AEFIs.
#0 to 7 days post | month of start of a seasonal
vaccination. vaccination influenza
campaign in vaccine, in
Belgium. occupational
setting.
22. Baron S et al | Cambodia To field test | observational Cambodian 71.7% - 54.9% SMS response
2013(32). Frontline SMS - | Frontline SMS | study. Pilot | adults >18 years | rate after 1st response &
Cambodia. LMIC, | prompts AEFI | software to see | proof of | old. n=184 | 16.8% after further prompts.
WHO WPR. Surveillance whether it could | concept. (13.8%) of 1331 | AEFIreporting rate 17.4% (23)
system. # 48hour | provide effective vaccinees, reported benign AEFIs and
post vaccination. and timely agreed to | 82.6% no AEFIs.
notification of participant in
AEFI. study. Hepatitis B

41.8%, influenza
11.9%, tetanus
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10.9%, & HPV
(10.9%) vaccines
administered.

23. Wilson K etal | CANADA CANVAS | Evaluated the | Observational n=76 adults | SMS response rate 63% (48)
2016 (36) | (Canadian feasibility, study consented, 50% (38) completed
Canada, HIC, | National Vaccine | usability and 48(63%) survey.86% preferred SMS
WHO AMR. Safety Network) | proof-of-concept successfully App. Both acute & delayed
2016. #Day 1- & 6- | mobile App to downloaded App | AEFIs were detected. AEFI
months post | facilitate AEFI and 38 (50%) | reporting rate not stated.
vaccination. reporting for completed all
CANVAS network surveillance
for seasonal surveys.
influenza vaccine.
24. Bettinger JA | CANADA 2014 | Feasibility study | Observational n=1230 72% of online SMS survey
et al 2014(69). | SMS web system. | of Rapid Online | study. guardians & | response rate & 11% by
Canada, HIC, | #2 & 7days post | Identification of children. phone  responded.  AEFI
WHO AMR. vaccination. AEFIs After Trivalent reporting rate not stated
Influenza influenza vaccine | although AEFIs detected.
Immunization in & live attenuated
Children by intranasal
PCIRN’s  National vaccine.
Ambulatory
Network.
25. Zeng J et al | Chinese SMS | Evaluated PMS | Observational 11 cities Chinese | SMS response rate not stated.
2019(70). China, | mobile system | profiles of | study. Mixed | n= 45 239 | AEFI reporting rates higher in
MIC, WHO WPR. | 2019. #30min, 3-& | inactivated methods by | children who | 30min 1.016%- & 3-day
Zhonghua Yu | 30-days post | enterovirus type | field received 71 243 | 0.698% 1st & 2nd doses post
FangYiXueZaZhi | vaccination after | 71 (EV-A71) | observation, doses EV-A71 | vaccination. Mobile phone
each dose of EV- | vaccine (Vero cell). | participants vaccine. calls mostly used for following
A71 Immunization. phone-calls or | Inactivated up AEFI surveillance.

face-to-face

enterovirus A71

interview. vaccine (Vero
cell)
26. Sesay F. F et | Sierra Leone | Measured Observational Children 90% SMS response rate.
al 2014 (33). | mobile app | coverage of | study vaccinees  and | Higher AEFI reporting rate via
Sierra Leone, | EpiSurveyor 2014 Vitamin A guardians’ pairs | SMS linked post event
WHO African Supplementation in Vitamin | coverage survey (29.1%) than
Region (AFR). (VAS) and measles Measles vaccines | MCHW (0.01%) (p,0.0001).
vaccination  plus campaign. Mobile app EpiSurveyor done
AEFIs during post vaccination. Time points
Maternal and of AEFI surveillance not
Child Health Week stated.

(MCHW).

2.4.3 WHO region and geographic location of studies

MAPC AEFI surveillance has grown steadily over the past 9 years, with almost half of the

studies being published from 2020-2021. From 2013 to 2022, 26 studies were identified with

24 (92.3%) occurring in HICs (Australia, Belgium, China, Canada, Germany, Switzerland, UK

and USA) and the remaining 2 (7.7%) were from LMICs, with only one study occurring in Africa

(Sierra Leone). More than half of the included studies, 15/26 (57.7%), were from the WHO
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Western Pacific Region of which the majority 12/26 (46.2%) were conducted in Australia.

Please refer to Figure 3 below.
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Figure 3: Results of regional distribution of MAPC AEF! surveillance systems 2013-2021
displayed in adapted WHO regional map.
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Figure 3: Results of regional distribution of MAPC AEFI surveillance systems 2013-2021

Having presented the MAPC AEFI surveillance studies and their geographic locations ,the next
section discusses their study designs and vaccines under surveillance.
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2.4.4 Study design and vaccines under surveillance
There was only one randomised control trial study design [24,25] with all remaining studies
being observational. The usual setting for the studies was within the context of post-
marketing surveillance and not pre-licensure clinical trials. The majority of MAPC studies
targeted seasonal influenza vaccines for surveillance (n=13) [2, 8, 9, 10, 15, 16,17, 18, 19, 20,
21, 23,24] with more recent studies evaluating COVID-19 vaccines (n=6)[1, 5, 6, 7, 11, 12].
Other specific targeted vaccines included: Zoster, (10), Measles (26), Meningococcal (18) and
an inactivated enterovirus vaccine (25). Several studies included multiple vaccines
recommended as part of the Immunization programme (n=5)[3, 4, 13, 14,22]. All age groups
were included for surveillance with two studies focusing on pregnant mothers (19,20) and

one on an aboriginal population (15).

2.4.5 Time points for surveillance and events under surveillance
The day(s) that the SMS were sent post vaccination varied widely, from 0 to 180 days post-
vaccination (0,2,3,4,7,14,21,28 & 180 days). Most studies (77%) solicited events within 7 days
of vaccination with only 6 (23%) studies soliciting an adverse event after 7 days and one study

after 180 days.

2.4.6 SMS response rates
For MAPC AEFI surveillance the SMS response rate was defined as the proportion of study
participants who responded to the SMS prompt sent post-vaccination to solicit their AEFI
experience. The SMS response rates for the studies have been summarised in Figure 4. The
mean was 71.2% (standard deviation +/- 0.2004). Three studies did not state the SMS and/or
Mobile App AEFI response rates (32, 60, 69). The SMS response rates ranged from a low of
13.5% (UK-ZOE) to 96% (Aus-Vaxtracker). Australia had the highest number of studies totaling
12/26 (46%) and the highest response rates of 96.1% for SmartVax, 90.3% for a Swiss-
SmartVax study and 90.2% for a stimulated telephone assisted rapid safety surveillance
(STARSS) system(41). A variety of approaches were used to solicit more detailed information

once a positive response to the initial request for information via SMS was received. These
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included the use of an embedded link to a website with a dedicated app questionnaire, or a
dedicated app with questionnaires nested in these(45) or a computer-assisted telephonic
interview (CATI) in which a health care worker contacts a respondent to obtain additional

details of the event(41).

Cambodia Frontline SMS prompts  —s 7 ] 9%
Sierra Leone EpiSurveyor app 90.0%
Australia SMS/Mobile app S — —————— 83500
Australia Vaxtracker meeeseessssssssssssssssssssss—m 57 009
Canada SMS/Mobile app — 72.0%
Australia SmartVax o 80.0%
Australia SMS app s 3600
Australia AusVaxSafety — 75.0%

Canada CANVAS 63.0%
Australia SmartVax = 74.2%
Belgium mobile app 68.0%
USA, mobile app = G 1 .0%0
China
Australia AusVaxSafety me———ssssss———— :69.6%
Australia Vaxtracker 96.1Y

Australia Vaxtracker Aborigin =~ n——— 25 0% :
Germany SMS app mee———————s—————— (3. 0%
Australia SmartVax :
Switzerland SmartVax 90.3%
Germany SafevVac eesssssssssssssssssss—————— ] 4%
UK-ZOE COVID-19 vaccine e 13 5% :
South Korea, COVID-19 vaccine — 76.9%

Country of Study and mHealth Surveillance system

South Korea, COVID-19 vaccine o 82.3%
Australia, STARSS " 94.9%
Australia, STARSS — 90.0%
USA, V-Safe :

Response rates

*For China study and USA, V-Safe study, no response rate was reported.

Figure 4: MAPC AEFI surveillance SMS response rate (n=23)

2.4.7 Detailed review of MAPC studies in LMICs from the scoping literature
review.

Because of the limited number of studies from LMIC’s we undertook a more detailed review
of these LIMCs studies found from the scoping review results. Baron et al evaluated MAPC
for AEFI surveillance in Cambodia which at that time (2012) did not have a passive surveillance
system in place (32). This pilot project enrolled 184 adults over 18 years of age who owned a
cell phone, lived in an urban setting and attended an International Vaccination Centre. Two

days following vaccination 184 participants received an SMS asking if an unwanted event had
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occurred. The final SMS response rate was 71.7% with 23.5% of this group requiring additional
contact to solicit a reply to the lack of an initial SMS response or to get more detail of the
AEFI. Of those who replied to the SMS 17.4% reported an adverse event which was mild and
expected. The time from SMS dispatch to reply was within the same day in 75.8% of
participants. The authors noted the high response rates and ascribed this to the nature of
recruitment which involved a detailed explanation of the study. Limitations included bias
towards recruitment of younger and more affluent participants, nevertheless, this pilot
project was thought to provide evidence for potential feasibility of MAPC for AEFI surveillance

in Cambodia.

A mass measles and Vitamin A supplementation campaign was conducted in Sierra Leone in
2012, with a post-event coverage survey conducted (PECS). The WHO EPI cluster sampling
method was used to identify 30 clusters with 5,621 caregivers interviewed. Data was collected
by a specific application with data collected, stored and transmitted using mHealth. AEFI data
was obtained from 92% of the interviewed caregivers with 29% reporting one or more of the
common AEFI. This compares with a reporting rate of AEFIs, for all the vaccinated cohort (n=1
179 605), to maternal and child health workers of 0.01%. This included common AEFIs
although one death 3 days post-vaccination was reported(33). In summary, although the
methodology differs in each of these two studies the response rates were high and common
AEFIs were frequently reported. Some studies found that combining emails with an SMS or

inclusion of web apps had a better response rate than SMS alone(34, 45).

2.4.8 Summary of themes and opinions, commentaries and editorials.
| included commentary papers in our scoping review to understand the global scope of
mHealth in supporting AEFI surveillance in accordance with the four common themes
published. This was a limitation in the study due to the limited information and few studies
of MAPC AEFI surveillance in LMICs. Of the 13 published commentary papers that met the
inclusion criteria all were from HIC and this included two (15%) from North America with the

remaining 11 (85%) from Europe. These commentaries included important points on quality,
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guantity, and timeliness of AEFI reporting, direct consumer vaccinees/guardian involvement,
support for improved safety data analyses and feedback to reporters but excluded comments
on feasibility, barriers, cost, and challenges. The commentaries were not evidence-based
studies per se but made important advocacy for the use of mHealth to improve AEFI
surveillance as part of a holistic improvement of Immunization in national programs. No
specific methodology was used to derive these thematic areas discussed below. The results

of the 13 commentaries were summarized into four thematic areas found after analysis:

2.4.9 mHealth and eHealth for information sharing and advocacy.
mHealth and eHealth technologies showed effectiveness as advocacy and knowledge sharing
tools to support Immunization programmes. Digital health technologies with social media
surveillance can be exploited to identify and respond to public information needs when
delivering vaccination campaigns(47). Interactive and user-friendly chatbots, can provide
vaccinees/guardians with information they need about vaccinations (e.g., VACC tool)(71).
Mobile Apps allow dissemination of correct information to patients (72). There is need to use
Artificial Intelligence (Al) to analyse large AEFI datasets to exclude inherent biases (73). VACC
Tool™ empowers parents to be well informed about vaccinations(74). A social ecological
model-based framework for the use of technology to promote vaccination and AEFI
surveillance is worth exploring in LMICs through evidence gathering was proposed (38). To
express the highest impact of communication technology strategies communication should
be closely intertwined with surveillance activities, to inform timely and effective public health

actions (75, 76).

2.4.10 mHealth and eHealth and AEFIs surveillance.
MAPC has shown value in HIC settings to empower patients to provide direct information on
their experience and have the potential to improve AEFI reporting, signal detection and
central pooling of data into the hands of the regulators and Immunization programmes. In
many AEFI surveillance systems, patients do not report most of their health events through

HCPs unlike the USA that has the highest number of reports directly from consumers (47).
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The USA V-Safe mobile App and the UK Yellow card mobile App can empower individuals to
provide early AEFIs reports (73). Mobile Apps enable clinicians to identify and diagnose
potential adverse events at point of care (74). Mobile Apps may reduce under reporting of
rare AEFIs (77). Mobile technology could improve vaccine registries and potentially AEFI

reporting (78).

2.4.11 mHealth, eHealth and vaccine uptake.
The ultimate goal of an expanded use of digital tools would be to increase Immunization
coverage thereby reducing vaccine-preventable disease incidence and improve AEFI
surveillance by timely communications with Immunization providers, HCPs, vaccinees and
parents/guardians(47).The COVID-19 vaccine apps like USA V-Safe App improve
consumers’(vaccinees/guardian) engagement with AEFI surveillance and advocacy to address

vaccine hesitancy which could affect consumer behavior and increase vaccine uptake (72).

2.4.12 mHealth and eHealth including quality of AEFI reporting.
Mobile devices can improve the timeliness and accuracy of data collected (including AEFIs) on
central Immunization information systems (78). SMS and mobile Apps could allow for the
early assessment of patients experiencing AEFIs (79). VACC Tool app assists doctors to assess
patients and compare their clinical presentation to a set of diagnostic algorithms for AEFIs
and follow up (77, 80). Automated question and answer systems may help improve quality of

information transmitted to pharmacovigilance agencies including AEFIs (80).

2.5 Discussion

The WHO Vaccine Safety Blueprint requires that all countries have a robust passive AEFI
surveillance system (81, 82). Moreover, each country needs to contribute AEFI reports to the
WHO global database (VigiBase) so that these collective AEFI datasets can be used to support
signal detection, analysis and identification of risk minimisation opportunities. It has been

recommended that passive surveillance of AEFI can be enhanced by MAPC surveillance (37)
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since this has the potential advantage of obtaining information directly from vaccinees or
their guardians. Our review has demonstrated a paucity of studies within LMICs with only
two studies not conducted in a HIC (32, 33). Nevertheless, in these LMIC studies the SMS
response rates were high and equivalent to those from HICs. MAPC AEFI surveillance remains

largely untested in an LMIC setting and requires further evaluation.

MAPC has specific advantages, which could include the targeting of specific vaccines for
enhanced AEFI surveillance. The initial growth of MAPC AEFI surveillance, in Australia, was
following concerns about the safety of the annually reformulated seasonal influenza vaccines.
Safety surveillance of seasonal influenza vaccines is less relevant in LMICs because these
vaccines are not widely used in these jurisdictions. However, this surveillance method could
be relevant in LMICs’ for novel vaccines (such as, ebola, malaria and dengue) which are not
used in a HIC. For pandemic vaccines there is great need to generate safety data as fast as
possible for assessment after regulators’ emergency use authorisation (EUA) and during large
scale rollout. During the COVID 19 pandemic a sizable number of AEFI surveillance projects

using MAPC were successfully implemented in HICs but not in LMICs (37, 83).

Whilst enhanced surveillance is an advantage there are inherent limitations to MAPC
surveillance, which should be appreciated prior to implementation in LMIC’s. Although
surveillance can be implemented at different time points, post-vaccination, most systems did
not send SMS prompts 2 weeks after vaccination. During the first 0 to 3 days most responses
were received and response rates significantly declined to 14 days making it difficult to
account for responses after 14 days of Immunization. Although common and expected AEFIs
related to vaccine reactogenicity are usually reported via MAPC systems, the aim should be
to enhance surveillance for serious events. Serious, adverse events of special interest (AESIs)
and co-incidental events, such as those due to co-morbid conditions such as infection
malnutrition, are likely to be more common in LMICs. Once reported as an AEFI these serious
events will require further and immediate case investigation, management and

communication at a sub-national or national level. This will have resource implications for
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the health system and could be a challenge, if not addressed this could undermine public

confidence in vaccine safety.

Further lessons should be learnt from implementing MAPC in HIC's. Integrating the MAPC
system into already existing eHealth surveillance systems is important. Some HICs have built
effective Immunization databases and systems that manage and keep confidential
information that is connected to other national electronic record databases (45, 83).
Unfortunately, majority of LMICs have weak electronic systems delivering health programs
including Immunizations. Linkage between preventive and curative services, medicine and
vaccine exposures and health events through a unique patient identifier are usually lacking.
Digital integration is a major challenge for LMIC’s but they are required to address Strategic
Priority 1 of the Immunization Agenda 2030, specifically the key areas of focus being; Health
Information System Integration (“data are also integrated into national health information
systems”) and Vaccine Safety Monitoring (“Ensure that national Immunization programmes

can detect and respond to any concern about vaccine safety by continuous monitoring”) (84).

During the design and implementation phases consumer engagement should occur. Our
scoping review has identified the challenges end users face and what they would like to be
addressed in health applications they would gladly use. (56). MAPC surveillance method
provides a unique opportunity for consumers to be engaged in their experiences post-
Immunization. In HIC's, users of healthcare facilities including consumers of
vaccines/medicines monitor and track their health using modern technology that is digital,
but this is likely to differ significantly from consumers in a LMIC. The scoping review did not

identify any studies of LMIC consumer engagement in the design of this surveillance.

How MAPC surveillance data can be communicated to stakeholders, including consumers to
promote vaccine confidence is critical. In 2019 the WHO identified vaccine hesitancy as one

of the 10 important priorities for improving health because it reduces number of people
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wanting to get vaccinated thereby increasing diseases that can be prevented by vaccines (85,
86). There is need for more studies in LMIC to investigate the role or impact of digital tools
such as mHealth in improving vaccination coverage and uptake and reducing hesitancy by
facilitating knowledge transfer, consumer engagement and communication of reminders to
vaccinees. Informed consumers that are appropriately engaged are most likely to fully
participate in vaccination programs, thereby improving Immunization coverage.
Fundamentally, AEFI surveillance systems improve information flow and increase
engagement with users, can enhance Immunization plans by helping the public to make
meaningful decisions. By sharing MAPC AEFI surveillance information with all stakeholders,

public confidence is re-affirmed in national Immunization programs (37, 83).

Finally, lessons can be learnt from adverse drug reactions (ADR) and AEFI mobile phone
reporting applications, used by healthcare providers. There are several enhanced
spontaneous smartphone mobile Apps for passive monitoring of ADRs that have been
connected to the national databases as well as WHO VigiBase (87). Some passive ADR apps
such as The UK Yellow card mobile App and WEBRADAR MedSafety App have been extended
from HICs to LMICs namely Zambia, Botswana, Nigeria, Ethiopia, South Africa and Ghana (84).
These active surveillance Apps for AEFI do not use SMS signals in time points (88). Studies in
Peru and Cambodia on digital technologies to monitor unintended events in real-time after
consumers had taken medicines/ vaccines (87) are limited. The ability to embed MAPC AEFI
surveillance systems in the ADR and AEFI reporting Apps and apply them to clinical trials and
routine administration and management of medicines and vaccines is worth investigating

(37).

In summary, before MAPC AEFI surveillance systems can be scaled up in LMICs there is a great
need to first evaluate their feasibility, applicability, efficacy and cost effectiveness. Digital
tools can be useful to enhance Immunization information systems, surveillance of AEFIs and
VPDs which are attributes at the heart of any Immunization program (37, 83). Considering
that LMICs are challenged financially, thorough testing and evaluation of the capabilities of

MAPC systems should be undertaken before adoption to ensure maximum benefit from the
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investments. MAPC systems for AEFI surveillance should fit into Immunization programs
without complex integrations or prohibitive costs. For successful adoption of MAPC, key
decision makers and stakeholders like vaccine regulators, health facility staff, consumers,
program managers, government health staff, communication service providers (e.g. mobile
operators), health funders and sponsors should be consulted and effectively engaged. There
is a paucity of information on the feasibility, practicality and cost of adopting and expanding
MAPC systems. In rural areas, for example where most African citizens live, evidence should
be gathered to determine how AEFI surveillance could be improved through accessibility of
affordable SMS, internet and mobile based Apps as mobile phone coverage and data services

improve.

2.6 Conclusion

In conclusion, the scoping review showed that MAPC AEFI surveillance is growing but
primarily in HICs. Consumers could be empowered by MAPC AEFI surveillance to control their
healthcare journeys. Consumers could be assisted to detect, inform, present and control
AEFls. More scientific evidence should be gathered on how feasible, applicable and cost
effective MAPC systems are compared to other interventions. Moreover, suitable approaches
to gather more detailed clinical data on AEFI that can support case investigations and causality
assessments from mHealth respondents needs to be explored in these settings. Also,
consumer and HCP interest, acceptance, adoption including utilization is key. A holistic
approach to adopt MAPC surveillance systems could overcome limitations due to shortages
of HCPs, improve AEFI surveillance, reporting, management of AEFI cases and causality
assessment. This could boost public confidence, reduce vaccine hesitancy, improve

performance of Immunization programs, improve vaccine coverage and help eliminate VPDs.
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Chapter 3 Descriptive study of AEFI surveillance system in

Zimbabwe

Chapter 3 topic: Descriptive study of AEFI surveillance system in Zimbabwe

Chapter 3 reviewed the Zimbabwe national AEFI surveillance system highlighting strengths,
weaknesses/challenges and opportunities for improvement. The end goal is finding cost
effective ways to strengthen AEFI surveillance and save lives.

3.1 Abstract

Introduction: Functional national systems that monitor adverse events following
immunization (AEFIs) are vital for implementing evidence-based vaccination policy while
ensuring the safe access to these life-saving technologies. These systems can counteract
vaccine hesitancy by increasing public trust and uptake in vaccination, minimising the burden
of vaccine-preventable diseases (VPDs). Ensuring that these systems function optimally is a
critical public health imperative. This is a novel study evaluating the AEFI surveillance system

including causality assessment, in Zimbabwe.

Aim: This study aimed to provide a review of Zimbabwe’s national AEFI surveillance system
since its launch in 1998, highlighting strengths, weaknesses, and opportunities for

improvement.

Method: We conducted an in-depth analysis of all AEFI reports received from 1998 to 2021,
assessing reporting trends and overall performance of the AEFI system in terms of vaccinees’
demographic characteristics, AEFI reporting ratio, causality assessment, programmatic
errors/clusters, quality of reports using VigiGrade® completeness score, geographical
distribution of reports and identification of opportunities to strengthen the national AEFI
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system in Zimbabwe. The WHO Global Benchmarking Tool (GBT) was used to assess
regulatory performance in terms of AEFI surveillance. Duplications were excluded and reports

with evidence of AEFI(s) after vaccination were included.

Results: A total of 1440 AEFI reports were received from 1998-2021. There was a steady
increase of AEFI reports per annum particularly from 2006 to 2021 with a more dramatic
increase during the COVID-19 epidemic resulting in an AEFI reporting ratio of 43.46/million
adults for COVID-19 vaccinations in 2021. The reporting ratio exceeded the WHO
recommended minimum AEFI reporting ratio of 10 per 100000 surviving infants during eleven
years (47.84%) out of the twenty-three years since inception of the surveillance. The GBT
assessment demonstrated that the AEFI surveillance system evolved for all manufacturers or

license holders.

Conclusion: Close partnership between the Immunization program and regulatory authority
has enhanced AEFI surveillance in Zimbabwe. Incomplete AEFI case investigations and timely
AEF| detection are challenges that need to be addressed. System strengthening should
include consideration of digital innovations to improve detection, optimising case
investigation of serious AEFIs including post-mortems, and utilising VigiPoint disproportionate

analysis for signal detection.

Key words: AEFI surveillance system, AEFI causality assessment, mHealth active participant
centred (MAPC) AEFI surveillance, VigiGrade Completeness score and WHO Global Bench
Marking Tool Version VI(GBT).

64



3.2 Background

Globally, Immunization is one of the most cost-effective ways of preventing or reducing the
severity of infectious diseases including, most recently severe acute respiratory syndrome
coronavirus (SARS-CoV-2). Ensuring that vaccines are safe, effective, and of good quality is a
responsibility shared by manufacturers, members of the distribution chain, national
Immunization programs (NIPs) and the national medicines regulatory agency (89). Timely
detection and investigation of adverse events following Immunization (AEFls), causality
assessment, identification of signals, response and appropriate communication are essential
for promoting the safety of public health vaccines (90, 91). In rare instances, however, AEFIs
might result in diminished public trust in vaccination and hence the Immunization program’s
ability to achieve high coverage (14, 27, 92). The African region contributes a cumulative total
of only 0.9% of individual case safety reports (ICSRs) to the WHO global surveillance safety
database known as VigiBase (93). Most of these reports relate to medicines such as
antiretrovirals, anti-tubercular and antibiotic medications rather than vaccines (93). Scientific
evidence on the local AEFIs is lacking in most Low Middle-Income Countries (LMICs), including

Zimbabwe.

In Zimbabwe, AEFI surveillance is an activity that is overseen as a partnership between the
national medicines regulatory agency (NMRA), which is the Medicines Control Authority of
Zimbabwe (MCAZ), the NIP and the Zimbabwe Expanded Programme on Immunization (ZEPI),
the latter being housed within the Ministry of Health and Child Care (MoHCC) (21, 88, 94, 95).
The MCAZ National Pharmacovigilance Centre (NPC) has been delegated the responsibility of
overseeing AEFI surveillance since 1998 and is a full member of the WHO International Drug
Monitoring Program (93, 96, 97). Zimbabwe’s AEFI process flow is detailed in Figure 5 below.
MCAZ processes all AEFIs received from ZEPI for causality assessment done monthly or may
be expedited by the national AEFI committee if deemed necessary for fatal cases or cases
causing community concern or reflected in the media. As a contributing member, Zimbabwe
transmits all AEFI reports into the VigiBase® Database, aggregated AEFI data for the AEFI Joint
Reporting Form (JRF) and electronic AEFI (eJRF) for COVID-19 vaccines that are global

indicators for vaccine safety surveillance and trends in AEFI reporting (18, 21, 93, 97). The
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AEFI signal detection may use the VigiBase database disproportionality analysis, including
reporting to the WHO AEFI Joint Reporting Form (JRF) for vaccines and eJRF for COVID-19

vaccines (21).

The Figure 5 below show the Zimbabwe AEFI surveillance process flow from vaccination

sites to ZEPI and MCAZ National PV Centre that work closely together.
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Figure 5: Zimbabwe AEFI surveillance process flow from vaccination sites to ZEPI and

MCAZ National PV Centre.
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The general aim of this study was to provide a descriptive review of the AEFI surveillance

system and AEFI reporting trends in Zimbabwe since 1998, highlighting strengths, weakness,

and opportunities for improvement. The specific aims were as follows:

b)

c)

d)

e)

f)

g)

h)

To describe the AEFI reports received according to the vaccinees’ demographic
characteristics, suspected vaccine(s), and AEFIs reported in accordance with VigiBase
medical dictionary for regulatory activities (MedDRA) system organ classification
(SOC) and preferred terms (PTs).

To reflect on the trends in the national AEFI reporting rate per 100 000 surviving
infants between 1998 and August 2022 for childhood vaccines and using vaccinated
population statistics for adult COVID-19 vaccines.

To describe the causality assessment system of AEFIs and its performance in terms of
AEFI cause specific classification.

To describe the AEFI Immunization programmatic errors/clusters identified through
the spontaneous AEFIs causality assessment.

To assess the trend in the quality of the Zimbabwean AEFI reports as determined by
the VigiGrade® completeness score in the VigiBase® database.

To report the geographical distribution of AEFI reporting sites.

To assess the performance of the AEFI system in and according to the independent
GBT assessment AEFI surveillance indicators.

To identify opportunities to strengthen the national AEFI system in Zimbabwe based

on the above analyses.
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3.3 Methods

3.3.1 Vaccines administered
Approximately 300 000 to 550 000 Zimbabwean children less than 18 years are vaccinated
annually with vaccine coverage rates of 80% to 95% per antigen, according to the Global
Alliance for Vaccines and Immunization (GAVI) annual reports from 2012 to 2021. In addition,
6 429 117 adults received COVID-19 vaccines first doses and 4 785 620 received second doses
from February 2021 to August 2022.

3.3.2 AEFI reports
AEFI reports received from these adult and paediatric vaccinee populations from 1998 to
August 2022 are included in this report. |included all deduplicated AEFI reports received by
the MCAZ NPC and ZEPI, verifiable by original AEFI hard copies or AEFI electronic copies
reports processed and uploaded onto the inhouse ePV system database, VigiFlow®, VigiBase®
and VigilLyze® databases. The AEFI reports were analysed based on their seriousness, type of
antigen, type of AEFI reported, and demographic data of the vaccinees. MedDRA system
organ class (SOC) and preferred terms (PTs) were used to summarise the types of AEFIs
reported (28, 29). The annual AEFI reporting rates were calculated separately for childhood
and COVID-19 vaccines. The AEFI reporting rate for childhood vaccines was calculated by
dividing the total number of pediatric AEFI (serious and non-serious) reports received in a
year by the total number of surviving infants per year and reported as per 100 000 surviving
infants per year (annual United Nations Development Fund (UNDP) statistics for surviving
infants per year for Zimbabwe 1998 to 2021). The denominator for the COVID-19 vaccine
reporting rate was the total number of adults vaccinated with either 1 or 2 doses from
February 2021 to August 2022 based on ZEPI data since each vaccination was seen as a
separate opportunity for AEFI(s). Causality assessment was done by the national AEFI
committee, who were trained in the WHO AEFI causality assessment method (2019) for non-
serious AEFIs and serious AEFIs. The initial report and supporting case investigation forms,

and postmortem results were reviewed in accordance with the WHO protocols (98-100).
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3.3.3 AEFI completeness and quality
| assessed the system’s ability to detect Immunization errors and clusters as identified by the
AEFI national committee. The assessment of completeness and quality of the Zimbabwe AEFIs
reports was determined by the VigiBase VigiGrade® completeness score (101). The maximum
VigiGrade completeness score is 1 and the minimum is zero based on four AEFI completeness
criteria that include patient information (sex, age, medical history, concurrent conditions);
adverse event information (event description, outcome of reaction); medicine/vaccine
information (vaccine generic/trade name, time to onset, indication for use ); and availability
of additional information (challenge, rechallenge, case narrative, AEFI case investigation,
laboratory results, including postmortem reports) (101). The quality of the AEFI report
determines the extent to which the report can be reliably assessed for causality, and can be
incorporated into risk-benefit decision-making (101). The annual median score of the
VigiGrade completeness was measured for three types of ICSRs, that is, VigiGrade vaccines
AEFls, combined vaccines and non-vaccine reports, and non-vaccine reports received by
MCAZ mostly via hard copy reporting by healthcare professionals (HCPs). The geographical
distribution of AEFI reports was based on the reporting site names that determined the
province(s) from which these reports arose. The heat map reflected the relative frequency of

AEFI reports by each province.

3.3.4 WHO Benchmarking tool
The WHO Global Benchmarking Tool (GBT) is an objective tool used for evaluating national
regulatory systems, identifying strengths and opportunities, building regulatory capacity for
medicines and vaccines, including AEFI surveillance, harmonisation, and reliance (102). | used
the results of the independent WHO GBT assessment of MCAZ’s National Pharmacovigilance
Centre (NPC) in August 2021. Finally, we identified opportunities to strengthen the national
AEFI system of Zimbabwe by examining gaps and weakness identified in the AEFI system

including the WHO GBT vigilance indicators.
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3.4 Results

From 1998 to August 2022, a total of 6 001 ICSRs were received by the MCAZ NPC of which 1
442 (24.0%) were AEFls, 3 551 (59.2%) were ADRs, 546 (9.1%) Serious Adverse Events (SAEs)
from clinical trials and 462 (7.7%) ADRs/SAEs from the pharmaceutical industry market
authorisation holders (MAHs). No pregnancy associated AEFls were reported. The majority
of AEFI reports were submitted by health care providers primarily Immunization nurses but

some reports were submitted by hospital medical and nursing practitioners.

The demographic characteristics of the vaccinees were as follows: 653 (45.4%) were males,
755 (52.4%) were females and 32 (2.2%) were of unknown sex. The majority of AEFI reports
occurred after routine childhood vaccines and were reported in infants between 28 days and
23 months (38.4%) and those 2 to 11 years (26.7%) of age. Adult reports (18 to 44 years of
age) accounted for 14.8% of all reports with most occurring after a COVID-19 vaccine. Figure

6 below summarises the age groups of vaccinees who experienced AEFI.
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Figure 6: Age Groups of Vaccinees Experiencing AEFIs from 1998 to 2021

As reflected in Table 2 below, COVID-19 vaccines were the most frequently implicated
vaccines (n = 338; 17.6% of all AEFI reports) with no concomitant or co-reported vaccines.
Oral polio vaccine was the second most frequently suspected or co-reported vaccine (n =319;
16.6% of all AEFI reports), followed by the measles vaccine (11.4%), Measles, Rubella vaccine
(9.0%), Pentavalent vaccine (8.9%), pneumococcal vaccine (5.6%), Typhoid vaccine (5.3%),

Rotavirus vaccine (3.2%), HPV vaccine (2.0%), and BCG vaccine (1.7%).
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Table 2: AEFI reports by suspected vaccines and co-reported vaccines.

% Co-reported
Suspected or medicines or

Co-reported active ingredients Interacting Co-reported % Suspected/ vaccines
(WHODrug) vaccine active vaccines Total Interacting vaccine Percentage
Polio vaccine 299 20 319 16.6% 1.0%
IMeasles vaccine 218 1 219 11.4% 0.1%
Covid-19 vaccine 338 0 338 17.6% 0.0%
Measles™ Rubella vaccine 172 1 173 9 0% 0 1%
Pentavalent vaccine 170 1 171 8.9% 0.1%
Pneumococcal vaccine 106 1 107 5.6% 0.1%
Typhoid vaccine 102 0 102 5.3% 0.0%
DTP vaccine 82 0 82 4.3% 0.0%
Rotavirus vaccine 61 1 62 3.2% 0.1%
HPV vaccine 39 0 39 2.0% 0.0%
BCG vaccine 32 1 33 17% 01%
Bacterial and viral vaccines, combined 21 1 22 1.1% 0.1%
Hepatitis B vaccine 18 0 18 0.9% 0.0%
Vaccines 17 1 18 0.9% 0.1%
Tetanus vaccine 16 0 16 0.8% 0.0%
Diphtheria vaccine 11 0 1 0.6% 0.0%
Cholera vaccine 10 0 10 0.5% 0.0%
DTP vaccine; HIB vaccine 5 0 5 0.3% 0.0%
Rabies vaccine 3 0 3 0.2% 0.0%
DTP vaccine, Hepatitis B vaccine 2 0 2 0. 1% 0 0%
Rubella vaccine 1 0 1 0.1% 0.0%

Table 3 below shows that the majority of AEFIs, as classified by MedDRA SOC and PT, included
general disorders and site administration conditions (26.0%) encompassing events such as
local injection site reactions, pain, swelling, reduced mobility as well as persistent crying.
Additionally, skin and subcutaneous tissue disorders (21.3%), gastrointestinal disorders

(15.5%), and infections /infestations (13.3%) were prevalent.
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Table 3: Suspected AEFIs classified as MedDRA (PTs).

AEFI Reaction (MedDRA) System

Organ Classification (SOC) Count Percentage AEFI reaction MEDRA Preferred Terms (PT)
S0C: General disorders and Injection site reactions 227(20.6%), crying 29(2.6%), Swelling 8(0.7%), Paralysis 6(0.5%), Hyperthermia 3(0.3%), Pain in extremity
administration site conditions 269 26.0%  2(0.2%), Mobility decreased 1(0.1%), Peripheral swelling 1(0.1%), Extensive sweling of vaccinated imb 1(0.1%)
SOC: Skin and subcutaneous tissue Rash 204(18.4%), Pruritus 35(3.2%), Skin reaction 4(0.4%), Dermatitis bullous 3(0.3%), Skin discolouration 2(0.2%), Skin exfoliation
disorders 231 213%  2(0.2%), Skin swelling 2(0.2%), Stevens-Johnson syndrome 1(0.1%)
Vomiting 135(12.2%), Diarthoea 110(9.9%), Abdominal pain 19(1.7%), Decreased appetite 9(0.8%), Poor feeding infant 4(0.4%),
Nausea 3(0.3%), Abdominal discomfort 1(0.1%), Abdominal distension 1(0.1%), Diarrhoea haemorrhagic 1(0.1%), Gastroenteritis
SOC: Gastrointestinal disorders 172 19.5%  1(0.1%), Intussusception 1(0.1%)
Pyrexia 133(12.0%), Chills 3(0.3%), Pneumonia 2(0.2%), Measles 1(0.1%), Tonsillfis 1(0.1%), Sepsis 1(0.1%), Upper respiratory tract
SOC: Infections and infestations 148 13.3% infection 1(0.1%), Cellulitis 1(0.1%), Toxic Shock Syndrome(TSS) 1(0.1%)
Seizure 28 (2.5%), Headache 22 (2.0%), Asthenia 14 (1.3%), Dizziness 11 (1.0%), Malaise 5 (0.5%), Fafigue 2 (0.2%), Febrile
S0C: Nervous system disorders 69 6.2%  convuision 2 (0.2%), Lethargy 2 (0.2%), Loss of consciousness 2 (0.2%), Syncape 1(0.1%)
SQC: Respiratory, thoracic and Cough 14(1.3%), Dyspnoea 10(0.9%), Respiratory distress 2(0.2%), Pumonary embolism 1(0.1), Pumonary oedema 1(0.1%), Breath
mediastinal disorders 37 33%  sounds abnormal 1(0.1%), Chest discomfort 1(0.1%), Chest pain 1(0.1%), Hypoxia 1(0.1%), Aspiration 2(0.2%), Tachypnoea 1(0.1)
Qcular hyperaemia 5 (0.5%), Eye inflammation 4(0.4%), Conjunctivitis 3(0.3%), Eye irritation 3(0.3%), Eyelid oedema 3(0.3%), Eye
SOC: Eye disorders 18 16%  discharge 1(0.1%), Eye pain 1(0.1%), Eye swelling 1(0.1%), Vision blurred 1 (0.1%), Evelids pruritus 1 (0.1%)
S0C: Metabolism and nutrition
disorders 13 12%  Hyperhidrosis 1(0.1%)
Anaphylactic reaction 6(0.5%), Hypersensitivity 5(0.5%), Lymphadenitis4(0.4%), Face oedema 3(0.3%), Lymphoedema 1(0.1%),
Auricular swelling 1(0.1%), Oedema 1(1.0%), Periorbital oedema 1(0.1%), Swelling face 1(0.1%), Lip sweling 1(0.1%), Angioedema 1
SOC: Immune system disorders 11 10%  (01%)
SOC: Vascular disorders 4 04%  Oedema peripheral 4(0.4%), Gangrene 1(0.1%), Shack 1(0.1%), Shock symptom 1(0.1%),
SOC: Blood and lymphatic system
disorders 4 04%  Epistaxis 5(0.5%), Haemorrhage 1(0.1%)
S0C: Musculoskeletal and
connective tissue disorders 3 0.3%  Dystonia 1(0.1%), Diplegiat(0.1%)
SOC: Investigations 2 02%  Medication error 1(0.1%)
SQC: Psychiatric disorders 1 01%  Sleep disorder 1(0.1%)
SOC: Injury, poisoning and
procedural complications 1 01%  Tendemess 1(0.1%)
SOC: Hepatobiliary disorders 1 01%  Jaundice 1(0.1%)
SOC: Ear and labyrinth disorders 1 01%  Rhinitis 1(0.1%)
SQC: Cardiac disorders 1 01%  Cardio-respiratory arrest 1(0.1%)

Footnote: ‘Injection site reactions’ includes the following MedDRA PTs: injection site abscess,

injection site abscess sterile, abscess, injection site reaction, injection site swelling, injection

site inflammation, injection site pain, vaccination site swelling, injection site haemorrhage,

injection site erythema, injection site necrosis, injection site urticaria, injection site cellulitis

and application site cellulitis. ‘Rash’ includes the following MedDRA PTs: urticaria, rash

pruritic, rash macular, rash erythematous and septic rash. ‘Seizures’ includes the following

MedDRA PTs: febrile convulsion and seizures. ‘Death’ includes the following MedDRA PTs:

sudden death, death neonatal, and sudden infant death syndrome.
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Figure 7 below shows the reported frequency of suspected AEFI’s grouped according to

MedDRA PT with the most frequently reported symptoms being vomiting (12.2%), pyrexia

(12%), injection site abscess (11%), diarrhoea (9.9%), rash (9.8%) and urticaria (6.3%).
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Seizure
Headache
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Figure 7 : Suspected AEFIs classified as MedDRA (PTs).

The annual AEFI reporting ratios for surviving infants and COVID-19 vaccines adult vaccinees

as well as percentage of AEFIs that were non-serious, non-fatal serious and fatal are recorded

in Figure 8 below. The AEFI reporting ratios ranged from 0 to 38 per year per 100 000 surviving
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infants with peak reporting rates noted in 2009 (28), 2010 (24), 2016 (24), and the highest in
2021 (37). The reporting ratio exceeded the WHO recommended minimum AEFI reporting
ratio of 10 per 100 000 surviving infants for 11/23 years (47.8%) since inception of the
surveillance system. The COVID-19 vaccination programme in adults yielded a total of 338
reports (23% of all AEFI reports) over a 7-month period from February 2021 to August 2022
with an AEFI reporting ratio of 44.36 per 1 million COVID-19 doses.
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Figure 8: Annual AEFI reporting ratios, serious and non-serious AEFIs (1998-2021).

In terms of seriousness, 780 (54.2%) AEFI reports were non-serious, 427 (29.7%) were non-
serious medically important conditions of unknown severity, and 233 (16.1%) were classified
as serious. Of the serious reports 116/233 (50%) were fatal and 95/233 (41%)

caused/prolonged hospitalisation (refer to Table 4 below).
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Table 4: Categories of seriousness of suspected AEFIs received from 1998 to

August 2022 by MCAZ NPC
Number of Percentage of total

Seriousness criteria AEFI reports AEFI reports
Death 116 8.1%

Life threatening 19 1.3%
Caused/prolonged hospitalization 95 6.6%
Disabling/incapacitating 2 0.1%
Congenital anomaly/birth defect 1 0.1%
Other medically important condition 427 29 7%
Unknown 780 54.2%
TOTAL 1,440 100.0%

Of the 116 reports of death as an AEFI, 64/116 (55.2%) were classifiable in terms of causality
assessment due to the availability of postmortem results (Figure 9). However, 54/116 (46.5%)
were unclassifiable due to no postmortem in 6/116 (5.2%) or an inconclusive postmortem in
2/116 (1.7%) or for 44/116 (37.9%) cases, it was not known if postmortem was done or not,
but no cause of death was evident. Of all the deaths reported 101/116 (87.1%) occurred after
childhood vaccines and 15/116 (12.9 %) after an adult COVID-19 vaccine. All fatal AEFI cases
were investigated, however, the limiting factor in establishing cause of death was the lack of
postmortem results due to unavailability of postmortem facilities, and in some cases the next
of kin refused to have postmortem done. For the 64 classifiable fatal AEFI cases, using the
WHO AEFI Aide-Memoire of causality assessment, 7 cases were classified as A1, 2 cases were
classified as A3; 5 were classified as B1; 17 cases were classified as coincidental; and using the
WHO-UMC causality categories, 18 cases were classified as possible; 13 cases were classified

as probable, and 2 cases were classified as unlikely.
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Figure 9: Suspected fatal AEFIs, postmortems and causality assessment.

The National causality committee assessed 1 104 AEFI reports initially using the Bradford Hill
based criteria from 1998-2013, and then the WHO causality assessment methodology (with
revisions) from 2014-2019 (103) (Figure 10). Three hundred and seventy five (34%) AEFI
reports were classified as vaccine product-related reaction (A1), 51 (4.6%) as Immunization
error-related reaction (A3), 29 (2.6%) as demonstrating a temporal relationship but with
insufficient evidence to prove causal association (B1), 17 (1.5%) were unclassifiable due to
inadequate information (D), 12 (1.1%) as coincidental underlying or emerging conditions (C),
and 5 (0.5%) as Immunization anxiety-related reactions (A4). The serious AEFIs included 58
(5.3%) vaccine product-related reactions (A1), 14 (1.3%) Immunization error-related reactions
(A3), 13 (1.2%) a temporal relationship insufficient evidence (B1), 45 (4.1%) unclassifiable due

to inadequate information and 24 (2.2%) coincidental underlying or emerging conditions (C).
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Figure 10: Children vaccinees AEFIs causality assessment outcomes.

A total of 338 COVID-19 AEFIs were reported to MCAZ NPC and ZEPI. Most adult COVID-19
vaccine AEFIs (260/338 - 77%) were non-serious, and many adverse events (87%) were
resolved (Figure 11 below). Causality assessment outcomes for non-serious AEFIs were 189
(55.9%) vaccine product related reactions (A1), 65 (19.2%) temporal relationship insufficient
evidence (B1), 3 (0.9%) Immunization anxiety related reactions (A4), 2 (0.6%) coincidental
underlying or emerging conditions (C), and 1 (0.3%) Immunization error-related reaction (A3).
Serious AEFIs causality assessment outcomes were 30 (8.9%) Al vaccine product-related
reaction, 25 (7.4%) B1 temporal relationship insufficient evidence, 3 (0.9%) coincidental
underlying or emerging conditions, 2 (0.6%) A4 Immunization anxiety related reaction, and 2
(0.6%) unclassifiable due to inadequate information. Finally, outcomes for COVID-19 serious
AEFIs deaths were 10 (3.0%) unclassifiable due to inadequate information, 3 (0.9%) were

coincidental underlying or emerging conditions, and 2 (0.6%) were B1 temporal relationship
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due to insufficient evidence. | differentiated between unclassifiable cases and cases ineligible

for causality assessment.

A1: Vaccine preduct-related reaction

A2: Vaccine quality defect-related reaction

A3: Immunisation error-related reaction

Ad: Immunisation anxiety-related reaction

B1: Temporal relati hip, insufficient

B2: Conflicting trends with causal association

Coingi 1 U ing or . dition(s)

Unclassifiable: Inadequate information

1] 20 40 60 80 100 120 140 160 180 200)
Unclassifiable Coincidental: co r:'zélin B1: Temporal I ‘::;ﬁ,an 3: A2:Vaccine A1:Vaccine
- Inad ':ma Underlying or trand; witlg'. relationship, a:xi ! Immunisation quality defect- product-
‘inforr:g,tian emerging causal insufficient mlam' error-related related related
condition(s) association evidence reaction
= Number of non-seri AEFI report 0 2 L] 65 3 1 0 189
= Number of serious AEFI reports with death as the
outeoms 10 3 1] 2 0 1] 0 0
= Number of serious AEFI reports 2 3 1 25 2 L] 0 30
= Number of non-serious AEFI reports = Number of serious AEFI reports with death as the outcome = Number of serious AEFI reports

Figure 11: Adult COVID-19 vaccinee AEFIs causality assessment outcomes.

Immunization error-related reactions were analysed and the most common event was
injection site abscess(n=38) (Figure 12 below). Injection site abscesses were most frequently
reported after the Pentavalent (DPT-HepB-Hib) vaccine (n =23 ) then the MR/ MMR vaccine
(n=11) and BCG vaccine (n =9). The study focused mostly on those AEFIs where the reporter
stated the antigen(s) suspected to have caused the injection site reaction. In most cases those
injectable antigens were usually administered in combination, hence it was difficult to single
out one antigen except of course for the pentavalent that is formulated and administered as

a multi-antigen preparation.

80



40

35
30
25
20
15
10
0 R —— | — - N .. = —— |
(] W ] ] (] = - W w 7] ] '] © ] ] [ o [ -
c S c c c £ 1 o o @ o o c c ] ‘s c -] o
T = T © @ - &% £ £ &£ £ £ 5 § 8 8 = =& =
§ 8§ § § § F 5% 8% 0§ % 0§ g8 g gz 2 gz g B
> 5 > > 8 % g @ @ © © > > £ = : ]
2 £9 8o 2 > > > > © n @
o x , = o P Eo T g " > -
9] - F = p£ &5 ¢ > > & « ° o ] 5 8 g
@ 2£ 0O o s S Ly 2 ¥ o © H ] = @ 2 ) a
g 3 >8 w2 3 o o ® ® ) c ) c =
€3 2 z 0% 3E & s : 5 C s g o
53 0 € o«” P3 3 o £ £ g £ %
o - e o o c £ © I
o > > 0 - © o 2 2
. 0. ir = LR o £ E
4] © o 4] >
9] o 0
o > o
o
o
Suspected vaccines Common adverse events

Figure 12: AEFIs Immunization error-related reactions.

AEFI reports from 1998 to August 2022 were received from all 11 provinces geographically
distributed in Zimbabwe (Figure 13 below). Most reports (373, 25.8%) were from the capital,

Harare. Only 21 (1%) of the AEFI reports were not identified by location.
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Figure 13: Geographical distribution of AEFI reports in Zimbabwe: 1998-2022.

The Zimbabwe AEFIs reports VigiGrade completeness scores ranged from 0.53 to 0.90 for
combined vaccines and non-vaccines (concomitant medicines) (Figure 14). For vaccines alone
the range was 0.22 to 0.90 (Figure 15 below) and non-vaccines medicines alone ADR/SAEs
reports, 0.61 to 0.97 (Figure 16 below). The results demonstrated that Zimbabwe AEFIs
reports are of high quality, including ADR and SAEs reports. The quality for the AEFI reports,
however, decreased after 2019 due to the COVID-19 pandemic. The likely cause would have
been limited health staff and resources, and compounded by pressures such as infected staff,
guarantines, lockdowns, and staff attrition during this time. Reports for 2022 data were

limited at the time of data analysis, showing only reports for quarters 1 and 2.
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Figure 14: Zimbabwe VigiGrade combined vaccine and non-vaccine AEFIs completeness
score.
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Figure 15: Zimbabwe VigiGrade vaccines alone completeness score.
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Figure 16: Zimbabwe VigiGrade non-vaccines ADRs/SAEs completeness score.

The cutoff of high score is 0.5-1.0 (50-100%).MCAZ underwent an assessment by the WHO
using the GBT in August 2021 which demonstrated that 85% of the vigilance indicators were
complied with. These included AEFI reporting guidelines, AEFI reporting, AEFlI case
investigation and stakeholders’ engagement through feedback letters, newsletters, trainings,
circulars, and media communications. The report recommended strengthening legislation for
the vigilance system, manufacturers’ Good Vigilance Practice (GVP) and Qualified Persons for
Pharmacovigilance (QPPV). These legal requirements were addressed by MCAZ circulars
3/2022 and 13/2022 and signed confirmation by most medicines/vaccines manufacturers
having GVP/QPPV systems in 2022. The MCAZ NPC developed a system for conducting
manufacturers GVP/QPPV training sessions and GVP inspections. Maturity level 3 was
obtained for clinical trials regulation oversight that includes mandatory reporting of ICSRs

(ADRs, AEFIs and SAEs) by clinical trials.
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3.5 Discussion

In this study we have evaluated the Zimbabwean AEFI surveillance system over a 15-year
period (1998-2022). The surveillance system has not always been functional but since 2009
AEFI reporting has improved markedly. Over the 10-year period from 1998 to 2008, the
surveillance system met the WHO minimum AEFI reporting ratio of 10 per 100 000 surviving
infants in only one of the years (2006). However, over the subsequent 12 years (from 2009
to 2021) due to joint MCAZ NPC and ZEPI enhanced AEFI surveillance training, the WHO
benchmark was achieved in 9/13 (69%) of the years (18, 24, 46). More recently, the highest
AEFI reporting ratio of 43.46 per million COVID-19 vaccine recipients occurred in 2021. The
highest AEFI reporting ratios in 2021 were also contributed in part by the feasibility study of
mHealth active participant centred (MAPC) AEFI surveillance study conducted in Zimbabwe,
based on the Stimulated Telephone Assisted Rapid Safety Surveillance (STARSS) Australian
study innovation (43). All 11 provinces contributed AEFI reports suggesting that the system
functions throughout Zimbabwe. The VigiGrade completeness scores show a variability in
range with a reduction in 2021 (based on partial data) but likely to be due to the challenging

factors associated with the COVID-19 pandemic.

A limitation of the study is that we were unable to stratify rates of AEFIs for individual vaccines
or vaccine combinations (other than for the COVID-19 vaccines), according to age or
geographical location. The most frequently reported AEFIs were associated with those
childhood vaccines administered as part of the ZEPI or as part of the COVID-19 vaccine roll-
out. The characteristics of the reported AEFIs, as classified by MedDRA (SOC/PT), were those
consistent with expected and common reactions (injection site reactions, fever, rash). Of all
the AEFI reports 233 (16.1%) were classified as serious which is consistent with the WHO
recommendations of reporting all events (serious or non-serious) that are a concern to the
vaccinee, parent or healthcare provider. However, in 2009, the majority 100/111 (90%) of
AEFI reports were serious and this is explained by a cluster of 100 serious AEFIs of nausea,
vomiting and diarrhea which were reported during a measles vaccination campaign in the
Hurungwe district, Mashonaland West province. Following an investigation by MCAZ NCP and

ZEPI, the measles vaccine diluent batch samples which were evaluated did not meet sterility
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specifications and the events were Immunization error-related reactions. The outcome was
MCAZ engagement with the vaccine procurement agent to strengthen all vaccination clinics

countrywide to prevent similar AEFI clusters.

There were 116 reports of death as an AEFI, of which 64 (55%) could be classified because the
cause of death was determined after a postmortem. Although a higher postmortem rate
would have been required to reduce the rate of reports that were unclassifiable, this
postmortem rate is likely to be high for a LMIC. There were seven unfortune children
suspected to have experienced anaphylaxis as an AEFI of which one recovered; six cases
resulted in death of which one was documented as having anaphylaxis after postmortem. Five
cases had no postmortem, hence cause of death was unknown and causal association to the
vaccine was considered unclassifiable. There was only one reported case of suspected

anaphylaxis AEFI for the COVID-19 vaccinee and the patient recovered.

Case investigation of AEFIs and causality assessment systems are well established in
Zimbabwe. Of the 1 440 reported AEFIs 1 104 (77%) underwent a causality assessment review
and 644 (45%) were evaluated using the WHO causality assessment tool, conducted by the
experienced National AEFI Committee trained by WHO over the years. In accordance with the
WHO requirements for terms of reference (TOR) of the National AEFI Committee, the
Committee consists of ten specialists, such as pediatricians, neonatologists, physicians,
cardiologists, immunologists, epidemiologists, toxicologists, clinical pharmacologists, and
public health experts. In April 2017, WHO coordinated an India-Zimbabwe project titled,
‘Inter-country study to assess the inter-rater reliability of the WHO AEFI causality assessment
methodology and the usage of the new WHO AEFI causality assessment software’. It was
conducted by the Zimbabwe National AEFI Committee and India New Delhi National AEFI
Committee. The quantitative aspect of the study determined that there was realistic
agreement between assessors in their findings using kappa coefficient analysis that measured
agreement after swapping cases for causality assessment by the national committees of both

countries (Personal communication). The qualitative aspect of the study results identified
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areas of the causality assessment that were subsequently made more robust using more
accurate and clearer language and these changes were incorporated into the revised WHO

AEFI causality assessment manual.

The operation of the AEFI surveillance system is underpinned by a legislative framework as
demonstrated by the GBT assessment; it met the desired international standard of a well-
functioning national vigilance system at maturity level 3, in May 2023, according to the WHO

GBT independent assessment report.

Although we have demonstrated that Zimbabwe currently has a robust surveillance system
for the detection, reporting, analysis and causality assessment of AEFIs, there are challenges
and limitations. This includes a lack of denominator data, no total number of exposed patients
and no background reaction rates. Reporting biases may arise due to media attention
following serious AEFIs during vaccination campaigns. In the context of a pandemic vaccine
such as COVID-19, the challenge is in addressing widespread misinformation disseminated via

social media that focuses on vaccine safety and perpetuates vaccine hesitancy (86, 92).

The main challenges of AEFI causality assessment were that 54/118 unfortunate death cases
were unclassifiable due to lack of postmortems either by refusal by next of kin or
unavailability of postmortem facilities. Some authors advocate that postmortem should be
mandatory in all deaths temporarily related to vaccine administration (103). It is also
recommended that such postmortems should be conducted in line with the Letulle technique
for clinical and forensic assessment in case of suspected death related to vaccines (103). The
Zimbabwe primary healthcare postmortem services have inadequate human resources for

basic postmortem investigations.

Consideration of country background rates for rare fatal AEFIs is key to determining the

benefit risk profiles. Therefore ZEPI, MCAZ NPC, Mutare hospital and Edith Opperman clinic
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Harare, successfully participated in a WHO feasibility study of Global Alignment of
Immunization Safety Assessment in pregnancy (GAIA) project case definitions based on levels
of diagnostic certainty for pregnancy and neonatal outcomes. The study results showed that
modification of the GAIA stillbirth definition could help avoid potential misclassification in
LMICs (104, 105). The study underscored the need for greater data literacy and inter-sectoral
collaboration among healthcare providers, pharmacovigilance, and health program managers
to promote harmonised approaches (case definitions and data elements) for capturing

adverse outcomes of pregnancy (105, 106).

Access to timely and complete AEFI data is critical and this could be facilitated using eHealth
and mHealth. In 2019 the MCAZ NPC launched an electronic AEFI report system with a mobile
app and desktop offline system; however, the uptake was low because most public
vaccination clinics did not have the capacity for online reporting except for the aggregate data
sent via the District Health Information Services (DHIS2). We have investigated the use of
mHealth active participant-centred surveillance using SMS as a potential AEFI surveillance
tool in Zimbabwe. Given the increasing penetration of mobile technology in Zimbabwe, it is

possible to conduct such feasibility studies if more resources were available (83).

Given that causality assessment was not always conclusive for suspected AEFI fatalities due
to inadequate postmortem information, there is a need to strengthen AEFI case investigations
and increase postmortem facilities countrywide. Postmortem rate in LMICs is low due to the
inherent LMICs challenges(107). The MCAZ NPC, in line with the WHO GBMT indicators for
vigilance, should also conduct signal detection of AEFIs using the global AEFI database
(VigiBase) and disproportionate analysis. There should be a collaborative approach between
government and academia which could include the determination of background rates of

adverse events of special interest.

The limitation of this study is that it is based mostly on spontaneous retrospective AEFI case
series from 1998 to 2022, not comprehensive clinical notes/case reviews. Hence, caution is

required in interpretation of AEFI symptomes, signs and diagnoses temporarily associated with
88



vaccination but not necessarily causally associated with vaccine(s) (108). To reduce errors and
duplication, only AEFI data uploaded on VigiBase, MCAZ NPC ePV system and Excel databases
with verifiable hard copy AEFI reports from ZEPI and the national pharmacovigilance center
were used. There is a possibility that, due to underreporting, a few AEFIs reports might be
missed if they were not reported to ZEPI and/or MCAZ national pharmacovigilance centre.
Timeliness of AEFI reporting, case investigation and causality assessment were not part of the
study objectives since it required further monitoring and evaluation studies beyond the scope
of this thesis. A small number of AEFI reports were unclassifiable because of insufficient
information even after following up letters were sent requesting more information from the
reporters. Although feedback is routinely provided to AEFI reporters, the nature,

completeness and quality of such feedback was not included in this descriptive study.

3.6 Conclusion

This study has demonstrated a robust AEFI surveillance system in Zimbabwe with highest AEFI
reporting ratio of 43.46 per million COVID-19 vaccine recipients in 2021 and meeting the WHO
benchmark AEFI reporting ratio of 10 per 100 000 surviving infants in 9/13(69%) of the years.
The Zimbabwe AEFI surveillance system however requires strengthening in the areas of timely
AEFI detection and AEFI case investigation including completion of postmortems to enable
100% causality assessment of fatal cases, VigiPoint disproportionate analysis signal detection
and risk minimisation. AEFI case investigation initiatives ought to prioritise postmortems of
fatal AEFI cases as incomplete assessment of causation in 64/116 (55%) fatal cases might
severely compromise public confidence in vaccines. This requires adequate postmortem
facilities at vaccination clinics, and referral district and provincial hospitals. Effective AEFI
detection, case management, risk minimisation and promotion of vaccinees safety require
ZEPI and MCAZ to use dependable, efficient, and cost effective electronic AEFI systems and
to explore the use of VigiMobile and MAPC surveillance systems. Strong collaboration
between the national Immunization program and NRA national pharmacovigilance centre is

critical for strengthening the national AEFI surveillance system in a resource-limited country.
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Chapter 4 Efficacy and feasibility of SMS m Health for detection of
AEFIs

Chapter 4 Topic: Efficacy and feasibility of SMS m-Health for the detection of adverse events
following Immunization (AEFIs) in resource-limited setting—The Zimbabwe stimulated

telephone assisted rapid safety surveillance (Zm-STARSS) randomised control trial.

Chapter 4 is the monograph format of the approved publication by the DDB detailing the thesis
research study on the “Efficacy and feasibility of SMS m-Health for the detection of adverse events
following Immunization (AEFIs) in resource-limited setting-The Zimbabwe stimulated telephone

assisted rapid safety surveillance (Zm-STARSS) randomised control trial” (109).

4.1 Abstract

Introduction: The mHealth active participant centred (MAPC) adverse events following
Immunization (AEFI) surveillance is a promising area for early AEFI detection resulting in risk
minimisation. Passive (spontaneous) AEFI surveillance is the backbone for vaccine
pharmacovigilance, but has inherent drawbacks such as underreporting, and requires

strengthening with active surveillance methods.

Aim: The Zimbabwe stimulated telephone assisted rapid safety surveillance (Zm-STARSS)
randomised controlled trial (RCT) sought to evaluate the efficacy and feasibility of AEFI detection

using a short message service (SMS) and computer assisted telephone interview (CATI) approach.
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Method: A multicentre Zm-STARSS RCT enrolled consented adult vaccinees or parents or
guardians of children receiving vaccines, including COVID-19 vaccines, at study vaccination clinics.
At enrolment study participants were randomised to either SMS-CATI group or control group.
Short Message Service prompts were sent on Days 0-2 and 14 post-vaccination(s) to the SMS-
CATI group to ascertain if an adverse event following Immunization (AEFI) had occurred.
However, no SMSs were sent to the control group. Among the SMS-CATI group, those who
responded “Yes” to SMS prompts were interviewed by research Healthcare professionals (RHCPs)
who completed a CATI to determine if an AEFI/AEFI had occurred, whilst an AEFI in the control
group was determined from passive AEFI reporting channels. The primary study outcome was

the AEFI detection rate in the SMS-CATI group compared to the control group.

Results: A total of 4 560 participants were enrolled after signed informed consent. All were
encouraged to report AEFIs and were randomised automatically on a 1:1 basis into two arms: the
SMS CATIl intervention group (n = 2 280) and a control passive AEFI surveillance group (n =2 280)
on Day 0. A total of 704 (31%) participants responded to the SMS prompts, with 75% (528/704)
indicating “No” and 25% (176/704) reporting “Yes” to seeking medical attention or attendance
post-Immunization. Sixty-nine percent (121/176) completed a CATI survey but in only 36%
(44/121) was the AEFI confirmed. There were no AEFIs reported in control group participants.
The detection rate of a AEFI associated with medically attendance or attention using the SMS-

CATI methodology was 2% (44/2 280) on an intention to treat cohort.
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Conclusion: Despite the low SMS response and CATI completion rate, | demonstrated that the
Zm-STARSS SMS system improves AEFI detection by 2% (44/2280) on an intention to treat cohort,
compared to passive AEFI surveillance 0% detection. | recommend that this and similar
approaches are explored further using cost-effective multi-channel digital approaches for holistic
pharmacovigilance to improve AEFI detection in Low Middle-Income Countries (LMICs) for all

vaccines.

Key words: Zimbabwe Stimulated Telephone Assisted Rapid Safety Surveillance (Zm-STARSS),
mHealth active participant-centred (MAPC) Adverse Events Following Immunization (AEFI)

surveillance.

92



4.2 Introduction

A functional national Immunization programme is integral to enhancing public health and
pandemic preparedness. A key priority for each Immunization programme should be vaccine
pharmacovigilance and in particular, the surveillance of adverse events following Immunization
(AEFI). Passive post-marketing AEFI surveillance is recommended globally. However, there are
both inherent limitations and significant challenges in implementing this method such as
underreporting and incomplete information(6, 27). In most LMICs, AEFI surveillance systems are
limited due to paper-based underreporting, delayed incomplete or incorrect information and
ultimately delayed AEFI case management(27, 110). Weak spontaneous AEFI surveillance
systems result in low reporting, delayed AEFI detection, delayed case investigation/management,
delayed causality assessment, and preventable serious AEFIs. This might result in lack of public
trust in vaccines reducing vaccine uptake and ultimately, increased vaccine preventable diseases
(VPDs)(85). In LMICs, the challenges that contribute to AEFI underreporting are further
heightened by consumer illiteracy, poverty, inadequate overstretched primary healthcare

systems and unavailability of digital technologies (85, 111).

Most LMICs in Africa have contributed the least number of adverse events to the WHO VigiBase
database(93). In recent years, including the COVID-19 pandemic, some LMICs have introduced
passive enhanced AEFI surveillance using mHealth reporting tools, such as the African Union
Smart Safey Surveillance MedSafety App piloted in a few African countries (Bukina Faso, Ethiopia,
Ghana, Nigeria, Zambia and South Africa)(112, 113). The VigiMobile app, which is linked to the
WHO AEFI VigiFlow VigiBase database, was recently piloted in 2023 in Zimbabwe and few
selected countries, after the conduct of the Zm-STARSS study. However, the uptake of the

VigiMobile system is still under assessment.
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Some studies, mostly in HICs have reported successful mHealth active AEFI surveillance systems
linked to other digital tools such as web apps, eHealth and electronic (e) record linkage from 2009
to 2023. Initially focussed on influenza vaccines and other vaccines, these systems have expanded
to include the monitoring of COVID19 vaccines as well(34, 83). In some LMICs, updated versions
of the District Health Information Systems (DHIS) are used to collate various Ministry of Health
programs performance monitoring indicators, including Immunization coverage and outcomes
as well as AEFI surveillance. These systems typically involve completion of paper-based forms at
the vaccinations clinics as aggregate data(114). The DHIS tools were found to have inadequate
AEFI form report data of only 15 core values or less, short of the critical 25 core variables required
for AEFI case investigations and causality assessment(114). Most DHIS tools are usually limited
since they are not linked to any primary health system digital, eHealth and mHealth applications
due to unavailability of these unaffordable advanced systems in most LMICs. Challenges were
experienced with some African countries in conducting active AEFI surveillance using DHIS2 since

most hospital sites did not meet the assessment criteria(115).

First, the e-Health technology, which mobile health (m-Health) is part of, is now applied globally
to improve health surveillance and outcomes. A noteworthy area is the application of digital tools
to improve Immunization programmes including AEFI surveillance. Secondly, the m-Health for
active vaccine safety surveillance (AVSS) is eliciting growing interest because of its ability to
engage consumers directly to elicit AEFI reports, which could overcome some of the limitations
inherent in passive reporting by healthcare professionals (HCPs)(37, 41, 83). The m-Health active
participant-centred (MAPC) AEFI surveillance could be defined as a data collection system that
seeks to ascertain as completely as possible, the number of AEFIs in a defined population via a

continuous organised process(6).
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4.2.1 mHealth approaches
The m-Health approaches are showing promise as a tool to improve AEFI detection in many high-
income countries (HICs). This approach directly prompts vaccinees or their caregivers to report
an AEFI quickly and seek care(37, 41, 45, 83). A Canadian scoping review of MAPC AEFI
surveillance suggests that mHealth could be the method for collecting self-reported subjective
symptoms from vaccinees which could complement existing AEFI surveillance systems(83). The
study recommends the evaluation of digital solutions to improve vaccine surveillance systems for
contemporary and future public health needs(83). The performance of these m-Health
approaches in LMIC settings is poorly described with only Cambodia(32) and Sierra Leone(116)
reporting on their experiences for active m-Health adverse drug reactions (ADRs) but not on
AEFls. Moreover, the underperformance of the m-Health system in Aboriginal communities in
Australia highlights the need to assess the feasibility and performance of such systems in

culturally diverse populations with poor socioeconomic groups(62).

A comprehensive evaluation of SMS-based AEFI surveillance is required prior to diverting scarce
public health resources towards widespread implementation(41). The Australian stimulated
telephone assisted rapid safety surveillance (Au-STARSS) is one of two published randomised
controlled trials (RCT) which has compared the AEFI detection rate in active (SMS surveillance)
and control (passive surveillance) groups. The study evaluated the feasibility and acceptability of
SMS based surveillance using a two-step process with an initial SMS being the entry point for
detection whilst a subsequent digital interaction elicited information to determine the nature of
the event(41). The outcome of the Au-STARSS study showed a 13-fold greater AEFI detection
rate in the SMS group (Pearson’s y?test = 76.0, p < 0.0001) compared to the control group
(passive surveillance)(41). The Zm-STARSS platform could also be explored in the future as an
active pharmacovigilance tool for antiretrovirals and antituberculosis medicines, and other
medicines used to manage the growing burden of non-communicable diseases among persons

living with HIV in Zimbabwe(117).
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4.2.2 Zm STARSS Proof of Concept
Established in 1997, the Zimbabwe national AEFI surveillance system has continued to grow, but
the burden of reporting AEFIs by overwhelmed HCPs has remained a key barrier to the timely
detection of serious or severe AEFIs(18, 24). Zm-STARSS RCT is a proof-of-concept study
evaluating SMS based surveillance for AEFI detection in a LMIC using an adapted Au-STARSS
mHealth platform. The objective was to ascertain if STARSS could be adapted, implemented, and

evaluated in Zimbabwe for the detection of AEFI.

4.2.3 Aim and hypothesis.
The primary aim was to determine if Zm-STARSS was more effective in detecting an AEFI than
routine passive reporting of AEFIs. The primary hypothesis was that the proportion of people in
which an AEFI is detected is greater in the SMS intervention group compared to a comparison
group (passive surveillance). The secondary aim was to provide a narrative description covering

the challenges of establishing a Zm-STARSS platform.

4.3 Methods

Study population, sample size and inclusion criteria.

A total of 4 560 individuals presenting for vaccination at CITIMED and Chitungwiza hospitals in
peri urban Chitungwiza near Harare, Zimbabwe, were eligible for enrolment from November
2020 to August 2021. Participants were eligible if they understood English (Zimbabwe’s official
language), were adult vaccinees, or were parents or guardians of vaccinated children under the
age of 18 years, had access to a functional mobile phone and consented to being part of the

study.
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4.3.1 Exclusion criteria
Vaccinees who were unwell before vaccination, child vaccinees associated with multiple births
(e.g., atwin child) and children with a parent/guardian < 18 years were not eligible for enrolment.
Multiple births e.g., twins were excluded since this inclusion was likely to confuse the

parents/guardians if the individual children were randomised to different groups.

4.3.2 Consent process.
Opt-in, informed consent was sought. Participants were informed that the study was examining
diverse ways of monitoring vaccine ‘side-effects’ and that they could receive a follow-up SMS to
ascertain any adverse event requiring attention, together with an invitation to provide further
details (by CATI) of their ‘experience’ during the post-vaccination period. Consent was obtained
for receipt of SMSs, participation in a CATI interview and access to any passive AEFI reports
submitted to the Zimbabwe Expanded Programme on Immunization (ZEPI) and Medicines
Control Authority of Zimbabwe (MCAZ) through a database search for performance of a causality

assessment by the national AEFI Committee.

4.3.3 Study design and randomisation.
All study staff received training in the Zm-STARSS protocol from qualified MCAZ national
pharmacovigilance centre study researchers, which included informed consent process and
compliance with good clinical practice (GCP). Training took place two to three days before
conduct of the study with continuous monitoring and retraining taking place throughout the
study period. All study site nurses were blinded to the randomisation. After enrolment all
participants and guardians were informed on how to report an AEFI regardless of their allocated
group. The study sites nurses were provided with AEFI paper-based reporting forms. Both study
site nurses and national pharmacovigilance research staff verified records at both EPI, MCAZ and

study sites for any SMS or paper-based reports from both CATI arm and control arm. The Zm-
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STARSS software was customised to include all national ZEPI antigens including COVID-19

vaccines.

The Zm-STARSS study design included only two randomised groups (SMS and control) and
excluded the web-based component which was in the Au-STARSS, because of the high cost and
limited internet access to healthcare professionals (HCPs) and vaccinees. The Zm-STARSS trial
was a multi-centre, single-blinded and active-controlled parallel two-grouped RCT with a
repeated measures design to collect responses to SMSs sent on Days 0-2 and 14 post-
Immunizations to ascertain whether the participant had experienced an AEFI, that was associated
with medical admission or attention. Participants were enrolled at both CITIMED and Chitungwiza
hospitals vaccination sites. Site selection was based on availability of reliable internet services to
enable the platform to function. Randomisation was implemented using an algorithm residing in
the study server which allowed automatic allocation in a 1:1 ratio in permuted sequence to the
SMS intervention or the control group. The participant was the unit of allocation, which occurred
on receipt of the vaccinee’s Immunization and demographic data into the study portal. Research
healthcare professionals (RHCPs) involved with the enrolment of participants and Immunization

providers were blinded to the allocation.

4.3.4 SMS dispatch and response
Participant and vaccinee data extracted from a completed enrolment form were entered
manually by RHCPs, via a secure web portal, and within 48 hours of vaccination. Upon receipt of
the data, an information technology (IT) application located on the MCAZ server, automated the
dispatch of SMSs without daily restriction (with a curfew between 8 PM and 8AM), and managed
the flow of outgoing and incoming SMSs, including customised SMS replies to these responses.
On receipt of the enrolment data participants were reminded via SMS that they should expect
follow-up messages on Days 0-2 and 14 post-Immunizations. These time intervals were
consistent with the expected temporal onset of reactions for the vaccines administered to the
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participants in the study. A welcome message was sent immediately to each participant on
enrolment Day 0. A survey message was sent to each participant 48 hours after their vaccination
date and time. To ensure that survey messages were always sent at the correct time for each
participant (48 hours after vaccination) the system prevented the enrolment of participants if

their vaccination was already more than 48 hours old.

Each prompt SMS message aimed to determine if an AEFI had occurred by asking the question:
“Since vaccination has the person who has been vaccinated seen a medical doctor, nurse,
pharmacist, healthcare worker or health traditional healer because the child or adult vaccinated
has been unwell?” Please respond “Yes” or “No.” Those who responded “Yes” were contacted
telephonically to complete an AEFI report which took the form of a CATI administered by a RHCP.
The purpose of the CATI was to obtain details about the AEFI so it could be determined if this
was consistent with the WHO, AEFI definition(118). The CATI interview questionnaire included
most of the 25 AEFI core variables as recommended by WHO(118). The “No” SMS responders
were sent an automated SMS acknowledgement. A final SMS prompt was sent on Day 14 post-

vaccination. The specific wording of the SMSs is detailed in Table 5 below.
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Table 5: Details of the wording of the SMSs generated following enrolment and

randomisation to the SMS-CATI intervention group.

Vaccination

day Reminder

SMS

Day 0-2
(within 48
hours)

‘Welcome to the STARSS Study. Since vaccination has the person who
has been vaccinated experienced an AEFI or seen a medical doctor,
nurse, pharmacist healthcare worker or health traditional healer
because the child or adult vaccinated has been unwell? Please respond

Yes or No’.

Reminder SMS

Day 14

‘Welcome to the STARSS Study. Since vaccination has the person who
has been vaccinated experienced an AEFI or seen a medical doctor,
nurse, pharmacist healthcare worker or health traditional healer
because the child or adult vaccinated has been unwell?’ Please

respond Yes or No'.

SMS response

from portal
to “YES”

participants
reply at Days
0-2 and 14

Randomised to SMS mHealth Computer Assisted Telephone

Interview (CATI) arm

STARSS Study: “Thank you for letting us know that you received health
advice after the vaccination. We will call you in the next 24 hours to

find out more”.

The CATI sought to verify the following details on Days 0-2 and 14 post-vaccinations if participants
responded “Yes” to the SMS prompts: 1) vaccine(s) administered and batch numbers already

prefilled at enrolment on the online Zm-STARSS by the nurses and available on participant’s hard
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copy vaccination card; 2) type of medical attention sought; 3) adverse symptom(s); 4) other
details including hospitalisation and recovery. An AEFI report was regarded as confirmed if the
reported vaccination details were the same as those documented through the Zm-STARSS online
recruitment portal, if medical attention/attendance following the Immunization was confirmed
and one or more symptom(s) were reported. No follow-up occurred for the participants
randomised to the control and the occurrence of an AEFI was determined from the ZEPI and

MCAZ AEFI database/AEFI line listing.

4.3.5 Zm-STARSS-information technology (IT) platform
The Zm-STARSS IT platform was centralised, with encrypted data transmitted securely from the
two study sites to a secure MCAZ server. The IT platform provided a single site for collating
participant demographics, Immunization data, and SMS messages serving as a repository for all
data collected from CATI reports. The platform automatically dispatched and received SMS
messages. The vaccinee’s Immunization details (vaccine antigen(s), brand, batch number, vaccine
administration site(s), date, and time together with demographic information (vaccinee’s name,
date of birth (DOB), sex, address, and mobile number) were collected at enrolment. Participant
reports of an AEFI automatically triggered an email alert to RHCPs. Access to the site was
password protected and RHCPs had access to the global dashboard. All portals offered a real-
time view of the AEFI and AEFI reports, and all data were added to a single structured query
language (SQL) database stored in the study server, which allowed export of the data (CSV

format) and circumvented the need for unsecure data transmission.

The Zm-STARSS surveillance system was developed with assistance from Econet Wireless
Zimbabwe Ltd (Econet), (a company with 65% mobile phone market share) and in line with the
Postal and Telecommunications Regulatory Authority of Zimbabwe (POTRAZ) requirements for
SMS mobile phone test codes. A major challenge was that participants would have insufficient
telephone credit to respond to the automatic SMS messages. This could introduce a significant

bias in the perceived responsiveness of participants, and the reported/unreported symptomes.

101



To address this issue, Econet created a test channel pre-paid by MCAZ, where participants’ SMSs
were not charged, and hence successful transmission could be achieved despite insufficient

telephone credit.

4.3.6 AEFI outcome measures and definitions
For the SMS-CATI group a AEFI notifier was defined as a participant who replied “Yes” to the SMS
prompt on at least one of the time points (Days 0-2 or 14). A participant was deemed to not have
had an AEFI if a “No” response was received at any of the time points. An AEFI was defined as
completed when all four CATI verification steps had occurred. An event was classified as an AEFI
if it met the WHO case definition. Zimbabwe’s national AEFI expert committee trained by WHO
performed the causality assessment on all reported cases according to the WHO AEFI causality
assessment algorithm (2019) (13). Some participants however might experience more than one

AEFI, e.g., abscess and convulsions.

The number of AEFI cases in each group (SMS vs control) formed the basis for the analysis of the
primary outcome. Since multiple AEFI reports may have been completed for the same
participant, the primary outcome was based on a single individual. For the control group all AEFI
reports for the duration of the RCT, were matched to the vaccinee’s details (name, date of birth
(DOB), antigens, date of vaccination, vaccination clinic or study site and name of the reporter) to
determine if a report had been received within 14 days of vaccination. Any submitted report was

counted as an AEFI for the control group.

4.3.7 Secondary outcomes
Compliance with SMS was assessed by the number and percentage of participants who
responded with a “Yes” or “No” response to the surveillance SMS. Fully compliant responders
were defined as responders at the three points (Days 0-2 and 14), partial compliers were those
responding at Days 0-2 or 14 time points and non-compliers never responded at all. AEFI

completion was assessed by the number and percentage of participants, in the SMS-CATI group,
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who notified an AEFI and whose report was completed and verified by the RHCPs. The time for
detection of an AEFI was defined as the time (in hours) from medical attendance/attention to
completion of the AEFI report for the SMS-CATI group or the time from healthcare attendance to

receipt of an AEFI report by ZEPI or MCAZ for the control group.

4.3.8 Statistical analysis plan
The primary analyses were performed on the intention-to-treat (ITT) population, with
participants analysed per their allocated pools. Given the low AEFI cases expected in the control
group, two-tailed Fisher’s exact tests (a = 0.025) were done to compare the events in the SMS
group to those in the control group. Pearson’s yZtests were carried out for the demographic
characteristics, such as gender, age, sex, index of socio-economic advantage and disadvantage as
well as the vaccine characteristics to determine any significant differences between the SMS and
control groups, including those participants who responded “Yes” or “No” to the SMS or the non-
responders to any SMS. Median and 95% confidence intervals based on the binomial distribution
were used to describe the median time in hours of the various time lags from enrolment to AEFI

detection.

4.4 Results

4.4.1 Eligibility, enrolment, randomisation, and intention to treat numbers.
Between November 2020 and August 2021, a total of 5 541 eligible adults and children attending
the two Immunization sites were approached and screened for enrolment. A total of 4 560 who
met inclusion criteria and signed the consent forms were enrolled and randomly assigned (1:1)
equally to the SMS or the control groups, and 981 subjects were excluded with details

documented in the consort diagram (refer to Figure 17 below).
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Assessed for eligibility

n=5541
Excluded n =981
509 Declined enrollment
353 Incompatible phone
71 Multiple births
24 Did not agree with
I study
13 No phone
5 Parent < 18 years
4 Unwell before vaccination
2 No understanding of
English

Centrally randomised
n=4560

SMS CATI Group
n=2280

Lost to follow-up
n=55%*

Control Group
n=2280

Intention to Treat
analysis

n=2248

Intention to Treat analysis

n=2280

Figure 17: Zm-STARSS CONSORT diagram for Intention To Treat analysis.
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** n =55 Participants who responded “Yes” to SMS Day 0-2 and/or 14 prompts post-vaccination
were however considered lost to follow-up since they did not respond to the RHCPs phone calls
(3 attempts at different times) to conduct a CATI survey to ascertain if the “Yes” meant if the

person vaccinated had experienced an AEFI or not.

4.4.2 Participant demographic and vaccine characteristics.
The demographic and vaccine characteristics of enrolled participants are detailed in Table 5
below. Whilst participants were distributed across a wide age range (birth to 65 and above years),
2 551 (55.9%) were aged from birth to six months (or with almost equal gender balance (females
2 157 or 47.3% and males 2 401 or 52.7%). A total of 11 different vaccines were administered to
4 560 participants, with the following combinations being administered: Bacille Calmette-Guerin
BCG (37.5%) was the most frequently administered followed by Sinopharm COVID-19 vero cell
vaccine (27.7%), Sinovac COVID-19 vero cell vaccine (18.2%), oral polio vaccine (OPV),
Pneumococcal-Pentavalent (DTP-Hib-HepB)-Rotavirus (6.9%), Diphtheria Tetanus Pertussis
(DTP), booster Measles Rubella (MR) (5.0%), Pneumococcal Rotavirus (4.3%) PCV and Sputnik V
COVID-19 vaccine (0.1%). Table 6 shows that the Pearson yZ?tests revealed no significant
differences in any of the demographic or vaccine characteristics between the SMS intervention
or control groups except for the education status p = 0.042 that is statistically significant, with
marginally more individuals in the SMS-CATI group having a degree or A level or O level

(Cambridge/ZIMSEC).
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Table 6: Gender, age, socio-economic status, and vaccine characteristics of participants

in each trial arm.

SMS-CATI Control Total Pearson | Comme
group group Chi- nt
Square
n=2280(%) | n=2280(%) | n=4560 (%) | p value
Site
Chitungwiza Central | 1160 (50.9) 1161(50.9) 2321(50.9) p =| NS
CITIMED 1120(49.1) 1119(49.1) |2239(49.1) |0.976
Gender of vacinees
- Female 1053 (46.2) | 1104 (48.4) |2157(47.3) |p = [ NS
- Male 1226 (53.8) | 1175(51.6) |2401(52.7) | 0.318
- Other 1(0.0) 1 (0.0) 2(0.0)
Age range of
vacinees
Median (IQR) p=0.884 | NS
0 - 6 months 1280 (56.1) | 1273 (55.8) | 2551 (55.9)
7 months - 5 years 212 (9.3) 212 (9.3) 424 (9.4)
6 - 14 years 1 (0.0) 0 (0.0) 1 (0.0)
15 - 39 years 301 (13.2) | 297 (13.0) 580 (12.7)
40 - 64 years 374 (16.4) | 393(17.2) 758 (16.6)
65 yearsand above | 112 (4.9) 105 (4.6) 246 (5.4)
Marital status of the
vacinees or p=0.877 | NS
guardians
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D - divorced 6 (0.3) 6 (0.3) 12 (0.3)

F - de Facto 1 (0.0) 3 (0.1) 4(0.1)

M - married 2,009 (88.1) | 2,001 (87.7) | 4,010(87.9)

S - single 201 (8.8) 202 (8.9) 403 (8.8)

W - widowed 63 (2.8) 68 (3.0) 131 (2.9)

Education of the

vacinees or p=0.042 | SIG
guardians

D - degree 255(11.2) 199 (8.7) 454 (10.1)

| - diploma 201 (8.8) 218 (9.6) 419 (9.1)

C - Certificate 7 (0.3) 8(0.4) 15 (0.3)

A -| 224 (9.8) 202 (8.8) 426 (9.3)

Cambridge/ZIMSEC

A’ level 1,593 (69.9) | 1,653(72.5) | 3,246(71.2)

O level

Work Status of the

vacinees or p=0.917 | NS
guardians

Unemployed 715 (31.4) 715(31.4) 1,430(31.3)

Employed 708 (31.1) 704(30.9) 1,412(31.0)

Domestic duties 566 (24.8) 572(25.1) 1,138(25.0)

Self employed 221 (9.7) 229(10.0) 450(10.0)

Student 70(3.1) 60 (2.6) 130 (2.7)

Housing Status of

vaccinees or p=0.696 | NS
guardians

Owned 1,334(58.5) 1,347(59.1) | 2,681(58.8)
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Rented 946(41.5) 933(40.9) 1,879(41.2)
Number of vaccines
received.
1 1,649 (72.3) |1,643(72.1) |3,292(72.2) | p>0.05 | NS
2 118 (5.2) 110 (4.8) 228 (5.0)
3 98 (4.3) 97 (4.3) 195 (4.3)
4 415 (18.2) 430 (18.8) | 845 (18.5)
Vaccines
administered.
p>0.05 | NS
BCG 864 (37.9) 848 (37.2) 1712 (37.5)
DTP  booster-OPV- 1(0.0) 1(0.0) 2 (0.0)
PCV-Rotavirus 98 (4.3) 97 (4.3) 195 (4.3)
DTP booster-MR- 0(0.0) 1(0.0) 1(0.0)
OPV 118 (5.2) 110 (4.9) 228 (5.0)
DTP booster-MR-
OPV-Pentavalent 151 (6.6) 164 (7.2) 315 (6.9)
MR 1(0.0) 3(0.1) 4 (0.1)
Sinopharm COVID-19 | 633 (27.8) 628 (27.5) 1261 (27.7)
Sinovac COVID-19 414 (18.2) 428 (18.8) 842 (18.2)

NS — Not Significant. SIG — Significant.
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4.4.3 Primary outcome determination of AEFI notification, verification, report
completion and AEFI causality classification

The SMS responses, AEFI completion and final AEFI classification for the participants randomised
to the SMS-CATI group are detailed in Figure 18 below. A total of 6 840 SMSs were dispatched to
the participants within Days 0-2 and 14 post-vaccinations. Overall, 69% (1 576/2 280) of
participants, in the SMS intervention groups, were classified as non-compliant. Of the 704 SMS
(31% of 2280) responses received, 75% (528/704) indicated that “No” AEFI had been experienced
whilst 25% (176/704) responded “Yes” to experiencing an AEFI, (Figure 18 below) at one or more
of the time points (Day 0-2 and/or 14). In this group of 176 participants, 81 were partial compliers
(responded to one SMS) and 95 were complete compliers (responded to all SMS). Of the 176 who
were “Yes” respondents, 31% (55/176) could not be contacted for a CATI despite at least 3
separate attempts. The remaining 69% (121/176) were contacted successfully by RHCPs who
completed their CATI and 36% (44/121) of these were assessed as they met the WHO AEFI
criteria. The remainder, 64% (77/121) did not experience an AEFI. No passive AEFI reports were

identified in the control group after verification of the ZEPI and MCAZ AEFI databases.
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Randomised to SMS-CATI group
n=2 280

Non-compliant
with any SMS
response

n=1576 (69%)

Partially or tully compliant with SMS
response ("Yes" or "No")

n =704 (31%)

I I
"Yes" SMS response "No" SMS resposne

n = 528/704 (75%)

= 0,
n = 176/704 (25%) SMS responses were "No"
"Yes" response at one or (includes partial compliant and fully
more days (Days 0-2 or 14) compliant)

Did not participate in
CATI

n = 55/176 (31%)

Did participated in CATI

n = 121/176 (69%)

No AEFI detected

n = 77/121 (64%)

AEFI detected

44/121 (36%)

Figure 18: SMS-CATI group participants — SMS response, MEFI report notification, verification
of AEFI report completion.
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The overall health care attended AEFI in the SMS intervention group was 2% (44/2 248) with no
AEFI detection in the control group. The AEFI detection rate was 2% greater in the SMS group
compared to the control group (0%); Fisher’s exact test (2-sided), p < 0.0001) which is statistically
significant. The non-response rates to SMS prompts did not differ significantly for the Day 0-2
and 14 post-vaccination SMS prompts. However, those participants who responded to the SMS
(“Yes” or “No”) compared with the non-responders demonstrated Pearson X? significant
differences for education level, employment, and housing status but not for marital status,

gender, and number of children, as shown in Table 7 below.

Table 7: Participants randomised to SMS-CATI who responded (“Yes” or “No”) compared with
non-responders to day 0-2 and 14 SMS according to demographic and socioeconomic status,
n=704

Participants who | Pearson Chi | Comment

responded square P

(“Yes” or “No”) vs | Value

non-responders

Education Level <0.001 O Level and below disproportionately were non-
responders.

Employment <0.001 The unemployed and those employed by

Status organisations  disproportionately were non-
responders.

Housing Status 0.005 Homeowners disproportionately were non-
responders.

Marital Status 0.217 Marital status did not affect response rates.

Gender 0.16 Gender did not affect response rates.

Number of | 0.115 Number of children did not affect response rates.

Children
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4.4.4 Reported AEFIs and causality assessment classifications in the SMS group
The adverse symptom and causality assessment classifications of those in the SMS group are
shown in Table 8 below, including the Adverse Dictionary for Regulatory Activities (MedDRA)
term reactions system organ classifications (SOCs) and preferred terms (PTs), suspected vaccines,
and causality assessment outcomes done by the National AEFI Committee using the WHO AEFI
causality assessment algorithm (2019) (13). Fever was the most frequently reported symptom
with a rate of 3.0% (21/704), followed by rash (1.4% and diarrhoea (1.0%) and vomiting (1.0%),
with all other symptoms reported with a frequency of less than 1.0%. In the ITT analysis 2% (44/2
248) of all SMS participants experienced an AEFI and reported seeking health advice from HCPs.
Of these, 25% (11/44) were hospitalised including one fatality (Table 7 below). The reported rate
of hospitalisation was 0.5% (11/2 280). Participants sought advice mostly from a community

health advisor (57%) followed by a pharmacist (18%), GP (13.6%) or nurse (11.4%).
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Table 8: Adverse symptoms in the individuals randomised to the SMS-CATI intervention

group.
AEFI Reaction | AEFI reaction | CATI Suspected Causality
MedDRA System | MedDRA rou assessment**
( ) v group Vaccine(s)
Organ Classification | Preferred
(n = 704)
(SOC) Terms (PT)
responded
General disorders and | Abscess 2(0.3) BCG (1) Al
administration site
OPV-PCV-Pentavalent-
conditions .
Rotavirus (1)
Injection  site | 5(0.7) BCG (2) Al
pain/ _injected OPV-PCV-Pentavalent-
limb pain
P Rotavirus (3)
Crying 2(0.3) OPV-PCV-Pentavalent- Al
Rotavirus (2)
Skin and | Boils 2(0.3) Sinovac COVID-19 vaccine (2) B1
subcutaneous tissue
disorders
Rash 10 (1.4) BCG (4) A1(9), C (1)
MR (1)

OPV-PCV-Pentavalent-

Rotavirus (4)

Sinovac COVID-19 vaccine (1)

113




Respiratory, thoracic | Chest pain 2(0.3) Sinovac COVID-19 vaccine (1) B1
and mediastinal i .
Sinopharm COVID-19 vaccine
disorders
(1)
Cough 3(0.4) Sinovac COVID-19 vaccine (1) B1(1)
OPV-PCV-Pentavalent- C(2)
Rotavirus (2)
Difficulty 3(0.4) OPV-PCV-Pentavalent- C
breathing Rotavirus (3)
Gastrointestinal Diarrhea 8(1.1) BCG (1) Al
disorders
MR (2)
OPV-PCV-Pentavalent-
Rotavirus (3)
Sinovac COVID-19 vaccine (1)
Sinopharm COVID-19 vaccine
(1)
Loss of | 3(0.4) BCG (1) A1(1), B1(2)
appetite . .
Sinovac COVID-19 vaccine (2)
Vomiting 8(1.1) BCG (3) A1(6), B1(2)
MR (1)

DTP booster-MR-OPV (1)

OPV-PCV-Pentavalent-

Rotavirus (2)
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Sinopharm COVID-19 vaccine
(1)

Nervous system | Fatigue 2 (0.3) Sinovac COVID-19 vaccine (2) Al
disorders
Headache 3(0.4) Sinovac COVID-19 vaccine (3) | Al
Infections and | Fever 21 (3.0) BCG (5) Al
infestations
DTP booster-MR-OPV (1)
MR (2)
OPV-PCV-Pentavalent-
Rotavirus (12)
Sinovac COVID-19 vaccine (1)
Other 16 (2.3) Al1(3), B1(5),
symptoms** C(7), U(1)

**These AEFI reactions include chills, cramps, bloated stomach, jaundice, nasal congestion,

nausea, oral thrush, pimples on head, redness, seizures, swelling and tonsils. There was one

unfortunate case where a 1-day old baby girl died after BCG vaccination. She experienced fever

on the same day post vaccination, she deteriorated and was subsequently hospitalised. She was

treated with antibiotics and intravenous fluids, but unfortunately, she did not improve. Post-

mortem was not conducted hence the cause of death could not be determined.

**Causality assessment classification based on WHO AEFI Algorithm 2019 key is as follows: Al.

Vaccine product-related reaction, B1. Temporal relationship is consistent but there is insufficient




definitive evidence for vaccine causing event (may be new vaccine-linked event), C. Coincidental-
Underlying or emerging conditions or conditions caused by exposure to something other than

vaccine, and U. Unclassifiable fatal case due to lack of post-mortem.

4.4.5 Time to detection of an AEFI
For those SMS participants who had a confirmed AEFI the time to detection of an AEFI was
determined (Table 9 below). For the time periods of vaccination to symptom onset and
vaccination to AEFI notification there was a wide distribution as expected because participants
received vaccines with a variable reactogenicity profile. However, the median time was 17.0
hours (95% Cl: 9.0-23.0) from onset of symptoms to presenting for Adverse attention, regardless
of when this occurred following Immunization. The median time from Adverse attendance to Zm-

STARSS completion of an AEFI report was 525.6 hours (95% Cl: 487.6-581.2).

Table 9: Time to AEFI detection; Surveillance time points (in hours) in participants with
confirmed AEFIs for Zm-STARSS, RCT mHealth SMS CATI intervention group, n=44.

Time points SMS  mHealth | Calculation

CATI

Group in hours

(95% Cl)
Vaccination to onset of 17.0 Onset symptoms (React Time) -
symptoms (9.0-23.0) Vaccination Time (Enrolment Time)
Onset of symptoms to medical 93.1 Medical Attention (Medic time) - Onset
attendance/attention (68.5-115.9) symptoms (React Time)
Medical attendance/attention 525.6 AEFl report (Create Time)- AEFI
to completed AEFI report (487.6-581.2) notification (Medic Time) = Time to AEFI
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detection that is primary study end

point.

4.5 Discussion

The STARSS platform was designed to address some of the deficiencies inherent in passive
surveillance with low rates of AEFI detection. If an AEFI occurs and is not reported, this is due to
barriers in the AEFI reporting cycle, confusion among HCPs as to what type of events constitute
a reportable AEFI and unsatisfactory reporting processes(108, 119, 120). Targeting consumers is
a strategy to improve AEFI reporting(37, 41, 83, 120). Our SMS surveillance prompts were
designed to ascertain if a serious or severe event, which prompted medical attention or
attendance, had occurred. | designed the first SMS questionnaire in collaboration with a broad
range of medical and community health care advisors with the aim of capturing as many potential
AEFIs as possible. Using the Zm-STARSS we demonstrated that the detection rate of medical
attention and/or attended AEFI using SMS-based surveillance exceeded reporting by passive
surveillance. This occurred despite high non-compliance rates to SMS responses. Contrasting the
Au-STARSS with the Zm-STARSS provides some valuable insights into the implementation of SMS
based surveillance in a LMIC. The SMS-based AEFI detection rates in Zm-STARSS were 2%,
compared with a rate of 5.3% in the Au-STARSS-CATI group. For AEFI passive surveillance the
rates were 0% and 0.3% (respectively, for Zm and Au-STARSS). Overall, hospitalisation rates,
following Immunization, were 6-fold higher for Zm-STARSS (0.5%) compared with Au-STARSS rate
(0.08%), which is likely to reflect co-incidental diseases, including SARS Cov-2 infection. This
underlies the importance of performing causality assessment for serious AEFI reports, using the
WHO methodology (13) to differentiate adverse vaccine reactions from co-incidental events,
which are likely to have occurred with greater frequency in Zm-STARSS. Collectively these trials

have demonstrated the utility of the STARSS platform in both HIC and LMIC settings.

The SMS non-compliance rate in Zm-STARSS was 69% compared with 9.7 % in the Au-STARSS,

although the latter had an additional time point for a solicited response (Day 7). The rates of SMS
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non-compliance (response) have varied between different SMS AEFI surveillance studies and a
comparison has limitations because of the variability in the timing, number and content of the
SMSs, different populations, cultures, mHealth services cost in LMICs, and study settings(41). In
general, studies with opt-in consent show non-compliance rates which vary between 10% and

30% (41, 68, 121).

There are several likely reasons for the higher non-compliance rates in Zm-STARSS. First, it was
noted that a low education level and unemployment were associated with a higher rate of non-
response. Both factors need further interrogation. Second, the study was conducted during the
peak of the COVID-19 pandemic presenting inherent challenges in its implementation. Some
HCPs and community members succumbed to COVID-19 while some of the RHCPs tested COVID-
19 positive, requiring quarantine and prolonged absence from work from time to time.
Furthermore, access to phone credit in a LMIC setting is likely to be a significant barrier to SMS

responses.

We conclude that SMS in LMICs could be ineffective where mobile phone plan pricing structures
often encourage data-only plans (without an allocated phone number) and where phones are
often used with Wi-Fi communications only. Future studies should investigate the use of
online/digital messaging services such as WhatsApp, Viber, Meta messenger and Sasai. The
preferred platforms would obviously depend on local popularity, and support for multiple
pathways may be required for best coverage. The IT platform could connect to the APl gateways
of these services and send instant messages through their networks instead of the telephone

network.

These options are likely to introduce their own issues around privacy and confidentiality in

capturing and recording recipient health information and around adverse treatment of messages
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by spam filters. However, digital services do not rely on a formal mobile number, they rather
offer the promise of broader access to the local population than SMS and circumvent issues
around transmission of replies being prevented due to lack of credit on the participant phone. In
LMICs, SMS platforms on cheaper mobile phones are more accessible than online/digital
messaging. If a user is offline, there is no communication. Furthermore, the user requires a
smartphone/tablet/computer to go online/digital, which is more expensive than a flip phone. |
may therefore conclude that using online/digital messaging, in addition to SMS could be more

effective in LMICs if resources permitted.

In the Zm-STARSS, 69% of the “Yes” respondents completed a CATI survey compared with 83% in
the Au-STARSS-CATI group. As noted above this is likely a reflection of the context of the Zm-
STARSS during the COVID-19 pandemic and the limitations of availability of telephone credit and
connectivity in a LMIC. Of the 64% (77/121) SMS “Yes” respondents who did not actually
experience an AEFI, it might be due to cultural reasons as most Shona speaking people who made
up most of the study participants usually interpret “Yes” to imply they are alright or in good
health. Similarly, due to cultural factors, Shona people do not always reply to wedding/birthday
invitations, funerals, etc., hence the high non-response rates to the post-vaccination SMS

prompts.

The median time of about 17.0 hours (Cl 95%: 9.0-23.0) from onset of symptoms to presenting
for medical attention, regardless of when this occurred following Immunization, was similar for
Zm-STARSS and Au-STARSS. However, the median time from medical attendance to completion
of an AEFI report in Zm-STARSS [525.6 hours (Cl 95%: (487.6-581.2)] was longer than in Au-
STARSS [74.8 hours (Cl 95%: (54.3—96.1)], for the CATI arm. This is likely to reflect the difficulties
facing RHCPs in implementing the Zm-STARSS trial particularly during the COVID-19 pandemic.
The MAPC web-based reporting (WBR) has the potential advantage of a shortened time to AEFI
detection as demonstrated in the Au-STARSS. However, this is currently difficult in a LMIC
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because of limited internet connectivity and expensive online/digital tools. Further studies are
required to explore the use of appropriate and timely communication methods to ascertain the
barriers to obtaining information about healthcare events following Immunization for vaccinees

or their guardians.

The Zm-STARSS study has demonstrated the utility of an SMS-based surveillance platform to
enhance AEFI reporting, like the findings observed in Au-STARSS (4). This has been demonstrated
despite higher non-compliance and non-CATI completion rates in a LMIC setting. The researchers
were so far not aware of any publications evaluating MAPC AEFI surveillance in Africa. The
relative costs and benefits of implementing active SMS-based AEFI surveillance alongside passive
surveillance remains to be determined. These should be assessed using evidence-based cost-
effective holistic approaches and consider integration with other existing or future m-Health, e-
Health and digital initiatives in resource limited settings. The Zm-STARSS system may also be
considered for use by HCPs and any other HCPs digital AEFI reporting pathways such as
VigiMobile when these system(s) become available in Zimbabwe. Modification of the Zm-STARSS

SMS platform to enable HCPs to report AEFIs using SMS is possible in the future.

4.6 Conclusion

Short Message Service-based AEFI surveillance can improve AEFI detection in an LMIC setting by
2% (44/2280) on an intention to treat cohort, compared to passive AEFI surveillance 0%
detection. Short Message Service-based AEFI surveillance should therefore be considered as an
approach to augment passive surveillance in these settings for both COVID-19 vaccines and
childhood vaccines although the challenges of using SMS mentioned in the discussion ought to
be addressed. The findings of Zm-STARSS should inform the wider use of SMS-based AEFI
surveillance which is particularly relevant at this time given the need to establish robust
pharmacovigilance systems to monitor existing and novel pandemic vaccines. The utility of SMS-

based surveillance in AEFI signal detection is another useful risk minimisation factor amongst
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other considerations for evidence-based integration with other e-Health, digital health, and m-

Health systems in resource-limited settings.

Limitations, confounding factors and/or bias.

The resource and technology constraints inherent in Zm-STARSS resulted in a modified study
design featuring only three SMS prompts without a web-based review component, unlike Au-
STARSS. The use of a Zm-STARSS test code meant that some participants could not be enrolled if
they only subscribed to the other two mobile phone operators. | am uncertain if the participants
who responded “Yes” to Days 0-2 and 14 SMS prompts but did not respond to CATI surveys by
the RHCPs could have sought medical attention. Confounding factors and bias were minimised
by the RCT study design. Additionally, further studies are required to investigate the reasons for
the high SMS non-response rates and to identify other factors that may predict response rates in
LMIC settings. The study sites included the largest vaccination clinics in a peri-urban setting in
Chitungwiza, hence the results might not be representative of a rural population. An additional
limitation is that those with cell-phone access are not representative of the whole vaccinated
population. As explained in the discussion, all possible efforts were made to encourage reporting
of AEFIs by all participants and guardians in both CATlI arm and the control passive AEFI
surveillance group, with verification conducted by EPl and MCAZ research staff. The absence of
AEFI reporting in the control arm is likely to be a limitation of the passive AEFI surveillance system

itself rather than limitation of the study design.
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Chapter 5 Consumer and Healthcare profession (HCP) Experience of

Zm-STARSS MAPC AEFI surveillance

Chapter.5 Topic: Consumer and Healthcare profession (HCP) Experience of ‘Zm-STARSS mHealth
Active Participant Centred (MAPC) Adverse Events Following Immunization (AEFI) Surveillance’
Sub Study Nested in the Zimbabwe Stimulated Telephone Assisted Rapid Safety Surveillance (Zm-
STARSS) Randomised Control Trial.

Chapter 5 of the thesis study investigated the experience, facilitators and barriers or challenges
faced by consumers and HCPs in implementing the Zm-STARSS mHealth active participant-centred

(MAPC) AEFI surveillance.

5.1 Abstract

Introduction: Active vaccine safety surveillance is critical for early adverse events following
Immunization (AEFIs) detection, promotion of patient safety and vaccines acceptance. Although
there is rapid penetration of mobile phones and mHealth technology in low middle-income
countries (LMICs), few studies have explored the use of mHealth for active AEFI surveillance,
including experiences of both vaccinees and healthcare professionals (HCPs). This study
investigated the experience of mHealth in the ‘detection of AEFIs nested in the ‘Zimbabwe
Stimulated Telephone Assisted Rapid Safety Surveillance (Zm-STARSS) randomised control trial

(RCT)" at two peri-urban vaccination clinics in Chitungwiza from November 2020 to August 2021.
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Aim: This study investigated the experience, facilitators, and barriers or challenges faced by
consumers and HCPs during the implementation of the ‘Zm-STARSS mHealth active participant-

centred (MAPC) AEFI surveillance’.

Methods: | conducted pre- and post-vaccination surveys to gauge consumers’ attitudes towards
the Zm-STARSS AEFI surveillance system to investigate any challenges and assess its suitability
for safety monitoring of vaccines, including both COVID-19 and routine paediatric vaccines.
Additionally, | sought to determine whether written informed consent should be required to
contact consumers via their mobile telephones to monitor vaccine safety. Pre- and post-nested
surveys were conducted within the Zm-STARSS RCT to assess HCPs’ knowledge, attitudes, and
practices (KAP) related to AEFI surveillance. These surveys aimed to identify barriers and

facilitators of Zm-STARSS AEFI surveillance.

Results: The majority (71%, n = 96) of the consumers who responded to the experience survey
agreed to Zm-STARSS AEFI surveillance post-vaccination for ‘COVID-19 vaccines including routine
childhood vaccines. The majority (96%, n = 31) of the HCPs who responded recommended the
use of Zm-STARSS AEFI surveillance. Over 50% of HCPs believed that lack of feedback after AEFI
investigations, and concerns about negative consequences were barriers to AEFI reporting.

Mobile phone data and internet costs were identified as barriers/deterrents by HCPs.

Conclusion: The study provided important evidence for the feasibility of implementing the Zm-
STARSS MAPC AEFI surveillance. Consideration of cost-effective technologies incorporating social

media platforms for monitoring safety of medicines and vaccines in a LMIC will be critical.

Key words: ‘Zimbabwe Stimulated Telephone Assisted Rapid Safety Surveillance (Zm-STARSS-
RCT)’, short message services (SMS), ‘mHealth active participant-centred (MAPC) adverse

events following Immunization (AEFI) surveillance’.
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5.2 Introduction and background

Vaccines are usually administered to healthy people to prevent diseases, saving millions of lives
globally (14, 122). Due to the inherent biopharmaceutical properties of the vaccines, interactions
with comorbid conditions, vaccinee susceptibility to hypersensitivity reactions, adverse events
following Immunizations (AEFIs) may occasionally occur (14, 122). Spontaneous (passive) AEFI
surveillance, while it is the backbone of vaccine safety surveillance, is compromised by
delayed/under reporting, reporting biases and incomplete or poor-quality reporting (27).
Strengthening AEFI surveillance is recommended using other options of active AEFI surveillance
such as digital or mHealth active participant centred (MAPC) AEFI surveillance (37, 83, 95).
Studies on consumer or healthcare professionals (HCPs) experience of mHealth AEFI surveillance
system have been conducted in high income countries (HICs) and are lacking in low middle

income countries (LMICs) (56, 83, 121, 123).

5.2.1 MAPC AEFlI surveillance scoping review
Globally, studies on mHealth approaches have primarily been conducted in HICs settings where
technology availability, literacy, and access to stable internet connections are high, and the HCPs
to patient ratios are higher than in LMICs. A scoping review of MAPC AEFI surveillance using
digital approaches included 30 published studies with the majority from Australia (n = 17),
[SmartVax (n = 8), Vaxtracker (AusVaxSafety (n = 7), Australia STARSS (n = 2)]; Canada (n = 6),
[CANVAS Network], a few from the USA and European Union and Asia (83, 121, 123). Moreover,
the actual cost of SMS for consumers (vaccinees and guardians) and HCPs, as well as the overall
implementation expenses of the mHealth system on governmental agencies or mobile
companies, in HICs compared to LIMCs are rarely published (47). The human, financial and
technological resources required to implement an mHealth programme differ in each country
depending on available resources, mobile communication regulations, the socioeconomic and

cultural profile of consumers, and general feasibility of implementing such a system.
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According to a WHO (2023) report, Zimbabwe is a LMIC with 0.14 physicians and 1.85
“midwives/nurses per 1000 capita”, i.e., well “below the Sustainable Development Goals (SDGs)
index threshold of 4.45 midwives, nurses, and doctors per 1000” (124). Zimbabwe’s primary
healthcare services are therefore mostly nurse-driven and this is reflected in the reporter profile
in pharmacovigilance reports of the ‘individual case safety reports (ICSRs) submitted to the WHO
global’ database (VigiBase); 72% are reported by nurses and 21% by physicians (124). The primary
objectives of the Zm-STARSS RCT study were to compare AEFI detection rates between repeated
SMS texts on Days 0-2 and 14 post-vaccination, and passive reporting. The findings of this RCT
are published elsewhere (109). Understanding the experiences of consumers and HCPs as well as
the facilitators and barriers to AEFI reporting, is essential if Zm-STARSS MAPC AEFI surveillance is

to be widely implemented in a particular setting (42, 62, 121, 125).

5.2.2 Objectives
The primary objective of the study was to explore the experiences of both consumers and study
sites vaccination clinics HCPs regarding the use of mHealth for the detection of AEFIs with the
‘study nested within the Zimbabwe Stimulated Telephone Assisted Rapid Safety Surveillance (Zm-

STARSS) randomised control trial (RCT)'.
The secondary objectives of the study were to:

i) identify facilitators and barriers to effective implementation of the mHealth system in a LMIC

viz., Zimbabwe.

ii) describe the practical challenges encountered in the implementation of the mHealth system
in Zimbabwe, including factors such as skills, attitudes and knowledge related to AEFI

surveillance.

iii) describe participants’ sociodemographic predictors of SMS response rates.
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5.3 Methods

This study was nested within the Zm-STARSS AEFI surveillance RCT. The Zm-STARSS was
conducted in Zimbabwe during the peak of the COVID-19 pandemic. A description of the primary
trial methodology and outcomes has been published (109). The screening and enrolment log of
consumers that stated reasons for non-enrolment into the study was completed by site HCPs.
The HCPs pre and post Zm-STARSS surveys were sent to nurses, doctors and IT staff at both

vaccination clinics, sample size n=32.

5.3.1 Zm STARSS Pre and post vaccination surveys
Upon enrolment on Day 0, after signing informed consent forms, all participants (n = 4 560) and
guardians of child vaccinees completed a pre-vaccination survey that included their demographic
data, age, sex, education, marital status, work status, child count and housing status (i.e. if they
rented or owned a house). Adult vaccinees and guardians of child vaccinees who answered “Yes”
to at least one of the “SMS prompts sent on Days 0, 2 and 14” were included in a post-vaccination
experience survey conducted by research staff during Computer Assisted Telephonic Interviews
(CATIs). This survey was performed in the same telephonic interview that was conducted to
ascertain if an AEFI had occurred or not. The survey also included additional questions to assess
consumers’ knowledge regarding which authorities should be responsible for monitoring vaccine
safety, the suitability of the Zm-STARRS tools for vaccine safety monitoring in Zimbabwe, and
whether written informed consent was required to use consumers’ mobile numbers for
monitoring vaccine safety. These post-vaccination experience surveys were conducted within
one to three weeks post-vaccination by research staff. | also administered pre- and post-nested
guestionnaires for the study sites vaccination clinics HCPs (Appendix 6 and 7 below) within the
Zm-STARSS RCT experience through online SurveyMonkey assessing HCPs’ knowledge, attitudes,
and practices (KAP) related to AEFI surveillance; barriers, and facilitators of Zm-STARSS AEFI
surveillance, and its suitability for safety monitoring of COVID-19 including routine childhood

vaccines were also explored.
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5.3.2 Statistical analysis method
Statistical analyses were performed using IBM SPSS Statistics 26 software. The characteristics and
survey responses of participants and HCPs were reported using frequencies and percentages for
categorical variables. Continuous data were descriptively summarised using means, medians,
modes and standard deviations. Two-tailed Fisher’s exact test (FET), Chi Square test and
contingency tables were used to compare the sociodemographic data of those vaccinees in the
CATI group who responded “Yes” to at least one SMS, to the whole ZM-STARSS RCT cohort of
participants (n = 4 560). A significant finding (p < 0.05) of a difference in a particular
sociodemographic characteristic would suggest a problem in the representativeness of the
surveyed vaccinee cohort compared to the overall cohort. A key limitation and bias of this
consumer survey is that only those who replied “Yes” (i.e., and not those who replied “No”) were
surveyed - so only those who experienced an AEFI or at least thought they had would have been

surveyed. This needs to be clearly stated as a limitation.

5.4 Results
5.4.1 Nested consumer investigative experience study in Zm-STARSS RCT

Between November 2020 and August 2021, a total of 5 541 eligible adults and children attending
the two Immunization sites were approached and screened for enrolment. A total of 4 560 who
met inclusion criteria and signed the consent forms were enrolled and randomly assigned (1:1)
equally to the SMS or the control groups. A total of 981 subjects were excluded with reasons
documented on the screening and enrolment logs summarized as follows: 509 declined
enrolment, 353 had incompatible phones, 71 had multiple births, 24 did not agree with the study,
13 had no mobile phone, five were parents/guardian < 18 years, four were unwell before
vaccination and two claimed no understanding of English (109). A total of 704/2 280 (31%)
enrolled in the SMS group responded either with a “Yes” (n = 176 respondents) or a “No” (n =

528 respondents) to one or more SMS messages. Of those who responded “Yes”, 136/176 (77%)
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were included in the consumer experience study of Zm-STARSS survey (see Figure 1). The other
consumers 40/704 (6%) who responded “Yes” to SMS messages were not reachable i.e., there
was no response from their phones after at least three call attempts and some numbers were
not available. The reasons for non-enrolment (n = 528) could not be included in the survey since
they were “No” responses to the Day 0, 2 or 14 post-vaccinations with no AEFI and did not wish
to be interviewed further. Figure 19 below shows the Zm-STARSS RCT Consumer consort

diagram.
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Screened for primary Zm-STARSS

RCT n=5541
| Excluded from enrolment in primary
"| Zm-STARSS RCT n = 981
L
Included in primary Zm-STARSS RCT
n=4560

Excluded as control group n =2 280

A 4

\ 4

Included in SMS-CATI group.
n=2280

Excluded as no response to SMS.
n=1574

\ 4

\ 4

Responded to SMS — Yes or NO
n =704.

*Excluded from consumer survey
n =568

v

\ 4

*Enrolled in consumer survey

n =176 (n = 136 completed survey &
40 were unreachable after 3
attempts).

*Participants demographic and socioeconomic characteristics
comparison orange and green boxes done (see Table 5).

Figure 19: Zm-STARSS RCT consumer consort diagram.

**All participants were born in Zimbabwe and spoke mainly English and Shona.
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Table 10 below compares the sociodemographic characteristics of the total RCT cohort with
those who completed the pre- and post-vaccination surveys after having responded “Yes” to the
SMS. There were no significant differences in these characteristics between the total cohort
enrolled in the RCT and this surveyed subgroup that would suggest any specific selection bias in
terms of the sociodemographic characteristics.

Table 10: Comparison of sociodemographic characteristics of surveyed participants(n=136)
and enrolled participants (n=4560) using two tailed Fisher Exact Test (FET).

Total CATI Survey
Participant Participants | “Yes” P Statistical
Characteristics (n= 4560) | Respondents’ | Value* | significance.
(%) (n =136) (%)
Study Site 0.082 Not significant
CITIMED Hospital 2321(50.9) | 77 (57.0)
Chitungwiza Central
2239 (49.1) | 59 (43.0)
Hospital

Age of children

vaccinees guardians &
. 0.263 Not significant
adult vaccinees.

<6 months 2553 (56.0) | 85(3.3)

6 months to < 5 years 424 (9.3) 11 (8.0)

6years-14years 1 0(0)
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15 years to 39 years 598 (13.1) 21 (15.4)
39years < to 64 years 767 (16.8) 15 (11.0)
> 64

217 (4.80 4(2.9)
years
Gender 0.683 Not significant
Female 2 159 (47.3) | 67 (49.3)
Male 2401 (52.7) | 69 (50.5)
Housing status 0.217 Not significant
Owned 2681 (58.8) | 73 (53.7)
Renting 1879 (41.2) | 63 (21.5)
Education level 0.881 Not significant
A level 426 (9.3%) | 15(11.0)
Certificate 15 (0.3%) 0(0)
Degree 454 (10.0%) | 14 (10.3)
Diploma 419 (9.2%) 10 (7.2)

3 246
O level or below 97 (71.3)

(71.2%)
Marital status 0.065 Not significant
Divorced 12 (0.3%) 0(0)
De facto 4 (0.1%) 0(0)
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4 010

Married 111 (81.6)
(87.9%)

Single 403 (8.8%) | 22(16.2)

Widowed 131 (2.9%) 3(2.2)

Work Status 0.175 Not significant
1 138

Domestic duties 26 (19.1)
(25.0%)

Employed by |1 412

37 (27.2)

organisation (31.0%)

Self employed 450 (9.9%) 16 (11.8)

Student 130 (2.9%) 6 (4.4)
1 430

Unemployed 51 (37.5)
(31.4%)

Child Count 0.313 Not significant
1 348

1 child 39 (28.7)
(29.6%)
1 317

2 children 44 (32.4)
(28.9%)
1 027

3 children 31 (22.8)
(22.5%)

599

4 children 12 (8.9)

(13.1%)
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5 children 180 (3.9%) 9 (6.6)

6 children 89 (2.0%) 1(0.7)

* p value < 0.05 denotes statistical significance.

Table 11 below shows a summary of post-vaccination survey responses from consumers or
guardians (n = 136) on vaccine regulation and AEFI surveillance oversight in Zimbabwe. Most
consumers 104/136 (76%) believed that checking of vaccine quality and safety in Zimbabwe was
mainly done by HCPs although the government health department, vaccine companies and
independent researchers have a role to play as well. The majority 96/136 (71%) of the surveyed
participants agreed to be followed up by SMS post vaccination without their initial consent. Most
of the surveyed participants 128/136 (94%) recommended using the Zm-STARSS mHealth system

for monitoring the safety of both COVID-19 vaccines and routine childhood vaccines.

Table 11: Post-vaccination survey responses from consumers/quardians on vaccine regulation
and AEFI surveillance oversight.

Responders
Total responders (%) n =136
Who is checking on vaccine quality in Zimbabwe?
Health professionals such as nurses and doctors 104 (76%)
Government Health Department 19 (14%)
Vaccine companies 10 (7%)
Independent health researchers 3(2%)
Unsure 5 (4%)
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Who do you think is checking the vaccines safety in Zimbabwe?

Health professionals such as nurses and doctors 104 (76%)
Government Health Department 19 (14%)
Vaccine companies 10 (7%)
Independent health researchers 3(2%)
Unsure 5(4%)
How do you feel about being followed up with SMS post
vaccination?

Do it without my consent 96 (71%)
Do it with my consent 26 (19%)
Situational i.e., depending on the circumstances 11 (8%)
Unsure 2 (2%)
Do not follow me up 1(1%)

Would you recommend using Zm-STARSS mHealth system for monitoring COVID-

19 vaccines safety and routine children vaccines safety?

Yes 128 (94%)
Do not know 5 (4%)
Unsure 3(2%)
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Table 12 below shows the key findings of the HCPs experience survey (n = 32) including

demographic and work experience data at both study sites.

Table 12: Demographic and employment history of the HCPs in the pre- and post Zm-STARSS

experience survey.
Post-HCPs
Pre-HCPs experience study
experience  study
survey
survey
n=32(%)
n =32 (%)
Gender of HCPs
Female 24 (75) 24 (75)
Male 8 (25) 8 (25)
Age Group
31 years to 40 years 15 (47) 15 (47)
41 years to 50 years 8 (25) 8 (25)
51yrs to 60 years 8 (25) 7 (22)
below 30 years 1(3) 2(6)
Profession/Job title
Midwife 15 (47) 12 (38)
Nurse manager 5(16) 4 (13)
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Registered general nurse

3(9) 3(9)
(RGN)
Doctor 2 (6) 2 (6)
Matron 2 (6) 3(9)
Health promotion officer** 1(3) 1(3)
IT administrator** 1(3) 2(6)
Surveillance officer EPI 1(3) 1(3)
Paediatrician 1(3) 1(3)
Pharmacist 1(3) 3(9)
Years of Experience
1 year to 5 years 11 (34) 4 (13)
6 years to 10 years 5(16) 4 (13)
11 years to 15 years 9 (28) 12 (38)
16 years to 20 years 4 (16) 3(9)
Above 20 years 3(12) 9 (28)
Hospital department
Postnatal ward 8(21) 8 (25)
Children vaccination clinic 2 (6) 2(9)
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COVID-19 vaccination clinic 4(12) 2(9)

Caesarean ward 7 (21) 7 (22)
Maternity 2 (6) 3(9)
EPI City Health supervisor 1(3) 1(3)

Deputy Director National EPI

1(3) 1(3)
Program
Health promotion 1(3) 1(3)
Information technology (IT) 1(3) 1(3)
National EPI manager 1(3) 1(3)
Paediatric wards 2(6) 2 (6)
Pharmacy 1(3) 2 (3)
Medical officer 1(3) 1(3)

From Table 10 above:

*An equal number per site of HCPs with similar roles and qualifications participated in the Zm-
STARSS RCT study and completed the survey. A total of 34 pre-study and 32 post-study HCPs
completed the experience survey, i.e., a response rate of 100%. One HCP succumbed to COVID-
19 disease and the other HCP relocated during the study period and could not participate in the

post-study survey, hence their pre-study survey inputs were excluded in the final analysis.

**The IT administrators were included as they were critical for the smooth running of the Zm-
STARSS software. Health promotion officers, who are part of all hospitals and clinics in

Zimbabwe, routinely engage consumers in health education including around Immunization in
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order to improve coverage; this was especially so during the COVID-19 pandemic when COVID-

19 vaccination hesitancy was high (86).

5.4.2 Factors that determine AEFI reporting
Table 13 below shows the HCPs” KAP of AEFIs reporting, information technology and mHealth
technology factors that may assist use of Zm-STARSS mHealth AEFI surveillance. Most HCPs
claimed to have been trained in AEFI reporting, were familiar with AEFI reporting forms and
requirements for reporting, had encountered patients with AEFls, and some claimed to have
submitted AEFI(s) reports in practice. At least half of the HCPs surveyed identified lack of
feedback and fear of negative consequences for reporting an AEFI as barriers to reporting AEFI.
Lack of access to the paper-based forms and uncertainty about what to report were also
identified as barriers. While most nurses had mobile phones, less than a third reported having
reliable access to data for phone calls and SMSs. Most HCPs who participated in the study had
access to subsidised resources and skills to implement Zm-STARSS RCT, such as mobile phones
(30, 88%), tablets or iPads (19, 56%), computer skills (23, 68%), voice and SMS bundles (11, 32%),
and data bundles (9, 27%). Most HCPs recommended affordable user-friendly mobile phones,
accessible and reliable mobile networks, affordable voice, SMS, and data packages, toll-free
numbers, and appropriate training for successful implementation of Zm-STARSS AEFI

surveillance.
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Table 13: Pre-Zm-STARSS study experience survey of HCPs AEFI reporting knowledge and
mHealth technology barriers/facilitators.

Health care Professional Survey

Total n =32 HCPs

How many AEFIs did each HCP see in their career?

1-4 19 (59)
5-10 4 (13)
11-20 1(3)
Greater than 20 2(6)
Never seen an AEFI 6(19)

Barriers, reasons for HCPs not reporting AEFI(s).

Lack of feedback after investigations 18 (53)
Concerns about negative consequences 17 (50)
Unavailability of AEFI reporting form 15 (44)
Unavailability of AEFI case Investigation form 15 (44)
Uncertainty about what and when to report 14 (41)
Lack of support from supervisor 12 (35)
Not enough time to report 10 (29)
Hoping that minor reactions will ease away 1(3)

HCPs indication of those who should monitor vaccine safety and programs.
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Health professionals 33 (97)
Expanded Programme on Immunization (EPI)-MoHCC 33 (97)
National Pharmacovigilance Centre (MCAZ) 32 (94)
Vaccine manufacturers 29 (85)
Health researchers 29 (85)
Parents/guardians of children who are vaccinated. 22 (65)

What are the trusted sources of vaccine information?

Vaccine manufacturer 19 (56)
Immunization nurse 15 (44)
Doctor 13 (38)
Medical journal 7 (21)
Public media 3(9)
Family and friends 2(6)
Internet 2(6)

Key technologies and skills each HCP were confident of operating

Mobile phone (cell phone) 33 (97)
Tablet or iPad 27 (79)
Computer operating skills 25 (74)
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Searching the internet 25 (74)

Laptop or desktop computer 24 (71)

Social media (e.g., WhatsApp, Facebook, Twitter, Instagram) | 24 (71)

Key technologies and skills each one HCP had at work.

Mobile phone (cell phone) 30 (88)
Computer operating skills 23 (68)
Wi-Fi connection 20 (59)
Laptop or desktop computer 19 (56)
Tablet or iPad 13 (38)
Voice and SMS bundles 11 (32)
Data bundles 9(27)

What are the basics needed by HCPs for Zm-STARSS implementation?

Voice and SMS bundles 12 (35)
Mobile phone (cell phone) 12 (35)
Data bundles 12 (35)
Computer operating skills 12 (35)
Tablet or iPad 12 (35
Wi-Fi connection 12 (35)
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Laptop or desktop computer 12 (35)

What are the key things required to implement Zm-STARSS?

Computer skills 20 (59)
Laptop or desktop 12 (35)
Tablet or iPad 12 (35)
Mobile phone 12 (35)
Data bundles 12 (35)
Voice and SMS bundles 12 (35)
Wi-Fi connection 12 (35)

Table 13 below presents results of the post-Zm-STARSS RCT study experience of the 32 HCPs
included in the survey, highlighting inhibitors and promoters to implementing Zm-STARSS MAPC
AEFI surveillance. Most of the HCP respondents agreed with statements 1-7 regarding inhibitory
factors to the implementation of the Zm-STARSS RCT mHealth tool, as well as statements 1-5
concerning promoting factors for implementing Zm-STARSS mHealth, listed in Table 14 below.
**The responses were ranked using a Likert scale (strongly disagree 1, disagree 2, neutral 3, agree
4 and strongly agree 5), hence the median, mean and mode were calculated based on the Likert

scale results.

Table 14: Post-Zm-STARSS RCT experience survey by HCPs identified inhibitors and
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facilitators.

** Responses were ranked using a Likert scale (strongly disagree 1, disagree 2, neutral

3, agree 4 and strongly agree 5) with median, mean and mode.

Question/survey statement of inhibitory factors to

implementation of Zm-STARSS RCT mHealth tool.

Responses

Median | Mean | Mode

1. Lack of knowledge can inhibit (make it difficult) to use
Zm-STARSS

SMS mHealth tool for AEFI surveillance.

4.5 4.4 4

2. Decreased sensory perception can inhibit (make it
difficult) the use Zm-STARSS SMS mHealth tool for AEFI

surveillance.

4.0 4.4 4

3. Lack of desire to use technology can inhibit (make it
difficult) the use  Zm-STARSS SMS mHealth tool for AEFI

surveillance.

4.0 4.4 4

4. Lack of training can inhibit (make it difficult) the use Zm-

STARSS SMS mHealth tool for AEFI surveillance.

4.5 4.3 4

5. HCPs fear of negative consequences of reporting an AEFI
can inhibit (make it difficult) to use Zm-STARSS SMS

mHealth tool for AEFI surveillance.

4.0 4.3 4

6. Failure by patients/guardians to detect AEFI can inhibit
(make it difficult) the use Zm-STARSS SMS mHealth tool for

AEFI surveillance.

4.0 4.2 4

7. Poorly designed mobile phone interface between sender

and receiver of messages may inhibit (make it

4.0 3.6 4
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difficult) adoption of Zm-STARSS SMS mHealth tool for

AEFI surveillance.

Question survey statement of promoting factors to

implement Zm-STARSS RCT mHealth tool.

1. Reliable mobile phone network (e.g., prompt delivery of | 5 4.7
SMS) may facilitate (make it easy) adoption of Zm-STARSS

SMS mHealth tool for AEFI surveillance.

2. Previous experience with mobile phone technology can | 5 4.6
facilitate (make it easy) to use Zm-STARSS SMS mHealth

tool for AEFI surveillance.

3. Willingness to learn can facilitate (make it easy) the use | 5 4.7
Zm-STARSS SMS mHealth tool for AEFI surveillance.

4. Age maturity can facilitate (make it easy) to use Zm- | 4.0 3.5
STARSS SMS mHealth tool for AEFI surveillance.

5. Cost/Affordability of mobile phone airtime can facilitate | 3.5 4.0

(make it easy) adoption of Zm-STARSS SMS mHealth tool

for AEFI surveillance.

by respondents to strengthen the performance of the system centred around reducing the
personal cost, and accessibility of the system through inclusion of all mobile phone operators and
providing toll-free lines as well as ensuring freely available internet services to access the

websites for web/app-based reporting AEFI tools.
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Table 15below shows the recommendations by HCPs (n = 32) on the implementation of the Zm-
STARSS SMS mHealth tool in Zimbabwe. Most of the HCPs involved in the project recommended
the use of the Zm-STARSS as a tool to improve AEFI reporting both for novel vaccines such as

COVID-19 and for routine childhood Immunizations. Some key suggestions that were supported




Table 15: Recommendations by HCPs on implementation of Zm-STARSS SMS mHealth

tool in Zimbabwe.

What should be improved on Zm-STARSS SMS mHealth tool before implementation

countrywide?

No response to this question 11 (34
Include all mobile phone operators 7 (33)
Use toll-free numbers or free websites 6 (29)
Everyone should have access to mobile network 3(14)
Use WhatsApp messages for AEFI surveillance 2 (10)
Train HCPs and practice Zm-STARSS system 2 (10)
Use mobile application to monitor AEFI surveillance 1(5)

Would you recommend Zm-STARSS SMS mHealth tool for monitoring children's routine

Immunization vaccines safety?

YES 31(97)

NO 1(3)

Would you recommend Zm-STARSS SMS mHealth tool for monitoring COVID-19 vaccines

safety?

YES 31(97)
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NO 1(3)

5.5 Discussion:

Most of the 128 (94%) consumers who participated in the experience survey recommended using
the Zm-STARSS mHealth system for monitoring COVID-19 vaccines and routine childhood
vaccination safety. Similar findings of consumers’ willingness to report AEFIs initially via paper-
based copies or electronically before the COVID-19 era were found in most studies in HICs and
fewer in LMICs (37, 120, 126). Some countries in Africa, e.g., Ghana, Kenya, Nigeria, South Africa,
and Zimbabwe, traditionally use spontaneous AEFI paper-based reporting forms; recently they
have developed eHealth/mHealth AEFI reports for consumers and HCPs, with gradual uptake
(113). Africa has the least number of AEFIs in the WHO VigiBase and VigiAccess global safety
databases (124, 127). The USA has the highest number of ICSRs including AEFIs in VigiBase and
VigiAccess; the country has contributed the highest consumer digital reporting globally via the
VAERS, an open access system (83, 124, 127). Although the Zm-STARSS consumer experience
sample size was relatively small, these favourable results are comparable to those obtained from
a survey nested within a similar Australian trial (Au-STARSS RCT) where 1 139 (95%) participants
sampled in the acceptability questionnaire indicated that “SMS-based surveillance should be

done” (8).

The positive results of the Zm-STARSS RCT consumer mHealth experience survey were like those
in other quantitative or qualitative studies in HICs where participants recommended use of MAPC
AEFI surveillance (37, 83, 123, 128). The maijority of participants surveyed in Germany expressed
concerns over lack of privacy associated with mHealth for vaccine safety monitoring (56, 121). A
Zimbabwe study that interviewed doctors about feasibility of use of eHealth records cited lack of
privacy as a concern for eHealth technology (129). The same study also identified other factors
inherent in resource limited settings such as lack of funding and bureaucratic hurdles as inhibitors

of eHealth implementation in public hospitals in Zimbabwe.
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Most of the participants 96 (71%) who responded to the experience survey postvaccination
agreed to being contacted in the future for Zm-STARSS AEFI monitoring post-vaccination without
the need for prior consent. This applies to responders/guardians who received COVID-19
vaccines or routine Immunization. Taking vaccinees’ contact details on vaccination cards and
medical records by vaccination clinics to be kept confidential is routine practice in Zimbabwe
hence that might explain the willingness and cooperative attitude shown by the surveyed
participants. This contrasts with the Au-STARSS study where only 38% indicated that surveillance
should be done without consent being obtained (123). The Zm-STARSS cohort participants
included in this survey were only those who responded with a “Yes” to the SMS, representing a
selection bias. | do not know what those who responded “No” or non-responders would have

recommended, hence it is an important limitation to the Zm-STARSS study.

The relatively lower responses to SMS and CATI interviews conducted in Zm-STARSS compared
to Au-STARSS appeared to be consistent with similar studies among minority groups in HICs such
as the Aboriginal gap study in Australia (62). The Aboriginal gap study cited lack of trust, limited
airtime, or internet as some of the reasons for the low responses to the SMS, as well as email and
web-based follow up messages postvaccination. The key challenges in resource limited
populations might be prohibitive cost of airtime, internet services and IT technology equipment,
limited technical skills and lack of trust in the surveillance system. Most MAPC AEFI surveillance
systems conducted in high income populations indicate better experiences of mHealth when
mixed with web based AEFI surveillance applications yielding relatively higher response rates
averaging 72%; this results in higher AEFI detection rates in mHealth, or web applications mixed

with other digital health technologies (37, 41, 83, 122, 123).
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While the Zm-STARSS randomised control trial (RCT) study design helped reduce most biases in
the quantitative RCT study, some bias may have been introduced in this acceptability/feasibility
study. Firstly, the STARSS test code was unable to accommodate participants who did not use
Econet phone services. This technical and regulatory limitation was not experienced in the Au-
STARSS RCT (41, 123). Furthermore, Zm-STARSS was conducted during the peak of the COVID-19
pandemic with strict social distancing hence the ability to conduct consumer and HCP surveys
face to face was compromised. As a result, | utilised the CATI interviews to solicit feedback on
the Zm STARRS system from vaccinees or their guardians. Similarly, HCPs were asked to complete
pre- and post- experience online SurveyMonkey® questionnaires online which may have
compromised our ability to obtain more detailed feedback from them. Due to human resources
and financial constraints, it was not possible to conduct telephonic experience studies of some
of the participants who responded “No” to the SMS messages. The benefit risk minimisation
approach to only follow up those who responded “Yes” to SMS prompts with CATI surveys was
used in the Zm-STARSS RCT consumer experience study since for routine Immunizations,
vaccinees and their guardians do not receive any follow up from vaccination clinics unless they
report spontaneous AEFIs and require AEFIs case management at the vaccination clinics or

hospitals.

From the pre- and post-experience study surveys results, most HCPs indicated that they were
knowledgeable in AEFIs and had experienced some AEFIs in their careers. An online survey was
conducted at baseline to assess site staff’s knowledge, attitudes and perceptions of AEFI
surveillance. An in-depth survey was beyond the scope of this thesis given the challenges of the

COVID-19 lock down that physical interviews could not be done.

The HCPs cited basic barriers to reporting AEFIs consistent with other studies in both LMICs and
HICs such as lack of feedback after investigations, concerns about negative consequences,
unavailability of AEFI reporting forms, unavailability of AEFI case investigation forms, uncertainty

about what and when to report, lack of support from supervisors, not enough time to report and
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hoping that minor reactions would ease away (45, 130, 131). This study is unique, if not novel, in
that it explored pre- and post-Zm-STARSS RCT MAPC AEFI surveillance experiences by exploring
HCP proficiency in mHealth technology/IT skills, availability of IT equipment, and promoters of
successful implementation of Zm-STARSS AEFI surveillance. Factors that inhibit AEFI surveillance
were cited by the surveyed HCPs as lack of HCP training in AEFI surveillance, fear of victimisation
after AEFI reporting, lack of phone network coverage, complexity, and cost of phone technology.
These negative attitudes and experiences in AEFI reporting by some of the HCPs require
addressing in future AEFI surveillance trainings. It is essential to promote a no victimisation (no
shame no blame) policy and ensure timely feedback. In addition, availability of internet services,
electricity, and relevant IT gadgets is vital to enable successful use of mHealth AEFI

reporting(132).

It is important to note that MAPC AEFI surveillance alone is not likely to address all the barriers
to AEFI reporting and that regulators including NIPs need to also improve provision of feedback,
address concerns of staff around negative consequences by providing no-fault approaches to
case investigations and other responses to AEFI. Other relatively new enhanced spontaneous
reporting mHealth and digital health apps such as MedSafety apps recently introduced through
the African Unity (AU) Smart Safety Surveillance (3S) initiative pilot study in Ethiopia, Ghana,
Kenya, Nigeria and South Africa have shown positive results for COVID-19 AEFI surveillance
[Poster number International Society of Pharmacovigilance (ISOP)23-P113]. One example is the
acceptability study for the Ghana MedSafety app for reporting medicine Adverse Drug Reactions
(133). Unfortunately, these well-resourced AU 3S digital apps initiatives were not yet available

to most African countries including Zimbabwe at the time of the thesis study.

For successful implementation of Zm-STARSS, most HCPs recommended inclusion of all
Zimbabwe mobile network operators, AEFI toll-free numbers or “subsidised websites”, use of
WhatsApp messages for AEFI surveillance, use of mobile applications (Apps) for AEFI surveillance

and training of HCPs to use the Zm-STARSS system and other AEFI systems. Under “subsidised
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websites” the HCPs clarified that internet services and tools to access the internet were too
expensive for most HCPs. The majority (31, 97%) of HCPs in the post-Zm-STARSS RCT study survey
recommended use of the Zm-STARSS SMS mHealth system to monitor childhood and adult
COVID-19 vaccine safety. The recommendations are important and consistent with an LMIC
setting where basic IT and mobile phone systems are expensive. Also, commercial power
(electricity) is unreliable, and citizens can hardly afford innovative technologies that may enhance
lives. Incorporating SMS and low-cost social media platforms such as WhatsApp, Facebook,
WeChat, and Instagram in AEFI surveillance systems may therefore improve detection and
intervention in LMICs. Regulators and policy makers should reduce mHealth accessibility costs to
the consumers and HCPs by availing toll-free numbers and affordable social media platforms,

data, voice, and SMS services to improve AEFI reporting.

5.6 Conclusion:

The Zm-STARSS RCT experience study is a novel evidence-based MAPC AEFI surveillance study of
consumers and HCPs. The study was conducted at the peak of the COVID-19 pandemic in a peri-
urban setting of a LMIC. Most HCPs recommended appropriate AEFI training, affordable user-
friendly mobile technology, accessible and reliable mobile phone networks, affordable airtime
packages as well as toll-free numbers for successful implementation of mHealth MAPC AEFI
surveillance in a LMIC. Most HCPs and consumers surveyed recommended use of the Zm-STARSS

system for monitoring the safety for routine childhood vaccines and COVID-19 vaccines.

Declarations and Limitations.

Only 176 out of 704 (19%) participants who responded to “No” or “Yes” to SMS prompts
post-vaccination were surveyed due to the limitation explained above. When | compared the
demographics of those who completed the survey with the whole cohort including those who did

not respond, | saw no significant differences in basic sociodemographic characteristics. While |
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recognise that this does not eliminate the bias that was probably introduced by only including
those who responded “Yes”, these are not significant characteristics that would predict response
to these SMSs. There is a possibility that those who responded “Yes”, might exhibit bias toward
being more supportive of such an intervention. However, more robust feasibility studies that
canvass the inputs of those who response “Yes” or “No” as well as non-responders are needed
for mHealth MAPC interventions in LMIC settings. Due to the COVID-19 pandemic lockdown
period when the study was conducted, virtual post study sites HCPs discussions were done and
most comments raised including faciliators and barriers of MAPC surveillnce were confirmatory
to the HCPs online survey post study results presented above. It was impossible to conduct
physical group discussions of study vaccinees due to the COVID-19 pandemic lockdown and
virtual/hybridmeetings could not be done since most vaccinees participants did not have

adequate internet access.
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Chapter 6 MAPC Systems can improve AEFI Surveillance

Chapter 6 Title: The use of m-Health active participant centred (MAPC) systems to improve
surveillance of adverse events following Immunization (AEFI): The case of Zimbabwe’s Stimulated
Telephone Assisted Rapid Safety Surveillance (Zm-STARSS pilot study nested in the national

pharmacovigilance programme.

Chapter 6 summarises the key research findings, lessons learnt, evidence-based

recommendations and conclusion of the study.

6.1 Background and introduction

Globally, vaccines administered routinely, within campaigns or pandemics save millions of lives
(134, 135). Inrare cases however, serious AEFIs including Adverse Events of Special Interest (AESI)
and serious consequences of programmatic errors may adversely contribute to the risk-benefit
profile of the vaccines (136). Many vaccines are used almost exclusively in LMICs, e.g. novel oral
polio vaccine type 2(nOPV2), whole cell pertussis, malaria vaccines and various Covid-19 vaccine
platforms, supporting the need for robust AEFI surveillance in these countries to better

understand the vaccines’ safety profiles (137-140).

In most LMICs including Zimbabwe, spontaneous AEFI surveillance systems are weak because of
underreporting, inefficient manual slow reporting systems, missing or incorrect case reports,
limited capacity for case investigation, delayed AEFI case management, inconclusive causality
assessment and lack of feedback to reporters and affected vaccinees (109). These shortcomings

can have a negative impact on public safety by promoting mistrust in vaccines and increasing
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vaccine hesitancy, thereby increasing the likelihood of ‘vaccine preventable diseases (VPDs)’
(141). The AEFI underreporting in most LMICs is worsened by vaccinees’ (public) ignorance,
illiteracy, digital illiteracy, resource limitations at individual level and in primary healthcare
systems and lack of digital technologies to support reporting (109). Public concerns about vaccine
safety can devastate public confidence and must therefore be systematically and promptly
identified (34, 83). Lack of record linkage between preventative and curative services and limited
access to clinical care for most citizens make prompt identification, referral, causal association

and clinical management of AEFIs or AESIs more challenging in most LMICs (83, 109).

Digital health services have the potential to be impactful where healthcare resources are scarce
and the proportion of patients to trained HCPs is very high (109). Digital health can empower
individual patients by granting them the ability to monitor their healthcare progress including

AEFI reporting and case management of (109).

mHealth active participant centred (MAPC) AEFI surveillance is a promising approach to
detection of early AEFIs (usually within 2-4 weeks of vaccination) that has been applied in some
HICs and is important for informing the benefit-risk assessment of vaccines/vaccinations (45, 83).
mHealth active participant centred (MAPC) AEFI surveillance uses SMS and/or other mHealth
systems to proactively solicit AEFI and AESIs reports from vaccinees and vaccinees’ guardians. In
most cases the MAPC AEFI surveillance software is designed to generate and disseminate SMS
prompts to vaccinees on selected day(s) (0, 1, 2, 3, 7, 14, 21, or 28) post-vaccination to ask about
their experience with AEFI/AESIs. For those who respond “Yes” to the SMS prompt, a variety of
approaches are employed to obtain more specific information from the respondent. These
include provision of a simple linked web-based survey, or a computer assisted telephone
interviews (CATI) often by the HCPs who originally performed the vaccination. If the event is
deemed to meet the criteria of an AEFI or AESI, the report is processed similarly to routine
spontaneously reported AEFI. This involvescase investigation for AEF/AESI case management and
causality assessment. The ‘Zm-STARSS’ randomised controlled trial (RCT) evaluated the efficacy
and feasibility of AEFI detection using a short message service (SMS) to prompt vaccinees to

report AEFIs followed by CATI to obtain more information about the AEFI (109). The study
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initiatives are in accordance with the Sustainable Development Goals (SGDs) 3, ‘Target 3.8’ that
states that “Achieve universal health coverage (UHC) including financial risk protection, access to

quality essential healthcare services”.

6.1.1 Thesis Problem Statement
Zimbabwe’s passive AEFI surveillance system is plagued by severe underreporting of AEFIs
thereby posing serious challenges to the safety of vaccinees and public confidence in the
Immunization programme. Novel approaches need to be tested and assessed to support

improved AEFI case detection and reporting in LMIC settings such as Zimbabwe.

Thesis hypothesis: An mHealth application using SMS-based follow up of vaccinees as a form

of MAPC AEFI surveillance could help to improve case detection and AEFI reporting.

Thesis research question and aim: Recent developments in (HICs) have shown that AEFI
surveillance using mHealth technology to support direct participation of vaccinees, known as
MAPC AEFI surveillance could be applied in Zimbabwe given its high mobile phone penetration
rate of 97.5%(142). The overarching research question for this thesis is: Can MAPC AEFI
surveillance be feasibly and effectively applied in Zimbabwe to support better detection and
response to AEFI? Broadly, the thesis aimed to describe the status and challenges of the current
AEFI surveillance and to test the ‘efficacy and feasibility of MAPC AEFI surveillance’ as a tool ‘to

improve AEFI case detection’ in Zimbabwe, a low middle income country’ (LMIC).

6.1.2 Thesis overall research objectives and methods
Firstly, | conducted a scoping and narrative literature review study of the MAPC AEFI surveillance
system to generate exploratory evidence on ‘SMS response rates’, ‘AEFI reporting rates’, cost,
experience, and gaps in implementing the system. The literature was assessed from a LMIC
perspective. Secondly, | conducted a descriptive study of Zimbabwe’s AEFIs surveillance system

by assessing the AEFI cases reported to VigiBase using the VigiLyze analytic tool, and reviewing
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causality assessment outcomes, while also assessing the strengths and gaps of the Zimbabwean
‘AEFI surveillance system’ using the independent WHO Global Bench Marking Tool (GBMT)
criteria for regulatory oversight of vaccines, particularly their safety. Thirdly, | conducted a
Randomised Clinical Trial (RCT) comparing reporting rates between a type of MAPC AEFI
surveillance system known as “Zimbabwe Stimulated Telephone Assisted Rapid Safety
Surveillance (Zm-STARSS) RCT” with routine AEFI surveillance in Chitungwiza, a peri-urban district
of Zimbabwe. Fourthly, nested within the RCT, a sub-study was conducted to explore consumers’
and healthcare professionals’ (HCPs) experience of mHealth for AEFI surveillance by
administering surveys to these HCPs and vaccinees or parents/guardians of infant vaccinees.
Finally, | developed recommendations and conclusions on strengthening the Zimbabwe AEFI
surveillance system including the feasibility of using Zm-STARSS in Zimbabwe. Additionally, |

reflected on the potential applicability of this active AEFI surveillance tool in other similar LMICs.

6.2 Overview of Research findings

6.2.1 Scoping and narrative literature review findings: Performance of mHealth in
AEFI surveillance

Most of the studies reviewed, (92% (24/26) were conducted in HICs from January 2010 to
December 2021 and showed clear evidence of MAPC AEFI surveillance improving consumer
response rates and early detection, maingly for early responses to vaccination (within 14-28 days
including non-serious, serious AEFIs and programmatic errors). Some studies made use of MAPC
AEFI surveillance integrated with other digital applications, such as web based and electronic
health records which supported the collection of more specific details of the adverse event. The
USA V-Safe system linked to their Vaccines Adverse Event Reporting System (VAERS) and
pregnancy registries (11, 34, 83). The mean response rate of vaccinees to the SMS prompts was
71% in the 23 studies included in the review. According to the World bank reports, “HICs have
higher per capita income that is a measure of the amount of money earned per person in a
nation or geographic region”. This ultimately results in HIC consumers having high buying power

to access digital health technologies, adequate Immunization AEFI surveillance programmes and
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adequate primary healthcare services with electronic health records as well as the primary
passive AEFI surveillance systems linked in most cases to digital and MAPC AEFI surveillance
enhancing systems. There was limited “MAPC AEFI surveillance in LMICs” (only Cambodia and
Sierra Leone) with no evidence of scale up. The two LMIC studies had limited evidence of efficacy
of AEFI detection since one feasibility study in Sierra Leone was for SMS enhanced AEFI
surveillance for vitamin A and meningococcal vaccine and the other feasibility study in Cambodia,
used an SMS system for monitoring adverse drug reactions (ADRs) of medicines that improved
responses and reporting rates (32, 33). MAPC AEFI surveillance in HICs was shown to be effective
in monitoring seasonal novel vaccines such as influenza and pandemic COVID-19 vaccines in all
ages, including special populations such as pregnant women, children and the elderly. An MAPC
AEFI surveillance study in Australia that compared Aboriginal and non-Aboriginal populations
showed less adherence in the Aboriginal population due to inherent resource limited challenges
such as cost of internet for web-based surveys and airtime (62). Based on these findings, | opted
for testing efficacy and feasibility of an SMS computer assisted telephone interview (CATI) MAPC
AEFIl surveillance system in Zimbabwe rather than web-based applications, due to high
availability and affordability of SMS based services but limited access to data for web-based
surveys. Broadband or internet service in Zimbabwe still has limited coverage and is expensive

for ordinary citizens including HCPs and vaccinees.

Key message: In most MAPC AEFI studies conducted in HICs, response rates were high and
attempts to obtain more information on the AEFI either through web-based or CATI appraches
were reasonably successful. Diminished success among Aboriginal populations in Australia and
the elderly in America-USA suggested the need to investigate MAPC feasibility particularly in
LMIC settings, justifying the need for this thesis and in particular, the RCT. Most mHealth AEFI
surveillance systems in HICs such as the Australia (Au)-stimulated telephone assisted rapid safety
surveillance (STARSS) [Au-STARSS] achieved notably high AEFI response rates, reaching up to 96%
for SMS and web-based responses. Additionally, “Au-STARSS”” had the highest “AEFI detection

rate” that was 13-fold greater in the SMS group when compared with controls (4.3 vs 0.3)” (41).
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From the scoping and narrative literature review | therefore concluded that “MAPC AEFI
surveillance” is mostly implemented in HICs hence the requirement for efficacy and feasibility of
“MAPC AEFI surveillance studies in LMICs” due to increasing availability of mobile phones. The
lack of evidence of the use of mHealth AEFI surveillance in LMIC settings justifies the value of the
study. The review found that data on the performance of LMIC MAPC AEFI surveillance systems
are extremely limited hence evidence is required on its efficacy, feasibility, as well as the
experiences of consumers and HCPs, alongside other digital technologies. Integration of MAPC
surveillance into national AEFI surveillance systems has the potential to incorporate
HCPs/consumer experience on vaccine safety, thereby improving AEFI reporting and possibly
AEFI case management. From scoping and narrative literature review of MAPC AEFI surveillance

systems, | concluded that more studies of MAPC AEFI surveillance utilising the ubiquitous

mHealth technology are needed in LMICs.

6.2.2 Status of AEFI surveillance system in Zimbabwe before Zm-STARSS, descriptive
research study findings.

Passive spontaneous AEFI surveillance has been the mainstay of AEFI surveillance in Zimbabwe
for over 23 years. Zimbabwe’s AEFI surveillance system encounters the same drawbacks of
underreporting encountered globally with AEFI reporting ratios of 0 to 43 reports/100 000
surviving infants per annum over the last 23 years. In almost half those years (11/23 years -
47.8%), the country reached or exceeded the “WHO minimum AEFI reporting ratios of > 10 AEFI
reports per 100 000 surviving infants”. The highest Zimbabwe “AEF| reporting ratio of
43.46/million” adults was reached in 2021 because of the introduction of COVID-19 vaccinations,

with reports also coming from the Zm-STARSS RCT.

Over the 23-year period, evaluation of the AEFIs found that half (58/116) of the fatal AEFIs had
incomplete information such as missing autopsies making causality assessment outcomes

inconclusive.
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The WHO Global Bench Marking Tool (GBMT) assessment in May 2023 noted the feedback
system for received AEFI reports, which includes signed letters sent by MCAZ to all bulletins and
follow up letters for missing information. This independent assessment awarded the vigilance
system the desired maturity level 3 (ML3) indicating a stable and well-functioning system that
met most of the regulatory indicators. WHO noted close collaboration between the EPI and MCAZ
national pharmacovigilance center. | concluded that strengthened collaboration between the
national Immunization programme (ZEPI-MoHCC) with the national regulatory agency MCAZ, has
improved the AEFI spontaneous surveillance system in Zimbabwe over the 23-year period from
1998 to 2022. Further improvements should explore innovative digital technologies to improve
detection, case investigation of serious AEFI, capacity for postmortem and causality assessment
and signal detection tools. A study of the cholera vaccination campaign in Chipinge District,
Zimbabwe shed some important insight that consumer vaccinee guardians were afraid to report
AEFIs due to fear of victimisation (46). More HCP and consumer education on reporting AEFIs and
reassurance is required to minimise the barriers for AEFI reporting; there should also be

provisions for vaccine injury compensation schemes as done in some HICs (143, 144).

Key Message: The AEFI system of Zimbabwe received a maturity level 3 using the Global
Benchmarking Tool recognising it as a reasonably stabe and well-functioning system.
Nevertheless, barriers to reporting, low reporting rates, incomplete case investigations,
particularly autopsies of fatal cases, and inconclusive causality assessment are all recognised as
areas for improvement. This thesis focuses on improving reporting rates through participant-
centred AEFI reporting. Inadequate delayed AEFI reports and case investigations for effective
case management and causality assessments are key gaps that require addressing. This includes
holistic improvements of the national AEFI surveillance cycle including MAPC AEFI surveillance,
as illustrated in Figure 20 below titled ‘Elements for an enhanced AEFI surveillance in

Zimbabwe.’
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6.3 Performance of MAPC AEFI surveillance: Efficacy and feasibility of Zm-
STARSS

| assessed the efficacy and feasibility of Zm-STARSS RCT at two peri urban large vaccination clinics
in Chitungwiza. On their vaccination day, 4 560 consented participants were enrolled
[encouraged to report AEFIs and randomised automatically on a 1:1 basis into the active SMS
CATI group (n = 2 280) or a control passive group (n = 2 280). A total of 704 (31%) participants
responded to the SMS prompts, with 75% (528/704) indicating “No” and 25% (176/704) reporting
“Yes” to seeking medical attention or attendance post-Immunization] (109). Of those reporting
“Yes”, a total of 69 % (121/176) completed a CATI survey but in only 36% (44/121) was the AEFI
confirmed whilst no AEFIs were reported in control group(109). Therefore, out of the 2 280 SMS
respondents 44 of them (2%) said they experienced AEFI whilst no one (0%) responded from the

control group. This was statistically significant (p < 0.0001 for 2 sided Fishers Exact test).

The study showed that the use of MAPC in Zimbabwe could enhance AEFI reporting rates
although response to the SMS was lower compared to HICs, and in many cases the response
“Yes” was not necessarily a correct response to the presence of an AEFI. Statistical evidence
shows that the Zm-STARSS CATI group detected AEFIs better than the passive AEFI surveillance

control group therefore | rejected the thesis null hypothesis.

Key message: Zm STARSS improves AEFI detection in an LMIC setting albeit not to the extent in
HICs (109). Factors influencing the low response need to be investigated further. Nevertheless, |
recommend Zm-STARSS and similar approaches to support improved case detection of AEFIs and

ADRs in LMICs settings.
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6.4 Healthcare professionals and consumer experience and acceptability
Healthcare professionals (HCPs) and vaccinees were generally receptive to the MAPC AEFI

surveillance approach.

When interviewed HCPs and vaccinees accepted Zm-STARSS as a tool to improve AEFI detection
and reporting. Over 50% of HCPs interviewed at the study vaccination clinics stated that lack of
feedback after AEFI investigations and concerns about negative consequences of reporting were
key barriers to AEFI reporting. HCPs also identified mobile phone data and internet costs as
barriers to the use of Zm-STARSS. Key suggestions that were supported by HCP respondents to
strengthen SMS based MAPC include reducing the SMS cost and ensuring HCPs and consumer
reporters use mobile phone networks of their choice without any restrictions. Use of toll-free
numbers and easy access to affordable broadband could enhance AEFI reporting. The
acceptability or experience survey of ZmSTARSS RCT was done by interviewing telephonically
“136 vaccinees/guardians who responded “YES” to the SMS prompts post vaccinations”. Most of
the participants interviewed (96, 71%) agreed that surveillance through Zm-STARSS could be
done in the future without their consent whereas in the Au-STARSS study only 38% indicated that
surveillance should be done without consent being obtained (42). Nevertheless, if such a system
is used as a national public health surveillance tool, careful consideration of consent procedures
is crucial. Options such as waiving consent, an opt-out or opt-in system must align with national
ethical and legal policies. The limitation however was the rather small sample size interviewed
and this was noted as a potential bias of the result. Most consumers who responded “NO” to the
SMS prompts could not be further contacted due to the unavailability of HCPs to continue
phoning after 3 failed attempts. A key challenge/limitation noted in the CATI approach was that
it was labour-intensive and contacting respondents was difficult - even those who said “Yes”. This
might have been an inherent COVID-19 pandemic challenge that could have resulted in a low
CATl response rate and potentially introduced bias in that only those consumers who responded

"Yes” to the SMS were surveyed using the CATI system.
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Both HCP and consumer surveys recommended use of the Zm-STARSS SMS mHealth system to
monitor childhood and adult COVID-19 vaccine safety. Affordability and availability of technology
is @ major concern in LMICs that may need to be addressed through innovative approaches such
as toll-free numbers and affordable social media platforms, provision of data, voice, and SMS
services to improve AEFI reporting. Incorporating SMS and low-cost social media platforms such
as WhatsApp, Facebook, WeChat, and Instagram in AEFI surveillance systems may enhance
detection and intervention in LMICs. The programmatic iMAPCt of implementing MAPC AEFI
surveillance in an LMIC setting needs to take into consideration cost of the system itself and the
iIMAPCt of increased SMS AEFI responses/AEFI reporting on human resource requirements for
both the EPI and national PV centres to process such reports promptly, timely provision of
feedback including reassurance of reporters from fear of victimisation and completion of case
investigations to prepare AEFI reports for causality assessment should also be prioritised. Given
that Zm STARSS was conducted only in one urban/peri-urban setting excluding rural areas, the
findings may not be representative of other LMIC settings. Despite the above shortcomings,
evidence from the RCT shows that Zm-STARSS AEFI surveillance can improve the Zimbabwe AEFI

surveillance system through early detection, and prompt and increased reporting of AEFIs.
Key Messages

While fully supported by both HCPs and consumers as a valuable component of Immunization
safety surveillance, the survey identified other elements of the national AEFI system that need
concurrent strengthening. These include completion of case investigations, providing feedback
to reporters and offering reassurance to alleviate reporters’ concerns about adverse
consequences of reporting. Moreover, the logistical, human resource and financial resources that

influence the success of MAPC AEFI surveillance would need to be considered.
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6.5 Practical opportunities and challenges in incorporating MAPC AEFI
surveillance in LMICs

Vaccines used exclusively in LMICs are increasing. These include malaria vaccine, RTS,S/AS01 and
R21/Matrix-M; type 2 novel oral polio vaccine (nOPV2); polio vaccines; bacteria-based ghosts
(BGS) cell derived vaccines;and dengue fever, Ebola, and meningococcal vaccines. There is also a
growing repertoire of vaccines targeting pregnant women known as ’‘respiratory syncytial virus
(RSV) and Group- B Streptococcus (GBS) vaccines’. Given that most LMICs have the highest per
capita vaccinee populations, there is a need for rapid collection of safety data for these products
through cost effective active AEFI surveillance methods that augment spontaneous reporting.
There is also an opportunity to explore customised MAPC AFEI surveillance approaches for other
medicines ADRs/SAEs in both private and public health programmes, including consumers with
non-communicable diseases (NCDs), comorbid conditions, tuberculosis, HIV/AIDs and new
prevention products such as Pre-exposure prophylaxis products (PrEP) for HIV. As illustrated in
Figure 20 below, while the research showed that MAPC AEFI surveillance significantly improves
AEFI reporting rates, there is need for a holistic approach to consider other aspects of national
AEFI surveillance systems (steps 1-6) and (inputs 1-6) to be strengthened to cope with reporting
increased case investigation, causality assessment, signal detection, feedback including

benefit/risk communication to reporters if reporting rates increase.
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Elements of an enhanced AEFI surveillance system in Zimbabwe.

Step 4: AEFI
causality
Timelines for AEFI assessment, e-PV,
reporting: Serious:1 VigiBase, Vigi
day, AEFI case VigiMobile
investigation form = Step 3: AEFI
7 days + non Investigation, i o
serious: 1-28 days. line listing + V!B!BGTSG Vigityze
corrective VigiPoint,
action VigiAccess, WHO
JRF + eJRF.

Step 5: Signal
detection,

Step 2: Reporting
(Vaccine clinics,
HCPs, consumers,

MAHS).

Step 1: AEFI
detection &
management
(Consumer,
HCPs, MAHs)

Improving AEFI surveillance system effectiveness

AEFI surveillance system in Zimbabwe

Thesis recommendations for effective AEFI Surveillance

Effective AEFI surveillance system

Input 5: Risk
Input 3: Timely minimisation,
detection + feedback,
AEFI/AESIs case communication
management, + signal
MAPC tools, Zm- detection.
STARSS, VigiBase,
postmortem Vigilyze,
capacity + vigiPoint, WHO
causality JRF +
assessment. publications.

Output
Effective AEFI
surveillance
system.

Key: MAPC—mHealth active participant centred AEFI surveillance e.g. Zm-STARSS, VigiMobile app new WHO
enhanced spontaneous AEFI mobile app used by HCPs only .

Figure 20: Elements of an enhanced AEFI surveillance system in Zimbabwe.
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6.6 Strengths and limitations of the Thesis as a whole

This thesis employed a variety of methodologies to address the key objectives. These approaches
included a scoping literature review study, a descriptive study, a randomised controlled trial and
a survey conducted telephonically and in-person among consumers and HCPs respectively. The
pre and post survey sought to establish their experiences and perceptions that fed into the
acceptability of the ‘MAPC AEFI surveillance system’. Due to the COVID-19 pandemic lockdown
period when the study was conducted, post study virtual study sites HCPs discussions were done
and most comments raised including faciliators and barriers of MAPC surveillnce were
confirmatory to the HCPs online survey monkey post study results presented above. It was
however impossible to conduct physical group discussions of study vaccinees due to the COVID-
19 pandemic lockdown and virtual meetings could not be done since most vaccinees participants
did not have adequate internet access. The study however identified key challenges encountered
in piloting the sytem in an LMIC setting. The coincidental occurrence of the pandemic and the
introduction of novel COVID-19 vaccines during the time of the RCT provided an excellent
opportunity to understand how the system would perform in a scenario for which it was originally
designed (i.e., to assess the safety of novel and seasonal vaccines). The pandemic also highlighted
some of the limitations of the system while also contributing to changes in the conduct of the

study that would introduce bias and confounding.

Limitations, potential bias and confounding

As mentioned above, possibly the key challenge and strength/uniqueness of this thesis research
was its successful execution in the heart of the COVID-19 pandemic. | encountered challenges
contacting study participants after enrollment. The quarantine of some key study personnel
exposed to COVID-19 and the general increased pressure on HCPs and the healthcare system
during this period posed logistic challenges in general, although all participants enrolled signed
hard copy informed consent forms and most of the data were collected via the CATI and Zm-

STARSS software, that included an AEFI case investigation platform. These experiences will
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inform future programming of such systems as described above. The use of QR codes linked to a
self-enrollment web page as an opt-in procedure is one example of an approach that could
address enrollment if the consumers can afford web-based internet platforms (45). Enrollment
for the Zm-STARSS study was confined to peri urban and urban settings with relatively good and
reliable internet connectivity, better access to care, higher literacy levels and greater access to
mobile technologies compared to rural and remote settings. This limits our ability to assess the
feasibility and effectiveness of MAPC across the entire country or in other LMIC settings.
Although every effort was made to reduce the risk of bias and confounding, the inclusion of only
those who responded “Yes” to the SMS in the feasibility and experience/acceptability study
represents a significant selection bias. It is possible that those who did not respond or those who
responded “No” to the SMS may have had a different view of the acceptability of this approach
as well as different perspectives on the need for consent. Additional research could be done to
explore in more detail barriers to higher response rates as well as other barriers to reporting
AEFIs among HCPs/vaccinees. This could be embedded in studies assessing the cost-effectiveness
of MAPC as a tool to improve case detection and reporting of AEFIs. Wherever possible, the
studies included in this thesis were designed or analysed to minimise the effects of bias, and/or
confounding factors. Where bias /confounding could have influenced the results, these were
acknowledged in each thesis chapter. A thorough review of the literature was performed to
support the approach of this thesis including the analysis and interpretation of the findings. As
illustrated in Figure 20 above, the focus of this thesis is largely on the AEFI case detection part of
the AEFI surveillance cycle rather than case investigation, causality assessment, signal detection
and the provision of feedback. However, Chapter 3 evaluated the Zimbabwean AEFI surveillance
cycle/system and its performance over a 23-year period, providing important insights into other

areas that could be strengthened to support the introduction of MAPC AEFI monitoring.
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6.7 Key thesis research recommendations

Figure 20 above provides an overview of the key findings and conclusions of the thesis in the
context of an overarching enhanced national AEFI surveillance system in Zimbabwe and similar
LMICs. It encapsulates the opportunities identified in this thesis for improved detection and
reporting through mHealth MAPC, capacity building and resource mobilisation to support
improved timeliness and quality of reports, case investigations, causality assessment, case
management and feedback. It recognises the importance of leveraging the existing digital tools
such as Vigilyze and VigiPoint to support signal detection including identifying opportunities to
improve coverage and effectiveness of the AEFI system. It also demonstrates the role of the WHO
Global benchmarking tool to incentivise countries into investing time and resources into AEFI
surveillance as an overarching regulatory and health systems strengthening initiative. Lastly, the
figure demonstrates the stepwise approach to building a robust AEFI system in Zimbabwe, with
good quality and timely AEFI detection/reporting being recognised as the foundation for an

effective Immunization safety surveillance programme.

From the thesis findings stated above, | recommend further investigation of Zm-STARSS and
other similar approaches using holistic cost-effective multi-channel digital methodologies for
AEFI pharmacovigilance to enhance AEFI detection in LMICs for all vaccines, perhaps initially
focussing on novel vaccines being introduced into the country. The following were identified as

important factors that need to be considered:

e The cost of MAPC for both consumers and HCPs should be minimised to improve AEFI
reporting in Zimbabwe and other similar resource limited settings in Sub-Saharan Africa.
Mobile phone operators for example, should charge lower rates (toll-free) for mHealth

surveillance systems as a public service.

e Further research is needed to assess whether the MAPC can detect AESIs in addition to

routine early non-serious adverse events.

e Inresource-limited settings, where human resources within government are also limited,

the importance of increasing reporting/processing of non-serious expected AEFIs versus
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prioritising the detection of serious AEFI through other approaches such as hospital-based

surveillance may need to be explored.

Moreover, it would be useful to assess the additional value provided by digital AEFI
reporting apps (e.g., the WHO new spontaneous HCPs VigiMobile AEFI mobile app and
the MedSafety App developed by the UK Medical Health Products Regulatory Authority).
The Vigimobile app was recently launched in Zimbabwe but not for use by consumers
(109, 145, 146). A few other selected African countries recently piloted Med Safety ADR
and AEFl App as a reporting system for HCPs as well as consumers although no
publications were available at the time of writing this thesis. Two recent studies on the
Med Safety App, both with small sample sizes, indicated that positive findings were
mainly for medicines ADRs acceptability in small populations; 33 (27.3%) consumers

responded in Ghana(133) and 49 (%) HCPs in Uganda (113).

Further studies would be useful to investigate the impact of Artificial Intelligence(Al),
machine learning and other upcoming digital technologies on AEFI surveillance, signal

detection and benefit risk management communication.

6.8 Conclusion

MAPC AEFI surveillance has not been tested adequately in LMICs. This thesis provided much-

needed data on the performance of such a system (Zm STARRS) in an urban/peri-urban centre in

Zimbabwe. The study demonstrated the potential of such a system in improving reporting dates

of AEFI in a country with a relatively low spontaneous reporting rate for AEFI. The study

demonstrated the challenges and limitations but also the potenital value of such a system,

particularly in situations like pandemics e.g., COVID-19 disease, which saw expedited

introduction of new vaccines. This system provides a user-friendly inexpensive approach of

obtaining consumer AEFI reports with CATI platform for AEFI case investigation as well. However,
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the thesis also demonstrated that educating HCPs to report, dispelling their fears and
misunderstandings about AEFI reporting, providing easier reporting platforms for HCPs,
improving capacity to perform case investigations (including autopsies), conducting causality
assessments and offering useful feedback should also be prioritised in order to ensure that the

system as a whole meets its intended purpose.

Moreover, participant factors such as the cost and access to the internet and other digital
services also need to be considered when programming the introduction of such a system in an
LMIC setting. Future studies should further investigate the feasibility/acceptance of an ‘MAPC
AEFI surveillance’ system used in more diverse settings including urban/rural settings,
new/routine vaccines with different modes of follow-up to the SMS. Additionally, feedback

approaches that are context-appropriate would also need to be developed and tested.
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Annual progress. rea ! Ap;mvau until/next renewal date |30 (- 2C12
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3?:;::,‘:;: Chairperson of the HREC/ | Signed by candidate | | pate signed l 919,/2' 1_;4]
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Note: Please email this form and supporting aocumems (if applicable) in a combined pdf-file to
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Please clarify your plan for research-related activities during COVID-19 lockdown.
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Principal Investigator to complete the following:
1. Protocol information

ate
(when submitting this form)
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Current Ethics Approval was granted until 2023
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. 184/2020

The use of e-health to improve post-marketing surveillance of

vaccines in Zimbabwe. A case study of Stimulated Telephone

Assisted Rapid Safety Surveillance (STARSS) (Il) randomized
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Protocol version 5, February 2021
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Assoc. Prof Ushma Mehta

Department / Office Centre for Infectious Disease Epidemiology and Research, School of Public
Internal Mail Address Health and Family Medicine, UCT. Ushma Mehta ushma.mehta@uct.ac.za
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1.2 If the study receives US Federal Funding, does the annual report
require full committee approval?
Note: Any annual approvals for Full Committee review MUST be O Yes v No
submitted on the monthly HREC submission dates.
(Please send electronic copy for full committee review to
If yes in 1.2 pl complete section 1.3 below for invoicing purposes
1.3 Ethics Renewal Fee
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Billing Address of Sponsor:

Vat Number:

Contact person

Telephone number
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2. Internal Journal Billing:

Fund Number:

Cost Centre Number:

Account Holder Name:

Division of Account Holder:

. List of documentation for approval

2

1. Completed FHS016 annual renewal application form 2023
2. STARSS (ll) Protocol version 5, February 2021
3

- Copy of protocol thesis chapter 3 published manuscript titled “Descriptive Research Study of the
Adverse Events Following Immunization (AEFIs) Surveillance System in Zimbabwe” Surveillance
system available under the following : hitps://bioresscientia.com/journals/clinical-case-reports-and-

tudies/articles-in-press
4. Copy of protocol thesis chapter 4 published manuscript tited “Data driven vigiPoint identification study
of adverse events reporting patterns for Zimbabwe reports in VigiBase WHO global database” available
under the following: Jffortuneonline.ora/articles/d iven-vigipoi fi
adverse-eve attern: -zimbabwe-re

5. Copy of STARSS manuscript submitted to Vaccine journal for publication will be shared once
published,

3. Protocol status (tick v)

o Open Enrolment

O | Closed to enrolment (tick v)

[m] Research-related activities are ongoing
u} Research-related activities are complete, long-term follow-up only
5 July 2021 Page 3 of 9 FHS016
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v Research-related activities are complete, data analysis only

a Main study is complete but sub-study research-related activities are ongoing

a Study is closed - Please submit a Study Closure Form (FHS010)
4. Enrolment
Number of participants enrolled to date 4560
Number of participants enrolled, since last HREC Progress report (continuing
revie: 4560

w)

Additional number of participants still required 0 ]
5. Refusals

24 (0.43%) of total
Total number of refusals (participants invited to join the study, but refused to take part) screened i.e., <1%

6. Cumulative summary of participants Mt
Total number of participants who provided consent 4560

Number of participants determined to be ineligible (i.e. after screening) 0

Number of participants currently active on the study 0

Number of participants completed study (without events leading to withdrawal) 4560 ]
Number of participants withdrawn at participants’ request (i.e. changed their mind) 0

Number of participants withdrawn by Pl due to toxicity or adverse events 0

Number of participants withdrawn by P for other reasons (e.g. pregnancy, poor 0

compliance)

Number of participants lost to follow-up. 0

Please comment below on reasons for loss of follow-up.

Number of participants no longer taking part for reasons not listed above. 0
Please provide reasons below:

7. Progress of study

Please provide a brief summary of the research to date including the overall progress and the progress
since the last annual report as well as any relevant comments/issues ou would like to report to the

5 July 2021 Page 4 of 9 FHS016

(Note: Please complete the Closure form (EHS010) if the study is completed within the approval period)
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NUNIVERMY OF CAPE TOWN Human Research Ethics Committee

PEQMIVESITNG YAREKAPA cUNIVESSHATIE VAN KRAPSTAD

HREC:

The Medicines Control Authority of Zimbabwe (MCAZ) as the national
pharmacovigilance center led by the PhD student and in collaboration with national
Zimbabwe Expanded Program on Immunization embarked on strengthening the national
AEFI surveillance system by conducted the STARSS(Il) protocol titled “The use of e-
health to improve post-marketing surveillance of vaccines in Zimbabwe. A case study of
Stimulated Telephone Assisted Rapid Safety Surveillance (STARSS) (ll) randomized
trial assessing Adverse Events Following Immunization (AEFIs)". Protocol version 5
February 2021. A total of 4560 vaccinees were enrolled (including children/guardian
pairs and adult COVID-19 vaccinees). All available data collected analysis and most
manuscript submitted for publication. Thesis preparation is in progress for submission in
accordance with UCT requirements.

1) Protocol chapter 1 Introduction completed
2) Protocol Chapter 2 Scoping literature review being completed.

3) Protocol Chapter 3: This chapter aimed to describe the existing AEF| surveillance system in
Zimbabwe with a detailed analysis of the AEFI reports. Data analysis done and manuscript
published copy available under the following hyperlink: titled “Descriptive Research Study of the
Adverse Events Following Immunization (AEFIs) Surveillance System in Zimbabwe” Surveillance
system available under the following :

4) Copy of protocol thesis chapter 4 published manuscript tilted “Data driven vigiPoint
identification study of adverse events reporting patterns for Zimbabwe reports in
VigiBase @WHO global database” avallable under the following:

https://fortuneonline.ora/articles/data-driven-vigipoint-identification-study-of-
gdverse-gvgn:-re@r1igg;gagegﬁ:fgr-zimbabwg-regons—in-vigi_bgse-whgg]ggg|-
databas.htm|

5) Protocol Chapter 5: Stimulated Telephone Assisted Rapid Safety Surveillance
(STARSS) (ll) randomized trial efficacy of AEFIs detection and consumer
acceptability study. Data analysis completed, manuscript written and submitted to
Vaccine Journal for publication.

6) Protocol Chapter 6: Nested in Stimulated Telephone Assisted Rapid Safety

Surveillance (STARSS) (Il) randomized trial was consumer and Healthcare Workers
(HCWs) experience study. Final data nalysis in progress and manuscript drafting.

7) Protocol Chapter 7: Thesis recommendations writing in progress.

8. Protocol violations and exceptions (tick v all that apply)

(m] I No prior violations or exceptions have occurred since the original approval ]
5 July 2021 Page 5 of 9 . FHS016
(Note: Please complete the Closure form (EHS010) if the study is completed within the approval period)

183




Yastxara W ean Human Research Ethics Committee

E UNIVERSEY OF CANE ToWN FACULTY OF HEALTH SCIENCES

o Prior violations or exceptions have been reported since the last review and have already been
acknowledged or approved

0o Unreported minor violations that have occurred since the last review, as well as significant
deviations not yet reported, are atiached for review

9. Amendments (tick v all that apply)

8] No Prior amendments have been made since the original approval

v Prior amendments have been reported since the last review and have already been approved

o New protocol changes/ amendments are requested as part of this continuing review (See note
below)

Note: If new protocol changes are being requested in this review, please complete an amendment form
(FHS0086).
Specific changes in the amended protocol and consent/assent forms must be bolded, italicised, or tracked and

all changes must include a rationale.

10. Adverse events
10.1 Please provide below or attach a narrative summary of serious adverse events and/ or unanticipated
problems since the last progress report. Please indicate changes made to the protocol and informed consent
document(s) as a result (if not already reported to the HREC). Please comment on whether causality to any
study procedure or intervention could be established.

None since previous renewal submission in September 2022.

10.2 Have participants received appropriate treatment/ follow-up/ referral when indicated (e.g., in the case of

abnormal or incidental clinical findings, distress or anxiety)?
v Yes ID No O Not applicable

If yes, please describe:

The STARSS study is about testing mHealth efficacy in AEF| detection and acceptability by consumer
vaccinees and HCWSs. A total of 41 participants experienced 87 AEFIs including 4 serious AEFIs. All recovered
except one unfortunate baby who died in hospital study site during treatment for pneumonia that started a few
days prior to vaccination. All AEF] causality assessment was done by the National AEF| Committee and
feedback sent to reporters. There were no AEFls reported in the control passive surveillance arm, AEF| log

was attached and approved in the HREC annual renewal application 2022 since study was conducted from

November 2020 to August 2021.
11. Summary of Monitoring and Audit Activities (tick v)

11.1 Was this study monitored or audited by an external agency (e.g. SAHPRA, FDA)? ’
¥ Yes MRCZ & MCAZ J O No J O Not applicable
11.2 Did a Data and Safety Monitoring Board publish a report? N/A 1
nges l O No ' v Not applicable l
5 July 2021 Page 6 of 9 FHS016
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11.3 If yes, please identify the agency and attach a summary of the findings.

Agency Name l Report attached | O Yes [ No | O Not applicable

DSMB rt ‘
attacherdepo O Yes | O No | O Not applicable

11.4 Has there been any agency, institutional or other inquiry into non-compliance in this study, or any
finding of non-compliance concemning a member of the research team?

O Yes , ¥ No
If yes, please explain:

™ 12, Level of risk (tick v)
12.1 In light of your experience of this research, please indicate whether the level of risk to participants has:

O | Increased
O | Decreased

¥’} | Shown no change

If there has been a change, please explain:

All 4560 participants were enrolled by signed informed consent process and educated on monitoring AEFIs
at both study sites by HCWs. In addition, survey questions were administered during screening, enrolment
and follow up. The STARSS protocol intervention Computer-assisted telephonic interview (CATI) arm
supported the early detection of AEFIs by SMS on Day 0, 2 and 14 post vaccination so that all AEF| were
appropriately managed. 40 participants recovered fully except for the unfortunate one baby who was
diagnosed, admitted, and treated for pneumonia. This case was unrelated to vaccination.

Although there is likely to have been some individual benefit of earlier access to care, we are unable to

prove statistically that the risk to participants decreased.

12.2 Please provide a narrative summary of recent relevant literature that may have a bearing on the
level of risk.
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(Note: Please complete the Closure form (EHS010) if the study Is completed within the approval period)

185




O

UNIVERSITY OF CAPE TOWN FACULTY OF HEALTH SCIENCES

FYUNVERITHE YATEEAPA - UNIVESSATIIE VAN KAAPITAG Human Research Ethics Committee

Studies have demonstrated that such mHealth participant centred (MPAC) AEFI surveillance reporting
mechanisms can reduce under-reporting and increase early detection of potential signals of AEFI while
providing an opportunity for vaccinees to report their experiences post-vaccination (refs 1-3). A recently
published scoping review evaluating conducted by Canadian researchers concluded that: “Active, participant
centered, digital AEF| surveillance is an area actively being researched as depicted by the literature landscape
mapped by this scoping review. We hypothesize that the AEF| surveillance approach herein described could
become a primary method of collecting self-reported subjective symptoms and reactogenicity from vaccinees,
complementing existing systems. Future evaluation of identified digital solutions is necessary to bring about
improvements to current vaccine surveillance systems to meet contemporary and future public health
needs"(4). Since most studies were conducted in HICs we hypothesized that additional studies need to assess
the feasibility aspects, whether such reporting improves care-seeking behaviour or access to care of those who
experience AEFI, particularly serious AEFI, in LMICs.

References:
1. Gold M, Lincoln G, Cashman P, Braunack-Mayer A, Stocks N. Efficacy of m-Health for the detection of
adverse events following immunization-The stimulated telephone assisted rapid safety surveillance
(STARSS) randomised control trial. Vaccine, 2021;39(2):332-42.
2. Gold M, Lincoln G, Bednarz J, Braunack-Mayer A, Stocks N. Consumer acceptability and validity of m-
Health for the detection of adverse events following immunization-The Stimulated Telephone Assisted Rapid
Safety Surveillance (STARSS) randomised control trial. Vaccine. 2021;39(2):237-46.
3. Cashman P, Macartney K, Khandaker G, King C, Gold M, Durrheim DN, Participant-centred active
surveillance of adverse events following immunisation: a narrative review. Int Health. 2017;9(3):164-76.
4. Psihogios A, Bota AB, Mithani SS, Greyson D, Zhu DT, Fung SG, et al. A scoping review of active,
participant-centred, digital adverse events following immunization (AEFI) surveillance: A Canadian
immunization research network study. Vaccine. 2022,

13. Insurance

Please confirm that valid no fault insurance is still in place? (tick v)

O Yes ¥'No study enrolment, Study follow was up
completed in August 2021. Data analysis
completed. PhD thesis writing and manuscripts
for publication in progress.

If yes, please complete the following:

Insurer's name:

Policy no. *Coverage
Period:

For UCT sponsored studies please liaise the Insurance office via fhs.sponsorship@uct.ac.za
regarding the required documentation and information required obtain a renewed UCT No-fault
Insurance Certificate.

14, Statement of conflict of interest

Has there been any change in the conflict of interest status of this protocol since the original approval?

| (tick v)

O Yes v'No

If yes, please explain and if necessary, attach a revised conflict of interest statement (Section #7 in the New

Protocol Application Form FHS013):
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Appendix 2 Ethical Approvals by Medical Research Council of
Zimbabwe (MRCZ)

Medical Research Council of Zimbabwe

Telephone 7917927791193
Ne. 20 Cambridge Road

Telefax: (263) 4 - THOTIS

Femail, MEZLL O Avendals
Website: hittp.if CLOTEW Harare
Zimbabwe
REF: MRCZ/A2286 01 September 2022

Priscilla Nyambayo

M ne Control Authority of Zimbabwe
106 Baines Avenue

Harare

Thank you for the application for review of Research Activity that you submitted to the Medical Research Council of Zimbabwe
(MRC Please be advised that the Medical Research Council of Zimbabwe has reviewed and approved your application to
conduct the above titled study.

s approval is based on the review and approval of the following documents that were submitted to MRCZ for review:-

a) MRCZ Annual Renewal Form 102
b} Progress Report

*  APPROVAL NUMBER : MRCZ/A2286

This number should be used on all commespondence, consent forms and documents as appropriate.
=  TYPEOF MEETING : Expedited

* EFFECTIVE APPROVAL DATE = 12 April, 2022

»  EXPIRATION DATE:- < 11 April, 2023

After this date, this project may only continue upon renewal. For purposes of renewal, a progress report on a standard
form obtainable from the MRCZ Offices should be submitted three months before the expiration date for continuing
FEVicW
+  SERIOUS ADVERSE EVENT REPORTING: All serious problems having to do with subject safety must be reported
to the Institutional Ethical Review Comminee (IERC) as well as the MRCZ within 3 working days using standard forms
obtainable from the MRCZ Offfices or website
*  MODIFICATIONS: Prior MRCZ and IERC approval using standard forms obtainable from the MRCZ Offices is required
before implementing any changes in the Protocol (including changes in the consent documents)
*  TERMINATION OF STUDY: On termination of a study, a report has to be submitted to the MRCZ using standard forms
obtamable from the MRCZ Offfices or website
*  QUESTIONS: Please contact the MRCZ on Telephone No. (04) 791792, 791193 or by e-mail on mrez@mrcz org.zw

Other
»  Please be reminded to send in copies of your research results for our records as well as for Health Research Database
*  You're al d to submit <k ic copies of your publications in peer-reviewed joumals that may emanate from
this study.

«  Inaddition to this approval, all clinical trials involving drugs, devices and biologics (including other studies focusing on
regustened drugs) require approval of Medicines Control Authority of Zimbabwe (MCAZ) before commencement

Yours Faithfully '\

| Signed by candidate | L UF LMBAS g
b
MRCZ SECRETARIAT | 5
FOR CHAIRPERSON g
MEDICAL RESEARCH COUNCIL OF ZIMBABWE "
APPROV=

20 CAMSRIDGE T
£ ._._.EM“_‘;E‘E“
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Telephone:  +2638644073772/791193 Medical Research Council of Zimbabwe
Eemail: MrCzEmICZ. gz Josiah Tongogara / Mazowe Street

Website:  www.mrcz.orgzw P, 0. Box CY 573

Causeway
Harare

REF: MRCZ/A/2286 18 March, 2021

Priscilla Nyambayo

Medicine Control Authority of Zimbabwe (MCAZ)

106 Baines Avenue

Harare

RE: - Amendment request for an approved study entitled: The use of e-health fo improve
ost-marketing surveillance of vaccines in Zimbabwe. A Case Study of Stimulated
Telephone Assisted Rapid Safety Surveillance (STARSS - Randomized Controlled
Trial Assessing Adverse Events Following Immunization (AEFIs). Version 5.0 Februa
2021

We refer to your correspondence dated 9 March, 2021 on the above-mentioned subject.

Please be advised that the MRCZ has reviewed and approved your request to:

o To monitor the safety of the Sinopharin vaccines and any other COVID-19 vaccines for
Adverse Events Following Immunisation (AEFIs) deployed by the Zimbabwe
Expanded Program on Immunisation.

o Include additional informed consent form for healtheare workers (HCWs) and/or any
adult who receive the COVID 19 Sinopharm vaccines, and any other COVID-19
vaceines first or second dose.

Based on the above, the following study documents have been approved:

1. STARSS (II) protocol Version 5.0 dated February 2021
2. STARSS Vaccine healthcare worker adult and ICF Version 5.0 dated February 2021

HEDICAL RESEARGH COUNCIL OF ZHBABWIE

Yours Faithfully SR 74 Bl

| Signed by candidate | APPROVED
............................................................ ARG N B SIS LARARE
MRCZ SECRETARIAT

FOR CHAIRPERSON

MEDICAL RESEARCH COUNCIL OF ZIMBABWE

PROMOTING THE ETHICAL CONDUCT OF HEALTH RESEARCH
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Telephone:  +2638644073772791193 r Medical Research Council of Zimbabwe
Eemail: MICEE@INCLOTE R Josiah Tongogara f Mazowe Strect

Website:  www.mircrorg.zw P. 0. Box CY 573
Causeway
Harare
REF: MRCZ/A/2286 9 October 2020

Priscilla Nyambayo

Medicine Control Authority of Zimbabwe (MCAZ)
106 Baines Avenue

Harare

RE: - Amendment request for an approved study entitled: The use of e-health to improve
ust—mnrkel:n sur\!elilnnce of vaccines in Zimbabwe. A Case Studv of Stimulated
1) - Randomized Controlled

Trial Assessing Adverse Events Following Immunization s). Version 3.0 Februa
2020

We refer to your correspondence dated February 3, 2020 on the above-mentioned subject.
Please be advised that the MRCZ has reviewed and approved your request to:
¢ Make minor changes to include COVID-19 infection prevention measures.

Based on the above, the following study documents have been approved:

1. STARSS (II) protocol Version 4.0 dated July 2020
2. STARSS Guardian/parenta! ICF Version 4.0 dated July 2020 (English, Shona, Ndebele,
Back translation)

Yours Faithfully

| Signed by candidate |

MRCZ SECRETARIAT
FOR CHAIRPERSON

MEDICAL RESEARCH COUNCIL OF ZIMBABWIR

PROMOTING THE ETHICAL CONDUCT OF HEALTH RESEARCH
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Telephone: 7917927791193 Medical Research Council of Zimbabwe

Telefax: (263) - 4 - 790715 | Josiah Tongogara | Mazoe Street
E-mail: mrez@mrez.org aw P. 0. Box CY 573
Website: http://www.mrez org zw Causeway
Harare
APPROVAL
REF: MRCZ/A/2286 12 April, 2018

Priscilla Nyambayo

Medicine Control Authority of Zimbabwe
106 Baines Avenue

Harare

RE:- The use of e-health to improve post-marketing surveillanee of vaceines in Zimbabwe. A Case Study Of
Stimulated Telephone Assisted Rapid Safety Surveillance (STARSS) (IT) - Randomized Trial Assessin

Adverse Events Following Immunisation (AEFIs). Version 2, March 2018

‘Thank you for the application for review of Research Activity that you submitted to the Medical Research Council of Zimbabwe
(MRCZ). Please be advised that the Medical Rescarch Council of Zimbabwe has reviewed and approved your application to
conduct the above titled study,

This approval is based on the review and approval of the following documents that were submitted to MRCZ for review:-
a) STARSS Protocol Version 2, March 2018
b) STARSS Parenial Informed Consent Form (ICF), Version 2, March 2018 (English, Shona and Ndebele)
¢) STARSS Parental Informed Consent Form (ICF), Version 2, March 2018 (Shona and Ndebele Back-translation)
d) Data collection tools (English, Shona and Ndebele)

*  APPROVAL NUMBER : MRCZ/AR2286
‘This number should be used on all correspondence, consent forms and documents as appropriate.
* TYPE OF MEETING : Expedited review
* EFFECTIVE APPROVAL DATE 12 April, 2018
*  EXPIRATION DATE:- + 11 April, 2019

After this date, this project may only continue upon renewal. For purposes of renewal, a progress report on a standard
form obtainable from the MRCZ Offices should be submitted three months before the expiration date for continuing
TEVICW,
® SERIOUS ADVERSE EVENT REPORTING: All serious problems having to do with subject safety must be reported
o the Institutional Ethical Review Commiuce (IERC) as well as the MRCZ within 3 working days using standard forms
obtainable from the MRCZ Offices or website.
®  MODIFICATIONS: Prior MRCZ and IERC approval using standard forms obtainable from the MRCZ Offices is
required before implementing any changes in the Protocol (including changes in the consent d )
* TERMINATION OF STUDY: On termination of a study, a report has to be submitted to the MRCZ using standard
forms obtainable from the MRCZ Offices or website.
*  QUESTIONS: Please contact the MRCZ on ‘Telephonc No. (04) 791792, 791193 or by e-mail on ez mrezorg. 2w

Other
¢ Please be reminded to send in copies of your research results for our records as well as for Health Rescarch Database.
s You're also iged to submit cl ic copics of your publications in pecr-reviewed journals that may emanate
from this study.

Yours Fathflly WEDICAL RESEARCH COUNCIL OF ZAIBABWL

| Signed by candidate | 08 0412
MRCZ SECRETARIA APPROVED

FOR CHAIRPERSON Hm, ey
MEDICAL RESEARCH COUNCIL OF ZIMBABWE

73 CALSEVIAY HARARE

PROMOTING THE ETHICAL CONDUCT OF HEALTH RESEARCII
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Appendix 3: Study Sites Ethical Approvals

CHITUNGWIZA MUNICIPALITY

All Correspondence to be addressed to the Town Clerk
If Calling, Please {
Ask for .Dr. T. 1. Kasu J P. 0. Box 70, ZENGEZA
CHITUNGWIZA,

OUR REF s Cell: 0772 375 284

§ 0719 004 607
YOUR REF : 0712 832 801

DATE : 02 November 2020 E-mail dhschitungwiza@amail.com
dr.tonykasu@hotmail.com

Medicines Control Authority of Zimbabwe
106 Baines Avenue
HARARE

Adtention: Priscilla Nyambayo

RE: REQUEST FOR PERMISSION TO CONDUCT STARSS STUDY TRAINING
The above matter refers

Thank vou for your communication. L have gone through the prO}ect documents and have no objection of the
implementation of the project in Chitungwiza.

For any further assistance of an operational nature from the Chitungwiza City Health Depariment for this

project, please approach Matrons Zhakata and Munyuwki, as well as the EPI focal person for Chitungwiza
City Health Department

[ Signed by candidate FEA Mu&;{cmﬁ\
! Q\\@C’ e Ok OF 4y o s

S gtjﬂ* SERVY
S W ?,fszi} }
: P SLEAN
Dr.T.LKASU » o0 30%C270 Cmm&, pr

DIRECTOR HEALTH‘S K EW“CES
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(o7

RIRECTOR OF HEALTH SERVICES

CITY OF HARARE

All correspondence to be addressed lo the

Director of Healllt Services

Rowan Martin Building,
DIRECTOR OF HEALTH SERVICES Livic Cente
DR PROSPER CHONZ e g
MBChB. MPH MBA Pennefather Avenue,
L T S off Rotten Row,
Harare, Zimbabwe.
01 February 2018
P.0. Box 96
Telephone: 753326
753330/1/2
Mr R Rl.l.ll(wa[ﬂ Fax: (263-4) 752093
Acting Director General
Medicines Control Authority of Zimbabwe
106 Baines Avenue
HARARE

Dear Sir

RE: REQUEST FOR PERMISSION TO CARRYOQUT A PROJECT

I acknowledge receipt of your letter in connection with the above

Permission has been granted for Yyou to carry out a study entitled: “Proof of concept and
demonstration project for e-health surveillance of adverse events Jollowing immunization
(AEFI) for vaccines in Zimbabwe setting using a Stimulated T. elephone Assisted Rapid Safety
Surveillance (STARSS) Innovation method” from January 2018 to January 2019 at HARARE
City Clinics.

For further assistance please liaise with the
Sisters In Charge at the clinics.

Yours faithfully

| Signed by candidate |

DIRECTOR OF HEALTH SERVICES
SSRLL I UR DF HEALTH SERVICES
IM/rm

Nursing Manager - Rowan Martin Building
EPI Officer S, ey
Sisters In Charge - Harare City Health clinics
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Telephone: +263-4-722187

Reference:

Telegraphic Address:
“MEDICUS”, Harare _n .
Fax:  +263-4-794734 %g;gtr? of Health and Child
ez FEL] & P. 0. Box CY1122
Telex: MEDICUS 22211ZW TR Causeway
ZIMBABWE HARARE

21 March 2018

The Director-General

Medicines Control Authority of Zimbabwe
106 Baines Avenue

Harare

Attention:- Ms G.N Mahlangu

RE: Permission to conduct the proposed project titled “Proof of concept and
demonstration project for e-health surveillance of adverse events following
immunization (AEFI) for vaccines in Zimbabwe setting using a Stimulated
Telephone Assisted Rapid Safety Surveillance (STARSS) Innovation method” and
request for WHO technical support.

We refer to your letter dated 13" March 2018 requesting for permission to select other two
suitable vaccination clinic sites with internet access for the Stimulated Telephone Assisted
Rapid Safety Surveillance (STARSS) pilot project.

Permission has been granted to work with CITIMED and Chitungwiza hospitals to conduct the
STARSS pilot study as they have internet access suitable for the project software that was
identified.

W

Signed by candidate |

(01} SECRETARY OReCE (i

y 22 MAR I

RE. TSy

Major General (Dr)
SECRETARY FOR HEA‘I.TVH & CHILD CARE

PR EEPA]

SECRE AR A A e e ——————

Page1of1
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Mr Stephen Clarke
Software Architect
ChordWizard Systems

‘ systems@chordwizard.com
r httg:{{www.chordwizard.org

Dear Stephen

Re STARSS Il — application of STARSS ! to the Zimbabwe context

THE UNIVERSITY

OF ADELAIDE
AUSTRAUA

DISCIPLINE OF PAEDIATRICS

SCHOOL OF PAEDIATRICS & REPRODUCTIVE HEALTH
FACULTY OF HEALTH SCIENCES

THE UNIVERSITY OF ADELAIDE

5A 5005 Ausiralia

Postal address:

Univarsily Caparment of Paedialrics

WOMEN'S AND CHILDREN'S HOSPITAL

75 King William Road

NORTHADELAIDE 54 5006

Telephono. ~618 8161 7266
Facsimite: =61 8161 7031

CRICOS Provider Number 0412304

This letter is to strongly support your involvement in the adaption of the STARSS |
platform to the Zimbabwe context (STARSS ll). The STARSS Ilis a research project in
which | am praviding technical support. The lead investigator is the head of
Pharmacovigilance of the Medicines Control Authority of Zimbabwe, Priscilla Nyambayo.
The STARSS Il has received approval from the Medicines Research council of Zimbabwe
(MRCZ/A/2286, on the 12 April 2018 and has received funding from the World health

o Organisation,

I am the principle investigator for STARSS | which is an NHMRC funded trial, The STARSS |
platform was developed by yourself. The STARSS system, in part, was based on
VAXTRAKER which was developed in conjunction with the Hunter New England Health

Service,

It Is certainly my intent that the platform or adaptations of this are made availabie for
public health use and that agreements should be in place to prevent the P of the system
to be used for commercial use by any third parties. | will address any potential IP issues
with the University of Adelaide and seak advice as to whether formal agreements are

required.

With kind regards

| Signed by candidate |

Professor Michael Gold

Discipline of Paediatrics

School of Paediatrics & Reproductive
Health

THE UNIVERSITY OF ADELAIDE

Cc Professor David Durrheim

| Signed by candidate |
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Appendix 4: Record of Scoping Literature Review Search Strategy-

Specific Search Queries for All Databases

Record of Scoping Literature Review Search Strategy Specific Search Queries for All Databases Used for SMS

And/or Mobile App mHealth Active Participant Centred AEFI Surveillance. Abstracts of identified documents

were read, and full text of relevant documents were retrieved for inclusion in the review. Reference lists of

retrieved documents were also searched to identify additional publications

Database

searched

Search terms

Results

Sources

used

Part 1 Scoping Literature Review Search

surveillance for licensed and/or EUA COVID-19 vaccines 1970-December 2021.

explored use of mHealth technology for AEFI detection and/or

PubMed-Part
1 Scoping
Literature
Review
Search
Licensed
and/or EUA
CovID 19
vaccines,
mHealth &
AEFI

surveillance.

Set 1. 28,027,655 | 13
INDEX (Medline)
Set 2. 13 13

( ( TITLE-ABS-KEY ( covid-19 OR "coronavirus 2019" OR sars-cov-2
OR sars-2 OR "severe acute respiratory syndrome coronavirus 2" )
) AND ( TITLE-ABS-KEY ( "adverse effect*" OR '"side effect*" OR
"Adverse Events Following Immunization" OR "adverse events

following Immunization" OR aefi OR reaction* OR "adverse
reaction*" OR "adverse event*" OR "serious adverse event*" OR
"Long Term Adverse Effect*" OR "Drug-Related Side Effect* and
Adverse Reactions*" OR "Adverse Drug Reaction Reporting
Systems*" ) ) AND ( TITLE-ABS-KEY ( vaccine* OR vaccination* OR
Immunization OR Immunization OR Astra-Zeneca OR Pfizer OR

"Johnson & Johnson" OR "Johnson and Johnson" OR Sinovac OR
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SinoPharm OR Moderna OR sputnik OR Covax OR covaxin ) )
AND ( TITLE-ABS-KEY ( "mobile health" OR mhealth OR "mobile
phone*" OR "mobile app*" OR "cell phone*" OR "smartphone
app*" OR 3g OR 4g OR 5g OR ehealth OR telemedicine))) AND
NOT ( INDEX ( medline ) )

Set 3.

( ( TITLE-ABS-KEY ( covid-19 OR "coronavirus 2019" OR sars-cov-2
OR sars-2 OR "severe acute respiratory syndrome coronavirus 2" )
) AND ( TITLE-ABS-KEY ( "adverse effect*" OR "side effect*" OR
"Adverse Events Following Immunization" OR "adverse events
following Immunization" OR AEFI OR reaction* OR "adverse
reaction*" OR "adverse event*" OR "serious adverse event*" OR
"Long Term Adverse Effect*" OR "Drug-Related Side Effect* and
Adverse Reactions*" OR "Adverse Drug Reaction Reporting
Systems*")) AND ( TITLE-ABS-KEY ( vaccine* OR vaccination* OR
Immunization OR Immunization OR astra-Zeneca OR pfizer OR
"Johnson & Johnson" OR "Johnson and Johnson" OR Sinovac OR
SinoPharm OR Moderna OR sputnik OR Covax OR Covaxin))
AND ( TITLE-ABS-KEY ( "mobile health" OR mhealth OR "mobile
phone*" OR "mobile app*" OR "cell phone*" OR "smartphone
app*" OR 3g OR 4g OR 5g OR ehealth OR telemedicine))) AND
NOT ( INDEX ( medline )) AND ( LIMIT-TO ( LANGUAGE, "English"

))

13

13

1 AND 2 AND3
Limits: ALL Languages
Time frame:1970-2021

13

13

CINAHL
Part
Scoping

Literature

Set 1.
(Covid-19 OR "coronavirus 2019" OR sars-cov-2 OR sars-2 OR "severe

acute respiratory syndrome coronavirus 2"

126,305
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Review

Search.

Set 2.

(“adverse effect*" OR "side effect*" OR "Adverse Events Following
Immunization" OR "adverse events following Immunization" OR aefi
OR reaction* OR "adverse reaction*" OR "adverse event*"' OR
"serious adverse event*" OR "Long Term Adverse Effect*" OR "Drug
Related Side Effect* and Adverse Reactions*" OR "Adverse Drug

Reaction Reporting System*")

1,477,616

Set 3.

(vaccine* OR vaccination* OR Immunization OR Immunization OR
AstraZeneca OR pfizer OR "Johnson & Johnson" OR "Johnson and
Johnson" OR Sinovac OR SinoPharm OR Moderna OR sputnik OR

Covax OR Covaxin)

234,043

Set 4.
(“mobile health" OR mhealth OR "mobile phone*" OR "mobile app*"
OR "cell phone*" OR "smartphone app*" OR 3g OR 4g OR 5g OR

ehealth OR telemedicine)

99,448

1 AND 2 AND 3 AND 4 AND 5
Limits: All languages

Time frame:1970-2021

COHCRANE
Part
Scoping
Literature
Review
Search
Licensed
and/or
COVID
vaccines,

mHealth

EUA

19

&

Set 1. (Covid-19 OR "coronavirus 2019" OR sars-cov-2 OR sars-2 OR
"severe acute respiratory syndrome coronavirus 2" and

Set 2. (“adverse effect*" OR "side effect*" OR "Adverse Events
Following Immunization" OR ‘"adverse events following
Immunization" OR aefi OR reaction* OR "adverse reaction*" OR
"adverse event*" OR "serious adverse event*" OR "Long Term
Adverse Effect*" OR "Drug Related Side Effect* and

Set 3. Adverse Reactions*" OR "Adverse Drug Reaction Reporting
System*") and

(vaccine* OR vaccination®* OR Immunization OR Immunization OR

AstraZeneca OR pfizer OR "Johnson & Johnson" OR "Johnson and
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AEFI

surveillance.

Johnson" OR Sinovac OR SinoPharm OR Moderna OR sputnik OR
Covax OR Covaxin) and

Set 4.

(“mobile health" OR mhealth OR "mobile phone*" OR "mobile app*"
OR "cell phone*" OR "smartphone app*" OR 3g OR 4g OR 5g OR

ehealth OR telemedicine)

1 AND 2 AND 3 AND 4 25 25
Limits: All languages
Time frame:1970-2021
SCOPUS. Part | Set1 189,524 49
1 Scoping | TITLE-ABS-KEY (covid-19 OR “coronavirus 2019” OR sars-cov-2 OR
Literature sars-2 OR “severe acute respiratory syndrome coronavirus 2”)
Review
Search, Set 2 49
Licensed TITLE-ABS-KEY (“adverse effect*” OR “side effect*” OR “Adverse | 6,082,682
and/or EUA | Events Following Immunization” OR “adverse events following
coviD 19 | Immunization” OR AEFI OR reaction* OR "adverse reaction*" OR
vaccines. "adverse event*" OR "serious adverse event*' OR "Long Term
mHealth & | Adverse Effect*" OR "Drug-Related Side Effect* and Adverse
AEFI Reactions*" OR "Adverse Drug Reaction Reporting Systems*" )
surveillance
Set 3 49
TITLE-ABS-KEY (vaccine* OR vaccination®* OR Immunization OR | 623,509
Immunization OR astra-Zeneca OR Pfizer OR “Johnson & Johnson”
OR “Johnson and Johnson” OR Sinovac OR SinoPharm OR Moderna
OR Sputnik OR COVAX OR covaxin)
Set4 49
TITLE-ABS-KEY (“mobile health” OR mhealth OR “mobile phone*” OR | 278,995
“mobile app*” OR “cell phone*” OR “smartphone app*” OR 3g OR
4g OR 5g OR ehealth OR telemedicine)
Set 5 49 49
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( TITLE-ABS-KEY ( covid-19 OR "coronavirus 2019" OR sars-cov-2
OR sars-2 OR "severe acute respiratory syndrome coronavirus 2" )
) AND ( TITLE-ABS-KEY ( "adverse effect*" OR "side effect*" OR
"Adverse Events Following Immunization" OR "adverse events

following Immunization" OR aefi OR reaction* OR "adverse
reaction*" OR "adverse event*" OR "serious adverse event*" OR
"Long Term Adverse Effect*" OR "Drug-Related Side Effect* and
Adverse Reactions*" OR "Adverse Drug Reaction Reporting
Systems*")) AND ( TITLE-ABS-KEY ( vaccine* OR vaccination* OR
Immunization OR Immunization OR Astra-Zeneca OR pfizer OR
"Johnson & Johnson" OR "Johnson and Johnson" OR Sinovac OR
SinoPharm OR Moderna OR sputnik OR Covax OR Covaxin))
AND ( TITLE-ABS-KEY ( "mobile health" OR mhealth OR "mobile
phone*" OR "mobile app*" OR "cell phone*" OR "smartphone

app*" OR 3g OR 4g OR 5g OR ehealth OR telemedicine ) )

1 AND 2 AND 3 AND 4 AND 5
Limit: All languages

Time frame:1970-2021

49

49

Part 2 Scoping Review Literature Search explored use of mHealth technology for AEFI detection and /or

surveillance for licensed other, vaccine.

Data base | Search Terms Results Sourced
searched used
PubMed - | Set1l 166,857
Part 2a | Search: (“mobile health" OR mhealth OR "mobile phone" OR "mobile
Scoping app" OR "cell phone" OR "smartphone app" OR 3g OR 4g OR 5g OR
Literature ehealth OR telemedicine)
Search-
Other
licensed
vaccines.
Set 2 36,281

Search: "Telemedicine"[Mesh] Sort by: Most Recent
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Set3

Search: ((“mobile health" OR mhealth OR "mobile phone" OR
"mobile app" OR "cell phone" OR "smartphone app" OR 3g OR 4g OR
5g OR ehealth OR telemedicine)) OR ("Telemedicine"[Mesh])

166,857

Set 3
Search: (adverse effect OR adverse effects OR side effect OR side
effects OR Adverse Events Following Immunization OR adverse

events following Immunization OR AEFI OR reaction OR reactions)

4,452,053

Set4
Search: "Long Term Adverse Effects"[Mesh] OR "Adverse Drug
Reaction Reporting Systems"[Mesh] OR "Drug-Related Side Effects

and Adverse Reactions"[Mesh] Sort by: Most Recent

127,890

Set 5

Search: "Injection Site Reaction"[Mesh] Sort by: Most Recent

276

Set 6

Search: (((adverse effect OR adverse effects OR side effect OR side
effects OR Adverse Events Following Immunization OR adverse
events following Immunization OR AEFI OR reaction OR reactions))
OR ("Long Term Adverse Effects"[Mesh] OR "Adverse Drug Reaction
Reporting Systems"[Mesh] OR "Drug-Related Side Effects and

Adverse Reactions"[Mesh])) OR ("Injection Site Reaction"[Mesh])

4,473,144

Set7

Search: (vaccine OR vaccination OR Immunization OR Immunization
OR measles OR mumps OR rubella OR mmr OR rotavirus OR smallpox
OR chickenpox OR yellow AND fever OR "Hepatitis A" OR "Hepatitis
B" OR h1lnl OR flu OR influenza OR polio OR "inactivated Polio
vaccine" OR ipv OR rabies OR tetanus OR tt OR td OR hepb OR
pentavalent OR hib OR "Hemophilus influenza type b" OR "Human
papillomavirus" OR hpv OR "Whooping cough" OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR Ebola OR "Japanese encephalitis")

4,421,052
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Set 8 243,595
Search: "Vaccines"[Mesh] Sort by: Most Recent

Set 9 186,361
Search: "Immunization"[Mesh] Sort by: Most Recent

Set 10 132,380

Search: "Measles-Mumps-Rubella Vaccine"[Mesh] OR "Herpes
Zoster Vaccine"[Mesh] OR "Diphtheria-Tetanus Vaccine"[Mesh] OR
"Yellow Fever Vaccine"[Mesh] OR "Chickenpox Vaccine"[Mesh] OR
"Diphtheria-Tetanus-Pertussis  Vaccine"[Mesh] OR "Smallpox
Vaccine"[Mesh] OR "Rubella Vaccine"[Mesh] OR "Poliovirus Vaccine,
Oral"[Mesh] OR "Poliovirus Vaccine, Inactivated"[Mesh] OR "Mumps
Vaccine"[Mesh] OR "Measles Vaccine"[Mesh] OR "Plague
Vaccine"[Mesh] OR "BCG Vaccine"[Mesh] OR "Heptavalent
Pneumococcal Conjugate  Vaccine"[Mesh] OR "Human
Papillomavirus Recombinant Vaccine Quadrivalent, Types 6, 11, 16,
18"[Mesh] OR "Influenza Vaccines"[Mesh] OR "Meningococcal
Vaccines"[Mesh] OR  "Papillomavirus Vaccines"[Mesh] OR
"Pneumococcal Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR
"Adenovirus Vaccines"[Mesh] OR "Haemophilus influenzae type b
polysaccharide vaccine" [Supplementary Concept] OR "Haemophilus
influenzae type b-polysaccharide vaccine-diphtheria toxoid
conjugate" [Supplementary Concept] OR "Malaria Vaccines"[Mesh]
OR  "Typhoid-Paratyphoid Vaccines"[Mesh] OR "Japanese
Encephalitis Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR
"Respiratory Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease
Vaccines"[Mesh] OR "diphtheria-tetanus-acellular  pertussis-
inactivated poliovirus-Haemophilus influenzae b conjugate-hepatitis
B vaccine" [Supplementary Concept] OR "diphtheria-tetanus-five
component acellular  pertussis-inactivated  poliomyelitis -
Haemophilus influenzae type b conjugate vaccine" [Supplementary
Concept] OR "13-valent pneumococcal vaccine" [Supplementary
Concept] OR "human papillomavirus vaccine, L1 type 16, 18"
[Supplementary  Concept] OR "Hib-MenCY-TT  vaccine"
[Supplementary Concept] OR "human papillomavirus vaccine, TA"

[Supplementary Concept] OR "Haemophilus influenza type b
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polysaccharide vaccine-tetanus toxin conjugate" [Supplementary
Concept] OR "Dengue Vaccines"[Mesh] OR  "Poliovirus
Vaccines"[Mesh] OR  "Diphtheria-Tetanus-acellular  Pertussis
Vaccines"[Mesh] OR "Rotavirus Vaccines"[Mesh] OR "Cholera
Vaccines"[Mesh] OR "Anthrax Vaccines"[Mesh] OR "Haemophilus
Vaccines"[Mesh] OR "Hepatitis B Vaccines"[Mesh] OR "Tetanus
Toxoid"[Mesh] OR "Diphtheria Toxoid"[Mesh] OR "Hepatitis A

Vaccines"[Mesh] Sort by: Most Recent

Set 11
Search: (vaccine OR vaccination OR Immunization OR Immunization
OR measles OR mumps OR rubella OR mmr OR rotavirus OR smallpox
OR chickenpox OR yellow AND fever OR "Hepatitis A" OR "Hepatitis
B" OR hlnl OR flu OR influenza OR polio OR "inactivated Polio
vaccine" OR ipv OR rabies OR tetanus OR tt OR td OR hepb OR
pentavalent OR hib OR "Hemophilus influenza type b" OR "Human
papillomavirus" OR hpv OR "Whooping cough" OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR Ebola OR "Japanese encephalitis" OR malaria OR Lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR

dengue)

4,623,653

Set 12

Search: ((vaccine OR vaccination OR Immunization OR Immunization
OR measles OR mumps OR rubella OR mmr OR rotavirus OR smallpox
OR chickenpox OR yellow AND fever OR "Hepatitis A" OR "Hepatitis
B" OR h1lnl OR flu OR influenza OR polio OR "inactivated Polio
vaccine" OR ipv OR rabies OR tetanus OR tt OR td OR hepb OR
pentavalent OR hib OR "Hemophilus influenza type b" OR "Human
papillomavirus" OR hpv OR "Whooping cough" OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR ebola OR "Japanese encephalitis" OR malaria OR lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR
dengue)) OR ("Measles-Mumps-Rubella Vaccine"[Mesh] OR "Herpes
Zoster Vaccine"[Mesh] OR "Diphtheria-Tetanus Vaccine"[Mesh] OR
"Yellow Fever Vaccine"[Mesh] OR "Chickenpox Vaccine"[Mesh] OR

"Diphtheria-Tetanus-Pertussis  Vaccine"[Mesh] OR "Smallpox

4,656,420
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Vaccine"[Mesh] OR "Rubella Vaccine"[Mesh] OR "Poliovirus Vaccine,
Oral"[Mesh] OR "Poliovirus Vaccine, Inactivated"[Mesh] OR "Mumps
Vaccine"[Mesh] OR "Measles Vaccine"[Mesh] OR "Plague
Vaccine"[Mesh] OR "BCG Vaccine"[Mesh] OR "Heptavalent
Pneumococcal Conjugate  Vaccine"[Mesh] OR "Human
Papillomavirus Recombinant Vaccine Quadrivalent, Types 6, 11, 16,
18"[Mesh] OR "Influenza Vaccines"[Mesh] OR "Meningococcal
Vaccines"[Mesh] OR  "Papillomavirus Vaccines"[Mesh] OR
"Pneumococcal Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR
"Adenovirus Vaccines"[Mesh] OR "Haemophilus influenzae type b
polysaccharide vaccine" [Supplementary Concept] OR "Haemophilus
influenzae type b-polysaccharide vaccine-diphtheria toxoid
conjugate" [Supplementary Concept] OR "Malaria Vaccines"[Mesh]
OR  "Typhoid-Paratyphoid Vaccines"[Mesh] OR "Japanese
Encephalitis Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR
"Respiratory Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease
Vaccines"[Mesh] OR "diphtheria-tetanus-acellular  pertussis-
inactivated poliovirus-Haemophilus influenzae b conjugate-hepatitis
B vaccine" [Supplementary Concept] OR "diphtheria-tetanus-five
component acellular  pertussis-inactivated  poliomyelitis -
Haemophilus influenzae type b conjugate vaccine" [Supplementary
Concept] OR "13-valent pneumococcal vaccine" [Supplementary
Concept] OR "human papillomavirus vaccine, L1 type 16, 18"
[Supplementary  Concept] OR  "Hib-MenCY-TT  vaccine"
[Supplementary Concept] OR "human papillomavirus vaccine, TA"
[Supplementary Concept] OR "Haemophilus influenza type b
polysaccharide vaccine-tetanus toxin conjugate" [Supplementary
Concept] OR "Dengue Vaccines"[Mesh] OR  "Poliovirus
Vaccines"[Mesh] OR  "Diphtheria-Tetanus-acellular  Pertussis
Vaccines"[Mesh] OR "Rotavirus Vaccines"[Mesh] OR "Cholera
Vaccines"[Mesh] OR "Anthrax Vaccines"[Mesh] OR "Haemophilus
Vaccines"[Mesh] OR "Hepatitis B Vaccines"[Mesh] OR "Tetanus
Toxoid"[Mesh] OR "Diphtheria Toxoid"[Mesh] OR "Hepatitis A
Vaccines"[Mesh])
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Set 13

Search: ((((vaccine OR vaccination OR Immunization OR
Immunization OR measles OR mumps OR rubella OR mmr OR
rotavirus OR smallpox OR chickenpox OR yellow AND fever OR
"Hepatitis A" OR "Hepatitis B" OR h1lnl OR flu OR influenza OR polio
OR "inactivated Polio vaccine" OR ipv OR rabies OR tetanus OR tt OR
td OR hepb OR pentavalent OR hib OR "Hemophilus influenza type
b" OR "Human papillomavirus" OR hpv OR "Whooping cough" OR
pneumococcal OR meningococcal OR shingles OR polysaccharide OR
toxoid OR dt OR dtp OR ebola OR "Japanese encephalitis" OR malaria
OR lyme OR cholera OR typhoid OR adenovirus OR herpes zoster OR
pertussis OR dengue)) OR ("Measles-Mumps-Rubella
Vaccine"[Mesh] OR "Herpes Zoster Vaccine"[Mesh] OR "Diphtheria-
Tetanus Vaccine"[Mesh] OR "Yellow Fever Vaccine"[Mesh] OR
"Chickenpox Vaccine"[Mesh] OR "Diphtheria-Tetanus-Pertussis
Vaccine"[Mesh] OR "Smallpox Vaccine"[Mesh] OR "Rubella
Vaccine"[Mesh] OR "Poliovirus Vaccine, Oral"[Mesh] OR "Poliovirus
Vaccine, Inactivated"[Mesh] OR "Mumps Vaccine"[Mesh] OR
"Measles Vaccine"[Mesh] OR "Plague Vaccine"[Mesh] OR "BCG
Vaccine"[Mesh] OR "Heptavalent Pneumococcal Conjugate
Vaccine"[Mesh] OR "Human Papillomavirus Recombinant Vaccine
Quadrivalent, Types 6, 11, 16, 18"[Mesh] OR "Influenza
Vaccines"[Mesh] OR "Meningococcal Vaccines"[Mesh] OR
"Papillomavirus Vaccines"[Mesh] OR "Pneumococcal
Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR "Adenovirus
Vaccines"[Mesh] OR "Haemophilus influenzae type b polysaccharide
vaccine" [Supplementary Concept] OR "Haemophilus influenzae
type b-polysaccharide vaccine-diphtheria toxoid conjugate"
[Supplementary Concept] OR "Malaria Vaccines"[Mesh] OR
"Typhoid-Paratyphoid Vaccines"[Mesh] OR "Japanese Encephalitis
Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR "Respiratory
Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease Vaccines"[Mesh]
OR "diphtheria-tetanus-acellular pertussis-inactivated poliovirus-
Haemophilus influenzae b conjugate-hepatitis B vaccine"

[Supplementary Concept] OR "diphtheria-tetanus-five component

4,798,169
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acellular  pertussis-inactivated  poliomyelitis ~ -Haemophilus
influenzae type b conjugate vaccine" [Supplementary Concept] OR
"13-valent pneumococcal vaccine" [Supplementary Concept] OR
"human papillomavirus vaccine, L1 type 16, 18" [Supplementary
Concept] OR "Hib-MenCY-TT vaccine" [Supplementary Concept] OR
"human papillomavirus vaccine, TA" [Supplementary Concept] OR
"Haemophilus influenza type b polysaccharide vaccine-tetanus toxin
conjugate" [Supplementary Concept] OR "Dengue Vaccines"[Mesh]
OR "Poliovirus Vaccines"[Mesh] OR "Diphtheria-Tetanus-acellular
Pertussis Vaccines"[Mesh] OR "Rotavirus Vaccines"[Mesh] OR
"Cholera Vaccines"[Mesh] OR "Anthrax Vaccines"[Mesh] OR
"Haemophilus Vaccines"[Mesh] OR "Hepatitis B Vaccines"[Mesh] OR
"Tetanus Toxoid"[Mesh] OR "Diphtheria Toxoid"[Mesh] OR
"Hepatitis A Vaccines"[Mesh])) OR ("Immunization"[Mesh])) OR
("Vaccines"[Mesh])

Set 14

Search: (((( "mobile health" OR mhealth OR "mobile phone" OR
"mobile app" OR "cell phone" OR "smartphone app" OR 3g OR 4g OR
5g OR ehealth OR telemedicine )) OR ("Telemedicine"[Mesh])) AND
(((((vaccine OR vaccination OR Immunization OR Immunization OR
measles OR mumps OR rubella OR mmr OR rotavirus OR smallpox
OR chickenpox OR yellow AND fever OR "Hepatitis A" OR "Hepatitis
B" OR hlnl OR flu OR influenza OR polio OR "inactivated Polio
vaccine" OR ipv OR rabies OR tetanus OR tt OR td OR hepb OR
pentavalent OR hib OR "Hemophilus influenza type b" OR "Human
papillomavirus" OR hpv OR "Whooping cough" OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR ebola OR "Japanese encephalitis" OR malaria OR lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR
dengue)) OR ("Measles-Mumps-Rubella Vaccine"[Mesh] OR "Herpes
Zoster Vaccine"[Mesh] OR "Diphtheria-Tetanus Vaccine"[Mesh] OR
"Yellow Fever Vaccine"[Mesh] OR "Chickenpox Vaccine"[Mesh] OR
"Diphtheria-Tetanus-Pertussis  Vaccine"[Mesh] OR "Smallpox

Vaccine"[Mesh] OR "Rubella Vaccine"[Mesh] OR "Poliovirus Vaccine,

8,975
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Oral"[Mesh] OR "Poliovirus Vaccine, Inactivated"[Mesh] OR "Mumps
Vaccine"[Mesh] OR "Measles Vaccine"[Mesh] OR "Plague
Vaccine"[Mesh] OR "BCG Vaccine"[Mesh] OR "Heptavalent
Pneumococcal Conjugate Vaccine"[Mesh] OR "Human
Papillomavirus Recombinant Vaccine Quadrivalent, Types 6, 11, 16,
18"[Mesh] OR "Influenza Vaccines"[Mesh] OR "Meningococcal
Vaccines"[Mesh] OR  "Papillomavirus Vaccines"[Mesh] OR
"Pneumococcal Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR
"Adenovirus Vaccines"[Mesh] OR "Haemophilus influenzae type b
polysaccharide vaccine" [Supplementary Concept] OR "Haemophilus
influenzae type b-polysaccharide vaccine-diphtheria toxoid
conjugate" [Supplementary Concept] OR "Malaria Vaccines"[Mesh]
OR  "Typhoid-Paratyphoid Vaccines"[Mesh] OR "Japanese
Encephalitis Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR
"Respiratory Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease
Vaccines"[Mesh] OR "diphtheria-tetanus-acellular  pertussis-
inactivated poliovirus-Haemophilus influenzae b conjugate-hepatitis
B vaccine" [Supplementary Concept] OR "diphtheria-tetanus-five
component acellular pertussis-inactivated  poliomyelitis -
Haemophilus influenzae type b conjugate vaccine" [Supplementary
Concept] OR "13-valent pneumococcal vaccine" [Supplementary
Concept] OR "human papillomavirus vaccine, L1 type 16, 18"
[Supplementary  Concept] OR  "Hib-MenCY-TT  vaccine"
[Supplementary Concept] OR "human papillomavirus vaccine, TA"
[Supplementary Concept] OR "Haemophilus influenza type b
polysaccharide vaccine-tetanus toxin conjugate" [Supplementary
Concept] OR "Dengue Vaccines"[Mesh] OR  "Poliovirus
Vaccines"[Mesh] OR  "Diphtheria-Tetanus-acellular  Pertussis
Vaccines"[Mesh] OR "Rotavirus Vaccines"[Mesh] OR "Cholera
Vaccines"[Mesh] OR "Anthrax Vaccines"[Mesh] OR "Haemophilus
Vaccines"[Mesh] OR "Hepatitis B Vaccines"[Mesh] OR "Tetanus
Toxoid"[Mesh] OR "Diphtheria Toxoid"[Mesh] OR "Hepatitis A
Vaccines"[Mesh])) OR ("lmmunization"[Mesh])) OR
("Vaccines"[Mesh]))) AND ((((adverse effect OR adverse effects OR

side effect OR side effects OR Adverse Events Following
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Immunization OR adverse events following Immunization OR AEFI
OR reaction OR reactions)) OR ("Long Term Adverse Effects"[Mesh]
OR "Adverse Drug Reaction Reporting Systems"[Mesh] OR "Drug-
Related Side Effects and Adverse Reactions"[Mesh])) OR ("Injection

Site Reaction"[Mesh]))

Set 15

Search: (vaccine OR vaccination OR Immunization OR Immunization
OR measles OR mumps OR rubella OR mmr OR rotavirus OR yellow
AND fever OR "Hepatitis A" OR "Hepatitis B" OR h1nl OR polio OR
"inactivated Polio vaccine" OR ipv OR rabies OR tetanus OR tt OR td
OR hepb OR pentavalent OR hib OR "Hemophilus influenza type b"
OR "Human papillomavirus" OR hpv OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR ebola OR "Japanese encephalitis" OR malaria OR lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR

dengue)

4,530,707

Set 16

Search: (vaccine OR vaccination OR Immunization OR Immunization
OR measles OR mumps OR rubella OR mmr OR rotavirus OR yellow
AND fever OR "Hepatitis A" OR "Hepatitis B" OR h1nl OR polio OR
"inactivated Polio vaccine" OR ipv OR rabies OR tetanus OR tt OR td
OR hepb OR pentavalent OR hib OR "Hemophilus influenza type b"
OR "Human papillomavirus" OR hpv OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR ebola OR "Japanese encephalitis" OR malaria OR lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR
dengue OR flu OR influenza)

4,623,458

Set 17

Search: "Measles-Mumps-Rubella Vaccine"[Mesh] OR "Diphtheria-
Tetanus Vaccine"[Mesh] OR "Yellow Fever Vaccine"[Mesh] OR
"Diphtheria-Tetanus-Pertussis ~ Vaccine"[Mesh] OR  "Rubella

Vaccine"[Mesh] OR "Poliovirus Vaccine, Oral"[Mesh] OR "Poliovirus

4,623,458
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Vaccine, Inactivated"[Mesh] OR "Mumps Vaccine"[Mesh] OR
"Measles Vaccine"[Mesh] OR "Plague Vaccine"[Mesh] OR "BCG
Vaccine"[Mesh] OR "Heptavalent Pneumococcal Conjugate
Vaccine"[Mesh] OR "Human Papillomavirus Recombinant Vaccine
Quadrivalent, Types 6, 11, 16, 18"[Mesh] OR ‘'Influenza
Vaccines"[Mesh] OR "Meningococcal Vaccines"[Mesh] OR
"Papillomavirus Vaccines"[Mesh] OR "Pneumococcal
Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR "Adenovirus
Vaccines"[Mesh] OR "Malaria Vaccines"[Mesh] OR "Typhoid-
Paratyphoid  Vaccines"[Mesh] OR "Japanese Encephalitis
Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR "Respiratory
Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease Vaccines"[Mesh]
OR "Dengue Vaccines"[Mesh] OR "Poliovirus Vaccines"[Mesh] OR
"Diphtheria-Tetanus-acellular ~ Pertussis  Vaccines"[Mesh] OR
"Rotavirus Vaccines"[Mesh] OR "Cholera Vaccines"[Mesh] OR
"Anthrax Vaccines"[Mesh] OR "Haemophilus Vaccines"[Mesh] OR
"Hepatitis B Vaccines"[Mesh] OR "Tetanus Toxoid"[Mesh] OR
"Diphtheria Toxoid"[Mesh] OR "Hepatitis A Vaccines"[Mesh]

Set 18

Search: ("Measles-Mumps-Rubella Vaccine"[Mesh] OR "Diphtheria-
Tetanus Vaccine"[Mesh] OR "Yellow Fever Vaccine"[Mesh] OR
"Diphtheria-Tetanus-Pertussis  Vaccine"[Mesh] OR  "Rubella
Vaccine"[Mesh] OR "Poliovirus Vaccine, Oral"[Mesh] OR "Poliovirus
Vaccine, Inactivated"[Mesh] OR "Mumps Vaccine"[Mesh] OR
"Measles Vaccine"[Mesh] OR "Plague Vaccine"[Mesh] OR "BCG
Vaccine"[Mesh] OR "Heptavalent Pneumococcal Conjugate
Vaccine"[Mesh] OR "Human Papillomavirus Recombinant Vaccine
Quadrivalent, Types 6, 11, 16, 18"[Mesh] OR 'Influenza
Vaccines"[Mesh] OR "Meningococcal Vaccines"[Mesh] OR
"Papillomavirus Vaccines"[Mesh] OR "Pneumococcal
Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR "Adenovirus
Vaccines"[Mesh] OR "Malaria Vaccines"[Mesh] OR "Typhoid-
Paratyphoid  Vaccines"[Mesh] OR "Japanese Encephalitis
Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR "Respiratory

4,652,220
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Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease Vaccines"[Mesh]
OR "Dengue Vaccines"[Mesh] OR "Poliovirus Vaccines"[Mesh] OR
"Diphtheria-Tetanus-acellular ~ Pertussis  Vaccines"[Mesh] OR
"Rotavirus Vaccines"[Mesh] OR "Cholera Vaccines"[Mesh] OR
"Anthrax Vaccines"[Mesh] OR "Haemophilus Vaccines"[Mesh] OR
"Hepatitis B Vaccines"[Mesh] OR "Tetanus Toxoid"[Mesh] OR
"Diphtheria Toxoid"[Mesh] OR "Hepatitis A Vaccines"[Mesh]) OR
((vaccine OR vaccination OR Immunization OR Immunization OR
measles OR mumps OR rubella OR mmr OR rotavirus OR yellow AND
fever OR "Hepatitis A" OR "Hepatitis B" OR hlnl OR polio OR
"inactivated Polio vaccine" OR ipv OR rabies OR tetanus OR tt OR td
OR hepb OR pentavalent OR hib OR "Hemophilus influenza type b"
OR "Human papillomavirus" OR hpv OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR ebola OR "Japanese encephalitis" OR malaria OR lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR
dengue OR flu OR influenza))

Set 19

Search: (((( "mobile health" OR mhealth OR "mobile phone" OR
"mobile app" OR "cell phone" OR "smartphone app" OR 3g OR 4g OR
5g OR ehealth OR telemedicine )) OR ("Telemedicine"[Mesh])) AND
((((adverse effect OR adverse effects OR side effect OR side effects
OR Adverse Events Following Immunization OR adverse events
following Immunization OR AEFI OR reaction OR reactions)) OR
("Long Term Adverse Effects"[Mesh] OR "Adverse Drug Reaction
Reporting Systems"[Mesh] OR "Drug-Related Side Effects and
Adverse Reactions"[Mesh])) OR ("Injection Site Reaction"[Mesh])))
AND (("Measles-Mumps-Rubella Vaccine"[Mesh] OR "Diphtheria-
Tetanus Vaccine"[Mesh] OR "Yellow Fever Vaccine"[Mesh] OR
"Diphtheria-Tetanus-Pertussis  Vaccine"[Mesh] OR  "Rubella
Vaccine"[Mesh] OR "Poliovirus Vaccine, Oral"[Mesh] OR "Poliovirus
Vaccine, Inactivated"[Mesh] OR "Mumps Vaccine"[Mesh] OR
"Measles Vaccine"[Mesh] OR "Plague Vaccine"[Mesh] OR "BCG

Vaccine"[Mesh] OR "Heptavalent Pneumococcal Conjugate

8,916
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Vaccine"[Mesh] OR "Human Papillomavirus Recombinant Vaccine
Quadrivalent, Types 6, 11, 16, 18"[Mesh] OR "Influenza
Vaccines"[Mesh] OR "Meningococcal Vaccines"[Mesh] OR
"Papillomavirus Vaccines"[Mesh] OR "Pneumococcal
Vaccines"[Mesh] OR "Ebola Vaccines"[Mesh] OR "Adenovirus
Vaccines"[Mesh] OR "Malaria Vaccines"[Mesh] OR "Typhoid-
Paratyphoid  Vaccines"[Mesh] OR  "Japanese Encephalitis
Vaccines"[Mesh] OR "Rabies Vaccines"[Mesh] OR "Respiratory
Syncytial Virus Vaccines"[Mesh] OR "Lyme Disease Vaccines"[Mesh]
OR "Dengue Vaccines"[Mesh] OR "Poliovirus Vaccines"[Mesh] OR
"Diphtheria-Tetanus-acellular ~ Pertussis  Vaccines"[Mesh] OR
"Rotavirus Vaccines"[Mesh] OR "Cholera Vaccines"[Mesh] OR
"Anthrax Vaccines"[Mesh] OR "Haemophilus Vaccines"[Mesh] OR
"Hepatitis B Vaccines"[Mesh] OR "Tetanus Toxoid"[Mesh] OR
"Diphtheria Toxoid"[Mesh] OR "Hepatitis A Vaccines"[Mesh]) OR
((vaccine OR vaccination OR Immunization OR Immunization OR
measles OR mumps OR rubella OR mmr OR rotavirus OR yellow AND
fever OR "Hepatitis A" OR "Hepatitis B" OR hlnl OR polio OR
"inactivated Polio vaccine" OR ipv OR rabies OR tetanus OR tt OR td
OR hepb OR pentavalent OR hib OR "Hemophilus influenza type b"
OR "Human papillomavirus" OR hpv OR pneumococcal OR
meningococcal OR shingles OR polysaccharide OR toxoid OR dt OR
dtp OR ebola OR "Japanese encephalitis" OR malaria OR lyme OR
cholera OR typhoid OR adenovirus OR herpes zoster OR pertussis OR
dengue OR flu OR influenza)))

Set 20 166,916
Search: (vaccine OR vaccination OR Immunization OR Immunization

OR measles OR mumps OR rubella OR mmr OR rotavirus OR yellow

AND fever OR "Hepatitis A" OR "Hepatitis B")

Set 21 17,054

Search: ("Measles-Mumps-Rubella Vaccine"[Mesh] OR "Yellow
Fever Vaccine"[Mesh] OR "Rotavirus Vaccines"[Mesh] OR "Hepatitis

B Vaccines"[Mesh] OR "Hepatitis A Vaccines"[Mesh])
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Set 22

Search: ((vaccine OR vaccination OR Immunization OR Immunization
OR measles OR mumps OR rubella OR mmr OR rotavirus OR yellow
AND fever OR "Hepatitis A" OR "Hepatitis B")) OR (("Measles-
Mumps-Rubella Vaccine"[Mesh] OR "Yellow Fever Vaccine"[Mesh]
OR "Rotavirus Vaccines"[Mesh] OR "Hepatitis B Vaccines"[Mesh] OR
"Hepatitis A Vaccines"[Mesh]))

171,929

Set 23

Search: ((((vaccine OR vaccination OR Immunization OR
Immunization OR measles OR mumps OR rubella OR mmr OR
rotavirus OR yellow AND fever OR "Hepatitis A" OR "Hepatitis B"))
OR (("Measles-Mumps-Rubella Vaccine"[Mesh] OR "Yellow Fever
Vaccine"[Mesh] OR "Rotavirus Vaccines"[Mesh] OR "Hepatitis B
Vaccines"[Mesh] OR "Hepatitis A Vaccines"[Mesh]))) AND ((( "mobile
health" OR mhealth OR "mobile phone" OR "mobile app" OR "cell
phone" OR "smartphone app" OR 3g OR 4g OR 5g OR ehealth OR
telemedicine )) OR ("Telemedicine"[Mesh]))) AND ((((adverse effect
OR adverse effects OR side effect OR side effects OR Adverse Events
Following Immunization OR adverse events following Immunization
OR AEFI OR reaction OR reactions)) OR ("Long Term Adverse
Effects"[Mesh] OR  "Adverse Drug Reaction Reporting
Systems"[Mesh] OR "Drug-Related Side Effects and Adverse

Reactions"[Mesh])) OR ("Injection Site Reaction"[Mesh]))

150

1 AND 2 AND 3 AND 4 AND 5 AND 6 AND 7 AND 8 AND 9 AND 10
AND 11 AND 12 AND 13 AND 14 AND 15 AND 16 AND 17 AND 18
AND 19 AND 20 AND 21 AND 22 AND 23

Limit: All languages

Time frame:1970-2021

150

150

PubMed
Part

Scoping

2b

Set1
Search: (vaccine OR vaccines OR vaccination OR vaccinations OR

Immunization OR Immunization OR antigen OR antigens)

2,441,341
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Literature

Search-Other

licensed

vaccines.
Set 2 4,455,877
Search: (adverse effect OR adverse effects OR side effect OR side
effects OR Adverse Events Following Immunization OR adverse
events following Immunization OR AEFI OR reaction OR reactions)
Set 3 122,129
Search: "Drug-Related Side Effects and Adverse Reactions"[Mesh]
Sort by: Most Recent
Set 4 695
Search: "Long Term Adverse Effects"[Mesh] Sort by: Most Recent
Set 5 8,070
Search: "Adverse Drug Reaction Reporting Systems"[Mesh] Sort by:
Most Recent
Set 6 1,091,716
Search: "Antigens"[Mesh] Sort by: Most Recent
Set 7 2,441,341
Search: ((vaccine OR vaccines OR vaccination OR vaccinations OR
Immunization OR Immunization OR antigen OR antigens)) OR
("Antigens"[Mesh])
Set 8 4,476,983

Search: ((((adverse effect OR adverse effects OR side effect OR side
effects OR Adverse Events Following Immunization OR adverse
events following Immunization OR AEFI OR reaction OR reactions))
OR ("Drug-Related Side Effects and Adverse Reactions"[Mesh])) OR
("Long Term Adverse Effects"[Mesh])) OR ("Adverse Drug Reaction

Reporting Systems"[Mesh])

213




Set 9 84,697
Search: (mhealth OR mobile health OR ehealth)

Set 10 36,335
Search: "Telemedicine"[Mesh] Sort by: Most Recent

Set 11 84,697
Search: ((mhealth OR mobile health OR ehealth)) OR
("Telemedicine"[Mesh])

Set 12 167,240
Search: (“mobile health" OR mhealth OR "mobile phone" OR "mobile

app" OR "cell phone" OR "smartphone app" OR 3g OR 4g OR 5g OR

ehealth OR telemedicine)

Set 13 1,614
Search: ((((vaccine OR vaccines OR vaccination OR vaccinations OR
Immunization OR Immunization OR antigen OR antigens)) OR
("Antigens"[Mesh])) AND (((((adverse effect OR adverse effects OR

side effect OR side effects OR Adverse Events Following
Immunization OR adverse events following Immunization OR AEFI

OR reaction OR reactions)) OR ("Drug-Related Side Effects and

Adverse  Reactions"[Mesh])) OR ("Long Term  Adverse
Effects"[Mesh])) OR ("Adverse Drug Reaction Reporting
Systems"[Mesh]))) AND ((( "mobile health" OR mhealth OR "mobile

phone" OR "mobile app" OR "cell phone" OR "smartphone app" OR

3g OR 4g OR 5g OR ehealth OR telemedicine )) OR
("Telemedicine"[Mesh]))

Set 14 73,100

Search: (“mobile health" OR mhealth OR "mobile phone" OR "mobile
app" OR "cell phone" OR "smartphone app" OR ehealth OR

telemedicine)
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Set 15

Search: (((( "mobile health" OR mhealth OR "mobile phone" OR
"mobile app" OR "cell phone" OR "smartphone app" OR ehealth OR
telemedicine )) OR ("Telemedicine"[Mesh])) AND (((vaccine OR
vaccines OR vaccination OR vaccinations OR Immunization OR
Immunization OR antigen OR antigens)) OR ("Antigens"[Mesh])))
AND (((((adverse effect OR adverse effects OR side effect OR side
effects OR Adverse Events Following Immunization OR adverse
events following Immunization OR AEFI OR reaction OR reactions))
OR ("Drug-Related Side Effects and Adverse Reactions"[Mesh])) OR
("Long Term Adverse Effects"[Mesh])) OR ("Adverse Drug Reaction

Reporting Systems"[Mesh]))

167

Set 16
Search: (mobile health OR mhealth OR mobile phone OR mobile app
OR cell phone OR smartphone app OR ehealth OR telemedicine)

103,960

Set 17

Search: (((( mobile health OR mhealth OR mobile phone OR mobile
app OR cell phone OR smartphone app OR ehealth OR telemedicine
)) OR ("Telemedicine"[Mesh])) AND (((vaccine OR vaccines OR
vaccination OR vaccinations OR Immunization OR Immunization OR
antigen OR antigens)) OR ("Antigens"[Mesh]))) AND (((((adverse
effect OR adverse effects OR side effect OR side effects OR Adverse
Events Following Immunization OR adverse events following
Immunization OR AEFI OR reaction OR reactions)) OR ("Drug-Related
Side Effects and Adverse Reactions"[Mesh])) OR ("Long Term
Adverse Effects"[Mesh])) OR ("Adverse Drug Reaction Reporting
Systems"[Mesh]))

384

Set 18

Search: ((“mobile health" OR mhealth OR mobile phone OR mobile
app OR cell phone OR smartphone app OR ehealth OR telemedicine))
OR ("Telemedicine"[Mesh])

88,161
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Set 19

Search: (((( "mobile health" OR mhealth OR mobile phone OR mobile
app OR cell phone OR smartphone app OR ehealth OR telemedicine
)) OR ("Telemedicine"[Mesh])) AND (((vaccine OR vaccines OR
vaccination OR vaccinations OR Immunization OR Immunization OR
antigen OR antigens)) OR ("Antigens"[Mesh]))) AND (((((adverse
effect OR adverse effects OR side effect OR side effects OR Adverse
Events Following Immunization OR adverse events following
Immunization OR AEFI OR reaction OR reactions)) OR ("Drug-Related
Side Effects and Adverse Reactions"[Mesh])) OR ("Long Term
Adverse Effects"[Mesh])) OR ("Adverse Drug Reaction Reporting
Systems"[Mesh]))

255

1 AND 2 AND 3 AND 4 AND 5 AND 6 AND 7 AND 8 AND 9 AND 10
AND 11 AND 12 AND 13 AND 14 AND 15 AND 16 AND 17 AND 18
AND 19

Limit: All languages

Time frame:1970-2021

255

255

CINAHL Part
2 Other
licensed
vaccines,
mHealth &
AEFI
surveillance.
Interface -
EBSCO host
Research

Databases

Set 1.
("mobile health" OR mhealth OR mobile phone OR mobile app OR

cell phone OR smartphone app OR ehealth OR telemedicine)

82,932

Set 2.
(Adverse effect OR adverse effects OR side effect OR side effects OR
Adverse Events Following Immunization OR adverse events

following Immunization OR AEFI OR reaction OR reactions)

1,410,904

Set 3.
(Vaccine OR vaccines OR vaccination OR vaccinations OR

Immunization OR Immunization OR antigen OR antigens)

373,893
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Search 1AND 2 AND 3 29 29
Screen - Basic | Limit: All languages
Search Time frame:1970-2021
Database -
Africa-Wide
Information.
COCHRANE Set 1. 73681
Part 2 | (Vaccine OR vaccines OR vaccination OR vaccinations OR
Scoping Immunization OR Immunization OR antigen OR antigens)
Literature
Review Set 2. (“mobile health" OR mhealth OR mobile phone OR mobile app 13443
Search, OR cell phone OR smartphone app OR ehealth OR telemedicine)
Other
licensed Set 3. (Adverse effect OR adverse effects OR side effect OR side | 378683
vaccines, effects OR Adverse Events Following Immunization OR adverse
mHealth & | events following Immunization OR AEFI OR reaction OR reactions)
AEFI 1AND 2 AND 3 103 103
surveillance. | Limit: All languages
Time frame:1970-2021
SCOPUS Part | Set 1. 6,102,031
2 Scoping | TITLE-ABS-KEY ((“adverse effect*” OR “side effect*" OR "Adverse
Literature Events Following Immunization" OR "adverse events following
Review Immunization" OR aefi OR reaction* OR "adverse reaction*" OR
Search, "adverse event*" OR "serious adverse event*' OR "Long Term
Other Adverse Effect*" OR "Drug-Related Side Effect* and Adverse
licensed Reactions*" OR "Adverse Drug Reaction Reporting Systems*" ) )
vaccines,
mHealth &
AEFI
surveillance.
Set 2. 228,264
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TITLE-ABS-KEY ( ( vaccine* OR vaccination* OR Immunization OR
Immunization OR measles OR mumps OR rubella OR mmr OR
rotavirus OR smallpox OR chickenpox OR yellow AND fever OR
"Hepatitis A" OR "Hepatitis B" OR influenza OR h1lnl OR flu OR
influenza OR polio OR "inactivated Polio vaccin*' OR ipv OR
rabies OR tetanus OR tt OR td OR hepb OR pentavalent OR hib
OR "Hemophilus influenza type b" OR "Hepatitis B" OR "Human
papillomavirus" OR hpv OR "Whooping cough" OR pneumococcal
OR meningococcal OR shingles OR polysaccharide OR toxoid OR
dt OR dtp OR "rotavirus vaccine*" OR ebola OR "Japanese

encephalitis" ) )

Set 3. 281,356
TITLE-ABS-KEY (((“mobile health” OR mhealth OR “mobile phone*”

OR “mobile app*” OR “cell phone*” OR “smartphone app*” OR 3g

OR 4g OR 5g OR ehealth OR telemedicine)))

Set4.1AND 2 AND 3 71 71

Limit: All languages

Time frame:1970-2021

( TITLE-ABS-KEY ( ( "adverse effect*" OR "side effect*" OR "Adverse
Events Following Immunization" OR "adverse events following
Immunization" OR aefi OR reaction* OR "adverse reaction*" OR
"adverse event*" OR ‘"serious adverse event*" OR '"Long Term
Adverse Effect*" OR "Drug-Related Side Effect* and Adverse
Reactions*" OR "Adverse Drug Reaction Reporting Systems*" ) ) )
AND ( TITLE-ABS-KEY ( ( vaccine* OR vaccination* OR
Immunization OR Immunization OR measles OR mumps OR
rubella OR mmr OR rotavirus OR smallpox OR chickenpox OR
yellow AND fever OR "Hepatitis A" OR "Hepatitis B" OR influenza
OR hlnl OR flu OR influenza OR polio OR "inactivated Polio
vaccin*" OR ipv OR rabies OR tetanus OR tt OR td OR hepb OR
pentavalent OR hib OR "Hemophilus influenza type b" OR
"Hepatitis B" OR "Human papillomavirus" OR hpv OR "Whooping

cough" OR pneumococcal OR meningococcal OR shingles OR
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polysaccharide OR toxoid OR dt OR dtp OR "rotavirus vaccine*"
OR ebola OR "Japanese encephalitis" ) )) AND ( TITLE-ABS-KEY ( (
( "mobile health" OR mhealth OR "mobile phone*" OR "mobile
app*" OR "cell phone*" OR "smartphone app*" OR 3g OR 4g OR
5g OR ehealth OR telemedicine))))
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APPENDIX 5: Efficacy and feasibility Zm-STARSS RCT publication
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Conclurlon: Despdte the low SME response and CATI completion mate, we demonstrated that Zm-STARSS SMS
system improves AEF] detectbon comparsd 1o passive AEFL survelllance. We recommend chat this and simsdlar
approaches are explored further using cost-effective muhi-channel digital approaches for holistic pharmacovi-
fgllance to lmprove AEFT detection in Low Middle- Income Councries (LMICS) or all vaccines.

1. Introduction

A functional national & 15 B integral to
enhance public bealth and pandemic preparedness. A key priority for
each immunisation programme shoubd be vaccine pharmacovigilance
and in particular the surveillance of adverss events following immuni-
sation (AEFT). Passive post-marketing AEF] surveillance is recommended
globally. However, there are both mherent limitations and significant
challenges in implementing this method such as under reparting and
incomplese information [1.2]. In most LMICs, AEF] surveillance systems
are Hmited due to paper-bassd ander reparting, delayed incomplete or
incorrect information and ultimately delayed AEF] cage management

23], Weak spontaneous AEF] surveillance systems result in low
reporting delayed AEF] detection, delayed case investigation/manage-
ment, causality assescment and preventable serious AEFIs. This might
result in lack of public trust in vaccines reducing vaccine uptake and
ultimately increased vaccine preventable diseases (VPDs) [4]. In LM,
the challenges that contribute to AEFl underreporting are further
heightened by consumer illiterscy, poverty, madequate overstretched
Fu'i.'rnﬂrj' health care systems and unavadlability of digital techoologies

5]. Most LMICs in Africa contributed the least rmmbcrol'ad‘vuse

isation prc

coatinoous organised process [1].

The m-Health approaches are showing promise as 3 tool o Emprove
AFFI detection in many high-income countries {HICs). This approach
directly prompts vaccinees of their caregivers to repart an AEF] quickly
and seek care [10,13-15]. A Canadian scoping review of MAPC AEFI
surveillance suggests that miealth could be the method for collecting
self-reported subjective sympioms from vaccinees which could com-
plement existing AEFI surveillance systems [ 0], The study recommends
the eval of digigal sch o improve vaccine surveillance sys-
tems for contemporary and fature public health needs [10]. The per-
formance of these m-Health approaches in LMIC settings is poorly
described with only Cambaodia [14] and Sierra Leone [17] reporting an
their experiences for active m-Health adverse drug reaction (AD#s) bat
nat an AEFls. Mareaver, the underperformance of the m-Health system
in aborigimal communities in Australia highlights the need o assess the
feasibility and performance of such syslnns in culturally diverse pop-
ulagions with pnur sOCipeDonMmic Frowps |

A comprel 1 ----nfSHSbasadﬁEF]mullanﬂels
required prior to diverting scarce public bealth resowrces towards
widespread implementation [141]. The Australian stimualated telephone
assisted rapid safety surveillance (Au-STARSS) is one of two published

events to the WHO Vigibase database [6]. In recent years including the

4 ised controlled trials (ACT) which bas compared the AEFD

COVID-19 pandemic some LAICs ml:mdu.::d passive enhanced .H.EFI
surveillance 1=ing mHealth reporting tools such as the African Union
Smart Safey Surveillance MedSafety App pilofed in a few African
countries (Bukina Faso, Ethiopia, Ghana, Nigeria, Zambia and South
Adfrica) [7.8]. VigiMobile app linked to the WHO, AEF] VigiFlow Vig-
iBase databaze was recently piloted in 22T in Zimbabwe and few
selected countries, after the condwct of the Zm-STARSS study bowever
VigiMobile system uptake & still under assessment. Some studies mostly
in HICs reparted successful mMealth active AEF] surveillance sy

detection mie in an active [SMS surveillance) and controd (passive sur-
veillance) groups. The study evaluated the feasibility and acceptability
of SMS based surveillance using a two-step process with an indtial SMS
besing the entry point for detection whilst a subsequent digital interac-
ton elicited information to determine the nature of the event [14]. The
outcomes of the Au-STARSE study showed a 13-fold greater AEF] degec-
Hon rate in the SMS group (Pearsoon® 7° test = 760, p < QUD0OL)
mmpﬂ.l\ed to thes contral group (passive surveillance) [14].

Blizhed in 1997, the Zimbabwe national AEF] surveillance sys-

linked to other digital tools such as web apps, eHealth and efectronic (=)
record linkage since 2009 to 2023 inftially for infloensa vaocines,” other
vaccines and then expanded to monitoring OOVID- 19 vaocines as well

9.10]. Some LMICs wse District Health Information Systems [(DHIS)
updated verssons that are used to collate most Ministry of Health pro-
grams performance monitoring indicators with Immunisation coverage
and cutcomes including AEF] surveillance usually originally completed
on paper-based forms at the vaccdnations clinics as aggregate data [11].
The DHIS tools were found o have inadequate AEF] form report data of
only 15 core valees or kess, short of the critical 25 come variables required
for AEF] case investigations and cansality assessment [11]. Most DHIS
tools are ususlly limdbed since they are not linked to any primary health
system digital, sHealth and mHealth applications due to unavailabality
of these unaffordable advanced systems in most LMICs. Challenges were
experienced with some African countries in conducting active AEF1
surveillance 1=ing DHISZ cince most hospital sites did oot met the
asmesment criteria [12].

First, the e-Health technobogy, which mobile health (m-Health) &
part of, is now applied globally te improve health surveillance and
outcomes. A nobeworthy area is the application of digial tools 1o
improve immunisation programmes including AEF] surveillance. Sec-
ondly, the m-Health for active vaccine safety surveillance (AVES) &
eliciting growing nterest because of its ability to engage consumers
diiresctly to elicit AEFI reports, which could overcome some of the 1i.'rm'
tatioms inhersnt in pessive mpnltmg by health pmnﬁemm'll.'l: 10,13
The m-Health active pa

tem has continwed to grow, bat the burden of reporting AEFIs by over-
whelmed health workers (HOWs) bas remained a key barrier bo the
timely detection of serfous or severs AEFls [ 19 20]. Zm-STARSSRCT is a
proof-of-concept study evaluating SMS based surveillance for AEFL
detection in a LMIC using an adapbed Au-STARSS mHealth platform. The
ohjective was to ascertain if STARSS could be adapted, implemented,
and eval d in Zimbabwe for the d iom. of AEFL

1.1, Aim and hypothesis

The primary aim was to determine if Zm-STARSS was more effective
in detecting an AEF] than rowtine passive reporting of AEFls. The pri-
mary hypothesis was that the proportion of people i which an AEF] is
detected & greater in the SMS intervention group compared to a com-
parison group (passive surveillance). The secondary aim was bo provide
a narrative description covering the challenges of establishing a Zm-
STARSS platform.

2. Methods and materials
2 1. Shndy popuadotion, somple size ond molusion oriferia

A total of 4560 individuals presenting for vaccination at CITIMED
and Chitungwiza hospitals in peri urben Chitungwizy near Harares,
Elmbabm-_, were eligible Inu' u:u'nh:msl! fram Number Q{ﬂl:l to ﬁuglﬂt
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muobile phane and consented to being part of the study.

Exclusion criteria: Viocdnees who were unwell before vaccnation,
child vaccinees associated with multiple births (e.g., a twin child) and
children with parents/guardians who are minors (< 18 years) were not
eligible for enrolment. Multiple births e.g., twins were exchaded since
thiz inclusion was Likely to confuse the parents/guardians if the indi-
vidual children were randomized to different groups.

2.2 Consent process

Opt-in, informed consent was sought. Participants were imformed
that the staudy was examining diverse ways of monitoring vaccine “side-
effects’ and that they could receive a follow-up SMS o ascertain any
adverse event requiring attention, together with an invitation to provide
further details (by CATI) of their ‘experience” during the post
vaccination period. Consent was obtained for receipt of SMSs, partici-
pation in a CATI interview and acoess to any passive AEF] reponts sub-
mitted to Zimbabwe Expanded Programme on Immunisation (ZEPI) and
Medicines Control Authority of Zimbabwe (MCAZ) through a database
search for perfformance of a cansality assessment by the national AEF]
Committes.

2.3 Sneely design and rendamisation

All study staff were trained in the Zm-STARSS protocol by qualified
MCAZ national pharmacovigilance centre study researchers including
informed consent process and compliance with good clinical practice
(GCP) 2-3 days before conduct of the study including continuous
muonitoring and retraining's throughout the study period. All study site
murses were blinded to the randomisation. After enrolment all partici-
pants and guardians were informed on how 1o report an AEF] regardless
of their allocated group. The study sites nurses were provided with AEF]
paper-based reporting forms. Both study site nurses and national phar-
macovigilance research staff verified records at both EPL, MCAZ and
study sites for any SMS or paper-based reports from both CATI arm and
control arm. The Zm-STARSS software was customised to include all
national ZEP] antigens including COVID-19 vaccines. Zm-STARSS study
design included only two randomised groups (SMS and control) and
excluded the web-based component which was in the Au-STARSS,
because of the high cost and limited intermet access to health cere
warkers [HCWs) and vaccinees. The Zm-STARSS trial was a multi-
centre, single-blinded and active-controlled parallel two-growped RCT
with a repeated measures design to collect responses 1o SMS's sent an
days -2 and 14 post-immumisations o ascertain whether the parntici-
pant had experienced an AFFL that was associated with medical
admizsion or attention. Participants were enrolled at both CITIMED and
Chitungwiza haspitals vaccination sites. Site selection was based on
availability of reliable infernet services to enable the platfiorm to func-
tion. Randomisation was imph ed using an algorithm residing in
the study server which allowed awtomatic allocation in a 1:1 ratio in
permuted sequence to the SMS intervention or the control group. The
participant was the unit of allocation, which aocourred on receipt of the
vaccinee's immunisation and demographic data into the study partal.
Research healthcare workers [RHOWs) involved with the enmdment of
participants and immunisation providers were blinded to the allocation.

2.4, SMS disparch and response

Extraction of participant and vacdnee data from a completed
enrlment form was entered manually by RHOWS, via a secure web
partal, and within 48 h of vaccination. Upon receipt of this data an in-
formation technology (IT) application, located on the MCAZ server,
aubomated SMSs to be dispatched without daily restriction (with a
curfew between B PM and BAM) and managed the flow of outgoing and
incoming SMSs which included customised SMS replies to thess re-
sponses. On receipt of the enrolment data participants were reminded
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via SMS that they should expect follow-up messages on days 0-2 and 14
past-immunisations. These time intervals were consistent with the ex-
pected temparal anset of reactions for the vaccines administered to the
participants in the sfudy. A welcome mescge was sent immediately o
each participant on enrolment day 0. A survey message was sent to each
participant 48 b after their vaccination date and tme. To enswere that
survey messages were always sent at the correct time for each partici-
pant (48 h afier vaccination) the system prevented the enmolment of
participants if their vaccination was already more tham 48 h old.

Each prompt SMS message aimed to determine if an AEF] had
occurred by asking the question: “Since voccinetion hos the person who
Iax been voccineted seen a medical docior, murss, pharmacist, healthcare
worker or hemlth troditional header becouse Hhe child or adwlt vaccinated
hzs been umwedi?© Plepes respond “Yes" or “No. © Those who responded
“Yes" were contacted telephonically to complete an AEF report which
twak the form of a CAT] administered by a RHCW. The purpose of the
CATI was to obtain detadls about the AEF] so that it could be determined
if this was consistent with the WHO, AEF[ definition [21]. The CATI
interview questionnaire incloded most of the 25 AEF] core variables as
recommended by WHO [21]. The “No" 5MS responders were sent an
automated SMS acknowledgement. A fnal SMS prompt was sent on
dayld post-vaccination. The specific wording of the SMSs is detailed in
Table 1.

The CATI sought to verify the following details on day 0-2 and 14
past vaccination if participants responded Yes to the SMS prompts: 1)
vaccine(s} administered and batch numbers already prefilled ae enrol-
ment an the online Zm-STARSS by the nurses and also available on
participant’s hard copy vaccination card; Z) type of medical attention
sought; 3} adwverse symptomis); 4] other details including hospitalisation
and recovery. An AEF] report was regarded as confirmed if the reported
vaccination details were the same as those documented through the Zm-
STARSS online recruitment portal, if medical attention/attendance
following the immunisation was confirmed and one or more symptomis)
were repocted. Ko follow-up ooourred for the participants randomised to
the controd and the cooamence of an AEF] was determined from the ZEPI
and MCAZ AEF] database,/AEF] line lsting.

25, FmSTARSS.information techaoiogy (1T) pltform

The Zm-STARSS IT platform was centralised, with encrypted data
transmitted ssoursly from the two shody sites 1o a ssoure MCAZ server.
The IT platform provided a single site for the collation of participant
g isation data, and SMS mesages including re-
pasitory for all data collected from CATI reports. The platform awto-
matically dispatched and received SMS mesages. The vaccines's
immunisation details (vaccine antigeni(s), brand, batch number, vaocine
adminisiration site(s), date, and time together with demographic

aphics

Tabls 1
Detaik of the wording of the SMS5's generated following enralment and man-
domdsation to the SMS-CATI intervention growp.

Vaccination day Remind Wik e s STARSS Snudy. Sinee wccissation
gMs T e prairicnn b e B et Dl st istatane
Dy 0-2 (within 48 k) et AL or siisk d medical docios, e, pharmackn
healthease worker or Bl rraditiosal Bealir
b tht ehild o adiill vacsaied has baen
urrwedl ¥ Plesse respond Yes or Bo'.

Welsomie bo e STARSS Snady. Sinee wccisalion
huai e preomson e has beves v sesinatod expesivaced
i AEFL of s & mdical decis, e, phirmact
healthease worker or Bl rraditiosal Bealir
benisia: The child or ddull viccsaied his boen
vl ¥ Pl pespond Yis or Bo'.

SME respanse fress portal Basndamisid 1o S5 m Hieslth oy Ansisted

Remsinder SMS
Day 14

o “YES* Teelephone Inberview (CATT) s
participants reply atdigs  STARSS Snudy: “Theskl you for keiling i kasw thal
0-2 and 14 yona rceivied hislth advics afier the varcsation. Wi

will call you in the nexr 24 b oo fed o moee”,
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information (vaccine='s name, date of birth (DOB), wex, addresx and
muobile number) were collscted at enrolment. Participant reports of a
AEFI automatically triggered an emadl alert to RHCWs. Access o the site
was password protected and RHOWSs had access to the global dashboard.
All portals affered a real-time view of the AEF] and AEF] reports, and all
data was added to a single structured query langouage (SQL) database
stored in the study server, which allowed export of the data [C5V
Format] and circumvented the nesd for unsecure data ransmission. The
Zm-STARSS surveillance system was developed with ascistance from
Econet Wireless Zimbabwe Led (Econet), (3 company with 65 % mobile
phone market share) and in line with the Postal and Telecommundca-
tions Regulatory Authority of Zmbabwe [(POTRAZ) requirements for
SMS mobile phone test codes. A major challenge was that participants
would bave insufficient telephone credit, fo respond (o the automatic
SMS messages. This could introduce a significant bias in the peroefved
responsiveness of participants, and the reparted/umreported symptoms.
To address this isswe, Econet created a test channel pre-paid by MCAZ,
where participants’ SMSs were not charged, and hence sucressfil
transmission could be achieved despite insufficient telephone oredie.

Z.6. AEFI purcome mezsures and definitions

For the SMS-CATI group a AEF] notifier was defined as a participant
whao replisd “Yes" to the M5 prompt on at least one of the time points
(0-2 or 14 days). A participant was deemed to not have had a AEFLifa
“No" response was received at any of the time points. A AFFI was
defined as completed when all four CATI verification steps had ooourred.
An event was classified as an AEFIif it met the WHO case definition.
Zimbabwe's national AFFI expert committes trained by WHO performed
the causality assessment on all reported cases according te WHO AEF1
cansality assessment algorithm (20019 [13]. Some participants however
might experience more than one AEFL, e.g., abscess and comvalkions.

The number of AEF] cases in sach growp (5MS vs comtral) formed the
basis For the analysis of the primary outcome. Since multiple AEF] re-
parts may have been completed for the same participant, the primary
‘cutcoms was based on a single individual. For the control growp all AEF]
reports for the duration of the RCT, were matched 1o the vacdnes's
details (name, date of birth (D0OB), antigens, date of vaocination,
waccination clinic or study site and name of the reporter] to determine if
a report had been received within 14 days of vaccination. Any submitted
report was counted as an AEF] for the contred group.

2.7, Secondary oufcomes

EME compliance was ascessed by the oumber and percentage of
participants who responded with a “Yes™ or “No™ response to the sur-
weillance SMS. Fully compliant responders were defined as responders at
the three points (-2 and 14 days), partial compliers were those
responding at 0-2 or 1d-days’ time points and non-compliers never
responded at all. AEFI completion was assessed by the number and
percentage of participants, in the SMS-CAT] group, who notified an AEF1
and whaose report was completed and verified by the RHCWs. The time
For detection of an AEFI was defined as the time (in hours) from medical
attendance /attention o completion of the AEF] report for the SME-CATI
graup ar the time from healthcare attendance to receipt of an AEFI
report by ZEPI ar MCAZ for the control group.

28 Smfistical anotysis plan

The primary analysss “n.-pu'im'rnedmlhe intention-to-treat ([TT]
lation, with particip Iysed per their allocated poocls. Given
H‘lelnwﬂ.'E'Flmuupacred in the control groap, twao-tailed Pisher's
exact tests (@ = 0.025) were done to compare the events in the SMS
group to those mrhemrl'l:rnlgml.lp.l'-'mnm &* tests were carried out for
the diffe t erictics, such as gender, age, sex,
index of socic-economic advantage and disadvantage as well as the
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vaccne charpcteristics to determine any significant differences in the
SMS group and comtrol groups, including those participants who
respanded “Yes" or “No™ to the SMS or the non-responders o any SMS.
Median and 95 % confidence intervals based on the binomial distriba-
tion were used to describe the median time in bours of the varioes time
lags from earolment to AEF] detection.

3. Results
3.1. Ehgibility, emrolment, rendomisation, end intention fo frear mumbers

Between November 2020 and August 2021, a total of 5,541 eligible
adults and children attending the two immunisation sites were
approached and screened for enrolment. A total of 4,560 who met in-
clusion criteria and signed the consent forms were enrolled and
randomly assigned (1:1) equally to the SMS or the control groups, and
981 subjects were excluded with details documented in the consort di-
agram (Fig. 1).

are detailed in Table 2. Whilst participants were distributed across a
wide age range (birth to 65 and above years), 2,551 (55.9 %) were aged
from birth to & months (or with almaost equal gender balance (females
2,157 or 47.3 % and males 24001 or 52.7 %) A total of 11 different

Assessed for elligibility
n=5541

Excluded n=961
05 Declined enroliment
[253 Incompatisle phone
71 Multiple births
|24 Didl not agree with
sfudy
13 Na phone

Parent<18 years

Urwell before vaccination
Na understanding of
Erglah

L= 2K 2T

Centrally randomised
n= 4,560
1
I ]
SIS CATI Group Cortrol Growp

n=2, 180 =2, 180

Lost to folloe-up
n=55%*

Irtantian to Treat Intention to Treat
anahysis anakysis
n=1,248 n=1, 280

Fig. 1. Zm-STARSS ODONSORT diagramme for Intentlon To Treat analysis.
** @ — 55 Participants whe responded “¥es™ to SMS day 0-2 and/or 14 prampts
post vaccination were however considered lost to follow since they did not
resspand 1o the RHOWs phone calls (3 attempes at different times) o conduet a
CATI survey 1o ascertaln U the “¥es™ meant If the person vaocinated had
experienosd a MEFL/AEF] or not.
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Table 2
Gender, age, socko-economic status, and vaccine characteristics of pasticipants
in each trial arm.

SMS- Cortrel Total Pearsan Commnest
AN srop ChéSquare
oy 9Smap
n- 2280 02750 n-4560 value
%) (%) (%)
Site
Chitungwiza 1160 1161 2321 p=097%6 NS
Central (50.9) (50.9) (50.9)
CITIMED 1120 19 2%
{49.1) (49.1) (#9.1)
Gender
Fomale 10653 1104 asy p 0318 NS
(46.2) (48.4) (47.3)
Male 126 17 2401
53.8) (51.6) (27
Other 100 1(0.0) 2 (0.0)
Age eange
Medises (IQR) NS
0-6 months 1200 1273 2551 p - 0884
56.1) (55.8) (55.9)
7 moatls-5 21293 212(93) 424
years 04)
6-14 yoars 1(0.0) 0(0.0) 1 (0.0)
1530 yeser 301 =7 580
a3 3.0 azmn
WHtyen T4 3 758
16.4) 7.2 (166)
65 yours and U249 105{4.6) 246
above 54)
Marital saatus
D - diveeced 6(0.3) 6(0.3) 12{0.3) P~ 0877 NS
F - de Facto 1(0.0) 301 4(.1)
M - masried 2000 2001 4010
(88.1) {82.7) (87.9)
S - single 201 (88) 202(89) 408
(88)
W - widowed &3(28) 68 (30) (R
29
Education
D - degroe 55 199(87) 454 p-002 SG
aLy (10.1)
I - digloma 201 (88) 218(96) 419
o1
C - Centificate 7(0.3) 8(0.4) 15(0.3)
A - Crnbridge/ 224 (9.8) 202(88) 426
ZMSEC A w3
Bewved
1503 1,653 3,240
169.9) (72.5) (71.2)
Work Swatus
Unemployed 715 7is 1,430 p 0017 NS
314 (31.4) (30L.3)
Empioyed 708 704 1,412
@Ln 30.9) (31.0)
Domtestic duties 566 572 1,158
24.8) (35.1) (B0
Self employed men 19 450
{10.0) (10.0)
Stodent RN &0 (25) 130
27
Heusing Status
Owaed 1334 1347 2,581 p - 0606 NS
(58.5) 9.1} (58.8)
Rented e ws 1579
{4L5) (40.9) (41.2)
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Table 2 (coneinued )
SMS- Comarol Towad Pearson Comsest
CATT froup Chi-Sqpaare
grosp smclp
=-2280 n- 2180 n-4560 value
(%) %) (%)
Number of vaccines received.
1 1649 1643 22 p> 005 NS
(723) o21) (722
2 118 (5.2) 110(48) 228
(5.0)
3 E(43) 97 (43) 195
(43)
4 415 <0 845
(a8 (18.8) (185)
Vaccines administered.
BOG a64 B8 1712 p> 005 NS
(37.9) (37.2) (37.5)
DTP boester- 1 00) 1(0.0) 2(00
OPV-PCV-
Reotavirus
DTP bocster- V8 (43) 7 (43) 195
MR-OPV (43)
DTP bexster- 0 (00) 1 (0.0} 100
MR-OPV-
Pestavalent
MR 118 (52) 110{49) 228
(5.0)
Samopharm I151(66) 164(7.2) 315
COVID-19 69
Smovac OVID- 1 (0.0) 3(0.1) 401
19
633 w28 1261
(22.8) 7.5 (.7
414 8 842
(182) (18.8) (18.2)

NS - Not Significant SIG-Significant.

i were admi ‘104560 7 with the fi C
hinations being admi B:cillel" G BCG(375
%) was the most fi 1 d followed by Sinoph

COVID-19 vero cell v:r::ule (27.7 %), Smuvx COVID-19 mceu vac.
cine (18.2 %), oral palio ine (OPV) -

(DTP.Hib-HepB)- Rotavins (6.9 %), Di _~ I Tetanus P

(DTP) booster Measles Rubella (MR) (5.0 %), Pneumococcal Rotavines
(4.3 %) PCV and Sputnik V COVID-19 vaccine (0.1 96). Table 2 shows
thatﬂxel’anonf lmxluvenoﬂpuﬁuu( diﬁetmcﬁmanyoﬁhe

ic or vaccine ch the SMS inter
mudmwwforﬂndunmmmp 0042ﬂ|xlsslm
tically significant, with inall individuals in the SMS.CATI

pmpbamgldqmeuAlcvd((‘ambndgefﬂMS!C).

mmmmdmmm
report completion and AEFT ty classification

The SMS responses, AEF] completion and final AEFI classification for
dwp:nidplmsmldwniudtnmemﬂywpmdmﬂdin
Fig. 2. A total of 6,840 SMSs were dispatched to the p within
0-2 and 14.days post-vaccination. Overall, 69%(!576/22&))d’|nr
ticipants, in the SMS intervention groups, were classified 2 non-
compliant. Of the 704 SMS (31 % of 2280) responses received, 75 %
(528,704) indicated that “"No” AEFI had been experienced whilst 25 %
(176/704) ded “Yes” to experiencing an AEFL(Fig. 2) at ane or
more of the time points (day 0-2 and/or 14). In this group of 176 par-
nmgalmmﬂmmphm(nwdtdmmems)md%m

ded to all SMS). Of the 176 who were “Yes”
rq;ondmsﬂl%ﬁi/”&)muldnmbe d for a CATI despite at
least 3 The ing 69 % (121/176) were

P L
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=3, 350

Randamised to SMS-CAT] group

Hon=<omgliant with
ary SME redponag

=1, 578 {8

or =] and w
wekponas [“Yea" aor "Ha"|
=70 {31%)

"Yes™ SMS response

n=1TETH (Z5%]

“¥ee® remponas al one or mone
daye (-2 or 18 days)

"Mo™ SMS rosposme
=S (T

EME rasponsas wors "Ho” (inckides
partial compliant and fully comphani}

Diel past participata in CAT]

n=BE1TE [31%]
D participated in CATI
21T B
Mo AEF] detectied
raTT2T (B
AEF] detected
AAFTEY (3%

Fig. 2. SMS.CATI group panticipants - SMS response, MEF] repont notdfication, verification of AEF1 report completion.

contacted swocessfully by RHCWs who completed their CATI and 36 %
(44,121 ) of these were assessed as they met the WHO AEF] criteria. The
remainder &4 % (77/121) did not experdencs an AEFL No passive AEF]
reports were identified in the control group after verification of the ZEP
and MCAZ AFFI databages,

The averall health care attended AEF] in the SMS intervention group
was 2 H (44,2, 24B) with no AEFI detection in the control group. The
AEFI detertion rate was 2 % greater in the SMS group compared to the
control group (0 %); Fisher's exact test {2-gided)), p < 0.0001) which i
statistically significant. The non-response rates to SMS prompts did not
differ significantly for the day 0-2 and 14 post vaccination SMS prompis.
However, those particpants who responded to the SMS (“Yes™ ar “Na")
compared with the non-respanders demonstrated Pearson X- significant
differences for education level, employment, and housing statos but not
for marital status, gender, and number of children, as shown in Table 4.

3.4, Reported AEFIs ond cousality assesment clossifications in the SMS
Foup

The adverse symptom and causality assessment classifications of
those in the 5MS group are shown in Table 5 incloding the Adverce
Dictiomary for Regulatory Activities (MedDHRA) term reactions system
organ classifications (50Cs) and preferred terms (FTs), suspected vac-
cines, and camality axesment outromes dooe by the National AEFI
Committes using the WHO AEF] causality assessment algorithm (20015)

13]. Fever was the most reported symptom with a mte of 3.0 % (217
704, Followed by rash (1.4 % and diarchoea (1.0 %) and vomiting (1.0
%) with all other symptoms reported with a frequency of <1.0 %
(Table 3). In the ITT analysis 2% (44/2,248) of all SMS participants
experienced an AEFI and reported seeking health adwice from HOWs. OF
these, 25% (11/44) were hospitalised including one Batality (Talle 3.
The reported rate of hospitalisation was 0.5% (11,2 2800, Participants
sought advice mostly from a community bealth advisor (57%) followed
by a pharmacist (18%]), GP (13.6%) or nurse {11.4%).
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Table 3 Table 3 {continued )
Adwerse symptoms in the individuals andomised to the SMS-CAT] intervention E— T —— ‘Suspecd S——
group (bl T1TT greupin Vieineis) assesimmnt
AEFI Renction AEFI reaction CATL Suspecid Cansality Sy Oegis Prstsmd = T4}
hdedDRA) MedliRA. group (o Viactineis) s Classification Terss (FT) rrsprndod
Systim Orgee Profernad = 704} I50C]
Chassification Terms (PT} respended Fa—
L) COVI-1D
General diseders  Abuees 2003 BCG (1) Al vaceine (1)
and OPV-PCY-
acknsislration Poeralien il . 8
Mervous sysmes Fal 2 (3, ! Al
site ooeditiong Rotrvin (1) d-mﬁ.ﬂm e et m‘;n
Injection sile 5 (0.7 BCG (2 Al vaseine (1)
i Heatichi 24y Sigavae Al
iajacead Mash, COWI-1S
pain vadting (3)
OPVPCV.
Penlervalent-
Rotsrvins (3) it il Feniz 21 (308 BCG {5) Al
Crying 203 OPV-PCY- al ftation TP Btz
Pention . MR-V (1)
Rotsrvieis (2] MR (2}
OPVPCY-
Pentiow sl
Shin s Bk 203 Smavac [ Fm—
il COVIDIS [z
tue disteders vacrine (2] Slaovas
Rish 10145 BCG (4] AL, € (1) COVIL1G
MR (1] vaseing (1)
‘;:;”‘::' Cnher 16 (23) Ali5), B1
L - =], L U
Rotsrrieus (4) ptphii :l; o,
Smovace
CONID-I " These AEF! reartions include chills, cramps, bloated siomach, jaundice,
wvaceing (1) nasal congestion, namsea, oral thnsh, pimples on bead, redness, selzures,
swelling and tonsils. There was ane unfortunate case where a 1-day old baby girl
Fuspiratery, Chest pais 200 Simovae Bl died after BOG vaccination, She experienced fever an the same day post vaccl-
thiraca and COMID-1S nattan, she deterioraced and was subsequently hospitalized. She was treaced
medissrizal vactine (1] with antibiotics and intravenous fluids, but she dido't improve. Post-morem
disceders Sl was not conducted hence the cause of death could not be determined.
CONID-19 * Camsality assessment classification based on WHE) AEF] Algosithm 2015 key
vacring (1) 15 as follows: A1. Vaccine -related reaction, B1. Temporal relat is
Cough 30041 Samova EL{L) - o celne peoduct e e fomsbly

coaststent but there is Insufficient definitive evidenor for waccine causing event

ﬁ?::l[l:l (may be new wvacrine.lnked event), C. Colncidental -Underlying or emerging
OPVPCV. ez conditions or conditions caused by sxposure to sumething other than vaccing,
Pentline dkent- and U. Unclassifiable fatal case due to lack of post-martem.
Riitirwiris (2}
Daffieuly 30041 OFV-PCV- o
beathing Pernluvalent. Table 4
Rotsrviris (3) g d b EMS-CATI wh Vs~ of “No”) comparsd
with non-respenders 1o day 0-2 and 14 SMS according 1o demographic
Gaslroslestioal Dearzhea B L1} BCG (1) Al SOCIOECONOMIC StaTus, n = 704,
::\'E;:._.\,_ Pasticipeets who Pisrainn Chi Cismisent
remcted sepatre T Vidast
Vs or Nl ¥ faome
reponden.
Edueation Level 0,001 0 Level and below dspropurtanisely

i - resonderi
Employast Slans <0001 Thie enimpleryaal i Ui employed by
urgiesizatines dispripertioaely wee
PTS

Lisa of 30041 ALY B2 Huusing Stans W Hurseerrsers, dispruportiosatedy wene
appetie nof-rEpadi
Bl St o7 Bseiral saanes did sion alfies nsposse rales
Gender ols Gender did sol afect sisposie calel
HNumber of alls Number of children did sot aifect resporse
Vomiting B(1.1) Alis), B Children L
MR-OFY (1) A5 Time to detection of an AEF
OPFV-PCV-
Pentsovidens. . N
e — For those SMS participants who had a confirmed AEFI the Hme io

distection of an AEF] was determined (Tabi=5) For the time periods of

umcillatinmnﬁmum and vaccination to AEF1 notification there
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Tabbe 5

Time ta AEFI detection; Surveillance time points (in hours) in participants with
confirmed AEFIs for Zm-5TARSS, RCT mHealth 585 CATI intervention growp, n
-4

Time poises S5 mHeally Crleadation
CATI
Group in Bours
195 % (1)

Wi sl 1o ani of 170 it Aympioms (osken Ties)
sympliome OL0-F1.0) Warrinatios Time (Erukness

Tiemse)

Cieset of sympeoens 1o a5l Medical Anmerios (Medic lime) -
mudical amendances (655-1159) Dirniet ympooems {Foeses Tieme)
Allentioe

Mindiial aendance,’ R2GE AEFI pipeet (Coeate Time) AEF]
allentis s pomphetil (876 581.3)  poSfeatios(Medic Tise) - Time 1o
AEF rispusrl AEF] detin-thns thal is présry sbaly

nl pusinl.

waccines with a variable reactogenicity profile. However, the median
time was 17.0 h (01 95 %: 9.0-Z3.0) from anset of symploms to pre-
senting for Adverss i BT of when this Foll owriineg
immunisation. The median Hme from Adverse attendance to Zme
STARSS completion of an AEFI report was 5256 h (C1 95 %
487 6-581.20.

4. Discussion

The STARSS platform was designed to address some of the de-
fciencies inherent in passive surveillance with low rates of AEF]
detection. [f an AEF] oocurs and is not reparted, this is due to barriers in
the AEF] reporting cycle, confusion among HCOWs as to what type of
events constitufe a reportable AEFI and an unsatisfactory reparting
pro<esses [22 24]. Targeting consumers is a strategy o improve AEF]
reporting | 1. Cur SMS surveillance prompis were designed
b ascertain if a sedous or severe event, which prompied medical
attention or attendance, had occurred. We designed the first SMS
questionnaire to include a broad mnge of medical and community
health care advisors with the aim of capturing as many potential AEFL as
passible. Using the Zm-STARSS we el that the ion rate
of medical attention and/or attended AEFI using SMS-based surveillance
excesded reporting by passive surveillance. This oocurred despite high
noo-compliance rates to SMS responses. Confrasting the Ao-STARSS
with the Zm-STARSS provides some valuable nsights into the imple-
mentation of SMS based surveillance in a LMIC. The SMS-based AEFI
detection rates in Zm-STARSS were 2 %, which compares with a rate of
5.3 % in the Au-STARSS-CATI group. For AEFI passive surveillance the
rates were 0 % and 0.3 % (respectively, for Zm and Au-STARSSL
Overall, hospitalisation rates, following immumisation, were G-fold
higher for Zm-STARSS (0.5 %) compared with Au-STARSS rate (0.08
%), which islikely to reflect co-dncidental diseases, including SARS Cove
2 infection. This underlies the importance of performing cansality
asseszment for serious AEF] reparts, using the WHO methodolagy [17
b difersntiate adverss vaccine reactions from co-incidental events,
which are likely to have cocurned with greater frequency in Zm-STARSS.
Collechvely these trials have demonstrated the utility of the STARSS
platform in both HIC and LMIC setings.

The SMS non-compliance rate in Zm-STARSS was 60 %

Vi 41 (2023} 6P00-E709

level and unemployment was associated with a higher e of noas
respanse bath factors which need further mterrogation. Second, the
study was conducted during the peak of the COVID-19 pandemic with
inherent challenges in implementation of the shody with some HOWs
and community members sucoumbing to COVID=19 and some of the
RHCWS testing COVID-19 positive requiring quarantine and prolonged
absence from work from time to time. Furthermore, acosss to phons
credit in a LMIC setting is likely to be a significant barrier to SMS re.
spoases. We conclude that SMS in LMICs could be ineffective where
mobile phone plan pricing structures often encourage data-only plans
(withaut an allocated phone oumber) and where phones are often w=ed
with Wi-Pi communications only. Fature studies should investigate the
use of online/digital mesaging services such as WhatsApp, Viber, Meta
messenger and Sasad. The preferred platforms would obviously depend
on local popularity, and suppart for multiple pathways may be required
for best cowerage. The IT platiorm could connect o the AP] gateways of
these services and send instant messages through their netwaorks instead
of the telephone network. These options are likely to introduce their
own isupes around privacy and confidentiality in capturing and
recarding recipient health information and around adverse treatment of
messages by spam filters. However, digital services do not rely on a
formal mobile oumber, they rather offer the promise of broader access 1o
the lacal population than SMS and avoid the izsse arcund transmission
of replies being prevented due to lack of credit on the participant phone.
In LMICs, SMS platforms on cheaper mobile phones are more accessible
than aaline/digital mescaging. If a user is offline, there is oo commu-
nication. Furthermore, the user requires smartphone tablet /computer
ta go online/digital, which is more expensive than a flip phone. We may
therefore conclude that using enline/digital messaging, in addition o
SMS could be more effective in LMICs if resources permitted.

In the Zm-STARSS, 69 % of the “Yes" respondents completed a CAT]
survey compared with 83 % in the AuwSTARSS.CATI group. As noted
above this & likely a reflection of the context of the Zm-STARSS during
the COVID-19 pandemic and the Emitations of availability of telephone
credit and conoectivity in a LMIC. OF the 64 % {77/1Z1) SMS “Yes"
respandents who did not actually experience an AEF] it might be due io
cultural reasans as mast Shoma speaking people who were most of the
study participants nsually regard “Yes” as to imply they are akright or in
good health. Similarly, due to cultural factors, Shona people do not als
ways BSVP to wedding birthday invitations, funerals etc. and hence the
high nan-response rates to the post-vaccination SMS prompés.

The: median time of about 17.0 b {CI 95 %:9.0-23.0) from onset of
sympioms fo presenting for medical attention, regandless of when this
occurred following immumisation, were similar for Zm-STARSS and Au-
STARSS. However, the median time from medical attendance to
completion of an AEF] report in Zm-STARSS [535.6 h (C1 95 S
(487.6-581_2)] was longer than the An-STARSS [74.8 h (C1 95 %
(54.3-96.1)], for the CATI arm. This is likely to reflect the difficalties for
RHCWSs in implementing the Zm-STARSS trial particularly during the
COVID-19 pandemic. MAPC web-based reporting (WER) has the po-
tential advantage of a shortened time to AEFT detection as demonstrated
in the Au-STARSS. However, this is currently difficalt in a LMIC becuse
of limited internet conmectivity and expensive online/digital tools.
Further studies are required o using appropoately and timely commu-
nication methods to ascertain the bamriers 1o obtadning information
about health care attended events following immunisation for vacriness

wiith 9.7 % in the A STARSS, although the Latter had an additional time
point for a solicdted response (Day 7L SMS non-compliance (response)
rates have varied between different SMS AEF] surveillance studies and a
comparizon has limitations becanse of the variability in the timing,
number of and content of the SMSs, different populations, cultures,
mHealth services cost in LMICs, and study settings [14]. In general,
studies with opt-in consent show non-compliance rates which vary be-
boreen 10 and 30 % [14, |. There are several lkely reasons for non-
compliance rates in Zm-STARSS. First, it was noted that a low education

or their g

The Zm-STARSS has demonstrated the utility of an SMS-based sur.
veillance platform to enhance AEF] reporting as shown in An-STARSS
[4]. This hax been demonstrated despite higher non-compliance and
nan-CAT] completion rates in a LAMIC setting. The researchiers were so far
nat aware of any publications evaluating MAPC AEF] surveillance in
Africa. The relative costs and benefits of implementing active SMS-based
AFF[ surveillance in addition to passive surveillance remains to be
determined and should be considered using evidence-baged cost-effec-
tive holistic approaches of integration with other existing ar future m-
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Health, e-Health induding digital initiatives in resoonce limited settings.
The Zm-STARSS system may ako be considered for use by HOWs and
any other HCW digital AEFI reporting pathways such as VigiMobile
when these system(x) become available in Zimbabwe. Consideration for
muxdifying this Zm-STARSS SMS platform to have HOW repart AEFI
uming M5 is possible in the fubhure.

4.1. Conchrsion

ShlS-haged AFFI surveillance can improve AEF] detection in a LMIC
seifting and should be considered as an approach to augment passive
surveillance in these settings for both COVID-19 vaccines and childhood
vaccines. However, the challenges of using SMS mentioned in the dis-
cussion ought to be addressed. The Aodings of Zm-STARSS should
inform the wider use of SMS-based AEF] surveillance which is particu-
larly relevant at this time for establishing robust and oovel pharmaco-
vigilance systems to monitor existing and novel pandemic vaccines. The
wtility of SMS-based surveillance in AEFI signal detection is another
usefil risk minimisation factor amongsté other considerations for
evidence-based integration with other e-Health, digital health, and m-
Health systems in resource-limited settings.

4.2 Limitntions, confornding factors ond/or bies

The limitations of the inherent resource and technology limdted
challenges of Zm-STARSS resulted in a different study design of only 3
SMS prompts with oo web-based review component unlike Au-STARSS.
The use of a Zm-STARSS test code meant that some participants could
mat be enrelled if they only subscribed only to the other two mobile
phone operators. We are uncertain if the particdpants who had respon-
ded “¥es™ to day 0-2 and 14 day SMS prompts bat did oot respood to
CATI surveys by the RHCWs could have sought medical attention.
Confounding Factors and bias were minimised by the RCT study design.
Additionally, further studies are required to investigate the reasons for
the high SMS non-response mtes and to identify other factors that may
predict response rates in LMIC settings. The study sites incloded the
largest vaccination clinics ina peri-urban setting in Chitungwiza hence
the resnlts might not be representative of a rural population. An addi-
tional limitation is that those with cell-phone access are not represen-
tative of the whole vaccinated population. As explained under the
disrussion section above, all possible efforts were made b0 encourage
reporting of AEFIs by all participants and guardians in both CATI arm
and control passive AEFI surveillance incloding verification by the EPI
and MCAZ research staff. The study result of xero AEF] reporting in the
control arm is likely to e a lmitation of the passive AEF] surveillance
systemn itself rather than limitation of the shedy design.
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APPENDIX 6: Pre- study HCPs Questionnaire online survey monkey

AZ Medicines Control Authority of Zimbabwe

STARSS |l STUDY of AEFI SURVEILLANCE: QUESTIONNAIRE FOR HEALTH CARE
WORKERS(HCW)

Thank you for your informed consent as a healthcare provider to voluntarily participate in the
completion of pre-and post- study STARSS questionnaire. The aim of the descriptive questionnaire is
to investigate health care ptability of Stimulated Teleph Assisted Rapid Surveillance system
(STARSS) of Adverse Events Following Immunnon(AEFl) surveillance including knowledge
perceptions and practice of health care providers. The information gathered will be treated as strictly
confidential. The resuits of the STARSS AEFI surveillance study and acceptability study will be
disseminated to the study snes and key stakeholdefs in an anonymous format. Should you require
any further clarifications p I pny @ cOo.2W.

-y O

Thank you for your assistance.
Kind regards

Mrs Priscilla Nyambayo

* 1. Participant's Job Title:(Tick only one)

Paedriarician Doctor Nurse Manager Magtran Michwafe Regstered General Nurse{RGN)
Primary Care Nurse{PCN) Clinical pharmacologist Pharmacist

Other (please specify)

2. What is your gender?

Female

Male

3. Please state your age:

below 30 years 31 year o 40 years 41 year to 50 years Siyrs to 60 years Abave 60 years

* 4. What are your years of Professional Experience?

1year 05 years 6 years (o 10 years 11 years o 15 years 16 years to 20 years Above 20 years
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* 5. Which hospital department do you work ?
Cassanean Ward ‘aconation Chric (OFD)

Pastnatal Ward HNeanatal ward

Odher (please specify)

* 6. Please note that this is a brief quiz on your knowledge around vaccinations and AEFI|. Please answer the
guestions to the best of your ability. We are not testing your competence but rather assessing whether the
national training in AEFI is effective and adequate._

Question: How do you respond to the following statements?

There are no contraindications to vaccinations used in immunization schedule.

Sarongly agres fugree Mevtral Disagres Stromgly disagres

* 7. AEFI inclede medical events that may not be cawsed by vaccines.

Shrongly agres fugree Nevdral Disagres Strormgly disagres

* 8. An AEFI| can be caused by programme errors such as a reconstituted vaccine stored longer than the
recommended period or an incorrect injection techinigue.

SRrongly agres fugres eutral Disagres Strormgly disagres

* 9. AEFI investigation includes examination of operational aspects of immunization programme.
Strongly agres fugree euaral Disagres Strormgly disagres

*10. If a parent complains about a mild illness in their child that is clearly not due to the vaccine but blames the
vaccination, you would not repart this as an AEFI.

Sxrongly agree fugree Meural Disagres Stromgly dsagree

*11. A systemn for monitoring and assessing the safety of vaccines exists in Zimbabwe.

Sxrongly agree fugree Meural Disagres Strorgly disagres

* 12 The timeline for reporting a serious AEFI is 24 hours in Zimbabwe.
Sarongly agres fugree Mevtral Disagres Stromgly disagres

* 13. The vaccine batch number and expiry date should be recorded on the vaccination card and AEF] form.

Sarongly agres fugree Mevtral Disagres Stromgly disagres
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*14. Treatment of a coincidental illness falsely attributed as a vaccine reaction should not be delayed until
inwestigations are confirmed.

¢ Swongly agree [ Agree Neuwal ©  Disagres Strongly dsagree

*15. All injection site abscesses after vaccination should be reported as AEFI.

Earongly agres hgree Neutral Disagres Strongly disagree
*16. In the case of severe/seriousiclusters of AEFI, both the AEF! reparting form and the AEF! Case

Investigation and Managemen! forms should be completed.

Srrongly agres hgree Neutrsl Disagyes Stromgly disagres
*17. Hydrocortisone injection should always be kept in the immunization clinic emergency trolley in case of
hypersensitivity reactions after vaccination.

Strongly agree hgree Neutral Disagres Strongly disagres

*18. Routine administration of paracetamol before vaccination can reduce the risk of fever after vaccination.

" Swongly agree [ Agree Meuwral © Disagres Stromgly disagree

*18. Case investigation of serious AEFI is initiated at national level once AEFI form has been received.

Saongly agrees [ Agree ) Meuwal Disagres Strongly disagree

* 20. Have you ever seen an AEFI form at your medical facility or hospital?

e Ha Linsure:

* 21. Have you ever seen a case investigation form at your medical facility?

7 Yes Mo~ Unsure

= 22. Do you have access to the national AEFI guidelines?

 Yes Mo Unsure

* 23. Have you ever received fraining on AEFI reporting?

e Mo [ Unsure
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* 24. Have you seen an AEFI in your career?

Yes
Mo

Linsure

25. If Yes to question 24 above- Have you ever reported an AEFI in your career?

Yes Mo Unsure

26. If Yes to question 24 above- , appraximately how many cases have you seen?
1 204 S o 10 above 10

27. If Yes to question 24 above: What types of AEFI have you reported? Tick all those that apply

J Mone- | have never reported. _] Abmeesces, redness or injection site saweling
_‘] Fevar _] BCG lymphadenitis

:| Comalsians :| Dieath

_'| Shock _] acule Saccd paralysis (AFP)

] cter (please specity)

| l

28. If you saw an AEFI but did naot repart AEFI, which of the following made you not do it? Tick all that apply

_-I Mot enough me ba repar J Seriou= AEF] _] Miat sure aboud reporting procedures
:| Could nat find AEFI form j Don't know wha b repart in
_'| Mon Sesious AEFI J Unsoartain whether the event was

reporatie

[ Oses tplease specity)

= 29. Reporting an AEF| such as abscess will make me feel guilty or ashamed about having cawsed harm to a
child | vaccinated?

Strongly agree fgree Meeutral Disagres Strorgly disagree

*30. 1 am reluctant to report an AEF] when | am nat confident about the diagnosis.
Strongly agree fgree Meeutral Disagres Strorgly Desagree
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* 31. Poor monitoring of AEFIs can result in a reduction in public confidence in immunization and hence
negatively affect immunization coverage.
Swongly agree Agree Neural Disagree Stromgly disagree

32. The following questions ask how you feel about AEF| surveillance system. Your responses are
confidentially treated.

Reporting an AEFI can lead to personal consequences.
Strongly agree Agree Neural Disagree Strongly Disagree

33. Regardless of whether or not you have reported an AEF| in the past, which of the following factors do you
believe stand in your way or serve as a barrier to your reporting an AEFI . Tick all the options that apply

I:] Uncestainty about what and when to report D Lack of suppoet ¥om supesvisor
|7 Not enough time to report 7] @ ns about negath q
|l [

[ ] Unavaitability of AEF! reporting form [ ] tack of feedback aer investig

D Unavailability of Case Investigation form

| ] Omer (please specity)

|

* 34. | believe that reporting and investigating of AEFI is mostly the responsibility of health care providers.
Strongly agree Agree Neural Disagree Stromgly disagree

* 35. | believe that reporting and investigating of AEF| is both the responsibility of vaccinee's parent/guardian
and health care providers

Swongly agree Agree Newral Disagree Strongly disagree

* 36. Do you believe that enhancing AEF| surveillance could help build public trust in immunization
programmes?
Swrongly agree Agree Newral Disagree Strongly disagree

* 37. Do you believe that nurses and doctors play a vital role in the diagnosis. reporting, investigation and
management of AEFIs?

Swongly agree Agree Neural Disagree Strongly disagree

* 38. Do you think you need additional training on how to diagnose, report, investigate and manage AEFIs?
Strongly agree Agree Neural Disagree Stromgly disagree
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* 30. Do you believe that immunization staff at the medical facility or hospital are usually too busy to report
AEFI?

Sxrongly agree Agree Neural Disagres Strongly disagree

* 40. Do you believe that all staff working at vaccination clinic! health facility incleding nursing assistants should
know about AEFIs?

Earongly agres hgree Neutral Disagres Strongly disagree

*d41. The following questions are about your ideas and opinions around vaccines, immunization programs and
their safety.
In general, how safe would you say the vactines given in Zimbabwe are?

Wery Safe Safe Mat sune Urmsafe Wery Ursale

42, Who do you think should be involved in the process of monitoring vaccine, immunization programs and
their safety? Tick all that apply

J Heakh professicnals _] Nasional Pharmacoviglanos Centre (MCAZ)
‘_'I Waccine manufaduners ‘_] Health researchers
_1 Expanded Programme an Immurization{EF()-MaHCC _] Parentsiguardians af children who are vaodnabed

[ Oes (please specity)

43. On a scale of 1 to 5 (1 = most trusted ) rank the following in order of importance as trusted sources of
information about vaccine safety?

1= 2rd Zd 4 Gth
family and friends
Immunization nurse
Dacior
Waccine manufaciures
Intemet
Pubbc media

Medical journals

* 44. Have you ever been trained on how to counsel parents/guardians about safety of the vaccine and
potential vaccine side effects or reactions when their children are being vaccinated?

Yes Ha Can'l rememiier
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= d45. | am concemed that a vaccine might cause a serious or disabling side effect.

Strongly agree Agree Neutral Disagres Stromgly disagres

* 4. | think it is important for children to receive all the recommended vaccinations.

Strongly agree [ Agree Wewral ©  Disagres Strorgly Disagree

*47. | am concemed that the vaccine might not work and the child might still get the disease?
Sxronghy agree Agree Hewral ©  Disagres Strorgly Disagres

* 48. Sending text messages lo parentsiguardians about how their children responded to vaccination may
improve AEFI reporting and safety monitoring of children.

Sarongly agres Agree Heutral Disagres Stromgly Disagres

= 44. | think sending text messages to parentsiguardians of vaccinated children asking them about any possible
side effects could cause undue concern about the safety of vaccination.

Sirongly agres [ Agres Neautral Disagres Stromgly disagres

50. On a scale of 1 to 5( with 1 being the most important) could you rank in order of imponance the top five
things needed by a healthcare provider to implement SMS (mHealth ) for AEFI surveillance.
1a 2red Zrd 4 Bih

Camputer typing shills

Laplop or deskiop
Damguier

Tabiet of ipad
Mobile phoneicelighane]
Data Bundles

vaice and ShiS

Inte=met connection

51. What do you think are the minimum basic things required for a healthcare provider to successfully
implement SM5(mHealth) system for AEFI safety surveillance (Tick all that apply)

I ] computes typing =klls I ] Data bundies
_-I Laptap ar deskiop computer _] Wpice and SMS bundies
:| Tatilet ar iPad :| Wilfi cannection

:| Mckile phane [celphone)
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52. Which of the following information technologies and skills are you confident of operating or performing?
Tick all that apply.

‘J Computer byping skills _] habile phone {celiphone)
‘_-l Laptop ar deskiop computer J Searching the inlermet
‘_'| Tatibat ar iPad ._] Social media (#.g. Whatsapg, Faceboak, Twitter, Instagram)

Other (please specity)

53. Which of the following information technologies and skills do you readily hawe access to7 Tick all that
apply

.J Computer byping skills _] Data bundles
J Laptop ar deskiop compuisr _] woice and SMS bundies
J Tatibat ar iPad _] Wili cannection

J Mebile phane [celiphone)

* 54, Questions 54 to 57 are statements that help us to determine how you feel about receiving and following up
a cellphone/mobile SMS text message from the child's parent/guardian after vaccination to check the safety
of the vaccination using clinic cellphane/mobile phone.

How do you agree with the statement that SMS text messages promote vaccination safety monitoring?

Sarongly agres fgres Neutral Diagres Strorgly agres

* 55. As a health care worker | have time to respond to maobile phone(celliphonejvaccination SMS at our health
facility or hospital.
Strongly agree fgree Meural Disagres Strorgly Disagree

* 56. Receiving and following up on mobile phone(cellphone) vaccination SMS helps me domy jobas a
vatcination official

Strongly agree fugree MNeural Disagres Strorgly Disagree

* 57. Engagement of the child's guardian is important and necessary in AEFI surveillance.

Serongly agres fugree Meutral Disagres Strongly Disagres

* 5B. Have you ever used STARSS (Il) SM5 Mobile system for AEFI surveillance in Zimbabwe?
‘J e
‘_'I Mo
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;A Z Medicines Control Authority of Zimbabwe

STARSS ZIMBABWE AEF| SURVEILLAMCE

58. To use the STARSS study SMS text message system to monitor vaccine safety, someone must collate
responses to the text messages and, if needed, contact the guardian of vaccinated child/children).

Whao of the following should have access to this text message information? Tick all boxes that apply
J The Doctord &P a2 the medical facility _] Wacrine Manutaciures
J ImmunizaSan Aurse J Irdependent bady

_] Depariment of Health

[] ©er (please specity)

* 60. Which of the following attributes of a health care provider can facilitate (make it easy) or Inhibit {(make it
difficult) to use STARSS (I}, SME health for AEF| surveillance? Write YES in front of attributes that facilitabe
and NO in front of to those that inhibit

Previous experience with
mobile lechralogy | |

‘Wilingne=s 1o leam | |

Lack af krowiledge | |

Decreased sensory
perceplion | |

Lack af the nesd far i
Technology | |

Age maluwity | |
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* 1. Which of the following context-related attributes facilitate {make it easy) or inhibit (make it difficulf) to
use STARSS () or SMS health for AEFI surveillance? Write YES in front of attributes that facilitate and NO in
front of those that inhibit.

lack of training | |

Docior's rescammendation
1o use STARSS for AEFI
surseilance | |

Murss's recommendation
MOT o use STARSS for
AEF! surveilaroe | |

Management of EPI,
MoHCC or MCAZ
recammendatian io use
use STRASS for AEFI
surveilance | |

Participant's availability of
mohile (cell) phone and
Hiealth cane worker fear of

oorsequences of

AEF| reporting | |
Parents nal sble to delss
AEFI | |

Parents understanding af
AEF| reporting | |

* 62. Which of the following attributes of technology facilifale (make i# easy) or inhibit{make it difficult) to
use STARSS (II) or SMS health for AEFI surveillance? Write ¥ES in front of atiributes that facilitate and MO in
front of those that inhibit.
Overall eame of use of
Presence of useful
| |

leatures e.g . prompt SMS

Poardy desigred mobile

phane inlesface between

sarxder and fwar af

IMESZAgeEs | |
Cast of mabile handsets,
Cast of aiftime ard phore
bi | |

* 63, | feel that a Vaccination SMS system is an appropriate way of improving reporting of AEFIs

Strongly agree Agree Meutral Disagres Strorgly disagres

10
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* 6d. | feel that an SMS system will encourage and suppaort me to follow up the SMS text message from the
child's guardian using the clinic's mobile (cell) phone.
Strongly agres
Agrae
Mewtral
Disagres

Sxrongly Disagres

* 65. What do you think are some of the challenges that are likely to be encountered when implementing
STARSS (Il) SMS AEFI Surveillance system in Zimbabwe?

* 66. Would you recommend STARSS SMS (mHealth) for AEF| surveillance if the study's results are positive?

Yex Ma Mal Sure

Please explan your answer

* &7. Having experienced the STARSS mHealth SMS technology, do you feel thatit is an appropriate way of
improving reporting of AEFI?
Yex Ma Mal Sure

Explain your arswes

* 8. Please describe any challenges you experienced during the implementation of the STARRS system at the
medical facility

&8, During the study how did you feel about receiving and following up SMS text messages from
the parent/guardian of a child after vaccination to check the safety of the vaccine wsing the clinic mobile (cell)

phone? Tick all that apply
‘_'I In eontral of in charge of my work '_] Hapgy 1o assis)

_1 Uncertain or Confusing _] Beeing resporsible

J incomvenienced

11
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* T0. Do you have any concerns about the STARSS (11} system for AEFI surveillance
g Mo Mot Sure

Please mxplain your answer

* 71. Do you believe this STARSS (ll) mHealth AEF| surveillance system will work in the long run in Zimbabwe?
Yeg No Mot Sure:

Please explan your answer

* 72, In your own words, can you tell us what your overall impression of the STARSS system for AEF|
surveillance is?

T3. Would you recommend using STARRS (1l) mHealth Surveillance System for manitoring safety of
COVID -19 vaccines?

Yes MNa Meutral

12

241




APPENDIX 7: Post study HCPs Questionnaire online survey monkey

AZ Medicines Control Authority of Zimbabwe

POST STUDY STARSS ZIMBABWE AEFI SURVEILLANCE

POST STUDY STARSS Il STUDY of AEFI SURVEILLANCE: QUESTIONNAIRE FOR HEALTH
CARE WORKERS(HCW)

Thank you for your informed consent as a healthcare provider to voluntarily participate in the
completion of pre-and post- study STARSS questionnaire. The aim of the descriptive questionnaire is
to investigate health care acceptability of Stimulated Telephone Assisted Rapid Surveillance system
(STARSS) of Adverse Events Following Immunization(AEF!) including knowledge perceptions and
practice of health care providers. The information gathered will be treated as strictly confidential. The
results of the STARSS AEFI surveillance study and acceptability study will be disseminated to the
study sites and key stakeholders in an anonymous format. Should you require any further
clarifications please email pnyambayo@mcaz.co.zw.

Thank you for your assistance.
Kind regards

Mrs Priscilla Nyambayo

* 1. Participant's Job Title:(Tick only one)
Paednatrician Doctor Nurse Manager Matron Midwife

Registered General Nurse(RGN) Primary Care Nurse{PCN) Chnical pharmacologist Pharmacist

Other (please specify)

l

2. What is your gender?
Female

Male

3. Please state your age:

below 30 years 31 year to 40 years 41 year to 50 years S1lyrs to 60 years Above 60 years
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* 4. What are your years of Professional Experience?
1 year to 5 years G years to 10 years 11 years to 15 years 16 years to 20 years

Above 30 years

* 5. Which hospital depanment do you work 7
Caesansan Ward ‘Vaccination Clinic (OPD)

Postnatal Ward Neonatal ward

Other (please specity)

* &. AEF! include medical events that may not be caused by vaccines.

Strongly agree Agree Neutral Disagree Strongly disagree

7. To use the mHealth SMS based text message system to monitor vaccine safety, someone must collate
responses to the text messages and, if needed, contact the guardian of vaccinated child/children).

Who of the following should have access to this text message information? Tick all boxes that apply
_—I Immunization nerse clinic _—l Zimbahwe Expanded Program on mmunization Program
_—I Immiunization doctor clinic _—I waccine manufachser

_—I Mational Pharmacovigilance Center-MCAZ

_—I Other (please specify)

| |

8. Previous expernence with mobile phone technology can facilitate (make it easy) to use STARSS (Il) SMS
health tool for AEFI surveillance.

Strongly agree
Agrea

MNeutral
Disagree

Strongly disagree
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9. Willingness to leamn can facilitate (make it easy) to use STARSS (ll) SMS health tool for AEF| surveillance.
Strongly agree
Agras
Meutral
Disagrea

Strongly disagree

10. Age maturity can facilitate {make it easy) to use STARSS (Il) SMS health tool for AEF| surveillance.
Strongly agree
Agree
Meutral
Disagrea

Strongly disagree

11. Lack of knowledge can inhibit {make it difficult) to use STARSS (ll) SMS health tool for AEFI surveillance.
Strongly agree
Agree
Meutral
Disagrea

Strongly disagree

12. Decreased sensory perception can inhibit (make it difficult) to use STARSS (Il) SMS health tool for AEFI
surveillance.

Strongly agree
Agree

Meutral
Disagrea

Strongly disagree

13. Lack of desire to use technology can inhibit (make it difficult) to use STARSS (II) SMS health tool for
AEFI surveillance.

Strongly agree
Agres

Meutral
Disagrea

Strongly disagree
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14. Lack of training can inhibit (make it difficult) to use STARSS (II) SMS health tool for AEFI surveillance.

Strongly agree
Agrea

Meutral
Disagree

Strongly disagree

15. Doctor's recommendation to use SMS text message for AEF surveillance can facilitate{make it easy) to
use STARSS (I} SMS health tool for AEFI surveillance.

Strongly agree
Agree

Meutral
Disagree

Strongly disagres

AZ Medicines Control Authority of Zimbabwe

POST STUDY STARSS ZIMBABWE AEFI SURVEILLANCE

16. Nurse's recommendation to use SMS text message for AEF| surveillance can facilitate(make it easy) to
use STARSS (I} SMS health tool for AEFI surveillance.

Strongly agree
Agree

Meutral
Disagree

Strongly disagres
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17. Zimbabwe Expanded Program on Immunization(ZEPI) of MOHCC recommendation to use SMS text
message for AEFI surveillance can facilitate{make it easy) to use STARSS (II) SMS health tool for AEFI
surveillance.

Strongly agree
Agree

Meutral
Disagree

Strongly disagres

18. Panticipant’s mobile phone reachability or accessibility can facilitate(make it easy) to use STARSS (II)
SMS health tool for AEFI surveillance.

Strongly agree
Agrae

MNeutral
Disagree

Strongly disagree

19, Health Care Worker's fear of negative consequences of reporting an AEFI can inhibitimake it difficult) to
use STARSS () SMS health tool for AEFI surveillance.

Strongly agree
Agrae

Meutral
Disagree

Strongly disagres

20. Failure by parents/guardians to detect AEF|I can inhibitimake it difficult) to use STARSS (11} SMS health
tool for AEF| surveillance.

Strongly agree

Agree
MNeutral
Disagres

Strongly disagree
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21. Parents/guardians understanding of AEFI can facilitate(make it easy) adoption of STARSS (Il) SMS
health tool for AEFI surveillance.

Strongly agree
Agree

Meutral
Disagree

Strongly disagree

22, User friendly technology may facilitate (make it easy) adoption of STARSS (1) SMS health tool for AEFI
surveillance.

Strongly agree
Agree

Meutral
Disagrae

Strongly disagree

23, Reliable mobile phone network (e.g. prompt delivery of SMS) may facilitate (make it easy) adoption
of STARSS (ll) SMS health tool for AEF| surveillance.

Strongly agree
Agree

Meutral
Disagrae

Strongly disagree

24. Poorly designed mobile phone interface between sender and receiver of messages may inhibit (make it
difficult) adoption of STARSS (Il) SMS health tool for AEFI surveillance.

Strongly agree
Agrea

Meutral
Disagrae

Strongly disagree
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25. Cost of mobile phones, computers and laptops facilitate(make it easy) adoption of STARSS (II) SMS
health tool for AEFI surveillance.

Strongly agree
Agraa

Meutral
Disagree

Strongly disagree

26. Reasonable cost of mobile phone aitime can facilitate (make it easy) adoption of STARSS (II) SMS
health tool for AEFI surveillance.

Strongly agree
Agrea

Meutral
Disagree

Strongly disagree

= 27. | feel that SMS text message based vaccination surveillance system is an appropriate way of
improving reporting of AEFIs.

Strongly agree Agree Neutral Disagree Strongly disagree

# 28. | feel that SMS text message based vaccination surveillance system can help me follow up the SMS text
message from the child’s parent/guardian using the clinic's mobile phone(cellphone).

Strongly agree
Agrae

Meutral
Disagree

Strongly Disagree

* 28, What do you think are some of the challenges that are likely to be encountered when implementing
SMS text message -based AEFI Surveillance systems in Zimbabwe?

* 30. Would you recommend STARSS (Il) SMS -based system for AEFI surveillance if the study's results are
positive?

fas [20s] Mot Sure

Please explain your answer
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* 31. Having experienced STARSS (Il) SMS AEFI surveillance system in Chitungwiza study, do you feel that
itis an appropriate way of improving AEF| reporting ?

Yes Mo Mot Sure

Explain your answer

32. Please describe any challenges you might have experienced during the implementation of the STARSS
(I} SMS -based AEFI surveillance system at your immunization clinic?

|

* 33. Do you have any concems about STARSS (Il) SMS based system for AEF| surveillance?

Yas Mo ot Sure

Please explain your answer

* 34. Do you believe this STARSS (II) SMS based AEF surveillance system can work in the long run in
Zimbabwe?

fes Mo Mot Sure

Please explain your answer

35. Could you tell us in your own words what is your overall impression of STARSS (Il) SMS-based system for
AEFI surveillance ?

* 36. Would you recommend STARSS (ll) SMS-based AEFI surveillance system for monitoring
safety of COVID -19 vaccines?

Yas Mo Meutral
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