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Though many institutions had been calling for investments in preparedness

for decades, warning about the threat of novel infectious diseases, the COVID-19
pandemic struck an ill-prepared world, highlighting major challenges and gaps
in global response. The effects of the pandemic have gone much further than health,
affecting societies and the economy globally.

It is important that we learn from this pandemic. This entails improving plans for
preparedness, response, recovery and resilience (PR3) for possible future public
health and environmental crises. Also, strengthening global, regional and local
capabilities to effectively respond to them.

This paper identifies nine lessons that must be drawn from this tragic experience in
order to avoid or mitigate future systemic health risks. Not all are negative. Successes
include rapid mobilization of the scientific community leading to novel scientific
research and development innovations that have worked well or have the potential to
be used in the future. An important example is wastewater surveillanc —to monitor
and anticipate environmental health hazards including pathogens, chemicals and
antibiotic resistance— and enormous advances in diagnostics, treatments and
vaccines. The importance of epidemiological intelligence —relying on real-time
exploitation of routinely collected data on health, protection measures, environmental
exposure and policies— has been clearly demonstrated. It allows anticipating threats,
monitoring the impact of crises and preventive measures and providing evidence for
the development of policy and the evaluation of their efficacy.

Other gaps identified include the lack of early warning systems and real-time
surveillance that could have prompted a quicker response to contain the pathogen.
The widespread availability of unvetted information and the questionable use of social
media has created an additional challenge. This, together with conflicting guidelines
and recommendations, have created mistrust in large segments of the populations
and difficulted the implementation of prevention measures. There is a clear need to
incorporate risk communication and social behavior experts and to fully engage
all relevant stakeholders, in developing communication strategies and messages for
the public. From the mental health and socio-economic perspectives, moreover, the
COVID-19 response has had a major impact, which, unfortunately, was particularly
pronounced in vulnerable sections of the populations and in poorer countries.
Fighting inequities and addressing the well-being of populations should be a
priority in preparedness and response plans.

In terms of governance, various roadblocks prevented appropriate coordination
of the response, with fragmentation and inequities at the global, regional and local
levels. As a consequence, a number of actions have been taken —or are in the process
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of being implemented or developed—, such as the new WHO Hub for Pandemic
and Epidemic Intelligence, the new European Health Emergency Preparedness
and Response Authority (HERA) and ongoing discussions for a Pandemic Treaty.
Although this institutional development exercise is welcomed, its results are

still unclear.

The pandemic has taught us that coordination is essential, from the local to the
global level. With this paper’s analysis and recommendations, ISGlobal wants to help
in developing a comprehensive approach for preparedness, calling for a scientific
coordination and investments in peace-times that allow the development of novel
strategies and applying best-evidence approaches to respond efficiently to crises.
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The global crisis posed by the COVID-19 pandemic has had major impacts in all
areas of our lives, ranging from the direct impact of the SARS-CoV-2 infection on
COVID morbidity and mortality to indirect effects of the pandemic on the health and
well-being of populations across the globe, the economy, societies and education.
The pandemic has also highlighted challenges and gaps in our strategies for
preparedness and response in general to health hazards with the potential of causing
a public health crisis.

COVID-19 was not the first pandemic that our world has endured. Indeed,
pandemics and epidemics have shaped our societies since human living in
communities made possible the effective transmission of infectious diseases.
Examples of important infectious diseases causing epidemics and pandemics include
plague, smallpox, cholera, HIV/AIDS, Ebola, SARS and pandemic flu.

For years, a wide range of scientists, public health officials, citizens and academic,
private and public institutions have warned of the imminent threats of emerging and
re-emerging infectious diseases with pandemic potential and called for investments
in preparedness to respond efficiently to this type of crisis . The SARS
epidemic in 2002-2004, which infected over 8,000 people in 29 countries, was a
real worldwide warning’.

In 2005, in an attempt to respond to deadly epidemics, the WHO developed the
International Health Regulations (IHR)® to provide an overarching legal
framework for responding to public health events and emergencies with cross-border
potential, defining countries’ obligations and rights. These regulations, which entered
into force and were adopted by all WHO Member States in 2007, require States to
maintain core capabilities for surveillance and response, with the WHO providing
tools, guidelines and training. All States Parties (196) have reported indicators of their
capabilities to respond to a health crisis, at least once in the past 9 years, with varying
levels of success in their performance and gaps identified °. The indicators refer to

13 IHR capacities, including Legislation and Financing, Laboratory, Surveillance,
National Health Emergency Framework and Risk Communication

The International Health Regulations, though binding, turned out not to be effective
preparedness measures when SARS-CoV-2 struck the world, as important challenges
were met in implementing plans and putting capabilities into action during the COVID-19
crisis response, in particular in relation to surveillance and early warning wsystems, and
risk communication with the population. Furthermore, some countries with worse
preparedness performance indicators responded more efficiently to the COVID-19
crisis than others with better indicators ** . For example, according to the COVID-19
Global Response Index, Senegal and Ethiopia responded quite well to the COVID-19
pandemic in terms of public health directives for virus containment, as well as financial
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response and fact-based communication, despite their poor preparedness scores (

). In contrast, response was judged to be deficient in some
countries with good self-reported preparedness performance scores like the USA
and South Korea

Once COVID-19 was found to be rapidly (and silently) spreading around the world,
countries had to enter into a response phase, generally adopting mitigation
strategies aimed at limiting transmission and diminishing the impact of COVID-19 in
their community. COVID-19 response strategies varied across the world depending on
the intensity of containment, mitigation and recovery strategies, with varying degrees
of success. While many difficulties were encountered across the world, successful
and innovative strategies were identified, and these, together with identified gaps
in response strategies, need to be taken into account to improve preparedness now
and in the future, for pandemics specifically and, more generally for a holistic all-
hazards (including natural or climate change-driven, biological, chemical, radiological
hazards) preparedness system.

refers to all the activities designed to increase the ability of a community/
organization/administration to respond if/when a health emergency or a disaster occurs.
Normally, these activities are carried out in “peace times”, before a crisis occurs. They
include developing core protocols for responding to crises; surveillance mechanisms
and communication strategies; capacity building, by training both response personnel
and concerned citizens or conducting exercises to reinforce training and testing
capabilities; and developing educational campaigns related to all possible types of
hazards [natural, biological, chemical, radiological).

refers to all actions carried out during, and immediately after a crisis, which are
aimed at saving lives, alleviating suffering, maintaining healthy populations, and reducing
economic losses. Response actions include risk identification including surveillance
of exposures/infection distribution and evolution, early alert systems; containment of
ahealth threat, depending on the type of crisis, for example, by evacuating threatened
populations, opening shelters and providing mass care, emergency rescue operations
and providing medical care, fire fighters, urban search and rescue, contact tracing and
quarantine; mitigation, i.e. measures that reduce the damaging effects of unavoidable
emergencies, including development and testing medical countermeasures;
suppression, i.e. maintaining low levels of disease transmission or exposure to the
environmental agent; and communication, throughout the entire response phase.

refers to all actions taken to return a community to normal or near-normal
conditions, including the restoration of basic services and the recovery of physical,
psychological, social and economic damages.

The capacity of actors, institutions and society to prepare for and respond
effectively to crises; to maintain core functions when a crisis occurs; and, based on
lessons learnt during the crisis, to reorganise if conditions warrant it. Resilience allows
them to recover quickly and to be less susceptible.


https://resolvetosavelives.org/prevent-epidemics/readyscore
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https://www.fairfaxcounty.gov/emergencymanagement/cerg
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During the COVID-19 crisis the collaboration between research and public
health authorities has been unprecedented and has led to the advancement of tools
to respond efficiently to COVID-19. Existing and de novo generated knowledge in
different research areas in academic institutions was incorporated into the actual
plans to control the spread of COVID-19 and mitigate its effects. Unfortunately,
scientific advancements and evidenced-based strategies were not implemented
thoroughly and globally, and political debates may have often polarized the response.

Nevertheless, research results highlight several important examples of science/
evidence-based strategies to be incorporated in preparedness planning for future
health crises. This includes: wastewater surveillance, investigation of new diagnostics
tools, antiviral treatments and new high-tech vaccines, and epidemiologic intelligence,
including modelling of the dynamics of the epidemic.

Surveillance of
the spread of SARS-CoV-2 virus infections has been key to the adoption of
mitigation strategies to control the spread within a community or region.
One innovative approach, though not new, is wastewater surveillance. This
approach has been used in the past to monitor trends in circulation of
various infectious diseases, including poliovirus “, antibiotic resistance or
drug use in different populations. With SARS-CoV-2, changes in the levels of
virus detected in sewage water allows public health authorities to anticipate
possible outbreaks in a community and monitor the dynamics of virus
circulation . This has led different authorities to adopt, or recommend the
adoption, of wastewater analysis as one approach for surveillance of the spread
of the virus and its variants, for example in the USA with the creation of the
National Wastewater Surveillance System (NWSS) and in Europe with the
EU adopting guidelines to monitor the spread of the virus and its variants.
Unfortunately, the implementation of such a system has not yet been fully
successful due to technical and investment problems and has left communities
less prepared to anticipate epidemic changes than they could have been. But
wastewater surveillance can be a key approach to monitor and anticipate
many environmental public health hazards, including chemicals,
pathogens and antibiotic resistance and thus be an important surveillance tool
in the framework of an all-hazards preparedness strategy

The near immediate public sharing of
the genetic sequence of the SARS-CoV-2 virus, only 12 days after the
notification (on December 31st 2019) of pneumonia of unknown aetiology to
the WHO China country office, made it possible to develop diagnostics tests
very quickly *“, with the first RT-PCR diagnostic test shared by the WHO


https://www.cdc.gov/healthywater/surveillance/wastewater-surveillance/wastewater-surveillance.html
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only one day after the sequence was released by the Chinese government *.
Unfortunately, the availability of tests was not immediate, due to shortages
of supplies and laboratory workforce, and countries lacked adequate
diagnostic capacity for months.

During the first few months of the pandemic, healthcare workers lacked efficient
drugs or best practices to manage patients with severe COVID-19, but intensive
scientific research allowed testing the efficacy of drugs with potential
antiviral activity, in most cases repurposing already approved drugs*. The
establishment of large, randomized clinical trials with adaptive design where
several drugs could be tested and added and dropped during the trial time,
allowed the quick and efficient evaluation of possible treatments*'. Regulatory
agencies also worked on emergency frameworks that would allow the
prioritized efficacy and safety evaluation of drugs and vaccines**. Additionally,
sharing best practices openly among the medical and research community
allowed the adoption of better strategies totreat patients.

As a result, for the first time, highly effective and safe vaccines were
developed in less than a year after the first isolation of the virus **. Many
countries around the world have been able to achieve high levels of vaccination
among their population, allowing the reduction/lifting of restrictions and non-
pharmaceutical interventions. Despite these successes, access to the vaccines
is still limited in some LMICs, and additional efforts are needed to ensure
global protection.

This is another example of best practice arising
from the COVID pandemic. Anticipating changes in the evolution of the
COVID-19 epidemic (or of the responsible agent in any other environmental
public health crisis, including other pandemic infectious diseases), in a
particular country, region or locality is key to adapt containment and mitigation
strategies . Numerous research institutions around the world have
participated in the development of monitoring and prediction systems for
use by public health authorities ***” and have applied these both for prediction
of the pandemic and for the evaluation of the public health and other impacts
of the crisis . Many governments requested technical assistance from
investigators working on modelling and forecasting to respond efficiently
to COVID-19 pandemic. This has been the case, for example, in Catalonia
with researchers from different academic centers advising the EU ** and the
Catalonian authorities, as well as in the USA, for example, with research
institutions advising the CDC or State and Local health departments. Moreover,
in an attempt to add epidemic intelligence to global health security capabilities,
the WHO has created a new Hub for Pandemic and Epidemic Intelligence
in Berlin for forecasting and predicting disease outbreaks *°. Unfortunately,
epidemic/epidemiologic intelligence is not yet globally available and most
countries lack the capacity to use real-time epidemic data to inform their
response strategies, mainly because of logistic and legal difficulties in
accessing and linking all appropriate population databases.

These (and other) rapid developments have only been possible because of the
unprecedented scientific collaboration between academia, industry and public
agencies and the near real-time public availability of data and research results. This
has enhanced the scientific advancement in technologies and therapies to control
the spread of COVID-19. These successful collaborations and partnerships
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should be a model for preparedness and response for future environment/public
health crises, with further investments in surveillance and early alert systems,
vaccines for multiple viruses, quick diagnostic testing and repurposing of drugs,

and continued sharing data, resources and best practices while maintaining data
integrity and effective communication with the public. Figure 1 shows the interplay
between the scientific research and innovation driven by academia and industry that
is being applied to COVID-19 response. The lessons learned including successes and
knowledge gaps need to be addressed by industry and academic R&D to be better
prepared for future health crises.

FIGURE . Therole of science in the development of effective responses to COVID-19 pandemic and
adopting best practices for the future.
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While the global COVID-19 response is, in retrospect, a success story in many ways,
many obstacles were found that limited the efficiency and speed of the response.

If youdo nothave theright tools, you cannot find the problem. Early
warning systems and planned control measures were not comprehensive and
did not include all relevant stakeholders. Real-time surveillance and epidemic
intelligence data was absent or deficient in most countries hence mitigation
policies were often based, particularly in the early months of the pandemic,

on incomplete or inadequate information, and did not take into account the
indirect health (including mental health), social and economic consequences

of the COVID-19 response and mitigation measures. For a holistic all-
hazards preparedness system, real-time access to data from all appropriate
population and environmental monitoring databases is essential. This includes
primary health data, disease registries, social and economic indicators and
linkage between all databases is needed to provide epidemiological intelligence
and inform response activities at all levels, from community, city, region, to

the national and global levels. Epidemiological intelligence, moreover,
should rely not only on data on humans but also, and particularly for infectious
diseases on animal data, recognising the links between human, animal and
environmental health. Hence a One Health approach should be considered in
the development of preparedness plans 7.

AnlISGlobal policy paper.
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The COVID-19 pandemic showed
clearly that risk communication with different stakeholders, including the
general population, failed and continues to be less than adequate, leading to
important misunderstandings and conflicting guidelines (over time,
between areas and countries) that created —and continue to create— confusion
and mistrust in the authorities and may have reduced population compliance
with response strategies. The problem is amplified by the universal access
to information through the Information and Communication Technologies
—including the overabundance of information that makes it difficult
to identify that of real quality—, as well as the proliferation of false or
misleading information. All of this is captured by the term infodemics
The rapid spread of misinformation, in particular, but not exclusively, in
social media, increases mistrust in health authorities and hinders mitigation
strategies. Most recently, this is apparent with vaccination campaigns being
challenged by false claims about the safety and efficacy of vaccines.

While the rapid
open access publication of research results and public availability of data
has greatly enhanced our scientific knowledge and the rapid development
and evaluation of vaccines, treatments and other mitigation strategies, it has
also led to misinformation which, in some cases, was detrimental. Indeed,
the availability of research studies through preprint repositories, such
as MedRxiv or BioRxiv, without an appropriate peer-reviewed publication
process, has led to conflicting results being posted, shared by the media and
given validity only to be later disproven during the peer-review process
or flagged for retraction due to flawed methodology *°. This phenomenon
has contributed to the infodemics threat and mistrust and continues to stir
controversy in some sectors of the population. This was the case, for example,
of some papers investigating treatments for COVID-19 such as ivermectin or
hydroxychloroquine which have since been shown to be ineffective but have
been widely accepted and recommended in some countries to prevent and
treat COVID-19

While the COVID19 pandemic has
spurred an enormous research effort in all related disciplines globally,
the efforts were often uncoordinated, with many scientists working
independently, leading to duplication and sometimes competition, research
results that were not translated into policy or innovation, and overall
a less efficient (and cost-efficient) response than could have arisen from a
coordinated researchresponse.

The pandemic, the measures implemented to mitigate it, the uncertainties

and mistrust all have negatively impacted the mental health and social and
economic wellbeing of the general population (increasing the prevalence of
psychiatric disorders, including anxiety and depression, or worsening the
condition of some already suffering such disorders), of healthcare and other
essential workers, and of many other categories of workers indirectly affected by
the pandemic, through restrictions and lay-offs resulting from loss of economic
viability of businesses due to lockdowns**. Some groups have, moreover, been
more impacted than others by the psychosocial effects of the pandemic and
remediation measures, including those at increased risk for severe COVID-19
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(the elderly, the chronically ill), those with pre-existing medical, psychiatric or
substance use disorders, and those whose economic and social situation was
most impacted by the public health mitigation strategies, including the poorest
in society and the most isolated (including migrants and refugees)

COVID-19 response has
varied enormously depending on the economic power of the country and sectors
in the society. Low and middle income countries still struggle to have
access to first doses of COVID-19 vaccines, while other countries are providing
boosters to large segments of their populations. In places where universal health
coverage is not implemented, poor and marginalized communities have suffered
poor access to medical care, job losses and income insecurities and children’s
education lapses and supply chain shortages.
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Besides the gaps identified with the International Health Regulations and preparedness
regulations, several other challenges have been identified at the international level

in regard to coordination and collaboration between countries. In an attempt to
strengthen global security at the international level, 194 WHO Member States have
agreed to discuss a new international treaty on pandemics at a special session to
be held in November 2021 . This Pandemic Treaty will give WHO greater authority to
respond more quickly and in a coordinated manner to cross-border threats, applying
lessons learned from the COVID-19 response. In addition, as forecasting and predicting
disease outbreaks has been proven to be extremely important for quickly detecting

and responding to pandemic and epidemic risks, the WHO has created a new Hub for
Pandemic and Epidemic Intelligence

At the European level, several agencies have taken part in the response to the
COVID-19 pandemic, notably the European Centre of Disease Control (ECDC)
and the European Medicines Agency (EMA), which regulates the approval of
medical countermeasures. The mandate of the ECDC is to perform risk assessments
and surveillance and provide European Union Member States with guidelines and
recommendations; it does not, however, have the authority to regulate preparedness
and response activities of Member States. During the pandemic, there was
fragmentation of response efforts between different Member States and the market
and supply chain for medical countermeasures, personal protective equipment

or medical devices was shown not to be effective at the EU level . Even if the
vaccination coverage progress has improved over time, and it is now one of the regions
with highest vaccination rates per capita, the financing and deployment lagged in
comparison with the USA, Israel and the United Kingdom. These problems have led
to the recent approval for the development of the European Health Emergency
Preparedness and Response Authority (HERA) °'. The main objectives of this
new entity are to assess health threats, promote research and development, address
market challenges and EU autonomy, and quickly purchase medical countermeasures
and improve knowledge on health preparedness. The authority will mainly focus on
risk identification and medical countermeasures development and deployment and
will work closely with the ECDC and EMA.

In Latin America, the creation of the Ibero-American Epidemiological Observatory
was agreed during the XXVII Ibero-American Summit of Heads of State and Government
in April 2021, to strengthen response capabilities to crises and health emergencies in
Iberoamerican countries. This observatory aims to tackle the fragmentation and lack of
coordination between governments in their response to cross-border threats, and will be
based on epidemiological and health data from the region .
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The lack of coordination and collaboration was seen not only at the international
level, but also at the national and local levels. In Spain for example, problems were
experienced due to the lack of a unified response to COVID-19, and legal frameworks
not allowing an efficient and unified response. Spain focused its mitigation efforts

on strict lockdowns and mobility restrictions, initially at the state level but later the
strategies differed between different autonomous regions in terms of implementing
general recommendations and guidelines, leading to uneven responses. Additionally,
as in most countries, communication of risk to the general population could have been
better, with mixed messages depending on the source or region, thus undermining
population confidence and trust in authorities. The magnitude of the COVID-19
epidemic in Spain, though the country ranks well in the Global Health Security Index
and has a strong healthcare system, has led to a call for an independent evaluation
of the response that could shed light to areas needing further strengthening

Such action reviews/reports during and after crisis response are key to increase its
effectiveness and optimise future capabilities for crisis preparedness . WHO and
ECDC have provided guidance for conducting these types of evaluations both for real
responses or for simulation exercises

As highlighted by the COVID-19 response, actors at the international, national and
local levels all play a key role in the emergency response. COVID-19 has highlighted
the importance of health crisis and emergency preparedness and several new and
existing organizations have strengthened their commitment to advance in global health
security by acting on preparedness and response objectives.

Table 1 shows some of the key international actors in the COVID-19 response, as well
as institutions created in response to the COVID-19 crisis. In Europe, as described
above, the three main agencies/authorities involved in preparedness, prevention

and response —the ECDC, EMA and the new HERA authority— have complementary
missions and engage with research and innovation institutions. In the USA, FEMA
and BARDA agencies play a key role, the former preparing local and state departments
to respond to emergencies and the later promoting the development of novel medical
countermeasures. At the global level, CEPI promotes innovation in vaccines against
emerging infectious diseases and the new WHO Hub on Pandemic and Epidemic
Intelligence will be focused on forecasting infectious diseases dynamics. In the
African region, the African CDC has an important role in the prevention, control
and response to infectious diseases.

Finally, the COVID-19 crisis has highlighted the need for urban preparedness and
response frameworks. Cities have been crucial in the response to COVID-19 due
to their unique characteristics such as having higher population densities, serving
as travel hubs or having large public transportation systems. In addition, there

are a diverse range of populations living in them and some of them may be facing
vulnerable situations, like living in crowded settings with poor hygiene or having
difficulties accessing health care. The COVID-19 pandemic and other health crises
affecting urban settings, such as floodings, chemical accidents, fires, and others, have
emphasized gaps and challenges when implementing health crisis responses in
urban settings. Lessons learned from these crises and disasters should be applied
when preparing frameworks for urban preparedness.



TABLE 1. International organizations involved in COVID-19 response and/or prevention and preparedness strategies for the future.

MISSION,
VISION AND
OBJECTIVES

HERA

Prevent, detect
and rapidly
respond, ensuring
the availability,
access and
distribution

of medical
countermeasures

ECDC

Identity,

assess and
communicate
current and
emerging threats

to human
health posed
by infectious

diseases

EMA

Foster scientific
excellence in the
evaluation and
supervision of
medicines, for the
benefit of public
and animal health

BARDA

Develop and
procure medical
countermeasures
that address the
public health
and medical
emergencies

PHEP

Help health
departments build
and strengthen
their abilities to
effectively respond
to a range of public
health threats

AFCDC

Strengthen the
capacity of MS
public health
institutions to
detect, prevent,
control and
respond quickly
and effectively to
disease threats

WHO HUB

Build a system

of collaborative
intelligence
enabling better
decisions to avert
and manage
pandemic and
epidemic risks

CEPI

Accelerate the
development of
vaccines against
EID and enable
equitable access
to vaccines during
outbreaks.

LN

=\

GEOGRAPHICAL »,
SCOPE N N
TYPE OF Cross-border Infectious Not specific for CBRN accidents,  Public health Infectious diseases  Cross-border Infectious
HEALTH CRISIS health threats diseases health threats incidents and threats health threats diseases
but mechanisms attacks; PI,
for rapid MCM and EID.
development in
case of a crisis
AREAS OF Preparedness Prevention Preparedness Preparedness Preparedness Preparedness Preparedness Preparedness
ACTION and response and control and response and response and response and response and response and response
RESEARCHAND  Medical Provides calls for Develops Medical Partners with Partners with Innovations in Key role to create
INNOVATION countermeasures  tenders and calls innovative countermeasures  local research local research data science for a global R&D
AREAS from preclinical for proposals. methodologies from preclinical and scientific and scientific public health ecosystem.
development to It has a disease by fostering development to institutions. institutions. surveillance and
clinical trials. and laboratory collaboration clinical trials. Provides calls for response, creating
network. across regulatory proposals. systems to share/

network and with
academia.

expand expertise
globally.

HERA: European Health Emergency Preparedness and Response Authority; ECDC: European Centre for Disease Prevention and Control; EMA: European Medicines Agency; BARDA: Biomedical
Advanced Research and Development Authority; PHEP: Public Health Emergency Preparedness; WHO Hub: New WHO Hub for Pandemic and Epidemic Intelligence; AfCDC: Africa Centre for

Disease Control and Prevention; CEPI: Coalition for Epidemic Preparedness Innovations. MS: Member States; EID: emerging infectious disease CRBN: chemical, radiological, biological and nuclear;

PI: pandemic influenza; EU: European Union; USA: United States of America, MCM: medical countermeasures; R&D: research and development
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SECTION 4:

ISGlobal’s Proposal for a
Comprehensive Preparedness
Model for Health Crises

The world has been affected by an emergent new infectious disease but history has
shown us that our health and well-being may be affected in the future by a variety

of hazards including natural disasters and biological, chemical, radiological and
physical hazards, epidemics and pandemics, and emerging infectious diseases (EIDs).
The key lesson from COVID-19, and this is a lesson we learned previously from
nuclear accidents, is the need to be much better prepared. COVID-19 has exposed the
fragmentation of the global governance for health emergency preparedness and
response and the key role that science, research and innovation can play in
having a world better prepared for future health crises. For that purpose, ISGlobal has
coined the term PR3 as the concept that combines different phases of preparing for
and responding to crises: Preparedness, Response, Recovery and Resilience.

This model takes into account the wide variety of hazards that could end up in a public
health crisis and includes several steps in the continuous spectrum of preparedness,
response and recovery/resilience phases, of note is that the phases could overlap in
responses to certain health crises. They are based on the successes and challenges
observed during COVID-19 health crisis in which ISGlobal researchers and policy
advocates actively participated (Figure 2).

FIGURE 2. Diagram of PR®* Concept.

(Biologic, Chemical,

~ Radiologic, Physical,

Ky bondemic,Dg
O
O
&

Evaluation &
corrective plans

N3
&\0 Risk Identification
\

Surveillance

MULTIPLE STAKEHOLDER
ENGAGEMENT

CROSS-SECTOR
PARTNERSHIPS

Exercising & testing COMMUNICATION Plan Control

plans & protocols, Measures &

including lifting pl establish legal
Including liiting plans P4

3
\ Education,
\ training &
Crisis

capacity
Response* o building

x“‘wssassv sty

Source: ECDC country preparedness activities. 2013—2017.

ISGIObaI AnISGlobal policy paper.


https://www.ecdc.europa.eu/sites/default/files/documents/ECDC-country-preparedness-2013-2017.pdf

Global

Several key elements should be present at all stages of PR3, including early
engagement of multiple stakeholders, establishment of cross-sectoral partnerships
and constant communication within responders and with the affected population
through a planned risk communication strategy.

Regarding preparedness, in the absence of any imminent hazard, there should

be a process to identify potential risks affecting a community or population and
establishment of appropriate surveillance mechanisms for each of the hazards. The
process of risk identification and assessment will be carried on in the first quarter
of 2022 by the new EU HERA. Surveillance mechanisms could include wastewater
surveillance for chemicals and infectious diseases agents. The process will include
establishing alliances with different local, national and international groups/
organizations that could provide an early warning mechanism. Once potential risks
are identified, control strategies should be planned to respond efficiently to the
different hazards and establish legal and collaborative frameworks that will allow
real-time, concerted and evidence-based implementation of control measures. These
steps align with the possible creation of the Pandemic Treaty or the new WHO Hub for
Pandemic and Epidemic Intelligence.

All control measures plans should be the subject of exercises and drills by all relevant
stakeholders to identify gaps and challenges that need to be worked out and
implemented in their revised versions. This will allow the partners involved to build
capacity to ensure an efficient planned response. ISGlobal has played an important
role in advising authorities and contributing with novel research during the COVID-19
pandemic. It also has the know-how and expertise to continue contributing as a
subject matter expert to the design of PR3 plans, including preparedness and response
for crises related to new infections, radiological and chemical accidents and climate
change, training and education, and communication.

In particular, as explained above, it is extremely important to establish capacity to
predict and model the level of risk in a population in order to 1 provide an early warning
system in specific populations. Several groups in ISGlobal have worked on modelling
and prediction mechanisms for COVID-19 and the lessons learned will inform their
research on prediction and modelling for other future health crises.

Communication with the citizens and the public health authorities is key to maintain
communities well-informed and provide strategic guidance to authorities. ISGlobal has
contributed to this area during the COVID-19 response. For a comprehensive health
crisis response, it will be important to develop capacities to ensure risk communication
and behavioural change research is incorporated. These areas are of special interest if
we want to engage with the communities and increase population compliance with crisis
management strategies. In particular, urban preparedness is of key importance.

Many of these steps feed into current scientific knowledge and private and public
academic and research institutions could play a significant role by providing up-to-
date knowledge and infrastructures, contributing to the training and capacity
building in our societies, engaging with public health agencies and contributing to risk
communication and fighting disinformation —one of the big problems we have faced
during this crisis—.
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ISGlobal proposes to be a centre of reference for research and translation in
the area of PR3. It proposes to take a proactive role, building upon collaborative
efforts and bringing together experts in Europe and other regions (including LMICs)
with complementary expertise into a PR3 Network and making strategic alliances with
the following goals:

, e.g. develop frameworks and core
protocols for surveillance/research in case of crisis that can be rapidly adapted
to crisis at hand; encourage establishment of appropriate infrastructures and
a collaborative framework for near real-time data collection, sharing, analysis,
alerts, investigation, and response (both at the local and global levels).

, identifying and mobilizing appropriate
expertise inside ISGlobal and in the network to provide knowledge and
information to public health authorities and to civil society from the local
(city) and regional to the national and global levels and link with appropriate
initiatives (including the European Health Emergency Response Authority,
the Iberoamerican Epidemiological Observatory, and others).

in the areas of our competence in case of a crisis,
and liaising with appropriate partners and entities, including risk identification,
risk assessment, risk-benefit evaluation to feed into policy decisions.

on the basis of the best scientific
expertise and the access to a network of professionals.
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It seems commonplace to state that tragedies are a learning opportunity, but the best
way to honor the memory of the millions of victims of this pandemic is not to repeat
the mistakes that brought us this far. The future is a landscape of systemic health
risks, stemming from a myriad of factors that must be studied, prevented and mitigated.

This paper has made a cursory review of the experience of the scientific and policy
community in the area of PR3. The collective mood generated by the coronavirus crisis
now allows decisions to be made that would otherwise be the result of much longer
processes. On the basis of the best scientific knowledge, as well as the cooperative will
of governments and institutions, we must build the theoretical, legal, institutional and
personal infrastructure that will allow us to prevent the next tragedy. ISGlobal wants
to be an active part of this effort, as we explained in the previous pages, through our
contribution to collective knowledge and the translation of science into public
and private policies and practices.

These are, in our opinion, the priorities that should guide the actions of Spain and
the rest of the international community in the coming months:

Greater level
of coordination, and collaboration among the different levels, establishing
legal frameworks for coordination of response is imperative.

Thisincludes
innovation in novel surveillance and early alert systems as well as core
protocols and frameworks for response that can rapidly be adapted to
a particular crisis.

for
COVID-19 and further future health crises is imperative. Planning and
designing of future response strategies should include mental health and
psychosocial considerations in risk reduction strategies, including measures
to reduce psychosocial impacts (e.g. isolation, income insecurity...), to improve
risk communication, to increase mental health services and universal care
coverage. For this to be effective, community-based organizations and citizen
representatives need to be involved in the design and implementation of
new policies

when planning health emergency
preparedness and response strategies. A lesson learned from this pandemic is that
we should really work together as this health crisis will not end until all countries
are able to recover from it, and that will not be possible without global solidarity.
Regions with inequities in their communities are less prepared to respond
comprehensively to health crises.
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should be
incorporated in the design and implementation of strategies for communicating
protective and mitigation measures with the population, and should address,
in particular, infodemics as a threat to population compliance. For future
health crises, clear, transparent and timely communication is needed (and
should be prepared in advance and tailored to the particular crisis), including
and adequately covering the inherent uncertainties in the crisis, to increase
trust and compliance. An essential aspect of this is the engagement of relevant
stakeholders (including citizens) in the preparation of the communication
strategies and the development of the messages.



Global

MADHAV N, OPPENHEIM B,
GALLIVAN M, MULEMBAKANI

P, RUBIN E, WOLFE N. Chapter17:

Pandemics: Risk, Impacts, and
Mitigation. Disease Control
Priorities: Improving Health and
Reducing Poverty. Disease Control

Priorities (third edition), Volume9.

Washington, DC: World Bank.
do0i:10.1596/978-1-4648-0527-1.

Prevent Epidemics. Country
preparedness and COVID-19.

5May 2020. preventepidemics.org
covidig/science/insights/country-
preparedness-and-covid-19

World Health Organization.
Seventy-first Regional Committee
for Europe: virtual session,13-15
September 2021: response

to the COVID-19 pandemic:
lessons learned to date from

the WHO European Region.

apps.who.int/iris/bitstream
handle/10665/343157/71wdo6e-revi-
PR-Response-LessonsLearned-210693.
pdf?sequence=1&isAllowed=y

Global Preparedness Monitoring
Board. From Worlds Apart to

a World Prepared: GPMB 2021
Annual Report. www.gpmb.org/

docs/librariesprovideri7/default-
document-library/gpmb-annual-
report-2021.pdf?sfvrsn=44diodfa g




Global

Centers for Disease Control and
Prevention. Why It Matters: The
Pandemic Threat. 2017.
www.cdc.gov/globalhealth
healthprotection/fieldupdates
winter-2017/why-it-matters.html

World Health Organization.
Landmark agreement improves
global preparedness for influenza
pandemics. 27 March 2015.
www.who.int/news/item/27-03-2015-
landmark-agreement-improves-global-
preparedness-for-influenza-pandemics

The National Academies of Sciences
Engineering Medicine. The Threat
of Pandemic Influenza. Are We
Ready? Workshop Summary. 2005.
www.nap.edu/catalog/11150/the-threat-
of-pandemic-influenza-are-we-ready-
workshop-summary

MADHAV N, OPPENHEIM B,
GALLIVAN M, MULEMBAKANI
P, RUBIN E, WOLFE N. Chapter17:
Pandemics: Risk, Impacts, and
Mitigation. Disease Control
Priorities: Improving Health and
Reducing Poverty. Disease Control
Priorities (third edition), Volume9.
Washington, DC: World Bank.
do0i:10.1596/978-1-4648-0527-1.

TED. Bill Gates: Next epidemic?
Wearen't ready. 3 April 2015.

www.youtube.com/watch?v=6Af6b wyiwl

JONAS OB. Pandemic Risk. World
Development Report 2014. The
World Bank. 2014. www.worldbank.
org/content/dam/Worldbank/document
HDN/Health/WDR14_ bp_Pandemic

Risk_Jonas.pdf

Centers for Disease Control

and Prevention. Revised U.S.
Surveillance Case Definition

for Severe Acute Respiratory
Syndrome (SARS) and Update
on SARS Cases —United States
and Worldwide. December 2003.
https://www.cde.gov/mmwr/preview
mmwrhtml/mm5249a2.htm

World Health Organization.
International Health Regulations
(2005). Second edition. 1 January
2008. www.who.int/publications/i
item/9789241580410

World Health Organization. The
Global Health Observatory. Health
Emergencies. www.who.int/data/gho
data/major-themes/health-emergencies
GHO/health-emergencies

World Health Organization.
E-SPAR State Party Annual Report.

extranet.who.int/e-spar

Prevent Epidemics. Country
preparedness and COVID-19. 5 May
2020. preventepidemics.org/covidig
science/insights/country-preparedness-

and-covid-19/

TSAI FJ, LIN CP, TURBAT B.
Exploring association between
countries’ self-reported
International Health Regulations
core capacity and COVID-19
control outcomes. Journal of
Global Health Reports. Vol 5, 2021.
08 April 2021 BST.
doi.org/10.29392/001¢.21362

Prevent Epidemics. The World
Wasn’t Ready for COVID and Isn’t
Ready for the Next Big One.

preventepidemics.org/preparedness




Global

World Health Organization.
Guidelines for environmental
surveillance of poliovirus
circulation. March 2003.
polioeradication.org/wp-content/uploads

2016/07/WHO V-B 03.03 eng.pdf

LARSEN DA, WIGGINTON KR.
Tracking COVID-19 with wastewater.
Nature Biotechnology 38, 1151-1153
(2020). doi.org/10.1038/541587-020-
0690-1

SINCLAIR RG, CHOI CY, RILEY
MR, GERBA CP. Pathogen
surveillance through monitoring of
sewer systems. Adv Appl Microbiol.
2008;65:249-269. d0i:10.1016/S0065-
2164(08)00609-6

VENKATESAN A, HALDEN R.
Wastewater Treatment Plants as
Chemical Observatories to Forecast
Ecological and Human Health Risks
of Manmade Chemicals. Sci Rep 4,
3731 (2014). doi.org/10.1038/srep03731

World Health Organization. Archived:
WHO Timeline - COVID-19. 27 April
2020. www.who.int/news/item/27-04-
2020-who-timeline---covid-19

World Health Organization.
Diagnostic detection of Wuhan
coronavirus 2019 by real-time
RTPCR -Protocol and preliminary
evaluation as of Jan 13, 2020.
www.who.int/docs/default-source
coronaviruse wuhan—virus—assa_\'—\'lq
9152 85.122’%41(1()()28 a1bz C111902.
pdf?sfvrsn=d381fc88 2

VENKATESAN P. Repurposing
drugs for treatment of COVID-19.
The Lancet Respiratory Medicine.
Volume 9, Issue 7, E63, July 01,202.
doi.org/10.1016/S2213-2600(21)00270-8

World Health Organization. WHO
COVID-19 Solidarity Therapeutics
Trial. www.who.int/emergencies
diseases/novel-coronavirus-2019/global-
research-on-novel-coronavirus-2019-
ncov/solidarity-clinical-trial-for-covid-19-

treatments

International coalition of Medicines
Regulatory Authorities. COVID-19.

www.icmra.info/drupal/en/covid-19

BALL P. The lightning-fast quest
for COVID vaccines — and what it
means for other diseases. Nature.
18 December 2020. www.nature.com/

articles/d41586-020-03626-1

DAS TK, SAVACHKIN AA,
ZHUY. A large-scale simulation
model of pandemic influenza
outbreaks for development of
dynamic mitigation strategies.
IIE Transactions. Pages 893-905.
Published online: 17 Jul 2008. doi.
0rg/10.1080/07408170802165856

CHANG SL, HARDING N,
ZACHRESON C. et al. Modelling
transmission and control of the
COVID-19 pandemic in Australia.
Nat Commun 11, 5710 (2020).
doi.org/10.1038/s41467-020-19393-6

LOPEZ L, RODO X. A modified
SEIR model to predict the
COVID-19 outbreak in Spain and
Italy: Simulating control scenarios
and multi-scale epidemics. Results
Phys. 2021 Feb;21:103746. doi:
10.1016/j.1inp.2020.103746. Epub 2020.
Dec 25. PMID: 33391984; PMCID:
PMC7759445.

AGUIAR M, ORTUONDO

M, BIDAURRAZAGA VAN-
DIERDONCK J. et al. Modelling
COVID 19 in the Basque Country
from introduction to control
measure response. Sci Rep 10,
17306 (2020). doi.org/10.1038/541598-
020-74386-1

RAY EL, WATTANACHIT N,
NIEMI J, KANJI AH et al.
Ensemble Forecasts of Coronavirus
Disease 2019 (COVID-19) in

the U.S. August 2020. medRxiv
2020.08.19.20177493 doi.
0org/10.1101/2020.08.19.20177493

European Covid Forescast Hub.
covidigforecasthub.eu/background.html

PEARCE N, MOIRANO G,
MAULE M. et al. Does death from
Covid-19 arise from a multi-step
process? Eur J Epidemiol 36,

1-9 (2021). doi.org/10.1007/510654-
020-00711-7




Global

STEPHEN B. Modelling the
economic impact of COVID19 under
different policy choices: Mitigation
versus suppression when time is a
scarce resource. SSM - Population
Health. Volume 12, 2020, 100667,
ISSN 2352-8273.

doi.org/10.1016/j.ssmph.2020.10066

CHEN J, VULLIKANTI A,
SANTOS J. et al. Epidemiological
and economic impact of COVID-19
in the US. Sci Rep 11, 20451 (2021).
doi.org/10.1038/s41598-021-99712-7

World Health Organization.
Modelling the health impacts of
disruptions to essential health
services during COVID-19. 9 July
2021. www.who.int/publications/i
item/9789240027695

Germans Trias i Pujol Research
Institute (IGTP). Researchers

at the UPC and the IGTP use
mathematical models to evaluate the
evolution of the COVID-19 epidemic
and the effectiveness of the

control measures. 19 March 2020.
www.germanstrias.org/news/191/
researchers-at-the-upc-and-the-igtp-use-
mathematical-models-to-evaluate-the-
evolution-of-the-covid-19-epidemic-and-
the-effectiveness-of-the-control-measures

World Health Organization.

Hub for Pandemic and Epidemic
Intelligence. www.who.int/initiatives
who-hub-for-pandemic-and-epidemic-

intelligence

AARESTRUP FM, BONTEN M,
KOOPMANS M. Pandemics —One
Health preparedness for the next.
The Lancet. Vol 9, 100210. October,
2021.
doi.org/10.1016/j.lanepe.2021.100210

World Health Organization. One
Health. www.euro.who.int/en/health-
topics/health-emergencies/pages/action-
plan/strategic-pillar-1/one-health

World Health Organization.
Infodemic. www.who.int/health-topics
infodemic#tab=tab_1

www.the-scientist.com/news-opinion
the-top-retractions-of-2020-68284

Retraction Watch. The Top
Retractions of 2020. The Scientist.
Retraction Watch. Dec 15, 2020.
www.the-scientist.com/news-opinion
the-top-retractions-of-2020-68284

Health Feedback. The American
Journal of Medicine didn’t
recommend hydroxychloroquine

as a treatment for COVID-19;
scientific evidence doesn’t show
hydroxychloroquine is effective
against COVID-19. 3 February 2021.
healthfeedback.org/claimreview,
the-american-journal-of-medicine-
didnt-recommend-hydroxychloroquine-
as-a-treatment-for-covid-19-scientific-
evidence-doesnt-show-hydroxychloroquin-
e-is-effective-against-covid-1g

REARDON S. Flawed ivermectin
preprint highlights challenges

of COVID drug studies. Nature.
2 August 2021. www.nature.com
articles/d41586-021-02081-w

RODRIGUEZ MEGA E. Latin
America’s embrace of an unproven
COVID treatment is hindering drug
trials. Nature. October 2020.
www.nature.com/articles/d41586-020-
02958-2

VINDEGAARD N, BENROS ME.
COVID-19 pandemic and mental
health consequences: Systematic
review of the current evidence. Brain
Behav Immun. 2020;89:531-542.
d0i:10.1016/j.bbi.2020.05.048

PFEFFERBAUM B, NORTH CS.
Mental Health and the Covid-19
Pandemic. N Engl J Med 2020;
383:510-512. DOI: 10.1056/
NEJMp2008017

PANCHALN, KAMALR, COX C.,
GARFIELD R. The Implications of
COVID-19 for Mental Health and
Substance Use. KFF. February 2021.
www.kff.org/coronavirus-covid-19/issue-
brief/the-implications-of-covid-19-for-
mental-health-and-substance-use

World Health Organization. Global
leaders unite in urgent call for
international pandemic treaty.

30 March 2021. www.who.int/news
item/30-03-2021-global-leaders-unite-in-
urgent-call-for-international-pandemic-
treaty




Global

World Health Organization. WHO
Hub for Pandemic and Epidemic
Intelligence. www.who.int/initiatives
who-hub-for-pandemic-and-epidemic-
intelligence

GONTARIUK M, KRAFFT T,
REHBOCK C, TOWNEND D,

VAN DER AUWERMEULEN L,
PILOT E. The European Union and
Public Health Emergencies: Expert
Opinions on the Management of
the First Wave of the COVID-19
Pandemic and Suggestions for
Future Emergencies. Frontiers in
Public Health. 20 August 2021.
doi.org/10.3389/fpubh.2021.698995

European Commission.
European Health Emergency
Preparedness and Response
Authority (HERA). Roadmap —>
Inception impact assessment -
Ares(2021)674649. ec.europa.eu/info/
law/better-regulation/have-your-say,
initiatives/12870-European-Health-
Emergency-Preparedness-and-Response-
Authority-HERA- en

Secretaria General Iberoamericana.
El Observatorio Epidemiol6gico
Iberoamericano impulsa la
respuesta rapida ante emergencias
sanitarias. 277 October 2021.
www.segib.org/en/el-observatorio-
epidemiologico-iberoamericano-impulsa-
la—reSnueSta—1‘31)ida—ante—emergencias—

sanitarias/

GARCIA-BASTEIRO AL, LEGIDO-
QUIGLEY H, on behalf of the

20 signatories. Evaluation of the
COVID-19 response in Spain:
principles and requirements. The
Lancet Public Health. Vol 5, Issue 11,
E575. Published 21 September 2020.
doi.org/10.1016/S2468-2667(20)30208-5

GARCIA-BASTEIRO A, ALVAREZ-
DARDET C, ARENAS A, BENGOA
R, BORRELL C, DEL VAL M. et

al. The need for an independent
evaluation of the COVID-19 response
in Spain. The Lancet. Vol 396. Issue
10250, P529-530. 6 August 2020.
doi.org/10.1016/S0140-6736(20)31713-X

U.S. Department of Education.
Lessons Learned From School
Crises and Emergencies Vol. 2,
Issue 1, 2007. training.fema.gov/
programs/emischool/el361toolkit/assets
after actionreports.pdf

STOTO MA, NELSON C, et al.
Getting the most from after action
reviews to improve global health
security. Globalization and Health.
2019. 15:58 doi.org/10.1186/512992-019-

0500-72

World Health Organization.
Guidance for After Action Review
(AAR). 2018. www.euro.who.int
data/assets/pdf file/0009/393651/who-

European Centre for Disease
Prevention and Control (ECDC).
Best practice recommendations
for conducting after-action
reviews to enhance public health
preparedness. November 2018.
www.ecdc.europa.eu/sites/default/files
documents/public-health-preparedness-
best-practice-recommendations.pdf

World Health Organization.
Guidance for conducting a country
COVID-19 intra-action review
(IAR). 23 July 2020. www.who.int/
publications/i/item/WHQO-2019-nCoV-
Country IAR-2020.1

World Health Organization.
Country implementation
guidance: after action reviews and
simulation exercises under the
International Health Regulations
2005 monitoring and evaluation
framework (IHR MEF). 2018.

apps.who.int/iris/handle/10665/276175

World Health Organization.
Strengthening preparedness for
COVID-19 in cities and urban
settings: interim guidance for local
authorities. 2020.
apps.who.int/iris/handle/10665/331896

World Health Organization. Mental
health preparedness and response
for the COVID-19 pandemic.

8 January 2021.
apps.who.int/gb/ebwha/pdf files/EB148

B148 20-en.pdf




www.isglobal.org W @ISGLOBALorg
f /isglobal
@ISGLOBALorg
@ /isglobalorg

Barcelona




