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ABSTRACT
	Severe Acute Respiratory Syndrome (SARS) was the 21st century’s first acute novel outbreak and public health menace.  It is vital for disease control experts to learn how previous diseases were investigated, contained and treated.  Due to its status as the first outbreak of the century, it is important to consider SARS as a modern prototype for protocols for key points of care of disease control; border screening, hospital infrastructure and personnel reorganization, and clinical diagnosis and treatment for potential cases.  Modern advances in technology, and travel has made containment of disease a difficult proposition.  Hence, disease control protocol must make the progression to meet these changes. 
	Border strategies for SARS must include ways of scanning a mass of people in a timely and efficient manner.  Potential strategies would include:  infrared scanning, immunoassay swabs, and scanning both departing and arriving passengers.  Of most importance to border strategies would be education.
	Hospital strategies should consider using the plan that is most ideal for their infrastructure, which would include:  designating a central hospital for infectious disease, dedicating a ward, or more novel approaches such as using a portable antechamber to seal off rooms or wards, or creating a negative pressure chamber in a large space such as a gymnasium.
	There are strong potential candidates in clinical detection and treatment that may be effective in future outbreak, however, more development and testing would be required.  It is also vital to continue investigation of vaccines and medications after the end of the initial outbreak.
	These strategies employ a mixture of past proven strategies and integrate modern advancements in technology.  This informed and knowledgeable approach to disease outbreak will result in a decrease in complications and problems in the future management of novel acute outbreaks.
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[bookmark: _Toc406070783]1.0  Introduction And History
[bookmark: _Toc406070784]1.1  November 2002

On November 16, 2002, in a small farming town of Guangdong province, China, a farmer was seen in the local health clinic, with complaints of fever, cough, sore throat, muscle pains, and other nonspecific symptoms.[footnoteRef:1] At first glance, it appeared to be an everyday case of flu, and initially, medical personnel thought nothing of it.  However, this case would be the beginning of a worldwide panic and epidemic whose lessons are still being learned to this day. [1:  SARS: How a Global Epidemic Was Stopped. Geneva, Switzerland: World Health Organization, Western Pacific Region, 2006. Print.
] 

The history of severe acute respiratory syndrome (SARS) is a fascinating account that brought to light one of the modern era’s great medical challenges: the threat of rapidly spreading, or “wildfire” worldwide pandemics exacerbated in this day of faster and high volume plane travel.  Pandemics are nothing new.  The last time there was an acute pandemic that lead to a similar degree of general public panic and concern previous to SARS was the HIV/AIDS epidemic of the 1980’s.   With the increasing availability of global travel, and cities expanding beyond their borders, the world has certainly become a smaller place.  This shrinkage of the global community has resulted in communicable diseases being spread much more efficiently over a wider area of distribution.  There are many lessons to be learned as a result of the SARS epidemic.  Ten years after the debut of SARS, the world is still facing outbreaks such as Ebola in Africa and respiratory virus ED-D68 in the United States.  SARS was the millennium's first novel, easily transmissible, acute outbreak, and there are many lessons that have been learned.
	The timeline of SARS began in Foshan City, Guangdong province in China on November 16, 2002 with a farmer, and led to a global hunt for the origin of the disease.  It cast a harsh spotlight onto the complicated politics and non-communication between organizations that led to crucial delays in containment.  
	After the initial case with the farmer in Guangdong province, more people presented with atypical pneumonia, which were resistant to medications.  As the number of cases increased, doctors and scientists in China rushed to find a treatment and learn about these patients who were rapidly deteriorating with a yet undiagnosed atypical pneumonia, despite best medical efforts.  The disease spread beyond Guangdong into nearby Zhongshan within the first month.   Shortly after the spread, local experts who were dispatched to the areas wrote up an initial case report.  They devised a treatment and protocol to aid health care workers.  But despite their efforts, 50 health care workers were infected and became the first frontline workers to be affected.  By mid-February 2003, the Guangdong Health Bureau reported 305 infections with a third of the infections affecting health care workers.1  WHO representatives offered assistance, only to be denied entry by Chinese officials.  This demonstrated China’s perceived reluctance to admit a problem even existed.  This would prove to be an impediment for international agencies’ attempts to investigate the outbreak.  Eventually, Chinese authorities would agree to provide their surveillance data to international organizations, but the initial information provided was incomplete and not as forthcoming.  

[bookmark: _Toc406070785]1.2  February 2003

Vietnam reports its first case on February 23, which marks spread into non-Chinese territory.  During that month, Dr. Carlo Urbani, the WHO infectious disease expert, examined the Vietnamese case, and unknowingly contracted the disease by mid-March.  He died soon after being infected.  Through his efforts, he not only instituted the program to screen airline passengers in Vietnam, but also alerted the WHO that SARS is spreading to parts other than China.
[bookmark: _Toc406070786]1.2.1  Metropole Hotel

In February 2003, a 64-year-old physician from Guangzhou arrived at the Metropole hotel in Hong Kong.  Despite symptoms, the doctor had traveled and came into contact with patients who had SARS.  He infected at least 16 guests and workers at the hotel.1
[bookmark: _Toc406070787]1.3  March 2003

In March, patients who were initially infected from the Metropole hotel began to show up in hospitals in Hong Kong and Singapore, with characteristic nonspecific symptoms that often progressed to atypical pneumonia despite usual therapies.  At this point, many of the Metropole Hotel patients have died.  Furthermore, the patients have unknowingly transmitted the disease to close relations and health professionals in Hong Kong, Canada, and Vietnam.  The WHO investigated samples from the Metropole patients and ruled out possible causes of atypical pneumonia such as H1N1, tuberculosis, and Chlamydia, before they concluded that what they were dealing with was a new entity--SARS.    Epidemiologists eventually manage to identify the index case, the doctor from Guangzhou.[footnoteRef:2] [2:  Brookes, Tim, and Omar A. Khan. Behind the Mask: How the World Survived SARS, the First Epidemic of the 21st Century. Washington, DC: American Public Health Association, 2005. Print.
] 

[bookmark: _Toc406070788]1.3.1  Investigation of SARS:  Information Access Delay

Four months after the index case, the WHO investigators in many different fields continued their research and formed protocols on how to do surveillance, lab evaluation, identification of the disease and clinical symptoms to make the diagnosis.  They began to develop interventions to prevent the emergent spread of disease.  The investigators employed the following overall tenants to combat the new disease: 
1.  Strict isolation procedures  
2.  Development of task forces that were specifically formed to deal with the disease.
3.  Dissemination of information to the public, and working with other groups such as Global Outbreak Alert and Response Network, and Combating Communicable Disease Division, along with regional health departments.1
On March 12, 2003, the WHO issued its first global alert, which resulted in travel advisories to affected countries, but no limitations on outgoing passengers.1  Along with local and state health departments, the WHO continued to toil in efforts to contain the spread of SARS.  Laboratory data was now being freely shared among the different international agencies with a network formed to unify the data sharing among the agencies.  This open information sharing promptly results in positive outcomes, as labs are soon able to identify the samples as a type of coronavirus, and define SARS as a notifiable disease. 1 
On the front of preparedness, the WHO Western Pacific Regional office outbreak team is renamed as “SARS outbreak and preparedness response team” and was charged to work on the areas affected by SARS, and prepare countries not yet affected by SARS.1   Worldwide attempts to contain public spread resulted in closures of a Toronto hospital and Singaporean schools.  The WHO recommended exit screenings in airports, and place travel advisories to affected countries.
Concomitantly, the clinical side strengthened with international virtual grand rounds being offered.  This allowed for open discussion on symptoms and course of disease.  While there were limited therapies available, these could be readily shared.
[bookmark: _Toc406070789]1.3.2  Amoy Gardens:  Infrastructure Breakdown

The problems with ensuring the isolation precautions were demonstrated in Hong Kong in the March 19, 2003 case of the Amoy Garden apartments. It had started with a single index case of a dialysis patient who was stayed with his relative after his treatment.  He had symptoms of SARS, and had bouts of diarrhea in an area of open sewage systems. Because of this, an entire apartment block was quarantined.  This would be the largest group quarantined in the outbreak, and it eventually lead to evacuation of the affected apartments, and strict observation of the 329 potentially infected residents.  “By the end of March, more than 200 residents of the estate had been hospitalized with SARS…[and] took the lives of 42 people in Amoy.”[footnoteRef:3]  This was an important case, as it illustrated, “that the SARS virus in this case was spread primarily through the air. High concentrations of viral aerosols in building plumbing were drawn into apartment bathrooms through floor drains”[footnoteRef:4]and “concluded that environmental factors played an important role in the transmission of the disease”4 This was a good lesson that hygiene is not just an individual issue, but it is also a community issue that affects many people.   [3:  "The Outbreak." Time Out Hong Kong. C&R, 15 Jan. 2013. Web. 23 Nov. 2014.]  [4:  McKinney, K. R. "Result Filters." Environmental Transmission of SARS at Amoy Gardens. U.S. National Library of Medicine, May 2006. Web. 23 Nov. 2014.] 

[bookmark: _Toc406070790]1.3.3  Flights CA 112 and TG 614:  Containment in the Era of Plane Travel

The Amoy Garden isolation was not the only time where multiple cases of SARS presented at one time.  During the spring of 2003, flights Air China 112 (CA 112) and Thai airlines flight 614 (TG 614) each had cases of passengers with SARS transmitting the disease to other passengers.  These lapses in infection control highlighted the problems with border screening. Each case had different aspects of flaws with border security.  In the CA 112 case, the index case “sought hospital treatment on March 16, or one day after the flight”[footnoteRef:5] which illuminated the problem with airport screening and their inability to find pre-boarding cases. The index case had “spread it to nine Hong Kong tourists, three Taiwanese businessmen, a Singaporean woman, two Chinese government officials and two stewardesses.”[footnoteRef:6]  This case demonstrated the inherent problem of the methods of border control.  How does one screen a large population of mobile people in the most effective and time conserving fashion?  This infected patient did not have symptoms before or at the time of the flight, and would not have been discovered with preflight screening of passengers.   [5:  Mykkänen, Pekka. "China Withheld Vital Information from Finnish SARS Victim." HS International Edition. Helsingin Sanomat, 25 May 2003. Web. 23 Nov. 2014.]  [6:  "SARS 'super-spreaders' Appear to Be Elderly or Those Already Suffering Ailments: WHO." Global Action on Aging. Global Action on Aging, 12 May 2003. Web. 23 Nov. 2014.] 

In sharp contrast, the flight TG 614 case was an example of governmental interference.  Pekka Aro, a Finnish UN official, had traveled from Bangkok to Beijing for the China Employment forum.  He was seated beside Zhu Hong, a Chinese Trade Ministry official.  Hong had contracted SARS in Hong Kong, and had been  “admitted into the SARS ward of the Ditan hospital in Beijing already on March 26, two days before Aro displayed his first symptoms.”5   “China had possibly uncovered the source of Zhu's infection already around March 20…but this information was not used to protect Aro or hundreds of other people.”5 Despite being aware that he had been seen at clinics for signs and symptoms of SARS, Chinese officials had allowed Zhu to fly.  While the CA 112 case was a breakdown of the border screening, this was a failure of the Chinese government abilities to control its officials.  This had become another example of China not being forthcoming resulting in spread of disease.
[bookmark: _Toc406070791]1.4  April 2003

[bookmark: _Toc406070792]1.4.1  Identification

By April, there were advancements in the identification of the disease.  Already available tests; polymerase chain reaction (PCR, which has high sensitivity but low specificity), immunofluorescence assay (IFA, which has high sensitivity and specificity, but is very slow), and enzyme linked immunosorbent assay (ELISA, which has high sensitivity and specificity, but is also very slow to test) were used. 1
[bookmark: _Toc406070793]1.4.2  China and Cover-up

On April 8, 2003, Dr. Jiang Yanyong, a military doctor, took an unusual step and wrote a letter to the media.  In the letter, he alleged “that the government was covering up the gravity of the epidemic and revealing figures that he had obtained from trusted colleagues that were much higher.”[footnoteRef:7] His actions helped to uncover the problem, and in doing so, forced China to be more transparent in regards to reporting the disease to international agencies.  The improved transparency and compliance led to a decrease of disease, and a reevaluation of Chinese governmental protocols and exposed their inaccurate reporting.  China promptly responded that it would comply with the WHO and other agencies and shared its data.  China gradually allowed WHO teams to investigate different cases in the country.  The teams found problems with China’s surveillance, treatment, and infection control.  It was stated, “there could [have been] 100-200 probable cases [or 3-6 times more than...reported].  In addition, there [were] about a thousand cases still under investigation.”1  As a result of this, China made the necessary reforms, and they installed much stricter policies regarding possible SARS cases.  The government lifted media blackouts, and was more proactive in disease prevention.  They became more aggressive in their treatment and containment of possible SARS patients within their own country. [7:  "Case Information: Jiang Yanyong." Committee on Human Rights. National Academy of Sciences, 2014. Web. 23 Nov. 2014.] 

[bookmark: _Toc406070794]1.4.3  Attempts at Containment

Another part of the reforms that China made was their efforts to prevent travelers who may have been exposed to SARS to travel to other countries.  This strict reform was not limited just to China.  Taiwan attempted to stem the tide of disease by checking the temperatures of all incoming passengers through monitoring of passengers temperatures, which became a standard for rapid assessment of airline travelers.  These were not the only countries to escalate their attempts at containment.  In following with China and Taiwan, Hong Kong instituted a much harsher quarantine that extended to the close contacts of those infected, and they were not allowed to leave while quarantined.  The harsher quarantine was not just in Hong Kong; Singaporean health officials also enacted more stringent quarantine laws to prevent nosocomially-transmitted disease.  Patients suspected to have SARS were not transferred between hospitals.  They further prevented health care professionals to work in multiple hospitals, and thus tried to prevent the disease to be carried to another hospital.  Hospitals in Singapore furthered the level of prevention by authorizing a no visitor policy.
[bookmark: _Toc406070795]1.5  May 2003

[bookmark: _Toc406070796]1.5.1  Laboratory Front

On the laboratory front, the shared laboratory system uncovered the virus genome sequence.  It was found to be a new type of coronavirus.  In May, labs discovered that the virus can “survive in urine and in feces at room temperature for at least one to two days.”1  Labs were able to now focus their studies on animal sources, and zeroed it down to masked palm civet and raccoon dog.  At the end of the month, the World Health Assembly initiated protocols and procedures for international travellers, health care workers and for health care institutions.
[bookmark: _Toc406070797]1.5.2  Quarantine Challenges

Negative repercussions are intrinsic with the issue of forced isolation on a population.  Newly found diseases inherently have problems with stigmatization and SARS was no exception.  During May 2003, the problems of isolation became evident with: discrimination against patients with SARS.  People questioned violations of civil liberties, and resulted in refusal to comply with isolation. In Singapore, a 50 year old patient, Chua Hock Seng broke quarantine twice to visit a local bar, which led to his arrest on May 10, 2003.[footnoteRef:8]  This break in quarantine not only brought up the issue of how to properly quarantine suspected patients, but also how to enforce and punish those who refused to comply.  Around the same time in May, there were violent protests in Xiandie, Zhejiang province in China.  Citizens in the small village demanded the quarantined patients who were housed in the Government building be moved out of their neighborhood.  The discrimination was not just in China, as UC-Berkeley refused students from SARS affected areas for their summer terms.  UC-Berkeley later revised their policy, but only after heavy criticism from media and “watch dog” groups.  The Philippines complained about the WHO listing of travel advisory, due to the stigma that was attached to it.  The government stated that its listing as a country under travel advisory due to its SARS positive status led to difficulty in tourism.   The Philippines also stated that its stigmatization led to difficulty with commerce with neighboring countries.  Within months, the WHO removed the travel advisories on endemic areas such as Philippines, Hong Kong, Taiwan, and Singapore as the cases had been cleared of their imposed quarantines.  [8:  "Jail for Breaking Sars Quarantine." BBC News. BBC, 10 May 2003. Web. 23 Nov. 2014.] 

[bookmark: _Toc406070798]1.6  April 2004

[bookmark: _Toc406070799]1.6.1  End of SARS

On April 2004, the last cases of active SARS had resolved.  Despite April being considered as the end of the initial acute outbreak, there were long lasting effects from SARS.   Even now, a decade after the initial outbreak, SARS victims are dealing with the physical and psychological effects from the treatments.  There has also been a suggestion of a chronic form of SARS.
[bookmark: _Toc406070800]2.0  Definition of SARS
[bookmark: _Toc406070801]2.1  Virology

SARS is an enveloped, positive, single stranded RNA virus from the Coronavirus family.  It replicates in the cytoplasm of its hosts.  Its natural hosts are palm civets, raccoon dogs, and humans.  It is spread via direct contact with either fecal oral contamination from fomites, hand contact or droplets from infected patients.   Due to its stable nature in the environment, it can remain in the urine and feces for 1 to 2 days.
[bookmark: _Toc406070802]2.2  Signs and Symptoms

Its signs and symptoms manifest nonspecifically, resembling a viral flu infection.  Patients complain of fever, headache, chills, diarrhea, cough, and myalgia.  Initial symptoms are a high fever of 100.4o Fahrenheit (38o Celsius).  The patient will also have a nonproductive dry cough for the following week.  If not treated early, many patients, especially the elderly, will progress to lower respiratory infection, which often results in adult respiratory distress syndrome (ARDS).  This is a condition resulting in impaired oxygen exchange due to increased fluid in the lung usually as a result of widespread inflammation.  At this point, patients will require mechanical ventilation, and be transferred to the ICU. 
[bookmark: _Toc406070803]2.3  Pathology

One problem with containing the SARS infection is that the generalized sign and symptoms can lead to delays in diagnosis, and therefore quarantine.  The most common cause of death among SARS patients was pneumonia, and complications due to ARDS. The patients most at risk are the immune compromised such as the very young and the very old, patients with recent transplant status, HIV patients, and other comorbidities such as hepatitis B.  It should be noted that traditionally coronaviruses causes 10% death rates among the elderly but SARS differed by affecting the young children and healthier adults with a 10-15% death rate.  Elderly mortality rate was much “higher than that in control [non-SARS elderly population] (33.3% vs 3.8%, P < 0.05).”[footnoteRef:9] [9:  Cao, B. " Clinical Diagnosis, Treatment and Prognosis of Elderly SARS Patients." National Center for Biotechnology Information. U.S. National Library of Medicine, Oct. 2003. Web. 04 Sept. 2014.
] 

SARS causes diffuse alveolar damage in the lungs by “(1) direct lytic effects on host cells and (2) indirect consequences resulting from the host immune response.”(Manish).  The damage is seen with “acute fibrous exudates” in a diffuse pattern of damage, which is considered pathognomonic.  SARS also damages the pulmonary vasculature by “intravascular fibrin thrombi and thromboemboli, associated in many cases with parenchymal infarcts”[footnoteRef:10]  SARS can be identified by “associated histologic features, such as pneumocyte hyperplasia, squamous metaplasia, and multinucleated cells” 10 [10:  Hwang, David M., Dean W. Chamberlain, Susan M. Poutanen, Donald E. Low, Sylvia L. Asa, and Jagdish Butany. "Pulmonary Pathology of Severe Acute Respiratory Syndrome in Toronto." Modern Pathology 18.1 (2004): 1-10. Web.] 

[bookmark: _Toc406070804]2.4  Chronic SARS

Whether chronic forms of SARS exist have not been studied or confirmed.  Despite this, patients report persistent symptoms consistent with “shortness of breath, muscle and joint pain, numbness and tingling in the hands and feet, and fatigue.”(Ubelacker)  There have also been 50 patients in China reporting osteonecrosis, which is the destruction of bone due to many causes such as infection, loss of blood supply or even excessive steroid use.  In a follow up survey in 2010, patients who had recovered from acute SARS reported psychiatric issues with “posttraumatic stress disorder due to isolation, and struggling with the disease.  They also report depression, chronic fatigue syndrome, and report issues with stress and problems with memory.”[footnoteRef:11] [11:  Kim, Audrey. "Aftershock of SARS Still Felt among Survivors - Hospital News." Hospital News RSS. Vertical Media, 1 Nov. 2010. Web. 04 Sept. 2014.
] 

[bookmark: _Toc406070805]2.5  Diagnosis of SARS

In the initial diagnosis of SARS, a health care professional must complete a thorough history and physical, with attention to travel history, and signs and symptoms.  Diagnostic features include: CBC, BMP, pulse oximetry, gram stain and culture, blood culture, chest x-rays.  Specific tests can also be sent for: respiratory syncytial virus, Legionella and pneumococcal urinary antigen tests, and influenza A and B.  Confirmatory tests for SARS would be ELISA, RT-PCR, and SARS antibody test.  In containing SARS, one may have difficulties with initial diagnosis and with a possible delay in quarantine contribute to the difficulty.
[bookmark: _Toc406070806]3.0  Procedures and Protocols

There are many different dynamics in the examination of disease to consider.  There are problems that are as detailed and minute as the identification and treatment of patients, to the large-scale international political problems such as the governmental issues that had plagued China.  In the investigation of SARS, the focus will be on the most reasonable and easily instituted protocols for future outbreaks, which are: border screening, hospital, and health care professionals.
[bookmark: _Toc406070807]3.1  Border Screening

The problem with containing SARS was that the virus was stable for 1-2 days on fomites and it spreads via respiratory droplets and fecal-oral transmission, aiding in its rapid transmission.  Additionally, patients often have an asymptomatic period, and signs and symptoms can often be confused with other diseases.  The patients are infectious during these times as well.  Given these difficulties, public health officials would need a noninvasive, rapid and highly sensitive method to diagnose a massive amount of people in the shortest time possible.  Officials decided to focus on the high fever.  Countries such as Canada and Taiwan employed infrared scanners, which would, in theory, pick febrile individual passengers in a crowd to be isolated and retested with an oral thermometer.  The countries that did not have such high tech equipment could employ more affordable technologies such as surveys (in Canada, called health alert notices or HAN’s) that asked questions related to the symptoms of disease.  These countries could also use health professionals in the terminals that were trained to scan for ill-appearing outgoing passengers.[footnoteRef:12] [12:  Samaan, Gina. "Border Screening for SARS in Australia: What Has Been Learnt?" The Medical Journal of Australia. Surveillance and Epidemiology Section, Australian Department of Health and Ageing, Canberra, ACT., Apr. 2004. Web. 23 Nov. 2014.] 

[bookmark: _Toc406070808]3.1.1  Prior Attempt with HAN’s and Education

It was found that screening in all forms was not adequate, as the vast majority of cases of SARS developed after they had landed.  The Canadian HAN’s and thermo imaging were not specific enough for SARS identification.[footnoteRef:13]  In regards to the HAN/survey, the questions were either too vague or the passengers did not comprehend the HAN due to language barriers.  However, the HAN’s were successful in helping with basic education of the signs, symptoms, and locations of hospitals printed on it.  Passengers who later suspected they had developed SARS would attribute the HAN’s to their decision to seek medical help.12  [13:  Ng, E. Y. "Is Thermal Scanner Losing Its Bite in Mass Screening of Fever Due to SARS?" Medical Physics Journal. American Association of Physicists in Medicine, Jan. 2005. Web. 23 Nov. 2014.] 

[bookmark: _Toc406070809]3.1.2  Infrared Scanning

As to the infrared scanning, the complications were “the accuracy of the infrared system can… be affected by human, environmental, and equipment variables. It is further limited by the fact that the thermal imager measures the skin temperature and not the core body temperature.”13  While thermal imaging was not entirely successful during the SARS trial, it does not mean that it should be abandoned as a feasible option to detect febrile patients in the future.  Not just for SARS, but any outbreak that would require detection of diseases in masses such as influenza, or Middle East Respiratory Syndrome (MERS).  The scanners allayed public fears, as the public believed that the scanners would find the cases.  This was considered a political victory for the agencies that employed the scanners.  Another reason why temperature scanning should be employed is that thermal imaging has future possibility as, “they are useful and cost effective way to identify potential cases.”13  Additionally, scanners can be effective if they are “made under a more uniform regulation to have an accurate and reliable reading.”13  Ng, et al. was able to find the optimal area to scan, which was “from the front averaged temples region [which] have good correlation with the ear temperature, followed by maximum temperature in near-eye and forehead regions.”13  Ng also found that the “optimum threshold temperature for the thermal imager, to detect an adult aural temperature of 37.7 °C and above, is 34.6 °C and this allows sensitivity of 90.7% and specificity of 75.8%.”13
[bookmark: _Toc406070810]3.1.3  Alternative Methods of Scanning

While initial attempts at mass screening with infrared temperature finding was a fine initial attempt, and had potential in the future, there remained a need for a sensitive, and specific modality.   There is still a need for a shelf-stable, rapid, cost effective, easy to use way to successfully confirm the diagnosis of SARS and other communicable diseases.  Infrared, while rapid, cost effective, and easy to use, was not confirmatory.   Conversely, tests that are confirmatory are slow, expensive, and usually require a trained technician to develop and interpret the tests.  The problem is finding a balance between an accurate screening test and rapid confirmatory test that could be performed in the field.
  In 2009, Kammila et al investigated a promising immunoswab assay.  An immunoassay swab would be ideal, as it would detect a viral constituent that is present in high amounts in the first week of the disease.  It was used to identify viral nucleocapsid protein, which is produced in high amounts during infection and it is easy to use.   Nucleocapsid protein is seen in high amounts in the serum, and more importantly, in the nasopharyngeal aspirate.  “The viral nucleocapsid protein (NP) is a 48kDa highly phosphorylated basic antigen (422 aa) that interacts with the membrane (M) protein (Chang et al., 2006; Fang et al., 2006; Luo et al., 2005a,b; Rota et al., 2003) to make up viral RNA and nucleocapsid (Chen et al., 2007; Hsieh et al., 2005; Huang et al., 2004b; Lai, 2003). NP is also the most predominant virus derived protein throughout the infection, probably because its template mRNA is the most abundant subgenomic RNA (Di et al., 2005; Hiscox et al., 1995; Lau et al., 2005; Rota et al., 2003) making it a viable target for diagnostics.”[footnoteRef:14] The study investigated the use of “monoclonal antibodies (MAbs), Bispecific MAbs and chicken polyclonal IgY antibody against the SARS-CoV nucleocapsid protein (NP)”14 as the constituents of the immunoswab assay.  The results of the initial tests were promising as the immunoswab showed high sensitivity to the nucleocapsid protein for SARS-CoV antigen that was in pig nasopharyngeal aspirate.  The immunoswab assay is a solid candidate for use for mass identification as it fulfilled the following requirements: [14:  Kammilla, Sriram. "A Rapid Point of Care Immunoswab Assay for SARS-CoV Detection." Journal of Virology Methods. Elsevier B.V., 11 July 2008. Web. 23 Nov. 2014.] 

1. Easy to use:  Untrained workers require basic training for placement of the swab for collection of the sample, development, and interpretation
2. Noninvasive:  Swabs would be of the mouth or nasal area
3. Fast test time and can catch the disease early:  The immunoswab is instantaneous
4. Does not require specialized lab
5. Cost effective
6. Shelf-stable:  It was found to be shelf stable for 6 weeks.  “It was also shown that IgY was relatively stable under different conditions, including heat, pressure, alkalinity, acidity (> pH 3.5), and in the presence of proteolytic enzymes, such as trypsin and chymotrypsin”[footnoteRef:15] [15:  Palaniyappan, A. "Diagnostics of Severe Acute Respiratory Syndrome-associated Coronavirus (SARS-CoV) Nucleocapsid Antigen Using Chicken Immunoglobulin Y." National Center for Biotechnology Information. U.S. National Library of Medicine, Mar. 2012. Web. 23 Nov. 2014.] 

7. Can be used anywhere:  setup is quick, and can be done by a single person in any location.
8. Sensitive:  “The match of both of the antibodies was appropriate for the development of an effective immunological diagnostic tool, because pAb are capable of binding to many epitopes on the antigen that is beneficial for high sensitivity but has inherent specificity limitations. Hence, the availability of suitable highly specific mAb is essential.”15
9. [bookmark: _Toc278466855][bookmark: _Toc405369939][bookmark: _Toc279583061][bookmark: _Toc279583113][bookmark: _Toc279867844][bookmark: _Toc406070633][bookmark: _Toc406070811]Produced quickly:  “the high amount of chicken IgY generated within a short period of time is an advantage to develop significant antigen-specific IgY compared with mammalian serum antibodies” 15
	At this time, there are no human trials.  This is a promising avenue to continue to explore, and to consider as a forefront of effective screening.  This could not only be used to detect SARS, but with modifications, it could potentially be used as a template to develop tests for other viruses in the future.  
[bookmark: _Toc406070812]3.1.4  Education

Another high yield, low cost strategy for helping to contain SARS would be education for all and increasing the presence of control points at points of entry of the transportation hubs.  Pre-flight education involved brochures such as the Canadian HAN’s.  These included a description of signs and symptoms, along with contacts and numbers of health care clinics, etc.  In addition, there were pre-flight announcements made by flight staff reading from a script that had been prepared by health departments.   Education led to passengers being much more willing to come forward with symptoms to health care facilities.  Of the cases in the Australian study, from the 77 potential cases from April 5, 2003 to June 16, 2003, 29 cases were symptomatic upon arrival (infrared scanning had missed them), 25 had been missed by airport screening and had showed up to health care facilities, and only 4 had been detected by airport screening.  This stresses that education was not only doing a good job, but it was outperforming the expensive technology.   Despite the positives of pre-flight education, had it’s share of problems as “16% did not hear the announcements and a further 7% did not speak or understand English.”12  This is an issue that can be easily overcome in future outbreaks with new technology that can instantly translate languages rapidly and accurately.  
[bookmark: _Toc406070813]3.1.5  Additional Screening Needed

It should also be pointed out that that the WHO had recommended only exiting passenger screening on March 27, 2003,1 but it has been argued that it does not take into account that screening should be ideally as the passenger departs and arrives at the destination.  Transoceanic flights can take almost a day to travel, and during that time, a viral infection has time to flourish.  In screening passengers at their departure, it can decrease the infection spreading in such a confined space, and in checking upon arrival, potential cases that developed during the flight may be caught.  Additionally, passengers will have the benefit of education, and may be more willing to come forward if they are aware there is screening when they deplane.

The attempted containment from an international perspective of SARS was very well intentioned, however, there were some aspects that will need to be addressed for international travel in the future.  Air travel was stressed during the outbreak, and it is important to consider the other aspects of travel such as border check points for motor vehicles and docks for boats.
[bookmark: _Toc406070814]3.2  Hospital protocols
With the education of passengers, it should be expected that there would be an influx of potential cases to health care facilities.  With this increase of patients, there will be a need for health care centers to find ways to rapidly identify and confirm cases and quickly assemble isolation rooms with negative pressure capabilities.  Health care workers will need to be updated and aware of the increase of potential cases and how to handle these potential patients.  Hospitals must be able to handle the requirements of a disease that is resource intensive due to its nature of rapid transmission and progression.  This requires strict, potentially costly protocols that must take into account many considerations.
Protocols were formulated by each individual hospital and enacted during the SARS outbreak; though, there were no standard outbreak protocols.  Formulating a nationally or globally standard protocol is difficult given that each hospital is different in size, complement, and services and specialties that it caters to.  However, it is more than likely that cases seen in hospital clinics or small community hospitals would transfer suspected cases to major hospitals.  However, this will also be covered in the discussion regarding the protocols required for health care institutions.
[bookmark: _Toc406070815]3.2.1  Considerations Before Starting

To begin with, the infrastructure of hospitals during the time of outbreak must be dramatically altered to accommodate of the infected patients.   This would require vast amounts of resources and staff.  More cleaning staff may need to be employed.  Patient to nurse ratios would most likely be increased.  Hospitals would need changes in the amount of isolation rooms, as SARS is easily transmitted and it is a hardy disease on fomites lasting for up to 2 days.  Most hospitals have a limited amount of isolation rooms that include a negative pressure antechamber during regular times.  It would also require consultation all department heads of the hospital, as it affects all staff members.  Key members from hospital staff should especially be represented including; infectious disease, security, materials, human resources, nursing, engineering, construction, and maintenance in the discussion as these members can best advise the best course of action for the hospital.
The first actions during the initial logistics meeting for the staff would be to take stock and assess the abilities and capabilities available in the hospital.  Of key importance would be the addition of negative pressure rooms, or realistically, creation of a ward within the hospital infrastructure.  As SARS had a high rate of patient’s needing intubation, isolated ICU space needs to be dedicated.  Also, staff should consider the problem of isolation of suspected patients in the emergency room, along with the logistics of transfers from other hospitals.  All employees of the hospital should be scheduled for training for isolation precautions and updates should be given as to the disease status regularly via system communiqués.  

[bookmark: _Toc406070816]3.2.2  Strategies for Hospital Modification

The following temporary changes to the hospital should be considered during a time of isolation, and again, it must be stressed that changes are hospital dependent, and it should be up to the individual hospital to prepare their own tactics, but these strategies were employed during the outbreak.
A logistically simple attempt to stop the disease would be to designate a hospital to be the central point of care for the disease.  Taiwan, when faced with what would become the third largest outbreak of the disease, converted the Sung-Shan Military hospital in Taipei “into a SARS hospital and [was] equipped with 102 standard negative-pressure rooms for SARS patients.”[footnoteRef:16]  This formation of the isolation wards required fast construction of the zones and also required vital staff members to be quickly and thoroughly educated in the disease and infection control measures.  The construction involved installation of exhaust fans in each patient room, and the formation of different zones for health care workers to clean, another to don and doff gear, before they entered the SARS wards that had individual negative pressure private rooms.  Another zone was formed outside of this ecosystem for workers to perform clerical duties such as write notes and make phone calls.  Within these wards, all parts of hospital life were maintained, albeit with some limitations.  Changes to everyday hospital life needed to be considered as well, such as how to remove waste, and how to properly air condition or heat a sealed off space.  In the situation of a centralized hospital for an outbreak, safe isolated transport needs to be done.  This would require patients to be dressed in disposable clothing and a N-95 mask transported in a well sealed, and heavily sanitized vehicle that separated the passenger with the driver and crew with a divider.  This attempt had been seen as successful in not only for Taiwan, but in other places where it was enacted such as Singapore.  To this day, the hospital continues to  “serve as the first hospital specifically designated for the treatment of SARS patients as well as other severe epidemic outbreaks.”16 [16:  Fung, Chang-Phone. "Rapid Creation of a Temporary Isolation Ward for Patients with Severe Acute Respiratory Syndrome in Taiwan." ResearchGate. Infection Control and Hospital Epidemiology, Jan. 2005. Web. 24 Nov. 2014.] 

Some hospitals were fortunate to have abandoned wings of their hospital open either due to new construction or it being closed due to financial reasons. In the case with North York General Hospital in Toronto, Ontario, Canada, two wings of the hospital had been under construction during 2003.  The new wings were then pressed into service by outfitting “two units were converted into SARS wards, one with 22 rooms, the other with 27.”[footnoteRef:17]  Each room was minimally dressed, to minimize the fomites.  Each room was outfitted with negative pressure ventilation, and outside of each room was protective equipment for staff.  The Emergency room was also modified to accept only potential SARS cases, and other emergencies were sent to other hospitals.  The hospital also took the added step of forming an exclusive SARS clinic for follow up patients, which was run in an emergency department.  During their follow up, check ups included repeat PCRs, follow up chest x-rays, and an evaluation by a psychiatrist.  [17:  Loutfy, Mona R. "Hospital Preparedness and SARS - Volume 10, Number 5-May 2004 - Emerging Infectious Disease Journal - CDC." Hospital Preparedness and SARS - Volume 10, Number 5-May 2004 - Emerging Infectious Disease Journal - CDC. Centers for Disease Control and Prevention, May 2004. Web. 24 Nov. 2014.] 

[bookmark: _Toc406070817]3.2.3  Personnel

Another issue that needed to be managed by the hospitals was in dealing with personnel demands.  As mentioned previously, SARS is very demanding not only on available resources, but also on the work force of the hospital.    For example, “during SARS, the ratio [of nursing staff to patient] was 1:1 if the patient was on oxygen requiring hourly monitoring and 2:1 for more stable patients.”17
Patients were more complicated with the endpoint of SARS.  It is also further complicated by the easy transmission of the disease, especially with procedures that involve the oropharynx.  Intubation requires more staff to care for each individual ICU patient multiplied by the increased amount of SARS patients.   Many other staff members, from security to environmental, must be asked to work more hours, and to properly put on protective gear.  In order to deal with the increase of patients, temporary staff were hired or recruited.  In the case for physicians, North York “used a most responsible physician (MRP) model for patient care, i.e., a primary care doctor (including emergency department physicians, general internists, family physicians, surgeons, and anesthesiologists who volunteered to care for SARS patients.”17  The physicians were then to handle 5-10 SARS patient, with 20-30 patients for infectious disease doctors.  The emergency room personnel were retrained and updated with new information about the signs and symptoms that they needed to be vigilant.  In effect creating a dedicated staff to deal with SARS patients.  
[bookmark: _Toc406070818]3.2.4  Additional Staff

	Another innovation that was seen in the North York outbreak was the formation of the infection control service that “recruited [additional infection control practitioners and epidemiologists] to create a system and infrastructure for infection control…Extra staff included a coordinator, four infection control practitioners, a nurse clinician, a public health nurse, an administrator, a hospital epidemiologist (an infectious disease specialist with training in hospital epidemiology), and a clinical infectious disease physician.”17 The team was charged with handling many aspects of SARS from education to rounding to policy review, and infection control.   This was an ideal solution, as the other health care workers were able to depend on this team of experts to disperse the daily updates about the infection.  They were able to make sure that any new change to protocol was upheld.
[bookmark: _Toc406070819]3.2.5  Follow-up Clinic

	Yet another aspect that was unique to North York model was the SARS follow up clinic in the emergency room.  The clinic made sure that each patient had the appropriate labs and x-rays, however, what made this unique was that patients would see a “psychologist and a social worker [who] provided psychological assessment and support during the follow up visits.”17  In these sessions, a team was assembled to handle any psychiatric issues that had happened during the outbreak.  The team “include[ed] social workers, psychiatric crisis nurses, psychiatrists and infectious disease personnel”17 who saw patients and staff and maintained a crisis-line phone number.
[bookmark: _Toc406070820]3.2.6  Future Candidates for Isolation Protocol
	Many hospitals do not have the luxury of having wings being constructed or available for a for a makeshift isolation ward to handle a large amount of patients who would require isolation for airborne pathogens.  Additionally, many hospitals face financial difficulties, and “negative-pressure rooms are generally expensive to build, with new construction costs, according to a 1988 figure, ranging from $40,000 to $50,000 per room.”[footnoteRef:18] A potential solution for this dilemma was investigated by Rosenbaum et al. would be to “seek a means for mass isolation that would be inexpensive and feasible for most facilities…by transform[ing] existing space within a hospital into an airborne infection isolation unit with the capacity to isolate large numbers of patients in a negative-pressure environment.”18 The researchers attempted to convert the hospital’s physical therapy gymnasium into a negative pressure room capable of handling approximately 30 patients.  They created a negative pressure room with minor modifications using “four Aramsco FA 2000 EC model HEPA-filtered forced air machines”18 to maintain circulation in a room that was calculated to have a volume of 29,300 cubic feet to the standards of the CDC Healthcare Infection Control Practices Advisory Committee Guidelines for Environmental Infection Control in Healthcare Facilities from 2003 all within an hour.  While successful in theory, it was not tested with patients, procedures, or equipment that was not brand new, and other real world conditions.  It warrants further research in “real world” conditions. [18:  Rosenbaum, Robert A. "Use of a Portable Forced Air System to Convert Existing Hospital Space into a Mass Casualty Isolation Area." Annals of Emergency Medicine. PubMed, Dec. 2004. Web. 24 Nov. 2014.] 

	An alternative that has since become an option since SARS has been the availability of prefabricated isolation rooms and antechamber attachments to patient rooms, there are many prefabricated isolation rooms and antechamber attachments to the patient’s door.  Companies such as Renfrew Group International, Bioquell, and Abatement Technologies have designed these temporary enclosures to be: 
1. Set up and broken down rapidly
2. Maintain proper air pressure to sustain a negative pressure environment
3. Have the essential amenities such as hand wash station, dressing areas built into the chambers
4. Be flexible and manageable to be able to be deployed in a emergency room bay, or to enclosing a patient’s room
	Unfortunately, there has been no “proof of concept” or any medical research focusing on real world test settings done on these chambers, and it would warrant future investigation.  It is a solid potential option for future containment, although without the proper backing of testing and research, it should still be considered as a possibility, and not as a definitive solution.  It should be considered, for the smaller community hospital setting.  Community hospitals, in general, do not have the space and resources to dedicate to SARS.  It is sometimes more practical and generally safer to try to seal off a potential source than to have the patient transported, where the population at large could be potentially exposed.  Additionally, many community hospitals are affiliated with larger institutions, and they can easily bring in infection control experts to take care of the patient in question.
[bookmark: _Toc406070821]3.3  SARS and Patient Care for Health Care Workers
In regards to health care workers, during the 2003 outbreak, there was no protocol developed for SARS, and attempts at developing a protocol were met with varying levels of success.   Currently, the CDC recommends rapid aggressive treatment in isolation under the care of specialists from infection control and critical care.  It is also vital to note that in the treatment of suspected cases local and state health departments along with CDC and WHO were alerted so that contact tracing could be done.  Currently, the treatment involves: 
1. Corticosteroids:  Corticosteroids were used in almost every case during the outbreak.  However, its effects against SARS remain controversial, as the results are highly varied between the published case studies.  It is suspected that it could be due to differences in doses, and in the timing of the steroids.  It becomes difficult to judge a proper time and duration of the steroid treatment; however, the best efficacy has been with a pulse methylprednisone over 3-6 days with a dose of 1.5 g along with an antiviral such as ribavirin.[footnoteRef:19]  It is suggested to limit the usage in this case, as cases with extended steroid courses resulted in an increase of nosocomial disease due to its properties as being an immunosuppressant.  It was discovered that these patients developed opportunistic diseases such as Cytomegalovirus and Aspergillus due to the decreased immune systems from the steroids.  The problems with steroids were not just limited to opportunistic diseases.  In 2003, it was discovered that patients who received high steroids “result[ed] in 50 percent of patients having suffered from hallucinations, manic behavior, rapid mood swings and memory loss after being treated with large doses of steroids”[footnoteRef:20] after their six months of treatment for acute SARS. [19:  So, L. K. "Development of a Standard Treatment Protocol for Severe Acute Respiratory Syndrome." Lancet. Lancet, 10 May 2003. Web. 24 Nov. 2014.]  [20:  Kong, Adam Luck in Hong. "Sars Patients 'suffer Brain Damage' from Steroid Cocktail.+The Telegraph. Telegraph Media Group, 01 June 2003. Web. 06 Sept. 2014.] 

2. Antivirals:  choices for antivirals are limited, and the choice for the then unknown SARS was ribavirin, which is known to be a broad antiviral effective against DNA and RNA viruses.[footnoteRef:21] However, dosing was an issue, as too little dosage would not be helpful, and too much would result in serious side effects such as hemolytic anemia and bradycardia.  It was suggested in a study by Cinatl et al. that the drug glycyrrhizin could be a possible alternative to ribavirin.  It was found to be effective as an antiviral agent in vitro against SARS, as it worked by inhibiting the replication of SARS with fewer side effects than ribavirin.  It is a drug normally used for hepatitis A, B, C and HIV, and its side effects are potentially less harmful with edema being the most reported side effect for this drug.  While the research had shown that it had some activity against the Vero-E6 line of SARS, it showed little activity in the fRhK-4 cell line.[footnoteRef:22]   [21:  Zhaori, Getu. "Antiviral Treatment of SARS: Can We Draw Any Conclusions?" Canadian Medical Association Journal. Canadian Medical Association, 25 Nov. 2003. Web. 24 Nov. 2014.]  [22:  Cinatl, J. "Glycyrrhizin, an Active Component of Liquorice Roots, and Replication of SARS-associated Coronavirus." Lancet. Lancet, 14 June 2003. Web. 24 Nov. 2014.
] 

3. Protease inhibitors:  Lopinavir-ritonavir was used in conjunction with ribavirin and corticosteroids, and the results, when given early in the course of disease showed generally positive results. 19
4. Prophylactic antibiotics:  due to the use of high dose corticosteroids, which will suppress the immune system, it would be important to have a prophylactic broad-spectrum antibiotic on hand for patients.  The utmost priority in the treatment of infection in SARS patients would be to prevent pneumonia, as they are much more susceptible to infection, and pneumonia is a leading cause of death among these patients.
5. Interferons:  “Interferon-beta-1a or leukocytic interferon-alpha plus ribavirin appear to be the most effective combination [in the treatment of SARS]. Since interferons may not be effective in inducing an antiviral state in the uninfected host cells during the first 24 h, a combination with a short course of ribavirin appears to be reasonable.”[footnoteRef:23] The clinical studies showed faster time to recovery and better overall mortality. [23:  Chen, F. "In Vitro Susceptibility of 10 Clinical Isolates of SARS Coronavirus to Selected Antiviral Compounds." Journal of Clinical Virology. Elsevier, 31 Sept. 2004. Web. 24 Nov. 2014.] 

6. Other:  Indomethacin, was surprisingly found to have a “potent direct antiviral activity against the coronaviruses SARS-CoV and CCoV. [Indomethacin] does not affect coronavirus binding or entry into host cells, but acts by blocking viral RNA synthesis at cytoprotective doses.”[footnoteRef:24] [24:  Amici, C. "Indomethacin Has a Potent Antiviral Activity against SARS Coronavirus." Antiviral Therapy. Pubmed, Nov. 2006. Web. 24 Nov. 2014.] 

7. Mechanical ventilation: Non-invasive ventilation is recommended for “oxygen saturation <96% while on >6 L per min oxygen or if the patient complains of increasing shortness of breath.”[footnoteRef:25]  In cases that non invasive ventilation does not provide enough oxygenation, such as a decompensation to ARDS, or the patient remains level, the best option would be intubation and mechanical ventilation [25:  So, Loletta K-Y, Arthur Cw Lau, Loretta Yc Yam, Thomas Mt Cheung, Edwin Poon, Raymond Wh Yung, and Ky Yuen. "Development of a Standard Treatment Protocol for Severe Acute Respiratory Syndrome." The Lancet 361.9369 (2003): 1615-617. The Lancet. The Lancet, 10 Mar. 2003. Web. 24 Nov. 2014.] 

8. Vaccine development:  There are many issues that have lead to a lack of development of the vaccine; it was not fiscally sound for pharmaceutical companies to continue to develop a vaccine for a disease that had not been present since 2003, additionally, the “vaccine candidates may also induce immunopathology or other harmful immune responses, raising concerns about their safety.”[footnoteRef:26]   The abandonment of vaccine is unacceptable as “coronavirus vaccines have historically exhibited poor capacity for cross-protection, the design of methods to generate safe, [26:  Jiang, Shibo. "Development of SARS Vaccines and Therapeutics Is Still Needed." Future Virology. WebMD LLC, Aug. 2013. Web. 24 Nov. 2014.] 

a. effective vaccines that can be rapidly implemented during an emerging epidemic [are] a high priority.”[footnoteRef:27]  [27:  Graham, Rachel L. "A Decade after SARS: Strategies for Controlling Emerging Coronaviruses." Nature Reviews Microbiology. Macmillan Publishers Limited, 11 Nov. 2013. Web. 24 Nov. 2014.] 

[bookmark: _Toc406070822]4.0  Discussion
SARS is a modern example of a unique acute outbreak.  It was the first airborne, readily communicable disease in this modern era.  The problems inherent to SARS were not only in the identification and containment of the disease, but lack of coordinated effort between governments and public health organizations.  While we are living in an age of instant information, the SARS epidemic showed the inefficient use of such technology.  Even as recently as Ebola, we still have not taken advantage of communication and information gathering resources.  SARS also highlighted the inherent problems in trying to control an easily communicable disease in a time of global travel and burgeoning cities.  The physical world has become increasingly small, but the political and cultural worlds are still fraught with hurdles for disease management.
These modern differences have changed the approach to handle novel outbreaks.  Theoretically, information is more readily disseminated, but there remained difficulty in educating all the appropriate health agencies.  Approaches to outbreaks must be open to the changes in the world as there are always going to be new outside influences.  In this case, the ease and volume of rapid mass transit to different countries and the incubation period led to the easy spread of the disease.  While any kind of new disease that spreads as fast as SARS is bound to cause worldwide problems, it is possible to maintain and control it.  
[bookmark: _Toc406070823]4.1  Lessons Not Learned

	As seen with the 2014 Ebola outbreak, it is sadly evident that the lessons from SARS were not learned.  For example, border screening protocols should have been considered while the disease was in its early stages in West Africa.  Also Thomas Eric Duncan, the first case diagnosed in the United States had unknowingly transmitted the disease to two health care workers.  Amber Vinson, a nurse who had taken care of him, later criticized the hospital.  She stated that nurses “didn't have excessive training where we could don and doff, put on and take off the protective equipment, till we got a level of being comfortable with it.”[footnoteRef:28]  This became a commonly echoed sentiment across the nation, as the nurses union in Kaiser Permanente “went on strike for partly over equipment and training standards for the Ebola virus.”[footnoteRef:29]  It was increasingly evident that the lack of education, protocol and enforcement had become as much of an issue as it had with SARS.  Isolation, screening, and education of health care workers had been virtually ignored.  This should have been the most basic and simplest form of containment of the disease that was not practiced.  The lack of training of health care professionals was never more obvious than with the handling of Mr. Duncan, as he had not only been initially discharged from emergency room, after an improper diagnosis, but admitting staff had gone a full two days without isolation and contact precautions when he was later readmitted.  Due to this lack of protocol, two health care professionals were exposed, and time to treat the index case had been wasted, and likely contributed to his death.  Had the ER staff been trained to properly identify possible Ebola cases, the patient would have been diagnosed earlier and proper infectious control measures could have been instituted. [28:  The Associated Press. "Nurse with Ebola Faults Her Training." TribLive. Trib Total Media, 6 Nov. 2014. Web. 24 Nov. 2014.]  [29:  Lorin, Janet. "Kaiser Nurses in California Plan to Strike Over Ebola." Bloomberg News. Bloomberg L.P., 8 Nov. 2014. Web. 24 Nov. 2014.] 

Also seen in the Ebola outbreak was the case of Kaci Hickox, a nurse with suspected case of Ebola, and had been quarantined.  She had stated that she was negative, and, as seen in SARS, defied quarantine.  It is vital to balance the need to quarantine in order to maintain the health of the public, and to respect an individual’s civil liberties.  In the case of public health, the good of the one should not override the good of the many.  People with suspected cases must be made to understand that refusal for quarantine could be detrimental to the welfare of the public.  Conversely, health officials must not be over zealous in their attempts to quarantine. 
However, the message and methods of treating this and any other easily communicable disease remains the same as it has always been.  Prevention and timely identification from officials will help to treat and inhibit disease. Prevention remains the same regardless of disease and can be applied to so many more different outbreaks in the future.  With this, it would be vital for hospitals and border patrols to consider the strategies that have been outlined.  Prevention should include finishing what was deemed a “not profitable” vaccine.  It is very common for people to disregard a problem once the problem seems to be resolved, but in the realm of communicable diseases, this is folly.  Time and again, through human history, pandemics, and epidemics, mistakes in identification, treatment are made.
A prime example of this was during the early stages of the MERS virus outbreak.  Initially, it had been thought that it was a reemergence of SARS, as it had initially was the “so-called new SARS…[and governments] were closely observing the development of the new disease and monitoring those who are from or have been to, the infected areas.”3  While it had not been a reemergence of SARS, and in fact a new disease, it is important to note that had it been SARS that there were still no vaccine or protocol.  Questions arose during this time about why there was no vaccine for SARS.  Even after this scare, there is no evidence that SARS vaccine is still being developed.
[bookmark: _Toc406070824]4.2  Technology and a Brighter Future

However, it is not necessary to just depend on tried and true methods alone, as technology can be used for our advantage.  This outbreak also showed the positives of medical technology with the antivirals, and knowledge.  For example, while the advances in information dispersal and transportation had problems, there were positives in the sense that it allowed professionals and health officials to get out legitimate information, and allowed experts to travel to the sites rapidly.  Also, the communication technology brought experts together from all over the world to share newfound laboratory data that helped expedite the identification of the disease.  SARS witnessed the multinational cooperation, and potential consequences of noncooperation among countries, and of the stigma of diseases that happen during outbreak when people are scared or unwilling to work with world disease organizations.
While technology was not completely failsafe during the outbreak with such issues as thermal imaging, and the lack of antivirals that could specifically target SARS, the recent advances with portable antechambers, and in medicine development since then have been most encouraging, and potentially very helpful in imminent outbreaks.  
History often will repeat itself.  It is vital that we look at the events of the SARS epidemic and look at the parts of the protocols and procedures that worked and did not work.  With each successive outbreak, we should gain more and more information about how combat outbreaks efficiently.  Continued research after the threat of the outbreak must be not be ignored, and new treatments must continue to be advanced.  Developing new methods of detection must be sought, and protocols in hospitals must always be present and adaptable.  We should never be complacent about previous successes, as we must evolve with the times.
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