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Abstract
Objective: Nowadays, due to globalisation, the likelihood 
that infectious diseases spread rapidly is extraordinarily 
high. SARS and COVID-19 are two diseases of the Coro-
navirus family, which developed in China and then spread 
internationally, causing global public health emergencies. 
This study investigates the role that risk management and 
communication systems played in mitigating these emer-
gencies, to establish how they should be improved in the 
future.
Methods: A narrative review was carried out to investigate 
different knowledge domains, such as risk management and 
communication, risk assessment and indicators, epidemio-
logical and clinical data, diagnostic methods, vaccines, public 
health and social measures.
Results: On one side, risk management systems assess the 
main data, knowledge, and indicators on epidemiology, diag-
nostics, and vaccines (science-based); on the other side, they 
apply public health and social measures (socially-based). 
Decision-makers, in fact, implement their actions by 
constantly balancing these two sides (policy-based).
Conclusions: A correct crisis management approach should 
support the governance of pandemics, by harmonising the 
actual risks assessed by experts with those perceived by 
the general population. It should incorporate not only the 
biological, but even the environmental, social and economic 
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1 | INTRODUCTION

Virus pandemics are unforeseeable but repeated events that can have a noteworthy impact on health, behavioural 
and economic well-being worldwide. Pandemic risk management helps to prevent and mitigate the consequences 
of a widespread contagion during all the main phases of the outbreak, by harmonising public health emergency 
plans with the disaster risk management already existing in many countries. 1 This approach is based on an accurate 
and timely assessment of the actual and perceived risks, to plan and implement evidence-based decision-making 
at national, regional, and local levels. International bodies - such as the World Health Organization (WHO) and the 
Organization for Economic Co-operation and Development (OECD)-lead this approach to virus pandemic manage-
ment worldwide. They also stimulate each Member State to develop flexible national risk assessment and governance 
plans, 1 grounded on indicators to evaluate risks, through examining epidemiological and clinical data as well as diag-
nostic, therapeutic, and vaccine options.

In the last decades, several weighty viral pandemics occurred, either actual or potential, requiring risk manage-
ment systems at the international as well as at the national levels to be applied. Some of those emergencies have 
been caused by coronaviruses (CoVs), which represent a group of small RNA viruses that infect humans and other 
different species of vertebrate animals. Rarely, animal CoVs infect people and then spread - such as SARS-CoV, 
MERS-CoV, and now SARS-CoV-2 - causing severe respiratory illnesses with high fatality rates. Most CoVs in humans 
come from the bat reservoir. A high genetic similarity was found between SARS-CoV-2 and a bat SARS-related coro-
navirus while a low similarity to SARS-CoV (approximately 79%) or MERS-CoV (about 50%). SARS-CoV-2 uses the 
same receptor, the angiotensin II converting enzyme, as SARS-CoV. The development of new variations in functional 
sites in the receptor-binding domain of the spike observed in SARS-CoV-2 is likely caused by natural selection in 
addition to recombination. 2

CoVs represent potential threats to global public health, 3 while the COVID-19 pandemic is the largest global 
public health crisis of this generation, immediately causing a unique wave of research and data sharing with the goal 
of understanding the disease, tracking, and controlling its spread. An increasing stream of research claimed that - 
besides the classic biological determinants - a series of social, economic and environmental determinants should be 

RECCHIA Et Al.2

aspects of virus emergencies, towards establishing a suita-
ble framework to deal with possible future pandemics.
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•  COVID-19 and SARS enhanced rapid research on specific 
diagnostics and vaccines.

•  Public health and social measures remain the primary response 
to virus outbreaks.

•  Risk perception affects people's behaviour and public health 
measures' application.

•  Risk management and communication plans are crucial to cope 
with pandemics.

•  SARS and COVID-19 experiences should help to deal with future 
virus emergencie.



evaluated and monitored within crisis management systems, in order to contain the transmission of SARS-CoV-2 as 
well as of other viruses in the future. 4–6 Among the environmental determinants, the air pollution, 7–11 as well as the 
population density and the social interactions 4,5,11–13 have been identified as very important in increasing the risk of 
transmission.

The first research question of this study regards how the actual international risk management and communi-
cation systems handled the emergency of the SARS-CoV-2 pandemic compared with the systems that handled the 
SARS-CoV epidemic in 2003. The main aspects selected to be investigated within those systems are: on one side, 
the main data, knowledge, and indicators on epidemiology, diagnostics, and vaccines (science-based factors); on the 
other side, public health measures and social measures (socially-based factors). Risk management, in fact, constantly 
chooses to implement a series of actions by balancing these two sides, in order to contain the contagion (policy-based 
factors). Following this logic, there is a constant reference to the organizations responsible for international public 
health and their role in promoting the control of contagion at national and sub-national levels. The second research 
question regards how the existing international risk management and communication systems should be improved, 
consequently suggesting research challenges and policy implications to create a suitable framework that embraces 
also the environmental, social, and economic determinants of future pandemic disease emergencies.

2 | STUDY DESIGN

In order to describe how pandemic evolution can be affected by accurate diagnosis of the infection, vaccine devel-
opment, and contagion prevention, this study examines the literature covering epidemiology, clinical biochemis-
try, and social sciences. With the objective of catching the complexity of crisis management and communication 
systems during virus pandemics, a narrative review was performed, also on the basis of what was recommended by 
Greenhalgh and colleagues. 14 A narrative approach was preferred to a systematic one, since the main concern was 
not to address closely focussed issues and then summarise the data as it does in systematic reviews. The main scope 
was that of providing a wide framework of many aspects embraced by the risk management and communication 
systems, in a continuous comparison among SARS and COVID-19 emergencies. This scope necessitated clarifications 
and insights, for which a more interpretative and descriptive synthesis of existing literature is needed, thus requiring 
the narrative review method. 14

The literature search was executed by the three review authors, which form a multidisciplinary team with 
expertise in health risk communication, public health and epidemiology, and biomedical diagnostic technologies. 
The search was conducted on MEDLINE/Pubmed and Google Scholar and was limited to documents published in 
the English language. In addition, the literature was collected through the search into the following institutional 
websites: US CDC-Centres for Disease Control and Prevention (link: https://www.cdc.gov/), WHO-World Health 
Organization (link: https://www.who.int/); FIND-Foundation for Innovative New Diagnostics (https://www.finddx.
org/); OECD-Organisation for Economic Co-operation and Development (https://www.oecd.org). All the document 
types were accepted (e.g., journal articles, books, chapters, institutional reports and guidelines, and websites of rele-
vant organizations). The different knowledge domains of interest were: 1) risk management and communication, 2) 
risk assessment and indicators of severity, 3) epidemiological and clinical data, 4) diagnostic methods, 5) development 
of vaccines, 6) public health and social measures.

For each target knowledge domain, the specific keywords were combined with the terms “SARS”, “SARS-CoV”, 
“COVID-19” and “SARS-CoV-2”, by using the AND operator. Regarding SARS and SARS-CoV, the search was filtered 
at the time of publication from 2003 to 2020, while for COVID-19 and SARS-CoV-2 from 2019 to 2021.
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3 | RESULTS AND DISCUSSION

3.1 | Risk management and communication systems for public health emergencies

The international outbreak crises challenge severely politicians and risk managers often due to an unpredictable large 
scale and transboundary nature, disclosing the necessity to improve the existing information and communication 
systems. 15 This necessity descends from a dichotomy among experts and the general public concerning risk percep-
tion. The traditional theory establishes that the public usually bases decisions on their perception of the risk, whereas 
institutions more often on the actual risk. 16,17 However, also other factors intermediate governments' decisions, for 
instance, the political, social, and economic demands of the public. 18–20 Based on the dominant psychometric para-
digm, risk communication strategies are usually designed to help the public to achieve perceptions of risk more similar 
to those of experts. 21 This is one of the main objectives of crisis communication strategies, pursued to enhance risk 
understanding, trust, acceptance, and compliance with the necessary public health measures. 20,22 A risk management 
framework foresees a series of strategies, programs, and activities, to face a potential crisis during each of its typical 
phases. When a crisis is possible, the system acts as a “risk management system” and includes “risk communication” 
strategies and programs. When the crisis is ongoing, the system regards an actual “crisis management” and involves 
“crisis communication” strategies and plans. Although with different terminologies, current risk management systems 
embrace three phases: “preparedness” before the crisis, “response” to control and reduce damage during the crisis, 
and “recovery” after the crisis. 15,23,24 During the alert phase (high hazard, low outrage) - the precautionary principle 
should address uncertainty, usually leading to an overestimation of risk. During the pandemic phase (high hazard, 
high outrage), the pessimistic public perception of risk requires continuous communication of the actual risk and the 
necessary adoption of health measures. During the recovery phase (low hazard, high outrage), post-crisis communi-
cation manages outrage, reassures people, and addresses blame. In this last phase, governments can also stimulate 
people to debrief and think about long-term preparedness. 17 Risk assessment is the first activity implemented by the 
political and technical leadership during the preparedness phase. An outbreak crisis obliges us to recognise, investi-
gate and evaluate the key threats, hazards, and associated exposures. 15

Along with ensuring cooperation and effective decision-making, leadership plays a key role in crisis communica-
tion during all the phases. Communicating via the mass and social media with the general public, to provide ration-
ality regarding events, maintain trust in the emergency organizations and governments, as well as to transmit useful 
messages is a vital responsibility of leadership during the crisis. 15 Communication toolkits are developed to help 
institutions either to calm public concerns, if experts felt that these concerns are excessive, or to raise risk perception 
if experts feel that the public is inadequately worried about the severe risks. 25

The WHO plays a crucial role in creating and updating international risk management systems related to the 
epidemic and pandemic crises. 19 At their beginning, risk management systems focussed more on risk assessment and 
management than on risk communication strategies. In the last 20 years, the WHO has provided Member States with 
specific systems aimed to detect and respond to epidemic emergencies. Whenever those epidemics could evolve 
towards a significant international spread, the WHO activated a global surveillance and response mechanism. In 
2000, it established the Global Outbreak Alert and Response Network (GOARN) with the technical expertise of about 
120 partner institutions worldwide to be entailed in this scope. 26 During the SARS outbreak, eleven scientists from 
nine countries joined a network within the WHO, to identify the causal agent and generate a diagnostic device. 27

SARS represented such an exceptional emergency, as to provoke, for the first time in contemporary years, an 
important chance to experiment with the available international warning systems. 28 The international community 
reacted at an unexpected speed despite the Chinese government showing a denial attitude in the initial 5-month 
period. Within two weeks since the Hong Kong emergency, in March 2003, WHO issued a global health alert concern-
ing cases of abnormal pneumonia. 29 Consequently, various agencies produced many new websites, to disseminate 
information widely and quickly. 29 Thus, on one side SARS augmented the worries about globalisation, which reduces 
the levels to which people can control their destiny and increases their exposure to external threats. On the other 
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side, it also demonstrated the positive facets of globalisation, by enabling scientists to share research information 
in real-time and facilitating an international coordinated response. 19 During SARS, experts noticed that risk commu-
nication created an excessive risk perception in people concerning its low morbidity and mortality, 30 with a media 
coverage evaluated as occasionally inexact and distressing. 31

While during SARS outbreak an explicit risk communication system didn't exist within the risk management 
embodied by the GOARN, during the current COVID-19 outbreak the institutions could make use of crisis manage-
ment systems that explicitly include crisis communication. Currently, the possibility to adopt an integrated system 
to respond to the COVID-19 outbreak does exist, at least at a theoretical level. Table 1 describes the evolution from 
GOARN to the actual Risk Management and Communication Systems, created at the international level by WHO 
and the U.S. Centres for Disease Control and Prevention (CDC). As underlined by the WHO in its risk management 
systems updated in 2013 and 2017, the global pandemic phases (inter-pandemic, alert, pandemic, and transition 
phases) express the diffusion of the disease worldwide (Table 1). Nevertheless, as pandemic emerges, countries and 
local communities face different risks at different times. 1,24 CDC tried to fill in this gap with its pandemic guidelines, 
conceived for the local and individual alert levels. 23,32,33

Sandman provided risk communication phases, which are based on a risk assessment index and focus on a 
common language directly useable by media, by avoiding technical definitions and addressing diverse kinds of risk 
perception. 34 Following this index, the uncertainty of available knowledge on diagnostics, therapies, and vaccines 
during novel infectious disease outbreaks generates a dichotomy among optimistic and pessimistic messages, which 
need to be continuously balanced by appropriate crisis communication. 17

The necessity of an integrated model which encompasses all the frameworks proposed by WHO, CDC, and 
Sandman has been originally recommended within the EU Tell Me Project 35 and partially achieved by CDC. 23 Although 
the available knowledge would allow this integration, the actual international risk management frameworks designed 
to cope with the COVID-19 emergency 36,37 do not fully match the technical assessment aspects and phases with the 
psychosocial dimensions of communication strategies. 38

During the alert phase, there was a late response to the emergency in many countries worldwide probably 
provoked by an absent collaboration between national health and risk management systems, as well as by a late 
communication by international organizations. 39 Throughout the pandemic phases, which it was necessary to make 
citizens aware of the correct adoption of public health measures, the positive phenomenon of the worldwide explo-
sion of scientific studies and timely global information was accompanied by the negative phenomenon of infodemic 
and the resulting total confusion and misinformation. 40,41 This problem is continuing at the current stage, where it 
would be necessary to promote proper adherence to vaccination campaigns in the various States, 42 to be able to 
settle the final blows to the current danger of the virus and its variants.

3.2 | Risk assessment and indicators of severity

Risk management is a policy-based decision-making process on adopting, boosting, or adjusting specific public health 
and social measures. 37 This should be based on risk assessment, which is a systematic science-based process led 
with a validated methodology for gathering, evaluating and recording information, with the aim of assigning a level 
of risk. 43 Therefore, risk management aims to balance the risk of reducing public health and social measures with the 
following capabilities: identifying a reappearance of new cases, treating additional patients in health care or other 
structures, and reestablishing public health and social measures if needed. All the factors upon which risk manage-
ment advisors decide to implement certain actions are called “indicators” and usually constitute the risk assessment 
structure (See Appendix A). WHO suggested similar indicators to control both SARS and COVID-19 pandemics. 44,45 
The main new indicators introduced to control COVID-19 regard: a) the serological testing; b) the more detailed 
health care capacities; c) the public health rapid response teams to investigate suspect cases and clusters.
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Name Source Scope Description-how it works

GOARN-Global outbreak 
alert and response 
network

WHO (2003) Risk management It is a network of technical experts 
from 120 countries, to respond 
to global surveillance needs of 
each pandemic outbreak.

SARS risk assessment 
and preparedness 
framework

WHO (2004) Risk assessment It is a phased framework of 
activities, to assess the risk 
that SARS might reappear 
and to prepare suitable 
emergency plans at national 
and international levels.

Global pandemic six-phases 
threat index

WHO (2005) Risk assessment It ponders only the geographical 
spread of the outbreak via a 
technical language, producing 
misunderstandings among the 
international organizations, the 
media and the general public.

Crisis communication best 
practices

Sandman (2006) Crisis communication Crisis communication strategies 
should change along the four 
phases of an outbreak, which 
are based on two factors: The 
hazard; the public outrage.

PSI-pandemic severity index CDC (2007) Risk assessment The pandemic severity index 
(PSI) considers the severity 
of the potential pandemic 
and decodes it to specific 
guidelines for individuals and 
communities.

Risk communication phases Sandman (2007) Risk assessment and 
communication

It complements the WHO 
six-phase system. Besides the 
impact of the virus - it takes 
into account also (a) the level 
of public concern, and (b) the 
location of the disease.

Revised pandemic phases WHO (2013) Risk management WHO recommends a new four-
phase system, in order to 
stimulate national authorities 
to develop their local risk 
management plans. This new 
system works on two matching 
axes - the global and the local 
risk-based phases.

Intervals-preparedness and 
response framework

Holloway et al. (2014) Risk management This system clarifies the link 
among the broad WHO phases 
and the in-depth planning 
intervals. In addition, the 
intervals express precise 
transmission-related indicators, 
as well as the detailed response 
activities that should occur.

T A B L E  1   Responding to pandemic outbreaks



At an international level, pandemic risk assessment and risk management are separate responsibilities. 46 WHO 
carries out risk assessment activities in the form of study outcomes and recommendations. Member States may 
choose to directly accept WHO outcomes and recommendations or to designate their own risk assessment bodies 
that share their findings with those from WHO. 46 At a national level, risk management is a specific responsibility of 
State governments, although they can ask to autonomous expert bodies to generate recommendations. Since the 
transmission of a pandemic virus is usually uneven within a country, subnational and community-level risk assess-
ment structures should assist the national risk assessment system.

Some authors suggest that ECDC should continuously monitor transmission and mortality and work closely with 
WHO to provide guidelines, encourage control and prevention activities, and comprehend the effects of the lock-
down on the containment of Covid-19. 47 In this respect, one important challenge is the design of simple but effective 
multifactorial indexes to support appropriate strategies of prevention during the emergence of a pandemic, in order 
to reduce many negative effects on society. 48,49 Some scientists, in fact, observed that an excessive number of people 
belonging to certain minority populations got infected and died due to the COVID-19. 5 They discovered that in those 
communities the risk for morbidity and mortality is exacerbated by social, economic and environmental determinants 
of health, which interconnect with biological factors (comorbidities, underlying genetics, host immunity, vitamin D 

RECCHIA Et Al. 7

T A B L E  1  (Continued)

Name Source Scope Description-how it works

Pandemic influenza risk 
management

WHO (2017) Risk management and 
communication

WHO harmonises national and 
international pandemic 
influenza preparedness and 
response phases, encouraging 
member states to develop 
agile plans based on national 
risk assessment. It also 
describes and stimulates risk 
communication strategies and 
activities.

Preparedness and response 
framework, with CDC 
intervals and WHO 
phases

Qualls et al. (2017) Risk management and 
communication

Each interval is associated with 
particular activities, such 
as: 1) active participation 
in implementing 
non-pharmaceutical 
interventions (NPIs) during 
the initiation and acceleration 
intervals; and 2) coordinated 
discontinuation of community-
level NPIs during the 
deceleration interval.

Novel coronavirus (2019-
nCoV): Strategic 
preparedness and 
response plan.

WHO (2020a, 2020b) Risk management and 
communication

The plan sketches the public health 
measures that the international 
community stands ready to 
support all countries to prepare 
for and respond to 2019-nCoV.

Strategy update. The subsequent strategy update 
document provides a guide 
for countries preparing for a 
transition from widespread 
transmission to a stable state 
of low-level or no transmission.

Note: The evolution from GOARN to the actual international Risk Management and Communication Systems.



levels, epigenetics). 5 Socio-economic determinants regard the healthcare accessibility, the socio-economic status, the 
employment, the public transport. 5,50 Environmental determinants include the residential isolation, 5 the population 
density and social interactions, 4,5,11–13 the air pollution, 7–11 the housing situations, the distance from alimentary and 
medical facilities, the violence. 5 Socio-cultural determinants embrace the racism, the education, the health literacy, 
the trust in the healthcare system. 5 Finally, the development of new technologies should play a key role in advancing 
crisis management systems in the aspects of prevention, monitoring and control, 47,50 as well as in the adaptation of 
clinical trials during pandemics. 51

In the next paragraphs, some indicators regarding epidemiological and clinical factors, molecular and immune 
assays, serological tests and vaccines were analysed, with the purpose of helping to understand how these data 
drove decision-making in each phase of SARS and COVID-19 pandemics, within the existing risk management and 
communication framework.

3.3 | Epidemiological and clinical data

The two crises due to SARS-CoV and SARS-CoV-2 have both raised great concern for global public health, albeit with 
different epidemiological spreads. The previous epidemic of SARS infected between November 2002 and July 2003 
over 8000 and killed 916 people in 32 countries. The disease appeared in the Guangdong province of southern China 
and spread mainly in Canada, Hong Kong, Singapore, and Vietnam. Most cases occurred in the health care setting, in 
the absence of adequate infection control precautions. Adoption of appropriate infection control measures brought 
the global outbreak to an end, and no cases of SARS have been reported since. 52

The similar epidemic caused by SARS-CoV-2 that occurred in early December 2019, produced a significantly 
more dramatic impact. Starting in Mainland China, in the city of Wuhan, Hubei, it became more widespread in the 
rest of the world than in China, so much that on 11 March 2020 the WHO announced a pandemic condition. From 7 
December 2019 to the middle of July 2021, the outbreak resulted in an estimated 186 million worldwide, killing more 
than 4 million people with a global lethality of about 2.2 during three epidemic waves. In recent months, emerging 
variants of the SARS-CoV-2 virus have been documented (Alpha, Beta, Gamma, Delta) with an increased transmis-
sibility. In particular, the Delta variant has been detected in at least 111 countries across the world in the last two 
months. 53

Overall, SARS-CoV-2 is less deadly than SARS, which had a fatality rate of 10% with a range from 0% to nearly 
30% based on different ages of the infected subjects. According to WHO data relating only to SARS cases reported 
in China, there was no death among patients under the age of 20. The patients between 20 and 30 were less likely to 
die (less than 1%), whereas a higher percentage of mortality was observed between 70 and 79 years (28%). 52

COVID-19 disease also shows a higher mortality gradient in older age groups. One of the most complete anal-
yses conducted among patients with COVID-19 in China reported on 44,672 confirmed cases with a fatality rate of 
2.3%, with percentages close to zero for patients under the age of 50, while values of 8% among subjects aged 70% 
and 79% and 14.8% in subjects over 80 years old. 54

SARS and COVID-19 present themselves as the typical viral pneumonia with similar pathogenic characteris-
tics but with differences in clinical manifestations. The most prevalent clinical manifestations of both include fever, 
cough, headache, dyspnea, diarrhea, and myalgia. Additional evidence reports in COVID-19 patients, symptoms such 
as taste or olfactory disorders or skin manifestations describing the potential involvement of other organs besides 
the respiratory and gastrointestinal tract. 55

The spectrum of clinical manifestations varies from the absence of symptoms to severe respiratory failure. While 
the percentage of asymptomatic subjects with SARS was between 7.5% and 13%, that of SARS-CoV-2 positive 
subjects was between 5% and 80%. 56

Critical cases often progress quickly, developing respiratory distress and needing intensive care. Approximately 
20% of patients with SARS develop severe respiratory failure that required admission to ICU. 57 Almost a third of the 
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patients affected by SARS-CoV2 developed complications that included acute respiratory distress syndrome and 
were required to be treated in the ICU. 58 The main risk factors for a severe clinical course and worse outcomes in 
patients with SARS-CoV-2 were old age, male gender, and pre-existing chronic conditions. 59

An increased risk of infection and worse clinical outcomes has been found in individuals from Black, Indigenous, 
Asian, and Latin communities and Ethnic Minorities, showing the need to implement national ethnic surveillance 
systems in order to create large-scale international registries and studies for future public health interventions to 
promote health equity. 60,61 Additional predisposing factors may impact the risk of COVID-19 infection and severe 
illness. For example, a recent meta-analysis supported the role of the ABO blood group in the susceptibility to the 
infection, with a higher risk of infection in subjects with blood type A and a lower risk of blood type O. 62

Furthermore, strong evidence of causation between meteorological factors and COVID-19 outcomes has also 
been reported. 63 Therefore, seasonality and other environmental factors determined by the change in how human 
society interacts with natural ecosystems should be considered when implementing adequate public health policies, 
timely vaccination campaigns, and other non-pharmaceutical interventions to cope with recurring waves. 64

SARS seroprevalence studies have shown overall seroprevalence rates of 0.1% for the general population and 
0.23% for health care workers (HCW). 65 In a meta-analysis involving about 400,000 people from 23 countries, the 
SARS-CoV-2 seroprevalence in the general population varied from 0.37% to 22.1% with a pooled estimate of 3.38% 
and marked differences among geographic regions. 66 A further meta-analysis including 49 studies and 127,480 HCW, 
reported an overall estimated SARS-CoV-2 antibody seroprevalence of 8.7%, with values ranging from 0% to 45.3% 
across the studies and the different geographic realities. The notable differences can be due to the different (a) 
sensitivity or specificity of the tests used for antibody detection, (b) lockdown and quarantine measures, and (c) time 
of data collection. 67

3.4 | Diagnostic methods: Guidelines to the times of SARS and COVID-19

On 16 April 2003, WHO announced the identification of the new pathogen responsible for SARS as the result of an 
unprecedented collaboration of 13 laboratories, from 10 countries, working to fulfill Koch's postulates, to establish 
the cause of the disease. 68

As summarised on the WHO website, 69 laboratory tests were based on the approaches described as it follows.
To detect the genetic material of the SARS-CoV in various specimens (blood, stool, respiratory secretions, body 

tissues), primers for Polymerase Chain Reaction (PCR) had been made publicly available on the website by WHO 
network laboratories and a ready-to-use PCR test kit with relative controls had been developed. The availability of 
PCR protocols at http://www.bni.uni-hamburg.de/ was reported to the WHO network on March 27 and ProMed 
mail [an international e-mail notification service for infectious-disease outbreaks] on March 30. Over time, diverse 
protocols were designed within the different testing approaches. Most PCR assays were designed with the Orf1b 
or nucleoprotein gene, with the latter gene being more copious in infected cells, and therefore of better sensitivity, 
although not verified in clinical studies. Quantitative Reverse Transcription Polymerase Chain Reaction (RT-PCR) of 
the nasopharyngeal aspirate resulted in the most sensitive and rapid method for clinical diagnosis (sensitivity of 80%, 
good specificity), even if collected in the first 5 days from clinical signs onset. 70

A parallel strategy was based on a panel of three monoclonal antibodies, enzyme immunoassay (EIA) detection of 
the N protein was completed in a large study with more than 300 serum samples of SARS patients, at different time 
points of illness. As early as day 5 after the start of infection, EIA revealed a sensitivity of 94% and a specificity of 
99.9%. 71 Antigen detection with EIA in non-serum specimens resulted less sensitive than RT-PCR due to the higher 
cutoff level aiming to overcome the background noise. However, most of these tests have never been exhaustively 
investigated in prospective cohort studies owing to the short-lived epidemic. 70
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Viruses in specimens (such as respiratory secretions, blood, or stool) from SARS patients can also be detected 
by inoculating cell cultures and growing the virus. Once isolated, the virus must be identified as the SARS one with 
further tests. Cell culture is a very demanding test and it only means to show the existence of a live virus.

On the other hand, to detect the antibodies produced in response to the SARS coronavirus infection the follow-
ing tests were developed or were under optimization:

 -  ELISA (Enzyme Linked ImmunoSorbant Assay), searching for IgM and IgG antibodies in the serum of SARS patients 
produced positive results reliably at around day 21 of illness

 -  IFA (Immunofluorescence Assay), searching for IgM antibodies in serum of SARS patients produced positive read-
outs 10 days earlier 69

Subsequent studies have revealed that serum-specific antibodies against SARS-CoV whole virus from indi-
rect immunofluorescence or neutralisation tests begin to appear around day 7, while IgM were undetectable after 
2–3 months, and IgG maintained for over a year. 72

Overall, among Sars-CoV diagnostic tests, in Table 2, only those rapidly optimised and published (within 2003) 
are reported, to frame the first technological response given during SARS pandemic in terms of developed assay type 
and performance. Considering comparable sample collection time (day 1–5 after onset of symptoms) and without 
weighing the number of clinical specimens analysed, the data reveal equivalent specificity (100%) for those molec-
ular tests optimised on nasopharyngeal aspirate or nose throat swab as well as for anti-N protein antibodies test 
performed on plasma samples. With respect to sensitivity, molecular tests reach the peak at day 2, while antibody 
tests performed on plasma collected in the range 1–5 days show the lower value, highlighting the importance of 
both the method and the specific timing of application. Over the years, new methods and relative data on analytical 
effectiveness were published.

Nearly two decades later, on 7 January 2020, the Chinese authorities isolated a new type of coronavirus, and 
on 12 January 2020, they shared its genetic sequence to be used in the development of specific diagnostic kits. 73 
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Diagnostic method and detection target Clinical specimen
% Sensitivity* (no. of 
samples; day % Specificity Reference

In-house RT-PCR NPA 59.7 (72; 1–5) 100 Yam et al. 
2003 RNA pol

In-house RT-PCR Nose and throat swab 61.1 (54; 1–5) 100 Yam et al. 
2003 RNA pol

In-house RT-PCR Blood (plasma) 79.2 (24; 1–3) --- Grant et al. 
2003 Nested RNA pol

In-house quantitative PCR NPA 62.5 (8; 1) 100 Poon et al. 
2003 ORF 1b

In-house quantitative PCR NPA 87.5 (16; 2) 100 Poon et al. 
2003 ORF 1b

In-house quantitative PCR NPA 80.1 (26; 3) 100 Poon et al. 
2003 ORF 1b

EIA Blood (plasma) 14.8 (27; 1–5) 100 Shi et al. 
2003 Anti-N protein antibodies

Note: Tests reported in this table have been selected among those optimised and published within 2003, with respect of 
sample collection time comparability (day 1–5 after onset of symptoms). *values are copies/ml.
Abbreviation: NPA, nasopharyngeal aspirate

T A B L E  2   SARS-CoV, clinical evaluation of molecular diagnostic tests and antibody detection assays



Actually, established laboratory technologies have facilitated researchers in the design of COVID-19 diagnostics. 
Knowledge acquired from the 2002 SARS outbreak has directed the rapid identification of COVID-19 and the devel-
opment of detection tools. 74 Interim guidance was published online 75 regarding the following methods:

 -  Nucleic acid amplification tests (NAAT). Routine confirmation of cases of COVID-19 is based on detection of 
unique sequences of virus RNA by real-time RT-PCR and additional confirmation by nucleic acid sequencing. The 
N, E, S, and RdRP viral genes are so far targeted.

 -  Antibody testing. At the date of the above cited WHO document, 75 only some studies with COVID-19 serological 
data on clinical samples have been available. 76,77 Wide-ranging serology immunoassays (IAs) have been developed; 
the most prominent IAs are automated chemiluminescent IA (CLIA), manual ELISA, and rapid lateral flow IA (LFIA), 
which detect the immunoglobulin M (IgM) and immunoglobulin G (IgG) produced in response to SARS-CoV-2 
infection.

In the diverse periods of the pandemic, complementary serological analysis has at least a double intrinsic value: 
from i) estimating epidemiological variables useful in community transmission level evaluation, 78 to ii) individuals 
immunological response monitoring for plasma therapy strategy. 79

Viral sequencing. International databases (i.e. GISAID) for deposition of genetic sequence information are public 
access. In addition, to confirm the presence of the virus, systematic sequencing of a percentage of specimens from 
clinical cases can be exploited to monitor for viral genome mutations, to prevent issues on the performance of medi-
cal adopted countermeasures, including diagnostic tests.

Viral culture. Isolation of live viruses is not suggested as a routine approach.
Insufficient reagents and an unplanned laboratory testing organization have influenced the initial stages of the 

actual pandemic. Typically conducted in centralised laboratories, the routine for population-scale testing is repre-
sented by the RT–qPCR. Cheap tests can be performed without specialised equipment through the isothermal nucleic 
acid amplification method. Moreover, SARS-CoV-2 emergent variant strains are assessed by the next-generation 
sequencing (NGS) technology. By targeting SARS-CoV-2 spike protein or nucleocapsid protein on immunoaffinity 
lateral flow tests, rapid results are made available in 30 min at the point of care, with time and cost-effectiveness, 
although missing in specificity and sensitivity than corresponding molecular assays. 80

Overall, to accelerate clinical decision-making and to take some of the workloads off centralised test laborato-
ries, rapid diagnostic tests (RDTs), at the Point of Care (POC), for use at the community level were identified by a 
WHO expert group as the first of eight research priorities.

At the beginning of the pandemic, based on the available data, 81 WHO limited the use of these new POC immu-
nodiagnostics (antigen (Ag) and antibody (Ab) tests) only in research settings. Remarkably, on September 11, WHO 
published advice on the use of Ag-RDTs during the COVID-19 pandemic, reversing the previous one. 82 Despite the 
lower sensitivity than that molecular tests permit, antigen tests are now recognized by WHO as a chance of fast 
and cost-effective detection of SARS-CoV-2 in persons with high viral loads (>10 6 genomic virus copies/mL), in the 
pre/early-symptomatic phases of the illness, with an elevated risk of pathogen transmission. 82,83 As recommended, 
only Ag-RDTs matching the performance criteria (minimum sensitivity and specificity respectively as 80% and 97% 
compared with a molecular reference assay) should be applied and conducted by trained operators, within the first 
5–7 days from the onset of symptoms, in areas where standard molecular methods are congested. 82

Notably, aiming to support policymakers and healthcare providers with current information on tests for 
SARS-CoV-2, in partnership with WHO, the global non-profit organization - Foundation for Innovative New Diag-
nostics (FIND) is guiding independent evaluations of diagnostics, as part of the worldwide reaction to the COVID-19 
pandemic. On 19 February 2020, FIND launched the first expression of interest (EOI), with deadline fixed on 9 March 
2020, for test developers of in vitro diagnostics (IVDs) revealing SARS-CoV-2 nucleic acid (molecular tests). On 13 
March 2020, a new EOI process for immunoassays evaluation (i.e. manual ELISA, machine-based or lateral flow, 
rapid tests specific for SARS-CoV-2 antigen or antibodies) was published, with deadline fixed on 20 March 2020. All 
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the test submissions were reviewed according to their regulatory status and time to market; the manufacturing and 
distribution capacity of the supplier; and their clinical and analytical performance.

Regardless of the state of maturity of the kit (marketed or in development), a large number of companies volun-
tarily applied for the process on the FIND. To the end of May 2021, an increasing number of diagnostics are being 
proposed (more than 1000) on FIND database (https://www.finddx.org/covid-19/pipeline/). Figure 1 summarises the 
commercialised tools, resulting in line with the declaration of conformity under the - In Vitro Diagnostic Regulation 
(IVR)-and those that have received at least the Emergency Use Authorisation (EUA). Even if of technical value, the 
tests intended for Research Use Only (RUO) were not considered.

3.5 | Development of vaccine against SARS and COVID-19

The absence of herd immunity and specific antiviral treatment make all individuals susceptible to new infection and 
can determine an exponential increase in the number of cases. This is what has happened for SARS and currently for 
COVID-19. Therefore, vaccination represents one of the main approaches to prevent and control future emergencies, 
especially when - as for COVID-19 - the high transmissibility occurs also by asymptomatic subjects.

SARS-CoV and SARS-CoV-2 exhibit a very high genetic similarity; both include in their genome four main struc-
tural proteins: S, M, E, and N. The SARS-CoV-2 gene S has approximately 75% of the same nucleotide sequences as 
SARS-CoV, and both viruses bind to host cells using the human angiotensin-converting enzyme 2 receptors. 84,85 For 
SARS-CoV, several vaccines were tested in animal models, including recombinant S-protein-based vaccines, attenu-
ated and whole inactivated vaccines, and vectored vaccines, but no vaccine was developed. 86 Studies from SARS-CoV 
have been a reference for the development of COVID-19 vaccines for which multiple strategies have been adopted, 
most of which target the S protein. 87

The first two vaccines available, developed by BioNTech/Pfizer and Moderna Therapeutics, were mRNA vaccines 
that use messenger RNA strands encoding for S protein and encapsulated within lipid nanoparticles. 88

Moderna Therapeutics used the mRNA technology platform to develop the vaccine mRNA-1273, a 
lipid-encapsulated mRNA encoding for a prefusion stabilised full-length, S protein. BioNTech/Pfizer has devel-
oped the BNT162b2 vaccine using the same technology as LNP-encapsulated mRNA. A Phase III clinical trial of the 
Moderna vaccine demonstrated 94.1% efficacy after two doses at 1 and 28 in preventing COVID-19. 30,420 partici-
pants were involved in the study and no safety concerns were observed. The most common adverse events (AE) were 
injection site pain, erythema, and induration and no difference was observed in the frequency of serious AE between 
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FIGURE 1 Distribution of COVID-19 commercialised tests under FIND evaluation. On the left, distribution by number 
of test type, at May 2020; on the right, data are updated at May 2021. A considerable number of rapid test (both for 
Ab and for Ag) development is observable, with a marked increment of Ag-RDTs from May 2020 to May 2021

https://www.finddx.org/covid-19/pipeline/


participants in the vaccinated group and the controls. 89 The BioNTech/Pfizer Vaccine after the administration of two 
doses at 21 days intervals has shown the 95% efficacy. A total of 43,548 participants were enrolled in the trial and 
the most common local AE were transient mild-moderate pain at the injection site and redness and swelling. A low 
incidence of systemic AE was reported and those more frequently observed were fatigue and headache, fever, and 
chills. Four serious AE were reported and two deaths, not associated with the vaccine. 90

A third vaccine was developed by Astra Zeneca with different technology. This vaccine uses ChAdOx1 chim-
panzee adenovirus as a viral vector with a full SARs-CoV-2 spike insert. The efficacy was assessed following the 
administration of two doses with an interval of 4–12 weeks showing across 24,422 subjects recruited an efficacy 
of 66.7% more than 14 days after the second dose. The published results have shown that AE were mild-moderate 
and included fever, headache, body pain, and malaise; the serious adverse effects were not related to the vaccine. 91 
The Ad26.COV2.S vaccine by Janssen and Johnson & Johnson is based on the same design; the human adenovirus 
serotype 26 (Ad26) is used as a vector encoding the full-length S protein. The efficacy evaluated at ≥14 days after 
vaccination, was 63.0% across all participants in the trial. 92 The most common local AE were injection-site pain, 
redness and swelling, headache, fatigue and myalgia, and fever among the systemic ones. 93

At the time of writing, the BioNTech/Pfizer, Moderna, and Janssen COVID-19 vaccines have received EUA 
from the FDA allowing use in individuals over 12 years of age for the first vaccine and over 18 years old for the 
other two. BioNTech/Pfizer and Moderna vaccines require a double administration, 3 weeks and 1 month apart, 
respec tively; on the other hand, the Janssen COVID-19 vaccine is a single dose. The FDA amended the EUA includ-
ing the increased risks of myocarditis and pericarditis following vaccination for the BioNTech/Pfizer and Moderna 
vaccines, and a very rare and serious type of blood clot in people who receive the Janssen vaccine (https://www.fda.
gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19).

Four vaccines have been authorised by the European Medicines Agency (EMA) for use in the European Union: 
BioNTech/Pfizer, Moderna, Janssen, and AstraZeneca vaccines (https://www.ema.europa.eu/en/human-regu-
latory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/
covid-19-vaccines-authorised).

Currently, 18 vaccines are in use authorised by at least one national regulatory authority for public use, including 
RNA, with Vector (non-replicating), Inactivated, and with Protein subunit vaccines. 94 On 20 July 2021, over 3,6 billion 
doses have been administered globally with the 26,3% of the world population has received at least one dose of a 
COVID-19 vaccine and only 1% of people in low-income countries. United Arab Emirates, Chile, Israel, and Bahrain 
present a higher percentage of people fully vaccinated. 95

A successful pandemic control should face a series of important issues, such as the efficacy against new variants, 
the extent of protection, and the ideal level of vaccination. Some studies have demonstrated the power of vaccination 
to reduce confirmed cases and negative social impact. 96 Some studies have demonstrated the high immune response 
induced by vaccination as well as the ability of vaccination to reduce confirmed cases and negative social impact. 96,97 
A recent research based on data from 192 countries showed that the optimal level of vaccination is associated with 
the evolution of the pandemic wave; vaccination in the early phase of the pandemic wave requires an optimal lower 
dose level to reduce the number of infected individuals and thus the number of deaths globally compared to later 
stages of the pandemic. 98 Moreover, vaccine acceptance is a key alarm launched by the international public health 
community during the last decades. This concern is due to the dissemination of ambiguous, distorting information 
that is not based on scientific evidence, the spread of fake news, as well as to the public scepticism about vaccination 
programs. 99,100

Finally, some authors foresaw the necessity to offer guidelines for governments and healthcare professionals 
on how the vaccine supply chains can be threatened by new cyber risks caused by the use of the Internet of Things 
(IoT). 101 The COVID-19 pandemic, in fact, boosted many chances associated with the application of digital technol-
ogies to medical services and devices. However, this also generated a variety of new cyber risks within the shared 
healthcare infrastructure. Those worries are usually not detectable by distinct health care departments and many 
organizations do not hold the needed cyber skills. Consequently, the Health Technology Assessment of new evolving 
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cyber risks requires a new ethical awareness, transparency, and accountability before introducing IoT technologies 
into healthcare systems (Radanliev, 2021b). 102

3.6 | Public health and social measures

Due to the lack of specific diagnostics testing, therapies and vaccines, early containment of various epidemic 
outbreaks can only rely on non-pharmaceutical public health measures. 103,104 In the last decades, SARS is the first case 
for the use of traditional public health measures to contain an infectious disease outbreak. 19 Recently, the U.S. CDC 
recommends some of these measures - all called “NonPharmaceutical Interventions” (NPIs) - to prevent a respiratory 
virus transmission. During an influenza epidemic, for instance, public health institutions recommend the use of NPIs 
regardless of the severity of the contagion, 23 and whenever a new virus with a possible pandemic risk occurs. This 
requires local decisions on measures' selection and timing, based on the overall severity and contextual conditions 105 
and can be modified as the epidemic advances and new knowledge comes to be accessible. All NPIs belong to three 
main categories, depending on what level they can be applied: individual, community, and environmental. 23

During the COVID-19 outbreak, further measures arose and were highlighted by other experts. 104,106–111 In the 
Appendix A, the measures used during SARS are compared with those implemented during COVID-19.

To face the COVID-19 epidemic, the Chinese government as first activated for the whole State a public health 
emergency response called “Level I”, initiating wide-ranging and severe prevention and control procedures for health 
and safety. 104 A team of professionals from the Chinese CDC and National Health Commission (NHC) implemented 
the related emergency plan. The full lockdown was adopted as an unprecedented measure-previously used only 
during the plague of Saint Charles in Milan in the sixteenth century 114 - and subsequently many countries decided 
to undertake similar containment actions. 55,104 Two measures-absent during the SARS-have been combined with 
lockdown (Appendix B): a) mandatory home isolation of “apparently healthy” household members; and b) closing 
of all unnecessary facilities and factories. Maintaining a safe distance between people has been also exceptionally 
emphasised during COVID-19, not only by the authorities, but also by some studies investigating the best distance 
between people to avoid contagion. 112,113 Finally, the curfew has been implemented, although is a measure never 
tested against a virus, often used to face natural disasters or to keep the riots down. 109 The only measure that author-
ities used during the SARS and neglected during COVID-19 is that of closing poorly maintained facilities, probably 
due to the prevalent adoption of the full lockdown. 110

All these public health and social measures belong to an overall strategy, which is the most traditional and wide-
spread worldwide, based on social distancing of population, isolation, testing of persons with symptoms, and treat-
ment of the infected individuals. Some studies demonstrated the effectiveness of this strategy in lowering the spread 
of contagion and the number of deaths. 110,115 The Swedish government-which at the beginning ignored any manda-
tory measure by only promoting voluntary physical distancing-admitted that its policy caused an excessive number 
of deaths compared to other countries. 116 Nevertheless, the negative effects of this strategy consist of the huge 
economic loss, 110,117 and of the mental and physical health damages expected and demonstrated by experts. 118–120 
Governments should pay attention to physical and mental injuries as they seek to mitigate economic loss. Some 
authors propose that, in the event of future pandemics, alternative therapies for mental health could be incorporated 
into healthcare systems by means of using low-cost home-based technologies. 121

Finally, during the COVID-19 emergency, the governments of South Korea and Singapore first adopted another 
exceptional approach, called the “TTT strategy”: testing, tracking infected people, and tracing their contacts. 122 In this 
approach, most of the tested people are not infected, asymptomatic, or paucisymptomatic. In order to be effective, 
the TTT strategy necessitates to trace a huge proportion of all cases (from 70% to 90%). This requires three demand-
ing conditions: an enormous and speed testing capacity 123; strict measures to prevent potentially infectious people 
from breaking quarantine; rigorous contact tracing, provided that new approaches to digital tracing-currently under 
development-can overcome privacy concerns.
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4 | CONCLUSION AND HEALTH POLICY IMPLICATIONS

Public health scientific efforts should identify all the obstacles/limitations and challenges/policy implications that 
regard the current pandemic at the international and national level to improve the containment of possible future 
outbreaks. This narrative review-based on a comparison among SARS and COVID-19 outbreaks-aimed to provide a 
risk management and communication framework by means of linking: the epidemiological and clinical aspects; the 
last updates on diagnostic and vaccine options; the international guidelines, indicators and plans; the public health 
measures and strategies to be adopted at national and subnational levels.

Nonetheless, both the crises demonstrated that whenever a new infection begins to spread in humans, the 
lacking primary prevention, diagnostic and therapeutic tools generate the need to implement early containment 
measures grounded on risk management and communication plans. Results from this review indicate that an ideal 
virus pandemic risk management system should also forecast all the necessary support to research structures during 
the inter-pandemic phases, as well as to facilitate the acceleration of scientific outcomes on effective and specific 
treatments, diagnostic options, and vaccines in case of a potential pandemic. In the case of COVID-19, the scientific 
knowledge needed to fight the virus surged in a rapid, impressive and unprecedented way. Despite this, and although 
the considerable improvements, the scientific results necessary to eradicate definitively the virus are still in progress 
at the time of writing. This demonstrates that, in the real world, at least effective plans regarding public health meas-
ures and rapid diagnostic testing should be equipped.

The most important limitation of this approach consists of the fact that the existing crisis management systems 
do not incorporate all the environmental, economic and social determinants of the pandemic risks. Another rele-
vant limitation is the fact that the available technologies that could advance risk management were not included in 
the topics to be studied throughout this narrative review. However, all these aspects were discussed at the end of 
each paragraph regarding the results. Moreover, the main relevant solutions and challenges descending from those 
discussions concerning risk management and communication systems are recalled in the following health policy 
implications.

A suitable risk management system should embrace some key activities, as follows:

 ■  Regularly producing and stocking Personal Protective Equipments (PPEs) in a rational way and quantity at a 
national level, at least those PPEs that are important to protect health operators.

 ■  Planning the rapid organization of facilities to carry out diagnostic tests on a large number of citizens.
 ■  Establishing protocols for the rapid conversion of manufacture facilities to produce PPEs, diagnostic kits and 

reagents.
 ■  Maintaining and stimulating companies that have strategic productions, for instance, of the raw material for the 

intermediate layer of the masks, or of technologies to robotise and speed up the execution of diagnostic tests, or 
of technologies to rapidly produce vaccines.

 ■  Helping some strategic companies to rapidly expand their production in case of emergency, and/or forcing them 
to produce primarily for the national market.

 ■  Managing a global structural and permanent emergency fund, to support the lowest-income nations, where 
hygienic conditions and health systems are weak and the emergence of variants is probable.

 ■  Provisionally waiving intellectual property protection on virus vaccines as well on drugs to allow more countries 
to produce the already validated formulations independently, whenever nations have fewer R&D resources or 
centralised production cannot be adequately guaranteed.

 ■  Regularly reviewing the national and international legal frameworks, in order to ensure their alignment with the 
most effective public health measures.

 ■  Adopting an intensive vaccination campaign in the early phases of the pandemic as the best political strategy in 
response to the adverse consequences of the crisis on the environmental and socio-economic system.
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 ■  Engaging people in vaccination campaigns to control the pandemic, by using vaccine confidence as the principal 
indicator.

 ■  Adopting new comparative performance systems for pandemic risks that should support public policies whenever 
they are highly reactive, adaptable, resistant, and scalable for decreasing the negative impacts of pandemic viruses.

 ■  Designing and using effective multifactorial indexes to support appropriate strategies of prevention in the early 
phases of a pandemic, in order to reduce many negative effects on society.

 ■  Incorporating into the existing crisis management systems-besides the biological ones-all the social, economic 
and environmental determinants of health, in order to assess the risk for morbidity and mortality and to adopt the 
related containment strategies.

Finally, the rapid spread of infectious disease does not necessarily become a great threat to the population, but 
the effect that an excessively pessimistic or optimistic risk communication strategy can have on the public perception 
and consequently on the economy could be a concrete danger. Thus, equilibrate risk communication should be an 
essential part of risk management plans, by balancing-as suggested by the psychometric paradigm - the actual hazard 
with the perceived risk during all the different phases of the emergency. In this regard, current knowledge reveals that:

 ■  An accurate, coordinated and integrated risk communication is essential for the vigorous engagement of the 
general public in applying health measures sustained by international and national authorities whenever knowl-
edge of specific diagnostics, treatments and vaccines is under development.

 ■  Uncertainty is a fundamental part of risk management and so of risk communication. Therefore, expressing and 
acknowledging it is crucial in public engagement, and authorities should never deny or diminish the real risk.

 ■  Decision-makers should consider and respect different perceptions of risk and concerns from different groups of 
citizens, through a continuous and open dialogue, even mediated by local opinion leaders.

 ■  Risk communication should address vaccine acceptance to contrast the dissemination of ambiguous, fake and 
distorting information that is not based on scientific evidence, as well as the consequent public scepticism about 
vaccination programs.

 ■  Risk communication experts should support risk management by critically monitoring the effects of the messages 
conveyed through the various traditional and social media.

 ■  Consequently, risk communication plans should guide a series of dynamic activities in order to suggest constant 
adjustments not only according to the various phases of the pandemic but also according to the reactions of the 
local population, aiming to obtain a constructive alliance.

Since the implementation of risk management systems by many countries as well as social configurations and 
healthcare systems are heterogeneous, even the consequent risk communication plans and mitigation measures 
are likely to generate different results. An interesting research challenge would be to investigate the different risk 
management and communication systems and their impact on the control of the COVID-19 pandemic.

As a main result, this article highlights the relevance of improving the existing risk management systems, by 
incorporating risk communication processes. Moreover, risk management systems-by adopting the most advanced 
available technologies-should comprise all the environmental, economic and social aspects, in order to enhance the 
containment of the virus spread during the main phases of a pandemic emergency. These are remarkable necessities 
emphasised by both SARS-COV-1 and SARS-COV-2, but regarding any potential pandemic viruses in the future.
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