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Abstract

:

During the COVID-19 pandemic, forensic sciences, on the one hand, contributed to gaining knowledge about different aspects of the pandemic, while on the other hand, forensic professionals were called on to quickly adapt their activities to respond adequately to the changes imposed by the pandemic. This review aims to clarify the state of the art in forensic medicine at the time of COVID-19, discussing the following: the influence of external factors on forensic activities, the impact of autopsy practice on COVID-19 and vice-versa, the persistence of SARS-CoV-2 RNA in post-mortem samples, forensic personnel activities during the SARS-CoV-2 pandemic, the global vaccination program and forensic sciences, forensic undergraduate education during and after the imposed COVID-19 lockdown, and the medico-legal implications in medical malpractice claims during the COVID-19 pandemic. The COVID-19 pandemic has greatly influenced different aspects of human life, and, accordingly, the practical activities of forensic sciences that are defined as multidisciplinary, involving different expertise. Indeed, the activities are very different, including crime scene investigation (CSI), external examination, autopsy, and genetic and toxicological examinations of tissues and/or biological fluids. At the same time, forensic professionals may have direct contact with subjects in life, such as in the case of abuse victims (in some cases involving children), collecting biological samples from suspects, or visiting subjects in the case of physical examinations. In this scenario, forensic professionals are called on to implement methods to prevent the SARS-CoV-2 infection risk, wearing adequate PPE, and working in environments with a reduced risk of infection. Consequently, in the pandemic era, the costs involved for forensic sciences were substantially increased.
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1. Introduction


On 9 January 2020, the China CDC (the Centre for Disease Control and Prevention) identified severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as the pathogen of coronavirus disease 2019 (COVID-19) [1]. The efforts made by the international scientific community have been remarkable: from the point of view of scientific production, we are witnessing something never seen before, also in view of the fact that on 11 March 2020, the World Health Organization (WHO) declared the COVID-19 outbreak a “pandemic”, assessing the severity levels and global spread of the SARS-CoV-2 infection [2]. To date (3 December 2021), entering the keyword “COVID-19” in the Scopus database shows that 230,109 papers (146,014 original articles) have been published in less than two years; in the same way, entering the keyword “SARS-CoV-2” produces 99,957 papers (63,954 original papers) that match this keyword. Moreover, as analyzed by Haghani and Bliemer [3], the scientometric aspects of the COVID-19 literature involve different research fields (from general medicine to social sciences), demonstrating a vast scientific production worldwide. This unprecedented scientific mobilization has had important results in the battle against COVID-19, such as the biosynthesis of different vaccines.



In this scenario, forensic sciences, on the one hand, contributed to gaining knowledge about different aspects of the COVID-19 pandemic, while on the other hand, forensic professionals were called on to quickly adapt their activities in order to respond adequately to the changes imposed by the pandemic.



This narrative review aims to provide an up-to-date profile on the different aspects that are still ongoing. In particular, this review aims to clarify the state of the art in forensic medicine at the time of COVID-19, discussing the following topics: the influence of external factors on forensic activities, the impact of autopsy practice on COVID-19 and vice-versa, the persistence of SARS-CoV-2 RNA in post-mortem samples, forensic personnel activities during the SARS-CoV-2 pandemic, the global vaccination program and forensic sciences, forensic undergraduate education during and after the imposed COVID-19 lockdown, and the medico-legal implications in medical malpractice claims during COVID-19 pandemic. The methodology approach is reported in the Supplementary Material.




2. The sCOVID-19 Pandemic and Its Impact on Forensic Investigations


2.1. Influence of External Factors on Forensic Activities


The COVID-19 pandemic radically changed the nature of social interaction and economic activity in all regions of the world [4]. Governments in different countries applied and are still applying a wide range of restrictions, adapting and readjusting their response according to the course of the pandemic [5].



Analyzing national and international data from some countries shows that the unprecedented changes related to the pandemic differ by type of crime, by country or region, and over time. Obviously, if the type of crime committed changes, the countermeasures to prevent crime change accordingly. The polices to contain the spread of infection have altered all habits of life, including criminal activities. In a recent report examining the situation in 27 cities worldwide, the impact of the COVID-19 pandemic on certain types of crime, such as assault, theft, burglary, robbery, vehicle theft and homicide, has been remarkable [6]. The stay-at-home policies have interrupted or reduced the daily movements in time and space of all citizens, generating a reduction in the number of crimes committed. Similar results are seen in the statistical report that analyzes the impact of the COVID-19 pandemic on crime in England and Wales in the period from May 2020 to March 2021 [7]. A reduction of the same type of crimes has been reported in Chicago [8]. These data are confirmed in Argentina, where the quarantine restrictions caused a significant decline in property crime, although no significant changes in numbers of homicides were described [9].



Conversely, there has been an increase in other types of crime, such as domestic violence and cyber fraud that came in the form of ads, emails, fake websites, but also through phone calls and messages [7].



As reported before, in order to slow down the spread of SARS-CoV-2, especially between February–June 2020, many countries adopted the isolation of citizens inside their homes, the so-called lockdown [10]. These measures, on the one hand, controlled the spread of COVID-19, and on the other produced psychological repercussions [11]. During this period, there was an increase in domestic violence (DV). The definition of DV means partner violence [12,13,14,15,16], elder abuse [17], and child abuse [18,19,20] (sexual, physical, psychological violence). In fact, during this period in China DV tripled, in France there was a 30% increase, and in Brazil DV increased by 40/50% [21]. In the UK, femicides doubled between 23 March and 12 April 2020 compared to the previous 10 years [22]. Of course, spending more time in a confined environment such as the home increases the risk of conflict between family members. In addition to this factor, the stress induced by the pandemic also has negative consequences on the economic, social, and psychological aspect of a family. All of this is a major risk factor for DV. Furthermore, confinement induces a fear for victims to report any violence suffered [23]. Several solutions have been proposed to deal with DV during the COVID-19 pandemic, such as increasing the health response, improving police efficiency, and strengthening social safety nets. However, there are some more effective methods such as improving the reporting system of potential DV through TV advertising, and raising awareness among neighbors. The sharing of space negatively affects reports from victims of DV, therefore the possibility of offering these people temporary accommodation could be useful [24]. In Colombia, several measures were proposed to prevent DV. First, health professionals needed to raise awareness of the issue and provide front-line psychological assistance. Secondly, mass awareness was needed through all means of communication (TV, social media, internet). A third measure was to ensure adequate legal action against attackers for cases reported during lockdown [25]. To prevent DV, Campbell formulated the “Opportunity to Abuse Theory”, according to which he proposed to take three measures. The first was to provide reporting cards to all operators who managed to enter the households of others, such as garbage collectors, postmen, and staff who make home deliveries. The second was to provide shelter hotels for DV victims. The third was to advertise the use of an emergency number through which a DV report is sent with a simple SMS [26]. The importance of preventing DV is a crucial aspect that was underestimated in the early stages of the COVID-19 pandemic. The weakest people, especially women, children, and the elderly, were the people most at risk and, in the initial phase of lockdown, they were not sufficiently protected by governments. In the future, it is hoped that the same mistakes will not be made and that these categories will be protected [27].



Several types of scams and fraud have been reported: cybercriminals are capitalizing on the anxieties and fears triggered by the pandemic, using malware, such as viruses, worms, trojan horses, ransomware, and spyware, to invade, damage, steal or delete personal data on personal computers. In addition to these types of online scams, there has been a surge in fake or inappropriate drugs and vaccines and medical equipment sold at a very high price [28,29]. Moreover, social isolation and decreased mobility combined with COVID-19 containment policies have inevitably increased stress levels, reducing access to social support services and increasing crime such as child abuse, domestic violence and substance abuse [30,31,32,33]. It was immediately thought that the COVID-19 pandemic, and especially lockdown, could negatively affect drug addiction, and in general the increase in the use/abuse of drugs [34]. In fact, drug addicts are among the populations at risk of contracting a severe SARS-CoV-2 infection as they are weak subjects. In fact, there was an increase in methadone overdoses at first, and pharmacies reported an increase in the production of fake medical prescriptions [35,36]. Furthermore, during lockdown, a vicious cycle was created characterized by the fact that substance abuse (such as opioids) increased the mortality of a COVID-19 related respiratory disease and, at the same time, preventive measures of COVID-19 (such as quarantine) increased the risk of drug abuse [37]. In fact, quarantine brought increased stress, irritability, boredom, sadness, and anger, and triggered the relapse of many ex-addicts. Indeed, drug addiction increased the likelihood of death, use of mechanical ventilation, and hospitalization. Even the symptoms of abstinence were overlooked due to the involvement of the entire health system in COVID-19, putting aside the rest of the diseases, especially those coming from substances of abuse [38]. The risk of substance abuse side effects during the pandemic was also linked to the fact that drug addicts were unable to reach treatment or implement appropriate detoxification treatments [39]. The ban on leaving the house, accessing outdoor spaces, led to a worsening of the drug addiction control of these patients [40]. Smart working also influenced the increase in alcohol consumption during the pandemic. Paradoxically, workers cannot have access to alcoholic beverages during working hours; however, working at home could run the risk of being drunk during smart working [41]. Several strategies were used to address the rise in drug abuse during the COVID-19 pandemic. One hypothesis was to improve telemedicine services, which were able to guarantee support to people through the prescription of drugs and/or laboratory tests. Another hypothesis was to implement “home hospitalization”, with the prescription of home care in order to reduce the number of hospital visits. An important aspect could also be to implement psychiatric counseling services, in order not to exile people with disorders from substance abuse and to offer a service at all times [42].



However, the drug trafficking trade underwent a drastic change during lockdown. Hence, the reduction in international travel led to a reduction in the trade in these drugs as well [43]. Finally, in this context, the work of the police services has also changed profoundly: priorities have become public order control activities, with a large part of the resources allocated to quarantine controls, imposing social distance, and implementing border controls [44]. Another important development was the redistribution of police personnel in cities to monitor the observance of the restrictive measures to contain the pandemic [45]. The policing of cities has left rural areas exposed to different types of crime [46]. In fact, this is another important change in crime management during the pandemic period [47].




2.2. Impact of Autopsy Practice on COVID-19 and Vice-Versa


Autopsy has always played an essential role not only in the forensic field, but also in clinical practice [48]. Different studies remark on the pivotal role of the forensic pathologist in gaining information about unknown diseases, and highlighting the importance of a multidisciplinary approach [49,50]. Nevertheless, the initial discouragement of autopsies in the early phase of the pandemic generated a real lockdown of science, not allowing researchers to find useful elements in the diagnosis and treatment of COVID-19 [51].



One of the most important problems related to the COVID-19 autopsy has been the recommendations of the scientific community to perform a safe autopsy [52]. An important issue concerning autopsy practice is related to the technical specifications recommended for post-mortem investigations, with particular attention to ventilation devices. The suggestion to have at least two zones—a “clean zone” and a “dirty zone”—to which an additional “intermediate zone” for the removal of protective clothing after the autopsy could be added, has posed serious difficulties related to space [53]. Furthermore, considering that SARS-CoV-2 has been classified as a Hazard Group 3 (HG3) pathogen, it has been recommended that autopsies should be performed in airborne infection isolation rooms (AIIR), providing negative pressure with respect to the surrounding areas [54]. If such autopsy rooms are not available, it has been recommended to carry out air exchange (a minimum number of 6 changes per hour); in addition, it has been suggested that air should be exhausted to the outside or through a high-efficiency particulate aerosol (HEPA) filter. Finally, there were further suggestions regarding the equipment dedicated to COVID-19 autopsies, suggesting the use of an oscillating or manual saw, antiviral disinfectants, specific devices for decontamination by fumigation (optimally), as well as the recommendation to minimize the number of people in the autopsy room [55]. Undoubtedly, adherence to these recommendations has contributed substantially to reducing the number of autopsies.



Despite these difficulties, the pivotal role of autopsy practice in the definition of SARS-CoV-2 physiopathology is now recognized. In fact, the first study published on COVID-19 autopsies showed deep vein thrombosis in 7 out of 12 patients and pulmonary embolism causing death in 4 of them. Histologically, the most common pulmonary findings were those of diffuse alveolar damage (DAD), hyaline membranes, activated pneumocytes, microvascular thromboembolism, and interstitial edema [56]. Another study by Wang et al. [57] on pulmonary alterations of people who died from COVID-19 showed a massive alteration of type I alveolar epithelial cells and atypical hyperplasia, confirming the presence of heterogeneous inflammatory tissue [58]. In another paper, platelet microthrombi were observed in 84% of subjects with immunohistochemical positivity to CD61 [59]. Similar results were also found by Fox et al. [60], and by Ackermann et al. [61]. Obviously, vascular endothelial inflammation was a common COVID-19 related finding [62,63,64].



Thanks to autopsy practice, it has been found that SARS-CoV-2 may be found in other organs. The brain represents a vulnerable organ to SARS-CoV-2 infection. The most common brain damage from COVID-19 infection was reported in a recent systematic review [65,66,67,68].



In the heart, SARS-CoV-2 infection also causes significant changes [69,70,71,72].



Concerning the liver, different hepatic histopathological changes related to COVID-19 were described. [73,74].



The kidney is also often affected by SARS-CoV-2 infection [75,76].



Figure 1 summarizes the major histopathological changes caused by COVID-19 in the different systems of the body.



Based on the discussed data, despite the fact that, at first, it was thought that the role of the forensic pathologist was marginal in the research and battle against COVID-19, it has been demonstrated that theirs is a crucial contribution in understanding not only the pathophysiology of the SARS-CoV-2 infection but also making an important contribution to therapy. The forensic world of the “dead” is complementary to that of clinical research on the “living”, traveling together for scientific research of any pathology [48,77,78].




2.3. Persistence of SARS-CoV-2 RNA in Post-Mortem Samples


Although different strategies have been developed to achieve the diagnosis of infection, to date, the gold standard method for diagnosing SARS-CoV-2 infection remains the detection of viral ribonucleic acid (RNA) in respiratory specimens, mainly obtained from nasal or oropharyngeal swabs [79].



Since several studies have shown the persistence of the virus on inanimate surfaces for up to 9 days [80,81], different guidelines were published worldwide for performing safety autopsies, suggesting several measures to limit the risk of infection for personnel involved in post-mortem investigations [82,83]. Typically, the guidelines suggest adherence to strict protocols, assuming that the virus could remain in deceased persons with replicative capacity, recommending the use of biosafety level (BSL) 3 protection standards in cases of suspected or confirmed COVID-19 cadaver examination.



The presence of SARS-CoV-2 RNA in post-mortem samples has been frequently investigated. It is possible to divide the studies into two groups, including in the first one all studies where the researchers evaluated the positivity of different samples to RT-PCR, and the second one, all studies where the authors evaluated the persistence of infectivity testing virus vitality.



In the first group, there are a great number of published studies: the positivity persistence to RT-PCR tests has been demonstrated in post-mortem samples ranging from a few hours after death [84] to 78 days after death [85]. Moreover, the positivity test has been demonstrated under different conditions: both in samples from corpses stored refrigerated (cold room) [86,87] and in exhumed corpses [88]. Nevertheless, it has been demonstrated too, that by applying specific procedures during the autopsy, infection risks may be minimized for the personnel involved in post-mortem investigations [89].



The second group includes all studies that analyzed the possibility that the virus preserved its possibility to infect a subject several days after death. Despite many articles demonstrating the persistence of SARS-CoV-2 RNA in post-mortem specimens, the possibility that the virus retains replicative capacity remains to be proven. To date, only a few studies have been conducted concerning the viability of the virus and the infectivity hazard to the personnel involved in COVID-19 corpse management [90,91]. Recent data demonstrated that a few hours (12 h) after death, the corpses of subjects who died with/from COVID-19 may be considered noninfectious.



Although these data should be confirmed with other studies, in support of the theory that corpses may be considered safe a few hours after death there are the general data about infection risks: despite the fact that the number of individuals who have died with or from COVID-19 is considerably high, there is no published report about infections carried by cadavers transmitted to forensic pathologists, technicians, or mortuary workers.




2.4. Forensic Personnel Activities during the SARS-CoV-2 Pandemic


In the pandemic period, the activities and planning of forensic laboratories underwent major changes, adapting them quickly to both workforce modification (for example to ensure social distancing) and the new demands related to crime modification. In the same manner, forensic personnel are called on to adapt their work habits to new work scenarios.



In this context, different forensic activities, such as Crime Scene Investigation (CSI) activities, forensic laboratory activities such as DNA testing, forensic examinations of abuse victims (in particular in cases involving minors), and autopsy methodologies have undergone inevitable changes. In the pandemic scenario, it became clear that all personnel involved in these activities were exposed to a high risk of infection [92].



In the first phase of infection, the Centers for Disease Control and Prevention (CDC) published guidelines to support the activities of law enforcement personnel. The last update of these guidelines is dated about one 1 year ago (6 November 2020) [93]. Subsequently, the guidelines were updated by the Occupational Safety and Health Administration (OSHA) with the aim of assisting employers and workers in forensic sciences to identify COVID-19 exposure risks, helping them to take appropriate steps to prevent exposure and infection [94]. In order to contain the risks of infection, it is important to consider a variety of factors such as the physical environment of the workplace (CSI operators must consider every crime scene as a “hot zone”), the type of work activity (for example CSI, post-mortem activities, laboratory tests), the health and/or vaccination status of workers (in this regard, forensic personnel should be fully vaccinated), the ability of workers to wear adequate personal protective equipment (PPE) and abide by current CDC guidelines. Moreover, it is important to limit close contact (within 6 feet for a total of 15 min or more over a 24-h period) with other people. Another important step is related to the treatment of non-disposable materials used during forensic activities: these materials should be sterilized at the end of each step, following the relative recommendations [95].



Finally, special considerations should be made for laboratory personnel as well as the required infrastructure for forensic laboratories. Considering that the guidelines recommended a BLS2 laboratory, this has increased the costs for law enforcement agencies and forensic institutions. In the same way, all personnel should be involved in specific training, both in biosafety practices and in the modification of well-defined protocols in order to prevent/contain hazardous risks of biological samples [96].




2.5. The Global Vaccination Program and Forensic Sciences


The COVID-19 pandemic caused a major global health, social, and economic crisis. At the end of December 2020, the approval of the first vaccine started the global vaccination program, which restored minimal confidence in the population [97]. The scientific community is convinced that, without a broad and comprehensive vaccination program, it will be impossible to overcome COVID-19. However, following some severe adverse events, a growing lack of confidence developed in many European countries, slowing down the worldwide vaccination program [98,99]. Similar to the case of the definition of the main pathophysiological aspects of the SARS-CoV-2 infection, post-mortem investigations have been instrumental in identifying the cause of death in fatal cases following vaccine administration [100,101,102,103]. Autopsy has also become crucial in establishing the causality relationship between vaccine administration and fatal adverse events [104]. Undoubtedly, the contribution of forensic science has been pivotal in restoring confidence in the vaccination program.



However, medico-legal aspects linked to the overall vaccination campaign in terms of medical professional liability, informed consent, and vaccination obligation are yet to be clarified [105]. Given that each country has adopted different measures to promote the vaccination campaign and different regulations, it is very hard to depict a complete overview. For example, these aspects are very different in relevance if vaccination is compulsory (for example, for healthcare professionals) or not. Complete and detailed information and reliance on scientific research are essential to understand the great importance of the vaccination campaign [106]. From a legal point of view, we must avoid blaming health professionals for side effects. At the same time, the scientific community is called on to protect the population by ensuring that indications, guidelines, and an appropriate method of administration are respected. On the other hand, from the point of view of civil law, it is correct to guarantee full protection in those rare cases where vaccine administration is linked to adverse events. All these aspects should be focused on in a specific literature review.




2.6. Forensic Undergraduate Education during and after the Imposed COVID-19 Lockdown


An important question strictly linked to the COVID-19 pandemic is related to forensic undergraduate education. All countermeasures to contain the risk of infection have limited university education/training. Education officials have been forced to cancel classes and close the doors to campuses across the world in response to the growing coronavirus outbreak. Social distancing and restrictive movement policies have significantly disturbed traditional educational practices [107]. To mitigate the adverse effects of restriction policies, several institutes have introduced modern technologies, developing virtual and/or remote laboratories, presenting an opening to explore creative ways of using technological solutions to form digitally generated forensic environments. Despite the fact that several universities have adopted alternative initiatives such as online sessions or using pre-recorded materials that could be considered valid for other degrees, practice activities are indispensable for forensic science. The CSI experience and autopsy practice cannot be substituted by videos, even if current technologies (i.e., 3D models produced by photogrammetry) may be useful as a support for autopsy and forensic pathology education [108]. In the same way, practical laboratory activities are necessary both for dexterity and to develop critical thinking [109]. Nevertheless, in a recent report based on student feedback, alternative lessons were evaluated positively, suggesting that in the near future they could be a valid support in forensic student education [110]. It is important to note that these initiatives have been very limited worldwide, considering that the use of virtual realities in forensic science is not diffused both in high and low-income countries.



In light of these considerations, it is important to preserve the classical practical lesson, using innovative instruments (such as video lessons) to support traditional practice.




2.7. The Medico-Legal Implications in Medical Malpractice Claims during the COVID-19 Pandemic


Medical negligence litigation has always been a controversial topic; however, the debate became even more heated during the COVID-19 pandemic [111]. Indeed, from the very beginning, both retired doctors and newly graduated doctors were called into hospitals [112]. The recruitment of non-specialist doctors and newly graduated medical students has further favored the frequency of errors in medical practice and the increase in cases of malpractice claims. This has further increased potential litigation within hospitals. It was originally thought that some sort of “immunity” for healthcare workers during the pandemic should be provided [113,114]. In the United States, the American Medical Association (AMA) proposed that healthcare professionals working against SARS-CoV-2 infection be protected from any liability. Other legal shields have also been proposed in the UK and Italy. The principle on which the immunity hypothesis is based is that healthcare professionals are unable to provide an adequate level of assistance in emergency conditions, excluding cases of gross negligence or willful misconduct [115]. However, this goal is unethical and unfair as it prevents people from receiving correct compensation for medical malpractice [111].



Despite the initial praise of the population towards health professionals in the fight against COVID-19, there were subsequently important medico-legal repercussions also due to diseases not related to the pandemic [116]. For example, there have been many litigations for diagnostic delays of carcinomas, or even delays in follow-up and in hospital admission for this disease. In fact, during the pandemic, many hospital departments of various kinds such as oncology, internal medicine, cardiology, and gynecology were transformed into COVID departments. Hence, hospital admission for other illnesses was drastically reduced, increasing subsequent medico-legal litigation related to malpractice claims [117]. For example, in an Italian hospital, there was an increase in medical-legal disputes due to delays in treatment, lack of hospitalization, and lack of health care for non-autonomous patients [118].



According to a recent systematic review, the hospital-acquired SARS-CoV-2 infection rate is 12–15% [119]. From a medico-legal point of view, this possibility of infection could be due, on the one hand, to an incorrect use of anti-COVID-19 measures such as social distancing, and PPE, and on the other hand to an inevitable risk due to the pandemic.



A good way to try to reduce malpractice litigation is to adopt a transparency policy within hospitals, and correct compilation of medical records. The medical record is of crucial importance for the prevention of hospital-acquired infections (HAI), regardless of COVID-19. Transcribing in the medical record the disinfection of the environments, the sterilization of surgical instruments, the sterilization of the operating field, and the appropriate use of PPE plays a crucial role in preventing malpractice litigation, also in the field of vaccinations. Transparency, communication with relatives and patients, trust between them and healthcare professionals play another fundamental role in preventing the risk of COVID-19 infection within hospitals [120]. Another interesting aspect is to encourage telemedicine in order to guarantee care for people who do not want to, or cannot, access hospitals, continue to perform follow-up, as well as avoiding diagnostic delays, and decreasing the correlated HAI due to COVID-19. However, telemedicine must always be used as a support for traditional medicine without ever replacing it [121].





3. Discussion


Responding to the COVID-19 pandemic, governments around the world adopted measures to contain the deadly spread of the virus, radically changing human habits [4,122]. Forensic sciences also had to adapt rapidly to the so-called COVID-19 era. In fact, forensic scientists and laboratory personnel had to rapidly modify their protocols and improve their training to quickly adapt to the operational changes imposed by the pandemic. Indeed, because of their profession, like other healthcare professionals, forensic laboratory staff were exposed to a high occupational risk for COVID-19 infection.



This narrative review aimed to provide an up-to-date overview on the different issues concerning COVID-19, analyzing the state of art about: the influence of external factors on forensic activities, the impact of autopsy practice on COVID-19 and vice-versa, the persistence of SARS-CoV-2 RNA in post-mortem samples, forensic personnel activities during the SARS-CoV-2 pandemic, the global vaccination program and forensic sciences, forensic undergraduate education during and after the COVID-19 imposed lockdown, and the medico-legal implications in medical malpractice claims during the COVID-19 pandemic.



As previously discussed, in some countries, the police have become a public health service, informing the public about isolation restrictions; in other cases, they have been used to implement coercive actions to disperse groups and manage risks. In other countries, the police have played an even larger role at times, including transporting and distributing essential supplies to remote communities to ensure that movement restrictions became feasible [44,45]. In this scenario, control in crime prevention has radically diminished. Similarly, the restrictive measures put in place to contain the spread of the COVID-19 infection have inevitably reduced some crimes (theft, robbery, street violence), although inevitably others (especially domestic violence and computer crime) have increased [10]. Nevertheless, it has not always been possible to respond adequately to the rapid change in the type of crimes committed: it is certainly desirable that in the future social support services to prevent the different types of domestic violence (on minors, women.) will be quickly reintroduced and that the monitoring and identification of cybercrimes will be improved. Social supports will be indispensable considering that the economic crisis related to the spread of the infection has increased unemployment.



Another aspect that has been strongly affected by the COVID-19 pandemic is related to the use of substances of abuse. In the last decade, globalization, the spread of online markets, and new technologies have led to the diffusion of new psychoactive substances, as well as the possibility of easily finding legal drugs used for hedonistic purposes. Obviously, the use/abuse of these substances has also increased in relation to the psycho-physical stress induced by the different measures taken by governments to reduce the spread of infection [43]. During the COVID-19 pandemic, mental health concerns assumed a clinical relevance, although it is not yet clear whether the etiology of the neurological and psychiatric symptoms observed in patients with COVID-19 were attributable to the virus itself, or alternatively, to the stress related to a pandemic or to pharmacological treatment [123]. At the same time, the search for effective drugs against COVID-19, as well as the difficulty for developing countries to implement effective vaccination campaigns, has meant that many people have resorted to the online drug market, buying dangerous substances and/or counterfeit drugs [124]. Based on the data discussed, it is worth highlighting the need to invest in developing and maintaining strong early warning and response systems for new psychoactive substances and licit and illicit drugs to protect public health.



Although it is well-known that autopsy represents the gold standard method for understanding the pathophysiological aspects of unknown diseases [50,125], during the COVID-19 pandemic there have been undoubted delays in performing autopsies on subjects who died with/from COVID-19. Taking a cautious approach to limit the risk of spreading the infection, only minimally invasive autopsies were initially performed [126]. Several weeks later, full autopsies were performed again, playing a vital role in understanding the pathophysiology of the SARS-CoV-2 infection [48,77,78]. Autopsy practice is closely linked to one of the major concerns of COVID-19 that remains not fully resolved: the safety of handling cadavers. The crucial aspect is the persistence of the virus in a deceased body. Assuming that the virus may be detected several days after death in the bodies of individuals who have died with/from COVID-19, different guidelines have been published in order to perform post-mortem investigations safely. However, although several studies have been published demonstrating the possibility to have a molecular positive swab test even in exhumed corpses, the viability of the virus, and thus the infectivity of a body, has been investigated only in few studies [85]. As previously discussed, based on a very recent study, the COVID-19 corpse may be considered safe a few hours after death. These data seem to be confirmed by the absence of evidence of infection from cadavers, also in consideration of the great number of COVID-19 deaths worldwide [90]. Another important aspect that supports this theory is related to corpse management of those who died from other causes (road accidents, suicides, deaths at work), because they may be asymptomatic individuals. This category includes individuals who are SARS-CoV-2 positive but have no clinical or radiological manifestations of COVID-19 [127]. Personnel involved in corpse management (mortuary staff, first aid personnel, pathologists) did not always apply the measures prescribed for handling COVID-19 corpses; despite this, no cases of infection related to this type of practice have been reported [90]. This aspect is strictly related to forensic personnel activities: all investigations should be considered at high risk of infection, taking the right countermeasures [89]. Undoubtfully, these aspects, on the one hand, have slowed down forensic operations, and on the other hand, have raised costs.



In light of these considerations, as remarked in this review, the definition of these aspects remains crucial in order to ensure a possible update of the guidelines in the handling of COVID-19 corpses. Clarifying these important aspects could be beneficial not only for professional operators but for forensic undergraduate education too [110]. Despite the fact that during the pandemic period, the use of modern technologies has been adopted with positive results, several practical activities, such as autopsy, should be considered mandatory in forensic training [109].



Finally, another crucial aspect during the COVID-19 pandemic is related to the health care system. Many healthcare workers have worked in unfamiliar environments, in several cases, carrying out new tasks, trying to cope with an unprecedented workload in a general context with a lack of knowledge about the virus. This scenario exposed healthcare workers to an increase in complaints about the treatment provided in these circumstances, and conflicting arguments about how these should be handled within the criminal, civil and regulatory systems [113]. In addition, with the start of the vaccination campaign, new responsibilities arose for health workers employed in these activities, with new risks of liability [128]. At the same time, the COVID-19 emergency has enabled the implementation of extraordinary and previously little-known measures such as telemedicine, which in the near future could be useful, especially to ensure public health cost containment and timely support for patients.




4. Conclusions


The COVID-19 pandemic has greatly influenced different aspects of human life, and accordingly the practical activities of forensic sciences that are defined as multidisciplinary, involving different expertise. Indeed, the activities are very different, including CSI, external examination, autopsy, genetic, and toxicological examinations of tissues and/or biological fluids. At the same time, forensic professionals may have direct contact with live subjects, such as in the case of abuse victims (involving in some cases children), collecting biological samples from suspects, or visiting subjects in the case of physical examinations. Moreover, different external factors, such as the modifications of criminal activities, have greatly influenced forensic practice. On the one hand, during the pandemic period, the number of crimes has inevitably decreased (particularly for homicides and theft). On the other hand, it should be noted that medico-legal disputes have largely increased due to complaints about deaths that occurred in hospitals and in nursing homes related to the COVID-19 disease. Furthermore, the increased psychological stress negatively influenced domestic violence crimes, and accordingly the medico-legal activities. In this way psychological support should be supplied for all subjects, particularly in cases of adoption of severe social restrictions. This may mitigate the adverse effects on mental health. In the same way, this support should be guaranteed both to enforce polices and for health care: these categories have particularly suffered the great impact of COVID-19. It is also necessary that governments adopt financial support for these categories, providing the essential tools such as PPE, to guarantee a safe working environment, and sustaining research activities in these fields. Particularly, special support should be given to contain medico-legal implications in medical malpractice claims during the COVID-19 pandemic. The last message is reserved for forensic education: the COVID-19 crisis has highlighted the use of alternative activities to train the professionals of tomorrow, demonstrating the importance of practical activities that cannot be not substituted with modern technologies.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/healthcare10020319/s1, Figure S1: Flow diagram of the literature search and study selection for this review (PRISMA flow chart).





Author Contributions


M.E., M.S. and F.S.: Conceptualization, Methodology, Software; M.E., M.S., E.S., N.D.N., F.S.: Data curation, Writing—Original draft preparation. M.E., M.S., E.S., N.D.N., F.S.: Visualization, Investigation. M.S. and F.S.: Supervision. M.E., M.S. and F.S.: Writing—Reviewing and Editing. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Acknowledgments


The authors thank the Scientific Bureau of the University of Catania for language support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ye, Z.-W.; Yuan, S.; Yuen, K.-S.; Fung, S.-Y.; Chan, C.-P.; Jin, D.-Y. Zoonotic origins of human coronaviruses. Int. J. Biol. Sci. 2020, 16, 1686–1697. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization (WHO). WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19. 11 March 2020. Available online: https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020 (accessed on 17 November 2021).

	



Haghani, M.; Bliemer, M.C.J. COVID-19 pandemic and the unprecedented mobilisation of scholarly efforts prompted by a health crisis: Scientometric comparisons across SARS, MERS and 2019-nCoV literature. Scientometrics 2020, 125, 2695–2726. [Google Scholar] [CrossRef] [PubMed]

	



Valenzano, A.; Scarinci, A.; Monda, V.; Sessa, F.; Messina, A.; Monda, M.; Precenzano, F.; Mollica, M.P.; Carotenuto, M.; Messina, G.; et al. The Social Brain and Emotional Contagion: COVID-19 Effects. Medicina 2020, 56, 640. [Google Scholar] [CrossRef] [PubMed]

	



Tangcharoensathien, V.; Calleja, N.; Nguyen, T.; Purnat, T.; D’Agostino, M.; Garcia-Saiso, S.; Landry, M.; Rashidian, A.; Hamilton, C.; AbdAllah, A.; et al. Framework for Managing the COVID-19 Infodemic: Methods and Results of an Online, Crowdsourced WHO Technical Consultation. J. Med. Internet Res. 2020, 22, e19659. [Google Scholar] [CrossRef]

	



Nivette, A.E.; Zahnow, R.; Aguilar, R.; Ahven, A.; Amram, S.; Ariel, B.; Burbano, M.J.A.; Astolfi, R.; Baier, D.; Bark, H.-M.; et al. A global analysis of the impact of COVID-19 stay-at-home restrictions on crime. Nat. Hum. Behav. 2021, 5, 868–877. [Google Scholar] [CrossRef]

	



Office for National Statistics Crime in England and Wales: Year Ending. March 2021. Available online: https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/bulletins/crimeinenglandandwales/yearendingmarch2021 (accessed on 1 December 2021).

	



Yang, M.; Chen, Z.; Zhou, M.; Liang, X.; Bai, Z. The Impact of COVID-19 on Crime: A Spatial Temporal Analysis in Chicago. ISPRS Int. J. Geo-Inf. 2021, 10, 152. [Google Scholar] [CrossRef]

	



Perez-Vincent, S.M.; Schargrodsky, E.; García Mejía, M. Crime under lockdown: The impact of COVID-19 on citizen security in the city of Buenos Aires. Criminol. Public Policy 2021, 20, 463–492. [Google Scholar] [CrossRef]

	



Boserup, B.; McKenney, M.; Elkbuli, A. Alarming trends in US domestic violence during the COVID-19 pandemic. Am. J. Emerg. Med. 2020, 38, 2753–2755. [Google Scholar] [CrossRef]

	



Vignali, G.; Franceschetti, L.; Merzagora, I. A retrospective study on femicides assessed at the Institute of Legal Medicine of Milan. Are older women at risk? Forensic Sci. Int. 2021, 325, 110890. [Google Scholar] [CrossRef]

	



Aolymat, I. A cross-sectional study of the impact of COVID-19 on domestic violence, menstruation, genital tract health, and contraception use among women in Jordan. Am. J. Trop. Med. Hyg. 2021, 104, 519–525. [Google Scholar] [CrossRef]

	



Rhodes, H.X.; Petersen, K.; Lunsford, L.; Biswas, S. COVID-19 Resilience for Survival: Occurrence of Domestic Violence During Lockdown at a Rural American College of Surgeons Verified Level One Trauma Center. Cureus 2020, 12, e10059. [Google Scholar] [CrossRef]

	



Sediri, S.; Zgueb, Y.; Ouanes, S.; Ouali, U.; Bourgou, S.; Jomli, R.; Nacef, F. Women’s mental health: Acute impact of COVID-19 pandemic on domestic violence. Arch. Women’s Ment. Health 2020, 23, 749–756. [Google Scholar] [CrossRef]

	



Hsu, L.C.; Henke, A. COVID-19, staying at home, and domestic violence. Rev. Econ. Househ. 2021, 19, 145–155. [Google Scholar] [CrossRef]

	



Yari, A.; Zahednezhad, H.; Gheshlagh, R.G.; Kurdi, A. Frequency and determinants of domestic violence against Iranian women during the COVID-19 pandemic: A national cross-sectional survey. BMC Public Health 2021, 21, 1727. [Google Scholar] [CrossRef]

	



Makaroun, L.K.; Bachrach, R.L.; Rosland, A.-M. Elder Abuse in the Time of COVID-19—Increased Risks for Older Adults and Their Caregivers. Am. J. Geriatr. Psychiatry 2020, 28, 876–880. [Google Scholar] [CrossRef]

	



Lawson, M.; Piel, M.H.; Simon, M. Child Maltreatment during the COVID-19 Pandemic: Consequences of Parental Job Loss on Psychological and Physical Abuse Towards Children. Child Abuse Negl. 2020, 110, 104709. [Google Scholar] [CrossRef]

	



Caron, F.; Plancq, M.-C.; Tourneux, P.; Gouron, R.; Klein, C. Was child abuse underdetected during the COVID-19 lockdown? Arch. Pédiatrie 2020, 27, 399–400. [Google Scholar] [CrossRef]

	



Martinkevich, P.; Larsen, L.L.; Græsholt-Knudsen, T.; Hesthaven, G.; Hellfritzsch, M.B.; Petersen, K.K.; Møller-Madsen, B.; Rölfing, J.D. Physical child abuse demands increased awareness during health and socioeconomic crises like COVID-19: A review and education material. Acta Orthop. 2020, 91, 527–533. [Google Scholar] [CrossRef]

	



Bouillon-Minois, J.-B.; Clinchamps, M.; Dutheil, F. Coronavirus and Quarantine: Catalysts of Domestic Violence. Violence Against Women 2020, 107780122093519. [Google Scholar] [CrossRef]

	



Roesch, E.; Amin, A.; Gupta, J.; García-Moreno, C. Violence against women during COVID-19 pandemic restrictions. BMJ 2020, 369, 2–3. [Google Scholar] [CrossRef]

	



Ertan, D.; El-Hage, W.; Thierrée, S.; Javelot, H.; Hingray, C. COVID-19: Urgency for distancing from domestic violence. Eur. J. Psychotraumatol. 2020, 11, 1800245. [Google Scholar] [CrossRef] [PubMed]

	



Sharma, A.; Borah, S.B. COVID-19 and Domestic Violence: An Indirect Path to Social and Economic Crisis. J. Fam. Violence 2020, 2667, 1–7. [Google Scholar] [CrossRef]

	



Ortega Pacheco, Y.J.; Martínez Rudas, M. Domestic violence and COVID-19 in Colombia. Psychiatry Res. 2021, 300, 113925. [Google Scholar] [CrossRef] [PubMed]

	



Campbell, A.M. Improving prevention of family violence during (and after) disaster: Lessons learned from the COVID-19 pandemic. Forensic Sci. Int. Rep. 2021, 3, 100179. [Google Scholar] [CrossRef]

	



Sacco, M.A.; Caputo, F.; Ricci, P.; Sicilia, F.; De Aloe, L.; Bonetta, C.F.; Cordasco, F.; Scalise, C.; Cacciatore, G.; Zibetti, A.; et al. The impact of the COVID-19 pandemic on domestic violence: The dark side of home isolation during quarantine. Med. Leg. J. 2020, 88, 71–73. [Google Scholar] [CrossRef] [PubMed]

	



Buil-Gil, D.; Zeng, Y.; Kemp, S. Offline crime bounces back to pre-COVID levels, cyber stays high: Interrupted time-series analysis in Northern Ireland. Crime Sci. 2021, 10, 26. [Google Scholar] [CrossRef] [PubMed]

	



Kemp, S.; Buil-Gil, D.; Moneva, A.; Miró-Llinares, F.; Díaz-Castaño, N. Empty Streets, Busy Internet: A Time-Series Analysis of Cybercrime and Fraud Trends During COVID-19. J. Contemp. Crim. Justice 2021, 37, 480–501. [Google Scholar] [CrossRef]

	



Griffith, A.K. Parental Burnout and Child Maltreatment During the COVID-19 Pandemic. J. Fam. Violence 2020, 1–7. [Google Scholar] [CrossRef]

	



Bradbury-Jones, C.; Isham, L. The pandemic paradox: The consequences of COVID-19 on domestic violence. J. Clin. Nurs. 2020, 29, 2047–2049. [Google Scholar] [CrossRef]

	



Jemberie, W.B.; Stewart Williams, J.; Eriksson, M.; Grönlund, A.-S.; Ng, N.; Blom Nilsson, M.; Padyab, M.; Priest, K.C.; Sandlund, M.; Snellman, F.; et al. Substance Use Disorders and COVID-19: Multi-Faceted Problems Which Require Multi-Pronged Solutions. Front. Psychiatry 2020, 11, 714. [Google Scholar] [CrossRef]

	



Estévez-Soto, P.R. Crime and COVID-19: Effect of changes in routine activities in Mexico City. Crime Sci. 2021, 10, 15. [Google Scholar] [CrossRef]

	



Lapeyre-Mestre, M.; Boucher, A.; Daveluy, A.; Gibaja, V.; Jouanjus, E.; Mallaret, M.; Peyrière, H.; Micallef, J.; Bouquet, E.; Chaouachi, L.; et al. Addictovigilance contribution during COVID-19 epidemic and lockdown in France. Therapies 2020, 75, 343–354. [Google Scholar] [CrossRef]

	



Panagiotidis, P.; Rantis, K.; Holeva, V.; Parlapani, E.; Diakogiannis, I. Changes in alcohol use habits in the general population, during the COVID-19 lockdown in greece. Alcohol Alcohol. 2020, 55, 702–704. [Google Scholar] [CrossRef]

	



Banducci, A.N.; Weiss, N.H. Caring for patients with posttraumatic stress and substance use disorders during the COVID-19 pandemic. Psychol. Trauma Theory Res. Pract. Policy 2020, 12, S113–S114. [Google Scholar] [CrossRef]

	



Ornell, F.; Moura, H.F.; Scherer, J.N.; Pechansky, F.; Kessler, F.H.P.; von Diemen, L. The COVID-19 pandemic and its impact on substance use: Implications for prevention and treatment. Psychiatry Res. 2020, 289, 113096. [Google Scholar] [CrossRef]

	



Baillargeon, J.; Polychronopoulou, E.; Kuo, Y.F.; Raji, M.A. The impact of substance use disorder on COVID-19 outcomes. Psychiatr. Serv. 2021, 72, 578–581. [Google Scholar] [CrossRef]

	



Wen, H.; Barnett, M.L.; Saloner, B. Clinical Risk Factors for COVID-19 Among People with Substance Use Disorders. Psychiatr. Serv. 2020, 71, 1308. [Google Scholar] [CrossRef]

	



Zaami, S.; Marinelli, E.; Varì, M.R. New Trends of Substance Abuse During COVID-19 Pandemic: An International Perspective. Front. Psychiatry 2020, 11, 700. [Google Scholar] [CrossRef]

	



Killgore, W.D.S.; Cloonan, S.A.; Taylor, E.C.; Lucas, D.A.; Dailey, N.S. Alcohol dependence during COVID-19 lockdowns. Psychiatry Res. 2021, 296, 113676. [Google Scholar] [CrossRef]

	



López-Pelayo, H.; Aubin, H.-J.; Drummond, C.; Dom, G.; Pascual, F.; Rehm, J.; Saitz, R.; Scafato, E.; Gual, A. “The post-COVID era”: Challenges in the treatment of substance use disorder (SUD) after the pandemic. BMC Med. 2020, 18, 241. [Google Scholar] [CrossRef]

	



Di Trana, A.; Carlier, J.; Berretta, P.; Zaami, S.; Ricci, G. Consequences of COVID-19 Lockdown on the Misuse and Marketing of Addictive Substances and New Psychoactive Substances. Front. Psychiatry 2020, 11, 1130. [Google Scholar] [CrossRef] [PubMed]

	



White, M.D.; Fradella, H.F. Policing a Pandemic: Stay-at-Home Orders and What they Mean for the Police. Am. J. Crim. Justice 2020, 45, 702–717. [Google Scholar] [CrossRef] [PubMed]

	



European Parliament the Role of Armed Forces in the Fight against Coronavirus. Available online: https://www.europarl.europa.eu/RegData/etudes/BRIE/2020/649401/EPRS_BRI(2020)649401_EN.pdf (accessed on 1 December 2021).

	



Hansen, J.A.; Lory, G.L. Rural Victimization and Policing during the COVID-19 Pandemic. Am. J. Crim. Justice 2020, 45, 731–742. [Google Scholar] [CrossRef] [PubMed]

	



Campbell, A.M. An increasing risk of family violence during the COVID-19 pandemic: Strengthening community collaborations to save lives. Forensic Sci. Int. Rep. 2020, 2, 100089. [Google Scholar] [CrossRef]

	



Salerno, M.; Sessa, F.; Piscopo, A.; Montana, A.; Torrisi, M.; Patanè, F.; Murabito, P.; Volti, G.L.; Pomara, C. No Autopsies on COVID-19 Deaths: A Missed Opportunity and the Lockdown of Science. J. Clin. Med. 2020, 9, 1472. [Google Scholar] [CrossRef]

	



Barranco, R.; Ventura, F. The role of forensic pathologists in coronavirus disease 2019 infection: The importance of an interdisciplinary research. Med. Sci. Law 2020, 60, 237–238. [Google Scholar] [CrossRef]

	



Sessa, F.; Salerno, M.; Pomara, C. Autopsy Tool in Unknown Diseases: The Experience with Coronaviruses (SARS-CoV, MERS-CoV, SARS-CoV-2). Medicina 2021, 57, 309. [Google Scholar] [CrossRef]

	



Pomara, C.; Li Volti, G.; Cappello, F. COVID-19 Deaths: Are We Sure It Is Pneumonia? Please, Autopsy, Autopsy, Autopsy! J. Clin. Med. 2020, 9, 1259. [Google Scholar] [CrossRef]

	



Baj, J.; Ciesielka, M.; Buszewicz, G.; Maciejewski, R.; Budzyńska, B.; Listos, P.; Teresiński, G. COVID-19 in the autopsy room-requirements, safety, recommendations and pathological findings. Forensic Sci. Med. Pathol. 2021, 17, 101–113. [Google Scholar] [CrossRef]

	



Teresiński, G.; Jurek, T. Recommendations of the Polish Society of Forensic Medicine and Criminology and National Consultant for forensic medicine with regard to performing forensic post-mortem examinations in case of confirmed COVID-19 disease and suspected SARS CoV-2 infections. Arch. Med. Sadowej Kryminol. 2019, 69, 147–157. [Google Scholar]

	



Centers for Disease Control and Prevention Collection and Submission of Postmortem Specimens from Deceased Persons with Known or Suspected COVID-19. Available online: https://eaaf.org/wp-content/uploads/covid19-PDFs/EEUU/CDC-guidance-postmortem-specimens.pdf (accessed on 18 August 2020).

	



Osborn, M.; Lucas, S.B.; Stewart, R.; Swift, B.; Youd, E. Autopsy Practice Relating to Possible Cases of COVID-19 (2019-nCov, Novel Coronavirus from China 2019/2020). Available online: https://www.rcpath.org/uploads/assets/d5e28baf-5789-4b0f-acecfe370eee6223/447e37d0-29dd-4994-a11fe27b93de0905/Briefing-on-COVID-19-autopsy-Feb-2020.pdf (accessed on 18 August 2020).

	



Wichmann, D.; Sperhake, J.-P.; Lütgehetmann, M.; Steurer, S.; Edler, C.; Heinemann, A.; Heinrich, F.; Mushumba, H.; Kniep, I.; Schröder, A.S.; et al. Autopsy Findings and Venous Thromboembolism in Patients with COVID-19. Ann. Intern. Med. 2020, 173, 268–277. [Google Scholar] [CrossRef] [PubMed]

	



Wang, C.; Xie, J.; Zhao, L.; Fei, X.; Zhang, H.; Tan, Y.; Nie, X.; Zhou, L.; Liu, Z.; Ren, Y.; et al. Alveolar macrophage dysfunction and cytokine storm in the pathogenesis of two severe COVID-19 patients. EBioMedicine 2020, 57, 102833. [Google Scholar] [CrossRef]

	



Nienhold, R.; Ciani, Y.; Koelzer, V.H.; Tzankov, A.; Haslbauer, J.D.; Menter, T.; Schwab, N.; Henkel, M.; Frank, A.; Zsikla, V.; et al. Two distinct immunopathological profiles in autopsy lungs of COVID-19. Nat. Commun. 2020, 11, 5086. [Google Scholar] [CrossRef]

	



Borczuk, A.C.; Salvatore, S.P.; Seshan, S.V.; Patel, S.S.; Bussel, J.B.; Mostyka, M.; Elsoukkary, S.; He, B.; Del Vecchio, C.; Fortarezza, F.; et al. COVID-19 pulmonary pathology: A multi-institutional autopsy cohort from Italy and New York City. Mod. Pathol. 2020, 33, 2156–2168. [Google Scholar] [CrossRef]

	



Fox, S.E.; Akmatbekov, A.; Harbert, J.L.; Li, G.; Quincy Brown, J.; Vander Heide, R.S. Pulmonary and cardiac pathology in African American patients with COVID-19: An autopsy series from New Orleans. Lancet Respir. Med. 2020, 8, 681–686. [Google Scholar] [CrossRef]

	



Ackermann, M.; Verleden, S.E.; Kuehnel, M.; Haverich, A.; Welte, T.; Laenger, F.; Vanstapel, A.; Werlein, C.; Stark, H.; Tzankov, A.; et al. Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in COVID-19. N. Engl. J. Med. 2020, 383, 120–128. [Google Scholar] [CrossRef]

	



Varga, Z.; Flammer, A.J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A.S.; Mehra, M.R.; Schuepbach, R.A.; Ruschitzka, F.; Moch, H. Endothelial cell infection and endotheliitis in COVID-19. Lancet 2020, 395, 1417–1418. [Google Scholar] [CrossRef]

	



Cipolloni, L.; Sessa, F.; Bertozzi, G.; Baldari, B.; Cantatore, S.; Testi, R.; D’Errico, S.; Di Mizio, G.; Asmundo, A.; Castorina, S.; et al. Preliminary post-mortem COVID-19 evidence of endothelial injury and factor VIII hyperexpression. Diagnostics 2020, 10, 575. [Google Scholar] [CrossRef]

	



Barone, R.; Marino Gammazza, A.; Paladino, L.; Pitruzzella, A.; Spinoso, G.; Salerno, M.; Sessa, F.; Pomara, C.; Cappello, F.; Rappa, F. Morphological Alterations and Stress Protein Variations in Lung Biopsies Obtained from Autopsies of COVID-19 Subjects. Cells 2021, 10, 3136. [Google Scholar] [CrossRef]

	



Mukerji, S.S.; Solomon, I.H. What can we learn from brain autopsies in COVID-19? Neurosci. Lett. 2021, 742, 135528. [Google Scholar] [CrossRef]

	



Matschke, J.; Lütgehetmann, M.; Hagel, C.; Sperhake, J.P.; Schröder, A.S.; Edler, C.; Mushumba, H.; Fitzek, A.; Allweiss, L.; Dandri, M.; et al. Neuropathology of patients with COVID-19 in Germany: A post-mortem case series. Lancet Neurol. 2020, 19, 919–929. [Google Scholar] [CrossRef]

	



Reichard, R.R.; Kashani, K.B.; Boire, N.A.; Constantopoulos, E.; Guo, Y.; Lucchinetti, C.F. Neuropathology of COVID-19: A spectrum of vascular and acute disseminated encephalomyelitis (ADEM)-like pathology. Acta Neuropathol. 2020, 140, 1–6. [Google Scholar] [CrossRef] [PubMed]

	



Rhodes, R.H.; Love, G.L.; Lameira, F.D.S.; Sadough, M.S.; Fox, S.E.; Vander Heide, R. Acute Endotheliitis (Type 3 Hypersensitivity Vasculitis) in Ten COVID-19 Autopsy Brains. medRxiv 2021. [Google Scholar] [CrossRef]

	



Lindner, D.; Fitzek, A.; Bräuninger, H.; Aleshcheva, G.; Edler, C.; Meissner, K.; Scherschel, K.; Kirchhof, P.; Escher, F.; Schultheiss, H.P.; et al. Association of Cardiac Infection with SARS-CoV-2 in Confirmed COVID-19 Autopsy Cases. JAMA Cardiol. 2020, 5, 1281–1285. [Google Scholar] [CrossRef]

	



Schaller, T.; Hirschbühl, K.; Burkhardt, K.; Braun, G.; Trepel, M.; Märkl, B.; Claus, R. Postmortem Examination of Patients With COVID-19. JAMA 2020, 323, 2518–2520. [Google Scholar] [CrossRef]

	



Unudurthi, S.D.; Luthra, P.; Bose, R.J.C.; McCarthy, J.; Kontaridis, M.I. Cardiac inflammation in COVID-19: Lessons from heart failure. Life Sci. 2020, 260, 118482. [Google Scholar] [CrossRef]

	



Roshdy, A.; Zaher, S.; Fayed, H.; Coghlan, J.G. COVID-19 and the Heart: A Systematic Review of Cardiac Autopsies. Front. Cardiovasc. Med. 2021, 7, 400. [Google Scholar] [CrossRef]

	



Fassan, M.; Mescoli, C.; Sbaraglia, M.; Guzzardo, V.; Russo, F.P.; Fabris, R.; Trevenzoli, M.; Pelizzaro, F.; Cattelan, A.M.; Basso, C.; et al. Liver histopathology in COVID-19 patients: A mono-Institutional series of liver biopsies and autopsy specimens. Pathol. Res. Pract. 2021, 221, 153451. [Google Scholar] [CrossRef]

	



Schmit, G.; Lelotte, J.; Vanhaebost, J.; Horsmans, Y.; Van Bockstal, M.; Baldin, P. The Liver in COVID-19-Related Death: Protagonist or Innocent Bystander? Pathobiology 2020, 88, 88–94. [Google Scholar] [CrossRef]

	



Batlle, D.; Soler, M.J.; Sparks, M.A.; Hiremath, S.; South, A.M.; Welling, P.A.; Swaminathan, S. Acute Kidney Injury in COVID-19: Emerging Evidence of a Distinct Pathophysiology. J. Am. Soc. Nephrol. 2020, 31, 1380–1383. [Google Scholar] [CrossRef]

	



Mondello, C.; Roccuzzo, S.; Malfa, O.; Sapienza, D.; Gualniera, P.; Ventura Spagnolo, E.; Di Nunno, N.; Salerno, M.; Pomara, C.; Asmundo, A. Pathological Findings in COVID-19 as a Tool to Define SARS-CoV-2 Pathogenesis. A Systematic Review. Front. Pharmacol. 2021, 12, 614586. [Google Scholar] [CrossRef] [PubMed]

	



Bogdanović, M.; Atanasijević, T.; Popović, V.; Mihailović, Z.; Radnić, B.; Durmić, T. Is the role of forensic medicine in the COVID-19 pandemic underestimated? Forensic Sci. Med. Pathol. 2020, 17, 136–138. [Google Scholar] [CrossRef] [PubMed]

	



Sessa, F.; Bertozzi, G.; Cipolloni, L.; Baldari, B.; Cantatore, S.; D’Errico, S.; Di Mizio, G.; Asmundo, A.; Castorina, S.; Salerno, M.; et al. Clinical-Forensic Autopsy Findings to Defeat COVID-19 Disease: A Literature Review. J. Clin. Med. 2020, 9, 2026. [Google Scholar] [CrossRef] [PubMed]

	



Kevadiya, B.D.; Machhi, J.; Herskovitz, J.; Oleynikov, M.D.; Blomberg, W.R.; Bajwa, N.; Soni, D.; Das, S.; Hasan, M.; Patel, M.; et al. Diagnostics for SARS-CoV-2 infections. Nat. Mater. 2021, 20, 593–605. [Google Scholar] [CrossRef]

	



Kampf, G. Potential role of inanimate surfaces for the spread of coronaviruses and their inactivation with disinfectant agents. Infect. Prev. Pract. 2020, 2, 100044. [Google Scholar] [CrossRef]

	



Marquès, M.; Domingo, J.L. Contamination of inert surfaces by SARS-CoV-2: Persistence, stability and infectivity. A review. Environ. Res. 2021, 193, 110559. [Google Scholar] [CrossRef]

	



WHO Interm Guidance Infection Prevention and Control for the safe management of a dead body in the context of COVID-19. J. Hosp. Infect. 2020, 104, 246–251.

	



CDC Collection and Submission of Postmortem Specimens from Deceased Persons with Confirmed or Suspected COVID-19. Available online: https://www.cdc.gov/coronavirus/2019-ncov/hcp/guidance-postmortem-specimens.html (accessed on 11 December 2020).

	



Skok, K.; Stelzl, E.; Trauner, M.; Kessler, H.H.; Lax, S.F. Post-mortem viral dynamics and tropism in COVID-19 patients in correlation with organ damage. Virchows Arch. 2020, 478, 343–353. [Google Scholar] [CrossRef]

	



Musso, N.; Falzone, L.; Stracquadanio, S.; Bongiorno, D.; Salerno, M.; Esposito, M.; Sessa, F.; Libra, M.; Stefani, S.; Pomara, C. Post-Mortem Detection of SARS-CoV-2 RNA in Long-Buried Lung Samples. Diagnostics 2021, 11, 1158. [Google Scholar] [CrossRef]

	



Beltempo, P.; Curti, S.M.; Maserati, R.; Gherardi, M.; Castelli, M. Persistence of SARS-CoV-2 RNA in post-mortem swab 35 days after death: A case report. Forensic Sci. Int. 2021, 319, 110653. [Google Scholar] [CrossRef]

	



Ventura, F.; Barranco, R. Cadaveric Nasopharyngeal Swab in Coronavirus Disease 2019 Infections: Can it be Useful for Medico-Legal Purposes? Am. J. Forensic Med. Pathol. 2020, 41, 238–239. [Google Scholar] [CrossRef]

	



Plenzig, S.; Holz, F.; Bojkova, D.; Kettner, M.; Cinatl, J.; Verhoff, M.A.; Birngruber, C.G.; Ciesek, S.; Rabenau, H.F. Detection and infectivity of SARS-CoV-2 in exhumated corpses. Int. J. Legal Med. 2021, 135, 2531–2536. [Google Scholar] [CrossRef]

	



Pomara, C.; Salerno, M.; Sessa, F.; Esposito, M.; Barchitta, M.; Ledda, C.; Grassi, P.; Liberto, A.; Mattaliano, A.R.; Rapisarda, V.; et al. Safe Management Strategies in Clinical Forensic Autopsies of Confirmed COVID-19 Cases. Diagnostics 2021, 11, 457. [Google Scholar] [CrossRef]

	



Pomara, C.; Sessa, F.; Galante, D.; Pace, L.; Fasanella, A.; Di Nunno, N.; Esposito, M.; Salerno, M. Do We Really Need Hazard Prevention at the Expense of Safeguarding Death Dignity in COVID-19? Diagnostics 2021, 11, 1913. [Google Scholar] [CrossRef]

	



Plenzig, S.; Bojkova, D.; Held, H.; Berger, A.; Holz, F.; Cinatl, J.; Gradhand, E.; Kettner, M.; Pfeiffer, A.; Verhoff, M.A.; et al. Infectivity of deceased COVID-19 patients. Int. J. Legal Med. 2021, 135, 2055–2060. [Google Scholar] [CrossRef]

	



Prajapati, S.; Kaur, S. Safety Recommendations for Forensic Laboratory Staff During COVID-19 Pandemic. Acad. Forensic Pathol. 2021, 11, 94–102. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention (CDC) What Law Enforcement Personnel Need to Know about Coronavirus Disease 2019 (COVID-19). Available online: https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-law-enforcement.html (accessed on 1 December 2021).

	



OSHA Updated Interim Enforcement Response Plan for Coronavirus Disease 2019 (COVID-19). Available online: https://www.osha.gov/laws-regs/standardinterpretations/2021-07-07 (accessed on 1 December 2021).

	



Di Luise, E.; Magni, P.A. Interim recommendations for the management of forensic investigation during the COVID-19 pandemic: An Italian perspective. Sci. Justice 2021, 61, 735–742. [Google Scholar] [CrossRef]

	



De Ungria, M.C.A. Forensic DNA testing during the SARS-CoV-2 pandemic. Forensic Sci. Int. Genet. 2020, 48, 102346. [Google Scholar] [CrossRef] [PubMed]

	



Roberts, C.h.; Brindle, H.; Rogers, N.T.; Eggo, R.M.; Enria, L.; Lees, S. Vaccine Confidence and Hesitancy at the Start of COVID-19 Vaccine Deployment in the UK: An Embedded Mixed-Methods Study. Front. Public Health 2021, 9, 745630. [Google Scholar] [CrossRef] [PubMed]

	



Griva, K.; Tan, K.Y.K.; Chan, F.H.F.; Periakaruppan, R.; Ong, B.W.L.; Soh, A.S.E.; Chen, M.I. Evaluating Rates and Determinants of COVID-19 Vaccine Hesitancy for Adults and Children in the Singapore Population: Strengthening Our Community’s Resilience against Threats from Emerging Infections (SOCRATEs) Cohort. Vaccines 2021, 9, 1415. [Google Scholar] [CrossRef] [PubMed]

	



Barranco, R.; Rocca, G.; Molinelli, A.; Ventura, F. Controversies and Challenges of Mass Vaccination against SARS-CoV-2 in Italy: Medico-Legal Perspectives and Considerations. Healthcare 2021, 9, 1163. [Google Scholar] [CrossRef]

	



Sessa, F.; Salerno, M.; Esposito, M.; Di Nunno, N.; Zamboni, P.; Pomara, C. Autopsy Findings and Causality Relationship between Death and COVID-19 Vaccination: A Systematic Review. J. Clin. Med. 2021, 10, 5876. [Google Scholar] [CrossRef]

	



Zamboni, P.; Scerrati, A.; Sessa, F.; Pomara, C.; Mannucci, P.M. Vaccine-induced immune thrombotic thrombocytopenia with atypical vein thrombosis: Implications for clinical practice. Phlebology 2022, 02683555211068948. [Google Scholar] [CrossRef]

	



Schneider, J.; Sottmann, L.; Greinacher, A.; Hagen, M.; Kasper, H.-U.; Kuhnen, C.; Schlepper, S.; Schmidt, S.; Schulz, R.; Thiele, T.; et al. Postmortem investigation of fatalities following vaccination with COVID-19 vaccines. Int. J. Legal Med. 2021, 135, 2335–2345. [Google Scholar] [CrossRef]

	



Pomara, C.; Sessa, F.; Ciaccio, M.; Dieli, F.; Esposito, M.; Garozzo, S.F.; Giarratano, A.; Prati, D.; Rappa, F.; Salerno, M.; et al. Post-mortem findings in vaccine-induced thrombotic thombocytopenia. Haematologica 2021, 106, 2291. [Google Scholar] [CrossRef]

	



Pomara, C.; Sessa, F.; Ciaccio, M.; Dieli, F.; Esposito, M.; Giammanco, G.M.; Garozzo, S.F.; Giarratano, A.; Prati, D.; Rappa, F.; et al. COVID-19 Vaccine and Death: Causality Algorithm According to the WHO Eligibility Diagnosis. Diagnostics 2021, 11, 955. [Google Scholar] [CrossRef]

	



Rosen, B.; Waitzberg, R.; Israeli, A.; Hartal, M.; Davidovitch, N. Addressing vaccine hesitancy and access barriers to achieve persistent progress in Israel’s COVID-19 vaccination program. Isr. J. Health Policy Res. 2021, 10, 43. [Google Scholar] [CrossRef]

	



Mathieu, E.; Ritchie, H.; Ortiz-Ospina, E.; Roser, M.; Hasell, J.; Appel, C.; Giattino, C.; Rodés-Guirao, L. A global database of COVID-19 vaccinations. Nat. Hum. Behav. 2021, 5, 947–953. [Google Scholar] [CrossRef]

	



Pokhrel, S.; Chhetri, R. A Literature Review on Impact of COVID-19 Pandemic on Teaching and Learning. High. Educ. Futur. 2021, 8, 133–141. [Google Scholar] [CrossRef]

	



Tóth, D.; Petrus, K.; Heckmann, V.; Simon, G.; Poór, V.S. Application of photogrammetry in forensic pathology education of medical students in response to COVID-19. J. Forensic Sci. 2021, 66, 1533–1537. [Google Scholar] [CrossRef]

	



Thompson, T.J.U.; Collings, A.J.; Earwaker, H.; Horsman, G.; Nakhaeizadeh, S.; Parekh, U. Forensic undergraduate education during and after the COVID-19 imposed lockdown: Strategies and reflections from India and the UK. Forensic Sci. Int. 2020, 316, 110500. [Google Scholar] [CrossRef] [PubMed]

	



Jones, R.M. Online teaching of forensic medicine and pathology during the COVID-19 pandemic: A course evaluation. J. Forensic Leg. Med. 2021, 83, 102229. [Google Scholar] [CrossRef] [PubMed]

	



Duignan, K.; Bradbury, C. COVID-19 and medical negligence litigation: Immunity for healthcare professionals? Med. Leg. J. 2020, 88, 31–34. [Google Scholar] [CrossRef] [PubMed]

	



Martin-Fumadó, C.; Gómez-Durán, E.L.; Benet-Travé, J.; Barbería-Marcalain, E.; Arimany-Manso, J. Liability claims in Spain post-COVID-19: A predictable scenario. Leg. Med. 2020, 47, 101745. [Google Scholar] [CrossRef]

	



Bolcato, M.; Aurilio, M.T.; Aprile, A.; Di Mizio, G.; Della Pietra, B.; Feola, A. Take-Home Messages from the COVID-19 Pandemic: Strengths and Pitfalls of the Italian National Health Service from a Medico-Legal Point of View. Healthcare 2020, 9, 17. [Google Scholar] [CrossRef]

	



Maiese, A.; Russa, R. La; Santoro, P.; Matteis, A. De; Paolo, M. Di Future litigation after COVID-19 pandemic in Italy. Med. Leg. J. 2021, 89, 148–149. [Google Scholar] [CrossRef]

	



Cioffi, A.; Rinaldi, R. COVID-19 and medical liability: A delicate balance. Med. Leg. J. 2020, 88, 187–188. [Google Scholar] [CrossRef]

	



Mehta, A.R.; Szakmany, T.; Sorbie, A. The medicolegal landscape through the lens of COVID-19: Time for reform. J. R. Soc. Med. 2021, 114, 55–59. [Google Scholar] [CrossRef]

	



Barranco, R.; Messina, C.; Bonsignore, A.; Cattrini, C.; Ventura, F. Medical Liability in Cancer Care During COVID-19 Pandemic: Heroes or Guilty? Front. Public Health 2020, 8, 896. [Google Scholar] [CrossRef]

	



Nioi, M.; Napoli, P.E.; Finco, G.; Demontis, R.; Fossarello, M.; D’aloja, E. Fear of the COVID-19 and medical liability. Insights from a series of 130 consecutives medico-legal claims evaluated in a single institution during SARS-CoV-2-related pandemic. Signa Vitae 2021, 17, 79–85. [Google Scholar]

	



Barranco, R.; Vallega Bernucci Du Tremoul, L.; Ventura, F. Hospital-Acquired SARS-Cov-2 Infections in Patients: Inevitable Conditions or Medical Malpractice? Int. J. Environ. Res. Public Health 2021, 18, 489. [Google Scholar] [CrossRef]

	



Close, E.; Willmott, L.; Cockburn, T.; Young, S.; Cairns, W.; White, B.P. Transparent triage policies during the COVID-19 pandemic: A critical part of medico-legal risk management for clinicians. Med. J. Aust. 2021, 215, 71. [Google Scholar] [CrossRef]

	



Perrone, G.; Zerbo, S.; Bilotta, C.; Malta, G.; Argo, A. Telemedicine during COVID-19 pandemic: Advantage or critical issue? Med. Leg. J. 2020, 88, 76–77. [Google Scholar] [CrossRef]

	



Pomara, C.; Li Volti, G.; Cappello, F. The post-lockdown era: What is next in Italy? Front. Pharmacol. 2020, 11, 1074. [Google Scholar] [CrossRef]

	



Barranco, R.; Errico, S.; Ventura, F. Letter to the Editor: Risk of Suicide in People Whose Family Members Have Died from COVID-19: The Importance of an Empathetic Relationship in Medical Care and Psychological Help. Popul. Health Manag. 2021, 24, 525. [Google Scholar] [CrossRef]

	



FDA Fraudulent Coronavirus Disease 2019 (COVID-19) Products. Available online: https://www.fda.gov/consumers/health-fraud-scams/fraudulent-coronavirus-disease-2019-covid-19-products (accessed on 14 December 2021).

	



Turillazzi, E.; Riezzo, I.; Neri, M.; Pomara, C.; Cecchi, R.; Fineschi, V. The diagnosis of fatal pulmonary fat embolism using quantitative morphometry and confocal laser scanning microscopy. Pathol. Res. Pract. 2008, 204, 259–266. [Google Scholar] [CrossRef]

	



Melo, D.N.; Mara Coelho, T.; Rolim Pinheiro Lima, G.; Gomes Fernandes, C.; Cavalcante Fales de Brito Alves, B.; Montenegro de Carvalho Araújo, F.; Aparecida de Almeida Monteiro, R.; Ordi, J.; Hilário do Nascimento Saldiva, P.; Pamplona de Góes Cavalcanti, L. Use of minimally invasive autopsy during the COVID-19 pandemic and its possibilities in the context of developing countries. PLoS Negl. Trop. Dis. 2021, 15, e0009629. [Google Scholar] [CrossRef]

	



Nioi, M.; Napoli, P.E.; Fossarello, M.; d’Aloja, E. Autopsies and Asymptomatic Patients During the COVID-19 Pandemic: Balancing Risk and Reward. Front. Public Health 2020, 8, 739. [Google Scholar] [CrossRef]

	



Bilotta, C.; Zerbo, S.; Perrone, G.; Malta, G.; Argo, A. The medico-legal implications in medical malpractice claims during COVID-19 pandemic: Increase or trend reversal? Med. Leg. J. 2020, 88, 35–37. [Google Scholar] [CrossRef]








[image: Healthcare 10 00319 g001 550] 





Figure 1. Summary of the main histopathological changes caused by COVID-19. 
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