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Executive Summary

COVID-19 vaccine has been an important measure to support sustainable control of
the COVID-19 pandemic situation and has influenced policy decisions to relax other measures
that hinder the development of the country socially and economically. Monitoring and
evaluation framework for COVID-19 vaccination policy in Thailand is therefore an important
tool for policy planning and mitigation in response to the COVID-19 pandemic. This study aims
to understand the challenges in order to develop monitoring and evaluation framework for
COVID-19 vaccination policy in Thailand.

The main objective of this study was to develop an evaluative standard indicators
which can be used to monitor and evaluate different aspects of the COVID-19 vaccine policy
in Thailand. The specific objectives are: 1) to understand COVID-19 vaccine hesitancy situation
among healthcare workers in Thailand; 2) to collect and collate any related indicators for the
successful evaluation of the COVID-19 vaccination policy from the experience of ASEAN
countries; 3) to estimate the budget required for the monitoring and evaluation of the real-
world effectiveness of COVID-19 vaccine; and 4) to develop monitoring and evaluation
indicators for COVID-19 vaccination after their arrival in Thailand.

Multiple research methodologies were employed to respond to the abovementioned
objectives. Online survey was conducted to understand the issue of vaccine hesitancy among
healthcare workers, foreign migrant workers, and the general public population. Additional
field work was carried out for foreign migrant workers about their views on COVID-19 vaccine
hesitancy. Multivariable regression analyses were executed to analyze the survey data. In
addition, a scoping review on the monitoring and evaluation framework of other existing
vaccines was conducted to understand the landscape of monitoring and evaluation
frameworks used in other countries and settings. Moreover, the stakeholder consultations in
Thailand and ASEAN countries were organized to obtain lessons learned and to disseminate
the findings on resources needed in preparation for vaccine’s monitoring and evaluation
program.

The results showed that all study populations had some degree of vaccine hesitancy,
particularly among healthcare workers. However, the study discovered that the level of
hesitation subsided when the COVID-19 vaccines finally arrived in Thailand. Furthermore,

foreign migrant workers were the least reluctant group compared to the healthcare workers



q
and the general public. Significantly, the roundtable meetings among representatives of ASEAN
countries emphasized the lessons learned on COVID-19 vaccination administration guidelines
of each country including COVID-19 vaccine management guideline and vaccination
assessment. In addition, the results of scoping review and stakeholder consultations suggested
that the indicators for monitoring and evaluation framework can be summarized into three
pillars: 1) vaccine coverage indicators; 2) clinical and operational indicators; and 3) operational
indicators and others.

Overall, the aim of this research was to provide evidence to support policy makers in
planning for the post-vaccination period on vaccine hesitancy and indicators to support the
monitoring and evaluation of COVID-19 vaccine. This research project uses COVID-19 vaccine
as an example with hope that the findings may support future work for other diseases and in

similar settings.
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Effective governance
Planning and adequate financing for monitoring
Trained human resources

Pre-vaccination During vaccination Post-vaccination
* Licensing time » Vaccine uptake and * Vaccine effectiveness e.g.
« Efficiency of vaccine vaccine coverage e Vet T (GO D)
procurement * Vaccine and injection infections, severe cases and
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b Public trust in the SafEtV vaccine protection
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populations * Adherence to NPIs after
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* Excess mortality

¢ Long-term financial
sustainability for vaccination

Data sharing (domestically and internationally) and public communication

NPIs: Non-pharmaceutical interventions which include wearing masks, social distancing and travel restrictions
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About this document

This report summarises the discussion during the Roundtable organised by the Saw Swee Hock School of
Public Health, National University of Singapore (SSHSPH NUS) and is for internal use of the participants.
The report has been prepared by SSHSPH NUS and the Health Intervention and Technology Assessment
Program (HITAP), Ministry of Public Health, Thailand. It aims to inform policy on COVID-19 through the
use of evidence and knowledge sharing. Partners include the International Decision Support Initiative
(iDSI), a global network of priority setting institutions, and the Access and Delivery Partnership (ADP), a
programme hosted by the United Nations Development Programme (UNDP) and supported by the
Government of Japan. HITAP has also been supported by the Health Systems Research Institute (HSRI) to
conduct a study on “Understanding the challenges to develop monitoring and evaluation framework for
COVID-19 vaccination policy in Thailand”. We thank all attendees for their active participation and are
grateful to Ms. Nicola Jones for her editorial support to this report.
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Introduction

The world has been in the grip of the COVID-19 pandemic for over a year, costing many lives and bringing
the ways of the world to a grinding halt. Among the strategies to respond to the pandemic, governments
and the global community invested in developing vaccines. Those investments began to bear fruit towards
the end of 2020, with two vaccines approved for emergency use by the United States Food and Drug
Administration (US FDA)?, showing high levels of effectiveness. Other vaccines such as one developed by
AstraZeneca have also shown promising results.

Development of effective vaccines is, however, only the beginning. As countries scramble to procure and
deliver vaccines in an effort to protect their people and return their economies to pre-pandemic levels,
there are many potential hurdles, from the logistics of vaccine distribution to vaccine hesitancy in the
population. The challenges are particularly acute for low-and-middle income countries (LMICs) that need
to implement vaccine policies within a short timeframe and with limited resources. It is vital that nations
recognise and tackle these hurdles as soon as possible, and start to think, too, about how to measure their
levels of success against the virus2.

To this end, the Saw Swee Hock School of Public Health (SSHSPH) at the National University of Singapore
(NUS), in collaboration with the Health Intervention and Technology Assessment Program (HITAP),
Ministry of Public Health, Thailand, organised a Roundtable to discuss strategies and challenges for
efficient vaccine delivery in countries in the Association of Southeast Asian Nations (ASEAN) and India,
and to consider a common framework around what will constitute successful deployment of the vaccine
in this region. This report summarises the key themes from the Roundtable discussion with background
documents for the Roundtable included in the Appendices.

1US Food and Drug Administration COVID-19 vaccines. Link: https://www.fda.gov/emergency-preparedness-and-
response/coronavirus-disease-2019-covid-19/covid-19-vaccines

2COVID vaccination logistics: five steps to take now. Nature. Nov 2020. Link:
https://www.nature.com/articles/d41586-020-03134-2
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Objectives and participants

The Roundtable discussion was structured into two parts, the first, to discuss the key issues on logistics
and the second, to identify measures of success of COVID-19 vaccination programmes (see Appendix 1).
In particular, the Roundtable aimed?:

e To discuss countries’ plans and concerns in light of the latest developments on their vaccination
programmes and strategies;

e To discuss mutual support in the region;

e To establish a framework to measure success of vaccine distribution and coverage, including for
LMICs.

With a focus on regional developments and potential for collaboration, experts from countries in the
ASEAN region and India who have experience or knowledge on the COVID-19 situation in their own
countries were invited to the meeting. The Roundtable was held virtually on 21 January 2021 and
moderated by Prof. Teo Yik Ying, Dean of SSHSPH NUS. Representatives from Indonesia, India, Malaysia,
Singapore, Thailand and Vietnam joined the discussion along with participants from SSHSPH NUS and
HITAP (see Appendix 2). Participants were provided background information on the Roundtable, including
a comparative table of vaccination strategies across countries, a short survey to understand the hopes
and fears of participants for their country’s vaccination programme, and a potential framework before,
during and after COVID-19 vaccination.

Logistics of COVID-19 vaccines and challenges encountered
The key issues on the logistics and challenges encountered on COVID-19 vaccination were as follows:

Procurement of vaccines

The countries in the region have started procuring vaccines for their populations, mostly through direct
arrangements with manufacturers, with some countries going through the COVAX Facility. Singapore was
the first amongst those represented at the meeting to procure vaccines: from Pfizer in December 2020.
Thailand has secured supplies for 2021 from AstraZeneca and Sinovac. In India, the government has
secured supplies from the Serum Institute of India, which is manufacturing the AstraZeneca vaccine under
the name Covishied, as well as another locally developed vaccine by Bharat Biotech, called Covaxin (this
has shown high levels of immunogenity but efficacy data is not yet available).

Vietnam, at the time of the Roundtable, was yet to secure vaccines and has since obtained vaccines,
striking a deal with AstraZeneca and receiving vaccines through the COVAX*. It is also developing its own
national vaccine and should be able to have laboratory-level production by the end of 2021, although
industrial scale production and distribution to the population will likely only be possible a couple of years
hence. As Vietnam continues to identify and procure vaccine doses, it will need to negotiate a suitable
price.

3participant Background information. SSHSPH NUS. 2021.

“Health ministry approves import of first 200,000 doses of AstraZeneca vaccine on Feb 28. 18 Feb 2021. Link:
https://viethamnews.vn/society/875278/health-ministry-approves-import-of-first-200000-doses-of-astrazeneca-
vaccine-on-feb-28.html
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Indonesia has managed to secure a diverse portfolio of vaccines from various vaccine companies as well
as COVAX, through which it is receiving vaccines doses for free; altogether, Indonesia, should be able to
cover its entire eligible population. It was noted that it was cheaper and a more time-sensitive option for
self-financing countries to buy directly from manufacturers than from COVAX. Malaysia too has secured
vaccines from a range of suppliers including Pfizer, AstraZeneca, Sinovac and Gamaleya, with which it
should be able to inoculate about 80% of its population. Malaysia’s procurement process is managed
jointly by the Ministry of Science, Technology and Innovation (MOSTI) and the Ministry of Health.

Prioritisation of groups for vaccination

In most countries, front-line healthcare workers are the first to be prioritised. This is being followed in
India, Thailand and Singapore. However, there is some variation across countries given their particular
circumstances. Indonesia, which began its vaccination campaign with the President of the country, has
prioritised its highest-incidence group (people aged 18-59 years) rather than front-line healthcare workers
or groups at greatest risk of severe illness or death (such as the elderly). Vietnam aims to prioritise
healthcare workers but may also consider their high incidence group. This is because in Vietnam, the
elderly typically live with their families rather than in nursing homes; while the elderly are thus less likely
to transmit COVID-19 to each other, younger people have higher numbers of outside contacts and are
more likely to transmit disease. In addition, Vietham may seek to vaccinate the high-risk areas that border
neighboring countries as there is flow of people from other countries. This was a strategy previously
applied in the case of polio.

Delivery of vaccination

Each country faces different challenges when it comes to delivering vaccines to their population. For
example, Indonesia must find a way to deliver vaccines to people living on more than 4000 islands. In
India, the challenge is that of scale of numbers, as the country has a population of more than a billion
people. Malaysia must vaccinate some very remote populations.

A key issue is the need for ultra-cold storage of a few of the vaccines. The Pfizer vaccine requires cold-
chain equipment of -70 degrees Celsius and many countries do not have the infrastructure to support that
across their populations, if at all. Malaysia has cold-chain facilities for the Pfizer vaccine only at university
facilities, for example, making it feasible to deliver this vaccine only to urban areas. Indonesia, which has
also ordered the Pfizer and Moderna vaccines, will also find ultra-cold storage challenging. (Recent
developments, however, suggest that the Pfizer vaccine may not need ultra-cold storage, as previously
thought®.)

Another key challenge is that some countries, such as India, have never had an adult vaccination
programme. Singapore only recently began an adult vaccination programme and is building on that
experience for deploying the COVID-19 vaccine.

Attitudes of the public towards vaccines

Vaccine hesitancy is a widespread concern across this region, as across the globe. Indonesia, Malaysia
and Vietnam having conducted surveys of their populations to assess attitudes towards the vaccine. In
Malaysia, a survey showed that 16% of the respondents did not want to take the vaccine, with 17% not
being sure about it. In Indonesia, a community survey was conducted which showed that close to 8% of

5 BioNTech/Pfizer Covid vaccine no longer needs ultra-cold storage. 19 February 2021. Link:
https://www.ft.com/content/919d16c8-0a40-4389-bac9-04a48fdb0a36
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respondents did not want to take the vaccine, with 27% having doubts about it. In India, there appears to
be general indifference towards the COVID-19 vaccine given the low fatality rate observed in that country;
studies have also shown seroprevalence of the disease (and thus possible natural immunity) to be 40-50%
in India. In Vietnam, successful containment of the disease has also meant that people see limited value
in vaccination. The news of deaths in Norway possibly linked to the vaccine® has also sowed doubts among
some people. These trends in public attitude can pose a challenge to policymakers as they seek to
inoculate their populations and achieve herd immunity. An effective communication strategy will be
critical in overcoming these barriers.

Vaccine hesitancy can be a serious matter in vaccine uptake and can become worse if not addressed
proactively. The Singapore government’s approach has been to promote taking the vaccine by having
prominent personalities taking the shots, along with positive message advertising in influential
newspapers.

In Indonesia, there are concerns about vaccines being halal. The government sent observers to China to
confirm whether the Sinovac vaccine was halal, and they found it to be so. However, the concern remains
for other vaccines. The President, who was the first to be vaccinated, invited prominent personalities
including community leaders and social media influencers to get vaccinated. However, there was an
incident where one of the influencers disregarded social distancing norms after being vaccinated, which
caused a stir.

These experiences highlight the importance of effective means of communication. Effective solutions
should be shared among countries so that one may learn from the other. Participants in this meeting could
serve a network for sharing this information.

Equitable distribution of vaccines within and between nations

A key matter of concern is that of equitable distribution of vaccines. Vaccine hesitancy may be more of an
issue in some historically marginalised groups who may be both particularly vulnerable to disease and also
particularly distrustful of the medical system. Another aspect of equity is at the regional and global level
is equitable distribution of vaccines between countries. Currently, there is a disparity in access to vaccines
in high- and low-income countries, which is a challenge at the global level.

One often-forgotten group is that of migrants, both documented and undocumented. Some experts are
proposing that migrants be specifically prioritised as a third group for vaccination, after health workers
and high-risk groups such as the elderly; some countries, such as Jordan, are vaccinating their refugees
now’. Many countries in the ASEAN region host migrant workers from neighbouring countries, so this is
an issue of concern. In Thailand, for example, a recent outbreak occurred amongst migrant workers living
in close quarters®.

The national priority systems for vaccination may already cover migrant workers, and international
organisations may support countries financially or logistically in these efforts. For example, Singapore

6 Covid-19: Norway investigates 23 deaths in frail elderly patients after vaccination. BMJ. 15 Jan 2021. doi:
https://doi.org/10.1136/bmj.n149

7 Refugees receive COVID-19 vaccinations in Jordan. 14 January 2021. Link:
https://www.unhcr.org/news/press/2021/1/5ffffe614/refugees-receive-covid-19-vaccinations-jordan.html
8 Covid found in 397 more migrant workers. 22 December 2020. Link:
https://www.bangkokpost.com/thailand/general/2039443/covid-found-in-397-more-migrant-workers
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aims to vaccinate all of their long-term residents and is making vaccines available to migrant workers®.
The case of undocumented workers is more politically sensitive, and migrants may face the threat of being
apprehended in presenting themselves for medical treatment or services. One proposal is that all
countries in the region sign an agreement stating that host countries will vaccinate all migrants within
their borders.

9 COVID-19 Vaccination Brought Forward for all Seniors; Extended to Essential Services Personnel and Higher Risk
Groups. 8 March 2021. Link: https://www.moh.gov.sg/news-highlights/details/covid-19-vaccination-brought-
forward-for-all-seniors-extended-to-essential-services-personnel-and-higher-risk-groups
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Measures of success of COVID-19 vaccination

There are many possible goals that countries may pursue when vaccinating their populations against
COVID-19. These include minimising severe symptoms and deaths, ensuring ability to deliver care without
overwhelming health systems, and resuming usual economic activities. Determining the measures of
success, and quantifying that success, are important and non-trivial activities.

Reducing sever health outcomes and protecting the health system

Most countries seem to be focused on reducing severe illness and mortality as the initial objective for
their vaccination programmes. For the time being, other measures, such as social distancing and mask
wearing are stills required to reduce transmission and infections. It was noted during the roundtable
meeting that each infection has a large effect in terms of resources, not only for that case, but also for
their contacts who need to be quarantined. Individual countries will have to monitor their own
death/illness rates and not rely on data from other nations, since there are so many factors involved (from
the specific vaccines being used, to the success rate in providing multiple doses, vaccine coverage, and
environmental conditions including climate, among others).

Resuming economic activities

Reopening the economy is a matter of priority for most nations. Keeping essential services operational
and keeping transport or trading modes open, such as airports and ports, can be an important sign of
recovery and indicators of success. Non-pharmaceutical interventions (NPIs) come at a cost, and while
many industries have managed to operate in the pandemic environment, there are still many activities
that struggle to operate at full service given policies that restrict crowding, for example. It will be
important to find a balance between vaccination programmes and NPIs to achieve economic goals.

Ensuring long-term supplies of vaccines

The supply of vaccines is limited in the short run and it will be imperative to efficiently use scarce
resources. Countries are facing high prices: value-for-money needs to be considered when looking at the
portfolio of vaccines obtained in the long term.

Long term investments in health systems

The pandemic may provide an opportunity to strengthen health systems in the long term, particularly
regarding surveillance of the disease and its effect on people. This virus mutates quickly and requires an
agile response from health systems. Many countries may choose this moment to invest in their health
care systems generally.

Record keeping

It will be important for countries to keep track of their vaccinations and the long-term impacts, and
possibly share those results with others. In Singapore, there is a card provided to all those who have
received a vaccine dose with details on the brand, dosage and any adverse effects. This information is also
uploaded to a national database so that it can be used on an interoperable platform. Linking records may
be challenging in countries such as India, where COVID-19 vaccination is being coordinated by national
authorities only, even though health policy is implemented at the state (sub-national) level. Vaccination
programmes are voluntary in all the countries represented in the meeting and this may impact the data
available. Countries may need to address concerns of privacy as this personal data is collected and has the
potential to be used for different purposes.
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Cross-border considerations

Travel between nations is currently very restricted. Travellers currently need to have insurance for about
USD 30,000 to visit Thailand, for example, to cover any treatment costs related to COVID-19. Easing these
restrictions in time will require a lot of data, knowledge, and policy work.

Firstly, countries may require information such as when and which vaccine has been administered to any
given traveller. Countries are considering the feasibility of implementing immunity passports'®, however
WHO has cautioned against it*!. In Malaysia, it may be possible to implement vaccine immunity passports
by using an existing application for tracking contacts for COVID-19.

In addition to the availability of this data, authorities would also need to agree on common standards of
data requirements and that the vaccine used in another country is acceptable by the receiving country.
Countries may levy other informational requirements such as the level of antibodies against COVID-19.
The idea of immunity passports is still at a nascent stage with ethical concerns about its implementation.

These considerations may not only affect the movement of people but also the transport of resources,
such as exports of seafood from Thailand, for which too, there are concerns of transmitting the virus.

Remaining questions and studies

There are some questions remaining about the efficacy of the vaccines, such as the persistence of
antibody protection to COVID-19 over the long term. Given that the disease is new, it would be useful to
track long term outcomes using active surveillance and case-control studies. In Malaysia, a multi-
disciplinary advisory committee has made several specific proposals for long-term monitoring, including
active surveillance by developing a registry of about 50,000 vaccinated people using an existing or new
application. The immunologists in the expert committee in Malaysia have also proposed tracking T-cell
immunity to observe if there are any changes in the immune system’s response to the disease over time,
and whether booster doses are required in the future. NUS may reach out to each country to see if it is
possible to share serology data including on anti-body response. Modelling will be needed to assess the
economic effects of COVID-19. This network might be useful for sharing such data from each country.

Eyrope Is Considering COVID-19 Vaccine Passports. Should the Rest of the World Catch Up? 4 March 2021. Link:
https://time.com/5944165/vaccine-passports-europe/

"nterim position paper: considerations regarding proof of COVID-19 vaccination for international travellers. 5
February 2021. Link: https://www.who.int/news-room/articles-detail/interim-position-paper-considerations-
regarding-proof-of-covid-19-vaccination-for-international-travellers
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Potential framework for measuring success of vaccination programme

In the background materials, a potential framework for measuring the success of vaccination programmes
was shared. The framework can be divided into pre-vaccination, during vaccination and post-vaccination
programme periods, with relevant indicators for each phase. The foundation of this framework is effective
governance, planning and financing as well as trained human resources, with each element enabled by
data sharing and a strong public communication plan. These elements are shown in the figure below.

Figure 1: Potential framework for measuring the success of COVID-19

Effective governance
Planning and adequate financing for monitoring
Trained human resources

Pre-vaccination During vaccination Post-vaccination
e Licensing time * Vaccine uptake and * Vaccine effectiveness e.g.
« Efficiency of vaccine vaccine coverage reduction in COVID-13

infections, severe cases and

procurement * Vaccine and injection deaths as well as duration of
. Pubhc trust in the SafEty vaccine protection
vaccination policy and e Easing of NPIs as an indirect
willingness to be effect of vaccination to
vaccinated among target resume economic activities
populations » Adherence to NPIs after
vaccination

* Excess mortality

* Long-term financial
sustainability for vaccination

Data sharing (domestically and internationally) and public communication

NPIs: Non-pharmaceutical interventions which include wearing masks, social distancing and travel restrictions
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Summary

Based on the discussion and a summary by the moderator at the end of the Roundtable, below are the
main messages in terms of defining the success of COVID-19 vaccination programmes:

Key messages

e There is a need for prioritisation of vaccines across population groups, while ensuring that the
uptake of vaccines is equitable;

o A registry will be critical in tracking those who have been vaccinated, those not vaccinated and
those intended to be vaccinated. Databases may also be required for long-term monitoring of
health and biological responses to vaccines. This data can be used to determine policy;

e The goal of vaccination programmes is both to protect vulnerable groups and also to resume
economic activity;

e Participants from this meeting can serve as a network for knowledge sharing and future
collaborations.

Potential areas for regional collaboration
Four areas were identified during the discussion for regional collaboration:

e Sharing communications strategies that have worked to allay public fears;

e Sharing of serology data from each country to measure biological response after vaccination;
e Sharing of information on vaccination to facilitate movement of people; and

e Encouraging agreement among ASEAN nations to vaccinate migrants.

Dissemination of discussion

A report for internal use will be prepared for internal use for participants of the meeting that may be
circulated with government counterparts. In addition, countries in the ASEAN region and India represent
a microcosm of the world and lessons learned can inform policy for other regions. Further dissemination
would therefore benefit the global health community and it was proposed that the outcomes of this
discussion on measures of success can be presented in the form of a journal or other format for external
use.
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Introduction

Since the emergence of COVID-19, the importance to quickly and safely develop and distribute an
effective vaccine has been clear to public health experts and to the world’s population alike.
Numerous laboratories across the world have been working for months on this significant
achievement, and after Pfizer's early announcement on 9 November 2020 that their vaccine was
proving roughly 90% effective during phase Il clinical trials, there was “cautious optimism” that an
effective vaccine could be released soon.* As of 10 January 2021, more than 25 million doses of the
Covid-19 vaccine were administered in 42 countries according to Bloomberg;? however, delivering
billions more remains one of the greatest challenges for the largest-scale vaccination campaign in
human history. It is therefore very timely to engage in discussion on the scenarios which will follow
the initial phases of deployment of the long-awaited vaccine.

While the pandemic has been ongoing, the world has also been interrogating itself about the many
logistical challenges associated with developing a vaccine in a short period of time and distributing it
across a large population, taking into account countries’ diversities in size, population age, population
distribution, resources and local regulations. Countries in Asia and LMICs, amaong others, have been
preparing for the vaccine while managing local outbreaks, and have had to take into account their
respective circumstances while planning for vaccine implementation.

The Saw Swee Hock School of Public Health (SSHSPH) at the National University of Singapore is inviting
regional stakeholders to join this Roundtable and discuss strategies and challenges for efficient
vaccine delivery in ASEAN, China and India, and consider a common framework around what will
constitute successful deployment of the vaccine in the region.

SSHSPH is the first and only full-fledged public health tertiary education institution in Singapore.
Moving beyond the traditional domains of chronic disease aetiology and risk factors, the SSHSPH
emphasises new technologies and methods to measure and monitor exposure and disease, as well as
new approaches to analyse public health programmes, health systems and policies. This Roundtable
aims to support policy responses on COVID-19 in ASEAN and beyond through partnership, academic
excellence and integrity as well as innovation.

Topics for Discussion

The Roundtable discussion will focus on two main topics:
1 - Logistics

Planning for the arrival of the vaccine on the market has represented a crucial phase of response to
the Covid-19 pandemic. During planning and deployment, countries have had to take into account a
great variety of factors including regulatory aspects such as licensing, but also financial aspects like
procurement and funding, as well as purely logistical aspects like delivery and storage of the vaccine
itself. Moreover, plans had to be made for people to access the vaccine, including decisions on which
parts of the population should be prioritised and in which locations the vaccine would be available.

! Ewen Callaway, “What Pfizer's landmark COVID vaccine results mean for the pandemic’, Nature, 9 November 2020

https:/fwww.nature com/articles/d41586-020-03165-8

2 hitps://www_bloomberg com/graphics/covid-vaccine-tracker-global-distribution,
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At the country level, it was suggested that governments could consider creating national task forces
involving experts across multiple sectors: not only public health, but also economy and security,
commerce and education, to ensure a holistic approach to a matter that goes beyond public health
and is affecting all areas of society.?

On a global level, distribution across countries is an important matter of discussion, aiming to ensure
equitable access to the vaccine for populations in higher and lower income countries alike. Initiatives
include international coordination efforts to support distribution, such as COVAX,* and proposed
financing schemes to less affluent countries.®

How exactly this challenge is being approached by each country depends on local factors and on the
changing nature of the pandemic; at the same time, any response needs to take into consideration
the wider regional and global context. It will be important to focus our Roundtable discussion on these
considerations.

2 — Measures of Success

Now that vaccine deployment is under way, it is important to establish how countries will define the
success of the vaccination programme: for example, which measures can be generalisable and, thus,
should be used regionally and globally, and which ones will be country-specific; for common measures,
which results should be considered satisfactory in each country or region? Beyond numerical
measures, such as reaching a certain percentage of the population, we suggest that this Roundtable
should discuss which factors are of highest importance in ASEAN and more widely in Asia, taking into
account the vast differences in population size, infrastructure, social habits as well as impact from the
past outbreaks before vaccination, and with some specific attention to resources limited settings. A
framework to evaluate success in the relevant countries will be presented as a starting point for the
discussion, and will represent a tangible outcome of the Roundtable further to comments from all
participants.

Aims of the Roundtable

» To discuss countries’ plans and concerns in light of the latest developments on their
vaccination programmes and strategies;

* To discuss mutual support in the region;

* To establish a framework to measure success of vaccine distribution and coverage, including
for LMICs

? Teerawattananon, Yot and Saudamini Vishwanath Dabak, ‘COVID-19 vaccination logistics: 5 steps to take now.” Nature, @ November

2020 httos:/fwww.nature com/articles /d41586-020-03134-2

4 covax: Working for global equitable access to COVID-19 vaccines, WHO, hitps:/fwww who int/initiatives/act-accelerator/covax

% Kai Kupferschmidt, ‘Despite obstacles, WHO unveils plan to distribute vaccine’, Science, Vol. 368, Issue 6511, pp. 1553, 25 Sep 2020
https://science sciencemag.org/content/369/6511/1553

Page 14 of 30



Agenda

3pm Welcome and Introductions

(5 minutes)

3:05pm Part 1: Understanding the challenges

(45 minutes) + What are the main challenges that your country faces with regards to

COVID-19 vaccination?

=  How does your country plan to procure COVID-19 vaccines?

»  How does your country plan to deliver COVID-19 vaccines?
Does it have the necessary infrastructure (logistical,
technological, human)? What are the strengths and
limitations of this infrastructure?

» Do you need to coordinate vaccination at different levels of
government or with different stakeholders to ensure?

»  How does your country plan to prioritise different groups for
vaccination?

»  How do you plan to identify and reach vulnerable groups to
vaccinate for COVID-197

» Do you perceive any issues related public trust in COVID-19
vaccines in your country?

= What, in your opinion, is the biggest hurdle/challenge in
ensuring vaccines reach those who need them?

3:50pm Part 2: Measuring success
(60 minutes) o How will you measure the success of the COVID-19 vaccination
programme in your country?
= What are some of the health system measures that you will
track? How will you track these (data, systems, technical
capacity)?
= What are some of the non-health system/economy or
country-wide measures that you will track? How?
= Who are the key stakeholders that you will need to engage
with to ensure success of the vaccination programme? How?
» How can regional collaborations support the successful
implementation of a COVID-19 vaccination programme in your

country?
4:50pm Summary and discussion
(10 minutes) * How do we share the information from today’s meeting?
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Housekeeping Reminders

To create a conducive Virtual Roundtable environment, we encourage participants to keep to the

following best practice:

s Login to Zoom with your name for easy identification while interacting with the moderator and
other participants.

» |If possible, please login a few minutes before the start of the Roundtable.

* Mute your microphone if you are not speaking.

e Turn on your video while you are speaking.

Please visit the Zoom Help Center for guides and more information an using Zoom.

Contact Us

Should you have any questions about the Roundtable or encounter technical issue with Zoom,

please contact the Roundtable host:

Ms Elisa Coati
NUS Saw Swee Hock School of Public Health

J +65 6001 1939

elisa.c@nus.edu.sg
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Background information for roundtable discussion on COVID-19 Vaccine - Measures of

Successful Deployment in ASEAN
Presentation proposing a framework to measure the success of COVID-19 vaccination programmes
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Background information for a roundtable discussion on
COVID-19 Vaccine: Measures of Successful Deployment
in ASEAN
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The world should have enough COVID-19 vaccines;
it is only a matter of management and timing

Table 1. Dashboard of key characteristics for leading vaccine candidates, with traffic-light system to indicate threats to global impl tion of each candidate. #
Development and production A ¥ Deployment
Approved or Non-
authorised by % of doses pre- bindin
stringent Effica Estimated Lowest price purchased by suppl g No. of Storage
Lead developers regulatory (interim c{‘ ) production offered HICs based on a epe?n:nt doses requirement
authority or ph capacity (2021) | (USD/course) | knowndeals | needed | during transport
with COVAX
pre-qualified by (2021) .
the WHO
AnGes / Osaka - - - -
Anhui Zhifel / CAMS - . - . 2°Cto 8°C

Bharat Biotech -
Biological E - - - - - 2°C to 8°C
BIoNTech / Plizer
CAMS / IMB - - 2°C to 8°C
CanSino
Clover / GSK
CureVac

Inovio
Institut Pasteur / Merck
Johnson & Johnson

1.1bn

Medicago - -

Moderna Yes 95% 1bn

Novavax - - \ 2bn 2°Cto 8°C
Oxford / AstraZeneca Yes 62%f \ 3bn 2°Cto 8°C
Sanofi / GSK - - 2°C to 8°C

Sinopharm / Beijing Inst.
Sinopharm / Wuhan Inst.

ANONAL
SK Biosciences
University of Hong Kong - - - = - - 2°C to 8°C

Wouters OJ, Shadlen KC, Salcher-Konrad M, Pollard AJ, Larson HJ, Teerawattananon Y, Jit M. Global COVID-19 vaccine challenges: production, affordability,
allocation, and deployment 2021 (unpublished).

Turning Discovery into Healthier Communities 2
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Challenges (1)

* The stakes are high in making COVID-19 vaccination successful

* The deployment of a COVID-19 vaccine in a region and even a single
country may involve multiple vaccine products with different efficacy

and safety profiles

* The target group for vaccination is very different to what most
countries are used to and that has implications for monitoring
coverage and other metrics

* There is a need to ensure timely monitoring, data sharing and
communication to safeguard the health of target populations and,
ultimately, maintain trust in the COVID-19 vaccination and the health
systems

Turning Discovery into Healthier Communities 3
[EE]
@f NUS

Saw Swee Hock
National University | School of Public Health
of Singapore

Challenges (2)

* Itisimportant to ensure COVID-19 vaccination is being conducted
safely in areas of high transmission

* There will be a strong demand for data on vaccination by in-country
and international stakeholders so as to maximise the benefit of
vaccination such as easing other costly control measures e.g. social
distancing and travel restrictions

Turning Discovery into Healthier Communities 4
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Potential framework NUS

Effective governance
Planning and adequate financing for monitoring
Trained human resources

Pre-vaccination During vaccination Post-vaccination
e Licensing time ¢ Vaccine uptake and * Vaccine effectiveness e.g.
« Efficiency of vaccine vaccine coverage reduction in COVID-19

infections, severe cases and

procurement * Vaccine and injection deaths as well as duration of
» Public trust in the safety vaccine protection
vaccination policy and * Easing of NPIs as an indirect
willingness to be effect of vaccination to
vaccinated among target resume economic activities
populations * Adherence to NPIs after

vaccination
¢ Excess mortality

¢ Long-term financial
sustainability for vaccination

Data sharing (domestically and internationally) and public communication

NPIs: Non-pharmaceutical interventions which include wearing masks, social distancing and travel restrictions

Saw Swee Hock
School of Public Health

National University
of Singapore

EINUS
%

Opportunities

* COVID-19 vaccine introduction may serve as a catalyst to
introduce more efficient digital health information systems
including electronic immunization registries

* COVID-19 surveillance is currently on-going in all countries so
that it requires only an incremental effort to establish a
monitoring system for COVID-19 vaccination

Turning Discovery into Healthier Communities 6
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* |tis very important to develop a nationally and regionally relevant
comprehensive framework for monitoring COVID-19 vaccination

* Current COVID-19 surveillance will need to change after vaccines are
introduced to understand the impact of vaccination

* Enough funding needs to be made available for proper monitoring of
COVID-19 vaccination

* Countries should anticipate fast, frequent and faultless reporting on
COVID-19 vaccination in response to a strong demand for data from
multiple stakeholders

* Communications with both health professionals involved in the
vaccination and the public including limitations of the vaccine and
the systems delivering it will need to be strengthened

Turning Discovery into Healthier Communities 7
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Summary of pre-meeting survey
Summary of responses to a pre-meeting survey circulated to participants to learn about their goals and
fears for COVID-19 vaccination in their countries.
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Roundtable discussion on COVID-19 Vaccine:
Measures of Successful Deployment in ASEAN
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COVID-19 vaccination:
Voices from the pre-meeting survey

Ahead of the Roundtable discussion, a short survey was circulated to
participants to learn about their goals and fears for COVID-18 vaccination
programmes in their countries.

Link to the survey is available here:

ngmWYgXVulHngZZ PYItZEUMkNGQINYNzUlWEhUUDVIOVdRUkBTMVlJRgﬂf

Turning Discovery into Healthier Communities 2
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What is a realistic goal for COVID-19 vaccination
and immunisation in 2021 for your country?

Impact on COVID- Protect the Changes to the
19 profile population system

o To reach the o To protect public o To strengthen the
target vaccine health health system
coverage o To protect health o Potential

o To reduce and essential availability of the
mortality and workers as vaccine in the
morbidity due to vulnerable market
COVID-19 populations from o To boost the

severe effects of economy
the disease

No. of respondents = 4

Turning Discovery into Healthier Communities K]

Saw Swee Hock
School of Public Health

What is your biggest fear for COVID-19
vaccination and immunisation in 2021 for your
country?

= Not achieving the goals set

o Inadequate vaccine supply
o Logistical challenges (geographic reach, limited resources and
infrastructure, delays in receiving imported vaccines)

o Vaccine hesitancy

= Vaccine is not effective against new strain of the virus

No. of respondents = 4

Turning Discovery into Healthier Communities 4
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Background information: Comparison of COVID-19 vaccination strategies of the Association of Southeast Asia Nations

(ASEAN) region and India
Draft: For discussion.
Version 20 January 2021

This table has been prepared for the Roundtable Discussion on “COVID-19 Vaccine: Measures of Successful Deployment in ASEAN” organised by the
Saw Swee Hock School of Public Health, National University of Singapore (NUS) on 21 January 2021. It compares country plans for deploying COVID-
19 vaccines. The purpose of this table is to provide background information to participants at the Roundtable. Participants may add or suggest
changes to table during the discussion.

Country Plans to launch Procurement of Target groups Decision-making or Sources
COVID-19 vaccines identified technical body for
vaccination (manufacturer) COVID-19 vaccines
programme in Direct
2020/2021 purchase/through
COVAX
Brunei Q1 2021 Direct purchase from Frontline workers, | Technical http://www.xinhuanet.com
Darussalam manufacturer (none medical committee has /english/2020-
specified) and through | practitioners and been established 12/24/c 139616633.htm
COVAX. high-risk groups and is responsible
(e.g. elderly and for developing and http://www.xinhuanet.com
those with chronic | implementing a /english/2020-
diseases). National vaccination | 11/24/c 139540233.htm
Aim to cover 50% strategy.
of the population. https://thescoop.co/2020/1
1/24/brunei-likely-to-get-
covid-vaccine-in-early-
2021/
http://www.xinhuanet.com
/english/2020-
12/24/c 139616633.htm



http://www.xinhuanet.com/english/2020-12/24/c_139616633.htm
http://www.xinhuanet.com/english/2020-12/24/c_139616633.htm
http://www.xinhuanet.com/english/2020-12/24/c_139616633.htm
http://www.xinhuanet.com/english/2020-11/24/c_139540233.htm
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Abstract: An effective Monitoring and Evaluation (M&E) framework helps vaccination programme
managers determine progress and effectiveness for agreed indicators against clear benchmarks and
targets. We aimed to identify the literature on M&E frameworks and indicators used in national
vaccination programmes and synthesise approaches and lessons to inform development of future
frameworks. We conducted a scoping review using Arksey and O’Malley’s six-stage framework to
identify and synthesise sources on monitoring or evaluation of national vaccination implementation
that described a framework or indicators. The findings were summarised thematically. We included
43 eligible sources of 4291 screened. Most (95%) were in English and discussed high-income (51%)
or middle-income (30%) settings, with 13 in Europe (30%), 10 in Asia-Pacific (23%), nine in Africa
(21%), and eight in the Americas (19%), respectively, while three crossed regions. Only five (12%)
specified the use of an M&E framework. Most (32/43; 74%) explicitly or implicitly included vaccine
coverage indicators, followed by 12 including operational (28%), five including clinical (12%), and
two including cost indicators (5%). The use of M&E frameworks was seldom explicit or clearly
defined in our sources, with indicators rarely fully defined or benchmarked against targets. Sources
focused on ways to improve vaccination programmes without explicitly considering ways to improve
assessment. Literature on M&E framework and indicator use in national vaccination programmes is
limited and focused on routine childhood vaccination. Therefore, documentation of more experiences
and lessons is needed to better inform vaccination M&E beyond childhood.

Keywords: vaccination; monitoring; evaluation; indicators; global health

1. Introduction

Improving national vaccination programme implementation requires collection and
analysis of data on relevant vaccination components. Monitoring and evaluation (M&E) or
more recent Monitoring, Evaluation, Accountability and Learning (MEAL) frameworks [1]
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support decision-making by consolidating available information on agreed indicators,
benchmarked targets, and methods to collect, analyse, and report necessary data to
strengthen vaccination programmes [2]. M&E frameworks are usually aggregated into pre-,
peri-, and post-vaccination phases, and include elements of vaccine procurement, transport,
storage, staff training, communication, coverage, adverse effects, and identification of
successes and failures [3].

Planning effective M&E for national rollout of new vaccines, such as for COVID-19,
can be strengthened by learning from previous vaccination experiences, particularly those
targeted beyond routine childhood populations [4]. A virtual expert roundtable, hosted
by the Saw Swee Hock School of Public Health in January 2021, identified key M&E
framework components to inform COVID-19 vaccination. This included best practice
guidelines, particularly by the World Health Organization (WHO) [5], but few lessons or
experiences of using M&E frameworks and selecting and appropriately benchmarking
indicators within vaccination programme M&E. Practical details of these experiences could
help governments and technical partners in planning, implementing, and assessing M&E
for new vaccine implementation. Lessons learnt from assessment experiences worldwide
could help inform national efforts to improve routine and vaccine-specific data collection
and analyses and support vaccination programme strengthening, particularly in resource-
constrained settings, which aligns with the Immunization Agenda 2030 goal to make
vaccination available to everyone, everywhere [6].

We thus aimed to synthesise the literature on M&E frameworks and indicators used
for vaccination implementation. The objectives were to: (i) summarise the scope of existing
primary literature on M&E frameworks or indicators used; (ii) identify any useful indicators
to inform development or adaptation of M&E frameworks; and (iii) synthesise lessons to
inform M&E framework development for national rollouts of vaccination.

2. Materials and Methods
2.1. Study Design

We conducted a scoping literature review using Arksey and O’Malley’s six-stage frame-
work with Levac and colleagues’ revisions and Khalil and colleagues’ refinements [7-9].
We selected this method because, as Munn et al. suggested, scoping reviews are useful to
map and identify evidence in emerging topics and help identify key concepts and gaps [10].

2.2. Identifying the Research Question (Stage 1)

Our research question was: “What are the scope (i.e., extent, distribution, nature), main
findings, and key lessons of literature on M&E frameworks and indicators for vaccination
implementation?” Table 1 provides our study definitions.

Table 1. Study definitions.

Terms Definitions

The systematic assessment of an activity, project,
programme, strategy, policy, topic, theme, sector,

Evaluation operational area or institution’s performance to
determine its relevance, effectiveness, efficiency,
impact, and/or sustainability [11].

Shows how the programme or activity is intended to
work by organising out the components of the
initiative and the order or the steps needed to
achieve the desired results. A framework increases

Framework understanding of the programme’s goals and
objectives, defines the relationships between factors
key to implementation, and articulates the internal
and external elements that could affect the
programme’s success.
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Table 1. Cont.

Terms Definitions

A process by which a person becomes protected
Immunisation against a disease through vaccination or recovery
from infection [11].

The systematic process of collecting, analysing, and
Monitoring using information to track progress toward
objectives and guide management decisions [10].

A matrix compiling goal/purpose, outcomes, and
outputs, along with the defined and measurable
indicators with specified targets/thresholds
necessary to achieve success.

M&E framework

The management and administration of vaccines
Vaccination pre-/peri-/post-vaccination to provide people with
the most effective immunisation [11].

A product, usually administered through needle
injection, by mouth, or sprayed into the nose, that

Vaccine stimulates a person’s immune system to produce
immunity to a specific disease, protecting the person
from that disease [11].

2.3. Identifying Relevant Sources (Stage 2)

To ensure breadth, we included multiple electronic databases and websites. First,
we searched five databases systematically (i.e., Medline, Embase, Web of Science, Scopus,
Eldis). Second, we searched eight relevant websites purposively (i.e., WHO, Australian
Department of Health, National Advisory Committee on Immunization Canada, India
Ministry of Health and Family Welfare, Philippines Department of Health, Singapore
Ministry of Health, UK Joint Committee on Vaccination and Immunisation, US Centers
for Disease Control and Prevention). For both databases and websites, we used search
terms for ‘vaccine’ (i.e., vaccin®, immuniz*, immunis*) AND ‘monitoring” AND ‘evaluation’
(i.e., monitor* and evaluat*, M&E, Monitor*, evaluat*) and related terminology adapted to
subject headings.

2.4. Selecting Sources (Stage 3)

We established eligibility criteria based on our research question and discussion with
experts (Table 2). We included primary research sources focused on vaccine implementation
in national settings and including content on M&E frameworks or indicators. Thus, we also
included conference abstracts, commentaries, book chapters, and reviews that provided
research data not already included in a research article. We did not exclude on language (if
an English abstract was accessible), publication year, study design, or participants.

We screened 4288 potential sources using Covidence and EndNote software. After
removing 2089 duplicates, all authors first screened 2199 titles and abstracts against eligibil-
ity criteria and excluded 1995 ineligible sources. We then screened 204 full texts, excluding
another 163 ineligible sources. We added two eligible website sources to 41 eligible database
sources, thus including 43 in total.
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Table 2. Eligibility criteria.

Criteria Included Excluded
. . ) Other (e.g., subnational,
1. Context (] National settings international)
i e  Vaccine implementation Vaccine production
2. Topic p Vaccine R&D
° Framework
. Indicators R Other
3. Outcomes e  Lessons
° Impact
Primary research articles
° Review articles that
include studies not e  Audio/video reports
included individually e  Conference abstracts
. covering the same
45 Commentaries/editorials material as an available
- ource type if they include primary publication
research . Social media, blogs,
° Conference abstracts that media articles
include primary research e  Guidance/legal
e Book chapters that documents
include primary research
5. Time-period e Any e NA
6. Language o  Alllanguages e NA
7. Study design e Any ® NA
8. Participants L4 Any L NA

2.5. Extracting (Charting) Data (Stage 4)

We extracted data from 43 sources into Excel using the following headings: lead author,
publication year, source type (i.e., article, abstract, book, report), language, country/ies
included, aim, study information (i.e., design, participants, data collection, analysis),
and findings (i.e., M&E tool/framework used, indicators included, lessons described).
Indicators were subcategorised as coverage (i.e., targeting, population estimation, equity,
disaggregation, uptake/coverage, attitude/behaviours), operational (i.e., health service
capacity, human resources, vaccine supply chain (e.g., availability, allocation, transport,
storage, delivery, wastage, disposal)), clinical (i.e., vaccine safety, vaccine demand), or
others (i.e., costs, additional indicators) as described in the WHO-UNICEF monitoring
framework for COVID-19 vaccines [12].

2.6. Collating and Summarising Findings (Stage 5)

First, we summarised sources extent (i.e., database/website origin, publication year),
distribution (i.e., publication language, countries included), and nature (i.e., type, topic,
study design, outcomes included). Second, we synthesised data thematically under frame-
work and indicator headings guided by our research question and stakeholder consultation.

2.7. Consulting Stakeholders (Stage 6)

We discussed initial review findings with 16 high-level stakeholders in the Thai
Ministry of Public Health in December 2021. Stakeholders were asked how findings could
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be made most useful and for any additional potential sources (none were identified). Inputs
informed final synthesis.

3. Results
3.1. Scope of the Literature

Figure 1 provides the PRISMA flow diagram of the 43 eligible sources of 4291 screened.
Databases provided 4288 (i.e., 1122 in Medline, 1746 in Embase, 600 in Web of Science,
820 in Scopus, 0 in Eldis) and the UK Joint Committee on Vaccination and Immunisation
website provided two [13,14].

[ Identification of sources via databases ] I Identification of studies via other methods

F )

- Records identified from

2 databases:(n:=4200) Je; Records identified from:

‘5 Medling {n = 1744} Duplicate records removed Websites (n = 3) :

= Embase (n = 1746) | hefore screening (n = 2089) :

=1 fis Stakeholders {n = 0)

5 Wes (0:=600) Citation searching (n =0}

4 Scopus (n = 820) 9

Eldis (n = 0)
e
_ .
Title and abstracts screened Records excluded
—»

(n=2199) (n = 1995)

Full-texts assessed for | Records excluded Records assessed for Records
= oy B > g ; -3 excluded
= eligibility {n = 204) {n =163} eligibility (n = 3} in=1)
5
&

: ] I
(2]
Recaords included from Records included from
databases (n = 41) websites (n = 2)
-
L4
2
= Records included in review
I (n=43)
=
pE

Figure 1. PRISMA flow diagram.

Figure 2 shows the extent of sources by publication year. None were found before
1987 or in 1991-2005. From 2006, publications slowly increased, with two notable increases
in 2010 and 2012, to a peak of nine in 2018-2019, and then decreased.

Forty single-country sources were distributed across 26 countries, while three multi-
country sources included Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United Arab
Emirates [15]; China, Indonesia, Viet Nam [16]; and Bangladesh, Mozambique, Uganda,
and Zambia [17]. Over half of sources described high-income settings (22/43; 51%), while
13 (30%) described middle-income settings and only 8 (19%) described low-income settings.

Most (41/43; 95%) were published in English, with one each in French and Span-
ish. Most (40/43; 93%) were journal articles, and three (7%) were conference abstracts.
Study designs and methodology were often unclear, but 34 sources (79%) appeared to
use primarily quantitative, six (14%) used mixed-method, and three (7%) used qualitative
approaches. Methods were somewhat better described and included surveys, document
analysis, observations, interviews, and focus group discussions.
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Figure 2. Number of sources by publication year.

3.2. Synthesised Findings

We synthesised findings under: (i) description of any framework and how it was used;
(ii) coverage indicators; (iii) operational indicators; and (iv) clinical indicators. As most
sources did not detail the specific frameworks or indicators used, we instead reported on
ways they were used and any lessons within each sub-section (Table 3).

Table 3. Synthesised findings by source.

Coverage Indicators Operational Indicators Clinical Indicators
Lead M&E L
Author, Type Country/i A h Frame- Human essons
. yP ountry/ies pproac Targeting/ . Service Vaccine M&E Vaccine Vaccine Learnt
Year work S Equity Uptake . Re-
Estimation Capacity Supply Costs Safety Demand
sources

Aceituno, . L .
2017 Article Bolivia Quantitative X X X X

multi (Bahrain,
Al Kuwait, Oman,
Awaidy, Article Qatar, Saudi Quantitative X X X
2020 Arabia, United

Arab Emirates)
Alam, . -

Article Bangladesh Quantitative X X

2018
Ashish, . -
2017 Article Nepal Quantitative X X
Bawa, Articl Nigeri Quantitati X X X
2019 rticle igeria uantitative
Beard, Article Australia Quantitative X X X X
2015
Bednarczyk, . o
2019 Article us Quantitative X
Bernal, Articl UK Quantitativi X
2021 rticle uantitative
Bhatnagar, . . -
2016 Article India Quantitative X
Bianco, o
2012 Abstract Ttaly Quantitative X X
Carrico, Article us Mixed X X
2014
Checchi, . .
2019 Article UK Quantitative X X X
gé;esnf, Article Ivory Coast Quantitative X X
Cutts, N . -
1988 Article Mozambique Quantitative X
D’Ancona, . -
2018 Article Ttaly Quantitative X X
Dang,

2020 Article Viet Nam Quantitative X X
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Table 3. Cont.

Coverage Indicators Operational Indicators Clinical Indicators
Lead M&E L
Author, Type C try/i A h Frame- Human essons
v yP ountryiies pproac Targeting/ . Service Vaccine M&E Vaccine Vaccine Learnt
Year work AN Equity Uptake . Re-
Estimation Capacity Supply Costs Safety Demand
sources
Edelstein, . -
2019 Article UK Quantitative X X
Geoghegan, Abstract Ireland Qualitative X
2021
Hall, 2021 Article UK Quantitative X X
Hipgrave multi (China,
perave, Article Indonesia, Viet Quantitative X
2006
Nam)
Hutubessy, Article Tanzania Quantitative X X
2012
Ijsselmuiden, . . .
Article South Africa Mixed X X
1987
Imoukhuede, . . . o
2007 Article Gambia Quantitative X
Lacapere, Article Haiti Quantitative X X X
2011
Lanata, Article Peru Quantitative X X
1990
Loughlin, . .
2012 Article us Quantitative X X
Maina, . y
2017 Article Kenya Mixed X X
Manyazewal, . N .
Article Ethiopia Mixed X X X X X X X
2018
McCarthy, . o S
2013 Article us Quantitative X X
Muhamad, Article Malaysia Quantitative X X
2018
Ozdemir, Article Turkey Quantitative X X X
2010 ’
Raji, 2019 Abstract Nigeria Qualitative X
Richard, Article Switzerland Quantitative X X
2008
Sarker, . § -
2019 Article Bangladesh Quantitative X X
multi
(Bangladesh,
Soi, 2020 Article Mozambique, Quantitative X X
Uganda,
Zambia)
Tanton, Articl UK Mixed X X
2017 rticle ixe
Tuells, . . .
2010 Article Spain Qualitative X
van Wiihe,  pricle Netherlands ~ Quantitative X X X
2018
Vivekanandan, . . .
2012 Article India Quantitative X
Walker, Article Kenya Quantitative X X X X X
2014
Ward, . -
2017 Article Uganda Quantitative X
Watson, . -
2010 Article us Quantitative X
Wattiaux, . . y
2016 Article Australia Mixed X X X
Totals 5 13 3 16 2 3 5 2 5 0 39

3.2.1. Frameworks

Five (12%) sources explicitly described using any type of M&E framework, while
the rest either did not use one or were unclear about whether or how one was used and
what it included. Thus, framework usage was minimally described and heterogeneous,
depending on requirements and objectives. For example, Al Awaidy et al. used the WHO
M&E framework for hepatitis B in reviewing vaccination in several Gulf countries [15].
Dang et al. used the mHealth Assessment and Planning for Scale (MAPS) toolkit to
assess scale-up of an electronic immunisation registry in Viet Nam [18]. Hutubessy et al.
used the Cervical Cancer Prevention and Control Costing (C4P) tool to determine cost-
effectiveness of HPV vaccination in Tanzania [19]. Jjsselmuiden et al. used the WHO
Extended Programme on Immunisation framework to determine vaccination coverage
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and cold chain maintenance in South Africa [20]. Non-WHO M&E frameworks included
Manyazewal and colleagues’ use of the Plan-Do-Check-Act (PDCA) cycle with Continuous
Quality Improvement, a prospective quasi-experimental interrupted time-series design to
evaluate effectiveness of a continuous quality improvement intervention for a vaccination
programme in Ethiopia [21] and Aceituno and colleagues’ use of a logical framework to
determine participant engagement in Bolivia [22].

Four (9%) sources did not specify the use of a formal framework, instead describing
an assessment process or method (e.g., use of registers, sampling approaches, surveys). For
example, Lanata et al. used lot quality assurance sampling to determine vaccine coverage
in Peru [23], and Tuells et al. used a WHO process for cold chain temperature monitoring
in Spain [24]. Sources seldom explicitly distinguished between routine data collection
sources (e.g., national infectious disease surveillance), dedicated disease-specific registers
(e.g., for rabies, tetanus, HIV), general surveys (e.g., national-level demographic and health
surveys or multiple-indicator cluster surveys), or vaccine-specific (e.g., post-introduction
evaluation surveys).

General lessons included incorporating national staff in monitoring meetings to im-
prove M&E ownership and accountability [22], improving contextual dynamics tailored to
the specific vaccination programme to improve coverage [21], and multi-disciplinary co-
production and inclusion of M&E staff during decision-making to improve outcomes [17].

3.2.2. Coverage Indicators

Most (32/43; 74%) described elements of target population estimation, equity, and
uptake, primarily of routine childhood vaccines. Thirteen (30%) included targeting or
population estimation, although most did not describe indicators in depth and how they
were used differed by setting and resource availability. For example, Lacapere et al. roughly
estimated measles-rubella vaccination coverage by dividing the number of vaccine doses
given by the estimated population for each district in Haiti [25], while D’Ancona et al. used
an immunisation register to estimate coverage in Italy [26]. Bianco et al. determined the
number of foreign workers eligible for vaccination in Italy through screening [27]. Manyaze-
wal et al. used WHO Reaching Every Community (REC) mapping of community locations
and characteristics to help estimate coverage targets for five vaccines in Ethiopia [21].

Only three (7%) included indicators to examine equity or disaggregate data. For exam-
ple, Sarker et al. compared immunisation coverage among children aged 12-59 months in
Bangladesh across socioeconomic and demographic factors, finding disparities by parental
education and mothers’ access to media [28]. Wattiaux et al. considered equity aspects
of vaccination rollout by comparing hepatitis B immunisation incidence between indige-
nous and non-indigenous Australians [29]. Geoghegan et al. examined whether women
received COVID-19 vaccine when pregnant or received routinely recommended vaccines
in pregnancy in Ireland [30].

Sixteen sources (37%) discussed uptake indicators. Most focused on general target pop-
ulations with minimal discussion on vaccine coverage for migrants and refugees and none
on the elderly, people with disabilities, or other potentially vulnerable groups. However,
Bawa et al. estimated oral polio vaccination coverage among underserved hard-to-reach
communities in Nigeria, defining them based on difficulty of terrain, any local or state
border, scattered households, nomadic, water-logged /riverine, or conflict-affected and
thus requiring outreach services [31]. More generally, Lacapere et al. calculated numbers
of municipalities that reported achieving 95% vaccination coverage for measles-rubella
vaccine in Haiti [25]. Only two sources (7%) described coverage indicators beyond the
second year of life. Muhamad et al. calculated total HPV vaccine doses delivered through
school-based outreach to evaluate the effectiveness of free vaccination for schoolgirls in
Malaysia [32], while Beard et al. estimated 40-50% coverage of pertussis vaccination among
pregnant women in Australia, based on number of births and consent forms returned
centrally [33].
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Coverage lessons were varied. Aceituno et al. described challenges of collecting
high-quality data in resource-constrained settings [22]. Soi et al. noted that using feedback
loops to guide policy decision must be pragmatic, as they are often too slow—e.g., Gavi’s
HPV demonstration project policy required countries to demonstrate adequate coverage
before applying for rollout funding, which could take years [17]. Alam et al. found
automation of EPI scheduling can improve coverage and enhance monitoring, particularly
in remote areas [34]. Edelstein et al. found that data triangulation and inclusion of routine
data, in countries with good national records, can help identify vulnerable groups and
monitoring of vaccine coverage [35]. Lanata et al. found lot quality assurance sampling
helped identify small areas with poorer vaccination coverage in rural areas of Peru with
dispersed populations, thus improving coverage and equity monitoring [23]. Aceituno et al.
found staff understanding of cultural-linguistic context improved coverage and vaccination
continuity in Bolivia [22].

3.2.3. Operational Indicators

Only two (5%) sources mentioned health service capacity indicators. Manyazewal et al.
assessed immunisation services availability, regular static immunisation services deliv-
ered, adequate outreach sites, catchment area mapped for immunisation, separate and
adequate rooms for immunisation services and storing supplies, all planned outreach ses-
sions conducted, health education on immunisation provided, and immunisation services
availability in all catchment health posts in Ethiopia [21]. Walker et al. assessed surveillance
feedback reports, timely reporting, and number of districts with populations not receiving
immunisation services [36].

Three (7%) sources mentioned supply chain and logistics indicators. Walker et al.
used cold chain and logistics data from facility inventory logs for routine immunisation
to identify gaps in vaccine supplies and equipment, such as the number of facilities with
insufficient supply of syringes and diluent, and number of facilities with inventory logs
consistent with vaccine supply [36]. Hipgrave et al. reviewed evidence on thermostability
of hepatitis B vaccine for pregnant women when stored outside the cold chain in China [16].
Ozdemir et al. assessed cold chain storage and gaps for a hepatitis B vaccine in Turkey [37].
Manyazewal et al. assessed adequacy of fridge-tag 2 units for temperature monitoring,
refrigerator spare parts, vaccine request and report forms, and inventory documents in
Ethiopia [21].

Five (12%) sources mentioned human resource indicators. Hall et al. assessed the
number of English health-workers vaccinated against COVID-19 stratified by dose, manu-
facturer, and day [13]. Cherif et al. assessed numbers of health-workers participating in
vaccination activities, e.g., epidemiological surveillance, adverse event monitoring training,
and supervisions in Abidjan [38]. Carrico et al. assessed numbers of states mandating
health-worker vaccination in the US [39]. Manyazewal et al. assessed numbers of experts
assigned for immunisation and numbers of immunisation focal persons to evaluate ef-
fectiveness of system-wide continuous quality improvement for national immunisation
programme performance [21]. Walker et al. assessed numbers of supervisory visits con-
ducted, documented in writing, surveillance guidelines observed, surveillance discussed at
supervisory visits, and if an operational plan was observed [36].

Two (5%) sources included indicators for vaccination costing. Hutubessy et al. cal-
culated the incremental costs to the health system of HPV vaccination for adolescent
girls through schools, health facilities, and other outreach strategies in Tanzania [20].
Walker et al. measured the number of districts in Kenya with insufficient financial re-
sources for key surveillance elements for acute flaccid paralysis [36].

Multiple sources discussed operational lessons. D’ Ancona et al. used an observational
survey to show that decentralised health systems such as in Italy could result in fragmented
immunisation registries and information flow across regions [26]. Ward et al. described
how data improvement teams, allocated to all districts, enhanced the quality of vaccine
administrative data in Uganda by helping identify data inaccuracies and providing on-
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the-job data collection training [40]. Dang et al. used qualitative research to describe an
approach to optimise vaccination information in Vietnam, which included establishing a
partnership between the Vietnamese Ministry of Health and mobile network operators [17].
Soi et al. described the importance of physically co-locating evaluators from different
disciplinary backgrounds, and suggested that including evaluators in decision-making
could enrich outcomes [17].

3.2.4. Clinical Indicators

Five (12%) sources described clinical indicators, primarily counting numbers of ad-
verse events following immunisation (AEFI). For example, Aceituno et al. assessed monthly
reporting of adverse events and severe adverse events, details of any deaths, reasons for
all withdrawals, and infant and maternal death rates below Demographic and Health
Survey rates for Bolivia [22]. Loughlin et al. conducted a post-marketing evaluation to
assess the number of confirmed cases of intussusception or Kawasaki disease among in-
fants who received Rotavirus vaccine in the US compared with historical cohort data from
diphtheria-tetanus-acellular pertussis vaccination [41].

Lessons were relatively limited. Vivekanandan et al. described the positive role of
health-workers in assessing vaccine safety indicators in India [42]. Cherif et al. similarly
noted that improving AEFI system performance required improved health-worker train-
ing, data analysis, and community engagement [38]. Ijsselmuiden et al. suggested that
vaccination targeting at-risk populations, such as for Hepatitis B, should ensure concomi-
tant disease surveillance to reduce morbidity and mortality [20]. Similarly, Beard et al.
suggested combining AEFI and syndromic surveillance in emergency departments to mon-
itor numbers of pertussis vaccine adverse events and supplementing maternal influenza
vaccination AEFI monitoring with mobile phone text messages in Australia [33].

4. Discussion

This initial review of the use of M&E frameworks and indicators in vaccination
highlights the relatively limited literature on this topic. M&E frameworks are important for
consolidating selected indicators and described as essential in the Global Vaccine Action
Plan (GVAP) [4], yet their use was seldom explicit or clearly defined in our sources. Most
sources described assessment methods (e.g., survey, lot quality assurance) rather than
the use of a formal M&E framework, suggesting overreliance on individual methods
without the benefit of an overarching assessment framework. Similarly, while indicators
were described more frequently, they were rarely fully defined or benchmarked against
targets, and sources focused on ways to improve vaccination programmes without explicitly
considering ways to improve assessment. Given indicators and benchmarked targets are
crucial to national vaccination programme M&E these are noteworthy gaps.

Limited description of M&E framework or indicator use outside routine childhood
vaccination was perhaps unsurprising and some of the lessons identified in our review
could inform development of monitoring or evaluation for COVID-19 vaccination, or other
vaccines, beyond routine childhood populations [43]. It is worth reiterating that most
sources described high- or middle-income settings, and none described the use of M&E
frameworks or indicators in fragile or conflict-affected settings despite the risk of poorer
routine vaccination coverage, weakened health system responses, and infectious disease
outbreaks in these settings. For example, 14 million ‘zero-dose’ children, who did not
receive an initial dose of required vaccines, live in conflict-affected African countries [44,45].
The limited documentation of equity indicators was unexpected given that improving
equity in immunisation is both essential [46] and expected by donors such as Gavi [47], yet
equity monitoring seemed limited and ill defined. Historical and socio-cultural influences
and biases can influence the effectiveness of data collection and assessment on equity,
and thus vaccination programme success. For instance, if some high-risk cohorts are
not considered acceptable or relevant and hence not recorded (e.g., men who have sex
with men in Gulf states), accurate and detailed assessment becomes impossible [15]. An
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approach used by M’Bangombe et al. analysed historical data to augment current data on
high-risk populations, expanding the cohort of those identified as being at risk for cholera
in Malawi [48].

Another surprising gap was the limited documentation of operational indicators, given
their importance in effective vaccination management. The Organisation for Economic
Co-operation and Development (OECD) report on lessons from government evaluations of
COVID-19 responses similarly highlighted gaps in cost and health system indicators [43].
Additionally, we found that sources used different types of routine and ad hoc data, includ-
ing surveillance, disease registers, household surveys, and vaccine-specific surveys. While
this is understandable, depending on setting and programming needs [49], justification
was not always explicit.

Less surprisingly, our review showed a preference for quantitative assessment meth-
ods, with only three sources using qualitative and five using mixed methods. However,
qualitative and mixed-method social science approaches offer deeper insights into how
processes work and are particularly useful for equity analyses. For example, Dutta et al.
interviewed vaccination decision-makers in India to examine the importance of engaging
with communities to promote health equity, and found this required formulating policies
and guidelines that clearly define community engagement and its related evaluation met-
rics [50]. Qualitative methods can also help amplify perspectives and groups that may be
less visible, which can be particularly important in reaching zero-dose children [45].

What is often missing in evaluations is the impact of vaccination on the general popu-
lation, particularly for lower efficacy vaccines (e.g., against malaria, cholera, or influenza)
that have relatively low demographic impacts even with high vaccine coverage. It may be
worth exploring this demographic impact further, as was observed for smallpox vaccina-
tion [51,52]. Therefore, further documentation of assessment methods, experiences, and
lessons appears necessary to expand the evidence base and help inform ongoing and future
vaccination assessment.

Several potential limitations should be considered. First, while we included five
databases and eight websites, we may still have missed relevant sources. It is likely that
much of the research on this topic remains unpublished, as evaluations conducted by
non-academic bodies (e.g., government, consultants) may not be in the public domain,
though sites such as bioRxiv could be useful for manuscripts awaiting peer review. Second,
included sources were not assessed for quality, as the purpose was to scope existing
literature, and this would have eliminated too many documents. Third, we excluded
sources on vaccine development, so may have missed some that discussed vaccine safety.
Fourth, many sources only assessed one or more components of the vaccination programme
(e.g., financing, equity, personnel), and thus we did not attempt to make direct comparisons
of assessments. Fifth, methods were often insufficiently described, so we chose to categorise
broadly as “quantitative, qualitative, mixed-methods” approaches rather than trying to
provide more detail. Sixth, we focused on the public health literature as most likely to
contain M&E frameworks and indicators, rather than conducting a broader search of
various social science literatures. We thus may have missed some qualitative frameworks
or indicators, e.g., for vaccine hesitancy. Finally, we chose not to include MEAL framework
components for advocacy or learning, which could be relevant for future research.

Overall, our review identified minimal literature describing M&E frameworks or
indicators for use in vaccination programme implementation. Numbers of relevant publica-
tions increased during the past decade, particularly after the 2012 Middle East Respiratory
Syndrome epidemic, but numbers are still small and focused on high- and middle-income
countries. Further research and documentation are therefore needed to identify additional
public health lessons.
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Abstract

Real-world effectiveness studies are important for monitoring performance of COVID-19
vaccination programmes and informing COVID-19 prevention and control policies. We
aimed to synthesise methodological approaches used in COVID-19 vaccine effectiveness
studies, in order to evaluate which approaches are most appropriate to implement in low-
and middle-income countries (LMICs). For this rapid systematic review, we searched
PubMed and Scopus for articles published from inception to July 7, 2021, without language
restrictions. We included any type of peer-reviewed observational study measuring COVID-
19 vaccine effectiveness, for any population. We excluded randomised control trials and
modelling studies. All data used in the analysis were extracted from included papers. We
used a standardised data extraction form, modified from STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE). Study quality was assessed using the
REal Life EVidence AssessmeNt Tool (RELEVANT) tool. This study is registered with
PROSPERO, CRD42021264658. Our search identified 3,327 studies, of which 42 were eli-
gible for analysis. Most studies (97.5%) were conducted in high-income countries and the
majority assessed mRNA vaccines (78% mRNA only, 17% mRNA and viral vector, 2.5%
viral vector, 2.5% inactivated vaccine). Thirty-five of the studies (83%) used a cohort study
design. Across studies, short follow-up time and limited assessment and mitigation of poten-
tial confounders, including previous SARS-CoV-2 infection and healthcare seeking behav-
iour, were major limitations. This review summarises methodological approaches for
evaluating real-world effectiveness of COVID-19 vaccines and highlights the lack of such
studies in LMICs, as well as the importance of context-specific vaccine effectiveness data.
Further research in LMICs will refine guidance for conducting real-world COVID-19 vaccine
effectiveness studies in resource-constrained settings.
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Introduction

The COVID-19 pandemic has placed a significant toll on health systems and economies. With
the development and roll-out of COVID-19 vaccines, policymakers in low- and middle-
income countries (LMICs) now have an additional tool to control the pandemic, with the
potential to ease lockdowns and other non-pharmaceutical interventions. Yet there is increas-
ing evidence to suggest that vaccines are not a magic bullet, and policymakers will have to
identify how to best use vaccines as part of a comprehensive set of interventions [1]. In the
immediate term, vaccination programme constraints, both in terms of vaccine supply as well
as the capacity of health programmes to deliver vaccine at an unprecedented scale, mean that
policymakers must identify how best to target vaccines for greatest impact. In the longer-term,
financial sustainability is likely to become an ever more pressing issue. Policymakers have
been able to allocate emergency funding to finance COVID-19 prevention and control mea-
sures, and many financial institutions have unlocked access to grants and concessional loans
to tackle the pandemic [2]. However, as more data become available on vaccine duration of
protection, protection against transmission, and protection against COVID-19 variants, pol-
icymakers will have to decide which vaccination strategies are sustainable and most appropri-
ate to implement in their context [3]. Already there are stark differences in COVID-19
vaccination coverage targets between countries, ranging from those aiming to vaccinate 30%
of the population to those aiming for full population coverage [4].

To inform evidence-based policies on the rational use of COVID-19 vaccines, LMICs
require real-world data on the effectiveness of vaccines in their context. Efficacy data from
clinical trials are important for regulatory authorities to identify if a vaccine works and if it is
safe. However, there are a number of limitations in using efficacy data for policy. Firstly, clini-
cal trials use strict inclusion and exclusion criteria, which are not necessarily representative of
all eligible populations for vaccination [5-7]. For COVID-19, a number of vaccines have been
recommended for use with limited data on effectiveness in the elderly, pregnant women, and
populations with comorbidities, despite these being priority target groups in many countries
[8-11]. Second, the setting of clinical trials may not reflect local epidemiology. COVID-19 vac-
cine clinical trials have been conducted in settings with different circulating strains, diverse
underlying population health, varying transmission dynamics and non-pharmaceutical inter-
ventions (NPIs), and measuring different outcomes [12]. Finally, due to their nature, efficacy
studies are unable to address programmatic issues around health service utilization or off-label
use [5]. For COVID-19 vaccines, this includes issues such as timely receipt of the second dose,
modified vaccine schedules to address supply shortages or to align timing across vaccine prod-
ucts, vaccine acceptance and hesitancy (especially among specific population groups), inter-
changeability for mixed product schedules, cold chain excursions and other logistics issues,
among others [13].

Real-world effectiveness studies are important for informing policy decisions, as an esti-
mate of the context-specific performance of vaccines [13-15]. The results from real-world
effectiveness studies not only monitor impact, but also give country-specific inputs for
modelling future strategies for vaccination and relaxation of NPIs, as well as justifying
budget allocation into, or away from, the COVID-19 vaccination programme. Due to the
nature of real-world effectiveness studies, they can be subject to selection bias, confounding
factors, and missing data, therefore requiring careful study design [5, 16, 17]. Important
considerations for observational studies include sample size; methods to minimise selection
bias; accurate measurement of exposures and outcomes; planning for, managing, and
reporting on potential confounders and missing data; and planning appropriate analysis
[16, 17].
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The World Health Organization (WHO) has published an interim guidance for conducting
vaccine effectiveness studies in LMICs, and is maintaining a landscape of observational study
designs for COVID-19 vaccination effectiveness [13, 18]. Whilst many studies have synthe-
sised COVID-19 vaccine effectiveness estimates from observational studies [19-24], to our
knowledge, there is no systematic review of published real-world effectiveness study designs
for COVID-19 vaccination, to support LMICs to understand which study designs are most fea-
sible to implement in their settings, and the advantages and drawbacks of different approaches.
This review was commissioned by the Thai government to summarise methodological
approaches being used to study real-world COVID-19 vaccine effectiveness, to assess the qual-
ity of published literature, and to consider which best-practice approaches are most suitable
for implementation in Thailand and other LMICs.

Methods
Search strategy and selection criteria

We conducted a systematic review of the literature to identify peer-reviewed research studies
on COVID-19 vaccine effectiveness, in order to analyse the study design and methods for
applicability to LMICs. We chose a rapid review methodology as a streamlined approach to
quickly inform policymakers and researchers in Thailand and other LMIC:s that are in the pro-
cess of developing vaccine effectiveness studies. Since the objective of the review was to analyse
methodological approaches, we did not conduct meta-analysis to summarise the results.

We included research studies published in academic journals in any language, which
reported on the effectiveness of COVID-19 vaccination in real-world settings. We therefore
included any type of observational study, including cohort studies (prospective and retrospec-
tive), case control studies, test-negative design case-control studies, and screening studies, but
excluded randomised control trials (RCTs) and modelling studies. We also excluded regres-
sion discontinuity design as it is currently recommended for vaccine effectiveness studies in
diseases with low incidence, or for which there is a long time lag until the outcome [25]. Pri-
mary research articles were eligible, as were letters to the editor, correspondence, reports, or
rapid communications, provided that the methods were adequately described for data extrac-
tion and quality assessment of study design. Due to our focus on methodological approaches,
we only included peer-reviewed literature, as quality assurance for study design and reporting.
We did not exclude studies based on population of interest, but restricted inclusion to studies
measuring the following outcomes: asymptomatic SARS-CoV-2 infection, symptomatic
SARS-CoV-2 infection, severe SARS-CoV-2 infection (as measured by hospital admission,
ICU admission, or clinical diagnosis), or death from SARS-CoV-2 infection.

We executed a search strategy (S1 Appendix) of articles published from inception to July 7,
2021, in the MEDLINE (via PubMed) and Scopus databases. Search terms were constructed
according to intervention of interest (COVID-19 vaccine) and study design (e.g. cohort study,
post-marketing study, effectiveness analysis). Searching the reference lists of the included stud-
ies and consultation with experts identified additional relevant studies. In the first stage, titles
and abstracts were screened independently by two reviewers, each from one of two separate
teams. Any disagreement was resolved by one of two reviewers (YT or TA). In the second
stage, full text was reviewed for inclusion/exclusion by a single reviewer.

Data analysis

All authors extracted data using a structured form modified from STrengthening the Report-
ing of OBservational studies in Epidemiology (STROBE), the reporting standard for observa-
tional studies [26]. Data were abstracted on study characteristics (objectives, type of study
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design, country, study duration, funding source); study sample (population, sample size, pres-
ence of variants of concern); intervention (partial or full vaccination, vaccine product
received); study outcomes; data collection and measurement methods (including utilisation of
existing database); data analysis methods (subgroup analysis, statistical model, sensitivity anal-
ysis, management of missing data and potential confounders); results (by outcome of interest);
study limitations; and ethical approval and/or consent requirements. Type of study design was
classified by the authors based on definitions from the WHO interim guidance on evaluation
of COVID-19 vaccine effectiveness [13]. For the results, vaccine effectiveness (%) by outcome
was recorded. For studies reporting incidence rate ratio (IRR), the formula (1-IRR)*100 was
used to calculate vaccine effectiveness. The quality of studies was assessed by two independent
reviewers using the REal Life EVidence AssessmeNt Tool (RELEVANT) tool [27]. Each pri-
mary and secondary sub-item was scored as 1 (yes) if performed or reported in the study, oth-
erwise a score of 0 (no) was assigned. Two reviewers (YT and TA) resolved any discrepancy in
scoring. Qualitative analysis of results from using the RELEVANT tool identified areas of lim-
ited evidence and highlighted opportunities to strengthen COVID-19 vaccine effectiveness
study methodology.

Figures were produced using R, version 4.1.0 (Camp Pontanezen). The review protocol is
registered at PROSPERO, CRD42021264658.

Results

We identified 5,933 articles through the database search. No additional articles were identified
from searching reference lists. After removal of duplicates (2,606) and exclusion of studies
based on screening the abstract (3,249) or the full text (42), 36 studies were identified. We
included an additional 6 studies identified during expert consultation, resulting in 42 papers
for inclusion (Fig 1). Of the 42 studies excluded during full text screening, 31 reported on an
excluded outcome (not effectiveness) and 11 were an excluded study type (randomised control
trial or modelling study). All studies were in English, except one study in Spanish.

All 42 studies identified were published in 2021 and all but one study [28] were conducted
in high-income countries (HICs) (Table 1). No studies were identified from Africa and only
one from Asia [28]. Presence of circulating variants were reported in 12 (29%) studies [11, 29-
39]. Most studies assessed effectiveness of mRNA vaccines (33 studies), followed by an mRNA
and a viral vector vaccine (7 studies), and 1 study each for viral vector and inactivated vaccine.
Ethical approval was required in 27 studies (64%), with 13 studies (31%) not reporting on ethi-
cal approval. Many studies (18, 43%) did not report on funding source; for the other studies,
11 (26%) were publicly funded, 2 (5%) funded through public and private funds, 3 (7%)
through not-for-profit private funding, and 8 (19%) did not receive funding.

Table 2 summarises study characteristics. Most studies (32 of 42, 76%) reported on vaccine
effectiveness against either COVID-19 infection, hospitalisation, or death, whereas 3 studies
reported 2 outcomes (hospitalisation and infection [37, 66], hospitalisation and death [51])
and 7 studies reported on all 3 outcomes [31, 33, 35, 42, 54, 58, 59]. Of the 37 studies measur-
ing vaccine effectiveness against infection, 31 are cohort studies, 4 test-negative design case
control studies, and 2 screening method (Fig 2). The most common study type is retrospective
cohort study, (22 studies), often employing immunisation registries and medical databases.
Only five studies considered asymptomatic infection among patients under investigation,
frontline workers and randomly selected individuals in the community [11, 37, 39, 61, 62].
Most cohort studies were conducted among healthcare workers undergoing routine RT-PCR
testing as part of the hospital surveillance system. Sample size ranged from 189 to 10,187,720
(mean 443,697; median 6,904). For vaccine effectiveness against hospitalisation and/or death,
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Fig 1. Study profile.
https://doi.org/10.1371/journal.pone.0261930.9001

we identified 12 cohort and 2 test negative design case control studies. Contrary to infection
studies, none had healthcare workers as the population. All studies in the general population
used national level surveillance data. Sample size ranged from 189 to 10,187,720 (mean
1,890,171; median 338,145). The test negative designs had small sample sizes compared to
cohort studies.

Table 3 summarises methodology employed across included studies. Most studies assessed
vaccination status by registry (31), with 2 studies using self- report [9, 41], 3 using a mixture of
registry and self-report [35, 44, 60], and 6 studies not reporting on methods to ascertain vacci-
nation status [28, 32, 47, 61, 64, 65]. For confirmation of COVID-19 infection, 39 studies con-
firmed diagnosis with reverse transcription polymerase chain reaction (RT-PCR); 2 studies

PLOS ONE | https://doi.org/10.1371/journal.pone.0261930 January 11, 2022 5/31


https://doi.org/10.1371/journal.pone.0261930.g001
https://doi.org/10.1371/journal.pone.0261930

PLOS ONE

Systematic review of real-world COVID-19 vaccine effectiveness study methods and guidance for LMICs

Table 1. General characteristics of articles on real-world effectiveness of COVID-19 vaccines.

Characteristics N (%)

Publication type
Correspondence 4 (9%)
Letter 3 (7%)
Original (primary) research 29 (70%)
Rapid communication 4 (9%)
Report 2 (5%)

Vaccine types
mRNA (BNT162b2) 25 (59%)
mRNA (mRNA-1273) 2 (5%)
mRNA (BNT162b2 and mRNA-1273) 6 (14%)
mRNA and viral vector (BNT162b2 and ChAdOx1-S) 5 (12%)
mRNA and viral vector (BNT162b2, mRNA-1273 and ChAdOx1-S) 2 (5%)
Viral vector (ChAdOx1-S and BBV152) 1(2.5%)
Inactivated SARS-CoV-2 (CoronaVac) 1(2.5%)
Variants
Mentioned 12 (29%)
B.1.1.7 (alpha) 8
B.1.1.7 and B.1.351 2
B.1.1.7 and B.1.525 1
R.1 lineage 1
Not mentioned 30 (71%)
Ethical approval
Yes 27 (64%)
Exempted 2 (5%)
Not stated 13 (31%)
Informed consent
Yes 2 (5%)
Exempted 7 (17%)
Full ethical review was not necessary 8 (19%)
Not stated 25 (59%)
Study design
Test-negative design case control study 5 (12%)
Prospective cohort study 7 (17%)

(Continued)
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Table 1. (Continued)

Characteristics N (%)
Retrospective cohort study 28 (66%)
Screening methods 2 (5%)

Outcomes (a study can have more than one outcome)

Infections 37
Hospitalizations 10
Mortality 9

Financial source
Public 11 (26%)
Public and Private 2 (5%)
Private not for profit 3 (7%)
None 8 (19%)
Not reported 18 (43%)

https://doi.org/10.1371/journal.pone.0261930.t001

used RT-PCR as the main method of confirming diagnosis, but either allowed rapid antigen
test for symptomatic cases [37] or if RT-PCR was not available [54]; and 1 study did not men-
tion method of confirmation of COVID-19 [28]. Of the studies reporting methods to reduce
misclassification error, most restricted analysis to samples collected within a certain number
of days from symptom onset, ranging up to 7 days before symptom onset and 7-14 days after
symptom onset [9, 10, 33, 35, 37, 46, 50]. Other studies reported reducing misclassification
error by restricting analysis to symptomatic cases [9, 42, 46], censoring the date of unreliable
vaccination dates [11], and conducting sensitivity analysis removing days for possible misclas-
sification [60]. Although not reported as a method to reduce misclassification error, an addi-
tional 12 studies only included symptomatic cases [10, 32, 34, 35, 39, 47, 50, 53, 54, 58]. There
was considerable difference across studies in terms of when outcomes were assessed in vacci-
nated individuals: 10 studies only included outcomes more than 14 days after vaccination [31-
33,37, 39, 44, 49, 54, 57, 60]; 10 studies more than 7 days after vaccination [10, 34, 35, 42, 46,
47,53, 55, 63, 66]; 9 studies included outcomes more than 14 days after vaccination for one of
the two vaccine doses, and more than 7 days after the other vaccine dose [9, 11, 30, 38, 45, 50,
51, 56, 62]; 2 studies included outcomes either 14 days or 7 days after vaccination depending
on vaccine type [48, 59]; 7 studies included outcomes any time after vaccination, but stratified
outcomes by number of days after vaccination [36, 40, 41, 43, 52, 58, 64]; 2 studies included
outcomes any time after vaccination [29, 65]; and 2 studies did not report on time between
vaccination and outcome inclusion [28, 61]. 3 studies conducted sensitivity or sub-group anal-
ysis by days after vaccination [46, 49, 65].

For the quality assessment using RELEVANT, 9 of the 42 studies (of which all were cohort
studies) met less than half of the criteria [28, 34, 43, 47, 48, 53, 61, 63, 64]. Only 10 of the 43
studies reported registration or publication of the study protocol and 17 reported on potential
conflicts of interest (Fig 3). Regarding study methods, there were a number of limitations
across studies. Firstly, due to the short time since vaccine roll-out, follow-up time for all studies
was very short (mean 6.3 weeks for studies with infection outcomes, 9.7 weeks for hospitalisa-
tion or death outcomes). Secondly, only 10 studies reported calculating a sample size a priori
(Fig 3). Although studies with large national datasets do not need to calculate a minimum sam-
ple size, 3 out of 4 (75%) of the test negative case control designs with fewer than 5,000 partici-
pants did not report calculating a minimum sample size [9, 10, 41], and this was also the case
for 6 out of 10 of the cohort studies with fewer than 5,000 participants [30, 47, 55, 57, 64, 65].
Thirdly, most studies did not clearly delineate inclusion/exclusion of study participants as a
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Table 2. Characteristics of COVID-19 vaccine real-world effectiveness studies meeting inclusion criteria.

Country | Funding source | Population Sample size | Study design® | Study time Database(s) Type(s) of Outcome
frame vaccine
Lopez- UK. None Elderly people 265,745 Test negative | October National BNT162b2, SAR-CoV2
Bernal [33] aged >70 years case-control | 26,2020— Immunisation ChAdOx1-S infection,
old design February Management hospital
21,2021 System and admissions,
hospital admission deaths
data
Vasileiou U.K. UK Research General 5.4 million Prospective | December | Early Pandemic BNT162b2, Hospital
[40] and Innovation population cohort study | 8,2020— Evaluationand | ChAdOx1-S | admissions due
(Medical February Enhanced to SARS-CoV-2
Research 22,2021 Surveillance of infection
Council), COVID-19—EAVE
Research and II—database,
Innovation Scottish Morbidity
Industrial Record 01
Strategy database, and
Challenge Rapid Preliminary
Fund, Health Inpatient Data.
Data Research
UK
Tenforde USA Not stated Adults with 417 Observational | January Not stated BNT162b2 SAR-CoV2
[41] COVID-19- study 1-March infection and
like illness 26,2021 hospital
admitted to 24 admissions
hospitals in 14
states. Patients
were eligible if
they were >65
years on the
date of hospital
admission,
received clinical
testing for
SARS-CoV-2
by RT-PCR or
antigen test
within 10 days
of illness onset,
and had onset
of symptoms
0-14 days
before
admission.
Haas [42] Israel Israel MoH and | >16 years old Isreali Observational | January 24 Nationwide BNT162b2 SAR-CoV2
Pfizer residents of | population in 1 study —April 3, | Surveillance Data infection,
Israel of 4 nationwide 2021 hospital
medical admissions,
insurance deaths
programmes
Sansone Ttaly Not stated Healthcare 6,904 Observational | January No database used | BNT162b2 SAR-CoV2
[34] workers in study 25,2021— infection
Brescia April 13,
2021
Keehner USA Not stated Healthcare 36,659 Observational | December Electronic BNT162b2, SAR-CoV2
[43] workers in study 16,2020 - | employee health | mRNA 1273 infection
University of February record system at
California, San 9,2021 UCSD and UCLA
Diego (UCSD)
and University
of California,
Los Angeles
(UCLA)
(Continued)
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Table 2. (Continued)

Country | Funding source | Population Sample size | Study design® | Study time Database(s) Type(s) of Outcome
frame vaccine
Thompson USA Not stated Healthcare 3,950 Observational | December | No database used | BNT162b2, SAR-CoV2
[44] workers, first study 14-18, mRNA 1273 infection
responders, and 2020—
frontline March 13,
workers 2021.
Fabiani Ttaly Not stated Frontline 6,423 Retrospective | December | Local COVID-19 | BNT162b2 SAR-CoV2
[45] healthcare cohort study | 27,2020— surveillance infection
workers March 24, database
2021
Cavanaugh USA Not stated Residents and 189 Retrospective | January 10 Immunization BNT162b2 SAR-CoV2
[35] healthcare cohort study | —March registry review; infection,
workers 1,2021 facility interviews; symptomatic
medical records COVID-19
reviews cases, hospital
admissions,
deaths
Hall [11] UK. Public Health Healthcare 23,324 Prospective Dec 7, Participants BNT162b2 SAR-CoV2
England, UK workers and cohort study | 2020—Feb | enrolling to the infection
Department of | staff >18 years 5,2021 National
Health and old Immunization
Social Care, and Management
the National System
Institute for
Health
Research
Benenson Israel Not stated Healthcare 6,680 Descriptive 8 weeks Not stated BNT162b2 SAR-CoV2
[36] workers cohort study | after Dec infection
20, 2020
Martinez- Spain The Horizon Individuals 20,961 Prospective | January to Not stated BNT162b2, SAR-CoV2
Baz [37] 2020 program | aged >18 years cohort study | April 2021 ChAdOx1-S infection
of the European | covered by the
Commission | Navarre Health
and the Carlos Service with
III Institute of | close contacts
Health with the | of laboratory-
European confirmed
Regional COVID-19
Development cases
Fund
Chodick Israel Not stated All Maccabi 503,875 Comparative | December Maccabi BNT162b2 SAR-CoV2
[46] Healthcare effectiveness | 19, 2020— | Healthcare Services infection
Services (MHS) study January
members aged 15, 2021
16 years or
older who were
vaccinated
during a mass
immunization
program
Jameson USA None All healthcare 4,318 Screening December Not stated BNT162b2 SAR-CoV2
[47] workers in a 17, 2020— infection
hospital March 24,
2021
(Continued)
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Table 2. (Continued)

Country | Funding source | Population Sample size | Study design® | Study time Database(s) Type(s) of Outcome
frame vaccine
Pilishvili USA Not stated Routine 1,843 Test negative | January- Not stated BNT162b2, SAR-CoV2
[9] employee case-control March mRNA 1273 infection
testing study 2021
performed
based on site-
specific
occupational
health
practices.
Daniel [48] USA Texas University 23,234 Descriptive | December | University of Texas | BNT162b2, | Decrease in the
Department of employees data report | 15, 2020— Southwestern mRNA 1273 number of
State Health February Medical Center employees who
Services 28,2021 (UTSW) are either in
isolation or
quarantine and
reduction in the
incidence of
infections
Angel [38] Israel Not stated Healthcare 6,710 Retrospective | December Hospital data BNT162b2 SAR-CoV2
workers cohort study | 20, 2020— infection
February
25,2021
Amit [49] Israel Not stated Healthcare 9,109 Retrospective | December Not stated BNT162b2 SAR-CoV2
workers cohort study | 19, 2020— infection
January
24,2021
Britton USA Not applicable | Skilled nurse 463 Retrospective | December The electronic BNT162b2 SAR-CoV2
[50] residents cohort study | 29, 2020— medical record infection
February | chartabstraction
12,2021
Dagan [51] Israel Not stated Healthcare 4.7 million Retrospective | December Clallit Health BNT162b2 SAR-CoV2
workers observational | 20, 2020— Services (CHS) infection,
study February symptomatic
1, 2021 COVID-19
cases, severe
COVID-19
cases, hospital
admissions,
deaths
Pritchard UK. Department of General 383,812 Alarge December The Office for BNT162b2, SAR-CoV2
[39] Health and population >16 household 1,2020— | National Statistics | ChAdOx1-S | infection and
Social Care, years old survey with May 8, (ONS) COVID-19 infection
Welsh longitudinal 2021 Infection Survey severity
Government follow-up
and
Department of
Health on
behalf of the
Northern
Ireland
Government
and Scottish
Government.
Domi [52] USA Not stated Healthcare 12,347 Retrospective | December | The CMS National | BNT162b2 SAR-CoV2
workers from observational | 20, 2020— Health Safety infection and
CDC Tiberius study February | Network (NHSN) mortality
system for Long 7,2021 Public File Data
Term Care
facilities
(Continued)
10/31
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Table 2. (Continued)

Country | Funding source | Population Sample size | Study design® | Study time Database(s) Type(s) of Outcome
frame vaccine
Jones [53] UK. Wellcome Healthcare Approximately | Retrospective | January | Hospital-laboratory | BNT162b2 SAR-CoV2
Trust/Medical workers 9000 cohort study | 18,2021— | interface software, infection
Research January | Epic (Verona, WI)
Council/NHS 31,2021
Blood and
Transplant/
EPSRC
Gras- Spain Not stated Healthcare 268 Test negative | January | Registro Nominal | BNT162b2 SAR-CoV2
Valenti workers in case control | 25,2021— | de Vacunas de la infection,
[10] Alicante February 7 Generalitat symptomatic
General 2021 Valenciana COVID-19
Hospital cases,
Jara [54] Chile The Agency | Population >16 10,187,720 Prospective February | Database of Fondo | CoronaVac SAR-CoV2
Nacional de years old cohortstudy | 2,2021— | Nacional de Salud infection, ICU
Investigacion & |  receiving at May 1, (FONASA), the admissions,
Millennium least 1 dose of 2021 national public deaths
Science CoronaVac health insurance
Initiative program.
Program
Azamgarhi UK. Not stated Healthcare 1,409 Retrospective | January National BNT162B2 SAR-CoV2
[55] workers in cohort 15,2021— | Immunisation and infection
tertiary March 26, | Vaccination System
orthopaedic 2021 (NIVS)
hospital in
London
Knobel Spain Not stated Healthcare 2,462 Screening December | Hospital del Mar | BNT162b2 SAR-CoV2
[56] workers in method 1,2021 - administrative infection
Hospital del April 20, database
Mar in 2021
Barcelona,
Spain
Harris [57] England Public Health General 961 Cohort study | January 4, Household ChAdOx1 SAR-CoV2
England population 2021 - Transmission nCoV-19, secondary
from February | Evaluation Dataset | BNT162b2 infection
Household 28,2021 | (HOSTED) and the
Transmission National
Evaluation Immunization
Dataset Management
(HOSTED) System (NIMS)
Zaqout Qatar Qatar National General 199,219 Retrospective | December | The COVID-19 BNT162b2 SARS-CoV-2
[58] Library population observational | 23, 2020— database at the infection
cohort March 16, Communicable
2021 Disease Center,
Hamad Medical
Corporation
Mazagatos Spain Not stated Elderly aged 65 338,145 Cohort study | December National mRNA- SARS-CoV-2
[59] years and older 27,2020-4 | Epidemiological 1273 infection
April Surveillance
4,2021 Network
(RENAVE) and the
National COVID-
19 Vaccination
Registry
(REGVACU)
Abu- USA Not stated Population who 163,688 Cohort study | March 8, The national BNT162b2 SARS-CoV-2
Raddad received at least 2021 federated Covid-19 infection
[29] 1 dose of -March 3, databases
vaccine 2021
(Continued)
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Table 2. (Continued)

Country | Funding source | Population Sample size | Study design® | Study time Database(s) Type(s) of Outcome
frame vaccine
Flacco [31] Italy Not stated General 245,226 Retrospective | January 1, | Local Health Unit | BNT162b2, | SARS-CoV-2
population cohort study 2021— (LHU) of Pescara | ChAdOxl1 infection,
aged 18 years May 21, nCoV-19, | hospitalisation,
old or older 2021 mRNA- death
who were 1273
resident in the
province of
Pescara, Italy
on 1 January
2021
Kissling England, European Population 4,964 Test-negative | December | I-MOVE-COVID- | BNT162b2, | SARS-CoV-2
[32] France, Union’s aged 65 years design 10, 2020— 19 network ChAdOx1 infection
Ireland, the Horizon and older in May 31, nCoV-19
Netherlands, primary care 2021
Portugal,
Scotland,
Spain and
Sweden
Thompson US.A. National Center |  Healthcare 3,975 Prospective | December Not applicable BNT162b2, | SARS-CoV-2
[60] for workers cohort study | 14, 2020,- mRNA- infection
Immunization April 10, 1273
and Respiratory 2021
Diseases and
the Centers for
Disease Control
and Prevention
Kustin [30] Israel European Members of 792 Matched January CHS’s data BNT162b2 SARS-CoV-2
Research Clalit Health cohort study | 23,2021 to repositories infection
Council (ERC) Services March 7,
under the 2021
European
Union’s
Horizon 2020
research and
innovation
programme, an
Israeli Science
Foundation and
Milner and
AppsFlyer
foundations
Tang [61] USA American Healthcare 5,217 Cohort study | December | StJude Children’s | BNT162b2 | SARS-CoV-2
Lebanese Syrian workers 17,2020 | Research Hospital infection
Associated -March 20, database
Charities 2021
(ALSAC)
Zacay [62] Israel Not stated Member of The 6,286 Cohort study | January 1, The Meuhedet BNT162b2 | SARS-CoV-2
Meuhedet 2021— Health infection
Health February Maintenance
Maintenance 11,2021 Organization
Organization (MHMO)
(MHMO) aged
16 years or
older who had
at least 2 PCR
tests during
November, at
least 2 PCR
tests during
December, and
at least 1 PCR
test during
January
(Continued)
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Table 2. (Continued)

Country | Funding source | Population Sample size | Study design® | Study time Database(s) Type(s) of Outcome
frame vaccine
Jaiswal [28] India Not stated Police 117,524 Real world 13 Apr— Department of ChAdOx SARS-CoV-2
personnel in data analysis 14 May Police in Tamil incidence of
Tamil Nadu 2021 Nadu database death
Garvey [63] UK Not stated Healthcare 25,335 Retrospective | March 28, Occupational BNT162b SARS-CoV-2
workers at cohort 2020 - health database of infection
University March 21, all COVID-19
Hospitals 2021 positive healthcare
Birmingham workers
(UHB) NHS
Foundation
Trust
Walsh [64] Ireland The Clinical All 4,458 Cohort study | December | Hospital database | BNT162b2 SARS-CoV-2
Governance permanently 29,2020 - infection
Department at employed February
Beaumont healthcare 22,2021
Hospital workers during
the first 8 weeks
of the staff
vaccination
programme in
Ireland hospital
Gupta [65] Us US Department VA Boston 4,028 Retrospective | December Not specified mRNA- SARS-CoV-2
of Veterans Healthcare cohort 22,2020 - 1273 infection
Affairs System February
(VABHS) 1,2021
clinical and
nonclinical
healthcare
workers
Chodick Israel Not stated General 1,178,597 Retrospective | December Maccabi BNT162b2 SARS-CoV-2
[66] population cohort study | 19,2020— | Healthcare Services infection,
aged 16 and March 3, (MHS) database hospitalsation
older who were 2021 and mortality

vaccinated with
at least one
dose of the
BNT162b2
vaccine during
a mass
immunization
program from
December 19,
2020—
February 20,
2021

RT-PCR—reverse transcriptase polymerase chain reaction; MoH—Ministry of Health; ICU—intensive care unit; VE—vaccine effectiveness

*As reported in the study. For the purposes of standardisation in our analysis, we re-classified the following studies (in accordance with the WHO interim guidance for
conducting vaccine effectiveness studies in LMICs): Tenforde et al—test negative case control design; Haas et al—retrospective cohort study; Sansone et al—
retrospective cohort study; Keehner et al—retrospective cohort study; Thompson et al—retrospective cohort study; Benenson et al—screening study; Chodick et al—
retrospective cohort study; Jameson et al—retrospective cohort study; Daniel et al—retrospective cohort study; Amit et al—retrospective cohort study; Dagan et al—
prospective cohort study; Pritchard et al—prospective cohort study.

https://doi.org/10.1371/journal.pone.0261930.t002

flowchart, although all studies were judged to be in a relevant population and setting. For the
test-negative design case control studies, 2 studies were conducted in older adults [33, 41],
whilst 2 studies were conducted in health workers ([9, 10]. However, 1 test-negative design
case control study was in the general population [32], which may be subject to collider bias.
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Fig 2. Study design by outcome for COVID-19 vaccine effectiveness studies meeting inclusion criteria.

https://doi.org/10.1371/journal.pone.0261930.9002

Fourthly, due to the observational study design, selection bias and confounding effects were
inevitable limitations. However, 22 studies did not report on assessment and mitigation of
potential confounders (Fig 3). The most commonly reported confounders were age [9-11, 29—
33,37,39-42, 44-46, 50, 51, 54-57, 59-62, 66], sex [9, 10, 29-33, 37, 39-42, 44-46, 50, 51, 54—
57, 60-62, 66], socio-demographic factors (ethnicity/religion) [11, 33, 39, 41, 44, 50-52, 55, 60,
61, 66], geographical location [10, 11, 30, 33, 39, 41, 44, 51, 52, 54, 57, 62], chronic disease and/
or comorbidities [9, 11, 31, 32, 37, 39, 40, 50, 51, 54, 60, 66], time [10, 33, 36, 37, 40-42, 50, 52,
57], occupation [10, 11, 39, 44, 45, 55, 56, 60], and socio-economic status [33, 39, 40, 54, 57,
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Table 3. Methodology of included studies.

First
author

Lopez-
Bernal [33]

Vasileiou
[40]

Tenforde
[41]

Time of outcome
assessment

After 1st dose, 0-3,
4-6,7-9, 10-13, 14-20,
21-27, 28-34, 35-41
and > 42 days.; After
2nd dose, 0-3, 4-6,
7-13, and > 14 days.
For ChAdOx1-S the
final interval was >35
days.

0-6, 7-13, 14-20, 21-
27, 28-34, 35-41, and
42 or more days post-
vaccination

Single-dose vaccinated
less than 2 weeks
before illness onset,
defined as receipt of
the first vaccine dose
within 14 days before
onset of COVID-like
illness; 3) partially
vaccinated, defined as
receipt of 1 dose of a
2-dose vaccine series
(Pfizer-BioNTech or
Moderna) >14 days
before illness onset or
receipt of 2 doses, with
the second dose
received <14 days
before illness onset; 4)
fully vaccinated,
defined as receipt of
both doses of a 2-dose
vaccine series, with the
second dose received
>14 days before illness
onset

Vaccination status
assessment method

National
Immunisation
Management System

Electronic health
record data and
national databases

Self-report

Method of handling
outcome
misclassification error

Were analyses
restricted to
symptomatic
cases?

Not reported No

Developed a national No
linked dataset and have
created a platform that
allowed rapid access to an
analysis of data on
vaccination status and
medical condition status
from routinely collected
electronic health record
data and national
databases

Not reported No

Types of biases and
method of
minimisation

Narrow follow-up
windows (two periods
each week up to 14 days
and weekly thereafter)

Adjusted for time to
adjust for any impact
on the effect of these
interventions and the
course of the pandemic
on estimates of vaccine
effects

Self-reported data
selection bias

No minimization
mentioned

Management of
missing data

Not reported

Separate group for
individuals were
created

Not reported

Management of potential
confounder

Possible confounders were
included in the fully
adjusted logistic regression
model including age (in
five year age groups, at 31
March 2021), sex, ethnicity,
geography (NHS region),
index of multiple
deprivation, care home
residence, and week of
symptom onset.

Both the Cox models and
Poisson regression used
sampling weights to correct
for the size of the registered
general practice population
being greater than the
population in Scotland.
Dementia was included as a
functional variable to adjust
for the residual
confounding in which
vaccines were not offered to
or were declined by the
most frail.

Falsification of exposure
sensitivity analysis assessed
possible vaccine
programme or residual
confounding effects.

Not reported

(Continued)
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Table 3. (Continued)

First Time of outcome Vaccination status Method of handling Were analyses | Types of biases and Management of Management of potential

author assessment assessment method | outcome restricted to method of missing data confounder

misclassification error symptomatic | minimisation
cases?

Haas [42] At least 7 days after National surveillance | Exclude a small number | No Israel’s SARS-CoV-2 Not reported Multivariated and stratified
second dose, >7 days | data of people who were testing policy was analysis according to age
after the second dose initially reported to be different for groups

asymptomatic but were unvaccinated and

later hospitalised for or vaccinated individuals

died from COVID-19 during the study period.
At 7 days after the
second dose, vaccinated
individuals were
exempt from the
SARS-CoV-2 testing
required of individuals
who either had contact
with a laboratory-
confirmed case or
returned from travel
abroad
Some presymptomatic
individuals who later
developed symptoms
without being
hospitalised or dying
might still have been
included.
No minimization
mentioned.

Sansone At least 7 days after Hospital database Not reported Yes Not reported Not reported Not reported

[34] 2nd dose

Keehner 1-7,8-14 and 15 or Electronic employee | Not reported No Not reported Not reported Not reported

[43] longer health record system

Thompson | For unvaccinated Self-report in Not reported No Not reported Not reported Not reported

[44] person-days to partial | electronic surveys, by
immunization person- | telephone interviews,
days: >14 days and through direct
after first dose and upload of vaccine
before second dose card images at all
For full immunization | sites; electronic
person-days: >14 days | medical records
after second dose

Fabiani Between 14-21 days Local COVID19 Not reported No Not reported Not reported Adjusted for potential

[45] after the surveillance database confounders based on
administration of the available data
first dose; between at

least 7 days after the

administration of the

second dose
Cavanaugh | Within 7 days Immunization Not reported Yes Not reported Not reported Not reported
[35] registry review and

facility interviews
(Continued)
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Table 3. (Continued)

First
author

Time of outcome
assessment

Vaccination status
assessment method

Method of handling
outcome
misclassification error

Were analyses
restricted to
symptomatic
cases?

Types of biases and
method of
minimisation

Management of
missing data

Management of potential
confounder

Hall [11]

symptomatic testing
was done at any time
during the
presentation of
symptoms

Registry of COVID-
19 vaccination in
England

Not reported

No

Defined the end of
follow-up in none-
positive cases as the
date of a negative test, if
the test was after this
date, to avoid immortal
time bias.

Vaccinated population
had slightly higher
testing frequency than
the unvaccinated
population and
therefore it was more
likely to pick up
infections among the
vaccinated, resulting in
biasing vaccine
effectiveness results
towards the null
hypothesis.

Possibility of recall bias
due to Self-completed
questionnaires but
should not have affected
symptom reports by
vaccination status.
Excluded differential
symptom reporting.
Healthy worker effect
bias might
underestimate the
disease impact
compared with the
general population

The follow-up time
was censored at the
date of the suspect
second dose if a
participant had an
unreliable date of a
second dose (eg, a
second dose
administered before a
first dose or
administered less than
19 days after the first
dose)

Full model was adjusted for
site as a random effect,
period, and eight fixed
effects: age, gender,
ethnicity, comorbidities,
job role, frequency of
contact with COVID-19
patients, employed in a
patient facing role, and
occupational exposure

Benenson
[36]

All time points and
compare incidence rate
between weeks after
vaccination

Human Resources
Department

Not reported

No mandated PCR
screenings after second
dose of vaccination,
leading to
underdiagnosed
COVID-19 but HCWs
were tested following
every mild symptom
and following exposure
to previously unknown
patients or colleagues

Not reported

Not reported

Martinez-
Baz [37]

>14 days after first
dose

Navarre Health
Service

2 days before the onset of
symptoms in the case to
10 days after the onset of
symptoms, or in the 2
days before the sample;
10 days after the sample
was taken for
asymptomatic cases

As close contacts of
COVID-19 cases have
had a known risk
exposure, comparison
between vaccinated and
unvaccinated close
contacts is an ideal
design

Not reported

Not reported

(Continued)
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Table 3. (Continued)

First Time of outcome Vaccination status Method of handling Were analyses | Types of biases and Management of Management of potential
author assessment assessment method | outcome restricted to method of missing data confounder
misclassification error symptomatic | minimisation
cases?
Chodick Daily and cumulative | Central databases of | Limiting the analysis to Yes Minimal information Did not censor the Not reported
[46] infection rates in days | Maccabi Healthcare infections with bias due to automated | follow-up period at
13 to 24 were Services (MHS), documented COVID-19 data collection of date of second dose to
compared with days 1 | Health Maintenance | symptoms; calculated vaccination status and | avoid a potential
to 12 after the first dose | Organization (HMO) | cumulative incidence of laboratory results that selection-bias because
in Israel infection during a 12-day are offered to all individuals with a
period (days 13-24 after citizens free of charge. | positive SARS-CoV-2
first dose) compared with Minimal selection and | test result after the
days 1 to 12 after indication bias from first dose are
vaccination with the first comparing vaccinated | recommended to
dose; excluded positive versus unvaccinated or | postpone their second
PCR prior to the index test-negative studies dose.
date and those who and comparing
joined MHS after vaccinated individuals
February 2020 in different time
(incomplete medical intervals after
history) immunization.
More asymptomatic
infections may go
undocumented because
change in health
seeking behavior and
decreased test rate 2
weeks after first dose.
Jameson For full immunization: | Not reported Not reported Yes Voluntary nature of the | Not reported Not reported
[47] 7 days after second vaccine program is to
dose select individuals at
decreased risk of
COVID-19 acquisition
regardless of
vaccination and
possibility of detecting
ongoing shedding from
a remote infection,
might only test
symptomatic.
Pilishvili Effectiveness of a single | Occupational health | Daily screening for Yes Testing was based on Not reported Not reported
[9] dose was measured or other verified symptoms of COVID-19: occupational health
during the interval sources (e.g., vaccine | referred to complete practices at each facility,
from 14 days after the | card, state registry, or | nasopharyngeal swab and no changes in
first dose through 6 medical record). testing for COVID-19 routine testing practices
days after the second before returning to work were reported after
dose; exclude vaccine introduction.
participants tested
within 0-2 days of
receiving the second
dose; effectiveness of 2
doses was measured
>7 days after the
receipt of the second
dose
Daniel [48] | Partially vaccinated: Vaccination record Not reported No Not reported N/A N/A
one dose or < 7 days from University of
post-second dose Texas Southwestern
BNT162b2 vaccination | Medical Center
or < 14 days post- (UTSW)
second dose mRNA-
1273 vaccination; fully
vaccinated: > 7 days
post-second dose
BNT162b2 vaccination
or > 14 days post-
second dose mRNA-
1273 vaccination
(Continued)
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Table 3. (Continued)

First Time of outcome Vaccination status Method of handling Were analyses | Types of biases and Management of Management of potential

author assessment assessment method | outcome restricted to method of missing data confounder

misclassification error symptomatic | minimisation
cases?

Angel [38] | Days 7-28 after first Employee health Not reported No Two groups may not be | Not reported Regression models were
dose (partially database comparable, which is used to adjust confounders.
vaccinated); and >21 minimized by using Other confounders may be
days after second dose used propensity score present that were
(fully vaccinaetd); matching unaccounted for in the
Median follow-up Vaccinated group had regression analyses and in
time = 63 days (Dec 20, fewer tests. the adjustments for
2020, to Feb 25, 2021) propensity score

Amit [49] Days 1-14 and 15-28 | Medical center’s Not reported No Lack of active Not reported Rate ratio of new cases in
after the first dose of database laboratory surveillance vaccinated compared with
the vaccine in the cohort might unvaccinated HCWs each

have resulted in an day were adjusted for
underestimation of community exposure rates
asymptomatic cases. using Poisson regression.

Britton [50] | Partially vaccinated Electronic chart Not reported Yes Not reported The ethnicity could Not reported
(>day 14 after first review not be reported
dose through day 7 because ethnicity data
after second dose); were missing for 30%
fully vaccinated (>7 of residents)
days after second
dose);

Started on the date of
first vaccination clinic
(December 29, 2020 for
facility A and
December 21, 2020 for
facility B) and ended
on February 9, 2021
and February 12, 2021,
respectively

Dagan [51] | Days 14 through 20 Clalit Health Services | Not reported No To assess a possible The date of onset of | Performed rigorous
after the first dose of (CHS) database, the selection bias that could | symptoms was not matching on a wide range
vaccine; days 21 largest of four stem from informative | available for the of factors that may be
through 27 after the integrated health care censoring, whereby analysis and the date expected to confound the
first dose organizations in controls who are was set to the date of | causal effect of the vaccine
(administration of the | Israel, vaccinated feel well swab collection for on the various outcomes.
second dose was around the time of the first positive PCR | Population groups with
scheduled to occur on vaccination and test. high internal variability in
day 21 after the first sensitivity analysis was the probability of
dose); day 7 after the performed in which vaccination or outcome
second dose until the they were kept in the were excluded, such as
end of the follow-up unvaccinated group for health care workers,

a period of time that persons confined to the

was set differently for home for medical reasons,

each outcome. and nursing home
residents, to avoid residual
confounding;

Pritchard >21 days after the first | Self-reported Not reported Yes This study was designed | Not reported Unbiased sampling frame,

[39] dose and post-second as a large-scale which exploited for our

dose

community survey
recruiting from
randomly selected
private residential
households, providing a
representative sample of
the UK general
population;

logistic regression rather
than having to censor
individuals.

(Continued)
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Table 3. (Continued)

First Time of outcome Vaccination status Method of handling Were analyses | Types of biases and Management of Management of potential
author assessment assessment method | outcome restricted to method of missing data confounder
misclassification error symptomatic | minimisation
cases?
Domi [52] | Four time-dependent, | Data registry: Not reported No Not reported Not reported To address the highly
delayed vaccination National Health skewed, longitudinal
effects at3,4,5,and 6 | Safety Network countmeasurements with a
weeks respectively after | (NHSN) Public File large proportion of zeros.
the first vaccination. data The negative binomial
model addresses the issue
of overdispersion by
including a dispersion
parameter that relaxes the
assumption of equal mean
and variance of the Poisson
model.
Jones [53] | >12 days post- Hospital data registry: | This study was used real- | Yes The date of infection Not reported Not reported
vaccination Cambridge time RT-PCR, with all could have been earlier
University Hospitals | sample processing and than the test date, may
NHS Foundation analysis undertaken at the lead to an
Trust (CUHNFT) Cambridge COVID-19 underestimate of the
Testing Centre vaccine’s effect (bias
(Lighthouse Laboratory). towards the null).
Gras- After 12 days after the | Hospital data registry | The determinationtion of | Yes Not reported Not reported Variables that showed
Valenti [10] | first dose SARS-CoV-2 in an statistically significant
aspiration sample differences between
nasopharyngeal tract vaccinated and non-
during the first 24 hours vaccinated HW were
after patient’s included in the regression
consultation. If negative, model.
they were follow-up and
another PCR was
repeated at tendays of the
last contact with the case.
Jara [54] Partial immunization | National data registry | Those periods in this Yes Sub-group analysis to Not reported This study was evaluated
(>14 days after receipt study were excluded from investigate healthcare the robustness of the model
of the first dose and the at-risk person-time in access between RT-PCR assumptions by fitting a
before receipt of the our analyses. and antigen testing, and stratified version of the
second dose) and full between 16-59 years extended Cox
immunization (>14 and adults over 60 years proportional-hazards
days after receipt of the model.
second dose)
Azamgarhi | > 10 days after Registry Not reported No Missing data about Significant efforts Groups were compared
[55] vaccination vaccine information, were made to obtain | adjusting for demographic
inclusion of potentially | data on HCWs that details found to vary
less susceptible received the vaccine | significantly between
individuals in the elsewehere. groups.
unvaccinated arm Hazard ratios were also
would be to make the adjusted for underlying
vaccine appear more COVID-19 infection rates
effective. in the London area.
Knobel [56] | 2 weeks after the first Hospital database Not reported No Prone to random error | Not reported Not reported

dose and 1 week after
the second dose

due to small number of
outcomes.

(Continued)
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Table 3. (Continued)

First Time of outcome Vaccination status Method of handling Were analyses | Types of biases and Management of Management of potential

author assessment assessment method | outcome restricted to method of missing data confounder

misclassification error symptomatic | minimisation
cases?

Harris [57] | Vaccinated 21 days or | National Not reported No Bias could occur if case | Not reported Logistic-regression models
more prior to testing Immunisation ascertainment differed were used to adjust for the
positive for COVID-19 | Management System between household age and sex of the person

contacts of vaccinated with the index case of

persons and those of Covid-19 (index patient)

unvaccinated persons; and the household contact,

no method of geographic region, calendar

minimisation week of the index case,
deprivation (a composite
score of socioeconomic and
other factors), and
household type and size.
Timing of effects among
index patients who had
been vaccinated at any time
up to the date of the
positive test was also
considered.

Zaqout [58] | During days 1-7, Clinical data registry | Not reported Yes Not reported. Not reported Not reported
8-14,15-21, 22-28,
and >28 days post-
vaccination

Mazagatos | Partially vaccinated— | Vaccination status Not reported No Not reported Not reported Not reported

[59] dose 1: Vaccinated were retrived from
with the first dose of the National COVID-

Comirnaty or Moderna | 19 Vaccination
COVID-19 vaccine, Registry
and more than 14 days | (REGVACU).
since vaccination.

Partially vaccinated—

dose 2: Vaccinated

with two doses of

Comirnaty or Moderna
COVID-19 vaccine,

and less than 7 days

since the second dose

for Comirnaty or less

than 14 days for

Moderna COVID-19

vaccine. Full immunity

not reached.

Fully vaccinated:

Vaccinated with two

doses, and 7 days or

more after the second

dose for Comirnaty

and 14 days or more

for Moderna COVID-

19 vaccine. Full

immunity reached.

Abu- N/A (any) Standardized national | Not reported No Test negative case Not reported Two sensitivity analyses

Raddad SARS-CoV-2 control design to were conducted by first

[29] database control for bias that matching by the exact

may result from testing date and second by
differences in health alogistic regression to
care-seeking behavior adjust for calendar week
between vaccinated and

unvaccinated persons

Flacco [31] | 14 days after the Registry Not reported No Recall or Not reported Not reported
second dose for all misclassification bias of
vaccines vaccination status

(Continued)
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Table 3. (Continued)

First Time of outcome

author assessment

Kissling > = 14 days post

[32] vaccination

Thompson | Fully vaccinated (>14

[60] days after dose 2),
partially vaccinated

(>14 days after dose 1
and <14 days after
dose 2), or
unvaccinated or to
have indeterminate
vaccination status
(<14 days after dose 1)

Controls who were not
vaccinated before the
positive PCR result.
The dosel group:
individuals who had a
positive PCR test that
was performed
between 14 days after
the first dose and 6
days after the second
dose.

The dose2 group: and
individuals who had a
positive PCR test that
was performed at least
7 days after the second
vaccine dose.

Kustin [30]

Not mentioned

1. >14 day after the 1st
dose

2. 1-6 days after the
2nd dose

3. >7 day after the 2nd
dose

Tang [61]
Zacay [62]

Vaccination status Method of handling
assessment method | outcome

misclassification error

cases?

Not mentioned Not mentioned Yes
Self-assessed A sensitivity analysis No
electronic and removed person-days
telephone surveys, when participants had
direct upload of possible misclassification
images of vaccination | of vaccination status
cards and electronic
medical records,
occupational health
records, or state
immunization
registries were
reviewed at the sites
in Minnesota,
Oregon, Texas, and
Utah
Clalit Health Services | Following classification No
databae. by Pangolin, the authors

noted that one dosel

control sequence,

originally classified as

WT (B.1.235), was

located within the B.1.351

clade on the phylogenetic

tree. Its pair was classified

as B.1.1.7, and they

included this pair in an

extreme scenarios

analysis. This is in line

with recent concerns

regarding

misclassifications of

Pangolin, and led to

manually verify the

phylogenetic location of

all sequences in this

study.
Not mentioned Not reported No
Health maintenance | Not reported No

organiation (HMO)
database

Were analyses
restricted to
symptomatic

Types of biases and
method of
minimisation

Tested sampling bias
with phylogenetic tree

Selection biases was
minimised by
stratifying recruitment
of participants
according to site, sex,
age group, and
occupation;

Recall and confirmation
biases due to that
results for febrile
symptoms and duration
of illness were based on
participant-reported
data, minimized by
comparing these
findings with the
virologic findings of a
reduced viral RNA load
and duration of viral
RNA detection among
vaccinated participants.

A phylogenetic tree of
all the sequenced
samples together with
additional available
sequences from Israel
was reconstructed to
test bias in sampling
scheme and observed
that vaccinated and
unvaccinated samples
were highly
interspersed along the
tree, ruling out strong
biases in sampling.

Not reported

Number of PCR tests
varied across sub-
groups.

No method of
minimization.

Management of
missing data

Management of potential
confounder

Imputed study sites
where date of
symptom onset was
not available (one
site) or had more than
25% of missing
information (two
sites) as 3 days before
the swab date (3 days
was the median delay
between onset and
swab in the pooled
data).

Not reported

Not reported

Use of an inverse
probability of treatment
weighting approach.
Generalized boosted
regression trees were used
to estimate individual
propensities to be at least
partially vaccinated during
each study week, on the
basis of baseline
sociodemographic and
health characteristics and
the most recent reports of
potential virus exposure
and PPE use.

Not reported A conditional logistic
regression was used as a
sensitivity analysis to
include age as a possible
confounder in case that
matching was not
sufficient.

Not reported Not reported

Different rates of infection
across sectors and
calculated infection rates
separately for each sector

Not reported

(Continued)
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Table 3. (Continued)

First Time of outcome Vaccination status Method of handling Were analyses | Types of biases and Management of Management of potential

author assessment assessment method | outcome restricted to method of missing data confounder

misclassification error symptomatic | minimisation
cases?

Jaiswal [28] | Not mentioned The Tamil Nadu Not reported Yes Not reported Not reported No adjustment for potential
Police department has confounders including age,
been documenting comorbidities and previous
vaccination of its exposure to COVID-19
workforce. infection could, as the

vaccination details were
collected as aggregated
numbers.
Garvey [63] | > 10 days after Registry Not reported No Not reported Not reported Not reported
vaccination

Walsh [64] | 0-7 days, 8-14 days, Not reported Not reported No Not reported Not reported Not reported
15-21 days, 22-30
days, 39 days

Gupta [65] | VE were measured Not reported Not reported No Not reported Not reported Not reported

before 8 and 15 days
following the first dose
of vaccination
Chodick days 7-27 after the Registry Not reported No More asymptomatic Not reported Not reported
[66] second dose infections
undocumented but this
potential information
bias is likely
insignificant, as VE
calculated for all
infections was similar
or lower to the one
calculated for
symptomatic cases
https://doi.org/10.1371/journal.pone.0261930.t003
Quality Assessment: All assessments (1)
L § 8 s8_g_ 5 8§ o 5§ g -
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AR RS R R R R R R R R SRR R R R R R RS R R R RS
§8ri3820572%652835858:38883s38222822¢88335¢465
Cloar and specificresearchquestion ~ + + k k= =k ok ok k k k k k= F kb b b b b b bbb bbb - bbb

Relevant populztion and setting L IEIRERCE I EH IR U IR PN P T Rt T S e e e TP T e
Relevant intervenions and outcomes areincluded 4+ + F bk bk kb ko ko kF FE bk F FE o E R R R R+

Protocol registration or publication S SIS NN G\ D N [ RN BRI | | N NG DR DGR DNN . DENNSN . P[P (N e e g g
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High qualty catabases 4 4 + bt 4 M w o £ v b b ko @ kM kb b b w ok F Mk b ek R R+

Was exposure clearly defined, measured and (relevance) justified + + + +
Primary outcomes defined, measured and (relevance) justified ++t++++r+++r++++ B sttt B s e+
Sufficient follow up duration

Sample size: calculated based on clear a priority hypotheses.
e potemtoscofoumdors  # # # # == o g we b b o e b o b = s == s s b= s e a

Study groups are compared at baseline

Analyses of subgroups or integration effects reported

Sensitivity analyses performed

Fig 3. Quality assessment of included studies using the Real Life Evidence AssessmeNt Tool (RELEVANT).
https://doi.org/10.1371/journal.pone.0261930.9003
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66]. Methods reported to manage confounders include adjusted logistic regression model [10,
11,29, 30, 38, 45, 57, 60], stratified analysis [42, 54], matching cases and controls [51], and
excluding population groups with high variability in the probability of vaccination or outcome
[51]. 4 studies reported adjusting for or conducting sensitivity analysis by different exposure
or infection rates [40, 49, 55, 62]. No study in our review measured adherence to NPIs and
none of the test-negative design studies measured respiratory viral infection, which could bias
likelihood of individuals seeking COVID-19 tests. Previous SARS-CoV-2 infection was not
measured (or not reported) in the majority of studies, participants with prior infection were
excluded in 16 studies, and 2 studies included prior infection in sensitivity analysis [10, 33].
Finally, only 14 of 26 studies reported on the extent of missing data (Fig 3). Studies reported
dealing with missing data by creating a separate group for individuals with missing data [40],
not including missing variables in the analysis [50, 60], or by mean imputation [32].

Discussion

To our knowledge, this is the first systematic review of methodologies for COVID-19 vaccine
effectiveness studies. Given the scale of COVID-19 vaccine roll-out thus far, our review identi-
fied relatively few studies assessing real-world vaccine effectiveness. All studies identified are
from HICs, often utilising national databases (which may not exist or may be of poorer quality
in LMICs), and the great majority assessed mRNA vaccines, which are more prevalent in HICs
but only represent a third of the vaccines with WHO Emergency Use Listing (EUL) [67] and
one-fifth of COVAX secured supply from legally binding agreements [68]. Whilst the WHO
landscape of observational studies has identified pre-prints and registered studies being con-
ducted in six middle income countries (Argentina, Brazil, India, Indonesia, Tunisia, Turkey)
[18], between our review and the WHO landscape document there are few real-world effec-
tiveness studies for vaccines that have received WHO EUL and no study in low-income coun-
tries. These findings underscore the importance of advocating for real-world effectiveness
studies on all approved COVID-19 vaccines and across diverse LMIC settings.

Our review has highlighted several important components to consider at the outset of
designing a real-world effectiveness study of COVID-19 vaccines, including the appropriate
study design, study population, outcome, and time for follow-up. The most common study
design identified in our review was a cohort approach, which may have been facilitated by the
presence of large, reliable, and inter-linked databases in study countries. Test negative design
case control studies were the second most common study design, but we did not identify any
case-control studies in this review. We hypothesise that this finding may be because of the
challenges in enrolling an unbiased comparison group: the low number of case-control regis-
tered studies and pre-prints suggests that we did not select against case-control studies by
restricting our search to peer-reviewed articles [18].

In studies assessing symptomatic or asymptomatic infection as an outcome, healthcare
workers were the most common study population. In many studies, healthcare workers were
an opportune population due to routine symptomatic or RT-PCR screening activities under-
taken within the health system. Conversely, we identified no studies using healthcare workers
as the study population for the outcomes hospitalisation and death, which we hypothesise as
being due to the low number of severe outcomes in this group [69]. Instead, studies either
selected populations at high risk of disease (such as the elderly) or utilised large national data-
bases to assess outcomes in the general population. If large-scale studies are not feasible, or
rely on poor-quality databases, LMICs may find that test-negative designs are most feasible to
implement, as recommended by the WHO interim guidance [13]. Regarding study population
and outcome, we suggest that health workers may be the most appropriate population for
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studies measuring effectiveness against infection, whereas studies on hospitalisation/death
may best focus on elderly populations or other high risk groups.

Given the short timeline since COVID-19 vaccine introduction, the duration of all studies
was less than five months. As would be expected, studies looking at hospitalisation and death
tended to have longer duration than those assessing infection. However, the short follow-up
time may have underestimated vaccine effectiveness against severe outcomes, and means that
studies were not able to consider duration of protection, which will be important in informing
strategies for delivering booster doses among different populations. Studies of longer duration
may also allow assessment of changing vaccine effectiveness with the emergence of new VOCs.
Despite widespread concern on protection of COVID-19 vaccines against VOCs, many studies
did not assess prevalence of variants and none reported on the delta strain. The WHO land-
scape of observational studies for vaccine effectiveness suggests that this is likely to remain a
significant gap in the literature for future research to consider [18].

Our review highlights several gaps that merit further study, alongside opportunities to
strengthen the quality of real-world vaccine effectiveness studies. Firstly, we identified a need
for studies in LMICs, especially in Africa and Asia, as well as effectiveness studies with a longer
duration and covering all vaccines with WHO EUL. Without information on vaccine effective-
ness for all licensed products, governments may face diminishing public confidence towards
the vaccines in use in their country. Second, most studies did not calculate (or report) the sam-
ple size a priori. Whilst this may be less relevant for retrospective cohort studies based on
national databases, which often utilise thousands or millions of records, it is an important con-
sideration for prospective study designs or smaller scale retrospective cohort studies. Since
many LMICs are unlikely to be able to replicate the large-scale studies from HICs, calculating
minimum sample size will be very important, and should account for differences in access to
healthcare services and health seeking behaviour in LMICs, as compared with HICs. Third, we
identified weaknesses across studies in identifying and mitigating against potential confound-
ers, and in reporting on missing data. Missing data are likely to be a greater issue in LMICs
and differences in healthcare utilisation are likely to be more pronounced than in many HICs,
requiring a well-considered plan for identifying and dealing with confounders and missing
data. In particular, we note that many studies either did not measure for previous SARS-CoV-
2 infection or used this as an exclusion criterion. If the infrastructure exists, we recommend
testing for previous infection and conducting sensitivity analysis including this group, to avoid
selecting the sample based on exposure risk. Finally, most studies failed to report on the pres-
ence of VOC:s or on conflict of interest, including funding source. The former is important to
respond to changes in vaccine effectiveness with new variants, and the latter is important for
credibility of studies for policymaking. Accordingly, we recommend a number of additions to
the WHO interim guidance on evaluation of COVID-19 vaccine effectiveness. The document
would benefit from further guidance on setting an appropriate time horizon for studies, along-
side guidance on designing studies that can be conducted with limited resources. We also pro-
pose the inclusion of practical guidance on identifying important confounders for a given
setting and management of missing data. Finally, we suggest the inclusion of managing and
reporting conflict of interest, as a fundamental part of study design.

There are several limitations to our review. We conducted the review only seven months
after the first COVID-19 vaccines were licensed, limiting the number of studies and time-
frame, as well as skewing our search results towards HICs, which were the first to introduce
COVID-19 vaccination. Restricting our search to peer-reviewed articles further limited the
number of results and favoured earlier studies in HICs with limited outcomes based on avail-
able data. Because of these limitations, our review was unable to objectively compare
approaches that may be more appropriate to LMIC settings. Furthermore, because of an
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urgent request from the Thai government, we employed rapid review methodology. Consulta-
tion with experts identified six additional papers that were not captured by our search terms,
and there may be other studies which we missed. However, because the focus of our review is
methodology of studies and not an estimate of vaccine effectiveness, we believe that this is
acceptable. Particularly for the quality assessment of studies, we had to make assumptions
based on reporting in the article, whereas contacting study authors for clarifications may have
yielded further information to enhance our analysis.

Despite the importance of real-world effectiveness studies for informing national COVID-
19 prevention and control policies in LMICs, existing studies tend to focus on settings, avail-
able vaccines, and VOC:s specific to a handful of HICs. Although WHO recommends against
conducting effectiveness studies in each country [13], in light of the heterogeneity between
studies, we argue that there is benefit to each country designing and conducting effectiveness
studies, subject to available resources. Considerable funding has been made available from the
public sector for COVID-19 vaccine development and deployment. We therefore argue that it
is imperative for the public sector to continue funding to the end of the product development
continuum and finance studies on effectiveness and impact, not just domestically but across
countries, given the global nature of the COVID-19 pandemic.

In summary, our review highlights the importance of local vaccine effectiveness data, and
in providing further guidance on important confounders and methods for managing missing
data. Most vaccine effectiveness studies to date have been conducted in HICs with access to
reliable and interlinked databases for COVID-19 vaccination, diagnosis and treatment. Such
databases often do not exist in LMICs, meaning that countries will be employing prospective
study designs, requiring a priori calculation of sample size and a clear plan to manage and
report on confounders and missing data. We highlight the limited experience conducting vac-
cine effectiveness in LMICs, but emphasise the importance of such studies for policymakers in
LMIC:s to develop and monitor vaccination policies, as well as to enhance public confidence in
vaccination. We call on the global community to support LMICs to lead and implement
COVID-19 vaccine effectiveness studies in their settings, as a priority research area moving
forward.
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