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      Introduction


      SARS-CoV-2, a novel Coronavirus virus that causes COVID-19 disease, was first identified in China in December, 2019 [1]. SARS-CoV-2 spread globally very rapidly, with the first case appearing in Seattle, Washington in January, 2020 [2]. COVID-19 spread rapidly within the US after that, and was officially declared a pandemic on March 11, 2020. Both healthcare and public health systems were quickly overwhelmed, despite implementing crisis standards of care, social distancing measures, and other health and public health interventions. As of this writing, the COVID-19 pandemic is ongoing and the US tops the world in cases and deaths [3]. The purpose of this paper is to describe the public health aspects of the SARS-CoV-2 pandemic, including a history of novel Corona viruses, the epidemiology of SARS-CoV-2 and how it evolved into a pandemic, the public health and healthcare response in the US during the first few months of the pandemic, public health interventions to flatten the curve and minimize morbidity and mortality, and discuss how the remainder of the pandemic may play out. A timeline of the early events that occurred prior to COVID-19 being declared a pandemic are outlined in Figure 1.


      History of Corona Viruses and Novel Corona Viruses


      Corona viruses are RNA viruses that belong to the subfamily Corona viruses. Corona viruses are zoonotic and can infect humans as well as pigs, cattle, horses, rodents, birds, bats, and other animals [4]. Most Corona viruses circulate annually and cause only mild disease similar to the common cold [4,5]. However, periodically, a human novel Coronavirus strain emerges. These novel strains have been associated with higher mortality compared to the human Corona viruses that circulate annually [5]. Severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) is the third novel Coronavirus to emerge, following SARS-CoV-1 in 2002 and Middle East respiratory Coronavirus (MERS CoV) in 2012. The mortality rates for SARS-CoV-1 and MERS CoV have been approximately 9% and 36%, respectively [6]. Though outbreaks of both SARS-CoV-1 and MERS CoV have occurred, neither has yet developed into a pandemic.


      History and Epidemiology of SARS-Cov-2, the Virus That Causes the Disease COVID-19


      SARS-CoV-2, the virus that causes the disease "coronavirus disease 2019" (abbreviated to COVID-19) was first identified in December, 2019 in Wuhan, China. Initial cases were believed to be associated with a seafood market in China and more specifically with pangolins [4,7]. However, a genomic analysis of the virus found that it is likely a recombinant virus stemming from a bat Coronavirus and a pangolin or origin unknown Coronavirus [7]. Furthermore, it is likely that the virus was circulating in China as early as November, 2019 [8]. It was originally thought that COVID-19 could only spread to humans through contact with animals, but healthcare personnel providing care to infected patients soon became ill, confirming that human-to-human transmission was occurring [9].


      SARS-CoV-2 is a highly contagious disease that spreads rapidly. Epidemiologists use the term R0 to describe the infectiousness of a disease, with R0 being equal to the average number of secondary cases expected from each primary case. The R0 for SARS-CoV-2 is estimated to be 2.2-3.1, which explains the rapid global spread of the disease [10]. Furthermore, asymptomatic or presymptomatic viral shedding has been known to occur, which means that individuals can spread disease before they have symptoms [11]. This makes it difficult to identify infected individuals who require isolation and can lead to further transmission [11]. Case identification has been found to be even more difficult in long term care facilities among residents with cognitive impairment, which has resulted in multiple outbreaks among this vulnerable population [12].


      Following the early cases in Wuhan, China in December, 2019, SARS-CoV-2 spread globally very rapidly. By the end of January, 2020, there were almost 7,700 cases of COVID-19 in China and it had spread to 19 countries, including the United States [13]. On March 11, 2020, the World Health Organization declared COVID-19 to be a pandemic. By April, 2020, almost all countries were experiencing cases or clusters of COVID-19 and more than 40 countries were experiencing community-wide transmission [14].


      The early cases of COVID-19 presented as an acute respiratory distress syndrome and was believed to be associated with a viral pneumonia. About half of the original cases had an underlying illness, such as hypertension, cardiovascular disease, or diabetes [13]. The majority of infected individuals (~ 80%) will experience a mild disease course and will not require hospitalization [15]. About 14% experience severe disease requiring hospitalization, and approximately 5% will have critical disease requiring intensive care [15]. Before asymptomatic and screening testing were available, the mortality rate appeared high (> 4%) due to the tendency to prioritize hospitalized patients for testing [15,16]. In addition, in areas or countries that lacked healthcare surge capacity to accommodate the patient surge, the case fatality rate was found to be high [16]. The overall mortality rate has been estimated to be between 0.25 - 3%, with higher rates expected in low income countries and geographical regions that cannot accommodate the patient surge [16]. In general, children have a much milder form of disease compared to adults, with fewer than 1% requiring hospitalization [15,17]. Infants under the age of one year are at significantly higher risk of hospitalization and death from COVID-19 compared to children of all other ages [17]. In rare situations, pediatric COVID-19 patients may develop multisystem inflammatory syndrome in children (MIS-C), though epidemiological data is still lacking about whether this is uniquely related to SARS-CoV-2 or a clinical inflammatory syndrome that occurs after exposure to other viruses [18]. Those over the age of 65 years are at significantly higher risk of having severe or critical disease and death compared to those of all other ages; mortality rates among the elderly have been found to be between 8-15% [15]. Individuals with co-morbidities, such cardiovascular disease, diabetes, chronic lung disease, hypertension, and cancer are also at higher risk of hospitalization and death compared to those without underlying illnesses [15].


      Multiple localized outbreaks of COVID-19 have occurred across the US that have been associated with vulnerable individuals living in congregate and crowded settings. Examples include long term care facilities, skilled nursing facilities, prisons, and homeless shelters [19]. These settings house high-risk individuals living closely together and often lack the resources needed to implement extensive infection prevention protocols or respond to outbreaks. These smaller outbreaks have contributed to regional illness rates and healthcare surge capacity, as well as overall mortality rates for the community.


      Public Health Response within the United States


      Soon after it was discovered that COVID-19 involved human to human transmission, countries outside of China began implementing screening and surveillance to identify potentially contagious individuals. The hope was to prevent importation of cases by rapidly identifying a contagious individual so that they could be placed into isolation and prevent a localized outbreak. Prior to cases in the U.S., airport screening was used to help identify potentially infected individuals13. In addition to airport screening, the U.S. quarantined planes coming from Wuhan, China and multiple cruise ships of repatriated citizens [20]. Travel restrictions were implemented for non-US citizens coming from China and other areas where there was sustained COVID-19 transmission, and the Centers for Disease Control and Prevention (CDC) recommended avoiding nonessential travel [19]. All of these measures were put into place to prevent a COVID-19 outbreak in the U.S. and limit disease spread among individuals on the quarantined flights and cruises [20]. Despite these measures, cases and clusters of COVID-19 were identified in the US, many of which were tied to cruises (prior to the temporary halting of cruise travel), public gatherings, and social events, such as Mardi Gras in Louisiana, a conference in Boston, and a large funeral in Georgia [19]. The first known case of COVID-19 in the US occurred in Seattle, Washington on January 21, 2020 due to a traveler coming from Wuhan, China [2]. COVID-19 spread quickly in the Seattle area, resulting in the highest case counts in the US at that time. In addition, Seattle experienced the first COVID-19 outbreak in a long-term facility, resulting in 129 cases of illness among residents, staff, and visitors, and a 27% mortality rate among residents [21]. Seattle remained the epicenter of the pandemic in the US until mid-March when New York surpassed Seattle's number of cases.


      In mid-March, additional community-based interventions were implemented to try to slow disease spread. Citizens were instructed to isolate or quarantine at home (depending on whether they were infected or believed to have been exposed), large gatherings were restricted or cancelled, and businesses were instructed to transition to telework whenever possible [19]. However, interventions were not implemented uniformly across the US nor even within a single state. For regions with evidence of sustained disease transmission, even more extensive interventions were implemented, including school closures, stay-at-home orders, recommendations to wear a cloth mask when in public, and other social distancing measures such as keeping six feet from others whenever possible [19]. In addition, public health instituted more widespread testing and contact tracing to help identify infected individuals who needed isolation and their contacts who required monitoring and home quarantine. Despite these measures, the US experienced a rapid increase in cases, particularly in urban regions such as Seattle and New York City. This was in part due to the role of asymptomatic disease spread [22], but also just the nature of highly contagious diseases such as COVID-19 in densely populated areas when social distancing measures are not in place.


      The public health and social distancing measures implemented in the US were intended to flatten the curve, meaning to lessen the peak and spread out the number of COVID-19 cases over time. These reduced morbidity rates allow healthcare systems to manage the patient surge, which results in lower mortality rates [19]. When healthcare surge capacity is exceeded, mortality rates can increase by 1-2% [16]. In order to sustain a flattened curve, public health may need to use social distancing measures for extended periods of time or implement them intermittently when increased cases occur in the community [6]. Loosening social distancing restrictions too soon can cause an increase in cases, which could overwhelm healthcare and lead to higher mortality rates [23]. More restrictive social distancing policies have been found to result in major reductions (~ 65%) in COVID-19 cases over a two-week time period [24]. In addition, social events that have occurred without the use of social distancing measures have been found to result in outbreaks involving high attack rates, such as a wedding that infected about 22% of attendees [25]. Moving forward, the most critical public health interventions will include development of a COVID-19 vaccine, rapid identification of cases through surveillance and testing, contact tracing, and extended or intermittent social distancing measures.


      In addition to implementing community mitigation measures such as social distancing, public health has directed resources aimed at preventing and controlling localized outbreaks of COVID-19 within long term care and skilled nursing facilities, prisons, and homeless shelters [19]. Interventions implemented at controlling COVID-19 in these settings include restricting visitors, cohorting patients and staff, rapid case identification, increased cleaning and disinfection, and use of personal protective equipment [19,22]. These settings and their clients should also be prioritized for testing to ensure that infected individuals are identified rapidly so they can be isolated [26].


      Healthcare Response


      U.S. hospitals and healthcare systems began preparing to identify and respond to COVID-19 in early winter, 2019/2020 as news spread about the threat of SARS-CoV-2 in China and beyond. Active surveillance was implemented to quickly identify infected individuals so they could be placed on isolation. Hospitals began examining their surge capacity plans in anticipation of patient influxes and communities started discussing alternate care sites or other approaches to increasing surge capacity. Areas where imported cases were first identified, including New York City and Los Angeles, began to see an increase in patients, many of whom were suspected of having COVID-19. Many hospitals implemented reverse triage protocols consisting of discharging low acuity patients in order to free up available beds for COVID-19 patients [27]. In late March, 2020, the U.S. Navy deployed its two medical ships, the United States Naval Ship (USNS) Mercy and the USNS Comfort to LA and NYC, respectively, in response to this increased demand to aid in healthcare surge capacity. Both ships were deployed to treat patients who did not have COVID-19 in order to open hospital beds for COVID-19 patients. Cities such as Los Angeles and Phoenix reopened hospitals that had previously closed to use as surge hospitals to care for COVID-19 patients. The state of California leased the closed St. Vincent's Medical Center in downtown LA in a partnership between Los Angeles County Department of Public Health with Dignity and Kaiser health systems co-managing the facility. The Los Angeles Surge Hospital, or LASH, began accepting COVID-19 patients on April 13, 2020 with a maximum bed capacity of 266 and an expanded ICU capacity as a transfer-only facility with no emergency department.


      The U.S. healthcare system became quickly overwhelmed in some areas, illustrating a lack of capacity in surge planning and supplies. Hospitals and nursing homes became overwhelmed by the high volume of patients, particularly in New York City, Westchester, and Brooklyn [28]. In addition, many U.S. hospitals reported a lack of personal protective equipment (PPE), hand sanitizer, cleaning supplies, ventilators, and medical equipment to sustain the surge [28,29]. The lack of general surge capacity, intensive care unit beds, ventilators, and PPE all led to increased mortality rates in the U.S., a phenomena that was also seen in other countries whose healthcare systems could not handle the large patient surge [16].


      Supplies from Local, Regional, and Federal Stockpiles


      A key component of mass casualty planning is the stockpiling of supplies and medication at the local, regional, and federal levels [30,31]. Planning organizations and researchers recommend that hospitals, healthcare systems, and regions develop stockpiles of pharmaceutical products, medical supplies, and equipment [31]. In addition, at the federal level, the Strategic National Stockpile (SNS) is available to help supplement jurisdictions responding to public health emergencies. The SNS was first established in 1999 under the name the National Pharmaceutical Stockpile, and consisted only of pharmaceutical products, such as antibiotics and vaccines, designed to help respond to a bioterrorism attack. However, the SNS has evolved over time to include medical supplies and equipment, including ventilators and PPE, to meet changing threats. The sole purpose of the SNS is to ensure that adequate medications and medical supplies can be quickly deployed anywhere within the US to fill gaps in current capacity due to a public health threat such as COVID-19. However, the SNS is not sufficient to aid all jurisdictions in long-term response during a pandemic; it is intended to be supplemental only. As with the 2009 H1N1 pandemic, local, regional, and federal stockpiles was quickly depleted during the COVID-19 pandemic. By April 9, 2020, long before the peak of patient cases, the SNS reported that it had deployed more than 90% of its PPE supplies [32]. In addition, many criticized the federal government's management and deployment of SNS supplies as being unfair [33].


      Healthcare Worker Infection and Fear


      Soon after the first cases of COVID-19 were found in the U.S., cases of occupationally-acquired COVID-19 were identified among healthcare staff, including nurses. For example, at one Californian hospital, 121 healthcare workers were exposed to an asymptomatic COVID-19 patient, 43 of whom became symptomatic and 3 of whom tested positive for SARS-CoV-2 [34]. The three healthcare workers who tested positive had not been wearing PPE when providing care to the patient, including during routine physical exams and while performing nebulizer treatments. The healthcare workers who became infected with COVID-19 had spent more time with the patient than those who did not become infected [34]. Healthcare workers have been found to be at risk from occupational exposure and disease when providing care to COVID-19 patients, especially when they do not wear or have access to the appropriate PPE [1]. As PPE supplies diminished in healthcare facilities across the US, #Get MePPE became a trending hash tag on social media with healthcare workers mounting a rallying cry of fear and frustration for their own safety and that of their patients. The CDC responded by implementing crisis standards of care related to PPE, such as guidance on best practice approaches to the re-use and decontamination of N95 respirators, masks, and other types of PPE [35]. Crisis standards of care are protocols implemented during public health emergencies when standard medical and nursing practices are unable to be met due to patient surges and a lack of equipment.


      Thus far in the pandemic, skilled nursing facilities have been especially overwhelmed by increasing COVID-19 patients while simultaneously experiencing dwindling supplies of PPE. Many healthcare workers went on strike in an effort to prevent themselves from acquiring COVID-19 while caring for their patients. The Magnolia Rehab and Nursing Center, a 90 bed skilled nursing facility in Riverside, CA, had to evacuate 84 residents on April 8, 2020 because of employee walk outs due to fear of safe conditions [36]. While 13 certified nursing assistants (CNAs) were scheduled to work on April 8, 2020 only one showed up to work while there were 34 COVID-19-infected patients and 5 COVID-19-infected staff [36]. Patients were transported to a federal medical station established at the Indio Fairgrounds, as well as other healthcare facilities in the area while Bruce Barton, the director of the County's Emergency Management Department made a public plea to healthcare workers for assistance promising to provide payment, malpractice insurance, full PPE, and clean facilities to whomever would show up to provide patient care [36].


      Studies have found that outbreaks of emerging infectious diseases and pandemics, including COVID-19, are associated with increased rates of depression, anxiety, fear, and insomnia among healthcare workers [37-39]. Healthcare workers have also reported symptoms of post-traumatic stress disorder and substance abuse when responding to pandemics, particularly when they need to be quarantined or the risk of personal infection is high [38,40]. The risk of psychological negative outcomes have been found to be higher when healthcare personnel responding to pandemics lack access to PPE or when they do not feel knowledgeable about how to respond to the disease involved in the pandemic [38,39,41].


      Pharmacological Interventions for COVID-19


      At the time of this writing, no efficacious FDA-approved pharmacological intervention exists, such as an antiviral therapy, prophylaxis, or vaccine, though multiple antiviral therapies are being investigated. Both antiviral therapy and vaccine could aid in COVID-19 response and help reduce morbidity and mortality, but a vaccine would be the best intervention to stop the pandemic [42]. However, it has been estimated that the soonest a COVID-19 vaccine could be developed, tested, and approved for release is 12-18 months after identification of the virus, meaning spring or fall 2021 [43]. Furthermore, it will take additional time after a vaccine has been developed and approved for release to have produced sufficient vaccine for the nation. Therefore, as with previous pandemics, there will likely be a prioritization plan developed to outline which groups will receive vaccine first. Prioritization plans for pandemic vaccine are decided based on the event's epidemiology, but always include healthcare personnel and other first responders as a top priority group [42]. There will also be a need for the rapid dispensing of vaccine once one has been developed. This may include the use of open and closed points of dispensing (PODs) for mass vaccination efforts [44]. Hospitals function as closed PODs, so acute care nurses should be able to receive COVID-19 vaccine on-site once the vaccine is available. Many other healthcare settings, such as long-term care facilities and outpatient surgery centers often serve as closed PODs, so nurses working in those settings should also have rapid access to vaccine. For nurses who work in agencies that are not closed POD sites, vaccine will be made available through open POD sites that are available to citizens in all jurisdictions that plan to use PODs for mass vaccination [44,45]. Due to the current lack of pharmacological interventions, non-pharmacological interventions (NPIs), such as surveillance, isolation, contract tracing, and social distancing are the most effective ways to control COVID-19 at this time.


      Past Influenza Pandemics and Predicting the Remainder of the COVID-19 Pandemic


      It is very challenging to predict how the remainder of the COVID-19 pandemic will unfold. Although researchers have studied past pandemics, all have involved influenza. This is the first known pandemic with a novel Coronavirus and this event may or may not reflect the epidemiology of past influenza pandemics. However, it is useful to examine past influenza pandemics and other human Coronavirus to understand how these events often unfold over time. Four influenza pandemics have occurred during the 20th Century. Past influenza pandemics have often involved waves or surges of infected individuals, with each wave lasting 6-8 weeks [46]. Furthermore, most past pandemics have involved multiple waves, with a first wave occurring the spring and a second larger wave emerging the following fall [42]. It is too soon to tell whether COVID-19 will follow the same pattern as past influenza pandemics, but Coronaviruses in general demonstrate a seasonal pattern of arriving in the fall and lasting through the winter months [47]. Based on epidemiological data on other human Coronavirus, it is likely that a second wave of COVID-19 infections will occur in fall 2020, though instead there could be a pattern of smaller peaks that recede when social distancing measures are implemented [48].


      Given that it is unlikely that a vaccine will be widely available prior to 2021, a second wave of COVID-19 individuals in the fall of 2020 will pose unique challenges to public health and healthcare systems. First of all, this second wave would likely coincide with the onset of seasonal influenza. This would greatly challenge healthcare systems to respond to both diseases, including resulting in patient surges of infected individuals requiring hospitalization and intensive care and the need for increased medical equipment and supplies. Public health systems would also be challenged to respond, with a need to conduct surveillance for both diseases, promote and disseminate influenza vaccine, and conduct contact tracing. Intermittent use of social distancing, NPIs, and community restrictions may be required to control spread of both diseases and allow healthcare systems to manage the patient surges [6].


      In the longer term, it is unknown what will happen with COVID-19. During past influenza pandemics, cases of the disease would trail off as mass vaccination was implemented and/or herd immunity levels were achieved. Because there is no long-term immunity to influenza, the pandemic influenza strain would then begin to join the annual influenza circulation cycle [6]. For example, the 2009 H1N1 influenza A strain continues to circulate and cause disease globally each year [6]. It is too early to tell if humans develop long-term immunity against COVID-19, but short term immunity is likely based on the fact that individuals infected with both SARS-CoV-1 and MERS CoV were found to have neutralizing antibodies for at least a few months after infection [49-51]. It is possible that SARS-CoV-2 could begin circulating annually along with other human Coronavirus. However, it is hopeful that an effective vaccine would be available before that happens.


      Other Emerging Public Health Concerns During the Pandemic


      As attention has turned to the public health response to contain the pandemic and support healthcare systems treating infected persons, direct and indirect public health implications are realized. From January 1-March 30, 2020, calls to poison centers in the US related to cleaning and disinfectant exposures increased by 20.4% when compared to the same time period in 2019, and 16.4% compared to the same time period in 2018 [52]. These temporally-associated increases may correspond to increased use of these products to clean and disinfect surfaces for COVID-19 prevention, improper mixing of these products, not using appropriate PPE, using products incorrectly, and/or using them in poorly ventilated areas [52]. Recognizing the signs and symptoms of poisoning in patients seeking treatment and soliciting information about the ingested product(s) are paramount to early intervention and success of treatments. The pandemic has also been found to have led to a lower rate of routine pediatric vaccine administration, including measles vaccine, starting the week after COVID-19 was declared a national emergency [53]. The decline in measles-containing and other pediatric vaccines could lead to outbreaks of vaccine preventable diseases [53].


      Stay-at-home orders and recommendations can lead to social isolation and increased loneliness, which are major risk factors for self-harm, anxiety, depression, and suicide [54]. In New York City, calls to one crisis intervention hotline increased 50% since the start of the pandemic; calls were related to changes in mood and anxiety, stressful life events, and interpersonal challenges [55,56]. Changes to psychological health could lead to increases in abuse of vulnerable persons, including domestic partners, children, and the elderly, as well as interpersonal violence [57]. More specifically, quarantine has been found to be associated with increases in negative psychological effects, such as symptoms of post-traumatic stress, fear, stigma, confusion, and anger [40], which could also lead to domestic abuse [56,57]. Nurses are mandated reporters when abuse or neglect are suspected and must therefore remain vigilant to the signs of abuse and neglect during this pandemic.


      Interruptions in the healthcare system created by COVID-19-related surges can lead to delays in care for non-COVID-19 conditions. As of May, 2020, the CDC recommends postponing preventive care, such as adult immunizations, lipid testing, and other screenings unless risks of postponement outweigh benefits. A number of professional organizations developed frameworks to aid in prioritizing care during periods of limited resource availability. For example, guidance developed by the American College of Surgeons [58] helps inform decision-making by surgeons and healthcare partners for procedures that can be delayed, alternatively treated, or scheduled and completed with considerations made to patient and personnel safety. The abrupt onset of the COVID-19 pandemic has seemingly taken precedence over the ongoing opioid crisis in the US, increasing the urgency to expand prescriptive privileges of buprenorphine to more providers to treat opioid use disorder [59].


      The impact that interruptions like these will have on health outcomes remains to be seen, but diminished outcomes related to delays in care are of significant concern.


      Conclusion


      As of this writing (December, 2020), the SARS-CoV-2 which causes the disease COVID-19 has emerged into a global pandemic with no end in sight. This novel Coronavirus causes a highly contagious and deadly disease. It has led to healthcare surges that have exceeded hospital capacity in multiple communities and shortages of PPE, ventilators, and medical supplies across the U.S. Public health and healthcare have responded rapidly with non-pharmacological interventions that include surveillance, isolation, quarantine, contact tracing, and social distancing. Although COVID-19 vaccines now exist, mass vaccination and herd immunity from those vaccines are still months away. The U.S. will need to continue implementing social distancing measures and restrictions based on community infection rates until herd immunity is met. Nurses need to follow current protocols for patient care, including crisis standards of care.


      
        Figure 1: Timeline of events in early part of the COVID-19 pandemic. View Figure 1
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