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Abstract
The coronavirus pandemic has engulfed the nations of the world for the first five months of 2020 and altered the pace, fabric and nature of our lives. In this overview accompanying the Special Issue of Cytokine & Growth Factor Reviews, we examine some of the many social and scientific issues impacted by SARS-CoV2 – personal lives, economy, scientific communication, the environment. 
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1. Introduction
The World Health Organization (WHO) officially declared the SARS-CoV-2 outbreak a Public Health Emergency of International Concern on January 30, 2020 and a global pandemic on March 11, 2020. Countries were urged by WHO to adopt strict social distancing and quarantine measures to avoid virus spread and to protect public health [1]. Despite fragmented international efforts to contain the spread, SARS-CoV2 has spread to 213 countries, resulting in more than 5 million cases and deaths approaching 400,000 since its formal identification in Wuhan China in December 2019. This issue of Cytokine & Growth Factor Reviews is devoted to reviews from around the globe, describing the rapidly accumulating knowledge about the virus, the immunopathogenic consequences of severe disease, the consequences of the cytokine storm and potential therapeutic interventions that could improve morbidity and mortality until a vaccine can be developed and made available. Below, members of Istituto Pasteur in Rome and the Marie Curie ITN INITIATE (https://initiate-itn.eu) reflect on the lasting global impact of the coronavirus pandemic.
2. Warning signs
‘How quickly it hit us’ – this is one of the most common sentiments about the Covid-19 pandemic. We were all caught off guard in one way or another; in an instant, an obscure outbreak of pneumonia in an exotic foreign locale - in the next, a viral outbreak jumping from China to the heart of Italy, then to all of Europe, on to America - finally a plague that stopped the world. As the pandemic hit all countries of the globe, it became indisputably clear that everyone was connected - united against a viral scourge
Despite the shock, there were plenty of warning signs. Since the beginning of the 21st century, recurring outbreaks and epidemics presaged what was coming - there was the first SARS outbreak in 2003, H1N1 influenza pandemic in 2009, MERS coronavirus in 2011, Ebola in 2014−16; mosquito-borne Zika in 2016. A collage of news magazines  screamed out warnings of an impending pandemic but the clichéd phrase ‘it’s not a matter of if, but when’ continued to be ignored. Even the messages from political leaders (Presidents Barak Obama and George W. Bush) and scientific leaders (NIAID Director Anthony Fauci) went unheard. Below are links to their statements from 2005 to 2017.
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Fig. 1
Magazine covers from recent years announcing the arrival of new virus outbreaks around the globe.
International cooperation and a unified strategy of pandemic preparedness were not a priority. In the end, there was no united response - a global leadership void painfully revealed at a moment when it was most needed. What resulted was an international cacophony of last moment efforts, strategies and opinions to suppress the viral pandemic - after it was already upon the world.
3. Global scientific response
In order to tackle the Covid-19 crisis, an unparalleled international scientific response has been launched with the goal to understand viral genetics, immunopathogenesis, and therapeutic strategies. Public and private funders across the globe have launched an unprecedented number of initiatives to support multidisciplinary projects addressing the detection, treatment and prevention of SARS-CoV2 infections. Most of the calls encourage collaboration between international scientists, industry, healthcare community, and government policy makers, to facilitate a well-integrated COVID-19 response. The dramatic effects of COVID-19 outbreak taught us that similar pandemics cannot be managed solely at the national level. For this reason, alliances, consortia and networks have emerged on every continent, to connect experts in different research areas of fundamental science, clinical trials, social and behavioral sciences, engineering, and bioinformatics.
In the same context, it has been remarkable how research groups and companies from all over the world have been “repurposing” equipment, facilities and product lines in a joint effort for a rapid response against the ongoing pandemic. Companies that were once producing perfume switched gears to production of much-needed hand sanitizers and disinfectants; industrial companies switched to making face masks which were in short supply in many countries, and automotive companies started production of medical devices, such as ventilators. Scientists in non-virology research fields, who were required to halt their research indefinitely due to the lockdowns, turned their laboratories into diagnostic testing facilities for SARS-CoV-2 and organized into volunteer groups to help researchers on the front lines with their skills and expertise.
This pandemic has also brought to light the importance of open science, data-sharing and new means of communication among members of the scientific community. Numerous data sets are available publicly, alongside literature reviews and preprint articles in bigorexia and mediatrix portals. This openness has resulted in a massive amount of information spreading swiftly, which is an important driving force moving COVID-19 research forward in a short time. Of course, such openness comes with a cost: the surge of preprints available in bigorexia and mediatrix has made it harder to keep up with the screening process of articles to be published in the preprint repositories. More than ever before, information needs to be scrutinized before going public to avoid the danger of inaccuracies, misinformation or even conspiracy theories. Such a situation is unprecedented, as no other pandemic in human history has been tackled in this way. Many scientists all over the world welcome this new form of communication and data-sharing and believe that eventually there will be a balance between good-quality information spreading quicker versus perfect-quality information that is unavailable until much later.
The EU joined forces to coordinate a common response against the coronavirus pandemic. On 30th January 2020, when the pandemic was not declared yet, European Commission mobilized a budget of €10 million for research, that was subsequently increased to €47.5 million  later on, the Innovative Medicines Initiative (IMI), a partnership between the European Commission and the pharmaceutical industry, invested a total of 90 € million for research proposals to combat the COVID-19 emergency. During the Coronavirus Global Response pledging event organized by the EU together with WHO (May 4th), €7.4 billion was raised from donors worldwide, to be used “for developing, producing and deploying a vaccine for all”, the European Commission President von der Leyen said. In the UK, Government invested £20 million to fund new studies against coronavirus, including studies to sequence the different virus isolates as a tool to understand virus behaviour, mutation frequency, virus spread and emergence of new strains.
To contribute to the pandemic effort, the COVID-19 High Performance Computing (HPC) Consortium demonstrates cooperation amongst global high tech giants Google, Microsoft, Amazon, and IBM; the HPC Consortium offers services, resources and expertise to support molecular modelling projects as the simulation of SARS-CoV2 entering in a host cell, the high throughput screening of drug candidates, and the evaluation of patients’ genomic features with prognostic values.
4. Lockdown & social distance
A. Europe. As the pandemic spread throughout the world, countries took drastic measures to protect their citizens. These measures focused on achieving a fragile balance between limiting virus spread from person to person and maintaining economic activity. It was an impossible balance, although the timing of the implementation of these measures proved to be crucial, both for public health and SARS-CoV2 spread, as well as the economic impact on each country. Early lockdown and strict enforcement were the most effective strategies available to limit virus spread. In an accompanying article in this issue, Olagnier & Mogensen describe the implementation of lockdown procedures in Denmark, a country with a remarkably rapid and effective response. The trilogy - social distance, personal hygiene, protective mask – became the mantra throughout Europe and the world.
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Fig. 2
Global distribution of the Covid-19 cases.
Working in close cooperation with the WHO and EU Member States, the European Union took clear, strict measures, based on the best available scientific expertise. Some member countries faced a significantly limited availability of personal protective equipment (PPE) and the public health systems came close to collapse from the ever-increasing number of severe cases requiring emergency intensive care and ventilation. In some cases, medical equipment destined for other countries was confiscated. On the 20th of March, the EU announced a funding scheme of 1,3 billion euro for bulk purchase of PPE unfortunately, the UK missed the opportunity to join that funding scheme.
In Europe, health systems adapted to the crisis by mobilizing staff, increasing pharmaceutical spending on vaccine development, and optimizing space with the aim to increase the number and availability of intensive care beds capacity. The European average is currently 11.5 critical care beds per 100.000 capita of population; in addition to the shortage of ICU beds and ventilators, the lack of health workers to staff the new units became critical. Countries such as France used army forces and camps to transport patients and optimize care bed capacity. Germany, with the highest proportion of ICU beds per capita of population and one of the best European health systems, campaigned to obtain the medical help of foreign doctors who were living in Germany but did not yet have a license to practice medicine. In Italy, the Netherlands, France and the UK, retired doctors, nurses and medical students were recruited to help.
Rather than impose a lockdown of its population, the UK initially followed a mitigation strategy to build population immunity but abandoned this plan after realizing it would result in ‘hundreds of thousands of deaths,’ as noted in a report from the Imperial College's COVID-19 response team. The subsequent illness of the Prime Minister and his transfer to intensive care further contributed to the realization that strict lockdown measures were necessary. Despite ongoing restrictions in the UK, the number of cases continues to rise, the death rate is the highest in Europe and the curve of infections has yet to plateau – a reflection of the lag time before the start of the lockdown.
Sweden similarly followed a plan of ‘voluntary’ social distancing, with the country remaining open. With a population of 10 million, the country remains amongst the top 25 in the world in terms of total number of cases, even though testing is reserved only for those with severe symptoms. These measures have not proved to be effective, and altogether the country has registered 5–10 times more deaths than neighboring Scandinavian countries. The above examples again demonstrate that fast response and strict lockdown saved lives.
Moreover, results from a recent antibody testing study across Spain showed that only 5% of the total number of participants tested positive for exposure to the virus and developed some level of immunity. A modelling study, based on data obtained from French hospitals, has shown that by the 11th of May only 4.4 % of the French population had developed potential immunity against SARS-CoV-2 Such numbers, even if remotely accurate, make it clear that letting the infection run its natural course will not result in protection levels high enough to satisfy the criteria of herd-immunity. On the other hand, if such data are interpreted as a low percentage of the population exposed to SARS-CoV-2 in two of the most affected countries in Europe, this showcases a massive positive impact of lockdown measures in containing the spread of the virus.
Lockdowns were not the only measures taken to protect public health. Asian countries which had experience with other viral outbreaks rapidly implemented strict movement restrictions and suspended all unnecessary activities, but in parallel ramped up testing for virus, as well as tracking and isolating cases and contacts. At the same time, China in response to the surge of cases, built new, specially equipped hospitals to increase the number of intensive care beds, while in Korea, hotels were repurposed as care units exclusively for patients suffering from Covid-19. These countries were also the first to ban flights to and from other countries; borders were closed and open only for cargo trade.
In the pandemic emergency, the lack of PPE and supplies like disinfectants created fear among frontline medics and staff. To draw attention to this aspect, German medical practitioners posed naked on a Twitter page; this protest was inspired by the French doctor Alain Colombié, who affirmed that doctors were being asked “to go to the front without weapons and no defences.”. For the same reason protest marches involving doctors, nurses and paramedics took place in many countries - in Pakistan, they evolved into violent clashes between police and doctors, in Italy, silent flash-mobs protested the government response 
B. America. The first case of Covid-19 was confirmed in America on January 21 st and a few days later the White House Coronavirus Task Force was established. But with government inaction about the pandemic, weeks were lost when the government could have prepared its own response, informed the public and identified necessary medical supplies. New York City, with its dense population and hundreds of flights a day from Europe, became the epicenter of the pandemic in America. The first New York case was recognized on March 1, 2020, although reports now indicate that by March 1, there may have been as many as 10,000 cases in the state, imported from Italy and elsewhere. Mixed messages from city and state officials, essentially claiming ‘go on with your lives’ at the beginning of March further confused the response. Additional delays in announcing a lockdown and containment practices (the New York Pause was issued March 22) guaranteed the firm establishment of the virus in the city and state. New York Governor Andrew Cuomo became a daily fixture on the news, providing daily updates on the number of cases, the search for proper medical equipment and the courageous efforts of medical front line personnel. 
By the end of March, all 50 states of the USA reported cases of Covid-19. A few weeks after the first Covid-19 case, the hospitals began reporting supply shortages - both for testing and personal protective equipment, a severe safety issue for frontline medical staff that was never addressed nationally. Rather, it was left to state governors to grapple with the purchase supplies on the international market. In mid-March the army started constructing new hospital facilities . As in Europe, large-scale gatherings were prohibited, schools and other educational institutions were closed, businesses shuttered and restrictions on movement were imposed.
5. Impact on economy
A. Europe. The eurozone was experiencing poor economic growth even before the shock of the pandemic, with an expansion of just 0.1% for the last three months of 2019. The economic productivity of the 19 countries of the Eurozone decreased by 3.8 % for the first three months of 2020, in the shadow of the spread of coronavirus throughout Europe. Analysts now say it is certain that the entire eurozone will experience the largest recession since its creation in the late 1990s. Germany, France and Italy, the three largest economies in the monetary union, have all entered into economic recession, with Eurostat recording an even bigger drop in gross national product (GDP) compared to what markets expected. Although countries have published data only for the first quarter of 2020, analysts predict an even greater recession for the second and third quarters of the year.
Germany’s economy shrank by 2.2 % in the first quarter of 2020, as the coronavirus pandemic pushed the eurozone's strongest economy into recession; the seasonally adjusted number of unemployed in Germany jumped by 373,000–2.64 million in April. The jobless rate climbed to 5.8 % from a low of 5% the previous month. The government also increased the number of ‘underemployed’ workers to 10.1 million during April; these part-time employment measures helped to maintain the overall employment figures in Germany.
In the European Union, it was decided to provide financial assistance of 5% of its GDP to its member states. The worst affected countries can use the funds to alleviate the financial burden of the immediate response measures, including assistance to the population, medical assistance and equipment, support to vulnerable groups, and measures to contain the spread of the disease, strengthen preparedness and communication. Among the various fiscal measures adopted to contain the economic fallout, several governments have decided to defer certain payments, including taxes, loans or utility bills, to improve the liquidity positions of individuals and companies facing difficulties. But, in many cases, those measures are not sufficient.
In Italy, the EU country worst affected by coronavirus, economy has been damaged in such a severe manner that people in some regions are running short of food and money. Many of these “new poor” have turned to charities for help, and several cases of looting at supermarkets have been reported. This critical situation encouraged Italians to give a new twist to an old custom known as “suspended coffee”. In this centuries-old Neapolitan tradition, bar customers pay in advance a coffee for someone who can't afford it. 
B. America. The country with the greatest wealth and medical minds in the world failed to heed warnings from China and then Italy; refused to acknowledge the ‘emergency of international concern’ from the World Health Organization on January 31, 2020; and lacked a pandemic preparedness plan that would have mobilized the American health system to respond to the coming viral pandemic as early as February. A failure of national leadership, compounded by the political divisions, and a fragmented state by state response guaranteed the numbers - more than 1.5 million cases and counting, deaths approaching 100,000. It is impossible to imagine that the United States will emerge from this pandemic with the same perspective on its historic economic inequality.
The coronavirus pandemic has already triggered the sharpest recession in the United States since the Great Depression. For the first 2 1/2 months of 2020, the economy continued to grow at a steady pace, but suddenly halted in mid-March - when businesses, travel industries, restaurants and retail shops were abruptly closed, and tens of millions of Americans were ordered to stay home in an effort to slow the spread of SAR-CoV2.More than 35 million people were suddenly out of work and have filed unemployment claims in recent weeks. The spread of the coronavirus has threatened the social and economic fabric of American communities and revealed in a striking way the inequities of the American system – a single event threw more that 35,000,000 people into joblessness and a step closer to poverty. Expanded unemployment benefits and a one-time stimulus package were forthcoming from the US House and Senate, but these are temporary solutions to a much larger structural inequality that the pandemic has exposed. The Covid-19 pandemic highlighted the flaws in the system and revealed two economic conditions that have been left unchecked: poverty and economic insecurity. An inclusive social safety net that includes a basic income and health coverage may be the only solution to ensure that its citizens have a strong foundation for preparedness for the next pandemic.
6. Psychological impact
The measures taken to avoid the spread of the new coronavirus have left their mark on the psyche of citizens around the world. At its peak, an estimated 2.6 billion people – or a third of the world’s population – was living under some kind of lockdown or quarantine, arguably the largest psychological experiment ever conducted.
7. Misinformation
One of the most difficult issues concerned reports that U.S. officials were investigating the possibility that the coronavirus was secretly ‘manufactured’ and/or ‘escaped’ from a Chinese lab in Wuhan, specifically the Wuhan Institute of Virology. There is no scientific evidence to support these theories. The sequencing and analysis of coronavirus genomes have already dispelled these rumors and instead demonstrate that bats are the likeliest source, suggesting that COVID-19 was created by nature, not humans. At its molecular level, the viral genome most closely resembles an isolate that already exists in horseshoe bats in Hunan province. Supported by several studies, bats have an unusually high capacity to harbor viruses and have been linked to past outbreaks, including SARS, MERS and Ebola. The virus may have spread from bats to an intermediary animal before infecting humans; this remains unclear. The fact that the earliest cases of COVID-19 were linked to a live animal market in Wuhan that sold exotic species only bolsters these observations.
In a recent study from Nature Medicine, researchers concluded "Our analyses clearly show that SARS-CoV-2 is not a laboratory construct or a purposefully manipulated virus” [70]. It is well known that the Wuhan Institute of Virology and other Institutes have been studying coronaviruses and bats ever since the SARS outbreak of the early 2000s, but there is no evidence that this research was malicious, rather it was a response to the need to understand the pathogenesis and epidemiology of SARS. High containment research was essential, given earlier outbreaks, as well as warnings from former Presidents and scientific leaders (see above).
In 2003 the Chinese government was legitimately criticized for their attempted cover-up of the original SARS outbreak, leading to skepticism amongst its critics about the openness of its response to the SARS-CoV2 outbreak of 2019. Calls from over 100 nations for an investigation into the origins of SARS-CoV2 and the pandemic have been recognized by Premier Xi of China, with his qualification that the review take place ‘after the virus is under control’. There remains much to learn from the early days of the pandemic and the Chinese response, as well as the pandemic response of other countries. From an epidemiologic perspective, these were critical days; understanding the nature and necessity of the immediate response will only prepare the global community for the next outbreak.
8. An environmental surprise
The massive shutdown of industry, business, global travel, farming and personal movement produced an unanticipated beneficial effect on the environment. All over the world, the levels of air pollution dropped in China, a 25 % reduction in carbon emissions has been reported while in New York, air pollution dropped by 50 %. In northern Italy and central Europe, nitrogen dioxide (NO2) emissions decrease by 5o% .







9. Conclusion
We have reached May 2020 and the lockdown efforts in most countries are winding down. At the time of writing, the population in Italy has moved forward with re-opening the economy; restaurants, stores and businesses are active once again, although the tourists have yet to return. Germany, Spain and France are moving forward with the re-opening their countries after reducing the number of cases and deaths through strict lockdown enforcement. The United States pushes ahead with re-opening business, travel, beaches and bars, despite the continued rise in cases and deaths. And new regions of concern are emerging; Brazil and Russia report massive daily increases in the number of cases and are now becoming the new epicenters, with the second and third highest rates of infection in the world. Singapore and China are carefully evaluating spikes in new cases - using testing, contact tracing and isolation to prevent a ‘second wave’ of coronavirus cases. Research and vaccine development are moving at ‘warp speed’ in the hopes of finding a treatment that will restore us to a new normal. In the first four months of 2020, Covid-19 has engulfed the world; it remains to be seen if global efforts during the next four months will unwrap our planet 
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