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Introduction

This additional file presents the evidence collated about examples of the contributions made and
challenges faced, during the SARS-CoV-2 pandemic by the health research systems (HRSs) in
Australia, Brazil, Canada, Germany, New Zealand, United Kingdom (UK), and the United States (US).
The reasons for selecting the seven countries, and key contextual issues, including their respective
COVID-19 death (and excess death) rates, are all described in the background section of the main
article. The accounts primarily cover 2020 and 2021, giving particular emphasis to the response in
2020. To create the series of accounts we identified relevant publications in three main ways.

1. We regularly scanned the emerging global literature, especially in the journals publishing the
major breakthroughs in vaccines, therapies, diagnosis and policy-related research, major living
systematic reviews, and regular news and opinion pieces. These journals included Nature, the BMJ,
the Journal of the American Medical Association (JAMA), the Lancet and the New England Journal of
Medicine (NEJM). Additionally some studies described aspects of the response of particular HRSs.
These included the ongoing Collection of papers in Health Research Policy and Systems.

2. We extracted the most relevant data for our study from several rapidly conducted studies
of the international research response to the pandemic, including an analysis of the total number of
projects, and resources provided, by research funders globally (although full figures from some
countries such as China were not obtained) [1], and an analysis of research outputs [2].

3. We drew, in a highly selective manner to meet our own requirements, on various multi-
country analyses of the COVID-19 response in groups of specific countries, each of which included
some, but not necessarily all of our seven countries. The respective teams conducted these studies
mainly by reviewing relevant peer-reviewed and grey literature [3-7].

Also for Canada, SES drew on her experience as a senior medical academic and member of key
bodies, and BJH drew on her experience with a provincial health research agency. SRH drew on
material he had reviewed for the World Health Organisation (WHO) evidence synthesis on HRSs [8],
and a continuing review of relevant websites.

We limited the focus and scope of the analysis because of the volume of COVID-19 research
conducted, but sometimes adopted a snowballing approach once publications on a selected topic
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had been identified. For each country we also searched the website of at least one major research
funder or institute. Hundreds of COVID-19 projects were started in just our selected countries, and
each HRS has confronted a range of challenges. Overall, we focused on literature about research
that made some impact, e.g., on vaccine development and use, or non-pharmaceutical interventions
(NPIs), or identification of drugs rapidly found to be effective (e.g., corticosteroids and Interleukin 6
(IL-6) receptor antagonists) or not effective as with hydroxychloroquine (HCQ). For each country we
considered issues of particular expertise, relevance or concern. We also focused on efforts to
promote and facilitate uptake of research evidence by policymakers and practitioners, and address
the needs of Indigenous/minority populations. For each country, we also described publications that
either provided context about the pandemic response of the HRS, or that contributed to
understanding of the relative overall performance of the country as illustrated on Table 1 of the
main paper, and/or seemed likely to provide useful lessons. Inevitably, the situation in many
countries has fluctuated and the examples from specific countries might relate to a unique period of
the pandemic.

Each country account is organised under three broad headings. The first two sections focus on key
examples of achievements in, respectively, a) efficiently producing and synthesising useful COVID-19
evidence, and b) effectively promoting and facilitating evidence use in product development, policy
and practice. The third section covers examples of challenges in first, producing and synthesising
useful evidence, and second, in using local and global evidence. Finally, the third section additionally
begins to identify examples of the damage that the pandemic has caused to parts of HRSs, and
responses to the challenges that occurred during the pandemic. For each country we provide a
separate reference list, but there is just one list of abbreviations and acknowledgements at the end.

References

1. Norton A, Bucher A, Antonio E, Advani N, Grund H, Mburu S, et al. A living mapping review for
COVID-19 funded research projects: nine-month update [version 4; peer review: 2 approved].
Wellcome Open Research 2021; doi: https://doi.org/10.12688/wellcomeopenres.16259.4.

2. Kim K, Cho KT. A review of global collaboration on COVID-19 research during the pandemic in
2020. Sustainability, 2021; doi: https://doi.org/10.3390/su13147618.

3. Jasanoff S, Hilgartner SJ, Hurlbut JB, Ozgdde O, Rayzberg M, CompCoRe Research
Team. Comparative covid response: crisis, knowledge, politics. Interim report. 12 Jan
2021. https://compcore.cornell.edu/wp-content/uploads/2021/03/Comparative-Covid-
Response Crisis-Knowledge-Politics Interim-Report.pdf. Accessed 20 Nov 2021.

4. Marten R, El-Jardali F, Hafeez H, Hanefeld J, Leung GM, Ghaffar A. Co-producing the covid-19
response in Germany, Hong Kong, Lebanon, and Pakistan.

BMJ. 2021;372 doi: https://doi.org/10.1136/bmj.n243.

5. COVID-END. COVID-19 evidence network to support decision-making. COVID-END
(mcmasterforum.org). Accessed 8 Nov 2021.

6. Han E, Tan MMJ, Turk E, Sridhar D, Leung GM, Shibuya K, et al. Lessons learnt from easing
COVID-19 restrictions: an analysis of countries and regions in Asia Pacific and Europe. Lancet.
2020; doi: https://doi.org/10.1016/ S0140-6736(20)32007-9.

7. Tworek H, Beacock |, Ojo E. Democratic Health Communications during Covid-19: A RAPID
Response. Vancouver: UBC Centre for the Study of Democratic Institutions; Sept2020.
Democratic-Health-Communication-during-Covid FINAL.pdf (ubc.ca) Accessed 4 May 2022.

8. Hanney SR, Kanya L, Pokhrel S, Jones TH, Boaz H. How to strengthen a health research system:
WHO's review, whose literature and who is providing leadership? Health Res Policy Sys. 2020;



https://doi.org/10.12688/wellcomeopenres.16259.4
https://doi.org/10.3390/su13147618
https://compcore.cornell.edu/wp-content/uploads/2021/03/Comparative-Covid-Response_Crisis-Knowledge-Politics_Interim-Report.pdf
https://compcore.cornell.edu/wp-content/uploads/2021/03/Comparative-Covid-Response_Crisis-Knowledge-Politics_Interim-Report.pdf
https://doi.org/10.1136/bmj.n243
https://www.mcmasterforum.org/networks/covid-end
https://www.mcmasterforum.org/networks/covid-end
https://democracy2017.sites.olt.ubc.ca/files/2020/09/Democratic-Health-Communication-during-Covid_FINAL.pdf

doi: https://doi.org/10.1186/512961-020-00581-
1.

Australia

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

The many studies, often rapidly funded and established [1,2] resulted in the 9" highest number of
2020 publications according to global analysis which also indicated Australia had the 3 highest
publication rate per head of population among the 12 most prolific nations (behind the UK and Italy)

[3].

The University of Sydney’s Edward Holmes made the first public release of the sequence of the
genome of SARS-CoV-2 on behalf of his colleagues in a pre-existing consortium led from Fudan
University, Shanghai [4-6]. They had submitted a full paper to Nature on 7 January 2020, but given
the urgency, the sequence was released to a website by Holmes on 11 January [4]. Nature published
the full paper on 3 February - it received over 4,000 citations by the end of 2021 [5]. Holmes co-
authored a series of highly cited COVID-19 papers. He won the 2021 Prime Minister’s (PM) Prize for
Science for his “transformative role in the scientific response to COVID-19, and his groundbreaking
research into the evolution of viral diseases” [7].

The Australian Partnership for Preparedness Research on Infectious Disease Emergencies (APPRISE)
was established in 2016 with National Health and Medical Research Council (NHMRC) funding as a
partnership of 13 organisations, including eight universities, to produce evidence to inform the
country’s ability to prepare and respond to infectious disease outbreaks. On 13 January 2020,
APPRISE responded to COVID-19 by activating “a pre-planned research platform to rapidly identify
and investigate an emerging disease threat” [8].

On 29 January 2020, researchers at the Peter Doherty Institute for Infection and Immunity,
Melbourne Hospital, Victoria, some of them associated with the Victorian Infectious Diseases
Reference Laboratory, claimed to be the first group to isolate SARS-CoV-2 outside of China [8,9]. In a
paper submitted to Medical Journal of Australia on 25 February 2020, they reported conducting
“sequencing, imaging and rapid global sharing” of the virus isolated from the patient [9]. Team
members acknowledged receiving funding from APPRISE and various NHMRC sources, and
acknowledged Victoria’s health department as the major funder of the lab. The team also thought a
reason for the success was the extensive clinical experience in the lab [9]. An early study of
concomitant immune responses prior to recovery conducted at the Doherty Institute attracted
global attention when published in Nature Medicine on 16 March 2020. The authors acknowledged
a similar range of funders and the role of the platform activated by APPRISE [10].

In contrast to the flu pandemic of 2009 when researchers and NHMRC had to scramble to initiate,
fund and secure ethics approval for urgent projects, NHMRC noted in 2020 “This year, we saw the
value of research preparedness and the ability of a trusted network such as APPRISE to attract

additional funds” [8]. The additional funds from NHMRC [11] and philanthropic sources supported
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studies on a range of topics, including better tests for surveillance and point-of-care testing for flu
and COVID-19 in nursing homes [8,11]. Sharon Lewin, Director of the Doherty Institute and chief
investigator for APPRISE, explained how work conducted since 2016 to prepare for a pandemic:
“enabled us to fast track our COVID-19 related research” [11]. The Paul Ramsey Foundation’s initial
AUD9mM pandemic research funding in March 2020 explicitly included AUD2m support for APPRISE’s
COVID-19 research to develop effective responses with First Nations peoples [12]. Lewin said: “This
work will be done in partnership with Indigenous people and will be led by Indigenous researchers
who are already active leaders in APPRISE” [12]. It included studies at the University of Queensland
[13].

APPRISE also contributed additional funding for the international Randomised, Embedded,
Multifactorial, Adaptive Platform trial for Community-Acquired Pneumonia (REMAP-CAP), that
existed prior to COVID-19 with researchers in many countries [14,15]. The international team held a
meeting on COVID-19 on 23 January 2020 and by 3 March had adapted the trial to add COVID-19
treatments. Internationally it started recruiting patients on 9 March [14,16]. For patients seriously ill
with COVID-19, the REMAP-CAP trial included corticosteroids and IL-6 receptor antagonists as
potential repurposed therapies [17,18]. In Australia, REMAP-CAP received philanthropic (Minderoo
Foundation) funding in addition to that from NHMRC and almost 20% of the 56 members of the
writing committee had at least one Australian institutional affiliation [17,18]. The corticosteroid
study stopped early when equipoise was lost on announcement of findings from the UK’s
Randomised Evaluation of COVID-19 Therapy (RECOVERY) platform trial [19]. Nevertheless, REMAP-
CAP contributed the third highest weight (12%) to WHQ's early living review supporting use of
corticosteroid, to which some of the Australian REMAP-CAP authors also contributed [20].

The AustralaSian COVID-19 Trial (ASCOT) was established to be a large adaptive platform study
including sites in New Zealand (later also in India and Nepal) for non-intensive care patients, with
funding from both countries’ research councils, plus others including philanthropic foundations [21].
The arms have had to be amended as a consequence of findings from studies such as RECOVERY that
advanced more rapidly, e.g., HCQ was dropped [22,23].

A long established lab funded by the Commonwealth Scientific and Industrial Research Organisation
contributed to animal testing of vaccines including Oxford/AstraZeneca. Developments such as
global cooperation over emerging data meant progress was unusually rapid [24,25]. In addition to
the various Australian organisations funding COVID-19 research [26], the University of Queensland
received up to USD10.6m as early as 23 January 2020 from the international Coalition for Epidemic
Preparedness Innovations (CEPI) to develop its vaccine candidate [27]. (But see section 3.)

Early in the pandemic, Australian researchers led an international study to create a core outcomes
set for COVID trials. They suggested the set should include: mortality, respiratory failure, multi organ
failure, shortness of breath and recovery [28]. These researchers partially overlapped with those
responsible for pioneering Australian-led research that had resulted in the establishment of living
(i.e., regularly updated) systematic reviews [29,30]. The living systematic review approach proved
especially useful during the pandemic [31] and, sometimes with involvement of the Australian
researchers, was promoted by WHO, as above [20], and others including the BMJ [32].

Just prior to the pandemic the living systematic review team also created the Australian Living
Evidence Consortium to “pioneer the development and deployment of a world-first, end-to-end,



closed-loop evidence system for near real-time updating of systematic reviews and clinical practice
guideline recommendations” [33]. This, too, immediately proved to be particularly valuable during
the pandemic, and with funding from the federal government’s Medical Research Future Fund, and
Victoria’s health department, led to the creation of the National COVID-19 Clinical Evidence
Taskforce [34]. (See next section.)

The state level: New South Wales (NSW)

In addition to national funding bodies, state governments launched COVID-19 research programmes,
e.g., in April 2020 the New South Wales (NSW) health department launched its AUS25m programme.
The programme claimed that in response to a public health emergency such as the COVID-19
pandemic, “An established and agile research infrastructure is a powerful tool in enabling rapid
research production and knowledge dissemination” [2]. The programme drew on and reflected many
components of the comprehensive “Population Health Research Strategy 2018-2022” from NSW
Health, the state’s public healthcare system [35]. Therefore, in addition to projects, the COVID-19
research programme included work streams addressing the research infrastructure and process
issues arising in the pandemic, such as the desirability of establishing adaptive platform trials. In
recognition of the need for urgency in the pandemic, another workstream attempted to minimise
unnecessary delays for COVID-19 related research in both approvals for research ethics and site
specific assessments — which had been causing some delays. This workstream also created a
pathway “for efficiencies in future emergencies and business-as-usual procedures” [2]. A further
workstream aimed to expedite the translation of the COVID-19 research, measure the impact of the
programme, and boost the communications of the programme’s achievements.

Several of the prioritised projects assessed the COVID-19 response and health needs in different
Aboriginal communities. Another project used genome sequencing to help trace the source of
COVID-19 cases in the community [2]. According to the 2018-22 strategy, the Sax Institute in Sydney,
NSW, received core funding from the NSW Ministry of Health [35], and a COVID-19 project built on
the Institute’s existing infrastructure of the 5-yearly 45 and Up population health survey. It quickly
pivoted to electronic surveys that were “co-produced” with the Ministry of Health to identify policy-
relevant questions that were then sent to tens of thousands of study participants. Topics included
ones directly related to COVID-19 and also “concerns such as missed healthcare and mental health
during the pandemic” [2,36].

The 2018-22 strategy had also highlighted the importance of building capacity to undertake
collaborative, or co-produced, research: “long-term programmatic engagement between researchers
and policy makers and practitioners has the greatest potential for enhancing the quality and
relevance of population health research in NSW” [35]. It specifically aimed to: “Develop policy and
practice environments that value research.... [and] Foster research environments that promote the
use of research evidence”. The strategy promoted the long-term Prevention Research Support
Program aimed at supporting research infrastructure and building research capacity, including
among the staff of NSW Health [35].

NSW Health’s COVID-19 programme funding reflected various aspects of the strategy in “The
Emergency Response Priority Research” programme that focused on the rapid creation of evidence
that would support urgent operational work for the public health management of COVID-19 in NSW
[37]. The projects were expedited between April 2020 and June 2021, and the programme



“leveraged existing research infrastructure, agreements and partnerships” [37]. As part of this,
research personnel were embedded in NSW Health “to work directly with NHS Health datasets to
inform the pandemic response”. Projects funded as part of the emergency response included ones
on wastewater-based epidemiology and the transmission of COVID-19 in schools [2]. Their impact on
policy is described below.

Over one week in March 2020, NSW Health also established the COVID-19 Critical Intelligence Unit
(CIU) to create a living evidence repository “to inform clinical policy and clinical practice....[It]
provides rapid and ‘good enough’ advice and transparency regarding the limitations of current, and
often rapidly changing, evidence” [38].

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

As early as 31 January 2020, a leading APPRISE researcher reported they were developing research
to share data with government departments and agencies to support decision-making during the
COVID-19 emergency [39]. A report in May 2020 in the NEJM from the NSW Ministry of Health
identified how Australia had achieved an unusual national consensus on COVID-19 policies.
Furthermore, expert committees had played a key role meeting daily and advising bodies that
created policies, recommended legislation, and implemented laws related to COVID-19 [40]. From
February 1, the Australian government increasingly tightened its border-control policies, and by mid-
March it restricted entry for all foreigners.

Reports in the international press from November 2020 made similar points in highlighting factors
behind the policy success in limiting the number of COVID-19 deaths as shown on Table 1 of the
main paper, i.e., listening to scientific advice, and strong consensus leadership [41,42]. In December
2020, the Australian Academy of Health and Medical Sciences, claimed “by any global measure the
response to date has been a spectacular success”, and it called for continued support for research to
deliver “the knowledge and tools required to tackle the pandemic” [43].

Reports in December 2020 also suggested a generally high level of public trust in experts, and
ministerial support for their input, with a leading role for previously marginalised Indigenous public
health experts [44]. The Association of Australian Medical Research Institutes (AAMRI) claimed in
November 2021: “It is no accident that Australia has been able to mount such a strong response
during this pandemic; it has been made possible by decades of investment in building up our health
and medical research capacity” [45].

Researchers from the APPRISE project at the University of Queensland claimed in September 2021
that despite the global picture of Indigenous communities suffering disproportionate infections and
deaths, “until very recently Aboriginal and Torres Strait Islander peoples had not recorded a single
fatality” [13]. The Indigenous communities had effectively taken the initiative to protect their
communities from COVID-19, and researchers were trying to help identify lessons, but vaccine
hesitancy became a problem (see also section 3).

The Australian Technical Advisory Group on Immunisation provided important scientific advice to
the federal Minster of Health on vaccines and also liaised with researchers [46]. The National Centre
for Immunisation Research and Surveillance is co-funded by the Australian and NSW Governments,



and as the leading body for immunisation research in Australia undertook COVID-19 research on
issues such as vaccination coverage and serosurveillance and providing scientific technical support to
the Advisory Group [47].

At the state level, the NSW government’s response built on previous pandemic planning that had
been informed by lessons from severe acute respiratory syndrome (SARS) and HIN1 influenza. As
early as January 20, “NSW Health opened its Public Health Emergency Operations Centre... to
coordinate case finding, contact tracing, outbreak control, communications, and other preventive
actions” [40].

The COVID-19 research programme from the NSW’s health ministry provides a strong example of
effective co-production of evidence. Authors from the health ministry reported: “the agile response
of highly skilled and experienced researchers in close partnership with policy makers through the
Emergency Response Priority Research workstream has ensured health decision makers have the best
possible local evidence on which to base operational decisions” [37]. The evaluation of the NSW
COVID-19 research programme emphasised how pre-existing relationships between academics and
policymakers were successfully leveraged through creating a new structure for collaboration. It
qguoted the NSW Chief Health Officer as saying: “Some researchers have been able to be very nimble
and can thrive in these environments....The researchers are given access to our data, it’s efficient, it’s
evidence-based, it’s a win-win and a new way of working with researchers” [2].

The evaluation also included the early stages of a formal research impact assessment [2]. In part, this
assessment was organised using the Framework for Assessing the Impact of Translational health
research, itself developed earlier in NSW [48]. The evaluation described early impact and a plan for a
longer-term assessment, in particular of the sewage surveillance programme. That study validated
the methods being used by Sydney Water, with which there was a long-standing research
partnership. The findings enabled NSW Health “to target messaging and testing to high-risk areas”
and were also used to manage border restrictions [2,37]. In the longer term, it was intended that
some assessment would be attempted of the benefits to health and the economy of being able to
perform the tests and translate findings to policymakers and the public in ways “likely to have
prevented additional community transmission” and that helped inform the easing of restrictions [2].

The study on COVID-19 transmission in schools involved researchers from the NSW-based National
Centre for Immunisation Research and Surveillance working with the state’s Ministry of Health and
Department of Education [2]. It not only resulted in a publication in Lancet Child & Adolescent Health
that has received considerable international attention [49], but also informed decision making and
“helped shape policy around higher risk activities to help reduce transmission in educational settings”
[37].

Overall, NSW had a lower death rate in 2020/21 even than the low figures for Australia as a whole
[50]. The paper describing the CIU claimed that as at Autumn 2020 there had been no shortage of
intensive care beds, there had not been shortages of personal protective equipment and there had
been a very small number of cases in care facilities. It further claimed: “The CIU has played a part in
these achievements....The CIU represents one of these opportunities to innovate: an organisational
and operating model for informed decision making that has potential applications in other systems
and for a post-pandemic future in NSW, supporting the goal of establishing learning health care



systems”
[38].

As noted in section 1, building on their living systematic reviews [29,30], the Australian Living
Evidence Consortium and Cochrane Australia worked with 31 (later 32) peak professional bodies in
March 2020 to create The National Taskforce [34,51]. National living evidence-based guidelines were
published two weeks later, and revised over 70 times by December 2021. NHMRC support was vital
to ensure standards. This success showed creating living guidelines was feasible [34,51]. Taskforce
members surveyed practitioners caring for COVID-19 patients, and also interviewed some. The vast
majority reported they found the guidelines highly relevant; over 50% “had used the guidelines to
support their own clinical decision making... amongst an overwhelming morass of evidence and
opinions during the COVID-19 pandemic, the guidelines have been a reliable, united source of
evidence-based advice” [52].

A prospective study of policies on, and use of, COVID-19 therapies in the health service in Australia
from May to December 2020 examined the role of literature and guidelines. The RECOVERY trial was
most frequently referenced as a factor influencing policy change, with the National Living Guidelines
referenced by 26% of respondents reporting policy changes. The prospective study highlighted the
“importance of evidence-based, iterative guidelines to guide our response to the current COVID-19
pandemic” [53].

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges

Challenges in production of evidence

Analysis published in May 2021 [1] of 56 COVID-19 trials registered in Australia found: none had full,
publicly available protocols; only one included all core outcomes (see section 1); many were under-
powered with 80% having no plans to share data; many faced recruitment issues (the policy
successes resulted in relatively few COVID cases in Australian hospitals); and duplication was
common, e.g., six trials of HCQ “may have put many patients unnecessarily at risk.” Such problems
also occurred elsewhere, e.g., there were over 250 HCQ trials globally [31] which often impaired
recruitment to other trials [31]. Nevertheless, greater research coordination was called for in
Australia, with a bigger role for a trial registry: “The COVID-19 pandemic presents a unique
opportunity to improve collaborative infrastructure and methodologies” [1].

Also in mid-2021, researchers linked to ASCOT called for a streamlined approach to funding
prioritised pandemic projects, more rapid ethical/governance approvals of protocols and “A small
number of national platforms in Australia, similar to RECOVERY in the UK, as the principal vehicle for
publicly funded trials” [22]. In relation to approvals they pointed out that while Australia had a
National Mutual Acceptance scheme for ethical approval of multicentre clinical trials, “the
requirement for governance approvals at each individual site creates substantial delays and critical
roadblocks” [22]. The ASCOT project website regularly updated the trial’s recruitment figures, and it
only reached its 1,000" patient in September 2021 after extending the trial to India and Nepal [21].

The promising COVID-19 vaccine being developed by an Australian company and researchers at the
University of Queensland [27] had to be abandoned following problems that became apparent



during the trials (but trial participants’ health was not at risk) [54]. The Government had previously
agreed to buy 51 million doses.

Challenges in use of evidence

Addressing the Delta variant later in 2021, and then Omicron, proved more challenging than the first
18 months. Some tensions over the most appropriate policies that had been noted in the December
2020 report [44] became more prominent. As 2021 ended, deaths and cases were on an upward
trajectory, despite, overall, still being considerably lower than most countries [55]. There were fears
that policymakers were not sufficiently considering the concerns of community leaders and
researchers about the dangers of ending COVID-19 restrictions before high levels of vaccination had
been achieved in the Aboriginal communities [56]. (There was a dramatic surge of cases across many
parts of the country in 2022 associated with the spread of Omicron, the easing of public health
restrictions and the opening of state and national boundaries, but while deaths increased from their
very low level, they remained low by international standards.)

Challenges in sustaining the research system

Despite its positive comments noted above, the AAMRI report also noted some concerns about
Australia’s medical research, some of which were long-term issues exacerbated by the pandemic.
Concerns included a lack of national coordination of priorities or sufficient identification of needs,
problems with job security and gender inequity and, it claimed, “Collaboration and cooperation
between research and healthcare delivery remains fragmented” [44]. It called for all stakeholders in
the medical research sector to come together and develop “A National Health and Medical Research
Strategy” [44].

Section 4: Summary

The high rates of publications and the direct and demonstrated evidence impacts on public health
policy illustrate that the research environment in Australia generally supported a high-quality
response to COVID-19. The coordination provided through the pandemic preparedness APPRISE
programme was particularly important in ensuring a rapid response by the HRS, including attention
to the needs of the Indigenous population. The policy successes in controlling the virus meant,
however, Australia had fewer cases to enter into clinical trials than most countries. This exacerbated
problems with a lack of national coordination of clinical trials resulting in too many small,
underpowered trials of re-purposed drugs. Nevertheless, the pioneering development of national
living clinical guidelines was important, and, as more generally in the Australian response, the
success was built upon long term investment in research and research capacity and infrastructure. In
particular, in NSW the health research strategy from 2018 was mirrored in the comprehensive
COVID-19 research programme that, especially with its elements of co-production of research and
mobilising existing long-term partnerships, has been evaluated as meeting the needs of health
system leaders. It has been proposed that across Australia, the lessons learnt from the pandemic
response, some of which reflect more long-term concerns about job security and equitable
treatment for all research staff, should be harnessed to build a stronger national health research
strategy. This could cover areas including further strengthening the relationship between the
research systems and the healthcare/policy systems, committing to agile mechanisms for greater
national coordination and also for identification and funding of priority issues.
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Brazil

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

As of 1 March 2021, 26 Brazilian randomised controlled trials (RCTs) of drug treatments for COVID-
19 had made sufficient progress to be included in the 4™ edition of the BMJ living systematic review
first published in 2020, but regularly updated. This was the joint 3™ highest number (with US) for any
nation (behind China and Iran) [1]. Overall, Brazil had many COVID-19 projects: according to a cross-
country analysis it had the highest number for any low- or middle-income country (although full data
were not obtained from China) [2].The National Commission for Research Ethics in Brazil reported it
had approved 874 COVID-19 studies by June 2021 [3]. Commenting on the response in just the early
months, Rosa et al., 2021 said: “this response was only possible due to decades of investment in
research, development and innovation in Brazil” [4]. In addition to drawing on existing capacity,
there was a recognition that the urgency meant the processes of research ethics had to be
accelerated and COVID-19 protocols received priority with the National Commission giving approval
to 501 protocols by the 25th June 2020

[5].

Two relevant Brazilian federal agencies made early specific COVID-19 research calls. In April 2020 the
National Council for Scientific and Technological Development provided USD9.2m for proposals on
topics including COVID-19 treatments, vaccines, diagnosis, pathogenesis and natural history of the
disease, prevention, and control [6]. The call of up to USD20.3m from the Coordination for the
Improvement of Higher Education and Personnel of the Ministry of Education consisted of three
separate lines launched at two different dates in April 2020. The USD29.5m from these two
combined represented “around 77% of the total amount for early COVID-19 research funding” [6].
The rest came from 11 of the 27 states’ publicly funded research foundations, with the largest
amount being USD4.6m from the Rio de Janeiro State Research Support Foundation for a wide-
ranging programme of COVID-19 research. One of its three lines was for the funding of up to six
research networks [6].

Physician scientists collaborated to create the Coalition COVID-19 Brazil initiative that, it was claimed
in December 2020 by Zimerman et al, “encompasses more than 70 centres around the country and
has been leading 11 randomised clinical trials with more than 5,000 participants. Brazil is a
developing country....for which this level of coordination is unprecedented. In fact, rarely has it been
achieved in developed countries” [7]. The Coalition’s corticosteroid RCT, conducted in 41 intensive
care units, was halted early because of results from the RECOVERY trial. But it was still published in
JAMA, cited almost 400 times, and also contributed to the evidence showing the effectiveness of
dexamethasone [8]. In the study’s primary outcome the steroid significantly increased the number of
ventilation-free days. The findings for one of the study’s secondary outcomes showed a small
reduction in mortality that while not significant in itself, contributed 19% weight (the second highest
contribution after RECOVERY) to an early WHO review supporting the use of corticosteroids, which
was conducted by a team including four of the Brazilian researchers [9].
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The Coalition’s HCQ trial by Cavalcanti et al., 2020 [10], was published in the NEJM and had been
conducted in 55 participating hospitals and mainly funded by the hospitals and research institutes. It
showed that for mild or moderately ill hospitalised COVID-19 patients, HCQ, with or without
azithromycin, did not improve clinical status. While the Coalition’s study contributed just 1.1%
weight to the largest early meta-analysis by Axfors et al., 2021 [11], it was of considerable
importance in debates about HCQ. This is because by far the largest trials (RECOVERY, and WHQ's
Solidarity trial, which was a pre-print at that stage, but later published [12-14]) used a dose of HCQ
that some thought was too high, despite the trialists’ confidence in the advice they had received
from experts that was reflected in a subsequent publication [15,16]. Therefore, Cavalcanti et al.,
2020, was a major part of Axfors et al.’s separate analysis of the studies that had used a lower
dosage which still found HCQ did not improve outcomes [11]. Further, the Coalition’s trial of
azithromycin showed it, too, did not improve clinical outcomes for COVID-19 patients [17].

In addition to the Coalition’s trials, Brazilian researchers played an important part in various
international platform trials — sometimes having the key role. The Ministry of Health’s Oswaldo Cruz
Foundation (Fiocruz) in Rio de Janeiro led Brazil’s arm of WHQO's Solidarity platform trial, with 12
other sites across Brazil. Solidarity found none of the four repurposed drugs tested was effective for
COVID-19 [14]. The TOGETHER platform trial was led by Pontificia Universidade Catdlica de Minas
Gerais in Belo Horizonte, Brazil, and McMaster University, Hamilton, Canada, funded by North
American philanthropists and conducted originally in 11 clinical sites across Brazil. Its study of the
antidepressant fluvoxamine as an early treatment for COVID-19 patients with a known risk factor for
progression to severe disease was published online in the Lancet Global Health in October 2021 [18].
It showed the treatment reduced the need for hospitalisation in COVID-19 patients who, given the
recruitment period, were primarily unvaccinated. Reliable reports in Autumn 2021 that another arm
of TOGETHER would show no benefit from the use of ivermectin [19], were confirmed in the trial’s
report in the NEJM in 2022 that attracted considerable attention [20].

Brazil had the most sites in the Canadian-funded Antithrombotic Therapy to Ameliorate
Complications of COVID-19 (ATTACC) adaptive trial that combined with two other platform trials in
an international trial to which Brazil enrolled the second highest number of patients overall. This
showed in non-critically ill patients with COVID-19, an initial strategy of therapeutic-dose
anticoagulation with heparin increased probability of survival to hospital discharge [21]. Brazilian
hospitals, centres and researchers contributed to other successful international trials, e.g., ones led
by companies from the US on developing a monoclonal antibody (mAb) therapy [22], and also anti-
virals [23-25].

Research teams in Brazil also met the requirements necessary for trials of COVID vaccines by Oxford/
AstraZeneca and a Chinese company Sinovac Biotech. The trials included technology transfer
agreements with Fiocruz and Butantan Institute, at Sdo Paulo, respectively - see next section [4].
Sarah Gilbert, who led development of the Oxford vaccine, said Brazil was chosen because: “we
knew all the people already, we knew they would be able to conduct high-quality clinical trials
because they already had the infrastructure and experience” [26].

Both institutes continued further studies. Between February and April 2021 Butantan vaccinated
almost an entire Brazilian city, Serrana, using the Chinese developed vaccine it had helped test.
Cases fell by 80% and deaths by 95% [27]. This groundbreaking study attracted international
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attention [28]. A study by institutions across Brazil and Scotland of waning effectiveness after two
vaccine doses was funded by Fiocruz (along with the UK MRC, the Scottish Government, and others).
It reported in the Lancet in December 2021 that waning protection became evident within three
months of the second dose [29].

The Pan American Health Organization (PAHO) selected Fiocruz as one of two Latin American centres
it would fund to develop and produce mRNA-based vaccines. It was selected because of its previous
record on manufacturing vaccines and because it had already made promising advances in
developing an innovative mRNA vaccine against COVID-19 [30]. Fiocruz also led many
epidemiological projects in Brazil [4].

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

The vaccine trials contributed to the regulatory approval and use of both AstraZeneca and Sinovac
vaccines in Brazil [4]. On its website, Fiocruz stated that in relation to COVID-19 it would work with
the Ministry of Health and that with a “tradition of more than 70 years in the production of vaccines,
the Foundation has been committed to maintaining efforts in this field...and emphasizing the
importance of the Unified Health System (SUS) as the basis for sustaining the development,
production and future national distribution of a vaccine for the disease“[31]. The technology transfer
agreement meant that Fiocruz went on to manufacture the Oxford/ AstraZeneca vaccine, called
Vaxzevria in Brazil, as well as conducting the policy-relevant research, described above, on the need
for boosters [29].

Butantan manufactured Coronavac and its implementation study was a major success [27,28]. By
analysing community protection it addressed a key policy-relevant issue identified by the Lancet
Commission on COVID-19 Vaccines which took a global perspective and stated “Evidence of
community protection is crucial; it could inform government vaccination strategy and policy around
ancillary protective measures” [32]. An international research leader from Brazil, Cesar Victora, and
colleagues used the Butantan study in Serrana as part of the evidence supporting their pioneering
analysis of the benefits of the rapid scaling up of the Brazilian vaccination programme by the highly-
regarded public healthcare system. They estimated the programme resulted in over 40,000 fewer
deaths of Brazilians aged 80+ by May 2021 [33].

The Monitorcovid-19 project at Fiocruz provided data and allowed the development of predictive
models for monitoring of the pandemic by public health managers and civil society [34]. In mid-
March 2020, multi-disciplinary collaboration between universities/ research institutes/ companies in
Sao Paulo developed and produced molecular diagnostic tests [35].

There were also efforts to accelerate the translation of basic research into medical devices such as
the VESTA Face Respirator which sought to use chitonase-based nanotechnology, manufactured in
Brazil, in the filter element to reduce COVID-19 infection. A partnership between academic
researchers, a public laboratory and a private company made rapid progress with the patent
approval granted in April 2021 for a "dynamic respirator with multifunctional properties to prevent
infectious diseases with self-cleaning and drug delivery protective properties”, and the technology
transfer to industry took place in December 2021 [Private Communication from Mario Fabricio
Fleury Rosa, 25 April 2022].
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Various Brazilian teams rapidly produced clinical guidelines - 33 by June 2020 - aimed at producing
“clear and concise recommendations ...to facilitate decision making” [36], but see next section. One
member of the Brazilian Coalition trial team which had studied dexamethasone [8], also contributed
to the first version of WHO'’s living guideline which focussed on the effectiveness of corticosteroids
[37].

Communicating science-based public health messages, and the role of research, could be challenging
given the attitude of the President (see next section), but one of PAHO’s various initiatives involved
working creatively with Brazilian Post to promote messages through a series of stamps [38].

There was great variation in how far local policymakers made evidence-informed decisions, but one
study showed there were on average fewer deaths and hospitalisations in municipalities with a
female mayor, and “more weight to scientific advice among female leaders may also explain why
they enforce more NPIs” [39].

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges

Challenges in production of evidence

Despite the rapid availability of some public funding for COVID-19 research, fewer than 18% of 789
COVID projects identified in May 2020 as being led by public universities and research institutes
appear to have “received funding” [4]. Drug trials, as well as patient care, across Latin America,
including Brazil, were hindered by large number of patients having taken what were then unproven
COVID-19 treatments such as ivermectin. A leading researcher was quoted in Nature in October
2020 as saying: “What we’re having is a populist treatment, instead of an evidence-based treatment”
[40]. As elsewhere [41], many of the rapidly produced guidelines were found to be of poor
methodological quality [36].

Challenges in use of evidence

The adoption and promotion of chloroquine and HCQ by the Brazilian Government, including
through its Ministry of Health, provides a major example of the political pressure to act in the
absence of the usually required research evidence (or subsequently to ignore the evidence when it
became available). President Bolsonaro replaced a health minister who seemed to oppose
recommending these drugs with an army general; immediately the Ministry of Health implemented
a protocol for the use of the drugs. An article analysing the available evidence and the policymaking
concluded: “In addition to being ineffective and inefficient, the line of action adopted by the Brazilian
federal Government goes against the legal framework of the Unified Health System (SUS), since it
values decisions based on epidemiological knowledge and actions that prioritize disease prevention
and health promotion” [42 — translated].

The very high number of cases and death rate in Brazil was blamed by Nature on the failure of
leaders to follow the evidence: “By sidelining their scientists, the governments of Brazil and India
have missed out on a crucial opportunity to reduce the loss of life” [43]. Similarly, a Lancet editorial
claimed “perhaps the biggest threat to Brazil’s COVID-19 response is its president, Jair Bolsonaro”
[44]. An analysis of the use of evidence in policymaking suggested Presidents Trump and Bolsonaro

17



“took a political approach to the pandemic... Both leaders repeatedly resisted recommendations
made by scientific experts” [45].

In Brazil, critics of the President also pointed to his devaluation of expertise and scientific evidence,
and creation of mistrust through “raising doubts about previously successful policies, especially mass
vaccination” [46]. Others claimed: “President Jair Bolsonaro’s administration has publicly
undermined science while refusing to implement protective national lockdowns and spreading
misinformation” [47]. In Autumn 2021 a panel of the Brazilian senate recommended charging
President Bolsonaro with crimes against humanity for his handling of COVID-19 [48].

Brazil’s overall score on the Global Health Security (GHS) Index in 2019, described in Table 1 of the
main paper, put it in 22" position out of 195 - ahead of many high-income countries - and on the
item “Rapid response and mitigation of the spread of an epidemic” it was ranked 9™ — higher than
Australia, Canada, Germany or New Zealand [49]. Some of the factors behind this might be linked to
the comment from Marcia Castro, a Brazilian at Harvard’s School of Public Health and second author
on the Victora et al. paper [33], that “Brazil could have given a lesson to the world on how to respond
to a pandemic based on how it handled its response to HIV/AIDS and Zika epidemics” [50]. She also
described how Brazil had an immunisation programme that had previously worked well. However,
President Bolsonaro’s COVID-19 response was a failure of leadership because he and “Donald Trump
were similar in their denial of how serious the virus was and their denial of science” [50]. Despite the
“failure of leadership” from the President, many governors and mayors across Brazil did what they
could, but inevitably they became entangled in disputes with the federal government.

In the December 2021 GHS Index Brazil had dropped down the rankings from 22nd in 2019 to 43rd
[51].

Challenges in sustaining the research system

The analysis of early COVID-19 research funding predicted in mid-2020 that the economic crisis was
“likely to have a strong effect on scientific activities, such as massive drops in funding, scientific
publications, patents, and qualified human resources” [6]. The budgetary pressures on Brazilian
researchers were experienced across the spectrum of the research system, with a major blow in
October 2021 when the Government backtracked on a promise of more money after years of cuts
[52].

Summary

Having built its health research capacity over many years, Brazil, a middle income country, was in the
position to rapidly conduct important COVID-19 related research [20]. This was facilitated by many
Brazilian physician scientists coordinating their research in an unprecedented way through the
Coalition COVID-19 Brazil that conducted a series of globally important trials of repurposed drugs
including dexamethasone and HCQ. Financial constraints on research were a major problem,
although various important internationally-funded trials also had sites in Brazil. The reputation in
vaccine development of Fiocruz and Butantan Institute, and the country’s known capacity to conduct
high quality trials, meant Brazil hosted key vaccine trials and was able to secure technology transfer
agreements with two of the leading COVID-19 vaccine developers. With its very strong record,
Brazil’s SUS undertook the vaccinations and a pioneering study calculated vaccination had averted
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over 40,000 deaths in people aged 80+ in Brazil by May 2021. There were important multi-
disciplinary collaborations and acceleration of the translation of basic research into new devices.
Brazil, however, suffered from a very high COVID-19 death rate which was widely blamed on the
failure of the President and his government to listen to scientific evidence on issues such as NPIs,
and also by their promotion of unproven drugs such as HCQ - securing its approval by over-ruling
existing procedures. Despite the challenges, Brazil benefitted from the long-term build-up of
research capacity and could provide lessons for other middle-income countries - with adequate
funding Brazil could benefit from building on the rapid moves towards greater coordination.

References

1. Siemieniuk RAC, Bartoszko JJ, Ge L, Zeraatkar D, Izcovich A, Kum E, et al. Drug treatments for
covid-19: living systematic review and network meta-analysis. BMJ. 2020;

doi: https://doi.org/10.1136/bmj.m2980

2. Norton A, Bucher A, Antonio E, Advani N, Grund H, Mburu S, et al. A living mapping review
for COVID-19 funded research projects: nine-month update [version 4; peer review: 2 approved].
Wellcome Open Research 2021; doi: https://doi.org/10.12688/wellcomeopenres.16259.4.

3. Brasil. Ministério da Satude. Conselho Nacional de Satde. Comissdo Nacional de Etica em
Pesquisa. Boletim Etica em Pesquisa - Edicdo Especial Coronavirus (Covid-19). CONEP/CNS/MS.
2021,1:1-13 ED70.cdr (saude.gov.br) Accessed 8 June 2022.

4, Rosa MFF, da Silva EN, Pacheco C, Millett C, Gadelha CAG, Santos LMP. Direct from the
COVID-19 crisis: research and innovation sparks in Brazil. Health Res Policy Sys. 2021; doi:
https://doi.org/10.1186/s12961-020-00674-x.

5. Brasil. Ministério da Saude. Conselho Nacional de Satide. Comissdo Nacional de Etica em
Pesquisa. Boletim Etica em Pesquisa - Edicdo Especial Coronavirus (Covid-19). CONEP/CNS/MS.
2020,1:1-71. ED28.cdr (saude.gov.br) Accessed 8 June 2022.

6. Campo KN, Rodrigues ICP, Lopes ESN, Gabriel LP. Early public research funding response to
COVID-19 pandemic in Brazil. Rev Soc Bras Med Trop. 2020;53:e20200522. DOI: 10.1590/0037-8682-
0522-2020

7. Zimerman A, Lopes RD, D'Avila A, Rohde LE, Zimerman L. COVID-19 in Brazil: the headlines
should be about science. (Letter) The Lancet, 2020; doi: https://doi.org/10.1016/50140-
6736(20)32375-8.

8. Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga, VC, et al. Effect of
dexamethasone on days alive and ventilator-free in patients with moderate or severe acute
respiratory distress syndrome and COVID-19: the CoDEX randomized clinical trial. JAMA. 2020;

doi: 10.1001/jama.2020.17021.

9. The WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group.
Association between administration of systemic corticosteroids and mortality among critically ill
patients with COVID-19. A meta-analysis. JAMA. 2020; doi:
https://dx.doi.org/10.1001%2Fjama.2020.17023

10. Cavalcanti AB, Zampieri FG, Rosa RG, Azevedo LCP, Veiga VC, Avezum A, et al.
Hydroxychloroquine with or without azithromycin in mild-to-moderate Covid-19. NEJM. 2020; doi:
https://doi.org/10.1056/NEJM0a2019014.

11. Axfors C, Schmitt AM, Janiaud P, van’t Hooft J, Abd-E-Salam S, Abdo EF, et al. Mortality
outcomes with hydroxychloroquine and chloroquine in COVID-19 from an international collaborative
meta-analysis of randomized trials. Nat Commun. 2021; doi: https://doi.org/10.1038/s41467-021-
22446-z.

12. RECOVERY Collaborative Group. Effect of hydroxychloroquine in hospitalized patients with
Covid-19. N. Engl. J. Med. 2020; doi: https://doi.org/10.1056/NEJM0a2022926.

19


https://doi.org/10.1136/bmj.m2980
https://doi.org/10.12688/wellcomeopenres.16259.4
http://conselho.saude.gov.br/images/comissoes/conep/img/boletins/Boletim-EticaemPesquisaED70.1.pdf
https://doi.org/10.1186/s12961-020-00674-x
http://conselho.saude.gov.br/images/comissoes/conep/img/boletins/Boletim-EticaemPesquisa-ED28.pdf
https://doi.org/10.1590/0037-8682-0522-2020
https://doi.org/10.1590/0037-8682-0522-2020
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32375-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32375-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32375-8/fulltext
https://doi.org/10.1016/S0140-6736(20)32375-8
https://doi.org/10.1016/S0140-6736(20)32375-8
https://dx.doi.org/10.1001%2Fjama.2020.17021
https://dx.doi.org/10.1001%2Fjama.2020.17023
https://doi.org/10.1056/NEJMoa2019014
https://doi.org/10.1038/s41467-021-22446-z
https://doi.org/10.1038/s41467-021-22446-z
https://doi.org/10.1056/NEJMoa2022926

13. WHO Solidarity Trial Consortium. Repurposed antiviral drugs for COVID-19; interim WHO
Solidarity trial results. Preprint. 2020; doi: https://doi.org/10.1101/2020.10.15.20209817.

14. WHO Solidarity Trial Consortium. Repurposed antiviral drugs for Covid-19 — interim WHO
Solidarity trial results. NEJM. 2021; doi: https://doi.org/10.1056/NEJM0a2023184.

15. Wise J, Coombes R. Covid-19: The inside story of the RECOVERY trial. BMJ. 2020;

doi: https://doi.org/10.1136/bmj.m2670.

16. White NJ, Watson JA, Hoglund RM, Chan XHS, Cheah PY, Tarning J. COVID-19 prevention and
treatment: a critical analysis of chloroquine and hydroxychloroquine clinical pharmacology. PLoS
Med. 2020; doi: https://doi.org/10.1371/journal.pomed.1003252.

17. Furtado RHM, Berwanger O, Fonseca HA, Correa TD, Ferraz LR, Lapa MG, et al. Azithromycin
in addition to standard of care versus standard of care alone in the treatment of patients admitted
to the hospital with severe COVID-19 in Brazil (COALITION II): a randomised clinical trial. Lancet.
2020; doi: https://doi.org/10.1016/50140-6736(20)31862-6.

18. Reis G, Silva EASM, Silva DCM, Thabane L, Milagres AC, Ferreira TS, et al. Effect of early
treatment with fluvoxamine on risk of emergency care and hospitalisation among patients with
COVID-19: the TOGETHER randomised, platform clinical trial. Lancet Glob Health. 2022; doi:
https://doi.org/10.1016/52214-109X(21)00448-4.

19. Schraer R, Goodman J. lvermectin: How false science created a Covid 'miracle’ drug. BBC,
Health. Ivermectin: How false science created a Covid 'miracle' drug - BBC News Accessed 16 May
2022.

20. Reis G, Silva EASM, Silva DCM, Thabane L, Milagres AC, Ferreira TS, et al. Effect of early
treatment with ivermectin among patients with Covid-19. NEJM 2022;386:1721-31. DOI:
10.1056/NEJM0a2115869

21. The ATTACC, ACTIV-4a, and REMAP-CAP Investigators. Therapeutic anticoagulation with
heparin in noncritically ill patients with Covid-19. NEJM. 2021; doi: 10.1056/NEJMo0a2105911.

22. Gupta A, Gonzalez-Rojas Y, Juarez E, Casal, MC, Moya, J, Falci, DR, et al. Early treatment for
Covid-19 with SARS-CoV-2 neutralizing antibody sotrovimab. NEJM 2021; doi:
10.1056/NEJMo0a2107934.

23. Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gonzalez A, Delos Reyes D,
et al. Molnupiravir for oral treatment of Covid-19 in nonhospitalized patients. NEJM. 2021; doi:
10.1056/NEJMoa2116044.

24, Pfizer. Pfizer announces additional phase 2/3 study results confirming robust efficacy of
novel COVID-19 oral antiviral treatment candidate in reducing risk of hospitalization or feath. Pfizer,
14 Dec 2021. Pfizer Announces Additional Phase 2/3 Study Results Confirming Robust Efficacy of
Novel COVID-19 Oral Antiviral Treatment Candidate in Reducing Risk of Hospitalization or Death |
Pfizer. Accessed 24 Dec 2021.

25. NIH/US National Library of Medicine/ClinicalTrials.gov. Evaluation of protease inhibition for
COVID-19 in standard-risk patients (EPIC-SR). Identifier: NCT05011513. Evaluation of Protease
Inhibition for COVID-19 in Standard-Risk Patients (EPIC-SR). - Full Text View - ClinicalTrials.gov.
Accessed 24 Dec 2021.

26. Gilbert S, Green C. Vaxxers. The inside story of the Oxford AstraZeneca vaccine and the race
against the virus. London: Hodder and Stoughton; 2021.
27. Instituto Butantan. Projeto S: imunizacdo em serrana faz casos de covid-19 despencarem

80% e mortes, 95%. https://butantan.gov.br/noticias/projeto-s-imunizacao-em-serrana-faz-casos-
de-covid-19-despencarem-80-e-mortes-95. Accessed 3 Jan 2022.

28. BBC News. Brazil Covid: Deaths plunge after town's adults vaccinated. BBC. 1 June 2021.
https://www.bbc.co.uk/news/world-latin-america-57309538 Accessed 13 Jan 2022.

29. Katikireddi SV, Cerqueira-Silva T, Vasileiou E, Robertson C, Amele S, Pan J, et al. Two-dose
ChAdOx1 nCoV-19 vaccine protection against COVID-19 hospital admissions and deaths over time: a
retrospective, population-based cohort study in Scotland and Brazil.

Lancet. 2021; https://doi.org/10.1016/S0140-6736(21)02754-9.

20


https://doi.org/10.1101/2020.10.15.20209817
https://doi.org/10.1056/NEJMoa2023184
https://doi.org/10.1136/bmj.m2670
https://doi.org/10.1371/journal.pmed.1003252
https://doi.org/10.1016/S0140-6736(20)31862-6
https://doi.org/10.1016/S2214-109X(21)00448-4
https://www.bbc.com/news/health-58170809.amp
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-announces-additional-phase-23-study-results
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-announces-additional-phase-23-study-results
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-announces-additional-phase-23-study-results
https://clinicaltrials.gov/ct2/show/NCT05011513?term=Evaluation+of+Protease+Inhibition+for+COVID-19&draw=2&rank=1#contacts
https://clinicaltrials.gov/ct2/show/NCT05011513?term=Evaluation+of+Protease+Inhibition+for+COVID-19&draw=2&rank=1#contacts
https://butantan.gov.br/noticias/projeto-s-imunizacao-em-serrana-faz-casos-de-covid-19-despencarem-80-e-mortes-95
https://butantan.gov.br/noticias/projeto-s-imunizacao-em-serrana-faz-casos-de-covid-19-despencarem-80-e-mortes-95
https://www.bbc.co.uk/news/world-latin-america-57309538
https://doi.org/10.1016/S0140-6736(21)02754-9

30. Pan American Health Organisation (PAHO). PAHO selects centers in Argentina, Brazil to
develop COVID-19 mRNA vaccines. PAHO, 21 Sept 21. PAHO selects centers in Argentina, Brazil to
develop COVID-19 mRNA vaccines - PAHO/WHO | Pan American Health Organization. Accessed 28
Sept 2021.

31. FIOCRUZ. Fundagao Oswaldo Cruz: uma instituicdo a servico da vida. Vacina contra Covid-
19. Vaccines against Covid-19 (portal-fiocruz-br.translate.goog) Accessed 19 July 2022.

32. Lancet Commission on COVID-19 Vaccines and Therapeutics Task Force Members. Operation
Warp Speed: implications for global vaccine security. Lancet Glob Health. 2021; doi:
https://doi.org/10.1016/52214-109X(21)00140-6.

33. Victora PC, Castro PMC, Gurzenda S, Medeiros AC, Franca GVA, Barros AJD. Estimating the
early impact of vaccination against COVID-19 on deaths among elderly people in Brazil: analyses of
routinely-collected data on vaccine coverage and mortality. EClinicalMedicine. 2021; doi:
10.1016/j.eclinm.2021.101036.

34. FIOCRUZ. Institute of Communication and Scientific and Technological Information in Health
(ICICT). Monitorcovid-19. Rio de Janeiro, 2020. Available at: https://bigdata-covid19.icict.fiocruz.br/.
Accessed 13 Jan 2022.

35. da Silva RGL, Chammas R, Plonski A, Goldbaum M, Novaes HMD. University participation in
the production of molecular diagnostic tests for the novel coronavirus in Brazil: the response to
health challenges. Cad Saude Publica. 2020; doi: https://doi.org/10.1590/0102-311X00115520.

36. Carpes Lanes T, Lima Ribeiro MA, Seoni de Oliveira D, Gabriel do Nascimento MG, Garcia FR,
Franca de Oliveira Menco JM, et al. Clinical practice guidelines for the treatment of Covid-19 in
Brazil: a systematic review. Rev. Cuid. 2021; doi: http://dx.doi.org/10.15649/cuidarte.2025.

37. Lamontagne F, Agoritsas T, Macdonald H, Leo YS, Diaz J, Agarwal A, et al. A living WHO
guideline on drugs for covid-19. BMJ. 2020; doi: http://dx.doi.org/10.1136/bmj.m3379.

38. Pan American Health Organisation (PAHO). Brazilian Post launches stamps dedicated to
COVID-19 in association with PAHO.8 July 2020. Brazilian Post launches stamps dedicated to COVID-
19 in association with PAHO - PAHO/WHO | Pan American Health Organization. Accessed 1 Dec
2021.

39. Bruce, Cavgias A, Meloni L, Remigio M. Under pressure: women'’s leadership during the
COVID-19 crisis. ] Development Economics. 2022; doi:
https://doi.org/10.1016/j.jdeveco.2021.102761 .

40. Rodriguez Mega E. Latin America’s embrace of an unproven COVID treatment is hindering
drug trials. Nature. 2020; 586:481-2. doi: https://doi.org/10.1038/d41586-020-02958-2
41. Florez ID, Amer YS, McCaul M, Lavis JN, Brouwers M. Guidelines developed under pressure.

The case of the COVID-19 low-quality "rapid" guidelines and potential solutions. J Clin Epidemiol.
2021; doi: 10.1016/j.iclinepi.2021.11.012.

42. Souza D de O. Cloroquine e hidroxicloroquina no Brasil: um caso de ineficacia na gestdo da
saude publica (Translated: Chloroquine and hydroxychloroquine in Brazil: a case of inefficacy in
public health management). Rev Salud Publica. 2021;23(2):1-7. DOI:
https://doi.org/10.15446/rsap.v23n2.89741

43, Nature Editorial. India, Brazil and the human cost of sidelining science. Nature. 2021;593:7-
8.

44, Lancet Editorial. COVID-19 in Brazil: “So what?” Lancet. 2020;395:1461.

45, Riley C, Xie B, Khurshid A. Challenges encountered in comparing international policy

responses to COVID-19 and their effects. Health Res Policy Sys. 2021; doi:
https://doi.org/10.1186/s12961-021-00783-1.

46. Urbinatti A, Monteiro M, Di Giulio G. Brazil. In: Jasanoff S, Hilgartner SJ, Hurlbut JB, Ozgode
O, Rayzberg M. Comparative Covid Response: Crisis, Knowledge, Politics. Interim Report. 12 Jan
2021. https://compcore.cornell.edu/wp-content/uploads/2021/03/Comparative-Covid-
Response_Crisis-Knowledge-Politics Interim-Report.pdf. Accessed 12 Jan 2022.

21


https://www.paho.org/en/news/21-9-2021-paho-selects-centers-argentina-brazil-develop-covid-19-mrna-vaccines
https://www.paho.org/en/news/21-9-2021-paho-selects-centers-argentina-brazil-develop-covid-19-mrna-vaccines
https://portal-fiocruz-br.translate.goog/vacinascovid19?_x_tr_sl=auto&_x_tr_tl=en&_x_tr_hl=en-US&_x_tr_pto=wapp
https://doi.org/10.1016/S2214-109X(21)00140-6
https://bigdata-covid19.icict.fiocruz.br/
https://doi.org/10.1590/0102-311X00115520
http://dx.doi.org/10.15649/cuidarte.2025
http://dx.doi.org/10.1136/bmj.m3379
https://www.paho.org/en/news/8-7-2020-brazilian-post-launches-stamps-dedicated-covid-19-association-paho
https://www.paho.org/en/news/8-7-2020-brazilian-post-launches-stamps-dedicated-covid-19-association-paho
https://doi.org/10.1016/j.jdeveco.2021.102761
https://doi.org/10.1038/d41586-020-02958-2
https://doi.org/10.1016/j.jclinepi.2021.11.012
https://doi.org/10.15446/rsap.v23n2.89741
https://doi.org/10.1186/s12961-021-00783-1
https://compcore.cornell.edu/wp-content/uploads/2021/03/Comparative-Covid-Response_Crisis-Knowledge-Politics_Interim-Report.pdf
https://compcore.cornell.edu/wp-content/uploads/2021/03/Comparative-Covid-Response_Crisis-Knowledge-Politics_Interim-Report.pdf

47. Taylor L. “‘We are being ignored’: Brazil’s researchers blame anti-science government for
devastating COVID surge. Nature. 2021; doi: https://doi.org/10.1038/d41586-021-01031-w.

48. BBC. Brazil senators back criminal charges against Bolsonaro over Covid handling. BBC News,
27 Nov 2021. Brazil senators back criminal charges against Bolsonaro over Covid handling - BBC
News. Accessed 13 Jan 2022.

49, Global Health Security Index (2019). Nuclear Threat Initiative (NTI) and John Hopkins. Oct
2019. https://www.ghsindex.org/wp-content/uploads/2021/11/2019-Global-Health-Security-
Index.pdf. Accessed 8 Dec 2021

50. Mineo L, Castro M. Why the COVID-19 outbreak in Brazil has become a humanitarian crisis.
The Harvard Gazette, 28 April 2021. Harvard public health expert discusses Brazil’s COVID-19 crisis —
Harvard Gazette. Accessed 28 Dec 2021.

51. Global Health Security Index (On-going). About. About - GHS Index. Accessed 6 Nov 2021.
52. Rodrigues M. Scientists reel as Brazilian government backtracks on research funds. Nature
News. 22 Oct 21. doi: https://doi.org/10.1038/d41586-021-02886-9.

22


https://doi.org/10.1038/d41586-021-01031-w
https://www.bbc.com/news/world-latin-america-59051105
https://www.bbc.com/news/world-latin-america-59051105
https://www.ghsindex.org/wp-content/uploads/2021/11/2019-Global-Health-Security-Index.pdf
https://www.ghsindex.org/wp-content/uploads/2021/11/2019-Global-Health-Security-Index.pdf
https://news.harvard.edu/gazette/story/2021/04/harvard-public-health-expert-discusses-brazils-covid-19-crisis/
https://news.harvard.edu/gazette/story/2021/04/harvard-public-health-expert-discusses-brazils-covid-19-crisis/
https://www.ghsindex.org/about/
https://doi.org/10.1038/d41586-021-02886-9

Canada

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

Global analysis conducted by a team from the UK and Canada suggested Canada had the third
highest number of funded COVID-19 projects [1]. On 23 April 2020 Prime Minister (PM) Trudeau
announced more than CAD1 billion investment in “A national medical research strategy to fight
COVID-19” covering various research areas and modes of support to build on an announcement on
23 March 2020 of CAD275m [2,3].

The additional funding included some for organisations funded in the first tranche, and the largest
element was CAD600m for the Strategic Innovation Fund to support COVID-19 vaccine and therapy
trials led by the private sector, and Canadian biomanufacturing opportunities. The many other areas
included an additional CAD115m for CIHR projects to accelerate development and implementation
of medical and social countermeasures against COVID-19, and the establishment of the COVID-19
Immunity Task Force to develop, coordinate and implement various immunity studies to provide
information to decision-makers. There was also CAD10m for the long-established Canadian
Immunization Research Network to study COVID-19 immunity, conduct vaccine-related research and
clinical trials “and to enhance Canada’s capacity to monitor vaccine safety and effectiveness” [2,4].
In terms of COVID-19 research publications, Canada had the 7th highest number, with over 60%
being multinational collaborations [5].

At the federal level, in April 2020, Innovation, Science and Economic Development Canada with the
support of the Chief Science Advisor, Mona Nemer, created CanCOVID as a Canada-wide network of
health, science and policy researchers to facilitate COVID-19 research collaboration [6]. (But see
section 3.)

The first call from the Canadian Institutes of Health Research (CIHR) on 10 February 2020, made in
combination with other Canadian research funding councils, requested rapid COVID-19 proposals by
18 February [7], with the peer review and initial decisions made rapidly [8]. While the original call
included the study of countermeasures “tailored to the unique circumstances of different
populations” as one of the relevant areas that could be funded, some later calls were more targeted,
and became more focused as gaps in research were identified in areas such as Indigenous
communities’ experience with COVID-19 and keeping residents and staff of long-term care homes
safe [7]. CIHR’s first specific Indigenous COVID-19 rapid research programme was launched in
September 2020 [9]. The Canadian Treatments for COVID-19 trial had already been set-up to work
with WHOQ'’s Solidarity trial, itself informed by WHO’s Global Research Collaboration for Infectious
Disease Preparedness [7,8,10]. A CIHR targeted call requested proposals to enable it to expand with
further Canadian sites. A clinician linked to the University of British Columbia (UBC) led the
successful proposal and was on the trial’s writing committee [7,10-12].

Through its existing Strategy for Patient-Oriented Research (SPOR) Innovative Trials Programme, the
CIHR also funded Canadian research that reported key findings as part of the REMAP-CAP platform
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trials of corticosteroids and IL-6 receptor antagonist [13,14]. (See next section for Canadian-led
WHO guidelines using these studies.)

Canadian sites played a key role in other international trials, as noted above in the Brazilian section.
The ATTACC platform trial was led by Canadian sites and had a consortium of Canadian funders
including CIHR, Ontario Ministry of Health, the Thistledown Foundation (through FastGrants from
the US), the Peter Munk Cardiac Centre in Toronto, and Research Manitoba. Additional funding
came from the LifeArc Foundation from the UK. Despite the Canadian leadership, the ATTACC
platform trial enrolled more patients in the US and Brazil. Jointly with the two other platforms
(including REMAP-CAP) its findings published in NEJM showed in noncritically ill COVID-19 patients
an initial strategy of therapeutic-dose anticoagulation with heparin increased probability of survival
to hospital discharge [15]. In the three platforms’ parallel trial of the treatment with critically ill
patients, REMAP-CAP took the lead and most patients were enrolled in the UK, but the treatment
was not successful [16]. The TOGETHER platform trial was co-led by McMaster University (at
Hamilton, Ontario) but conducted in Bratzil. Its findings suggested fluvoxamine as an early treatment
reduced the chance of hospitalisation [17]. Reliable reports in Autumn 2021 that another arm of
TOGETHER would show no benefit from the use of ivermectin [18], were confirmed in the trial’s
report in the NEJM in 2022 which attracted considerable attention [19].

Other completed trials included one testing the mAb antibody sotrovimab, which found it an
effective early treatment for COVID-19 [20]. The NEJM paper’s first author was from a Canadian
medical centre in Toronto, but most sites were in the US.

CIHR'’s targeted call for a project to generate knowledge synthesis and other evidence products
targeting COVID-19 related topics [21] was an area of internationally-recognised Canadian
leadership. This led to funding of CAD1m to support COVID-END at McMaster University, which
leveraged the existence of the CIHR-funded SPOR Evidence Alliance (see section 2) [22]. COVID-END,
“a time-limited network that brings together more than 50 of the world’s leading evidence-synthesis,
technology-assessment and guideline-development groups around the world” aimed to help the
production and use of evidence syntheses [22]. (See next section for the key role of reviews in
informing Canadian policy.) Researchers associated with COVID-END, and others, were concerned
about the low quality of some rapidly produced guidelines across the globe, in contrast to the high
quality living guidelines. Therefore, they undertook a living review of rapid COVID-19 guidelines [23].
This found the quality had often remained low, but they identified potential solutions.

Various initiatives at provincial and hospital levels aimed to bring together the needs and priorities
of provincial governments, health systems and hospitals with local research capacity and draw on
federal, provincial and hospital research funding. Ontario was one of many places where teams
conducted wastewater surveillance, including to detect outbreaks in ‘hotspot’ communities. A
review performed by Public Health Ontario showed how such studies had become widespread and
were being used in interdisciplinary research [24]. The modellers in the Ontario team also estimated
surges in cases and intensive care admission using funding from federal (CIHR), provincial and
institutional (St. Michael’s) levels [25].

In Alberta, the projects combining state funding with that from CIHR included one from the
University of Alberta where several teams collaborated on early stage progress developing possible
new antiviral treatments for COVID-19 [26,27]. In Quebec, the Government created an
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interdisciplinary network to examine ways to better coordinate research efforts, including clinical
research networks [28,29]. Federal and provincial funding contributed to developing vaccine
candidates in research centres and companies in various provinces [30], with some recipients named
in the PM’s first funding statement of March 2020 [3]. One such major example was the work of the
University of Saskatchewan’s Vaccine and Infectious Disease Organization-International Vaccine
Centre which had previously produced two coronavirus vaccines for animals. Another was Medicago,
a company in Quebec City that was using a plant-based vaccine technology it had been working on
for 20 years and that had originally been developed by Agri-Food Canada and Laval University. It
received federal funding for animal and human testing of its COVID-19 vaccine as well as expansion
of its manufacturing capacity, and also CAD7m from the Quebec government. It was the first
Canadian vaccine candidate to start clinical trials in July 2020 [30].

The provincial level — British Columbia (BC)

In BC, examples of research infrastructure and partnerships existing prior to the pandemic were
described in the background section of the main paper. COVID-19 research funding leveraged these
to facilitate the creation of new coordination structures such as the BC COVID-19 Strategic Research
Advisory Committee and its working groups, including vaccine effectiveness, long-term care and
public communications. This brought together the needs of the leaders of the provincial government
and health system with the health research community [31].

An evaluation emphasised that no one organisation had formal responsibility for implementing the
BC research response, rather there was a collegial effort to collaborate, with David Patrick and the
BC Centre for Disease Control [32], where he was Director of Research, widely seen as playing a key
role in coordination [31]. Nevertheless, the evaluation also highlighted the importance of the
leadership provided by the Provincial Health Officer, Bonnie Henry, in directing the requirement for
research coordination, and Michael Smith Health Research BC “through its long-standing and
respected role as a broker between the research community and decision-makers” [31]. Health
Research BC launched a COVID-19 research competition in line with the strategic priorities identified
in the province, as well as four research projects on urgent priorities requested by the Provincial
Health Officer. Another key factor was that through the federal funding described above, and the
provincial funding, “The rapid and substantial infusion of research funding to established institutions
and researchers was perceived by many stakeholders as the most important contributor to success of
the research response” [31]. The combination of the greater coordination and the collegial effort,
creation of the BC Clinical Research Coordination Initiative, the availability of finance and the ability
to leverage existing infrastructure, and some acceleration of ethics review and data access protocols,
resulted in some successes (see next section). However, some researchers still experienced
challenges (see section 3) [31].

Research conducted in BC prior to the pandemic proved to be of critical importance to the
international research effort during the pandemic. lllustrating basic research’s long-term impact,
during the pandemic international attention focused on basic lipid nanoparticle technology research
conducted years earlier by researchers including Pieter Cullis at UBC in Vancouver, BC, and his spin-
off companies. Such work became crucial in the development of mRNA vaccines by providing a way
of delivering the mRNA to cells [33,34].
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The first tranche of science funding announced by the federal PM included support related to mAb
development work by AbCellera Biologics, another Vancouver-based spin-off company from UBC [3].
AbCellera’s technology meant that since 2018 it had been funded by the Pandemic Prevention
Platform of the US Defense Advanced Research Projects Agency (DARPA) “to establish a robust
technology platform for pandemic response capable of developing field-ready medical
countermeasures within 60 days of isolation of an unknown viral pathogen” [35]. This meant it was
ready to go in January 2020 and discovered bamlanivimab which was developed with its partner Eli
Lilly as the first mAb therapy to reach human testing and to get FDA approval. This further
development and, especially, trialling of the mAb therapy was increasingly undertaken by Eli Lilly in
the US [36,37]; further successes and challenges are discussed in the US section below. (However,
here we note that in January 2022, the US Food and Drugs Agency (FDA) withdrew its Emergency
Use Authorisation for the mAb, but then on 11 February, the FDA gave Emergency Use Authorisation
to a new mAb, bebtelovimab, that was effective against Omicron and that again AbCellera had
discovered and Eli Lilly developed [38].)

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

It is claimed that compared to many countries, Canada holds evidence in high regard [39] and in
making the announcement of the CAD1 billion investment in medical research (see section 1), PM
Trudeau said “We are making sure that Canada remains at the forefront of scientific research to help
us make smart and effective decisions on the path to recovery” [2]. That announcement built on the
PM’s previous one entitled: “Canada’s plan to mobilize science to fight COVID-19” [3].

The full data from which Table 1 in the main paper was drawn show the deaths in Canada were
considerably lower not only than in its neighbour, the US, as a whole, but also lower than in 48 of
the 50 states of the US, and just marginally higher than in the remaining two states [40]. The excess
deaths figures from Table 1 also suggest Canada did even better compared to the US [41]. One of the
reasons cited in 2020 for the much lower death rate in Canada was a greater willingness to listen to
the evidence than existed in the US under President Trump: “Though Canada’s response has not
been entirely devoid of politics, Canadian officials have consistently deferred to public health experts
and scientists to drive policy decisions” [42].

An analysis of why Canada’s COVID death rate was so much lower than in the US the first two years
of the pandemic also identified the role of scientists and public health experts in encouraging
politicians to support and retain firmer NPIs than were generally applied in the US [43]. But there
were also other factors. These included the differences in the healthcare systems that existed at the
start of the pandemic, with Canada having a universal publicly funded system that was lacking in the
US. Another difference was the vaccination rate, where Canada rapidly overtook the US in the
summer of 2021 [43]. By mid-August 2021, it was claimed that Canada had achieved “the highest
vaccination rate - of single and double doses — anywhere in the world [through] a combination of
savvy negotiations, financial resources and high trust in public health institutions” [44 ]. As Table 1
showed, at the end of 2021 Canada was still maintaining the highest vaccination rate across our
countries.
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Prior to the pandemic, the SPOR Evidence Alliance, a partnership of researchers and health system
stakeholders, had been created to work “towards creating a collaborative research environment that
is centred around patients and health system decision-makers” [45]. During the pandemic it
conducted workshops on producing rapid reviews for Health Canada as well as the Public Health
Agency of Canada. Patients and researchers co-created and led workshops on patient engagement in
reviews to illustrate how engagement could happen, even in rapid reviews done on short timelines
for policy makers. In addition to COVID END and the SPOR Evidence Alliance, CanCOVID also began
conducting knowledge synthesis for policymakers with its mission “to enable the agile, evidence-
based decision-making needed to help steer Canada safely through the COVID-19 pandemic” [6].

Informed by RECAP-MAP and other trials (see section 1), various versions of WHO's living COVID
guidelines first recommended dexamethasone, and later added IL-6 receptor antagonist, with the
respective lead authors being from Canada [46,47]. As noted, successful work to turn AbCellera’s
discovery of bamlanivimab into an mAb therapy involved various trials to decide exactly for which
patients, and in which combinations, it should be used, but its use for non-hospitalised patients
received emergency authorisation from Health Canada as early as November 2020 [37,48].

The National Advisory Committee on Immunization provided advice to the Government on aspects
of COVID-19 vaccines, and also published guidance, statements and many updates [49].

As one of various initiatives to combat misinformation about COVID-19, a collective of independent
scientists, healthcare experts and science communicators supported an idea suggested by Timothy
Caulfield from the University of Alberta, and created ScienceUpFirst [50]. The movement encouraged
supporters to share expert-vetted posts countering COVID-19 misinformation on social media.

Canada (along with Germany and New Zealand) was included in an analysis, conducted by UBC and
published in September 2020, of communications in nine countries selected partly because they
“managed relatively effective responses” to COVID-19 [51]. The study found that communications
was an effective NPl against COVID-19. Some themes were common across the jurisdictions:
“Despite the differences, many of our case studies offered similar best practices: clear, evidence-
based messaging; materials translated into multiple languages.... compassionate, empathetic
acknowledgement of the difficulties of Covid-19 response” [51].

At the federal level, Canadian public health communications were seen as “clear and
understandable, emphasizing science and expertise; an innovation team embedded within the
federal government incorporated insights from behavioural science to shape Covid-19 messaging”
[52]. However, an analysis of the first full year of the pandemic took a rather different angle and
claimed that “limited national and interregional coordination of public health communication was
apparent throughout the pandemic, and the federal government fell short in leveraging its unique
position to unite the public in supporting measures that help mitigate the pandemic” [53]. This
critical analysis did, however, praise the COVID-19 communications in BC led by Bonnie Henry during
the first year.

Furthermore, the 2020 cross-national report from UBC looked in detail at the COVID-19
communications in two Canadian provinces - BC and Ontario - with the former viewed as having
adopted a much more effective approach than the latter. A specific part of the analysis identified
both BC and Sweden as having more effective communications of the jurisdictions’ respective

27



policies to combat the pandemic than Ontario, but because Ontario’s policies were broadly more
effective than Sweden’s, it joined BC in having a lower death rate than Sweden [51].

The analysis specifically about BC showed how the communications approach seemed to mirror
several of the important generic points listed above with epidemiological information being
accompanied by regular and extensive references to social or civic values. Furthermore, as noted, it
was the non-elected Provincial Health Officer, Henry, who successfully took the lead in presenting
this combined message in a way that reduced the opportunities for confusion or contradiction [54].

Similarly at the provincial level, there was interest across Canada in evidence for decision making;
many provinces initiated science tables or committees that were available to inform policymakers
e.g., the Ontario COVID-19 Science Advisory Table [55]. Other studies conducted with an explicit aim
of integrating a knowledge translation approach included one from St Michael's Hospital, Toronto,
Ontario, for long term care homes which sought to "integrate immunity study results to tailor
delivery to improve COVID-19 preparedness and outbreak management" [56].

In BC, the strong network of regional plus provincial health authorities, the BC Centre for Disease
Control and the connection to the provincial government facilitated evidence-informed decision
making. As described in the evaluation of the response of the BC HRS, the BC COVID-19 Strategic
Research Advisory Committee worked to connect research results with the health system, with the
coordination being “valued by senior decision-makers” in the health ministry and health service [31].
Health system leaders perceived that when an issue arose they could receive information from the
research system to help address the question [31].

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges

Challenges in production of evidence

It was difficult to achieve a national prioritisation of research gaps that brought together the sub-
national units and that consistently utilised the existing research entities. The result was duplication
of effort across provinces, territories and at the national level, including the conduct of multiple
knowledge syntheses and guidelines on the same topics across provinces, territories and federal
policymakers, and limited public involvement in COVID-19 research [39].

CIHR drew on some analysis from early in the pandemic [8] to state: “At this stage of the pandemic,
the gap in Canada’s clinical trials coordination infrastructure has once again been noted as an area in
need of improvement” [57]. While the role of some individual trialists and groups was noted,
“collaboration and coordination mechanisms across these groups have not been specifically funded”
[57]. CIHR, therefore, launched a call for proposals for greater coordination of research capacity and
activities, possibly through a “network of networks” [57].

Similarly, based on analysis up to late 2020, Frangois Lamontagne and colleagues claimed that
despite Canada’s large investment in health research during the pandemic, “Our very limited success
in contributing to the worldwide effort to find effective treatments for COVID-19, and discredit
useless and harmful ones, have highlighted a broken system” [28]. The team also identified three
main problems, and contrasted the experience in Canada with the comparative success of the UK
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where the NIHR was embedded into the healthcare system. This, they said, “simultaneously solved
problems related to infrastructure development, health system engagement and fragmentation in
the UK context” [28]. They claimed a culture change was needed in Canadian clinical research, along
with the will to forge a partnership among the various health systems and research institutes and
organisations. They suggested it might be useful to start with some pilot studies in some provinces
[28] - see section 1 for some examples of progress at the provincial level.

There were calls as early as June 2020 for the early modelling that “by necessity, assumed relative
homogeneity in risks of infection and outcomes” to be replaced by an approach “Leveraging data on
heterogeneity to guide nuanced, population-and setting-specific strategies” [58]. Moreover, while
COVID-19 research showed evidence of health disparities, research to preferentially address these
disparities was slow to be launched.

Even in BC, with some successes in coordinating the provincial health research system, aspects of
the challenges for research coordination appeared to relate to long-standing problems facing the
HRS. These included limitations in structures to support research within the health system [31], lack
of clear authority for the coordination, and related challenges with aspects of research priority-
setting. Despite the rapid ethical approval for the Canadian Treatments for COVID-19 trial in BC [8],
some BC researchers still faced delays in securing ethical approval and access to data [31]. This
limited their ability to contribute timely research as they had hoped.

Challenges in use of evidence

As in other jurisdictions, challenges existed in using evidence in policy decisions. While evidence
existed to inform decisions, it was not always used by policy makers who also balanced political and
economic interests. Moreover, clear messaging to the public on the evolving nature of the evidence
given rapid research production was not consistently used.

While agreeing that Canada had controlled the virus more successfully than the US, some analysts
pointed to countries such as Australia and New Zealand as having a much lower death rate than
Canada. One such article acknowledged the federal government’s crucial role in funding COVID-19
scientific research, but was critical of some other aspects of the Canadian response where the
federal nature of the country did not seem to work so well, especially after the first wave, including
failures on information sharing and “the inability to maintain an adequate public health surveillance
system” to support local decision making [53]. That article also highlighted the much higher
proportion of deaths that were in the long-term care sector in Canada compared to other high
income countries. But, it noted that the death rate in care homes in BC was lower than the average
across Canada, something that Liu et al., thought was partly caused by the consistent
communication about the pandemic from the Provincial Health Officer and elected leaders in BC —
see above [59].

Despite the general readiness to draw on research evidence, and a lower death rate than in many
comparable countries, an equity lens has not been consistently used in creating science-informed
policies during the pandemic [58].

COVID-19 deaths/cases per million population varied greatly between provinces [53,60], which
might be partly related to different approaches to policymaking and use of evidence, including in

29



communications. Various complex Intellectual Property issues and disputes arose, including around
the lipid technology [33,34].

Challenges in sustaining the research system

Challenges faced by the HRS during the pandemic included reduced funding in some areas (e.g., in
2020 CIHR delayed one of their project grant competitions, thereby impacting hundreds of
researchers [61]) and reduced career opportunities, especially for women [39,62]. Examples of
attempts to address these pressures occurred at federal level with CIHR taking steps to implement
gender policy changes [63], and provincial level, for example in BC [62]. There was also reduced use
of effective Patient and Public Involvement (PPI) during the pandemic, including in BC
notwithstanding the increased coordination [31].

Summary

While Canada experienced fewer COVID-related deaths than the US, it experienced research
challenges including duplication of effort and the need to create infrastructure to support trials
platforms. Canada responded relatively quickly to the need for creation of these platforms and the
challenge will be to sustain these platforms post-pandemic. Earlier research in BC was crucial for the
development of the mRNA vaccines in the US and Germany, and Canada made progress in
developing its own vaccine through the work of long-established capacity, but more slowly than in
some other countries. Furthermore, transdisciplinary research collaborations across multiple
contexts and sectors facilitated a robust response to the pandemic and opportunities to sustain
these relationships will be critical to enabling future research advances. The pandemic further
highlighted the need to preferentially conduct research to address health disparities in Canada. Key
successes in Canada included leveraging existing systems for conducting knowledge synthesis and
engaging patients in the conduct of rapid knowledge synthesis. Similarly, strong relationships
between researchers and research users (including public health and policy makers) are fundamental
to successful pandemic response and examples of this in BC illustrated success.
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Germany

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

In some of its updates, an international living review of COVID-19 projects and funders showed
Germany having the 3rd highest funding amount [1]. In terms of funding specifically linked to
vaccine R&D, a different team suggested the spending in Germany was second only to that in the US
[2]. Analysis of figures from the COVID-19 TrialTracker project up to 8 November 2020 indicated 328
clinical studies, or 5% of the global total, were from Germany [3].

In the years prior to the pandemic, medical academics Ugur Sahin and Ozlem Tiireci received funding
from the government-backed German Research Foundation [4] and the EU [5] to help development
of their work on mRNA, from early fundamental scientific questions onwards. This research had led
to the creation of their company, BioNTech, in Mainz, Germany [6,7]. They needed considerably
more funding and results from early work helped them raise venture capital [5]. The years of
research by them, and others described in the US and Canadian sections, brought the mRNA
technology to the point where teams at BioNTech and CureVac (another German biotech company),
as well as US company Moderna, could immediately start developing their COVID-19 vaccine once
the sequence of the genome was released in mid-January 2020 [6,7]. The scientists had often
dedicated themselves to following what they thought were good ideas that might eventually
improve healthcare, even in the face of much scepticism and sometimes potential career harm [6,7].

BioNTech received a EUR100m loan from the European Investment Bank for its COVID-19 vaccine
development [5]. However, BioNTech needed much more capital for vaccine development and went
into partnership with US company Pfizer with which it had already been working on an mRNA
influenza vaccine (see also section 3) [5]. The company did conduct a key Phase 1/2 clinical trial of
their COVID-19 vaccine in Germany in April-May 2020 [8]. The main Pfizer/BioNTech Phase 2/3 trial
included six sites in Germany, but many more in the US [9]. In September 2020, BioNTech received a
EUR445m grant from the German Government to accelerate its vaccine work, and CureVac was
awarded EUR252m for its vaccine candidate (but see section 3) [10].

Research to develop the subsequently widely used reverse transcription polymerase chain reaction
(PCR) test for COVID-19 was also conducted and published extremely rapidly by an international,
mostly European, team led by Christian Drosten from the Berlin Institute of Virology, Charité
Hospital [11]. With funding (presumably existing) for work in the area from the EU and German
Ministry of Research, they used their considerable experience, and readiness, to respond as they had
to similar viruses earlier [12]. By 16 January 2020 they were able to tell WHO they had produced the
PCR test for COVID-19 in days [12] - a rapid development Zhang and Holmes later noted was
facilitated by their release of the genome sequence [13]. Drosten’s team made a pre-submission
enquiry to the editors of Eurosurveillance, a leading Open Access journal in the field, who lined up
reviewers prepared to conduct double-blind reviews rapidly given the journal’s standard practice of
attempting to respond flexibly and urgently during evolving public health emergencies where
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infections could spread exponentially [14]. The paper was submitted on 21 January 2020, then
reviewed, revised and accepted, and published on 23 January 2020 [11].

Drosten supported colleagues in Miinchen, including at the University Hospital and the Bundeswehr
Institute of Microbiology, who rapidly produced a case report letter published in the NEJM on 30
January 2020, on the transmission of COVID-19 infection by an asymptomatic contact in Germany
initially identified on 27 January [15]. The immense policy and other implications of this letter meant
it attracted enormous attention, and it had been cited over 2,000 times by 31 December 2021. With
funding from the research ministry, the EU and the German Bundeswehr Medical Services
Biodefence Research Program, a similar team applied the PCR test, and other laboratory techniques
including ones they had pioneered, to reveal that the infectious virus could be isolated from nose
and throat swabs, even from patients with mild symptoms. This information was released in a joint
press release from the three institutions on 4 February 2020 [16], and elaborated in an article
submitted to Nature on 1 March, published online on 1 April, with Scopus recording 3,000 cites by
December 2021 [17].

Scientists at institutions including the Robert Koch Institute (RKI), Germany’s public health institute
in Berlin under the federal Ministry of Health [18], “mobilized in early January 2020 to launch a
national crisis management effort to understand the epidemiology of the pandemic” [19]. Early
research that fed into policymaking included epidemiological methods such as interviews, whole
genome sequencing and antibody testing [19].

Examples of other early studies in which University Hospitals in Germany participated included the
REMAP-CAP platform trials where German involvement was led from Jena University Hospital, with
EU funding [20-22]. There were also three sites in the international trial of remdesivir (see US
section) [23].

Various economics and business departments and institutes, mostly in Germany, published a paper
that became important evidence in the debate about NPIs. Entitled “Face masks considerably reduce
COVID-19 cases in Germany” it used the synthetic control method to analyse the effect of the
introduction of mask mandates at different times by local policymakers [24]. Its findings that face
masks reduced the number of newly registered cases of COVID-19 by between 15-75% over a period
of 20 days from their mandatory introduction was widely cited in Germany and internationally
[25,26]. A news feature in Nature in May 2021 claimed “The case for mask mandates was made
relatively early in the pandemic”, and described their introduction in Germany, and this research on
it [27].

In addition to an early rapid research call to tackle COVID-19, in March 2020 the German Federal
Ministry of Education and Research (BMBF) announced EUR150m funding to link all research
hospitals into a network to conduct COVID-19 research [28]. It was established as the “Network
University Medicine” in April 2020 to include all 34 University Hospitals in Germany working on
projects in various combinations. Significantly the network’s website said: “This bundling of
competencies and resources is intended to create structures and processes in the clinics that ensure
the best possible care for COVID-19 patients” [29]. In addition to advancing knowledge to deal with
the current pandemic, one of the goals of the network was the “Generation of findings also for
better preparation for future epidemiological events” [29].
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It was not until October 2020 that the 13 cross-hospital joint projects to be funded with the
EUR150m were announced on a range of COVID-19 topics that continued to receive funding into
2022 [30]. One of the 13 projects, The COVID-19 Evidence Ecosystem (CEOsys), established a
national evidence network on COVID-19 led by the Institute for Evidence in Medicine, for Cochrane
Germany, at the University Hospital Freiburg. The evidence ecosystem involved 20 university
hospitals and several non-university partners coordinating to identify and evaluate scientific findings
on a range of COVID-19 issues, and produce a series of interdisciplinary living evidence syntheses.
They included ones on: testing and diagnostics, outpatient and inpatient treatment, intensive care
and palliative care, hospital hygiene, prevention and public health, and mental health. They served
as the basis for living guidelines described in section 3, and the planning for urgently needed further
research [31].

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

Despite Pfizer taking the lead on manufacturing the BioNTech/Pfizer vaccine, and receiving a large
grant from the US government (see US section), BioNTech’s EUR445m grant from the German
Government’s BMBF was to expand its production capacity in Germany, as well as accelerate vaccine
development [5]. This was part of a EUR750m grant to three companies, but see next section. Sahin,
Tureci and colleagues, including Katalin Kariké who joined them in 2013 (see US section) also won
the 2021 German Future Prize, awarded annually for research achievements that lead to marketable
technological developments [4].

How far Germany has been able to draw on scientific evidence to achieve success in controlling the
virus has been a matter of some debate (see also next section for challenges), and Lothar Wieler,
President of the RKI, and colleagues, claimed in March 2021: “Germany demonstrates the difficulty
of maintaining success throughout the COVID-19 pandemic” [19]. In terms of the initial response,
Wieler et al suggested: “The country’s strong enabling environment, including a good public health
care system and expert scientific institutions contributed to the early success” [19]. In more detail
they claimed factors linked to the initial success included Germany’s prevention protocols, which
facilitated a rapid response to the outbreak, the early development of testing capacity and high
levels of testing, and an effective strategy for protecting older people.

The Government had a quite comprehensive National Pandemic Plan prior to the pandemic,
although some public health facilities were understaffed and problems were encountered with
shortages in personal protection equipment [19]. All 16 states also had plans, but in the early weeks
of the pandemic many politicians went beyond what the pandemic plans had defined in terms of
consulting experts [32]. For commentators writing in early April 2020, and contrasting Germany’s
higher rate of testing and much lower case fatality rate with that in other countries such as the UK,
“the country was meticulously prepared for a pandemic” [33] - a test protocol was rolled out in
January 2020 and, when required, the testing was conducted at well over 200 quality controlled
laboratories across the country [33,34].

Various cross-country analyses reported favourably on the strengths of the pandemic response in
Germany, and the willingness to engage with scientific evidence. The analysis in Germany for the
study by Jasanoff et al., was concluded in late December 2020 and stated: “Germany’s public health
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response was characterized by a consistent pattern of delegation of policy questions to scientific
authority (especially RKI) and a general appeal to rationality and solidarity” [35]. They also felt that
while Christian Drosten, as Germany’s most visible scientist and government advisor, was picked out
by the tabloid press for criticism, there was considerable public and government pushback against
their attacks. The team did, however note that while the reliance on a rather one-dimensional
indicator, “7-day incidence”, underlined the strong focus on science, it also hinted “at an
unwillingness to consider alternative definitions of risk for the German population” [35].

The analysis by Han et al., of the COVID-19 response in nine Asian and European countries identified
Germany as one of four of the countries where “experts on infectious diseases within established
public-health institutes are responsible for ensuring that scientific evidence drives policy making”
[36]. Similarly, in an analysis of “Co-producing the covid-19 response” in Germany and three Asian
countries, Marten et al., suggested various existing structures where researchers and policymakers
interacted in Germany were part of the pandemic response including scientific advisory boards,
research institutes and the RKI [37]. They further suggested the straightforward communication style
of some academics and scientists in Germany “helped to calm an unsettled public and build trust and
understanding about why interventions are needed” [37].

An international analysis published in September 2020 of the role of communications in nine
countries thought to have controlled the virus at least reasonably well in the initial phase [38]
included a section on Germany [39]. It claimed that “Scientific expertise has clearly been the
foundation for the German approach in dealing with Covid-19 but has also shaped communication
strategies” [39]. This analysis highlighted the important role of scientists such as Drosten and Wieler
in communications and providing advice. It agreed with other analyses about the early success also
involving leadership by some of the state governments, but the key role was played by Chancellor
Merkel [34,39], who “joined her own scientific expertise with concern and empathy” [38]. According
to the leading international science journal, Nature, she acted “on the basis of expert advice” [40].
Her own scientific background had, as national leader, established an insistence “that decision-
making benefits from evidence” which was also compatible with a wider political culture committed
to rational responses driven by the scientific data [36,40].

As noted, the situation in Germany became more difficult in later surges of the pandemic. Local
analyses published more recently identified a more complex picture suggesting that notwithstanding
the initial success, there were also challenges with the narrow composition of the experts
committees [32], the availability of data [41] and aspects of the communications [41,42]. These
could have contributed to the subsequent difficulties. (See next section.)

Several organisations published types of clinical guidelines, or advice. These included the RKI which
updated the advice published on their website over 20 times [43]. The Institute also sometimes
cross-referenced to the position stated in other German guidelines, including those produced by the
Association of the Scientific Medical Societies in Germany (AWMF).

The AWMEF produced living guidelines building on the living evidence syntheses from CEOsys. A
major goal of the project was to encourage translation by communicating the findings by using the
channels most relevant for specific target groups. The guidelines included national medical ones for
the care of COVID-19 patients, but could also be at a population or public health level such as the
living guideline on measures for the prevention and control of COVID-19 transmission in schools
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[31,44]. Production of the schools’ living guideline was led by public health researchers at Ludwig-
Maximilians University, Miinchen, and involved many medical societies and other organisations. It
was based on the Cochrane evidence synthesis on the topic that team members conducted as part
of the CEOsys project [45]. The guideline was first published in February 2021, revised several times
after that, and endorsed by almost 30 participating societies and organisations [44].

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges

Challenges in production of evidence

Financial support from the German Government and EU did not seem to be sufficient to enable
BioNTech to test and manufacture the new mRNA vaccine without Pfizer playing a major role [5].
The CureVac mRNA vaccine did not perform as well as others in trials. A key lesson from the failure
was thought to be that the modified mRNA developed especially through the research in the US of
the University of Pennsylvania’s team [7], was a vital missing element in the CureVac vaccine, unlike
the successful mMRNA vaccines [46].

Goossens et al., compared the rapid successes from the RECOVERY trial/ UK arm of REMAP-CAP (see
UK section) with the generally slower progress across Europe, but individual countries were not
identified [3]. They noted the prioritisation in the UK system, and contrasted the average time in the
UK for protocol approval of about a week with a mean of three months across Europe. If partnership
across Europe was promoted it could help prioritisation and speed [3].

Challenges in use of evidence

The success in controlling the early waves was not fully continued into later waves of the pandemic
[19,36]. Chancellor Merkel “favoured an early return to tough restrictions — as advised by scientists —
but the leaders of many of Germany’s powerful state governments refused” [40]. Wieler et al., too,
suggested the second surge saw, “states deviating from federal recommendations”, and while the
federal system allowed states to tailor their strategies, it “also limited widespread implementation of
a standard testing strategy or national containment measures even in the face of rising case counts”
[19]. The severe fourth wave in late Autumn 2021 was described as “A Pandemic of the
Unvaccinated”, and it was suggested insufficient attention was given to the warning made in the
summer of 2021 by scientists who modelled the impact of a fourth wave and said a higher
proportion of the population would need to be vaccinated [47].

Various potential weaknesses in the German response to the pandemic were also subsequently
described. A detailed documentary analysis from a public health perspective of the role of expert
committees suggested that a lack of transparency made it unclear how far the undoubted creation
of such committees to provide evidence, actually influenced policymaking [32]. Furthermore, overall
there was a lack of adequate diversity in the membership of such committees in terms of gender and
disciplines. This meant the expert committees were “not sufficiently representative and
interdisciplinary to take different perspectives into account” [32]. This suggestion might support the
claim reported above in the analysis in Jasanof et al., about reliance on a one-dimensional indicator
[35]. The analysis of expert committees also noted that there was rather more disciplinary diversity
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in the expert committees created after the first wave, which might indicate an increased
understanding of the complexity and nature of the crisis [32].

Despite the initial success in introducing large-scale testing more rapidly than many other European
countries, later, in the face of further surges and increasing disagreements between the federal and
state governments, it was suggested that “the lack of reliable data” on issues such as variants, might
have been one of the reasons behind the surges [41]. There was insufficient systematic data at
population level to reflect the effects of the various measures and indicate differences between age
groups and the number of unreported cases. The sequencing of virus samples was only ramped up in
January 2021 [41].

Furthermore, “the lack of digital data collection tools and the widespread lack of uniform reporting
software” were seen as major obstacles, including to successful communication. It was suggested
that gaps in the understanding of epidemiological figures by politicians and media professionals
were particularly problematic given “the initially very academically oriented scientific policy advice”
[41]. (While just outside the period of our analysis, it is relevant to note that in January 2022, the
federal government’s Expert Council on COVID-19 produced a statement “on the need for evidence-
based risk and health communication” that among other points highlighted that a major obstacle,
not least for communications, was “the lack of digitization in the health system in Germany” [42].)

Challenges in sustaining the research system

A survey and workshop conducted in May 2020 of German health researchers who had been
working on non-COVID topics reported that 93% of them believed their projects were affected by
the pandemic [48]. Eighty percent reported they could not collect data as planned, with problems
also caused by staff being unavailable because of care commitments, illness or quarantine. The
majority had mitigation strategies in place, including adjustments of data collection through using
digital tools, or changing the research design [48]. The authors concluded the main challenge was to
mitigate the problems, and “improve long-term resilience in health research. The pandemic has also
acted as a driver of innovation and change” [48].

Summary

The initial strong pandemic response from Germany’s HRS reflected long-term investment in science
and a culture of support for evidence-use. Long-term research on mRNA by medical academics Ugur
Sahin and Ozlem Tiireci, partly funded by public and EU sources, had led to the creation of their
company, BioNTech. Using their pioneering platform, they immediately started developing their
COVID-19 vaccine on the release of the genomic sequence. They went into partnership with US
company Pfizer, although they also received some further public funding for continuing work in
Germany. The new platform and unprecedented levels of funding and public/private collaboration
contributed to greatly accelerated vaccine development. The PCR test was developed by 16 January
2020 by a mostly European collaboration led by Christian Drosten from the Berlin Institute of
Virology, Charité Hospital. The test, described in a highly cited publication, was used at the end of
January by researchers at Miinchen in an analysis that reported asymptomatic transmission of
COVID-19. Pre-pandemic planning and the willingness of leaders such as Chancellor Merkel to use
the science were widely cited as reasons why Germany responded rapidly through testing and other
measures to control the first wave more effectively than many countries. The success in controlling

40



the early wave was not fully continued into later waves. Chancellor Merkel was not able to persuade
all state governments to follow the science. Attention should be given to more recent analysis
identifying weaknesses in the German policy and communications response such as the narrow
disciplinary background of many expert committees and insufficient relevant data to fully inform
policies. Nevertheless, the greater research coordination announced in Spring 2020 by the creation
of the “Network University Medicine”, and that had started collaborative projects in October 2020,
continued throughout our period until the end of 2021, and beyond.
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New Zealand

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

The Ministry of Health and the Health Research Council (HRC) launched a rapid research response to
the COVID-19 threat in February 2020 even before there were any local cases [1]. In launching the
NZD3m call, Sunny Collings, HRC Chief Executive Officer, said, in addition to contributing to the
global effort, “We aim to improve New Zealand'’s responsiveness and readiness for disease outbreak
within New Zealand’s borders”.

Projects that focused on local priorities included those from the joint call and some funded
additionally by the HRC [2] (plus other funding sources). They included studies on the specific needs
of the Indigenous Maori during the pandemic, and a project aimed at creating a new approach to the
use of genomic data to understand the spread of the disease [2].

Papers included one with funding also from other sources, including the Ministry of Business
Innovation and Employment’s COVID 19 Innovation Acceleration Fund, that used genetic
epidemiology to reveal transmission patterns and the dynamics of COVID-19 in New Zealand, thus
helping to quantify the effectiveness of public health interventions such as lockdowns [3]. This
paper in Nature Communications was written by a team from various institutions mostly in New
Zealand, but including international authors, e.g., from the Doherty Institute in Australia. The paper
was devised by Jemma Geoghegan who wrote the initial draft with Edward Holmes (see Australian
section). They were both also co-authors on a paper led by Tara Swadi, chief advisor on COVID-19 at
the Ministry of Health, analysing in-flight transmission of COVID. This generated considerable
international interest [4]. Findings from these studies combined with other data were extensively
used by government agencies [5]. (See next section.)

The titles of some papers from rapidly funded projects reflected the overall successful team
approach to tackling COVID, but attempted to understand attitudes in one area where there was less
consensus. For example, one paper was called “Wearing one for the team: views and attitudes to
face covering in New Zealand...” [6].

Under the leadership of Colin McArthur, New Zealand sites already played an active role in the
international REMAP-CAP clinical trial. As part of the support for the global effort, funding and
hospital sites were provided for REMAP-CAP COVID-19 arms [2]. These included the study of
corticosteroids and also the meta review to which it contributed; they were simultaneously
published in the JAMA, with McArthur as a co-author, showing and reinforcing the benefits of using
corticosteroids in treating critically ill patients with COVID-19 [7,8].

Notwithstanding policy successes (see next section) leading to relatively few patients available for
recruitment [9], the HRC was able to celebrate New Zealand’s contribution to the very rapid global
research progress, and the continuing work on the REMAP-CAP project included contributing to the
findings on the benefits from IL-6 receptor antagonists [10,11]. The HRC call also helped fund the
ASCOT study [12]. (See Australian section above.)
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Much of the overall coherence and focus of the COVID-19 research funded reflected, or at least was
compatible with, New Zealand’s comprehensive health research strategy for 2017-2027 with its
focus on researching the priorities of relevant local stakeholders [13]. This included the priority of
promoting equity in the pandemic response: a specific part of this call was for Maori-led research
and was intended to support equitable health and wellbeing outcomes for Maori [14]. In 2021 the
leadership that had been shown by Maori in managing the health and wellbeing needs of their
communities during the pandemic helped drive a further new equity research programme “into a
much-needed shift in the health system” [15]. This, in turn, was entirely compatible with part of the
vision of the health research strategy to partner with Maori communities to improve Maori

health through research and boost the Maori health research sector [13]. (But see section 3.)

With funding from the two relevant ministries listed above, Sarah Jefferies and colleagues at the
Institute for Environmental Science and Research and elsewhere, including a Ministry of Health
colleague, used highly complete prospectively collected COVID-19 case and testing datasets [16].
They claimed, “This is the first study to our knowledge to assess the impacts of national or
subnational non-pharmaceutical intervention escalation and de-escalation decisions on the
distribution, transmission patterns, and severity of COVID-19, and the attainment of an explicit
national goal of COVID-19 elimination” [16].

The study led to clear findings that strikingly reinforced the value of the rapid-evidence informed
policy described in the next section: “New Zealand's response resulted in low relative burden of
disease, low levels of population disease disparities, and the initial achievement of COVID-19
elimination” [16]. The paper, published in Lancet Public Health, attracted considerable attention and
had been cited about 80 times by the end of 2021. It is possible that while the low level of cases in
New Zealand made trials more challenging, it facilitated the comprehensive detailed analysis
described here.

Jefferies, who had also been a co-author on both the papers above on the spread of the virus [3,4],
and colleagues won a HRC medal for their research, with Collings pointing out that the team wrote
the paper and also provided real time analysis and support to the Ministry of Health. Collings
continued: “New Zealand’s relatively small health research workforce has worked tirelessly together
with other health professionals to provide fast and accurate information to try to minimise the
impact of COVID-19 on our communities” [17].

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

The health research strategy’s priority of “translating research findings into policy and practice” [13]
contributed to the context in which PM Ardern highlighted the importance of both science and her
Chief Scientific Adviser: “science, scientists and science communicators have been at the forefront of
the Government’s... fight to eliminate COVID-19...provide me with advice about the way forward,
and to connect me and other Ministers with the range of scientific experts and communicators, both
in New Zealand, and overseas” [18]. The country was able to take full advantage of its relatively
isolated location and ability to close its borders.

A more detailed account of how the science was used appeared in Nature Immunology under the
title, “New Zealand'’s science-led response to the SARS-CoV-2 pandemic” [5]. It explained: “The New
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Zealand government’s use of scientific expertise, spanning public health, infectious diseases,
genomics modelling and immunology, has been one of the keys to the success of its SARS-CoV-2
elimination and control strategy” [5]. The findings of some studies, as described in Section 1, had
elements of co-production, and data gathered were “used by government agencies to direct public
health interventions, highlight transmission hotspots to target community testing, identify
superspreading events and assess the impact of interventions such as travel restrictions and border
closures” [5].

In the COVID Notes series in the NEJM, expert advisors also highlighted New Zealand’s “Rapid,
science-based risk assessment linked to early, decisive government action”, and the PM’s effective
communication of key messages [19]. Highlighting the general perception of the importance of
effective communications, Siouxsie Wiles, a biomedical scientist with expertise in science
communications, became an advisor to the PM and won the New Zealander of the Year Award in
2021 [20]. Success in controlling the pandemic was underlined by New Zealand having no excess
deaths even by the end of 2021 [21,22].

Policy analysts from New Zealand described the importance of mobilising expertise to deliberate on
public policies. They said lessons could be learnt by contrasting PM Ardern’s successful science-
based approach with that in the US and the UK [23]. Jefferies et al., concluded that their own study
“supports WHO recommendations for timely decisive government leadership for evidence-informed,
risk-based escalation and de-escalation decisions” [16]. A commentary on the Jefferies et al., paper
in the same journal reinforced this message by stating that New Zealand’s experience highlighted
that successful NPIs “rely on early decisive reactions from health authorities, performant surveillance
systems, and targeted strategies as much as stringency” [24].

The importance of New Zealand’s successful communications of the evidence-based policies was
highlighted in the cross-country analysis of communications in countries that had been at least
reasonably successful in saving lives. While the overall analysis suggested clear evidence-based
messaging was a feature of most of the countries, it specifically identified New Zealand as one of the
cases that had shared epidemiological modelling data with the population [25]. Two of the report’s
major takeaways in relation to New Zealand were: “Communications were a critical intervention:
centrepiece of government response was a four-stage alert system for lockdown measures,
introduced and explained clearly to citizens before restrictions were put into effect...Messaging
critically reinforced by Prime Minister Jacinda Ardern: with a background in communications, she was
constantly accessible, clear, patient, and empathetic” [26].

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges

Challenges in production of evidence

As noted, one limitation reflected policy successes: low case numbers restricted recruitment to the
clinical trials funded in the main initial HRC-funding call (see section 1). Two of the three were
international, ASCOT and REMAP-CAP, but the third, a New Zealand trial of HCQ prophylaxis in
frontline healthcare workers did not proceed beyond the trial set-up phase because of the emerging
lack of efficacy for HCQ for COVID-19, and a replacement drug was reported to be unnecessary
because of the fall in cases [9].
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Challenges in use of evidence

At the outset there was a major challenge in terms of “a general lack of planning, public health
investment and readiness” [27]. As shown on Table 1 of the main paper, the GHS Index published in
October 2019 showed New Zealand lacked the capacity of other high income countries included in
our study [28]. Wiles thought the lack of readiness illustrated by the rank on the GHS survey
encouraged a science-based decision-making process to lockdown [29]. She explained: “countries
that thought they were prepared have done very badly...We knew our testing and hospital capacity
were really bad... we couldn’t just rely on testing and contact tracing” [29].

Many of the experts who had supported the approach hitherto were surprised at the apparent
comparatively limited consultation when the PM announced a change in strategy in October 2021
[30]. This change was also strongly criticised by leaders of the Maori and Pacific communities [31].
Seemingly unlike earlier, these communities by then had a disproportionately large number of the
overall low number of cases. They were also disproportionately likely to be hospitalised by COVID-
19, had lower vaccination rates, and had a potentially greater vulnerability to the virus which was
thought to have been a motive for the original elimination strategy adopted early in the pandemic
[32]. Following international spikes in the pandemic, and further variants, in the end New Zealand
continued its cautious approach throughout 2021. Table 1 from the main paper shows the number
of deaths remained very low throughout 2020 and 2021 and a high rate of vaccination was achieved
by the end of 2021 [33]. (The high rate of vaccination meant that though the number of cases surged
in several waves as Omicron rapidly spread once the restrictions were relaxed, the death rate
remained much lower than in most other countries across the globe despite increasing from its
extremely low level.)

Challenges in sustaining the research system

In late December 2021 the HRC announced additional funding for emerging researchers who, as
elsewhere, had been most vulnerable to being exposed to career challenges because of the
pandemic [34].

Summary

New Zealand researchers made a useful contribution to the international REMAP-CAP trial of drugs
that might be repurposed to treat COVID-19. However, the HRS’s main contribution came through
working broadly as set out in New Zealand’s comprehensive health research strategy for 2017-2027
with its focus on researching the priorities of relevant local stakeholders. The strategy’s vision
included the priority of promoting equity, and the pandemic response included a specific call for
Maori-led research intended to support equitable health and wellbeing outcomes for Maori. A series
of projects related to the needs of policymakers to understand the nature of the disease in the
country, to the small extent it was present in 2020 and 2021, and the effectiveness of the NPIs. The
research findings were then often effectively used and communicated, sometimes with researchers
simultaneously working alongside policymakers. In New Zealand, the health research strategy’s
priority of research findings being translated into policy and practice contributed to the context in
which PM Ardern highlighted the importance of both science and her Chief Scientific Adviser to
achieve the aim of eliminating COVID-19. There seemed to be a combination of relying on scientific
advice at the outset, and then increasingly also on (co-produced) findings from local research as well
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as continuing use of international evidence. PM Ardern’s effective evidence-based policymaking and
communications were widely praised. They were seen as a major factor in the country controlling
the virus well throughout 2020, and also in 2021 as high vaccination rates were achieved.

References

1. Health Research Council (HRC). Government agencies launch rapid research response to
COVID-19 threat. HRC, New Zealand, 24 Feb, 2020. https://www.hrc.govt.nz/news-and-
events/government-agencies-launch-rapid-research-response-covid-19-threat. Accessed 6 Aug 2022.
2. HRC. New research studies set to help local and global fight against COVID-19. HRC, New
Zealand, 17 Apr, 2020. New research studies set to help local and global fight against COVID-19 |
Health Research Council of New Zealand (hrc.govt.nz). Accessed 17 Jan 2022.

3. Geoghegan JL, Ren X, Storey M, Hadfield J, Jelley L, Jefferies S, et al. Genomic epidemiology
reveals transmission patterns and dynamics of SARS-CoV-2 in Aotearoa New Zealand. Nat Commun.
2020; doi: https://doi.org/10.1038/s41467-020-20235-8.

4, Swadi T, Geoghegan JL, Devine T, McElnay C, Shoemack P, Xiaoyun R, et al. A case study of
extended in-flight transmission of SARS-CoV-2 en route to Aotearoa New Zealand. Emerg Infect Dis.
2021; doi: 10.3201/eid2703.204714

5. Geoghegan JL, Moreland NJ, Le Gros G, Ussher JE. New Zealand’s science-led response to the
SARS-CoV-2 pandemic. Nat Immunol. 2021; doi: https://doi.org/10.1038/s41590-021-00872-x.
6. Gray L, MacDonald C, Tassell-Matamua N, Stanely J, Kvalsvig A, Zhang J, et al. Wearing one

for the team: views and attitudes to face covering in New Zealand/Aotearoa during COVID-19 Alert
Level 4 Lockdown. J Prim Health Care. 2020; doi:10.1071/HC20089.

7. The Writing Committee for the REMAP-CAP Investigators. Effect of hydrocortisone on
mortality and organ support in patients with severe COVID-19: The REMAP-CAP COVID-19
corticosteroid domain randomized clinical trial. JAMA. 2020; doi:10.1001/jama.2020.17022.

8. The WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group.
Association between administration of systemic corticosteroids and mortality among critically ill
patients with COVID-19. A meta-analysis. JAMA. 2020; doi:
https://dx.doi.org/10.1001%2Fjama.2020.17023

9. HRC. Update on COVID-19 clinical trials. HRC, New Zealand, 17 Feb 2021.
https://hrc.govt.nz/news-events/update-new-zealands-rapid-response-covid-19-clinical-trials.
Accessed 12 Jan 2022.

10. HRC. Studies show improved outcomes for COVID-19 patients receiving steroid treatments.
HRC, 2 Sept 2020. Studies show improved outcomes for COVID-19 patients receiving steroid
treatments | Health Research Council of New Zealand (hrc.govt.nz). Accessed 7 Dec 2021.

11. The REMAP-CAP Investigators. Interleukin-6 receptor antagonists in critically ill patients with
Covid-19. N. Engl. J. Med. 2021;384:1491-1502.

12. ASCOT. AustralaSian COVID-19 trial. https://www.ascot-trial.edu.au. Accessed 10 Dec 21.
13. Ministry of Business, Innovation and Employment (MBIE) /Ministry of Health. New Zealand
health research strategy 2017-2027. Wellington: Ministry of Business, Innovation and
Employment/Ministry of Health; 2017. nz-health-research-strategy-jun17.pdf Accessed 17 Nov 2021.
14. HRC. New call for proposals now open: COVID-19 equity response. HRC, New Zealand, 4 Aug,
2020. https://mailchi.mp/hrc/new-covid-19-call-opens-today-equity-focus?e=69b9329363. Accessed
16 Aug 2021.

15. HRC. Developing the knowledge for a health system shift towards equity, 27 July, 2021.
Developing the knowledge for a health system shift towards equity | Health Research Council of
New Zealand (hrc.govt.nz). Accessed 15 Aug 2021.

16. Jefferies S, French N, Gilkison C, Graham G, Hope V, Marshal J, et al. COVID-19 in New
Zealand and the impact of the national response: a descriptive epidemiological study. Lancet Public
Health. 2020; doi: https://doi.org/10.1016/52468-2667(20)30225-5.

49


https://www.hrc.govt.nz/news-and-events/government-agencies-launch-rapid-research-response-covid-19-threat
https://www.hrc.govt.nz/news-and-events/government-agencies-launch-rapid-research-response-covid-19-threat
https://www.hrc.govt.nz/news-and-events/new-research-studies-set-help-local-and-global-fight-against-covid-19
https://www.hrc.govt.nz/news-and-events/new-research-studies-set-help-local-and-global-fight-against-covid-19
https://doi.org/10.1038/s41467-020-20235-8
https://doi.org/10.1038/s41590-021-00872-x
https://dx.doi.org/10.1001%2Fjama.2020.17023
https://hrc.govt.nz/news-events/update-new-zealands-rapid-response-covid-19-clinical-trials
https://www.hrc.govt.nz/news-and-events/studies-show-improved-outcomes-covid-19-patients-receiving-steroid-treatments
https://www.hrc.govt.nz/news-and-events/studies-show-improved-outcomes-covid-19-patients-receiving-steroid-treatments
https://www.ascot-trial.edu.au/
https://www.health.govt.nz/system/files/documents/publications/nz-health-research-strategy-jun17.pdf
https://mailchi.mp/hrc/new-covid-19-call-opens-today-equity-focus?e=69b9329363
https://hrc.govt.nz/news-and-events/developing-knowledge-health-system-shift-towards-equity
https://hrc.govt.nz/news-and-events/developing-knowledge-health-system-shift-towards-equity
https://doi.org/10.1016/S2468-2667(20)30225-5

17. HRC. COVID-19 research team earns Liley Medal for landmark study on NZ’s pandemic
response. HRC, 18 Nov 2021. COVID-19 research team earns Liley Medal for landmark study on NZ’s
pandemic response | Health Research Council of New Zealand (hrc.govt.nz). Accessed 7 Dec 2021.
18. Ardern J. Opening Remarks. In: Mahi Tahi 2. Annual Report 2020. Auckland, New Zealand:
Office of the Prime Minister’s Chief Scientific Advisor. 2020. https://cpb-ap-
se2.wpmucdn.com/blogs.auckland.ac.nz/dist/f/688/files/2020/01/PMCSA-Annual-Report-2020-web-
version -to-upload-v4.pdf Accessed 15 Aug 2021

19. Baker MG, Wilson N, Anglemyer A. Successful elimination of Covid-19 transmission in New
Zealand. NEJM. 2020; doi:10.1056/NEJMc2025203

20. McCallum H. Dr. Siouxsie Wiles named 2021 New Zealander of the Year. Stuff, 31 March
2021. Dr Siouxsie Wiles named 2021 New Zealander of the Year | Stuff.co.nz. Accessed 7 Dec 2021.
21. Giattino C, Ritchie H, Roser M, Ortiz-Ospina E, Hasell J. Excess mortality during the
Coronavirus pandemic (COVID-19) —[data for end of 2021]. Excess mortality during the Coronavirus
pan/demic (COVID-19) - Statistics and Research - Our World in Data. Accessed 10

Aug 2022.

22. Ritchie H, Mathieu E, Rodés-Guirao L, Appel C, Giattino C, Ortiz-Ospina E, et al. Coronavirus
pandemic (COVID-19). Published online at OurWorldInData.org . Retrieved from:
https://ourworldindata.org/coronavirus Accessed 10 Aug 2022

23. Mazey S, Richardson J. Lesson-Drawing from New Zealand and Covid-19: the need for
anticipatory policy making. The Political Quarterly. 2020; doi: http://dx.doi.org/10.1111/1467-
923X.12893.

24, Robert A. Lessons from New Zealand’s COVID-19 outbreak response. Lancet Public Health.
2020; doi: https://doi.org/10.1016/S2468-2667(20)30237-1

25. Tworek H, Beacock I, Ojo E. Democratic Health Communications during Covid-19: A RAPID
Response. Vancouver: UBC Centre for the Study of Democratic Institutions, September 2020.
Democratic-Health-Communication-during-Covid FINAL.pdf (ubc.ca) Accessed 4 May 2022.

26. Beacock |I. New Zealand. In: Tworek H, Beacock I, Ojo E. Democratic Health Communications
during Covid-19: A RAPID Response. Vancouver: UBC Centre for the Study of Democratic Institutions,
September 2020; 72-6. Democratic-Health-Communication-during-Covid FINAL.pdf (ubc.ca)
Accessed 4 May 2022.

27. Gorman D, Horn M. On New Zealand’s weak, strong and muddled management of a COVID-
19 epidemic. Intern Med J. 2020;80:901-4.

28. Global Health Security Index (2019). Nuclear Threat Initiative (NTI) and John Hopkins. Oct
2019. https://www.ghsindex.org/wp-content/uploads/2021/11/2019-Global-Health-Security-
Index.pdf. Accessed 8 Dec 2021.

29. Global Health Security Index. Top New Zealand health official cites GHS index as key to
country’s successful COVID-19 response. News Item, 3 Mar 2021. Top New Zealand Health Official
Cites GHS Index as Key to Country’s Successful COVID-19 Response - GHS Index. Accessed 6 Nov
2021.

30. McClure T. New Zealand government’s pivot from Covid elimination ‘surprised’ top health
experts. The Guardian, 12 Oct 2021. New Zealand government’s pivot from Covid elimination
‘surprised’ top health experts (msn.com) Accessed 12 Oct 2021.

31. McClure T. Maori party warns reopening New Zealand amid Covid outbreak would be
‘modern genocide’. Guardian 11 Oct 2021. Maori party warns reopening New Zealand amid Covid
outbreak would be ‘modern genocide’ | New Zealand | The Guardian. Accessed 11 Oct 2021.

32. Baker MG, Kvalsvig A, Verrall AJ. New Zealand’s COVID-19 elimination strategy. Med J Aust.
2020; doi: https://doi.org/10.5694/mja2.50735.

33. Mathieu, E., Ritchie, H., Ortiz-Ospina, E. et al., A global database of COVID-19 vaccinations.
Nat Hum Behav. 2021;5:947-953. Web update for 31 Dec 2021: Coronavirus (COVID-19)
Vaccinations - Our World in Data Accessed 10 Aug

2022.

50


https://www.hrc.govt.nz/news-and-events/covid-19-research-team-earns-liley-medal-landmark-study-nzs-pandemic-response
https://www.hrc.govt.nz/news-and-events/covid-19-research-team-earns-liley-medal-landmark-study-nzs-pandemic-response
https://cpb-ap-se2.wpmucdn.com/blogs.auckland.ac.nz/dist/f/688/files/2020/01/PMCSA-Annual-Report-2020-web-version_-to-upload-v4.pdf
https://cpb-ap-se2.wpmucdn.com/blogs.auckland.ac.nz/dist/f/688/files/2020/01/PMCSA-Annual-Report-2020-web-version_-to-upload-v4.pdf
https://cpb-ap-se2.wpmucdn.com/blogs.auckland.ac.nz/dist/f/688/files/2020/01/PMCSA-Annual-Report-2020-web-version_-to-upload-v4.pdf
https://www.stuff.co.nz/national/124716722/dr-siouxsie-wiles-named-2021-new-zealander-of-the-year
https://ourworldindata.org/excess-mortality-covid
https://ourworldindata.org/excess-mortality-covid
https://ourworldindata.org/coronavirus
http://dx.doi.org/10.1111/1467-923X.12893
http://dx.doi.org/10.1111/1467-923X.12893
https://doi.org/10.1016/S2468-2667(20)30237-1
https://democracy2017.sites.olt.ubc.ca/files/2020/09/Democratic-Health-Communication-during-Covid_FINAL.pdf
https://democracy2017.sites.olt.ubc.ca/files/2020/09/Democratic-Health-Communication-during-Covid_FINAL.pdf
https://www.ghsindex.org/wp-content/uploads/2021/11/2019-Global-Health-Security-Index.pdf
https://www.ghsindex.org/wp-content/uploads/2021/11/2019-Global-Health-Security-Index.pdf
https://www.ghsindex.org/news/top-new-zealand-health-official-cites-ghs-index-as-key-to-countrys-successful-covid-19-response/
https://www.ghsindex.org/news/top-new-zealand-health-official-cites-ghs-index-as-key-to-countrys-successful-covid-19-response/
https://www.msn.com/en-gb/news/world/new-zealand-government-s-pivot-from-covid-elimination-surprised-top-health-experts/ar-AAPoQcQ?ocid=msedgntp
https://www.msn.com/en-gb/news/world/new-zealand-government-s-pivot-from-covid-elimination-surprised-top-health-experts/ar-AAPoQcQ?ocid=msedgntp
https://www.theguardian.com/world/2021/oct/11/maori-party-warns-reopening-new-zealand-amid-covid-outbreak-would-be-modern-genocide
https://www.theguardian.com/world/2021/oct/11/maori-party-warns-reopening-new-zealand-amid-covid-outbreak-would-be-modern-genocide
https://doi.org/10.5694/mja2.50735
https://ourworldindata.org/covid-vaccinations
https://ourworldindata.org/covid-vaccinations

34. HRC. Extra $6.8M for emerging researchers impacted by COVID-19. HRC, 22 Dec 2021. Extra
$6.8M for emerging researchers impacted by COVID-19 | Health Research Council of New
Zealand (hrc.govt.nz). Accessed 17 Jan 2022.

51


https://www.hrc.govt.nz/news-and-events/extra-68m-emerging-researchers-impacted-covid-19
https://www.hrc.govt.nz/news-and-events/extra-68m-emerging-researchers-impacted-covid-19
https://www.hrc.govt.nz/news-and-events/extra-68m-emerging-researchers-impacted-covid-19

United Kingdom

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

On 4% February 2020 the National Institute for Health Research (NIHR) and UK Research and
Innovation (covering all the UK Research councils, including the Medical Research Council (MRC))
launched a GBP20m COVID-19 research call, the first of many the funders would make over the next
two years [1]. In the 12 months from April 2020 there were over one million participants in 101
studies prioritised with Urgent Public Health status [2], often established with the involvement of
NIHR’s Biomedical Research Centres, including at Oxford [3], as well as MRC-funded centres, and
delivered in the NIHR’s Clinical Research Network (CRN) [2,4].

Therapies

The first site was set up on average three days after a study was approved. A researcher quoted said
“it’s as if someone’s taken a time warp machine to it” [4]. All Trusts within the National Health
Service (NHS) delivered NIHR CRN portfolio studies [2]. The initial intense centralisation of
prioritisation at national, and then local, levels was facilitated by the existing NIHR structure built up
over many years. The prioritisation meant in most cases researchers in NHS hospitals were, in
practice, initially able to set up (or often even conduct) research on only a few centrally selected key
COVID Urgent Public Health studies [4-6]. The list was selected by a small group of key players [4]
and agreed across the governments of the UK nations (i.e., for Scotland, Wales and Northern Ireland
their own administrations, and for England the UK Government). It covered projects from among the
many projects proposed by researchers. They had various funders including the MRC, not just the
NIHR. The first six priority projects included RECOVERY for repurposing drugs [7], with REMAP-CAP
soon added [8].

The RECOVERY adaptive platform trial was created rapidly at Oxford by Peter Horby and Michael
Landray whose affiliations included NIHR and MRC funded centres, and who had already been
exploring ways of speeding up clinical trials. Ethics review and other procedures were accelerated: it
took just nine days from protocol finalisation to recruitment of the first patient. With its brief
protocols the RECOVERY trial was implemented as a priority study “using the amazing clinical
network in the NHS built up over many years” and recruited its first 1,000 patients in 16 days [5,9-
12].

Many factors also contributed to the rapid findings from what became the world’s largest COVID-19
trial. These included the large number of UK cases: “the United Kingdom’s own bungled public health
response to the new virus, which has led to Europe’s largest outbreak, has been taken advantage of
by Recovery” [13]. Further reasons included: the harnessing of over 25 different datasets, including
through repurposing of the recently created NHSDigiTrials which minimised the burden for patients
and staff [14], and, more broadly, the overall coordination possible with the integrated healthcare
system, and buy-in from stakeholders at every level into a study seen as embracing “quality-by-
design” and addressing urgent needs [4,5,9,10].
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A press release from the RECOVERY team at lunchtime on 16 June 2020 announced dexamethasone
could reduce deaths [15]; it was in use in the NHS later that day (see next section) and published as a
pre-print a week later and online in the NEJM on 17 July [13,16]. It made a key contribution to
WHO's (UK-led) rapid appraisal of corticosteroids (57% weight) [17], and the living guideline [18]. In
the summer of 2020, the enormous scale of potential health and economic benefits from use of
dexamethasone as a COVID-19 therapy were estimated [19]. RECOVERY equally rapidly showed
some suggested novel therapies, e.g., HCQ, did not work [20), and contributed 74% weight to the
largest early meta-analysis [21]. Publication of findings from RECOVERY [22] and REMAP-CAP [23]
showing the value of IL-6 receptor antagonist triggered a further update of WHQ's living guideline,
with RECOVERY again providing most cases [24]. Both trials also reported further findings.

While REMAP-CAP had sites across the globe, at one point 65% of total patients in REMAP-CAP arms
were in UK NIHR CRN sites [8]. This was partly because in other countries REMAP-CAP faced
competition from local studies in addition to often facing greater delays than in the UK before being
allowed to start enrolling patients [11]. Horby, contrasting the ongoing success in the UK of
RECOVERY and REMAP-CAP platform trials with developments elsewhere, commented: “There’s
been a huge amount of wasted resources...it’s not surprising because we’re in a pandemic and
everybody wants to try and do something” [9].

Despite some concerns about aspects of the speed of the RECOVERY trial, and implications for other
possible trials, (see section 3), there was considerable support from clinicians [4,5], and wide
international attention and approval [11,13,25-29]. This included noticing “the trial was remarkably
inexpensive and has proved its value” [29].

However, it would not have been feasible to have achieved the rapid success without the resources
that had been committed since 2006 to building up the NIHR/CRN infrastructure [30,31] which
“enabled NHS hospitals to deliver research of global importance at unprecedented pace” [4]. In
addition to that general observation, Wyatt et al., also analysed in detail what happened in their
large NHS Acute Trust, which included a group of major research hospitals. They explained “how the
embedded research system was adapted and repurposed to support the COVIID-19 response....The
Trust and national COVID-19 response entailed a rapid large-scale reorganisation of research staff,
research infrastructure and research priorities” [4]. So, while the existing NIHR/CRN infrastructure
was necessary, other factors involved included the prioritisation being much more severe than usual,
and some research capacity being redeployed to focus on the priority projects as other research staff
were redeployed to provide extra clinical support in the initial crisis. All this was achieved with no
pre-planning within the Trust [4].

Having a unified national healthcare system and centralised research prioritisation also meant the
UK was more able to resist various overlapping aspects of what became labelled as “hype-based
medicine”, i.e., the demand for unproven treatments driven especially by ill-informed parts of the
media and political leadership [11,32]. One aspect of this was the unstructured but widespread
patient demand for treatments such as HCQ, with which some clinicians acquiesced, and another
was the explosion of small, duplicate trials of such drugs as certain clinicians, sometimes with very
limited experience of research, desperately searched for an effective cure whilst coping with patient
pressure [9,11,32,33].
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In a letter to clinicians in the NHS in April 2020, the Chief Medical Officers across the UK nations,
including Chris Whitty in England who also headed the NIHR, not only encouraged them to include
patients in the priority trials of repurposed drugs as potential therapies, but also strongly
discouraged the use of off-licence treatments outside of trials [5,26]. The NIHR itself claimed, “By
being embedded in the NHS, we have been able to respond quickly and prioritise research based on
science, relevance and feasibility” [34]. This continued with additional COVID-19 research topics of
concern to the healthcare system regularly being identified, including treatments for long-COVID
[35], and whether COVID-19 vaccines should be administered with seasonal influenza vaccines [36].
A prospective study of early UK responses to the pandemic commented on “research readiness” and
concluded “the UK was particularly well prepared, in global terms, to respond rapidly with, for
example, clinical trials” [37].

Oxford/AstraZeneca Vaccine

The success of Sarah Gilbert, Catherine Green and many others in developing the Oxford vaccine was
based on years of work on vaccines at the university’s Jenner Institute [38]. This included creating a
platform which would enable them to respond more rapidly than ever before to a new virus, Disease
X. In early January 2020, SARS-Cov-2 turned out to be Disease X. Even before the publication of the
sequence of the new virus’s genome on 11 January, Gilbert and colleagues such as Teresa Lambe
had started considering the implications of the new virus. They had liaised with international
colleagues, such as in the National Institutes of Health (NIH) in the US, and decided to use their new
platform to develop a vaccine as soon as the genetic sequence was released [38-40].

The Oxford team had to make considerable efforts (initially sometimes difficult) to raise funds. Their
efforts did, however, result in them receiving support from the NIHR (including Oxford Biomedical
Research Centre, the CRN and through using some of the aid budget research funding for vaccine
development), the MRC, the Centre for Epidemic Preparedness Innovation (CEPI), and many others
[38,39,41]. CEPI, launched in 2017, used resources received from governments and philanthropic
organisations to fund the development of vaccines [12,38], and in March 2020 the UK Government’s
COVID-19 vaccine donation of GBP210m to CEPI was the “largest single contribution by any country
to date” [42].

The team also liaised (globally) with researchers and AstraZeneca and rapidly progressed ethical
approval and other aspects of the trials conducted widely in the NHS, and eventually overseas [38-
41,43-45]. A key animal study was successfully conducted in the NIH lab of their collaborators and
published in Nature in July, 2020 [44], by which time the human trials were well underway. In the
UK, the speed of the trials was increased by various aspects of the mobilisation of the NIHR CRN, as
listed above, including the vaccine’s prioritisation as one of the six initial Urgent Public Health
studies [7]. The findings from the UK phase 2/3 trial were published in the Lancet in November 2020
[45], with the combined findings from the trials in the UK, Brazil and South Africa published also in
the Lancet a month later [41].

A previous analysis about how processes of vaccine/drug development might be accelerated had
proposed approaches such as using more resources and conducting the usual phases of
development in parallel overlapping ways where possible [46]. The rapid development of the
Oxford/AstraZeneca and other vaccines provided evidence that encouraged such lessons to be
further elaborated [43,47,48].
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Surveillance

During March 2020 another rapid collaboration driven initially by researchers led by Sharon Peacock,
with the support of the UK Government’s Chief Scientific Adviser Patrick Vallance, successfully
created the COVID-19 Genomics UK Consortium (COG-UK). With funding from the UKRI/MRC, NIHR
and Wellcome it built on existing strengths in areas such as pathogen genomics and the network of
specialist academic facilities working with public health agencies and the NHS [12,49,50]. Peacock
highlighted the importance of MRC pre-pandemic funding that had established a readily accessible
cloud bioinformatic infrastructure. She also “recognised the importance of an open science culture”
[49], and described how the consortium members posted details of their work, made manuscripts
available as preprints and published in open access formats. In a paper published online in July 2021
a team from the US noted, “With respect to genomic surveillance of COVID-19, the vast majority of
the most reliable data derive from the COVID-19 Genomics UK(COG-UK) collaborations between
academicians and public health authorities” [51].

In October 2021 the UK Health Security Agency (formerly one part of Public Health England)
provided an overview of various national surveillance programmes in the UK funded by the health
department and delivered by “research, academic and commercial partners” and others [52]. The
most high-profile ones developed by UK scientists included the Real-time Assessment of Community
Transmission (REACT) study based at Imperial College London and the Zoe COVID-19 app from King's
College London. Both were highly regarded for the surveillance studies they conducted [53,54].

As the pandemic continued, attempts to understand the nature of the disproportionate impact of
COVID-19 on certain ethnic populations highlighted some of the detailed issues that still needed to
be explored: “Prioritising linkage between health, social and employment data will be essential in
building a complete picture of ethnic differences in COVID-19 risk and outcomes” [55].

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

Gilbert and the Oxford/ AstraZeneca team started working early in a productive, iterative manner
with the UK regulator, the Medicines and Healthcare products Regulatory Agency (MHRA), to ensure
all the usual approval steps were completed, but much more rapidly than usual, resulting in an
effective vaccine being approved (as were Pfizer/BioNTech, then Moderna) [38,41,43]. Green
explained they started talking to the MHRA early: "we kept talking to them all the way through, and
they reviewed all of our data — over 500,000 pages of it —on a rolling basis...looked at it just as
carefully as they always do. But they started sooner, and put more people on it” [38].

Under the Vaccine Task Force established by the Government and led by Kate Bingham [12], the
vaccine advance purchase went well [47], as did the vaccine rollout generally. The UK Parliament’s
enquiry, Coronavirus: lessons learned to date, took a wide range of evidence on many issues.
Published in September 2021, it claimed the UK'’s vaccination programme “encompassing discovery,
purchase and full vaccination of over 80% of the adult population by September 2021...has been one
of the most effective initiatives in the history of UK science and public administration” [56].
(However, as Table 1 of the main paper shows, by the end of 2021 the UK vaccination rate as a
percentage of the total population was lagging that of various countries that had started vaccinating
after the UK [57]).

55



While the genomics consortium was a research consortium it aimed to provide data and analysis
tools to inform public health actions and policy decisions [49]. According to one of many papers the
consortium’s real-time whole genome sequencing proved very valuable in controlling outbreaks in
hospital settings, both in identifying high risk areas and also “validating existing control measures in
other units, maintaining clinical service overall” [50].

Building on its well-established role alongside the NIHR of producing clinical guidance for the NHS,
the National Institute for Health and Care Excellence effectively accelerated its processes during the
pandemic. By December 2021 it had produced guidance on 19 COVID-19 topics. Some were
frequently updated as new evidence emerged [58]. As one example, on Vitamin D, the rapid but
thorough review of over 200 pages repeated Government recommendations for taking it, but not,
on existing knowledge, as something to prevent or treat COVID-19 other than in clinical trials, which
it recommended should occur [59].

The rapid uptake of corticosteroids in clinical practice in the NHS [5,13] partly reflected the
organisational structure of the NHS and almost instant use recommendation from Chief Medical
Officers across the UK nations [60]. Rapid uptake was also enhanced by the build-up of research
capacity embedded into the NHS through the CRN and other aspects of the NIHR research
infrastructure described in the background of the main paper [30,31,61]. In addition to the benefits
the CRN provided to the production of research, the experience from the pandemic might reinforce
lessons from studies conducted earlier for the NIHR indicating research active healthcare
organisations were likely to have better outcomes, partly because the medical academics knowing
about and trusting the research findings, were more likely to apply them [62,63].

Trish Greenhalgh from the Oxford COVID-19 Evidence Service was reported as having tweeted on 21
March 2020 that it should be recognised how rapidly some COVID-19 research evidence was
influencing a range of policy and practice: “This week, I’'ve seen observational studies and rapid
reviews done in days, which have changed policy in minutes and practice in hours” [64].

An initial detailed estimate of the possible health gains from the use of dexamethasone was made by
members of the RECOVERY team and others for the period from July-December 2020, but the
margins were wide, especially for the global picture [19]. Building on these figures, the NHS
estimated that by March 2021 the use of dexamethasone had saved 22,000 lives in the UK, and
possibly a million worldwide [65]. Public Health England estimated 27,200 deaths had been averted
in England by the COVID-19 vaccination programme by 19 June 2021 [66], and a study of those aged
60+ across 33 European countries estimated the vaccines averted 470,000 deaths by November
2021 [67].

Studies also began to consider how to assess the value of the impact of rapid COVID-19 research,
especially in the context of possible challenges to the science budget in the light of the damage to
government finances caused by the pandemic [3]. Such work also identified new areas to consider in
the circumstances of a pandemic. First, the benefits of having capacity in the Biomedical Research
Centres that could be rapidly deployed to address the crisis [3] - the role of such capacity was also
considered in a later paper [68]. Second, it proposed that any resulting contribution to accelerating
research that was used to reduce the need for economically damaging pandemic counter-measures,
would provide a high rate of return [3]. Another UK study involved a detailed analysis of the impact
of having a largely NIHR-coordinated research infrastructure embedded in a major London Hospital
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Trust. This could facilitate the rapid redeployment of research staff — some to provide extra clinical
staff in the COVID-19 crisis, and some to contribute to the COVID-19 research that made such rapid
progress in the UK [69]. This paper, therefore, highlighted the degree of effort and reorganisation
that was required to achieve the benefits from having the research infrastructure that could respond
flexibly to the pandemic.

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges

Challenges in production of evidence

The speed with which RECOVERY was established was admired, but there were some criticisms such
as about the dosage for some drugs, though, as noted, expert advice was followed [5,70]. A much
smaller percentage of admitted patients were recruited at some NHS trusts than others. Concerns
about this led Darzi et al., to call for research to become part of the clinical pathway for all COVID-19
patients [71], something they, and others, also said should be a routine approach across the NHS,
e.g., by using platform trials [10].

The acceleration of urgent COVID-19 research reduced the average time from 62 to five days for
Health Research Authority approval, but initially there was a big drop in PPI [72]. Therefore, the
Authority established a matching service connecting research teams with existing PPl groups. Within
six months “the level of public involvement in Covid-19 research recovered to - and exceeded — the
normal level” [72]. Despite challenges from the shift to online meetings, some were positive about
the benefits in terms of inclusivity [4,72].

Challenges in use of evidence

The Scientific Advisory Group for Emergencies (SAGE) advises the UK government in emergencies.
Both were strongly criticised by the Parliamentary report for the high number of deaths resulting
from the slowness of the decision to lockdown in the first wave. Even when SAGE advised strong
measures on 16 March 2020, the Government took a further week to act [56]. Several reasons were
suggested for what appeared to be a type of initial “group think” that some claimed was a belief in
“herd immunity” against a pandemic wrongly assumed to be flu-like. First, insufficient attention was
given to international evidence and those who relayed it, including experts from the UK medical
academic world such as the editor of the Lancet, Richard Horton. This might have resulted from a
lack of international members on SAGE, and a political culture that promoted British exceptionalism
and had weakened trust in evidence [56,73,74]. Second, SAGE members were perhaps too cautious
because introducing a lockdown seemed to be off the Government’s agenda [74-76].

Many scientists were angry that the Government initially seemed to be slower than others to
introduce science-informed NPIs such as lockdowns, and some, including a former Chief Scientific
Advisor, established their own “Independent SAGE” in an attempt to increase transparent and
evidence-informed advice [64,73]. One area of particular concern was the disproportionate impact
of COVID-19 on certain ethnic minority populations [55,56]. Another early area of extreme concern
was the limited testing in the UK and the consequently large number of deaths in care homes [56].
Jeremy Farrar noted that by 11 March, Public Health England was conducting about 10,000 tests per
week, while Germany was doing 500,000. By April, he said, it was obvious the virus was spreading in
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institutions but without greater testing it was difficult to gauge exactly what was going on. He
commented: “No matter how much SAGE advised that such testing was central to any strategy,
advisers had no operational power or oversight to make it happen” [12].

Responsibility for policies that ran the risk of high death rates in the subsequent waves seemed
clear. Farrar explained in detail that the advice from a SAGE meeting of 21 September 2020, and
then an accompanying paper, “was unambiguous: ‘A package of interventions will be needed to
reverse this exponential rise in cases’.. ..’not acting now to reduce cases will result in a very large
epidemic with catastrophic consequences in terms of direct COVID related deaths’” [12]. The paper
also made clear that this second wave would disproportionately hit the frailest in society and those
on lower income and from Black, Asian and minority communities. It was clearly spelt out that
stricter restrictions would mean fewer deaths. At that stage PM Johnson refused to take the action
he eventually had to take weeks later.

In relation to this failure to act at the appropriate time, Farrar wrote: “/ respect the mantra that
scientists advise and ministers must decide, but ministers were clearly overriding SAGE advice, often
while claiming to follow it...| began to question the point of giving advice to a body that chose not
use it” [12]. He reflected on “the delays that preceded the second lockdown, despite the wealth of
data pointing to imminent disaster” then also stated: “Many of the UK’s Covid-19 deaths happened
in January, February and March of 2021; they were avoidable. The political decisions made, or not
made, in the second half of 2020 were unforgivable”

[12].

Policy analysts from New Zealand with long-experience of the UK system described the importance
of mobilising expertise to deliberate on public policies as PM Ardern had successfully done, but then
also commented on a broader move by recent UK governments away from a previous pattern of
deliberation with expertise. They claimed, “the British government’s stumbling (at least from a New
Zealand perspective) response to COVID-19, hard on the heels of the policy-making ‘omnishambles’
of the UK’s departure from the EU, is nothing unusual” [77].

Several analyses of lessons from the COVID-19 research response, including from the UK,
considered the challenges in producing evidence to inform policies about NPIs such as face masks
where it was extremely difficult to conduct standard RCTs relevant to the issues faced in the
pandemic [32,64,73,78]. Some pointed to the frustration of researchers such as Greenhalgh et al.,
who in an article in the BMJ in April 2020 had drawn on the evidence that was available on masks
and called for support for mask mandates based on application of the precautionary principle [78],
only to find policymakers in the UK initially seemed reluctant to act in the absence of the gold-
standard RCT evidence [32,64].

Farrar and others also asked why countries ranked 1°tand 2"¢ on the 2019 GHS Index (US and UK)
[79] suffered high death rates. On the specific part of the Index related to preparing for a pandemic,
the UK had the highest score. According to one researcher looking at the high scores but poor
performance by the UK and US: “we had everything — except leadership” [80]. One of the GHS Index
team was quoted as saying: “Even though the US and UK had the best environments in terms of plans
in place and thinking about what they would need in terms of capacity...when it came to the moment
that everyone had been preparing for, the decision-making really hampered the actual ability of the
country to respond” [80].
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Leadership and evidence-based policies were required from the start. Horton told the UK
Parliamentary inquiry that his journal, the Lancet, had published three papers in late January 2020
describing the alarming nature of the new disease, and that February had been the opportunity for
the UK to really prepare for this disease. But, he stated, the UK “missed that opportunity. We could
have used the month of February, based on what we knew in January” [56]. Similarly, several WHO
reports throughout February 2020 described public health steps for countries to follow, including,
according to the Parliamentary report, advice on 24 February 2020 that countries should
“Immediately activate the highest level of national Response Management protocols to ensure the
all-of-government and all-of-society approach needed to contain COVID-19 with non-pharmaceutical
public health measures” [56]. Farrar reported the claims, however, that PM Johnson had not been
paying attention to the pandemic in the vital early weeks [12] - this period when action was required
was well before the PM first tested positive for COVID-19 on 27 March 2020, and before the
eventual announcement on 23 March 2020 by the UK Government of the of the (delayed) first
lockdown.

The UK’s position on the GHS Index published in December 2021 fell to seventh compared to second
in 2019 [81].

The cross-country analysis by Tworek et al., of the communications used by authorities in nine
countries with at least a reasonably effective response to COVID-19 contrasted them “with
democracies that struggled to communicate around Covid-19, particularly the United Kingdom and
the United States” [82]. Journalists commenting on this noted that whereas some governments
have been praised for the science-driven way that they have communicated about the pandemic,
others “most notably the U.S. and the U.K., have been hit with criticism for public health messages
that are confusing or not based in science” [83].

Challenges in sustaining the research system

Reductions in the funds of medical research charities [84] created major challenges for many
researchers, as did the tight central controls, and delays, even on many COVID-19 projects other
than those badged as Urgent Public Health studies [4]. Gradually more trials could be set up on
COVID-19 in the NIHR CRN, and continued, or set up, on other topics, with about 80% of previously
paused studies reopened by March 2021 [2].

A December 2021 report noted continued challenges but more progress in managed recovery of the
wider clinical research portfolio. It described moves, partly informed by pandemic lessons, to “drive
value creation for industry and patients, delivered through faster, cheaper, better-quality... research
embedded across the NHS as a core part of effective patient care” [85].

Summary

Strengths of the UK’s HRS, including the research network embedded into the healthcare system, in
line with the 2006 comprehensive NIHR strategy, resulted in major advances in knowledge
production and the Oxford/AstraZeneca vaccine. Leaders of the UK’s HRS ensured a coordinated
approach by applying a strict prioritisation process in which initially only a small number of key trials
were allowed to use the resources of the NIHR in the public healthcare system. Priorities included
RECOVERY and REMAP-CAP, the major adaptive platform trials. The strengths of the CRN capacity in

59



the unified health care system were further developed with measures including accelerated ethical
approval and enhanced data access. This enabled accelerated research progress with RECOVERY
producing a series of rapidly published papers with key findings, including dexamethasone as the
first therapy proven to reduce COVID-19 deaths. The UK system also resulted in much less waste
than was reported elsewhere. The long-term vaccine development capacity at Oxford University led
by Sarah Gilbert and colleagues provided a platform that facilitated unprecedentedly rapid vaccine
development, and again highly cited publications. Similarly, existing capacity in the academic system
was developed to create a world-leading genomic surveillance system. While political leaders did not
openly dismiss the science in the way that occurred in Brazil and the US, at key times they appeared
to fail to use and communicate the evidence effectively. Therefore, policies from PM Johnson and
his Government that disregarded the scientific evidence are held to be responsible, at least in part,
for a much higher death rate than in comparable countries such as Germany.
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United States

Section 1: Examples of achievements in production of primary and secondary research to
inform development of COVID therapies, vaccines, national/local organisational
responses; examples (and lessons) about links to existing strengths in the health research
system

The US had the highest funding levels for COVID-19 research, and the most projects and publications
[1,2].

Vaccines

Parts of the health research system had long researched the basic science around the potential of
using mRNA. The many researchers included: Katalin Kariké and Drew Weissman at the University of
Pennsylvania whose work showed the importance of modifying mRNA; researchers linked to the
NIH; and those around the biotech company Moderna whose name came from combining modified
and RNA [3-5]. As noted in the section on Germany above, some scientists pursued this research
because they believed it would prove valuable even when, especially Kariko, they received little
encouragement as academic researchers. (Following the success of the mRNA vaccines, Kariké, who
later also joined BioNTech, and Weissman began winning an increasing number of major scientific
awards [3].)

Researchers at Moderna immediately started developing their COVID-19 vaccine once the sequence
of the genome was released in mid-January 2020 and they intensified their work with Anthony
Fauci’s National Institute of Allergy and Infectious Diseases (NIAID). Moderna was first to start
human trials of a COVID-19 vaccine [3-6]. It continued working closely with NIAID through the
phases of vaccine development with a series of animal and human trials reported in the NEJM [7-10].
The NIH/NIAID was the major funder along with others especially Biomedical Advanced Research
and Development Authority (BARDA), and the wording about the early human trial emphasised that
while employees of Moderna collaborated on protocol development and participated in weekly
protocol team calls, NIAID “ultimately made all decisions regarding trial design and implementation”
[8]. Other vaccine developers working with NIH included the University of Oxford team for one early
animal trial [11,12]. (See UK section above.)

Operation Warp Speed (OWS) was created by the US government in May 2020 to coordinate and
work through the efforts of various organisations including the work of the Health and Human
Science Department’s NIH and BARDA and the Department of Defense with its Defense Health
Agency and the Defense Advanced Research Projects Agency (DARPA) programme [13]. With an
initial budget of almost USD10 billion, Operation Warp Speed (OWS) was created as “a public-private
partnership to facilitate, at an unprecedented pace, the development, manufacturing, and
distribution of COVID-19 countermeasures” [13]. The joint leadership reflected the enormous range
of the considerable resources deployed to undertake the various tasks. The Chief Advisor of OWS,
Moncef Slaoui, was a venture capitalist and former senior executive at GlaxoSmithkline where he
had led development of five major novel vaccines. The chief operating officer, General Gustave
Perna, was in charge of the US Army Materiel Command [13].
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OWS aimed to accelerate vaccine progress by laying down a prioritisation plan for contributing to
late stage development of at least four COVID-19 vaccines and early stage manufacture of six
through agreement to purchase millions of doses [13,14]. Its eventual spend of about USD18 billion
contributed to the development of vaccines such as Moderna and Johnson and Johnson, and while
Pfizer/ BioNTech worked with it on advance purchases, they did not accept money to develop their
mRNA vaccine [14,15].

Of the sites in Pfizer’s successful Phase 2/3 trial 85% were in the US [16]. Every opportunity was
taken to accelerate processes and undertake various activities in parallel, but generally, considerable
emphasis was given to ensuring the usual phases of vaccine development were followed [6,14,17].

Vaccine hesitancy was recognised as a problem, and despite its success, OWS's very name
exacerbated hesitancy in some people [15,18]. There are powerful reasons, including “prior harms
and ongoing inequalities”, why vaccine hesitancy is mediated by experiences of group membership
and values in communities such as Black Americans [19]. As one of many examples to better
understand vaccine motivations in an attempt to inform vaccine promotion, early research by
anthropologists was conducted on volunteers who had participated in vaccine trials [19].

Some large integrated health systems in the US have conducted their own studies, including vaccine-
related ones, sometimes using their own data. In addition to a study by Kaiser Permanente Southern
California [20] (see next section), these included a study published in the NEJM in which the
Department of Veterans Affairs used its own data to compare the effectiveness of Moderna and
Pfizer/BioNTech vaccines. It found them both to be highly effective, but Moderna slightly more so
[21].

Diagnostics

The enormous range of COVID research in the US covered many topics — a large range of projects
were funded under the NIH’s Rapid Acceleration of Diagnostics (RADx) initiative to speed innovation
in development, commercialization and implementation of technologies for COVID-19 testing [22].
This programme was introduced after the disastrous failures of the initial plans for testing in the US
in the early months when technical problems were compounded because “The President spent
nearly two months issuing confusing and contradictory signals” [23]. In late April 2020 the US
Congress approved a USD1.5 billion allocation to the NIH to improve testing. The NIH launched the
RADx initiative just five days later on 29 April 2020. An NIH team described it in a special report in
the NEJM: “this program represents a dramatic extension of the usual NIH mode of supporting
research...it covers the entire life cycle of the target technologies; it is tightly focused on timelines
and outcomes” [24]. It worked with companies and partnered with other government agencies
including BARDA and the Department of Defense.

The RADx programme had short and longer term aims and had four components. The RADx Tech
component aimed to identify and accelerate the development, scale up and deployment of
innovative point of care and home based tests. It leveraged the NIH’s long-existing Point-of-Care
Technology Research Network [24]. By November 2021 this initiative had a budget of USD666m
[25]. The RADx Advanced Technology Platforms element aimed to support the scale up of more
advanced technologies intended to rapidly and substantially increase capacity, where a further
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element, the RADx Radical initiative, had a longer horizon and was aimed at new, non-traditional
approaches [24].

Finally, the fourth component, RADx Underserved Population (RADx-UP) initiative, announced its
first funding support in September 2020 for 32 institutions that were awarded USD234m in total.
The programme focused on groups disproportionally affected by the pandemic which included
African Americans, American Indians/Alaskan Natives, older adults, pregnant women and the
homeless and imprisoned. The programme aimed to “understand COVID-19 testing patterns better
among underserved and vulnerable populations; strengthen the data on disparities in infection rates,
disease progression and outcomes; and develop strategies to reduce these disparities in COVID-19
testing” [26]. By November 2021 the budget for RADx-UP was USD512m [25].

Therapies

The clinical research picture was particularly complicated. As early as February 2020 a trial began of
Gilead’s antiviral treatment remdesivir, which had been developed to treat other viruses and used in
trials against Ebola [27]. The NIH’s NIAID was primary funder of the trial along with the Department
of Defense’s Defense Health Program, but it also had some international funding and a small
proportion of sites in a few Asian and European countries. Its preliminary findings were reported in
the NEJM in May 2020, and the final version in October [28]. It suggested remdesivir shortened the
time to recovery in patients who were hospitalised with COVID-19, but a reduction in mortality was
not statistically significant [28].

Accompanying NIH-funded studies were already underway to evaluate remdesivir’s effectiveness in
combination with other therapies, including baricitinib, a Janus Kinase inhibitor. This study team was
similar to the first. Enrolment started in May 2020. Findings published online in the NEJM in
December 2020 showed the combined treatment was superior to remdesivir alone, and with fewer
serious adverse effects [29].

Meanwhile, in November 2020 WHO’s living guideline was updated in the light of the WHO
Solidarity platform trial [30-32] and, unlike in the US, made a conditional recommendation against
the use of remdesivir because “there is no evidence based on currently available data that it does
improve patient-important outcomes. The panel placed low value on small and uncertain benefits in
the presence of the remaining possibility of important harms” [32].

Progress with clinical research faced challenges. Derek Angus from the University of Pittsburgh had
helped establish the original REMAP-CAP platform [33], and led on that platform’s paper on its trial
of corticosteroids as a therapy for COVID [34]. But there were only a few US institutions represented
on the writing committee and, as noted above, the UK provided an increasingly high proportion of
the patients for REMAP-CAP trials [35].

In this general context (and see section 3 for more details), the Director of the NIH, Francis Collins,
wrote in May 2020 that “it soon became apparent that much-needed coordination among important
constituencies was lacking” [36]. He described how in April 2020 the NIH had therefore launched the
Accelerating COVID-19 Therapeutic Interventions and Vaccines (ACTIV) public-private partnership
platform. Its main goals were “to establish a collaborative framework for prioritizing vaccine and
therapeutic candidates, to streamline clinical trials and tap into existing clinical trial networks” [36].
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In one arm of the international project in which the NIH-funded ACTIV-4a combined with two other
platform trials (the Canadian-funded ATTACC, and the widely-funded REMAP-CAP) the highest
number of patients were enrolled in the US. The trials worked together to show that in noncritically
ill patients with COVID-19, an initial strategy of therapeutic-dose anticoagulation with heparin
increased the probability of survival to hospital discharge [37]. In the three platforms’ parallel trial of
the treatment with critically ill patients, REMAP-CAP took the lead and most patients were enrolled
in the UK, but the treatment was not successful [38].

Slaoui and colleagues later described how OWS'’s role in accelerating therapeutics and diagnostics
included working selectively with ACTIV in a series of areas [39]. To assess treatments such as mAbs
two master protocols were established - ACTIV-2 for out-patient trials and ACTIV-3 for in-patient
trials [39] (see below).

Increasingly the results were announced of trials from the private sector, sometimes with NIH/OWS
support. Three companies successfully conducted trials identifying the benefits of early mAb
treatments. As noted the Canadian company based in Vancouver, AbCellera, had developed an
advanced technology. As a result of that, since 2018 it had been funded by the Pandemic Prevention
Platform of the US’s DARPA “to establish a robust technology platform for pandemic response
capable of developing field-ready medical countermeasures within 60 days of isolation of an
unknown viral pathogen” [40]. This meant it was ready to go in January 2020. The US company Eli
Lilly took on development of bamlanivimab after its rapid discovery by AbCellara who worked in
conjunction with NIAID’s Vaccine Research Centre [41,42]. Ely Lilly conducted their successful trial of
bamlanivimab plus etesevimab for nonhospitalised patients entirely in the US. It was published in
the NEJM [42]. There were also trials of bamlanivimab in ACTIV-2 and ACTIV-3 [39]. The NEJM
published a report of an OWS/NIH-funded ACTIV-3/TICO (Therapeutics for Inpatients with COVID-19)
platform trial of the mAb in hospitalised patients that was halted when futility analysis showed lack
of benefit [43].

A further study published in JAMA in June 2021 showed that bamlanivimab as a monotherapy
reduced the incidence of infection among residents and staff of skilled nursing facilities. It was
sponsored by Eli Lilly and conducted in partnership with the NIAID and the COVID-19 Prevention
Network [44]. An editorial on the paper highlighted both the success of the trial in mobilising a
federally funded clinical trials network to support the company trial, but also the challenges around
using bamlanivimab as a monotherapy after the FDA had withdrawn its original Emergency Use
Authorisation for its use as a monotherapy because the mAb was thought to be less effective against
some new variants [45].

In July 2020 OWS had announced REGN-COV2 (later REGEN-COV), a neutralizing antibody cocktail of
casirivimab plus imdevimab developed by Regeneron, was intended to be the first candidate
therapeutic it would take through to commercial manufacturing with a USD450m investment [39]. In
December 2020 a report of the earlier phase of the trial supported by BARDA showed success in
reducing viral load in outpatients [46]. Its effectiveness in reducing the risk of COVID-19 related
hospitalisation, or death from any cause, was reported online in the NEJM in September 2021 [47],
and in August it had been shown to reduce the risk of COVID-19 in contacts of infected persons [48].
The successful trial of sotrovimab, the third mAb, developed by a biotech company and the US arm
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of GKS, had a first author from a Canadian hospital, other trial sites in Brazil and Spain, but most
sites in the US [49].

The FDA permitted use of all three mAbs (in the case of bamlanivimab, only in combination with
etesevimab) as COVID-19 treatments for at risk nonhospitalised patients and they were included in
the relevant NIH guideline [50]. (See next section for details and updates.)

Following further complicated developments described below and in the next section, AbCellera
discovered a new mAb, bebtelovimab, that was effective against Omicron and that again Eli Lilly
developed [51].

In 2021, two US companies first, Merck Sharp and Dohme, second Pfizer, announced they had
successfully developed and trialled COVID-19 specific antiviral pills for non-hospitalised adults within
five days of the onset of symptoms [52-54]. Through early stage research funded prior to the
pandemic by the NIAID and others, a team at Emory University, Georgia, US, had invented the
antiviral molnupiravir that was then developed and tested by Ridgeback Biotherapeutics and Merck
Sharp and Dohme [55,56]. The Merck trial of molnupiravir was conducted in many countries, but the
lead author was from a Columbian institution, the second from Brazil, and the corresponding author
from the company’s US base [52]. The Pfizer trial was mostly in the US, but also included sites in
various countries including almost 10% in Brazil [53,54].

Section 2: Examples of achievements in promoting evidence use in products, policymaking
and practice; examples (and lessons) about links to existing strengths

A series of vaccines starting with Pfizer/ BioNTech and Moderna, and then Johnson and Johnson,
were successfully brought through to regulatory approval and application even more rapidly than
research leaders had predicted in Spring 2020 [36]. As noted, the OWS funding for advanced
purchases enabled the early manufacturing to run in parallel with late stage development. In the
case of the relatively new biotech company Moderna, for example, it helped build up manufacturing
capacity [6,15,57]. The vaccine rollout rapidly expanded in 2021 [58] and built on the development
success so that it was estimated the vaccines had saved 140,000 lives in the US in the first four
months [59] and over one million by December 2021 [60].

By directly conducting important studies drawing on their own databases some large healthcare
organisations such as Kaiser Permanante Southern California could inform their policy, e.g., on the
nature of the waning effectiveness of COVID-19 vaccines and the need for booster doses [20].

Many other studies provided valuable findings that informed policy and practice. The RADx initiative
attempted to address the initial problems related to testing, including a lack of coordination. The
initiative’s various successes were reported to include helping to contain outbreaks in schools by
providing test kits across the country [61].

The NIH introduced COVID-19 treatment guidelines, updated frequently as published data and other
authoritative information became available. One for Anti-SARS-CoV-2 Antibody Products had a
specific guideline for mAbs that focused on the three mAbs for nonhospitalised patients described in
section 1, but again including bamlanivimab plus etesevimab, rather than bamlanivimab as a
monotherapy [50]. In line with the various complexities listed in section 1, the guideline was
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updated on several occasions. This included on 16 December 2021 following an FDA expansion of
Emergency Use Authorisation which had originally been given to all three “for the treatment of mild
to moderate COVID-19 in nonhospitalised patients with laboratory confirmed SARS-CoV-2 infection
who are at high risk for progressing to severe disease and/or hospitalization” [50]. The categories of
patients to whom bamlanivimab plus etesevimab could be given were expanded to include children.

The guideline also referred to the ACTIV-3 study in hospitalised patients [43] as justification for not
extending the recommendation for use to such patients. This was despite acknowledging that a
study by RECOVERY showed there were benefits from REGEN-COV for hospitalised patients who
were seronegative [50]. One major factor in not including an extension to such patients was that
rapid serology testing that could identify seronegative individuals in real time was not widely
available in the US, unlike the UK. The guideline recognised that the FDA had expanded its
authorisation to cover the use of bamlanivimab plus etesevimab, and casirivimab plus imdevimab as
post-exposure prophylaxis for individuals at high risk of both acquiring the infection, and then
progressing to serious illness. The guideline did not itself include a recommendation for such use,
but gave a link to a separate NIH guideline covering prevention of SARS-CoV-2 infection [50].

In December 2021 the FDA permitted use of both antivirals described above [56,62]. However, the
approval for Merck’s molnupiravir was rather limited in just being for patients with mild-to-
moderate COVID-19 at high risk of progression to severe COVID-19, including hospitalisation or
death, for whom alternative COVID-19 treatment options were not clinically appropriate, or
accessible [56].

(While strictly outside our period, in January 2022 the FDA removed its authorisation for the mAbs
apart from sotrovimab because they were found to be not effective against Omicron [63], but then
in February 2022 gave limited authorisation to AbCellera’s new mAb, bebtelovimab, that was
effective against Omicron and again had been developed by Eli Lilly [51]. In April 2022 the FDA
removed its authorisation for sotrovimab because of the increase in the proportion of COVID-19
cases caused by the Omicron BA.2 sub-variant against which it was unlikely to be effective [64]).

Apart from within bodies such as the NIH, how far the science community has been successfully able
to inform policy varied greatly between (and even within) different US states (see also next section),
but in some states policymakers have been much more willing than others to listen to the scientific
evidence [65].

At the national level, four public health experts were asked towards the end of 2021 how far they
thought President Biden had been able to keep to his promises such as listening to the science [58].
As noted above, they said “the president’s vaccine rollout, overall, was excellent” [58]. They felt the
messaging had been off at times, and some setbacks “both within and beyond his control” had
limited the progress. But overall “Biden followed the science, said the experts. Plus, implementing
regular covid media briefings with scientist and public health leaders, and allowing Dr. Anthony
Fauci, his chief medical adviser, to be front and center and not contradicting his advice, represented a
meaningful change from the previous administration” [58].

Section 3: Examples of challenges in: 1. production of evidence; 2. use of evidence; and 3.
sustaining the research system; examples of lessons to address challenges
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Challenges in production of evidence

Publication of the RECOVERY trial in the UK led commentators to analyse why the US was not making
the same rapid progress in identifying re-purposed drugs that were, or were not, effective against
COVID-19. (See UK section.) Factors noted included that the trial was being conducted across UK
hospitals - “incorporated as part of everyday clinical care” [66] - keeping things simple, and
preventing duplication of many small studies [67].

In a NEJM editorial on 17 July 2020 accompanying its publication of the RECOVERY trial’s
dexamethasone findings [68], Lane and Fauci contrasted the US’s many small, non-conclusive
therapy trials with RECOVERY’s rapid, but conclusive, findings [69]. The way forward was with
approaches such as the ACTIV programme [69]. Other new platform trials also attempted to address
the challenge of accelerating /coordinating the research of US teams [70].

In March 2021 Angus, together with Anthony Gordon, principal investigator of the UK arm of the
REMAP-CAP, and Howard Bauchner, Editor in Chief of JAMA, noted that only a few thousand out of
the 30 million US citizens who had developed COVID-19 had been entered into RCTs [71]. They
acknowledged some progress, but said: “The problem is not lack of intent, effort or resources...The
main challenges appear to be (1) the structure of the clinical research enterprise and (2) the interface
between clinical research and clinical care” [71]. The clinical research enterprise in the US was set up
like a marketplace where “There is no oversight to ensure research questions are prioritized”, and
while individual funders may have priorities they were largely autonomous [71].

The problems were apparent despite the good work to create the ACTIV program: “The problems of
poor coordination, limited incentives for collaboration and lack of priorization...were immediately
evident....However, the structure of the US clinical research enterprise is vast and has never
functioned as a single national coordinated system” [71]. Having described the second challenge as
the lack of any agency that “oversees ensuring integrated coordination between research and care”
they joined others who looked to learn lessons from the UK’s response and described how the CRN
had been build up over many years [71].

Lessons proposed for clinical research included more effective planning, payment of clinicians
through an independent national system for participating in trials on national priorities, simplifying
trial protocols, and embracing data flows across clinical care and research [71]. The first priority area
for them related to implementing “A US version of the NIHR CRN hospital payment system for trial
participation” [71]. Under this heading they stated: “It is crucial that the health care delivery system
(and clinical care) adopts the contribution to research as a core value and is rewarded via a
mechanism that is independent of any research project or investigator” [71].

There was considerable racial disproportionality in COVID-19 clinical trials in the US with
underrepresentation of minority groups, despite the existence of many strategies to increase
enrolment of diverse population [72,73]. In October 2021, Janet Woodcock, FDA acting
Commissioner, and colleagues said problems facing US trials included insufficient diversity and slow
enrolment. Both could be addressed by integrating research into community practice, the source of
healthcare for many Black and other Americans underrepresented in trials. Increasing the pool of
clinical researchers would also “make it easier to translate from research results to clinical care” [72].
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Various complex Intellectual Property issues and disputes were highlighted during the pandemic,
especially around mRNA vaccines [3-5].

Challenges in use of evidence

Despite government support and promotion of research through the OWS, evidence use was highly
variable - the lack of coordination and multiple policymakers at many levels, “combined with the
intense polarization of US politics and confusing messages from President Trump, produced wide
variation in state-level policies” [65].

The cross-country analysis published in September 2020 by Tworek et al., of the communications
used by authorities in nine countries with at least a reasonably effective response to COVID-19,
contrasted them “with democracies that struggled to communicate around Covid-19, particularly the
United Kingdom and the United States” [74]. Journalists commenting on this noted that whereas
some governments have been praised for the science-driven way that they have communicated
about the pandemic, others “most notably the U.S. and the U.K., have been hit with criticism for
public health messages that are confusing or not based in science” [75].

In late 2020 a NEJM editorial criticised how experts were ignored or denigrated: “Our current leaders
have undercut trust in science and in government, causing damage that will certainly outlast them.
Instead of relying on expertise, the administration has turned to uninformed “opinion leaders” and
charlatans who obscure the truth and facilitate the promulgation of outright lies” [76].

As noted above in the Brazilian section, comparisons were made by various authors between
Presidents Trump and Bolsonaro, and another analysis suggested “Both leaders repeatedly resisted
recommendations made by scientific experts” [77]. That created intense problems despite the
federal nature of both countries because while in both countries individual states developed many
of their own pandemic policies, “the approaches of both nation’s leaders have put their large
countries at risk and have made it more difficult for local leaders to develop effective policy” [77].

Conversely, in 2021, some of the states opposed certain measures of the Biden Administration, such
as mask mandates [58], which the evidence described in the Germany section had shown to be
effective [78]. This is consistent with the NEJM editorial about the damage done by the Trump
administration in undercutting trust in science and in government.

Table 1 in our main paper showed the excess death figures were very high in the US, and an analysis
of data from March to July 2020 showed them to be much worse than in Europe [79]. An analysis of
excess years of life lost in 2020 across 37 countries, found comparatively the US did even worse than
it did on the measure of deaths because of the younger average age of US COVID-19 victims [80].

Reflecting on the US’s top score on the 2019 GHS Index, it was noted in April 2020 the Index “did not
anticipate the poor response to the pandemic by high-scoring countries such as the US where major
gaps in federal leadership resulted in a failure to mobilize the country’s substantial capacity” [81].
However, it is a composite index with many elements. For example, the US, despite being ranked
highest overall, was 175" out of 195 countries on the item for healthcare access, and had the lowest
possible score of zero — it failed to reach the 25% threshold - for public confidence in the
government, which is very serious because lack of public trust is likely to undermine disease-control
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and public health messages [81]. It is likely, as noted by the NEMJ above, that the approach of
President Trump further undermined trust during the pandemic.

According to one researcher looking at the high scores but poor performance by the UK and US: “we
had everything — except leadership” [82]. One of the GHS Index team was quoted as saying: “Even
though the US and UK had the best environments in terms of plans in place and thinking about what
they would need in terms of capacity...when it came to the moment that everyone had been
preparing for, the decision-making really hampered the actual ability of the country to respond” [82].

Challenges in sustaining the research system

Fifty-five percent of NIH researchers responding to its survey in 2020 said the pandemic would have
a negative impact on their career trajectory; 78% reported lower productivity levels [83].

Summary

The US went into the pandemic with the world’s most extensive health research capacity and first
place in the 2019 GHS Index. Biomedical scientists across the US had worked for years exploring the
possibility of using mRNA, but a key role was played by Katalin Kariké and Drew Weissman at the
University of Pennsylvania who showed the importance of modifying mRNA. This encouraged the
creation of the biotech company Moderna, which immediately started developing their COVID-19
vaccine once the sequence of the genome was released. They intensified their work with Anthony
Fauci’s NIAID on a series of animal and human trials reported in the NEJM. More generally, however,
there was a lack of coordination in the clinical research response, and considerable waste reported.
In April 2020, the NIH created the ACTIV public/private partnership to coordinate and accelerate
trials. In May 2020, the Government took this further with the creation of OWS which aimed to
facilitate, at an unprecedented pace, the development, manufacturing, and distribution of COVID-19
countermeasures, especially vaccines and therapies. It prioritised its support but contributed to the
development and early manufacture of Moderna’s vaccine, and, with advanced purchase
agreements, the early manufacture of Pfizer’s vaccine. Various public/private collaborations also
helped develop new therapies such as mAbs, and also diagnostics. However, the US had a very high
death rate. This was widely blamed on President Trump because of his frequently dismissive attitude
towards the scientific evidence in both his policymaking and his communications, and was
exacerbated by the inequalities which resulted in particularly high levels of cases and deaths among
minority communities.
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