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Abstract

Countries are still dealing with the tail of the COVID-19 pandemic, and scholars and experts are already guessing that

future pandemics and/or epidemics are almost inevitable events. In the context of climate, environmental and social

change, one of the problems is not whether a new pandemic will happen, but when the next health emergency will

emerge. The goal of this study is to analyze anthropogenic activities that may trigger factors determining pandemic

threats and how nations can act to prevent and/or improve the preparedness to cope with the next pandemic crises.

Results and discussion suggest that the next infectious disease similar to COVID-19 is the effects of main factors

associated with high population growth worldwide, polluting industrialization, energy crisis, land use change, ecological

and climate change, environmental pollution and in particular the change of the interrelationship between humans,

fauna and plant life. In this context, large cities and conurbations can be the epicenter to amplify pandemic waves

because of the high density of people, high air pollution, accelerated mobility and intensive trade at national and

international levels. In fact, the globalization of economies and the high interaction of people within and between

nations are critical factors for the diffusion of new viral agents around the world. To solve these urgent issues and

improve forecasting, prevention and preparedness to cope with the next pandemic crisis, this study suggests strategic
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actions of surveillance that governments should implement for a reduction and/or removal of complex factors

determining pandemics and new diseases that threaten national and global health. Hence, like MERS, COVID-19, etc.,

the next pandemic threats are the effects of a deterioration of the total environment and anthropogenic activities in a

world based on different economic competitions. Discussions here suggest how nations should design appropriate

strategies to be prepared to implement appropriate policy responses when the next pandemic impact occurs to mitigate

socioeconomic and health negative impacts.
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1. Introduction

In 2022 we are still in the throes of the negative effects of the Coronavirus Disease 2019 (COVID-19) pandemic, an

infectious illness emerged with the Severe Acute Respiratory Syndrome Coronavirus 2 or SARS-CoV-2 virus (Chowdhury

et al., 2022; Coccia, 2020, 2022, 2022a, 2022b; Bontempi et al., 2021; Bontempi and Coccia, 2021; Johns Hopkins Center

for System Science and Engineering, 2022; Núñez-Delgado et al., 2021).

A vital aspect of public health and security of nations is predicting the next pandemic to design appropriate strategies of

crisis management based on policy responses, pharmaceutical and non-pharmaceutical interventions to stop and/or

mitigate, whenever possible, that a new virus emerges, spreads and infects a lot of people (Coccia, 2022a, 2022b). The

prediction of the next pandemics involves different aspects, such as understanding how new viral agents emerge, behave

and mute to design and implement effective policy responses for reducing socioeconomic impact (Coccia, 2021a). In this

context, governments largely relied on epidemiological models of predicted COVID-19 cases and/or deaths to guide the

application of effective and timely containment policies and vast vaccination campaigns (Alsobhi, 2023; Keshavamurthy et

al., 2022; Magazzino et al., 2022). However, epidemiologic models for the prediction of COVID-19 have shown many

limitations because of the unpredictable dynamics of SARS-CoV-2 in the environment and society (Rosenfeld and

Tibshirani, 2021). In the presence of manifold limitations of epidemiologic models of pandemic prediction for SARS-CoV-2

Qeios, CC-BY 4.0   ·   Article, July 20, 2023

Qeios ID: VZSYAM   ·   https://doi.org/10.32388/VZSYAM 2/18

mailto:mario.coccia@cnr.it


and its mutations, one of the critical activities of nations and their institutions is to examine sources and driving factors of

new infectious diseases having potential elements to generate a pandemic. The impact of human activities on the

development of COVID-19 plays a vital role in preventing, whenever possible, new hazardous viral agents and prepare

optimal strategies of crisis management to guide effective and timely processes of decision-making for stopping

transmission dynamics in society (Coccia, 2021, 2021a, 2022c; Khandia et al., 2022). In fact, appropriate strategies of

crisis management should deal with pandemic threats before the emergence and diffusion of new viral agents that can

generate main negative effects in society (cf., Groh, 2014).

Hence, since the forecasting of pandemics in the short and long run using current epidemiologic models, as all human

activity of prediction, has manifold shortcomings and can provide misleading results, the main goals of this study are

twofold: first, the analysis of anthropogenic activities and factors that may trigger pandemic threats; second, suggest

planning strategies before pandemic threat emerges and/or in the initial phase to reduce hazards and risks that the

emergence and diffusion of new viruses can generate on public health, environment and socioeconomic systems. In

particular, the investigation and understanding of sources and driving factors concerning the emergence and diffusion of

new pandemics have critical aspects for strategic actions of forecasting, prevention, preparedness and planning of

effective policy responses to cope with crises and health emergencies (Coccia, 2022c; Dai et al., 2022; Krechetov et al.,

2022; Kuvvetli et al., 2021; Liu et al., 2022; Šušteršič et al., 2021). Hence, this study endeavors, whenever possible, to

clarify these problems to increase the knowledge of the sources and factors determining the emergence of new viral

agents and designing optimal response policies of crisis management to cope with pandemics similar to COVID-19

(Farazmand, 2001, 2014).

2. Study Design

The method of inquiry is based on a research process to search in the existing scientific literature for the factors

determining pandemic threat and its diffusion for planning and preventing next pandemic crises and systematically

designing and implementing optimal policy responses to cope with health emergencies.

The systematic review here is based on a search strategy with the goal of determining drivers of pandemic threats by

identifying, appraising, and synthesizing all relevant studies on these topics (Uman, 2011). In this perspective, the

systematic review here focuses on a method of logical selection of specific literature aimed at minimizing bias in order to

produce robust findings to clarify sources of new viral agents and design strategic actions for supporting the decision-

making of policymakers to cope with pandemics (Clarke, 2011).

In addition, the systematic review here also includes a meta-analysis to show quantitative values, data and information

from some studies related to these topics (Petticrew and Roberts, 2006). In particular, examining the studies about lab

accidents, the reported occurrence of accidents in different labs dealing with biological experiments is reported and

discussed. Systematic reviews differ from narrative reviews that are mainly descriptive and focus on a subset of studies

also generating elements of bias (Clarke, 2011; Uman, 2011). In short, systematic review here endeavors to identify,
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appraise and synthesize selected literature to provide main evidence and information to clarify the specific problem of

detecting sources of new viral agents and predicting risk factors of pandemic threats for planning optimal strategies of

prevention to improve the preparedness of nations to cope with health crises and emergencies.

3. Results

The assessment and prediction of pandemic threats, similar to COVID-19, have vital aspects for the prevention and

preparedness of nations. In this perspective, the reduction of the risks and hazards for the emergence and diffusion of

new viral agents and consequential pandemics has to focus pre-emptively on the following measures of control.

3.1. Factors determining a high risk for the emergence of new viral agents

Surveillance of wildlife to avoid pandemic emergence and diffusion

Daszak et al. (2020) argue some risk factors determining the emergence of pandemic threats, such as the interaction

between humans and wildlife that can foster the transmission of dangerous pathogens and spillover effects; moreover,

wildlife trade in domestic and international markets, with poor measures of control, can reduce biosecurity and increase

the emergence of new viral agents. A large literature discusses the conditions leading to the emergence of an epidemic

and/or pandemic (Anderson and May, 1991; Dobson and Carper, 1996). For instance, poor surveillance of wildlife can

trigger evolutionary stages in the transformation of an animal pathogen into a specialized pathogen for humans. These

aspects can generate compounding and cascading events because each infected human introduced into a large

population of susceptible individuals can infect other individuals and trigger a widespread transmission. Moreover, the

persistence of infection depends on manifold factors that deserve to be analyzed, such as the duration of a host’s

infectivity; the rate of infection of new hosts; the rate of development of host protective immunity; host population

density; size and structure permitting the pathogen’s regional persistence despite local extinctions (Wolfe et al., 2007).

Biosafety lab risk assessment and protocols to reduce accidents for the emergence and diffusion of new viral agents

Manifold studies show that there have been several high-profile accidents in research laboratories of biology, chemistry

and related disciplines of life sciences (Ménard and Trant, 2020). Hellman et al. (1986), examining almost six hundred

accidents between 1966 and 1984, found that 13% of accidents occurred in research labs and 2% in fabrication rooms.

Van Noorden (2013), with a survey of about 2,500 scientists, reveals that 30% of interviewed reported having

witnessed a severe lab injury. Another study in Canadian chemistry and biology labs reports that 15% of scholars

surveyed had at least one injury (Ayi and Hon, 2018). Simmons et al. (2018) found that accidents in the laboratory

represented 18.4% of the total incidents reported at Iowa State University in the U.S.A.

Kou et al. (2021) argue that major accidents of lab that involve personal injuries or main property damages have to be

reported by law, but a lot of minor lab incidents or near misses concerning academic research tend to be not often

reported. This study at the Departments of Chemistry and Chemical Engineering & Materials Science at the University

of Minnesota (USA) during the 2014-2019 period (based on a platform of self-report safety stories occurring within

departments by researchers that were either directly involved with or witnessed a safety-related incident) reveals that
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the most frequently occurring hazards are due to spill, fire, and equipment failures (Kou et al., 2021). Ménard and Trant

(2020, p. 18) maintain that factors determining accidents in the laboratory can be due to: "risks associated with the

materials or equipment being used, risks related to the skills, knowledge and choices of the research personnel doing

the study, characteristics or qualities of the PI and the research lab in which the research is occurring and risk factors

arising from the departmental or institutional level". Results of these studies suggest that the escape and diffusion of

new viral agents associated with an accident of lab have a vital role in the emergence of epidemics and pandemics and

need accurate monitoring to improve the prediction, prevention and preparedness of nations (Coccia, 2022). In

particular, the reduction of pandemic threats is associated with effective control and implementation of biosafety

protocols in public and private laboratories of virology that analyze pathogens, novel viral agents and biological

elements to minimize the possibility of accidental diffusion in the environment and society with consequential

socioeconomic issues. Li Na et al. (2019) argue that risk assessment in biosafety labs can be performed with different

methods, such as scenario analysis, pre-hazard analysis, hazard and operability analysis, fault tree analysis, event tree

analysis, matrix analysis, risk mapping, etc. However, source and control measures of risks cannot be general for all

labs worldwide and biological risk management system has no fixed modes generalizable for all nations and has to be

adapted to the specificity of labs and countries. In general, effective R&D management can complement laboratory

safety and protect personnel, public health, and environmental safety (Coccia, 2022, 2021a). For the prevention of

epidemics and pandemics, information on lab safety and accidents should be linked to a national and international

surveillance system, which can better coordinate targeted investigations and interventions to improve the safety of labs

in the presence of specific needs, threats and global risk for new infectious disease outbreaks (Jia and Yang, 2020).

Hence, laboratory biosafety risk assessments are a critical activity to be conducted regularly in order to ensure the safe

operation of the laboratory and the evaluation of pathogenic microbial hazards, aerosol exposure risk of personnel, etc.

to prevent the escape of hazardous viral agents and the emergence of epidemic and pandemic diseases (Li Na et al.,

2019).

High air and environmental pollution, and (un) sustainable environment can support pandemic emergence and spread

Studies have found that (un) a sustainable environment plays a vital role in increasing risk factors of emergence and

diffusion of epidemics and pandemics similar to COVID-19 with a consequential negative impact on the socioeconomic

system (Akan and Coccia, 2022; Coccia, 2020, 2020a, 2020b, 2020c; 2022g). In general, countries with 72% of the

population exposed to levels exceeding the WHO guideline value of air pollution have lower fatality rates of COVID-19

than countries with 98% population exposed to similar levels of air pollution (Coccia, 2021b). Studies also suggest that

the concentration of atmospheric pollutants is a main factor affecting the spread of SARS-CoV-2 (Coccia, 2020), but a

high wind speed sustains clean days from air pollution including viral agents, reducing whenever possible the ambient

concentration of the SARS-CoV-2 and as a consequence the spread of COVID-19 in society (cf., Coccia, 2020; Rosario

Denes et al., 2020). Hence, geo-economic regions have to, more and more, apply long-run environmental policies and

sustainable strategies to reduce the level of particulate compounds emissions that can mix with viral agents generating

mutations and resistance of viral agents that increase their transmissibility and infectivity with main issues on health of

people and socioeconomic systems (Jones and Harrison, 2004; Wei et al., 2018; Zhong et al., 2020; Coccia, 2021b;

2021c, 2021d).
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3.2. Pre-emptively measures of control for the widespread diffusion of new viral agents

Strengthening the early warning system with an effective contract tracing system

In the presence of a local epidemic outbreak, rapid contact tracing is a basic strategy within the epicenter to limit

human-to-human transmission outside of outbreak areas, also applying appropriate isolation of cases (Wells et al.,

2020). Contact tracing system achieves the early detection and isolation of secondary cases, which play an important

role in diffusion because the peak in infectiousness can occur during the pre-symptomatic phase (Coccia, 2020).

Moreover, the early detection achieved by effective contact tracing accelerates the rate at which infected individuals

receive medical care to improve their chance of recovery. In short, a functional and effective contact tracing system is a

vital strategy for controlling infectious diseases in the initial stage, such as COVID-19 and similar infectious diseases,

when appropriate drugs and therapies are lacking. A lot of protocols apply “forward-trace” to notify people who were

recently exposed, but Bradshaw et al. (2021) found that “bidirectional” tracing to identify infector individuals and their

other infected robustly improves outbreak control and reduces/stops rapid diffusion. Yalaman et al. (2021) suggest that

comprehensive contact tracing is an instrumental approach not only for curtailing transmission but also to reduce case

fatality rates.

Effective governance improves prevention and preparedness to face pandemic threats.

Effective governance, associated with economic development1, can support prevention and preparedness for pandemic

threats with constant investments to reinforce: surveillance of the interaction of human society with wildlife, protocols

for biosafety laboratory risk assessment, health system human resources and management, new technology that

reduces human exposure to new vital agents and opportunities for a pandemic virus to emerge, effective early warning

system and rapid containment actions to stop rapid diffusion of viral agents2. In short, good governance in countries

plays a critical role in predicting, preventing and preparing for the emergence of a pandemic virus as well as in

supporting a resilient response of the health system in the presence of a pandemic crisis similar to COVID-19 (Coccia,

2021a, 2022b). Sagan et al. (2020) consider a broad concept of governance, not limited to the health system alone,

that creates the institutional background to support the government to work properly to prevent and/or cope with

pandemic threats and crises. In fact, Sagan et al. (2020) pinpoint that the prevention of pandemic threats is based on:

(1) appropriate and effective governance of institutions and (2) skilled human capital with interdisciplinary technical

capacity of crisis management and appropriate incentives to respond in a short period of time (Coccia, 2019; Coccia

and Benati, 2018). Benati and Coccia (2022) show that some Italian regions have managed the COVID-19 pandemic

crisis with appropriate policy responses using: a) timely and widespread testing of individuals, b) effective task force of

epidemiological investigation in a pervasive contact-tracing systems to detect and isolate all infected people. This

health policy has reduced total deaths and negative effects of COVID-19 on people's health during the first pandemic

wave when pharmaceutical interventions were not available. Benati and Coccia (2022a) also show the positive effects

of good governance for supporting optimal policy responses towards the COVID-19 pandemic with a timely vaccination

directed to reduce the negative pandemic impact on society (Magazzino et al., 2022).

Figure 1 shows critical risk factors for the emergence and diffusion of future pandemics.
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Figure 1. Factors that increase the opportunities for a pandemic virus to emerge and spread

4. Policy Implications: Limits of Covid-19 Prediction Models and Strategic Actions for

Forecasting and Preventing Pandemic Threats

Epidemic forecasting plays a vital role in improving the surveillance for pandemic risks, protecting public health and

coping with future pandemic threats (Johansson et al., 2019; Ajelli et al., 2018). In the presence of COVID-19, scholars

suggest different models for epidemic tracking and forecasting (Rosenfeld and Tibshirani, 2021). Reinhart et al. (2021)

have made many efforts in the construction and maintenance of an open repository of real-time and geographically

detailed COVID-19 indicators in the United States. This repository provides the main information about COVID-19, such

as confirmed cases, hospitalizations, deaths, fatality rates, etc. McDonald et al. (2021) endeavor to explain if a set of

indicators can improve the accuracy of COVID-19 short-term forecasting and hot spot detection models in spatial regions.

However, pandemic tracking and forecasting models have also some problematic points, such as the data generation

process being a critical aspect for downstream applications, in addition, human behavior and its impact on the progression

of epidemics are hard to measure and model. Moreover, COVID-19 diffusion has shown rapid peaks and then infections

abruptly fall, regardless of measures of control. In fact, unlike predictions of different epidemiologic models, the reduction

of control measures for COVID-19 did not generate a rapid take-off of infections (Wieland, 2020). One of the main

problems of epidemiologic models applied for COVID-19 is the high overestimation of deaths (Allen, 2022; Briggs and

Littlejohn, 2021; Korolev, 2021). This limitation of current models for pandemic prediction is the assumption of a constant

reproductive number, whereas in real contexts it changes over the course of time (Korolev, 2021). Additionally, a lot of

models do not consider that the deaths of COVID-19 have a skewed distribution towards elderly and susceptible people

with comorbidities (Chen et al., 2022). Appropriate prediction models of infectious diseases, like COVID-19, should be

age-dependent. Another critical limitation of the epidemiological model applied to COVID-19 is the reductionism approach

which did not consider the behavioral change of people in the presence of a pandemic (Mohammadi et al., 2022). In fact,

many epidemiologic models do not consider that people, with the fear of being infected and/or of dying from new

infections, can adapt their behaviour to new situations taking provident actions to protect themselves and survive (Stangier
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et al., 2022). For instance, in the US economy, the reduction of consumer mobility is due mainly to private responses

rather than public obligations (Goolsbee and Syverson, 2021). Finally, susceptible-infectious-removed (SIR), Susceptible-

Exposed-Infected-Recovered-Dead (SEIRD) and other epidemiologic models focus mainly on stable and short-run

variables, whereas factors driving the pandemic have dynamic change over time. As a consequence, in general,

epidemiologic models cannot provide reliable long-run forecasting of the pandemic which is an ideal goal for all

forecasting activities, because limits are due to the interaction of manifold and complex factors.

The improvement of pandemic forecasting can be done by focusing on key components described in Table 1.

Electronic Medical Records (EMR)

Accurate analytics and forecasting depend on the availability of rich, real-time data sources. Electronic Medical Records (EMR) have a high potential for real-
time surveillance streams of infections and deaths related to the pandemic of new viral agents similar to SARS-CoV-2

Different phases of epidemic surveillance need different analytic techniques and approaches.

In the inter-pandemic phase, the main activity is monitoring data streams and events worldwide to avoid compounding and cascading events, such as species
jumping or point mutations.

In the containment phase, a threat of a new viral agent has to be intensely monitored, assessed, and contained. Real-time estimation of critical epidemiological
parameters (e.g., R0, fatality rates, etc.) is a basic activity.

Table 1. Elements for improving pandemic forecasting and tracking

 

In general, since pandemic forecasting, in the long run, provides uncertain results, countries can direct their efforts on pre-

emptively strategic actions to increase R&D investments in new technology, organized infrastructures in health sector,

equipment, and education of human resources for improving activities of prevention and preparedness in crisis

management to react quickly in the presence of inevitable pandemics, also reinforcing international collaboration, to

reduce main problems on health of people and socioeconomic systems (Coccia, 2021; U.S. Department of Health &

Human Services, 2021).

In general, strategies of countries for unforeseen pandemic crises should be preventive and based on planned

interventions directed to the reduction of risk factors associated with the emergence and diffusion of new pandemic

viruses (Bundy et al., 2017; Seeger et al., 1998); and government should design ex-ante effective solutions for problems

generated by new viral agents, preparing rapid strategic actions to stop and/or reduce negative effects on public health

and overall society (cf., Mahmoudi and Xiong, 2022).

In particular, strategies for pandemic forecasting and prevention can focus on the following vital aspects of a specific task

force:

Analysis of the potential hazards, risk factors and causes of pandemic threat (problem) in society, and possible
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solutions to reduce occurrences of new viral agents.

Analysis of a limited number of variables associated with different solutions for achieving and sustaining specific goals

to forecast, prevent and/or cope with pandemic threats, evaluating pros and cons.

Choice of the satisfying solutions in the context of a turbulent environment.

Application of critical decisions for achieving the goals of prediction and/or prevention, evaluating expected results in a

short period of time to refine and improve the decision-making process with continuous cumulative learning.

This general strategy in practice has to design and implement three main strategic actions.

Firstly, the reduction of interaction with wildlife and/or appropriate protections in hazardous environments (e.g., mines) for

reducing human exposure of people to animals inducing a pandemic virus to emerge (e.g., spillover from wildlife).

Secondly, it has to be directed to improve the early warning system and timely containment operations in the initial phase

of an outbreak that could prevent chains of transmission. Effective early warning systems in the international community

can ensure the timely detection of suspected cases in humans with reliable international laboratories that receive all the

data and clinical specimens needed for an accurate evaluation of pandemic risk. Moreover, rapid containment policies can

prevent the spread of novel viral agents in human society. New studies show that selected restrictions in specific places

are better policy responses than full lockdown (Coccia, 2021e; Tsiotas et al., 2020; Warren et al., 2021). International

institutions should verify that all countries have designed and tested pandemic response plans and should provide clear

guidelines to coordinate nations during a pandemic crisis. Developing countries with limited economic resources have to

be supported in the development of pandemic plans to reduce gaps in basic capacities and to improve a coordinated

global response to a pandemic threat or crisis.

Thirdly, prevention and preparedness activities for pandemic threats should reinforce the coordination of global science

and research to accelerate the R&D and diffusion, on a vast scale, of effective pandemic vaccines and innovative antiviral

drugs to minimize socioeconomic issues (Coccia, 2021, 2021a). In fact, nations should jointly invest and coordinate global

R&D to produce pandemic vaccines and antiviral drugs in health emergencies that are rapidly and widely available and

that ensure equitable access across all nations as soon as a pandemic emerges and/or the diffusion of the novel virus

takes off. Additionally, it is also important to gather and analyze a lot of data on the use of established and new anti-viral

drugs and vaccines for the safe administration of treatment and prophylaxis in the population (Benati and Coccia, 2022,

2022a; Crow et al., 2018; Coccia, 2021a; 2022e, 2022f). R&D investments have to be directed to new vaccines that have

the property of conferring long-lasting protection against novel viruses and their mutations for broad-spectrum protection

against pandemics across populations worldwide. (Coccia, 2022a, 2022b, 2022d).. According to Kapitsinis (2020),

investments in the health sector and other institutions can support strategies to forecast and/or prevent novel infectious

diseases and to foster scientific and technological advances directed to new vaccines, antivirals and other innovative

drugs that can avoid and/or control future pandemic crisis (Coccia, 2020; 2022a, 2022d, 2022e; Williams et al. 2020).

Overall, then, the success or failure of strategies to forecast and/or prevent pandemic threats and crises depends on

effective decision-making in the presence of uncertainty, turbulent environment and highly restricted time (Coccia, 2021).

Studies show that the general guidelines for an effective strategy to cope with pandemic threats have to increase health
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expenditures, R&D investments and good governance for reducing opportunities for human exposure to hazardous

situations and risk factors that a pandemic virus to emerge, strengthening the early warning systems and effective policy

responses that decrease/stop transmissibility among humans and/or delay its international spread (Coccia, 2020, 2021,

2022c).

5. Concluding Remarks

The experience of COVID-19 suggests that future infectious diseases of novel viruses can generate crisis and

socioeconomic issues for public health and economies of countries (Sirois and Owens, 2021; Newby et al., 2020).

Strategies of crisis management to forecast and prevent the pandemic similar to COVID-19 are based on effective multi-

level governance and institutions to design actions and timely policy responses for improving health safety in society

(Whittaker et al., 2021). Nations have to design a crisis management structure for managing strenuous situations given by

pandemic threats and for making timely critical decisions to resolve them (Coccia, 2021). This crisis management

structure understands the specificity of the pandemic threat and is thoroughly prepared to solve all problems and

problematic situations. New pandemics, similar to COVID-19, can emerge and spread rapidly and it is important to ensure

timely gathering and sharing of information and samples of novel viral agents for appropriate interventions to stop the

emergence of epidemics/pandemics. Scientific collaboration among international laboratories plays a critical role in

supporting the sharing of vital data and information for helping policymakers to apply rapid plans directed to

prevent/reduce the hazardous and risk factors of pandemic threats that can create socioeconomic problems worldwide

(Coccia, 2020).

Hence, strategies for forecasting and preventing pandemic threats have to be, more and more, based on efficiency,

flexibility, responsiveness and resiliency for reducing opportunities for a pandemic virus to emerge and for mitigating the

vast diffusion of infectious diseases in society. In short, capacities of global prediction and prevention of pandemic threats

can collectively improve the world’s ability to defend itself against many emerging and epidemic-prone diseases.

International experience with the COVID-19 pandemic crisis has shown that well-planned public policies, and scientific

and economic coordination policies can support effective strategic actions for reducing high-risk factors before and during

an outbreak (Coccia, 2021a; Benati and Coccia, 2022, 2022a).

Overall, then, a comprehensive strategy of crisis management for forecasting and preventing pandemic threats has to be

based on manifold factors and new technology, and not only on parameters related to medicine, to help policymakers

evaluate different aspects that reduce institutional and social vulnerabilities to epidemics and support the design of

appropriate short- and long-run plans to prevent and/or contain rapid diffusion and the negative impact of future infectious

diseases on public health, economy and society (Ackoff and Rovin, 2003; Gigerenzer and Todd, 1999; Janssen and van

der Voort, 2020; Kahneman et al., 1982; Weible et al., 2020).

Although this study has provided interesting results, that are of course tentative, it has several limitations. One of the

problems is the difficulty of an accurate prediction of the numbers of reported and unreported cases for the COVID-19
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pandemic, and similar pandemics for different classes of age (cf., Liu et al., 2021a). A lot of confounding and situational

factors should be considered for accurate forecasting and prevention of the next pandemic, especially with environmental

turbulence. In short, there is a need for much more detailed research on these topics and this study encourages further

investigations that should be collaborative between scholars of different disciplines and nations to have access to relevant

information that can help to forecast and clarify unknown sources of new viral agents and prevent a pandemic similar to

COVID-19. In this context, science plays an increasingly significant role in predicting, preventing and explaining sources of

new viral agents to support the preparedness of nations to cope with future pandemics. However, a basic aspect is to

invest ex-ante in biosafety, health sector, vaccine development, etc., to create the bedrock for effective crisis

management of pandemic threats. To conclude, the emergence of new viral agents and related pandemics is a problem of

hot discussion and debate in science and society. Scientific investigation has powerful tools, but it is not enough to clarify

the problem under study here because available data and information can provide only probable, not certain results for

supporting a global prediction and prevention about the sources and diffusion of new viral agents in society.
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Footnotes

1 For factors of economic growth see, Coccia, 2017; Coccia 2018.

2 For role of science and technologies in society, see Coccia, 2017a, 2018a, 2019, 2020d; Coccia and Bellitto, 2018;

Mosleh et al., 2022.
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