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ABSTRACT OF CAPSTONE

OUTBREAK SEVERITY INDEX

Outbreaks are emergency situations that carry hazards of death, disability,
loss of home and property, and variety of other calamities. With technological
advancement, not only people and commodities are easy to transfer but also
disease outbreaks. However, outbreaks are dealt with by different countries
based on the differences in their healthcare systems and their ability to achieve
effective control of the outbreak. SARS, MERS, and Ebola are example of such
outbreaks that traveled around the globe and successful control was different
according to the virulence of outbreak agent and to the effectiveness of local
health system control measures. This capstone project proposes an outbreak
severity index as an outbreak evaluation tool. The aim of the evaluation tool is to
examine the severity of any emerging outbreak and to coordinate prevention and
control efforts accordingly both locally and globally. Application of the outbreak
severity index of SARS, MERS, and Ebola demonstrates that the score for
SARS, MERS, and Ebola are 5.42, 5.36, and 5.0 respectively on a 10.0 points

scale. This result indicates that SARS, MERS, and Ebola are moderate severe



outbreaks. With this result, public health practitioners have an objective
measurement tool to advocate for allocation of resources and for justifying
preventive procedures. Validity and reliability are not tested, which would lead to
acceptance of this evaluative approach and help in building consensus.

Additional studies are needed to assess the proposed outbreak severity index.

KEYWORDS: (Outbreak, severity index, global outbreak, SARS, MERS,
Ebola, healthcare system, assessment tool, WHO, advocacy, global health,

international cooperation)
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CHAPTER 1

INTRODUCTION

Background:

Global disease outbreaks are not uncommon devastating events. Some of
these outbreaks have been severe enough to destroy national civilizations [1].
The known history of outbreaks goes back 25 centuries to ancient Greece with
the devastating outbreak of the Plague of Athens [2]. Other more recent
examples include the black death in Europe that started in the 14™ century and
lasted for several centuries in an on and off manner, which lead to a high
mortality rate of 20% or more in some episodes [3]. The 1918-1919 flu pandemic
was the most devastating disease outbreak in the modern era with more than 50
millions death around the world [4]. The list of global outbreaks is long and the

outbreaks vary in severity and in their social and economic consequences.

The 21 century is no exception to history. Many global outbreaks have
occurred over the last two decades such as SSRS, Mumps, the 2009 flu
pandemic, MERS, Ebola, and others. The contemporary global situation provides
ease of transportation, free markets policies, wide developmental gaps between
regions and nation states, terrorism and potential international conflicts,
availability of technologies for legal and illegal use, and other factors that make

outbreak control more challenging.



Strategies for fighting outbreaks are vary widely between different national
healthcare systems according to wealth, sovereignty, and scientific capabilities.
However, a failure of a local healthcare system is threatening not only to the local
population but also to neighbors or the entire world population. Such a potential
threat requires the international community to cooperate in the outbreak
controlling process. International cooperation is not straightforward intervention.

Reasons that making international intervention difficult include:

1. Local systems may not able to accommodate international aid
due to absence of basic infrastructure.

2. Political sensitivity to allowing foreign intervention with
possible unknown hidden agendas.

3. Attitude of some poor countries to shift the cost of outbreak
control to the international community.

4. Advocacy weakness in the field of outbreak control especially
when outbreaks emerge in poor countries.

5. Absence of a specific international apparatus that collects and
distributes aid. Despite the efforts of WHO and other
international agencies, this kind of emergency may need a
more robust apparatus.

6. Absence of definition and criteria for global disease outbreaks

that require international involvement.

International intervention needs to be legitimized in those countries

requesting support or in those countries refusing to cooperate. The road to
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repairing international agencies or establishing a new international agency to
serve global outbreak control starts with the definition of a global outbreak by
efficient assessment tool. It is obvious that not all outbreaks need international
involvement. However, public health globally does not have an efficient tool to

determine if a severe outbreak requires international attention.

Purpose of the capstone:

The purpose of this capstone is to develop a disease outbreak severity
index. This index will be utilized to evaluate the virulence of the outbreak agent,
transmissibility, characteristic of local population, performance of local health
system, and other factors. The outbreak severity index is a dynamic tool that
would serve in the evaluation of an outbreak early in its emergence and during
the follow-up period. The score of outbreak severity index will be used in
determination if the outbreak is severe enough to launch urgent protective

measures and to advocate for external intervention.

Current global public health practices depend on mortality rates and other
indices that are utilized by non-professional media for evaluation of disease
outbreaks. Recent history has shown that global outbreaks may be affected by
many factors that need to be taken in consideration. The goal of proposing such
a measurement tool is to reach a global consensus that makes public health
practice function at its highest capacity in order to enhance outbreak evaluation
and control. The process of assessment tool development will require more

evaluation prior to its adoption. However, this proposal aims to initiate the



process of thinking about the importance of an outbreak assessment tool
whether this particular measurement tool is adopted or not. The outbreak severity
index will require additional development to enhance its validity and reliability

prior to its adoption.

Statement of the problem:

Outbreaks as disasters that affect much larger sections of the population
than most of common natural disasters have no unified or integrated assessment
tools to measure the outbreak’s severity and that can be utilized to initiate an
appropriate mitigation process. Global public health practices depend on different
models of the assessment process taking social and political circumstances into
consideration. Such circumstances may delay many preventive and assistance
efforts. An outbreak severity index should fill this gap in appreciation of such

calamities.

Overview of project process:

This capstone project is a descriptive study. Some of the global outbreaks
that occurred in the last few years were selected to be reviewed; including SARS,
MERS, and Ebola. These outbreaks were selected due to their global impact and
because they occurred in different areas of the world with different healthcare
systems. The review of these outbreaks was from public health perspective. The
next step was to review the literature to identify the factors that lead to
emergence and spread of each outbreak. Identification of important factors was

followed by standardization of each factor. The last step was the development of



a scoring system for these factors (indices) and evaluating these three outbreaks
according the new scoring system. The end result of this evaluation is a score
that is associated with each outbreak to indicate its severity in a comprehensive

and integrated manner.

Scope and importance of the study:

The outbreak severity index is theoretically applicable for any outbreak.
However, the assessment of an outbreak is a dynamic process and takes the
evaluator’s prospective into consideration. It will take the process of outbreak
evaluation to higher objective and a structural level. It is not a mathematical test,
but rather an appropriate model that will unify global public health activists in
asking for improved processes in dealing with outbreaks that threaten the lives of
an uninformed population and direct assistance to where it is mostly needed. It
would also limit the effect of political and diplomatic professionals dealing with

such disasters.

The outbreak severity index is a new approach that should be adopted by
the global public health community to gain credibility. This process will require
additional studies and efforts to build a consensus for such a measurement tool.
Testing the validity and reliability of the outbreak severity index is one of the main
challenges. Some of indices of the outbreak severity index may carry greater
importance than others to be counted as equal. However, the outbreak severity
index is an integrative approach rather than a partial evaluative approach.

Interpretation and availability of information may also be considered issues



CHAPTER 2

LITERATURE REVIEW

Description of recent global outbreaks:

1- SARS:

Severe Acute Respiratory Syndrome (SARS) was recognized in
Guangdong Province in China in 2002 for the first time [5]. The first known case
occurred in a physician from Guangdong Province, who after visiting his family in
Hong Kong, was admitted to ICU with respiratory failure after five days of
symptoms [6]. The infection spread to 30 countries around the world
predominantly through air travel [7][8]. The World Health Organization (WHO)
issued a global health alert in March 2003. By June 2004, 8,447 cases of SARS

had been identified with 813 deaths (9.6 % mortality) [5].

Symptoms:

SARS is predominantly a respiratory disease occurring as a form of
atypical pneumonia [9]. The WHO defines suspected cases as a person with
documented fever (temperature >38°), symptoms of lower respiratory tract
infection, and contact with a SARS patient or patient with travel history to an area
of documented transmission. However, a probable case was defined as a
suspected case plus chest radiological findings of pneumonia or Acute
Respiratory Distress Syndrome (ARDS), or death from an unexplained

respiratory illness with autopsy findings suggesting ARDS [9]. Fever was the



most common symptom at presentation, since all patients had a fever (>38°) at
the time of presentation [10][11]. The fever could reach up to 40°[11]. Myalgia
and weakness were also present in almost all patients. Dry cough and dyspnea
were evident in most of the patients [11]. Other symptoms include headache,
nausea, arthralgia, dizziness, chest pain, diarrhea, and sore throat [11]. Many

patients were suffering also from anxiety and depression [10].

Mode of transmission:

The spread of SARS was mainly person-to-person [12]. The route of
transmission is through direct contact with the body’s mucus membranes with
transmission by droplet or other fomites [13]. Transmission occurs when a
person is exposed to a very ill SARS patient such as a family member or health
care workers. Also intense exposure to a SARS patient in places such as
airplanes or work places may carry the same hazards [13]. The arousals
transmission such as the transmission of measles or influenza is another
possibility. However, the reproduction number (Ro) was three, which was more
consistent with direct contact or a thick and large droplet mode of transmission
[13]. Another important factor was the aerosolizing procedures occurring at
hospitals that might increase the risk of transmission. Other modes of
transmission such as the fecal-to-oral route were suspected since significant
number of SARS patients had diarrhea. However, the possibility of environmental
contamination as a transmission route was another challenging and interesting
factor. A study in Hong Kong had used the spatial distribution of outbreak cases
and modeling of airflow dynamics to investigate the possibility of airborne

7



transmission of SARS [14]. The study concluded that exposure to a common
source is another possibility for transmission rather than person-to-person
contact; the sewage system could be the common source. The study noted that
security and shopping mall workers did not register a single infection. However,
many residents in other units and buildings were infected early in the peak of the

outbreak.

An animal reservoir was an important issue not only to determine the
source but also to control the outbreak. The SARS-coronavirus was thought to be
initiated from animal origin and recently crossed from these animal reservoirs to
infect humans. However, many animals including the Chinese ferret-badger,
beaver, domestic cat, hog badger, Himalayan palm civet, and raccoon dog from
the live-animal market in Shenzhen were tested [15]. The study focused on these
animals due to early reports indicating a higher incidence among restaurant
workers handling wild mammals. The study succeeded in identifying SARS- like
coronaviruses from the raccoon dog and palm civet that were genetically almost
identical. The possibility of transmission could not be excluded. The study
concluded that these animals might represent the intermediate host but not the
natural reservoir. Bats have been identified as a reservoir for many coronavirus
species [16]. However, the strain of coronavirus identified in the horseshow bat
(Rhinolophus) suggested that bats in general were a natural reservoir for the
SARS-like coronavirus despite the slight difference, which could be explained by

recombination to increase genetic diversity and fitness [16].

Diagnosis:



The diagnosis of SARS relies primarily on clinical suspicion [17]. The
clinical features which suggesting the SARS diagnosis are numerous. However,
the context of the outbreak’s time and place plays a significant role. Following the
outbreak in Canada, a directive approached was proposed. A study of 273
laboratory-confirmed SARS patients was conducted to explore the clinical
manifestations and source of infection in Canada [17]. Exposure to ill patients in
health care facilities occurred in 80% of confirmed cases followed by 17% in the
household exposure to SARS patients. A history of travel was associated with
only 3 of those exposed. Respiratory symptoms such as a cough and dyspnea
were associated with less than 60% of confirmed cases. Pulmonary infiltrates
and blood cell count abnormalities such as lymphopenia and thrombocytopenia
at admission were associated with confirmed cases. Symptoms and signs of a
common viral upper respiratory tract infection such as rhinorrhea and a sore
throat were associated with excluded cases. The study concluded that in

absence of a fever and a significant history of exposure, SARS was unlikely.

The incubation period for SARS is a maximum of 10 days [18]. However, it
ranges from 2-10 days [19] and with a mean of 6-7 days [20]. This relatively long
incubation period mandates an efficient and rapid means for early detection and
diagnosis. Reverse Transcription- Polymerase Chain Reaction (RT-PCR) is a
mainstay diagnostic tool during the iliness [20]. However, it is affected by the type
of sample (plasma, nasogastric aspiration, stool, or other) and also by the viral
load. The viral load is influenced by the replication activity of the virus in the

affected tissue and tends to be more evident in the second week of illness,



making a false negative result significant concern. Testing SARS antibodies in a
clinical sample could be used as a screening method especially after it was made
available by the WHO. Enzyme Linked ImmunoSorbant Assay (ELISA) and
Immunofluorescence Assay (IFA) are examples of the antibodies detection test.
The limitations of these tests are their low negative predictive value and the fact
that seroconversion happened late in the course of the disease [21]. Isolation of

the virus is time consuming and not widely available.

Treatment:

The treatment strategy could be divided into drugs targeting the
coronavirus itself through eradication or reducing its activity, reduction of the
inflammatory response by the body, and/or by general supportive measures.
Antiviral drugs were utilized to deactivate the coronavirus. The usage of antiviral
drugs may be more effective if it is utilized in the replicative phase before the
damage occurred [22]. Ribavirin was chosen as the drug of choice due to its
broad-spectrum activity against coronaviruses in general [23]. However, ribavirin
did not show viral growth inhibition in laboratory tests with the dose commonly
utilized [24]. Anemia and cardiac and liver toxicity were the major adverse side
effects [25]. Protease inhibitors, another group of antiviral drugs, were tried. The
combination of Lopinavir, and ritonavir were used, since they had shown efficacy
against HIV due to synergistic characteristics [23]. This combination had better
survival outcomes and lower side effects [26]. Reduction in the immunological
response by corticosteroid was the second strategy during the
immunopathological phase. SARS had shown a massive immunological

10



response that led to massive tissue damage [27]. Also, CT scan of SARS
patients commonly demonstrated a Bronchiolitis obliterans organizing pneumonia
(BOOP) [28], a condition that is characterized by bronchiolitis obstruction due to
inflammation, which is responsive to corticosteroids. However, use of
corticosteroids is almost always a controversial clinical issue. On the one hand,
the use of corticosteroid would reduce the destructive immunological response,
and on the other side reduce the body’s resistance to the invasive microbe and
thus increase its activity and replication. Many corticosteroid regimens with high
and low potent steroid were tried, but it seems that the use of corticosteroids
would be dictated by the individual patient’s situation specially those approaching
respiratory failure [23]. Convalescent plasma was also used with corticosteroids
in many patients. The convalescent plasma is plasma that has been taken from
recovered patients and then injected into sick patients to obtain the advantage
from the antibodies that have been formed during the sickness of the donators. A
retrospective study with a small group of patients produced a better outcome
[29]. Intravenous immunoglobulin also has been utilized for very sick patients
[30]. Supportive measures are those interventions that improve the general
condition of the patient such as feeding, breathing, and circulation. SARS is
mainly a respiratory disease and lung failure is the worse consequence that may
lead to death. Securing efficient ventilation is crucial intervention used to prevent
patient deterioration. Noninvasive positive pressure ventilation (no intubation)
was shown to be effective in treating patients with acute respiratory failure and it

was used particularly for health care workers [31]. However, due to fears of

11



spreading the infection by this aerosol procedure, it has been banned in some
countries [23]. Invasive mechanical ventilation is the only choice when the
patient has deteriorated and respiratory failure is evident. Other new treatment

modalities such as interferon had been tried and shown some efficacy [32].

Fatality:

Six months after the emergence of this novel disease, the WHO updated
the fatality rate of SARS [18]. The overall fatality rate was estimated to be from
14 to 15 %. However, this rate has a wide range from 0 to 50%. Age was the
main factor affecting the fatality rate. In 24 year old or younger patients, the
fatality was less than 1%, while in patients older than 64 years; the fatality rate
was 50%. The presence of another disease was another determent factor.
Differences occurred between health systems around the world. The Australian
and American fatality rate was 0%. However, in Canada, China, and Hong Kong,

fatality rates were around 15% [8].

Prevention:

The transmissibility of SARS is much less than other viral diseases with
respiratory transmission such as influenza. The reproductive number of single
SARS case was estimated to be around 3 cases in the presence of control efforts
[33]. However, in the absence of specific control methods, SARS can spread
much more widely. Early identification of cases, tracing of contacts, isolation, and
quarantine are the crucial control strategies. The ideal control method would be

the development of an effective vaccine, which has not been achieved [34].

12



In March 2003, WHO issued an emergency travel advisory [35], composed
of general instructions about direct contact with SARS patients. In April 2003,
WHO issued another advisory, advising postponement of travel to Hong Kong,
Beijing and Shanxi Province in China and to Toronto, Canada [36]. In July 2003,

WHO lifted this restrictive advisory [37].

Legislative effort was used in some countries to enforce the commitment
to the quarantine individuals at home. Singapore issued the Infectious Disease
Act, which prohibited breaking home quarantine [38]. Schools were also closed
and all other public gatherings were postponed. Home quarantine was strict and
was under continuous surveillance by cameras installed in homes. Passengers
were screened at airports. Taiwan established a number of military facilities to
serve as locations for isolation [38]. The definition of a SARS case was expanded
early in the outbreak due to uncertainty concerning SARS. This expansion of the
definition led to unnecessarily isolation [39]. In addition, restriction on personal
movement and traveling between different districts was utilized as a potential

way to reduce the spread of the outbreak [33].

Healthcare workers were the group most affected by the SARS outbreak
and protection of this group was vital not only for it, but also for the community
being served. N95-mask wearing, gloves and gowns, and hand washing were the
main precautionary measures used by healthcare workers, which demonstrated
their protective advantages [40]. Other strict surveillance approaches for
healthcare workers were implemented. Streamlined workflow at hospitals and

fever screening twice a day were examples for these measures [41]. Extra
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precautions were applied for some healthcare workers, such as

anesthesiologists, who were involved in invasive procedure [42].

2- MERS:

Middle East Respiratory Syndrome (MERS CoV) was diagnosed first in
the United Kingdom in September 2012 for a Qatari patient transferred by air
ambulance from an ICU in a Qatari hospital. The virus was given the name of
Novel Coronavirus (nCoV). It was compared with another coronavirus that was
almost identical isolated from the lungs of Saudi patient who died in the
Netherlands [43]. The WHO thought that this novel virus was different from
SARS and was concerned about the coming season of pilgrimage (Hajj) as a
serious opportunity for the virus to spread [44]. Two weeks after the first case
was identified, WHO failed to find any evidence of human-to-human transmission
[45]. Six weeks later in November 2012, four cases were reported from Saudi
Arabia and Qatar in which two were family members [46]. In May 2013, the name
of disease was changed to MERS-CoV, with a total of 44 patients mainly in Saudi

Arabia being identified [46].

Symptoms:

MERS-CoV is mainly a respiratory disease. Despite the severity of this
disease, it has been thought that it is a part of wide spectrum of symptomatology
including a much milder form. Some patients did not require admission and some
did not have respiratory symptoms initially [47]. In a study of 47 patients in Saudi

Arabia, 98% had fever and fever was the most prominent feature [47]. However,
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in other studies including 70 patients in Saudi Arabia, fever occurred in only 61%
[48]. Cough, shortness of breath, and chest pain were present in the majority of
patients [47]. Other symptom such as hemoptysis, headache, and myalgia were
present in some patients. Gastrointestinal symptoms such as diarrhea, nausea,
and vomiting were also evident in some patients and were the initial symptoms in

the case that occurred in France [47].

The majority (89%) of patients required mechanical ventilation. Also, the
majority (96%) of patients had comorbid diseases [47]. In the first cluster
outbreak in Al-Hasa, Saudi Arabia, the median incubation period was 5.2 days
and majority of patients had an incubation period of 12.4 days [47].
Thrombocytopenia and lymphopenia, hematological abnormalities, were
identified in almost one third of the patients. Also, Liver enzyme abnormalities
were identified in less than half of the patients. Almost all patients had abnormal

chest radiographic studies [43].

Mode of transmission:

MERS-CoV has been isolated from camels in many Middle Eastern
countries including Saudi Arabia, Qatar, Egypt, and Oman. The close relationship
between the geographical area of these animals and rate of disease occurrence
was linked. It had been shown that people working in close contact with camels
are at higher risk of infection with this novel virus [49]. Other animals such as
goats, cows, sheep, water buffalo, swine and wild birds were tested for this virus
with negative results [45]. However, a close strain of MERS beta-coronavirus

was isolated from bats in South Africa [50]. It is interesting that less than 40% of
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MERS patients reported contact with camels [51]. Also, most of infections among
camels are asymptomatic or occur with mild respiratory symptoms. These facts
make speculation of widespread infection among camels not only in the Arabian
peninsula but even to Africa a significant concern [51]. Human-to-human
transmission was limited to family members and healthcare workers, which made
the assumed transmission route to be difficult between humans [52]. The role of
secondary transmission in household with MERS was very limited, and estimated

to be approximately 5% [53].

Diagnosis:

The WHO recommends collection of specimens from the upper and lower
respiratory tracts. However, collection of sera should be performed in the first 14
days after disease onset [54]. Real Time-Reverse Transcription Polymerase
Chain Reaction (QRT-PCR) is the main method to diagnose the disease among
patients [50]. gqRT-PCR has to be detected in at least two specific targeted
genomes to be considered positive. However, serological tests are available that
are mainly used for screening purposes. ELISA, or enzyme-linked
ImmunoSorbant assay is the first test in the series of serological tests utilized.
Positive ELISA should be confirmed by immunofluorescence assay (IFA), or by

microneutralization assay [55].

The clinical picture and contact history should determine the need for
screening. However, WHO defines a confirmed case as a patient with
confirmatory laboratory test regardless of the clinical picture [56]. A probable

case is one with suggestive for pneumonia or acute respiratory distress, and a
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history of travel to the Middle East or a history of contact with a confirmed case of
MERS [56]. However, other studies suggested that the onset of the disease
would occur after two days of arrival from the Middle East unless a strong history

of contact to MERS patient had occurred [57].

Treatment:

The treatment of MERS should begin early when suspicion of MERS is in
the list differential diagnosis. The clinical features that suggest severe pneumonia
or acute respiratory distress syndrome with no other explanation should be
treated seriously as MERS. The first measure is the isolation of the patient with
droplet precautions. Supportive measures such as oxygen and fluid therapy are
the mainstay of treatment. WHO recommends prompt oxygen therapy that can
be administered through invasive or noninvasive procedures. Clinicians should
not hesitate to start mechanical ventilation to insure a good blood oxygen level
[58]. Also, antibiotics are recommended until the diagnosis of MERS is confirmed
[58]. Antiviral therapy, such as ribavirin and oseltamivir is not beneficial [58].
However, a combination of interferon and ribavirin was thought to have
therapeutic and prophylactic effects [59][60]. Although ribavirin may produce the

best outcome, the high prevalence of toxicity such hemolysis limits its use [61].

Fatality:

In January 5, 2015, the total incidence of MERS cases was 828 cases
[62]. The total number of deaths was 357, representing a 43% mortality rate. The

mortality rate was 21% in United Arab Emirates [63]. Despite the increase in the
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incidence of MERS in 2014, the mortality rate decreased from 60%, a rate

reported by WHO in mid 2013 [64].

Prevention:

The MERS outbreak has been dealt with mainly by containment, since
there is neither an effective vaccination nor a specific treatment. Containment is
centered on isolating infected patients in order to break the transmission cycle,
which involves no other mode of transmission such as zoonotic transmission.
CDC recommends the use of an airborne infection control room as the gold
standard for treatment; otherwise, the patient should wear a facemask.
Adherence to Personal Protective Equipment (PPE) should be strictly required
especially during aerosol procedures such as intubation or tracheal lavage
specimen collection [65]. A containment strategy among contacts is another
important factor to limit the spread of this outbreak. Strict recommendations were
proposed for health workers who were exposed to MERS patients especially
those who did not wear PPE. Medical evaluation, and immediately stopping work
are part of these recommendations. Also, screening and education of visitors

were recommended [65].

3-Ebola:

Ebola is one of the viral hemorrhagic fever diseases. The present
outbreak in West Africa is not the first Ebola outbreak, which has been preceded
by several others; the first known outbreak was in 1976 in Sudan and Zaire.
However, other less significant outbreaks occurred in the late seventies of the

last century in Sudan, and Zaire. In 1990, the few asymptomatic cases identified
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in the United States, were attributed to monkeys imported from Philippines. In
1994, Gabon was stricken by an Ebola outbreak, and outbreaks were discovered
between 1995-1996 in Gabon, Congo, and the Ivory Coast. Also, many
laboratory incidents occurred in England, Italy, and Russia during the same
period. Ebola was undetected until another series of significant outbreaks was
identified in Uganda, Republic of Congo, and South of Sudan between 2000 and
2004. Another wave of outbreaks occurred between 2007 and 2009 in the same
West African countries. Succeeding outbreaks were limited and controlled in
these countries until the disastrous outbreak of March 2014 in Guinea, Liberia,
and Sierra Leone. This outbreak was accompanied by a relatively limited
outbreak in Central Africa in the Democratic Republic Of Congo [66]. To date, the
2014 outbreak in West Africa is the most severe and long-lasting Ebola outbreak

[67].

The Ebola virus is a single-strand RNA virus belonging to Filoviridae
family, which contains Ebolavirus, Lloviu virus, and Marburgvirus. The Ebola
virus has been divided into five strains according to genetic and antigenic
properties: Sudan (EBOV-S), Zaire (EBOV-Z), Tai Forest (EBOV-TF), Reston

(EBOV-R) and Bundibugyo (EBOV-B) [67].

Symptoms:

The clinical manifestations are similar to those of viral hemorrhagic fever.
Generalized weakness was the most prominent clinical feature, occurring in 80%
of the patients followed by fever in 78% of patients [68]. The clinical features may

vary depending on the strain of the Ebola virus causative the infection [67]. Also,
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the clinical features and outcomes differ according to the level of viremia. The
non-survivor tend to have 100-1000 folds of viremia when compared to the
survivors [69]. The clinical manifestations were divided into three phases: (1)
Early onset, which presents similarly to influenza. (2) Involvement of the
gastrointestinal tract. (3) The late stage is characterized by hemorrhage, multiple
organ failure, and rapid clinical decline [70]. In the early stage fever, chills, and
myalgia are the main symptoms. Lethargy, cough, headache, anorexia, diarrhea,
abdominal pain, vomiting, and hypotension follow these symptoms [69]. .
Hemorrhagic symptoms do not always occur and it was observed in only 26% of
patients in an Ebola treatment center in Conakry [68]. Hemorrhagic
manifestations include bruising, epistaxis, bleeding from venipuncture sites, and
bleeding from the gastrointestinal and urinary tracts [69]. Tachypnea, shock, and
coma are the hallmarks of the late stage along with imminent death and massive

necrosis in many organs such as the liver, spleen, and kidneys [69].

Mode of transmission:

The early Ebola outbreak was thought to be transmitted by unsafe
injections in Zaire in 1976 [71]. However, the major route is the exposure to the
Ebola virus through mucosal surfaces, abrasions or injuries to the skin, or
parental transmission [72]. The transmission of Ebola tends to occur more often
in the late stage of the disease than during the incubation period and
asymptomatic patients pose little threat of transmission [73]. During the outbreak
in Uganda in 2000-2001, contact with patient’s fluids had the strongest
association with development of the disease. However, physical contact with
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patients was associated with transmission of the disease more often than
touching deceased patients. Also, sleeping on the same mat and participating in
hand washing during funeral ceremonies were associated with transmission of
the disease [74]. Another study carried out in the Democratic Republic of Congo
during the 1995 outbreak demonstrated almost the same pattern of transmission.
An increment of risk ratio was observed for those exposed to infected patients
during the late stage of the disease. The greatest contact risk occurred by
touching patients [75]. The aerosol pathway is another potential route of

transmission, which was documented in an animal experimental model [76].

Tracing of transmission routes is complicated by the fact that
asymptomatic individuals are present. Individuals who were exposed to an ill
patient and did not develop symptoms were identified in Gabon in 1996. A study
of 24 individuals with close patient contact found that 11 had a positive
immunological test for Ebola [77]. Also, Ebola virus antibodies were found in
asymptomatic individuals inhabiting the tropical forests of the Central African
Republic. The prevalence of positive antibodies was more evident in hunter-

gathers than in farmers [78].

The reproductive number (Rp) is the “average of number of successful
offspring that the organism is capable of producing, in the absence of crowding
and other density-dependent effects” [79]. It takes in consideration that everyone
is susceptible regardless of other factors. The Ry was estimated to be 2.7 from
the two outbreaks in Africa in 1995 and 2000 [73]. The disease reservoir raises
an interesting question despite knowing that the reservoir is less important than

21



understanding the dynamic of transmission [79]. The examination of carcasses of
wild animals, which was performed between 2001 and 2003 in Gabon and
Republic of Congo, found positive serological evidences that gorillas,
chimpanzees, and duikers had been infected by the Ebola virus [80]. Another
survey of the Ebola virus, which was performed in Cameron, Gabon, and
Republic of Congo, estimated the seroprevalence rate among wild chimpanzees
to be 12.9% [81]. The presence of this rate among wild animals suggests a form
of non-lethal disease. However, deaths among certain species such as gorillas
and chimpanzees were attributed to infection with Ebola, which was considered
as the source of outbreaks in Central Africa [82]. These deaths resulted in an
effort to find the real reservoir in wild species. Following the outbreak in
Democratic Republic of Congo in 1995, 3066 vertebrates were tested for the
Ebola virus (Zaire subtype). The selection of these animals was based on
exposure history and the presence of animals in a specific habitat. The result
was negative [83]. More than 400 bats among other animals were tested in
Democratic Republic of Congo at the site of 1976 outbreak, and it failed to
demonstrate any evidence of Ebola antibodies [84]. However, in an incremental
inoculation of Ebola virus a variety of species including fruit and insectivorous
bats, bats supported the replication and circulation of a high titer of the virus [85].
1390 bats from different species were collected between 2003 and 2006 from
endemic and non-endemic areas in Gabon and Democratic Republic of Congo,
demonstrating that 5% of these bats were infected. That rate declined to 1%

following the outbreak, indicating a role of bats in transmission of the virus [86].
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Fruit bats were tested in West Africa and followed by fiting with a radio
transmitter. After 13 months, the infected bats demonstrated long-term survival

[87].

Diagnosis:

Ebola is a disease that shares many clinical symptoms with other
diseases such as typhoid fever and malaria especially in the endemic area.
Clinical suspicion of suggestive symptoms and travel history is crucial in the
diagnostic process. The main limitation of many specific diagnostic tools is that
they are unable to detect the virus before the onset of symptoms, which makes
them useless as screening tools [88]. There are many specific diagnostic tools
for Ebola hemorrhagic fever. Antigen-capture enzyme-linked immunosorbent
assay (ELISA) testing, IgM ELISA, Reverse Transcription-Polymerase Chain
Reaction (RT-PCR), Virus isolation, IgM and IgG antibodies, and
immunohistochemistry testing are examples of these specific tools [89]. Viral
isolation is the gold standard diagnostic tool. However, this procedure poses a
very high level of hazard. It is also very difficult and needs a high level of
expertise and technology. The shipment of infected specimens from endemic
areas to well-developed laboratories demands safety procedures and certain
important requirements such as cool chain. Electron microscopy is fast and
sensitive especially when aggregated with immunological antigen. It can examine
many types of specimen such as serum, a thin section of the infected material,
and cultural fluid. The main limitation is the cost and level of expertise required. A

minimum number of viruses to be visualized is also a limitation. Antigen-capture
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ELISA is specific diagnostic tool. Animal antibodies, which can be used for
antigenic capture, have been developed for many Ebola virus strains. ELISA is
under development and appears to be a very promising diagnostic tool. Currently
the most widely used diagnostic tool is the real-time RT-PCR due to its simplicity
and sensitivity. It is more specific than ELISA especially when specific dye is
used. Obtaining the results of the RT-PCR test takes about 2-3 hours. With the
development of specific premiers and props, RT-PCR is the test of choice to
confirm the diagnosis. Continuous mutation and emergence of a new viral strain

may be a source of concern regarding the diagnostic use of RT-PCR [90].

Treatment:

Currently, there is no standard of treatment and the treatment occurs
mainly through the use of supportive measures [91]. CDC recommends fluid and
electrolyte replacement, maintenance of blood pressure and oxygen status, and

treatment of secondary infections as supportive measures [92].

Antibody therapy was tried in 1995 during the outbreak in the Democratic
Republic of Congo. Plasma from Ebola survivors were transfused to eight
infected patients, half of them complaining of hemorrhagic manifestations. Only
one of these eight patients died, a death rate much lower than that seen in
previous outbreaks, which was 80% [93]. This plasma transfusion procedure
contains clotting factors beside the antibodies, which could reduce the severity of
hemorrhage [94]. However, the sample size was very small. Plasma transfusion
carries the hazards of transfusion reaction and transmission of other pathogens.

Monoclonal immunoglobulin G (IgG) was tried in animals. Six monkeys were
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treated with equine IgG and showed a limited beneficial effect in viral load and
delay of death [95]. Other trials of single monoclonal antibodies were
unsuccessful;, however, they lead to the concept of a cocktail of multiple
monoclonal antibodies therapy [94]. Two IgG were administered in monkeys
before and after inoculation of Ebola virus, showing protective benefits before the
decline of circulating 1gG [96]. This procedure indicated the need to prolong the
half-life of antibodies. Unlike in the case for Ebola patients, it was administered
before the infection. New generations of cocktail antibody therapy such as ZMAb
and MB-003 were introduced in animal models. MB-003 had shown a protective
effect approaching 70% when injected on the first day after inoculation [97].
However, ZMAb showed 100% protection when administered 24 hours after
inoculation and 50% when administered 48 hours after inoculation [98]. ZMaap is
a promising treatment for infected animals with a specific combination of 1gG
from ZMAb and MB-003, demonstrating 100% protection. The promising factor is
that ZMaap was administered in animals after the appearance of symptoms such
as fever, abnormal blood counts, and hemorrhage [99]. These animal trials
occurred with small sample sizes and no randomized controlled clinical trials

have been conducted.

Antiviral drugs are another treatment strategy. In addition to its side
effects profile, ribavirin did not show activity against the Ebola virus [100], and
Lamivudine did not show a decrease in mortality in Ebola patients [91].

Favipiravir, a new and promising drug, is a broad-spectrum antiviral drug,

25



developed in Japan for influenza. It has demonstrated100% protection against

aerosol Ebola in an animal model [101].

Fatality:

By January 23, 2015, the total number of confirmed cases of Ebola was
13,602 with a total of 21,797 cases including non-confirmed cases in Guinea,
Liberia, and Sierra Leone. The total number of deaths was 8,675 (64%) [102].
The outbreak in Central Africa was limited and is considered to be over. The
mortality rate differs among these countries with a rate of 40% in Sierra Leone,
60% in Guinea, and 70% in Liberia [103]. Over time the fatality rate changed
from a fatality rate of 47.7% to one of 31.5% [104]. The total number of cases
was less than 2000 in any of the three countries in West Africa in October 2014.
However, by end of January 2015, the total number of confirmed cases
increased to approximately 11,000 in Sierra Leone, approximately 9,000 in
Liberia, and 3000 in Guinea. The fatality rate in the previous outbreaks starting in
1976, with the exclusion of outbreaks that had single patient, had a wide range

from 15% to 88% [66].

Prevention:

According to WHO, the incubation period is estimated to be between 2
and 21 days [105]. However, the incubation period appears to have shorter
range. In a study in Sierra Leone, the estimated incubation period was 6 to 12
days [106]. Another larger study conducted in Guinea estimated the average

incubation period to be 11.4 days [107].
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Vaccination against Ebola could be a significant step in the containment
strategy. However, there is no approved vaccine available. There are two
candidate vaccines, cAD3 and rVSV [108]; cAD3 vaccine is in phase 1 trials and
rVSV has shown protection against lethal infection of the virus in non-human
primates [91]. In the absence of an effective vaccine, CDC recommends the

following:

= Avoidance of contact with blood and body fluids.

»= Avoidance handling items that may have come in contact with
an infected person’s blood or body fluids.

= Avoidance of contact with bats and nonhuman primates or
blood, fluids, and raw meat prepared from these animals.

= After you return, monitor your health for 21 days and seek
medical care immediately in case of Ebola symptoms have

developed [109].

Common Criteria of Outbreaks:

The last decade raised the challenge of the new outbreaks that were
difficult to treat and to contain. WHO defines outbreak as an “occurrence of
cases of disease in excess of what would normally be expected in a defined
community, geographical area or season” [110]. An outbreak is not defined by a
specific number of cases; rather by the presence of an increased number of

cases in a specific time and place.
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Outbreaks have many factors that lead to their emergence. The Institute
of Medicine Committee on Emerging Microbial Threats to Health in the 21st
Century explored some of these factors [111]. The committee proposed a model

of four factors interacting to produce an outbreak, including:

1. Genetic and biological factors.
2. Physical environmental factors.
3. Ecological factors.

4. Social, political, and economic factors.

These factors serve as fundamental factors that interact together in
different intensities and directions. However, based on this model, the report
proposed the following factors that are associated with one or more of these

fundamental factors:

* Microbial adaptation and change:

Microbes are widely present in the ecosystem. The relationship
between humans and microbes are not always a threat, but in many
instances beneficial to both parties [112]. Adaptation and change is a
continuous process that assists in the survival of microbes according to
the environment in which they live. One of the important examples is the
influenza virus, which changes in each cycle of emergence. Such a
change mandates a change in vaccine every year. The adaptation could
be a result of genetic mutation or inclusion of new segments of DNA or

RNA. Despite the limited size of the viral genome, the plasticity of this
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genome to accommodate new segments and expand or shrink is evident
in the RNA virus [113]. This accommodation could result in new genera
with different characteristics. On the other hand, bacteria have many
known ways of acquisition of new genetic material, including
transformation, transduction, and conjugation [114]. Adaptation and
change are vital methods for prokaryotic cells to survive. However, the
changes accompanied by acquisition of new genetic material could be
devastating to the host.

Coronavirus in general has undergone a similar genetic adaptation
making them pathological to humans. No new major changes in the
indigenous population in the consumption of or contact with the
suspected animals were observed or reported before the emergence of
SARS or MERS in East Asia or the Arabian Peninsula respectively.
Ebola on other hand has a more interesting history. More than ten major
outbreaks have occurred in Africa with different fatality rates and different
viral strains. The adaptation process should not be ignored when trying
to understand the variability in each outbreak.

Human susceptibility to infection:

According to the IOM report, many factors such as impaired host
immunity, genetic polymorphism, aging, and malnourishment contribute to
human susceptibility to infection. Human immunity is a very complex
process and it is composed of physical and chemical barriers. The

immune response after passing these physical and chemical barriers is
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composed of cell-mediated and humoral-mediated responses, both of
which are subject to regulation that is affected by previous exposure to
any specific microbes. Genetic polymorphism such as that in sickle cell
anemia or thalassemia is believed to be a protective adaptation to specific
exposure to malaria. The genetic adaptation makes specific populations
less susceptible to certain infections. Malnutrition is associated with a
higher susceptibility to infection. The reverse relationship may also be true
in which an infection that causes diarrhea as an example may lead to
malnutrition.

Climate and weather:

The weather plays an important role in the transmission process that
involves vectors, animal reservoirs, microbes, and humans. There are
many physical elements included in changes of the weather such as
drought, rainfall, temperature, flood, wildfire, earthquakes, and others. The
interaction of these elements at each level of the transmission cycle is
different, and may lead to different outcomes. It has been predicted that
influenza cases, as an example would be more prevalent in specific
seasons than in others due to weather changes.

Change in ecosystem:

Environmental changes generally affect the pathogen and the host.
Currently, ecology is changing at a rapid pace due to many factors such
as global warming, forest loss, and other factors. These ecological

changes will promote change in the population characteristics of the
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pathogens and human exposure to them. Also, ecological change in the
form of weather changes such as drought and increased rainfall would
affect the abundance of vectors that transmit diseases and would lead to a
different intensity of exposure. Although the ecological changes would
affect a limited area; the effect of that change would have a widespread
global effect. Aedes aegypti mosquito, which causes yellow fever and
dengue fever, is an example of the change introduced to the New World
through slave ships.

Economic development and land use:

Consumption of natural resources, deforestation, dam building, and
other expansion projects in nature have led to increased contact between
human and animal reservoirs. This change in land use by humans has
resulted in the emergence of new outbreaks. Lyme disease in North
America has been linked to reforestation in Northeastern and Midwestern
USA, leading to an increase in the population of white-tailed dear, the
definitive host of vector ticks. Another example is Schistosomiasis
occurring after building dams in Senegal and Egypt for agricultural and
industrial purposes.

Human demographics and behavior:

The demography of any given population plays a crucial role in the rate
and susceptibility of infection. The IOM report includes four main factors
that led to this increase in susceptibility due to demographic factors. Aging

is one such factor. The world population is growing older due to success in
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controling many acute and chronic diseases and applying safety
measures in many aspects of life. The physiological changes that
accompany aging such as decreased capability of the immune system and
reduction of gastric secretion makes aging people more prone to infection.
The aging phenomenon is worldwide, but the developed countries
represent 77% of the gain in the elderly population. Urbanization is
another important demographic factor. There is a trend toward rural
migration to cities in this century. 40 % the growth in the world’s cities is
due to migration from rural areas. Urbanization is more evident in the
developed countries where 75% of the population lives in the cities. The
influx of people into cities was poorly accommodated due to poor
infrastructure and living arrangements. Overcrowded houses and living in
a less developed part of the cities might be the only choice for the new
migrants due to the cost of living. Living in such circumstances in addition
to lower economic security may drive the new migrants to be exposed to
higher risk behaviors such as commercial sex. Also, lower accessibility to
clean water and sanitation may aggravate their living situation. Ease of
transportation between rural and urban centers has been correlated with
the ease of transmitting infections. An increase in the number of immune-
compromised individuals is another demographic risk factor. Medical
advances in treating patients with illnesses such as cancer or HIV has
contributed to this increase. Also, using drugs that reduce immunity, as a

treatment modality for some diseases is another way to produce an
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immune-compromised population. The problem of having a significant
immune-compromised population occurs not only due to their
susceptibility to infection, but also due to the emergence of opportunistic
infections and drug-resistant organisms. The fourth demographic factor is
health behavior, which is affected by many factors including the social
norm, education, economic status, age, and others. Sex behavior and illicit
drug use are the main risk behaviors, which correlate with the
community’s demography.

Technology and industry:

Technological advancement in the medical, food safety, sanitation, and
other arenas has led to eradication or reduction in the rate of many
diseases. On other hand, the same technological advancement has also
led to emergence of other diseases. Legionella in air-conditioning
systems, E. Coli in animal husbandry practices, and toxic shock syndrome
with tampons are examples of diseases that emerged with technological
advancement. The wide use of antibiotics in animal husbandry and
aquaculture to enhance production is correlated to the development of
drug resistant bacteria. Many tools that have been developed due to the
advancement of healthcare; such as endotracheal tubes, catheters,
prosthetic heart valves, and hemodialysis machines, were considered to
be vehicles for the transmission of many diseases. This problem of
transmission of diseases was also increased by other advancements in

medical procedures such as blood transfusion and organ transplant.

33



International travel and commerce:

Contemporary modalities of transportation have increased the average
spatial mobility of humans. The ease of mobility exposes people to each
other more often than previously. This exposure theoretically enhances
the transmission of a disease outbreak. Modern air travel has increased
the rate and speed of travel by individuals. Airplanes, ships, and trains are
closed areas that contribute to the transmission process. Influenza,
tuberculosis, measles, and many other infectious diseases have been
linked to air travel. The increase in international commerce has resulted in
70% of the fruits and vegetables that are consumed in the United State
coming from developing countries. Poultry, fish, and livestock are imported
at different rates. The introduction of food from outside a country’s borders
introduces a significant amount of parasites, microbes, snails, and other
transmission vectors. Not only living organisms, but also pathological
substances such prions in the case of cow-madness disease.

The breakdown of public health measures:

Adequate sanitation and hygiene, Immunization programs, control of
vector-born and zoonotic diseases, and public health legislation and
enforcement were the main indicators of a quality public health system
according to The IOM report. Adequate sanitation and clean drinking
water were the main methods to control such diseases as cholera.
Underdeveloped public health measures are not specific to developing

countries. The advancement in medical technology and the survival of a
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more elderly population and immune-compromised patients were not
accompanied by robust public measures that would control nosocomial
infections. Nosocomial infection is a leading cause of death in the USA.
Immunization has proven its efficacy and has been considered one of the
major public health achievements. However, due to a number reasons;
such as, the cost or the perception of safety of a vaccine, vaccination for a
variety of disease is in difficult. These difficulties are significant in the case
of wars or famines. The application of public health practices to some
programs in order to control diseases, as the use of Directly Observed
Therapy (DOT) to control TB, have shown efficacy. Also public health
interventions in the control of vector-born and zoonotic disease such as
the use of pesticides are important programs of the public health system.
Shortfalls in these interventions have been correlated to the increase in
vector-borne diseases. Public health police powers such as quarantine
and isolation are an important intervention in many disease outbreaks.
Failure of the public health system is devastating and can contribute in the
spread of outbreaks.

Poverty and social inequality:

Poverty affects accessibility to healthcare services. Low accessibility to
healthcare, poverty and social inequality have been linked to the
emergence to a number of infectious diseases such as TB. Education,
housing, infrastructure, and the absence of social agencies are examples

of factors that contribute in the emergence of disease outbreaks.
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Privatization of state owned services and foreign influx of capital have
contributed to financial crises in many countries. Poor countries are more
sensitive to global economic fluctuation. Globalization and privatization
have had a negative impact on the accessibility of healthcare in many
under-developed countries.

War and famine:

The linkage between wars and the emergence of disease outbreaks is
evident. Public health systems among other state and community-based
systems are vulnerable to failure during wars. War and famine cannot be
separated in most occasions. Battlefield casualties and the direct
destructive consequences of war are not the entire story. The
displacement of people forcing them to live in refugee camps with little or
no infrastructure, clean water, sewage systems, sufficient food, and or
healthcare creates a suitable place for outbreaks to emerge.

Lack of political will:

A disease outbreak is an exceptional situation that requires mobilization
of resources to contain it. Political will is pivotal for such mobilization.
Willingness means shifting available resources from other demands to the
battle against the disease outbreak. It also means cooperation with local
stakeholders such as the local population and private organizations to
achieve containment of the outbreak. Not only domestic authorities, but
also international cooperation is a key component of success. Since many

outbreaks involve more than a country or world region, sensitivity to
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international cooperation due to sovereignty or other reasons could
theoretically affect the control of outbreaks.
Intent to harm:

Biological weapons are serious threats. Despite the Biological Weapons
Convention (BWC), non-state producers add another difficulty in the
control of such threats. The IOM report pointed to the fact that civilian
scientists are unfamiliar with the nature of this threat. This unfamiliarity
concerning biological weapons may contribute to the lack of awareness of
their devastating effects. The introduction of microbes could occur by a
variety of means such as direct inoculation and infecting vectors or
reservoirs. Terrorism and technologic advancement make this threat a real

concern.
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CHAPTER 3

METHODOLOGY

In Chapter 2, the three examples of recent outbreaks require a better
definition of disease outbreaks that require an international intervention. In this
Chapter, a scoring system will be proposed, composed of ten indices and totaling
ten points. A score of 10 will be considered the most dangerous score,
mandating a prompt intervention, while 0 would not mandate any intervention by
the international community. Each index would represent one point on a 10-point
scale. The severity of each outbreak would be determined by comparing different

disease outbreaks.

Index 1: Novelty of the disease agent:

Outbreaks are caused by a wide variety of microbial agents. Virus,
bacteria, and fungi are not the only cause of disease outbreaks, but other
contagious material such as prions or unsafe exposure to chemicals or radiation
may be causes. Ambiguity and obscurity of the causative agent is a challenging
factor in the control and containment of outbreaks. When a public health system
is faced with an unknown disease with an unknown cause, it is difficult to control
that outbreak and interdict its transmission cycle. The assumption here is that
efforts would be exerted to identify the causative pathogen. The scoring system
is dynamic and can change from time to time during the outbreak. An outbreak

with an unknown etiology should become known as soon as possible. The
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purpose of the scoring system is to evaluate the outbreak at any time during the

outbreak.

With new technology such as the electronic microscope, PCR, and viral
culture, identification of the pathogen may occur within a very short period of
time. However, the identification of the pathogenic agent (microbe) is the first
step but not the last. There are other important factors that would reveal an
obscure pathogenic agent. These factors include knowledge about the reservoir,
mode of transmission, incubation period, and availability of diagnostic methods.
In this index, there are five questions/factors that determine the novelty of the

disease agent:

I. Is the causative agent known?

II. Is the source or the reservoir of that agent known?
lll. Is the mode of transmission known?
IV. Is the incubation period known?

V. Is there any known diagnostic procedure?

This index deals primarily with the knowledge of stakeholders about the
threat that they are facing. The answer of each question is YES or NO. There
may be difficulty knowing how much the stakeholders know about any one of
these questions. In case there is partial knowledge such as knowing some fact
about the mode of transmission but not the full picture, should this question be
considered yes or no based on knowing the mode of transmission? The answer

to this question should be left to the evaluating team. If the evaluating team
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determines that the picture is clear enough to be considered in the plan of
outbreak control, the answer should be yes. Otherwise, the answer is no when
the team finds insufficient information concerning the cycle of transmission and
clarity does not exist as to how to break the cycle in the effort to control the

outbreak. The same principle will be applied to the other questions.

The Index Score is calculated by assigning 0.2 for each question with a
NO answer. A total of 1 point is added to the total score when the investigators
do not know the causative agent, the source/reservoir of the causative agent, the
mode of transmission, the incubation period, and the absence/ unawareness of
diagnostic tools. Thus, the total score would be 0 when the five questions had
YES answers for each of them. This means that investigators are aware of the
causative agent, the source/reservoir of the causative agent, the mode of
transmission, the incubation period, and the presence/awareness of various

diagnostic tools.

Identification of causative agent is a crucial step that leads to
understanding the other properties of an outbreak. Sometimes the clinical
situation suggests a specific agent/microbe; i.e., salmonella food poising, Ebola,
malaria, and others. However, sometimes the causative agent may be unknown
at least in the beginning of the outbreak. SARS, and MERS are good examples
of this kind of outbreak. The evaluating team should consider both situations and
answer the first question accordingly. The scoring process is a dynamic process
and the point at which scoring occurs may change following any newly confirmed
result in the identification process.
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The identification of a reservoir or source of infection may be more difficult
than the identification of the causative agent. MERS and Ebola are good
examples. The process of reservoir/source identification is time consuming
involving humans, animals, and the environment. It also carries a level of
uncertainty to some extent. Despite the availability of many theories, the source
of MERS as an example is not fully understood. In some instances, the reservoir
may not be determined. On the other hand, some outbreaks such as HIV have
no known natural reservoir. However, HIV is transmitted solely by exposure to an
infected person’s body fluid. In this case, the reservoir is known as the infected
human being and the answer to the second question is yes. It is expected that
the reservoir/source is not known for many outbreaks at least at the beginning of

the outbreak.

The mode of transmission is an important factor due to concern about
breaking the transmission pathway. The level of knowledge that leads to
interruption of transmission should be considered as Yes to the third question.
The mode of transmission includes many questions such as the source of
infection, presence of a vector, transmission route, and other questions.
However, the level of knowledge that is considered sufficient at least theoretically
to stop or break the transmission cycle should be counted as a yes answer for

this question.

The incubation period is almost always a range of days or even months.
The time needed for an infected person to show the manifestation of the disease

is an important aspect of this Index. It is also the time required for
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isolation/quarantine that will enable investigators to determine that containment
has occurred. An awareness of the incubation period is critical for directing the
diagnostic and therapeutic effort especially after determination of the infection
source. A new outbreak of an unknown disease will have an uncertain incubation
period. However, understanding of incubation period will lead to a better
understanding of an effective strategy to contain the outbreak and at the same

time would lead to a decrease in the severity index of outbreak.

The fifth question regards the availability of diagnostic tools. There are
primarily two types of diagnostic procedures; the screening and the confirmatory.
Both are important. However, in the last few important outbreaks, the screening
test seems more important. Identification of a specific virus such as Ebola or
MERS was achieved by expensive and highly complicated methods such as
PCR and viral culture. These methods were not widely available and required
some level of expertise and were time consuming. The real need in the field was
for a reasonable screening test. Having such screening test would save time and
resources and would help in the containment of the outbreak by isolation or other
means. The strength of screening is another question that involves some
measurement such as specificity and sensitivity. There is no cut off point in the
predictive value for any screening test that will be used in this proposed severity
index. However, the answer to the fifth question is simply; is there a screening
test that in case of negative result the team is comfortable sending suspected
cases back to their community with no restriction. If the investigators have such a

screening test with the required level of negative predictive value, the fifth
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question can be answered Yes. The positive predictive value of the test is
important also, but lack of high predictive value would be addressed by other

confirmatory tests.

In this index, five questions/factors are assessed. Each factor has 0.2
point for a total index point of 1.0. It measures the awareness of public health
practitioners for the outbreak that they are fighting. These factors are
interconnected and some may have more importance than others. However,
these factors collectively draw a picture of the outbreak agent and its movement

from its source until its detection in the human body.

Index 2: Fatality rate:

The fatality rate (case-fatality ratio) may be calculated in a straightforward
manner. However, the determination of the fatality rate may be a difficult task. It
is the most important concern of the stakeholders. An outbreak with a 90%
fatality rate would receive more attention than an outbreak with a 10% fatality

rate. Including this index in the outbreak severity index is justified.

Determination of the fatality rate is an absolute number of deaths among
persons who have been diagnosed with specific disease. As it has been seen in
the outbreak of SARS and MERS, the fatality rate was different among various
health systems and dependent on the characteristics of patients. Also, the fatality
rate would be affected by the total number of diagnosed patients, which may not
include all patient as in the case of the Ebola outbreak. Since the severity index

is a dynamic index, the average fatality rate will be utilized and the score will
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change according to use of various diagnostic processes. The fatality rate would
be different among some people such immune-compromised patients, the
elderly, children, and patients with comorbidities, but the severity index assesses
the effect of the outbreak on any given population. The available data concerning
the fatality rate of an outbreak may represent the tip of iceberg due to the issue
of transparency or technical incompetence, but the severity index will include any

changes in the data once it becomes available.

This index is calculated by dividing the total fatality rate by 100, with the
score of this index as the result. As an example, the fatality rate of MERS was
60% at the point of emergence of the outbreak. The fatality rate score for MERS
at that point would be 60/100, or 0.6 of the total score of 1. The range of deadly
outbreaks that have 100% and non-fatal outbreak that have 0% fatality rates
represents only 10% in the Outbreak Severity Index. This low percentage of the
total index score may produce the concern of underestimating the fatality
characteristic of outbreaks. For two reasons this may not be of concern: (1) Most
outbreaks receiving international attention have a fairly high fatality rate; (2)
Fatality is not the only negative aspect of outbreaks. Poliomyelitis is a good

example of a disease that has severe non-fatal aspects.

Index 3: Incidence rate:

Incidence rate is an important index in the assessment of severity. The
incidence rate “measures the occurrence of disease onsets in a population per
unit of time of follow-up” [115]. The dominator represents persons who were at

risk of disease at specific time. However, the numerator represents the number
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of individuals having the disease. Both the dominator and numerator may be
difficult to calculate. Counting the total number of confirmed cases may not
represent the total incidence of the disease due to such reasons such as
unavailability of a confirmatory test, unavailability of a screening test,
unavailability of disease criteria that determines screening, unavailability of
resources to test the affected population, and other reasons. On the other hand,
determining the number of people at risk and the time to follow-up is almost
imposable in most cases of outbreaks. These difficulties require a modification in

the calculation of the incidence rate.

The aim of the Outbreak Severity Index is to have an objective tool to
assess outbreaks rather than precisely calculate the incidence rate. Since the
Outbreak Severity Index measurement would be of most value at the onset of an
emerging outbreak, evaluating an outbreak at its onset requires modification of
the incidence rate calculation. The proposed definition of incidence rate utilized in
the Outbreak Severity Index is the total number of confirmed cases divided by
the total population of the affected geographical area at the time of evaluation.
The challenge in this definition is the determination of the representative
geographic area, which can be described as the area that has a homogenous
incidence of the disease. This approach leads to the possibility of having a
separate Outbreak Severity Index for each geographical area; such as, cities,

provinces, and countries.

As a result of the percentage of the modified incidence rate will be multiply
by 1000, resulting in the value utilized for this index. The maximum difference
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between the most affected area and the least affected area, which share the
same value for the other indices, is 1 point on the scale of 10 (the total score of

the Outbreak Severity Index).

Index 4: Ease of transmission:

The transmission property of outbreaks may be the most important index
from the perspective of the public health practitioner. However, the Outbreak
Severity Index deals with the ease of transmission as one index consisting of one
of ten points for the total score. Influenza is an easily transmittable disease, but it
does not receive the attention of the public due its fairly mild severity. Such would
not be the case with HIV, a devastating disease, which requires specific contact
methods of transmission. On other hand, most outbreaks having a reasonably
high transmission property may be expected to get the attention of the public
health system. The difference in the transmission capability of a specific disease
would compensate for a lower severity of the disease when two diseases are
compared. The more important issue is the fact that the Outbreak Severity Index
deals with the geographic location of the disease, the people at risk, and the

availability of resources.

The mode of transmission can be either contact or non-contact in nature.
Contact includes direct, indirect, and droplet transmission. Non-contact includes
airborne, vehicle, and vector-borne transmission [116]. Some modes of
transmission have a greater ability of to transmit a disease than others. However,
the ease of transmission is influenced by such factors as exposure time,

availability of vaccination, and availability of precaution tools. It is also difficult to
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evaluate ease of transmission by mode of transmission. The Outbreak Severity
Index will use the basic reproduction number (Rg) as a measure of ease of
transmission. The basic reproduction number is the number of secondary cases
that are produced by one infected case in a completely susceptible population
[117]. If the Ro ranges between 0 and 10, the Ro will be divided by 10 to calculate
the score of the ease of transmission index. However, some outbreaks may have
an Rp of more than 10 such as measles [118]. Outbreaks with an Ry of more than

10 will be score at 1.0 in this index.

Index 5: Availability of treatment:

Treatment in the proposed Outbreak Severity Index assessment has a
broader meaning than usual. Treatment may equal cure in some definitions of
treatment availability; however, in this proposal the definition of availability of
treatment has been modified to serve as an accurate assessment of the

outbreak’s situation. The Outbreak Severity Index includes the following factors:

|. Is there any known curative treatment?
[I. s that treatment available in area of the outbreak?
[ll. s isolation effective in controlling transmission?

V. Is isolation available at the area of outbreak?

At the beginning of most outbreaks, broad-spectrum antibiotics and
antivirals might be the logical initial treatment. However, with advancement of
knowledge concerning the causative agent, a more precise treatment

approach will substitute for the initial approach. At this stage, judgment
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concerning the availability of treatment is used. However, on occasion the
infection is self-limiting and does not require other than appropriate
containment procedures. The first factor deals primarily with infections that
cause death or significant disability. These types of infections require
treatment to prevent devastating sequel. The answer to the first question is
Yes when a fatal disease or a disease that leads to disability has a known

treatment that prevents death or disability.

Despite the availability of a known treatment, it is important to assess
the ability of the local healthcare system to provide that treatment, which may
involve other factors such as accessibility to healthcare, willingness of people
to be treated, the proper and equal distribution of treatment, and other factors
that describe the integrity of the local public health system. Answering the
second question depends on the general ability of the local government to
provide treatment according to the judgment of the evaluating team. Other
factors such as local public health integrity will be assessed in a separate

index.

Isolation is an important factor for the control of outbreaks. Isolation
ranges from personal isolation of patients to quarantine of the affected area.
Isolation may depend on the dynamic of the disease transmission. A disease
with a short incubation period and an easy transmission route may make
isolation impractical. Answering the third question is based primarily on the

significance of isolation in the containment of the outbreak.
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The ability of local public health system to provide isolation at both the
personal and community level is an important factor, which may be affected
by many factors; such as, the incidence rate of the disease, the availability of
resources, the strength of law enforcement, the willingness of the local
authority to act, and political stability. Answering the fourth question gives a
panoramic image of the ability of the local public health system to provide

isolation to those cases requiring it.

This index has four factors that assess the availability of treatment of
infected cases regardless of whether that treatment is medication or isolation
with supportive measures. Each factor with a No answer will receive 0.25

points out of a total of 1.0 for this index.

Index 6: Geographical communication potential:

Humans’ movement between different geographical areas is the nature of
life. With the development of transportation methods over the last century,
movement is much more rapid and easier than before. The movement between
cities, countries, and continents is a daily practice of almost all human beings.
The reasons for that movement are different including trading, working,
education, tourism, as well as legal or illegal migration. From the point of view
this proposed of Outbreak Severity Index, migration and movement of people are
the same regardless of reason since the end result of that movement or

migration is exposure to disease outbreaks.
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Infected humans movement between different areas in the world is an
important issue in transmission of diseases. Areas with the migration of people in
and out results in a greater risk of the dissemination of an outbreak. However,
those areas that are relatively isolated in some way or other would be at a
relatively lower risk of outbreak dissemination. The direction of movement
weather entering or exiting a specific area is also important. From the
prospective of those residing outside the outbreak’ area, the inward movement
may be more concerning. On the other hand, the outward movement may pose a
greater threat for those residing outside the outbreak’s area. But, which one is
the most important? The answer to this question should depend on the work of

the evaluating team.

This proposal attempts to develop an objective measurement in this index.
However, there are number of obstacles to a universal measurement scale.

Obstacles include the following:

* Determining the number of people passing any geographical boundary is
a difficult task. There is no method cut off the number of visitors or
migrants to a specific area as high risk. It may be that the SARS outbreak
in Hong Kong posed a higher risk of dissemination than Ebola in Liberia
due to the number of passengers visiting Hong Kong. However, that
distinction disappears when the comparison is between areas with
relatively similar characteristics such as comparing Dubai with Hong Kong

or comparing London with Paris. The total number of visitors are
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important, but there is no critical number that poses a greater risk than
another.

Type of visitor is also an important factor. Tourists and businesspersons
normally have better healthcare accessibility and better financial capability
as health determinants than illegal migrants. On other hand, many
countries perform screening procedure for legal migrants and visitors,
which do not include illegal migrants. The type of visitor or migration is a
significant factor that would not be taken in consideration if the total
number of visitors and migrants were the only factor in the judgment
concerning the risk of outbreak dissemination.

The relativity of risk is another important factor. Despite globalization,
some areas may pose a greater threat to their neighbors and local region
than areas farther away. As an example, an outbreak in Mexico poses a
threat to United States unlike an outbreak in West Africa. It also poses a
greater threat to southern and southwestern states than northern states.
Not only at the state level, but it also at the city level cities. San Diego may

have greater threat from an outbreak in Mexico than Sacramento.

Due to these reasons, the determination of geographical potential of

an outbreak should be assessed according the standpoint of the evaluating

team. This score of this index will be determined by the height of the risk

according to the potential of for geographical communication. A high-risk area

will be given a score of 1.0 while a low-risk area will be given 0.0 points. The

score may be different from place to place inside states/provinces, countries,
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or continents. The global assessment of an outbreak in certain countries will
be difficult. However, USA, most of Europe, China, and some places in
Middle East such as Makkah (pilgrimage) may be categorized easily as
having a high risk of dissemination. It is conceivable that most areas of the
world could be considered as high risk of dissemination. The value of this
index would become clear when the evaluating team deals with areas such
West Africa (Ebola) with a relatively lower risk of dissemination to the globe

than Hong Kong (SARS).

Index 7: Population density:

The density of population is playing a role in ease of transmission. It is not
only due to exposure of high number of people to infection, but also due the
situation of heavily populated areas. Deficiencies in clean sources of water,
efficient sanitations, and good housing circumstances are often accompanying

the residents of heavily populated areas.

The classification of population density from high to low could be achieved
by many ways. However, the outbreak severity index will follow the classification
of the United States Department of agriculture (USDA) [119] with some
modification. The USDA’'s map of global population density is classifying the
population density into six categories. For simplification and due to smallness of
difference between the lowest two categories, they will be counted as one

category. The classification will be as the following:

1. 0-10 persons/ square kilometer (lowest).
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2. 11- 40 persons/ square kilometer.

w

41- 100 persons/ square kilometer.

B

101- 500 persons/ square kilometer.

5. > 500 persons/ square kilometer.

The width of each category is not equal. However, the purpose of this
index is including the factor population density as outbreak dissemination factor.
That purpose is clearly indicated between the two extremes of this scale. Each
category will be assigned a 0.2 point of the total index score, which is 1.0. It is a
cumulative score in which second category will be assigned with 0.4, third will be
assigned with 0.6, fourth will be assigned with 0.8, and finally fifth score will be

assigned with 1.0, the maximum score of this index.

Index 8: Political stability:

Political stability has many direct and indirect facets that affect the spread
of outbreaks in communities. Outbreaks are similar to the most of other disasters
that need efficient governmental interference. It is actually hard to imagine a
successful outbreak’s containment without governmental effort. Public health is
by its nature a governmental duty despite the importance of collaboration with
privet sector. Outbreak controlling involves many dimensions of work such as
education, treatment, and prevention. However, police power as in isolation and
quarantine is a fundamental job of public health that needs a governmental
legitimacy. That leads to the conclusion of importance of efficient governmental

in the process of outbreak control.
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The shape of governments is different around the world. Before
assessment of the efficiency of national and local government, failed states
should excluded and assignment with the maximum score of this index, which is
1.0. The definition of failed state is difficult [120] and probably influenced by
political agendas of the evaluators. However, the failed state in this proposal is
that state, which is not able to enforce laws upon infected area. This includes civil
war, insurgency, and famine. Corruption, inflation, inequality, and other similar
factors would affect the government. However, these factors would not be
included in the definition of failed state. Failed state is basically inability of
government to manage and control outbreak due to weakness of the

government.

The assessment of political stability in non-failed government would
follow the United Nations’ ten measures of promoting and consolidation of

democracy [121]. These recommendations are:

1. Respect for human rights and fundamental freedoms.

2. Freedom of association.

3. Freedom of expression and opinion.

4. Access to power and its exercise in accordance with the rule of law.

5. The holding of periodic free and fair elections by universal suffrage and by
secret ballot as the expression of the will of the people.

6. A pluralistic system of political parties and organizations.

7. The separation of powers.

8. The independence of the judiciary.
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9. Transparency and accountability in public administration.
10.Free, independent and pluralistic media.

Absence of factor of these ten factors will add 0.1 point to the outbreak
severity index. In case of absence of all of these ten factors will lead to a state
that resembling a failed state. In other word, some totalitarians countries are
equivalent to failed state. That might not be true from the political point of view.
However, the political stability index is measuring the ability of governments to
deal with outbreak. Absence of transparency, as an example, may be more
important than many other indices since it would hinder the ability of the
evaluating team to assess the situation. However, having these factors in this
systemic way would provide a balance appreciation of governmental
performance.

Index 9: Quality of local healthcare system:

The quality of local healthcare system is not a scale of general healthcare
performance. It is solely for outbreak control ability. WHO had published an index
for the world’s healthcare system [122]. However, that index includes general
assessment factors that might not represent the ability of outbreak control. On
the other side, CDC had published with collaboration with other organizations
performance standards for national, state, and local public health system based
on the ten essential public health services [123]. The limitation of this
performance standers tool is the difficulty of measurement especially for
countries that are not following the western model of healthcare. The focus of this

index requires a simple and reflective instrument tool.
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WHO is following an outbreak management system in the form of alert

and response operation [124]. The aim of that system is to manage the global

outbreaks. The outbreak severity index will adopt that system for national and

local assessment of public health ability of outbreak management. It is composed

from the following six factors:

. Epidemic intelligence — systemic event detection.

Event verification.

Information management and dissemination.
Real time alert.

Coordinated rapid outbreak response.

Public health logistic.

The assessment of these six factors will depend on the informed judgment

of the evaluating team. These six factors will be turned to the following six

questions:

1.

2.

Is the local health system able to detect the infected persons efficiently?
Is the local health system able to verify and authenticate the
epidemiological information?

Is the flow of information from base to head of the outbreak team and vise
versa performed in efficient way?

Is the information passed in a reasonable time that makes intervention

efficient?
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5. Is the response following the collected information resulting in an efficient
and coordinated way?
6. Is the mobilizing of public health resources (mobilizing of stakeholders)

meeting the threat of the outbreak?

The efficiency in these questions is including willingness, scientific and
financial resources, and legislations. Answering of these questions might be
difficult in some cases. However, in absence of information, the conservative
pathway is to consider No as an answer. It is clear that answering these
questions will depend on subjective rather than objective measurement.
However, the limitation of this method hopefully will not limit the usefulness of
this index in majority of cases. Subjective assessment of West African public
health for Ebola outbreak would not be deviated from the realistic situation
measured by other means. It is important here to emphasize that the aim of this
index is to measure the attitude of local public health system to mitigate the
outbreak situation more than measuring the success of local public in controlling
the outbreak. A public health system having these six factors would be able to
reflect the real situation and accommodate internal and external aids to control
an emerging outbreak. The total score of this index is 1.0. The score of this index

will be calculated by dividing number of No answers by 6.

Index 10: Availability of local financial and scientific resources:

This index is assessing the ability of local health system to achieve the

best result in the outbreak’s control. In the previous two indices, the outbreak
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severity index measures the executive property of the local political system and
the tendency of local health system to have effective outbreak controlling
executive policy. However in this index, the ability of local public health system to
control an emerging outbreak is measured by assessing the potential financial
and scientific resources. Availability of resources in the presence of stable
political system and effective public health policy would indeed lead to better
result of outbreak containment. Assessment of resources availability as a
separate index indicates that this index by itself may help in correcting political
and public health policies at least partially. While in absence of financial and
scientific resources, the reform of political and public health would be more

difficult.

The assessment of financial and scientific resources is a difficult task.
Financial resources may include national Gross Domestic Product (GDP), Gross
National Product (GNP), and national income. On the other side, scientific
resources may include capacity of hospital, research activity, and availability of
high technology. The purpose of the outbreak severity index is developing a
simple and informative assessment tool. Due to difficulty of choosing an indicator
and measure it, the outbreak severity index will use the health expenditure per

capita as a surrogate indicator for the following reasons:

* Qutbreak is an emergency situation by its nature. The ability of local
public health system to fight an emerging outbreak depends on medical
infrastructures that have been built over years rather than quick
mobilization of resources.
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* Health expenditure represents in usually the highest ability of most
countries for health. It might be true that some countries may be able to
mobilize more resources in emergency case, but it would not be true for
the vast majority of countries around the world especially countries that

doesn’t have universal healthcare converge.

The World Bank has published the health expenditure per capita per
country for the last few years [125]. Health expenditure varies from 13$ in Central
African Republic to 9,715 in Norway per capita in 2013. The index score will be
calculated by dividing the local health expenditure by the highest health
expenditure among world’s countries in the same year. The result of that division
will be deducted from the total score of the index, which is 1.0 and assigned as

the score of this index.
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CHAPTER 4

RESULTS

The purpose of this project is to develop an objective measurement for
outbreak severity. This review concerns several novel outbreaks that occurred
several years ago and one of them (SARS) is actually a story from the past. The
intent of this severity index tool is not based on measuring the severity of
outbreak in retrospective manner, but it is based on measuring any challenging
new outbreak at the time it occurs. This project assumes that the evaluation was
performed during the first few weeks of after the detection of the three outbreaks.

This assumption is due to:

* The actual need of evaluation is most evident at the beginning of an
outbreak than at a later time in the outbreak.

* The difference in severity that would result from the evaluation occurring
during the early phase of an outbreak may show the need for prompt
intervention.

* The outbreak severity index is a dynamic process and can be re-applied

later during the progression of the outbreak.

Index 1- Novelty of the disease agent:

After the first case of the novel outbreak of SARS on November 16, 2002,
the five questions of the novelty index were totally unknown until almost five
months into the outbreak when the causative agent was isolated on March 24,

2003, and believed to be a new coronavirus strain [126]. During this period,
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hundreds of cases were reported around the globe. The five questions of novelty
were unanswered. At this point of time, the novelty score would be 1 for SARS.
The exception is the mode of transmission, which was assumed to occur through
arousal exposure; although tracking the transmission path was difficult without

identifying the causative agent.

MERS was identified in a different scenario, being diagnosed in The
Netherlands after a Saudi clinical sample was sent to Europe for examination.
However, a retrospective diagnosis for another case from Jordan was performed
for a deceased patient. The MERS outbreak started by identifying the causative
agent. The diagnosis was performed by rt-PCR, No other diagnostic tool was
available [127]. On other hand, source, mode of transmission, and the incubation

period were not clear; thus the novelty score for MERS was 0.6.

The Ebola outbreak in West Africa in 2014 was preceded by more than 10
outbreaks over the last several decades. It is interesting that most of the
literatures concerning Ebola was produced in the late 1990s after an outbreak in
Central Africa. The diagnosis of Ebola occurred early in the course of the
outbreak following the death of 50 cases [128]. Despite the severity of the
disease when compared with previous outbreaks, the answers for the novelty five
questions were clear. The Novelty score for Ebola at the time of detection was

0.0.

Index 2- Fatality Rate:

61



The overall case fatality rate for SARS was between 14% and 15%.
Taking 15% as more conservative rate, the severity index for the fatality rate is
15/100=0.15. However, the fatality rate was calculated after the end of outbreak.
Transparency was an important issue at the beginning of SARS outbreak in
China. The fatality rate was different for the several countries involved in this
outbreak and different based on the age of the patients. This project will consider
this rate as the best available at the time of the evaluation, which may be the

case in any similar outbreak.

The MERS fatality rate is following an up and down path with differences
occurring between countries involved in the outbreak. With the confirmation of
more cases of MERS, the fatality rate is increasing. However, WHO estimates
the overall fatality rate to be 36% [129]. 36/100 is the outbreak severity index

score for the fatality index, which results in an index of 0.36.

The Ebola fatality rate is significantly different between the three West
African countries involved. However, the overall fatality rate is 64%. It has
reached almost 90% in some countries in previous outbreaks. 64/100 is the
outbreak severity index for the fatality rate index, which results in an index of

0.64.

Index 3- Incidence rate:

The incidence rate is a dynamic index that changes during the course of

the outbreak. In this project, an arbitrary point of time will be chosen to assess it,
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chosen to be at the high point of the outbreak provided that authentic information

is available.

SARS occurred in several countries around the globe. Hong Kong will be
used as the example in this severity index evaluation since it was one of the first
affected locations outside of China and had a significant number of cases. If
China were chosen instead of Hong Kong, the denominator would not be the
total population, but the affected provincial population to avoid “over-dilution” of
incidence rate. The total cases of SARS in Hong Kong was 1755 till the end of
May 2003 [130]. The total population of Hong Kong was 6.803 millions in 2003
[131]. As proposed in this project, the total population is divided by the total

number of cases to produce the index of 0.00026.

Saudi Arabia is the country of choice to calculate the incidence rate of
MERS. The total number of cases of MERS in Saudi Arabia is 1033 in June 2015
[132]. The total population of Saudi Arabia is 30.8 million [133]. The result of

dividing total number of cases by total population produces an index of 0.000034.

Sierra Leone is the country of choice to calculate the incidence rate for
Ebola. The total number of confirmed cases of Ebola is 8692 in July 2015 [102].
The total population of Sierra Leone is 5.879 millions [134], with a resulting index

of 0.0015.

The result of these calculations makes it difficult to capture the effect of
the incidence of each outbreak in the outbreak severity index. To make the

incidence more reflective another modification will be applied by multiplying the
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result by 1000. This re-calculation of the outbreak severity index is based on
producing an index score based on an incidence of 1 per 1000 population.
However, what if the incidence of were significantly higher than 1/1000? An
outbreak with higher incidence rate will be underestimated by this modification.
However, an outbreak with a very high incidence rate is rare and other factors in

the severity index would theoretically capture other important characteristics.

Index 4- Ease of transmission:

The basic reproductive number (Rp) is indicator for the ease of
transmission index. The Ry for SARS is 3, which is in consistent with direct
contact or large droplet spread of the virus [13]. By dividing the SARS R by 10,
the result is 0.3, which will be added to outbreak severity index for the index of

ease of transmission.

The basic reproductive number (Ro) for MERS is different based on the
location of the outbreak. In Jeddah, the R is between 3.5 and 6.7. However, in
Riyadh, the Ry is between 2.0 and 2.8 [135]. On the other hand, other studies
suggest that the Ryp of MERS is less than 1.0 [136]. Taking a conservative
approach, the average of the Ry for the two main cities will be utilized in the
calculation of this index. The average of 3.5, 6.7, 2.0, and 2.8 is 3.75. Dividing
the average Ry of 3.75 by 10 will result in an average of 0.38, which will be the

MERS score for ease of transmission in the outbreak severity index.
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The basic reproductive number (Ro) for Ebola is 2.7 [73]. Dividing this Ro
by 10 results in 0.27, and this result will be the score of Ebola ease of

transmission in the outbreak severity index.

Index 5- Availability of treatment:

The answers to the following four questions will be used to calculate this

index:

|. Is there any known curative treatment?
II. Is that treatment available in area of the outbreak?
lll. Is the isolation procedure able to control transmission?

IV. Is that isolation procedure available at the area of outbreak?

For all of the three outbreaks, which are under evaluation in this project,
there is no curative treatment. The available treatments are trials of broad-
spectrum antiviral agents and interferon resulting in different rates of success.
However, no one of these treatments can be claimed to be curative. The second
question is not useful since there is no definitive treatment. West African
countries do not have the capability to utilize the available treatment modalities or
supportive measures. However, the effectiveness of supportive measures is
limited. As a result, 0.5 will be added for each outbreak in the outbreak severity

index.

For the third and fourth questions, the Ry for the three outbreaks was not
high and isolation demonstrated its effectiveness. Hong Kong and Saudi Arabia
due to their resources were able to apply effective isolation. West African
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countries on the other hand had very limited resources to apply isolation
techniques. As a result 0.25 will be added to the outbreak of Ebola since isolation

appears to be effective, but was not available in the area of outbreak.

Index 6- Geographical communication potential:

The evaluation of geographical communication potential needs to define
the starting point of the evaluator. In this project, the starting point will be the risk
of transmission of an outbreak to the USA. Hong Kong will be considered as the
high point of communication due to trade and tourism and will be assigned the
full score of 1.0. Saudi Arabia and the other Gulf States will be considered as a
high area of communication due to Hajj, trade, and educational movement.
However, West Africa will be considered as an area of low communication
potential and a score of 0.0 will be assigned for this index. This evaluation is
subjective in nature. Nevertheless, the perception of danger of disease spread is

important in this evaluation tool.

Index 7- population density:

The population density of Hong Kong was 6,690 individuals per square
kilometer in 2010, which will be utilized in considering the SARS outbreak that
occurred in 2003 and it is believed that no major change has occurred
subsequently. [137]. This high density of population will result in assigning the full
score for this index to Hong Kong in the outbreak severity index. The population
density in Saudi Arabia was 13 per square kilometer in 2013 [137], resulting in

giving MERS in Saudi Arabia a score of 0.4 for this index in the outbreak severity
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index. The population densities for Sierra Leone, Liberia, and Guinea are
between 45 and 86 [133, which result in a score of 0.6 for this index in the

outbreak severity index for Ebola.

Index 8- Political stability:

The ten measures for promotion and consolidation of democracy will be
assessed for Hong Kong, Saudi Arabia, and Sierra Leone. Each No in the
following table will be assigned a score of 0.1 and the result of the ten summed
to calculate the score of this index. The final score will be added to the outbreak
severity index for the corresponding disease outbreak. Answering these
questions could be performed using information available in the public domain or
even by best judgment of the evaluation team. In this project, the score for
political rights and civil liberties published by the non-governmental organization
of Freedom House [138] will be used to answer most of the questions. Freedom
House has a specific categorization for the democracy indices. Democracy
indices are divided into two categories, the first deals with political rights and the
second with civil liberties. Also, Freedom house has a specific scoring process,
which ranges from 7 (worst) to 1 (free). Also, each index has its own scoring
point. As a general rule, any score equal to or less than half of the total score for

each index will be considered as no in the ten questions table.

Hong Saudi Sierra

Kong Arabia Leone

1-Respect for human rights and fundamental NO NO YES
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freedoms.

2-Freedom of association. YES NO YES
3-Freedom of expression and opinion. YES NO YES
4-Access to power and its exercise in accordance | YES NO YES

with the rule of law.

5-The holding of periodic free and fair elections by | NO NO YES
universal suffrage and by secret ballot as the

expression of the will of the people.

6-A pluralistic system of political parties and NO NO YES

organizations.

7-The separation of powers. NO NO YES

8-The independence of the judiciary. YES NO YES

9-Transparency and accountability in public| YES NO YES

administration.

10 Free, independent and pluralistic media. YES NO YES

Total Score of 04 1.0 0.0

Political stability

Table 1: Ten measures of political stability

Index 9- Quality of local healthcare system:

It should be kept in mind that answering of the six questions to calculate
the quality of local healthcare system index might be controversial and

debatable. The evaluating team should expect some obscurity in information and
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expect to use its best judgment to determine the quality of any specific public
health system. The focus of this index should concentrate on the attitudes and
capabilities of the public health system to detect, monitor, and control the
outbreak. In the following table, this review will attempt to answer these
questions from studies and reports that have been produced following these
outbreaks [139][140][141]. However, these studies and reports are not
comprehensive and fully informative. Personal and team judgment should be
applied using the best available resources. Judgment should also be applied in
the absence of information using the best estimate such as giving the Ebola
outbreak in Sierra Leone a score of 1.0 since this country is suffering from
poverty and a limitation of healthcare services. Countries such as Saudi Arabia
and Hong Kong, which have reasonably good resources, and a moderate level of
healthcare, may be assigned a score of 0.5 in the absence of specific
information. However, this judgment score should be revised once better

information is available.

Hong Saudi Sierra
Kong Arabia Leone
Is the local health system able to detect the infected | YES YES NO

persons efficiently?
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Is the local health system able to verify and| YES YES NO
authenticate the epidemiological information?
Is the flow of information from base to head of the| YES YES NO
outbreak team and vise versa performed in efficient
way?
Is the information passed in a reasonable time that YES YES NO
makes intervention efficient?
Is the response following the collected information | YES NO NO
resulting in an efficient and coordinated way?
Is the mobilizing of public health resources (mobilizing YES YES NO
of stakeholders) meeting the threat of the outbreak?

Total score of quality of healthcare system = 0.0 0.17 1.0

(NO/6)

Table 2: Six measures of quality of local healthcare system.

Uncertainty and arbitrariness may be an issue in this index. However,
public health in West African may be considered as failing to afford reasonable

protection of the population. On the other hand, public health systems in Saudi
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Arabia and Hong Kong may be not adequate. Despite the uncertainty, the margin

of error appears reasonable.

Index 10- Availability of local financial and scientific resources:

The Hong Kong health expenditure per capita is $ 1860 in 2015 [142], and
dividing this expenditure by the highest national expenditure, Norway, ($ 9,715 in
2013) results in a ratio of 0.19. The rationale for using different expenditure years
is due to the unavailability of information. Subtracting the ratio of 0.19 from the
total score of this index yields a score of 0.81. Saudi Arabian health expenditures
were $ 808 per capita in 2013. Dividing 808 by 9715 and subtracting the result
from 1.0 results in a score of 0.92. Health expenditure in Sierra Leone was $ 96
per capita and dividing 96 by 9715 and subtracting the result from 1.0 produces a

result of 0.99.

Outbreak severity index SARS MERS Ebola
1-Novelty of the disease agent 1.0 0.6 0.0
2-Fatality rate 0.15 0.36 0.64
3-incidence rate 0.26 0.03 1.0
4- Easiness of transmission 0.3 0.38 0.27
5-Availability of treatment 0.5 0.5 0.5
6- Geographical communication potential 1.0 1.0 0.0
7- Population density 1.0 0.4 0.6
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8- Political stability 0.4 1.0 0.0
9- Quality of local healthcare system 0.0 0.17 1.0
10- Availability of local financial and scientific 0.81 0.92 0.99
resources

Total Score 5.42 5.36 5.0

Table 3: Summery of the final scores of Outbreak Severity Index.

Interpretation:

The result of the outbreak severity index shows that SARS has a score of

5.42, while MERS and Ebola score 5.36 and 5.0 respectively. These results

demonstrate that these outbreaks were almost equal in their severity. The

following table demonstrates common criteria that could be used to evaluate the

severity of such outbreaks by newspapers or other media outlets in the absence

of a structured tool such as the one proposed in this project:

Criteria SARS MERS Ebola
Total number of cases 8098 956 12018
[143] [144] [145]
Case fatality rate 9.6 % 37% 50%
[139] [140] [105]
Mode of transmission Person-to | Person-to | Person-to
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person person person

Country/s been affected Asia Middle West

(mainly) East Africa

Table 4: Outbreak evaluation by general media.

This example of information that is available to the media may represent
public health practitioners’ knowledge concerning such outbreaks. The public
health activists and the decision-making groups would be struck by these data or
they may mistakenly underestimate others depending on known facts associated
with each outbreak. However, the outbreak severity index indicates that the three
outbreaks studied have almost the same severity despite the data available in
the media. However, it is interesting that although these three outbreaks have
similar outbreak severity indexes, less than 1000 individuals have died of MERS,
while Ebola has produced 12,000 confirmed deaths. The fatality rate of SARS

was less than 10%, while the fatality rate of Ebola exceeds 50%.

The essence of an outbreak severity index is to establish a
comprehensive tool that may take into account other important factors that affect
the spread of an outbreak rather than accept an out of context number. Canada
has an excellent public health system and significant financial and scientific
resources, but its SARS fatality rate was 17% [139] and was unable to improve
on the results noted by other countries affected by SARS. This reflects that
SARS was highly virulent and despite the efforts exerted in the treatment
process, the fatality rate was high. On the other hand, Ebola has a very high

fatality rate when compared to MERS, but in a country with an inadequate health
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system and limited educational resources, it has the same danger as MERS or
SARS. Funeral ceremonies for infected persons were linked to the spread of
Ebola in West Africa. This mismanagement of dead bodies would be easily
solved in developed countries. Lack of financial resources and support to contain
Ebola cases may play a key rule in this high number of cases of West Africa
rather than the virulence of disease itself. MERS seems to have less
transmissibility than SARS; however, new cases of MERS continue despite the
fact that the affected countries in the Arabian Peninsula are wealthy. The
mismanagement of the MERS outbreak makes eradication of the disease

difficult, while SARS was eradicated within a year.

Assessment of the validity and reliability of the outbreak severity index as
a public health surveillance tool is a challenge. This challenge is not only due to
the limited number of outbreaks that can be tested, but the end result of the
outbreak severity index is vague. There are many parameters for tracking a
devastating outbreak such as the number of cases, case fatality rate, mode of
transmission, as well as others. However, should one of these parameters be
selected for monitoring outbreaks, the question may be raised as to why such a
complex tool as the outbreaks severity index should be developed to measure a
simple outcome parameter. Assessment of the validity and reliability of the

outbreak severity index appears premature at this stage of its development.

Weak points of this evaluation:

74



In the evaluation of SARS, MERS, and Ebola using the outbreak severity
index, certain weaknesses were encountered. These weaknesses were due to
structural, informational, and conceptual factors. It should be clear that this tool is
at an early stage of development and further trials and sharpening of the various

indexes comprising it are warranted. The weaknesses of the index include:
I. Discrepancy in time of evaluation:

SARS as one of outbreaks that was assessed in this project is an
outbreak that has been resolved for more than a decade. However, MERS and
Ebola are still a challenge for global health. Some of the information utilized in
the severity index may not be available at the beginning of an outbreak.
Retrospective evaluation of SARS may reduce the validity of the outbreak
severity index when compared with MERS and Ebola, which are still occurring.
However, the outbreak severity index is a dynamic assessment tool and should

accommodate changes.
Il. Reference score:

The result of the outbreak severity index demonstrates the similarity of
these three outbreaks with a score of approximately 5 out of 10. On the other
hand, a reference point for a previous outbreak is not available for comparison.
Even historic outbreaks such as the Spanish Flu pandemic early in the 20"
century would not be applicable to this assessment tool due to the advancement
of technology and information systems and political change. Sequentially using

the outbreak severity index in future should lead to a reference point for its use.
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1.

V.

When it would work the best:

The outbreak severity index is a tool that should be utilized in the face of
the uncertainty and chaos accompanying the onset of an outbreak. It is
not primarily a tool for retrospective assessment. The severity
determination of an outbreak should be followed by procedures that
contain and prevent the spread of such an outbreak at the local, regional,
and international level. Also, the score of any of the three outbreaks that
have been reviewed in this project might be different according to the level

of information available at the beginning of each outbreak.

Stakeholders’ Testimonies:

Some of the outbreaks, which were reviewed in this project, have a bulk of

literature regarding many properties of each outbreak that might not available for

an evaluating team facing a new threatening outbreak. This could limit the validity

of this review. The quality of this assessment tool may be enhanced by reviewing

the testimonies of the stakeholders who dealt with a specific outbreak. Allowing

a change in the score of the outbreak severity index when more information

becomes available may reveal its sensitivity.

V.

Default scores:

Since the outbreak severity index has 10 indices, some information
concerning and outbreak may not be available to the evaluating team at
the time of assessment. The absence of information may lead to an
inappropriate evaluation. However, the default pathway in the case of
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unavailable information should be handled in a conservative manner. It is
much safer to overestimate an outbreak and be prepared accordingly than
to underestimate an outbreak. A full score of an index should be assigned
to any of the ten sub-indexes when the evaluating team has no objective
information. Also, some of outbreak severity sub-indices have a number of
questions that must be answered to reach a score for that sub-index. The

same conservative attitude should prevail.

VI. Math vs. appreciation:

The outbreak severity index has been formulated through a mathematical
approach to reach a digital score. However, this mathematical approach should
not obscure the fact that it is an objective measurement for an emergency
situation. It is based in the most part on an appreciation for a concurrent situation
utilizing the best available information. Some of this information may not be
available at the time of the emergence of an outbreak. It should be understood
that ambiguity is of the nature of emergencies. Emphasis should be applied on
updating the outbreak severity index once new data is available. Also, it should
be acceptable that an outbreak severity index score may differ from place to
place and from evaluating team to evaluating team since it measures partially the

perception of danger from the outbreak.

VIl. Consensus building:

Severity index measurement tools are present in both medical and natural

disaster arenas. Pneumonia severity index, head injury severity index, and
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pancreatitis severity index are examples of medical measurement tools.
Earthquake severity index [146], and hurricane severity index [147] are example
of natural disaster measurement tools. A disease outbreak shares the same
properties of medical and natural disaster emergencies, making consensus
building a difficult task since comprehensive work of a group of professionals with
different backgrounds is required. Fortunately, the public health community is the
best place to start this process due to the wide differences in public health

professionals’ backgrounds.

The first step in developing an outbreak severity index is to propose such
an efficient and useful tool based on an academic and research process. The
process of establishing of such tool appears to be an important step in building
consensus. In this step, a single proposal is not sufficient. It needs to be followed
by other proposals to insure its usefulness and effectiveness. Examination of its
reliability and validity is required in an academic setting. Building consensus is a
lengthy process. However, public health professionals should initiate the process

of development of such a tool.
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CHAPTER 5

IMPLICATIONS FOR PUBLIC HEALTH

An outbreak severity index is a tool that is intended to evaluate disease
outbreaks in anticipation of preventing or controlling the spread of disease. This
measurement tool may be used at any given time period during the emergence
of an outbreak. The public health community requires a better tool for assessing
the severity of an outbreak and implementing that assessment in disaster
preparedness. Depending on news reports about an emerging outbreak should
not be the normal public health practice especially after it has been revealed in
various social media. The duty of public health agencies during emergencies is to
lead. The traditional definition of an outbreak does not satisfy the need for
intervening and mitigating a global outbreak. The outbreak severity index is a tool
that may motivate an appropriate response to a disease outbreak. The following
points address the steps that follow after the determination of the severity of a

disease outbreak:

1-The right of international to access the available information:

Information is a key element in fighting a disease outbreak. However,
there are many barriers that prevent the flow of information. The two main
barriers are the inability to obtain information and political unwillingness to

release such information.

Lack of the ability to gather information such as occurred in the case of

Ebola in West Africa is a major challenge. This inability occurred due to an
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inefficient public health information system and interestingly enough due to the
attitude of distrust by the local population. A conspiracy theory prevailed among
the local population affected by Ebola based on the theory that foreigners
created the disease. However, such an attitude could be alleviated by the
including of key persons in the local community in the fight against Ebola.
Inclusion of key persons in these communities would not only help in changing
attitudes of distrust, but also in changing local customs such as funeral

ceremonies.

A failure in transparency was evident in China (SARS) and Saudi Arabia
(MERS) based on a political unwillingness to inform the international community
of the disease outbreak. Some reports indicated that SARS was many fold worse
than admitted [148]. Saudi Arabia was criticized in its effort to control MERS
[149]. On other hand, the WHO was criticized for its dealing with Ebola [150]. The
WHO is a product of the contemporary international political system with all of its
pros and cons. Also, the WHO is affected by its level of funding and political
issues. Such governmental behavior should be changed and efforts should be

made to guarantee a better flow of information.

2-The right of international organizations to investigate:

Disease outbreak does not recognize political borders or national
boundaries. Rather is often undetectable as it moves around the globe that acts
as a small village during an age of easy and fast communication. During such

global outbreaks, the number of stakeholders expanded such that an outbreak
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involves every human being. SARS in Hong Kong was easily transmitted to a

North American city.

Admitting that the whole population of the world are at risk of been
infected should lead to accepting the right to know and to investigate. The reality
of the current geopolitical situation is that it is difficult to accept such a concept of
interference into national issues. However, the public health community should
exert more effort to make this kind of engagement acceptable and palatable.
Terrorism is a good example of how different political systems are willing to
cooperate. A global disease outbreak does not pose any lesser danger than

terrorism.

3- Application of the precautionary principle:

The precautionary principle should be used as an efficient way to promote
cooperation between international political and public entities. It should be clear
that an individual country would bear the responsibility of non-cooperative
behavior. Countries that elect not cooperate should face serious consequences
such as a boycott, which seem radical to propose for a country that refuses
cooperation and transparency. However, quarantine is a form of boycott and has
been used to contain outbreaks in the past. Public health/ global health
diplomacy was almost absent in these three outbreaks, a failure should not

shape the future.

4- International Preventive Task Force, sharing of costs and representation:
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Alternative approaches such as an international collaborative task force
has been shown to be highly effective in the eradication of smallpox. Building
similar collaborative task forces for fighting emergent disease outbreaks may
produce improved results. This task force should include both governmental and
public cadres, with a vision and mission to mitigate a specific international
disease outbreak. The purpose of this task force is not to undermine the work of
the WHO or other international agencies, but rather to support their efforts and to

reduce bureaucratic and political issues.

One of the main deterrents to form such a task force is its funding.
However, a disease outbreak does not solely happen in poor countries as has
been experienced in the case of SARS and MERS. Volunteers should be
encouraged to join such a task force. The other deterrent is political acceptance
of the efforts of such a task force. Preemption authority of such task force would
a source of dispute, but such disputes may be solved by fair representation on
the task force including local involvement. The establishment of such a task force
would promote international cooperation, the exchange of information, and limit
the bureaucracy inherent in a disease outbreak. It would provide a platform for
accepting funding and volunteers and serve as a distribution point to areas that

are in need of support.

5- Application of public health police power:

Public health police power such as quarantine and closed boarders and/or
boycotts should not be underestimated as a procedure for outbreak containment.

However, the actual situation may make this choice very difficult provoking a
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political response. Also, historically boycotts have been misused for unjustified
reasons. At the beginning of an outbreak, this choice would be too extreme to be
considered. Nevertheless, with an increase in the number of cases, many states

may resort to this choice.

Public health and global health professionals should initiate the discussion
regarding the regulation of the concept of an international quarantine. A preset
announcement of such a regulation would serve to legitimize this kind of
procedure. It should be fair, equitable, and supportive for countries that are

engaged in fighting a disease outbreak.

6- Sustainable intervention:

The use of the outbreak severity index should not only be a defense
mechanism against outbreak, but it should be used as a tool to direct support
and intervention in the area of the outbreak especially in areas that are
underdeveloped and under-resourced. The outbreak severity index is a tool for
evaluating the virulence of an outbreak agent and the local capabilities of fighting
the outbreak. Utilizing the outbreak severity index in a local social, political, and
demographic approach should mitigate deficiencies and scarcities in fighting the

disease outbreak.

A sustainable intervention is based on involving the local population rather
than depending only on external aid. Sustainable intervention includes
developing local community resources, education, training, and advocating. West

Africa as an example is in great need of engagement that promotes community
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resources. Building trust by engaging the local population in rebuilding of

community’s resources is a key factor for success in an atmosphere of doubt.

Conclusion:

The outbreak severity index is a measurement tool that is useful in public
health practice to justify precaution and to justify interference. The review of the
last several disease outbreaks, SARS, MERS, and Ebola, demonstrated
moderate global outbreaks. Public health needs an assessment tool for local and
global outbreaks that would direct the best international intervention. The score
of the outbreak severity index could be used for such a purpose. This
measurement tool is still in the early stages of development and more effort is

needed to make it a more useful and reliable tool.

84



REFERENCES

[1] S. Sabbatani and S. Fiorino, “[The Antonine Plague and the decline of the Roman
Empire],” Infez. Med. Riv. Period. Eziologia Epidemiol. Diagn. Clin. E Ter. Delle
Patol. Infett., vol. 17, no. 4, pp. 261-275, Dec. 2009.

[2] R. J. Littman, “The plague of Athens: epidemiology and paleopathology,” Mt. Sinai J.
Med. N. Y., vol. 76, no. 5, pp. 456-467, Oct. 2009.

[3] “The History of Plague — Part 1. The Three Great Pandemics.” [Online]. Available:
http://jmvh.org/article/the-history-of-plague-part-1-the-three-great-pandemics/.
[Accessed: 30-Jul-2015].

[4] ASPA, “The Pandemic.” [Online]. Available:
http://www.flu.gov/pandemic/history/1918/the_pandemic/index.html. [Accessed: 30-
Jul-2015].

[5] Adriel Malave, MD, and Elamin M. Elamin, MD, “VM -- Severe Acute Respiratory
Syndrome (SARS)—Lessons for Future Pandemics, Sep 10 ... Virtual Mentor,” Sep-
2010. [Online]. Available: http://virtualmentor.ama-assn.org/2010/09/cpri1-1009.html.
[Accessed: 26-Dec-2014].

[6] K. W. Tsang, P. L. Ho, G. C. Ooi, W. K. Yee, T. Wang, M. Chan-Yeung, W. K. Lam,
W. H. Seto, L. Y. Yam, T. M. Cheung, P. C. Wong, B. Lam, M. S. Ip, J. Chan, K. Y.
Yuen, and K. N. Lai, “A Cluster of Cases of Severe Acute Respiratory Syndrome in
Hong Kong,” N. Engl. J. Med., vol. 348, no. 20, pp. 1977-1985, May 2003.

[71 M. N. Boulos, “Descriptive review of geographic mapping of severe acute respiratory
syndrome (SARS) on the Internet,” Int. J. Health Geogr., vol. 3, no. 1, p. 2, Jan.
2004.

[8] “WHO | Cumulative Number of Reported Probable Cases of Severe Acute
Respiratory Syndrome (SARS),” WHO. [Online]. Available:
http://www.who.int/csr/sars/country/2003_05_20/en/. [Accessed: 30-Dec-2014].

[9] L.-Y. Hsu, C.-C. Lee, J. A. Green, B. Ang, N. |. Paton, L. Lee, J. S. Villacian, P.-L.
Lim, A. Earnest, and Y.-S. Leo, “Severe Acute Respiratory Syndrome (SARS) in
Singapore: Clinical Features of Index Patient and Initial Contacts,” Emerg. Infect.
Dis., vol. 9, no. 6, pp. 713-717, Jun. 2003.

[10]M. Avendano, P. Derkach, and S. Swan, “Clinical course and management of SARS
in health care workers in Toronto: a case series,” Can. Med. Assoc. J., vol. 168, no.
13, pp. 1649-1660, Jun. 2003.

[11]S. M. Poutanen, D. E. Low, B. Henry, S. Finkelstein, D. Rose, K. Green, R. Tellier,
R. Draker, D. Adachi, M. Ayers, A. K. Chan, D. M. Skowronski, I. Salit, A. E. Simor,
A. S. Slutsky, P. W. Doyle, M. Krajden, M. Petric, R. C. Brunham, and A. J. McGeer,
“Identification of Severe Acute Respiratory Syndrome in Canada,” N. Engl. J. Med.,
vol. 348, no. 20, pp. 1995-2005, May 2003.

[12]D. S. C. Hui and P. K. S. Chan, “Severe acute respiratory syndrome and
coronavirus,” Infect. Dis. Clin. North Am., vol. 24, no. 3, pp. 619-638, Sep. 2010.

[13]DEPARTMENT OF COMMUNICABLE DISEASE SURVEILLANCE AND
RESPONSE, “Consensus document on the epidemiology of severe acute respiratory
syndrome (SARS).” WHO, 16-May-2003.

[14]1. T. S. Yu, Y. Li, T. W. Wong, W. Tam, A. T. Chan, J. H. W. Lee, D. Y. C. Leung,
and T. Ho, “Evidence of Airborne Transmission of the Severe Acute Respiratory
Syndrome Virus,” N. Engl. J. Med., vol. 350, no. 17, pp. 1731-1739, Apr. 2004.

[158]Y. Guan, B. J. Zheng, Y. Q. He, X. L. Liu, Z. X. Zhuang, C. L. Cheung, S. W. Luo, P.
H. Li, L. J. Zhang, Y. J. Guan, K. M. Butt, K. L. Wong, K. W. Chan, W. Lim, K. F.
Shortridge, K. Y. Yuen, J. S. M. Peiris, and L. L. M. Poon, “Isolation and

85



Characterization of Viruses Related to the SARS Coronavirus from Animals in
Southern China,” Science, vol. 302, no. 5643, pp. 276-278, Oct. 2003.

[16]W. Li, Z. Shi, M. Yu, W. Ren, C. Smith, J. H. Epstein, H. Wang, G. Crameri, Z. Hu,
H. Zhang, J. Zhang, J. McEachern, H. Field, P. Daszak, B. T. Eaton, S. Zhang, and
L.-F. Wang, “Bats Are Natural Reservoirs of SARS-Like Coronaviruses,” Science,
vol. 310, no. 5748, pp. 676-679, Oct. 2005.

[17]M. P. Muller, S. E. Richardson, A. McGeer, L. Dresser, J. Raboud, T. Mazzulli, M.
Loeb, M. Louie, and Canadian SARS Research Network, “Early diagnosis of SARS:
lessons from the Toronto SARS outbreak,” Eur. J. Clin. Microbiol. Infect. Dis. Off.
Publ. Eur. Soc. Clin. Microbiol., vol. 25, no. 4, pp. 230-237, Apr. 2006.

[18]“WHO | Update 49 - SARS case fatality ratio, incubation period,” WHO. [Online].
Available: http://www.who.int/csr/sarsarchive/2003_05 07a/en/. [Accessed: 31-Dec-
2014].

[19]“Severe acute respiratory syndrome (SARS) - Blue Book - Department of Health,
Victoria, Australia.” [Online]. Available:
http://ideas.health.vic.gov.au/bluebook/sars.asp. [Accessed: 31-Dec-2014].

[20]A. Bermingham, P. Heinen, M. lturriza-Gémara, J. Gray, H. Appleton, and M. C.
Zambon, “Laboratory diagnosis of SARS,” Philos. Trans. R. Soc. Lond. B Biol. Sci.,
vol. 359, no. 1447, pp. 1083-1089, Jul. 2004.

[21]1“WHO | Severe Acute Respiratory Syndrome (SARS): Laboratory diagnostic tests,”
WHO. [Online]. Available: http://www.who.int/csr/sars/diagnostictests/en/. [Accessed:
31-Dec-2014].

[22]C. M. Chu, V. C. C. Cheng, I. F. N. Hung, M. M. L. Wong, K. H. Chan, K. S. Chan, R.
Y. T.Kao, L. L. M. Poon, C. L. P. Wong, Y. Guan, J. S. M. Peiris, and K. Y. Yuen,
“Role of lopinavir/ritonavir in the treatment of SARS: initial virological and clinical
findings,” Thorax, vol. 59, no. 3, pp. 252-256, Mar. 2004.

[23]S. T. Lai, “Treatment of severe acute respiratory syndrome,” Eur. J. Clin. Microbiol.
Infect. Dis., vol. 24, no. 9, pp. 583-91, Sep. 2005.

[24]U. Stroher, A. DiCaro, Y. Li, J. E. Strong, F. Aoki, F. Plummer, S. M. Jones, and H.
Feldmann, “Severe Acute Respiratory Syndrome-Related Coronavirus Is Inhibited by
Interferon-a,” J. Infect. Dis., vol. 189, no. 7, pp. 1164—-1167, Apr. 2004.

[25]C. M. Booth, L. M. Matukas, G. A. Tomlinson, A. R. Rachlis, D. B. Rose, H. A.
Dwosh, S. L. Walmsley, T. Mazzulli, M. Avendano, P. Derkach, |. E. Ephtimios, I.
Kitai, B. D. Mederski, S. B. Shadowitz, W. L. Gold, L. A. Hawryluck, E. Rea, J. S.
Chenkin, D. W. Cescon, S. M. Poutanen, and A. S. Detsky, “Clinical features and
short-term outcomes of 144 patients with SARS in the greater Toronto area,” JAMA,
vol. 289, no. 21, pp. 2801-2809, Jun. 2003.

[26]K. S. Chan, S. T. Lai, C. M. Chu, E. Tsui, C. Y. Tam, M. M. L. Wong, M. W. Tse, T.
L. Que, J. S. M. Peiris, J. Sung, V. C. W. Wong, and K. Y. Yuen, “Treatment of
severe acute respiratory syndrome with lopinavir/ritonavir: a multicentre
retrospective matched cohort study,” Hong Kong Med. J. Xianggang Yi Xue Za Zhi
Hong Kong Acad. Med., vol. 9, no. 6, pp. 399-406, Dec. 2003.

[27]J. M. Nicholls, L. L. M. Poon, K. C. Lee, W. F. Ng, S. T. Lai, C. Y. Leung, C. M. Chu,
P. K. Hui, K. L. Mak, W. Lim, K. W. Yan, K. H. Chan, N. C. Tsang, Y. Guan, K. Y.
Yuen, and J. S. M. Peiris, “Lung pathology of fatal severe acute respiratory
syndrome,” Lancet, vol. 361, no. 9371, pp. 1773-1778, May 2003.

[28]K. T. Wong, G. E. Antonio, D. S. C. Hui, N. Lee, E. H. Y. Yuen, A. Wu, C. B. Leung,
T. H. Rainer, P. Cameron, S. S. C. Chung, J. J. Y. Sung, and A. T. Ahuja, “Thin-
section CT of severe acute respiratory syndrome: evaluation of 73 patients exposed
to or with the disease,” Radiology, vol. 228, no. 2, pp. 395-400, Aug. 2003.

86



[29]Y. O. Y. Soo, Y. Cheng, R. Wong, D. S. Hui, C. K. Lee, K. K. S. Tsang, M. H. L. Ng,
P. Chan, G. Cheng, and J. J. Y. Sung, “Retrospective comparison of convalescent
plasma with continuing high-dose methylprednisolone treatment in SARS patients,”
Clin. Microbiol. Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis., vol. 10, no. 7,
pp. 676678, Jul. 2004.

[30]C.-H. Chiang, H.-M. Chen, J.-F. Shih, W.-J. Su, and R.-P. Perng, “Management of
hospital-acquired severe acute respiratory syndrome with different disease
spectrum,” J. Chin. Med. Assoc. JCMA, vol. 66, no. 6, pp. 328-338, Jun. 2003.

[31]T. M. T. Cheung, L. Y. C. Yam, L. K. Y. So, A. C. W. Lau, E. Poon, B. M. H. Kong,
and R. W. H. Yung, “Effectiveness of noninvasive positive pressure ventilation in the
treatment of acute respiratory failure in severe acute respiratory syndrome,” Chest,
vol. 126, no. 3, pp. 845-850, Sep. 2004.

[32]M. R. Loutfy, L. M. Blatt, K. A. Siminovitch, S. Ward, B. Wolff, H. Lho, D. H. Pham,
H. Deif, E. A. LaMere, M. Chang, K. C. Kain, G. A. Farcas, P. Ferguson, M.
Latchford, G. Levy, J. W. Dennis, E. K. Y. Lai, and E. N. Fish, “Interferon alfacon-1
plus corticosteroids in severe acute respiratory syndrome: a preliminary study,”
JAMA, vol. 290, no. 24, pp. 3222-3228, Dec. 2003.

[33]S. Riley, C. Fraser, C. A. Donnelly, A. C. Ghani, L. J. Abu-Raddad, A. J. Hedley, G.
M. Leung, L.-M. Ho, T.-H. Lam, T. Q. Thach, P. Chau, K.-P. Chan, S.-V. Lo, P.-Y.
Leung, T. Tsang, W. Ho, K.-H. Lee, E. M. C. Lau, N. M. Ferguson, and R. M.
Anderson, “Transmission Dynamics of the Etiological Agent of SARS in Hong Kong:
Impact of Public Health Interventions,” Science, vol. 300, no. 5627, pp. 1961-1966,
Jun. 2003.

[34]“WHO | Severe Acute Respiratory Syndrome (SARS),” WHO. [Online]. Available:
http://www.who.int/immunization/topics/sars/en/#. [Accessed: 01-Jan-2015].

[35]“WHO | World Health Organization issues emergency travel advisory,” WHO.
[Online]. Available: http://www.who.int/csr/sarsarchive/2003_03_15/en/. [Accessed:
01-Jan-2015].

[36]“WHO | Update 50 - WHO extends its SARS-related travel advice to Tianjin, Inner
Mongolia and Taipei in China,” WHO. [Online]. Available:
http://www.who.int/csr/sars/archive/2003 05 08/en/. [Accessed: 01-Jan-2015].

[371“WHO | Update 96 - Taiwan, China: SARS transmission interrupted in last outbreak
area,” WHO. [Online]. Available: http://www.who.int/csr/don/2003_07_05/en/.
[Accessed: 01-Jan-2015].

[38]“SARS Reference | Prevention.” [Online]. Available:
http://www.sarsreference.com/sarsref/prevent.htm. [Accessed: 01-Jan-2015].

[39]T. H. Rainer, P. A. Cameron, D. Smit, K. L. Ong, A. N. W. Hung, D. C. P. Nin, A. T.
Ahuja, L. C. Y. Si, and J. J. Y. Sung, “Evaluation of WHO criteria for identifying
patients with severe acute respiratory syndrome out of hospital: prospective
observational study,” BMJ, vol. 326, no. 7403, pp. 1354-1358, Jun. 2003.

[40]W. H. Seto, D. Tsang, R. W. H. Yung, T. Y. Ching, T. K. Ng, M. Ho, L. M. Ho, J. S.
M. Peiris, and Advisors of Expert SARS group of Hospital Authority, “Effectiveness of
precautions against droplets and contact in prevention of nosocomial transmission of
severe acute respiratory syndrome (SARS),” Lancet, vol. 361, no. 9368, pp. 1519-
1520, May 2003.

[41]R. K. Mukherjee, M. F. Back, J. J. Lu, T. P. Shakespeare, and C. J. Wynne, “Hiding
in the bunker: Challenges for a radiation oncology department operating in the
Severe Acute Respiratory Syndrome outbreak,” Australas. Radiol., vol. 47, no. 2, pp.
143-145, Jun. 2003.

[42]D. Kamming, M. Gardam, and F. Chung, “I. Anaesthesia and SARS,” Br. J.
Anaesth., vol. 90, no. 6, pp. 715-718, Jun. 2003.

87



[43]“WHO | Novel coronavirus infection in the United Kingdom,” WHO. [Online].
Available: http://www.who.int/csr/don/2012_09 23/en/. [Accessed: 04-Jan-2015].

[44]1“WHO | Novel coronavirus infection - update,” WHO. [Online]. Available:
http://www.who.int/csr/don/2012_09 25/en/. [Accessed: 04-Jan-2015].

[45]“WHO | Novel coronavirus infection - update,” WHO. [Online]. Available:
http://www.who.int/csr/don/2012_10_10/en/. [Accessed: 04-Jan-2015].

[46]“WHO | Novel coronavirus infection - update,” WHO. [Online]. Available:
http://www.who.int/csr/don/2012_11_23/en/. [Accessed: 04-Jan-2015].

[47]A. Assiri, J. A. Al-Tawfig, A. A. Al-Rabeeah, F. A. Al-Rabiah, S. Al-Hajjar, A. Al-
Barrak, H. Flemban, W. N. Al-Nassir, H. H. Balkhy, R. F. Al-Hakeem, H. Q.
Makhdoom, A. I. Zumla, and Z. A. Memish, “Epidemiological, demographic, and
clinical characteristics of 47 cases of Middle East respiratory syndrome coronavirus
disease from Saudi Arabia: a descriptive study,” Lancet Infect. Dis., vol. 13, no. 9,
pp. 752—761, Sep. 2013.

[48]M. Saad, A. S. Omrani, K. Baig, A. Bahloul, F. Elzein, M. A. Matin, M. A. A. Selim, M.
A. Mutairi, D. A. Nakhli, A. Y. A. Aidaroos, N. A. Sherbeeni, H. |. Al-Khashan, Z. A.
Memish, and A. M. Albarrak, “Clinical aspects and outcomes of 70 patients with
Middle East respiratory syndrome coronavirus infection: a single-center experience
in Saudi Arabia,” Int. J. Infect. Dis. IJID Off. Publ. Int. Soc. Infect. Dis., vol. 29, pp.
301-306, Dec. 2014.

[49]WHO, “Update on MERS-CoV transmission from animals to humans, and interim
recommendations for at-risk groups,” 13-Jun-2014. [Online]. Available:
http://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_RA 20140613.p
df?ua=1.

[50]N. L. Ithete, S. Stoffberg, V. M. Corman, V. M. Cottontail, L. R. Richards, M. C.
Schoeman, C. Drosten, J. F. Drexler, and W. Preiser, “Close Relative of Human
Middle East Respiratory Syndrome Coronavirus in Bat, South Africa,” Emerg. Infect.
Dis., vol. 19, no. 10, pp. 1697—1699, Oct. 2013.

[51]C. Gossner, N. Danielson, A. Gervelmeyer, F. Berthe, B. Faye, K. Kaasik Aaslav, C.
Adlhoch, H. Zeller, P. Penttinen, and D. Coulombier, “Human—Dromedary Camel
Interactions and the Risk of Acquiring Zoonotic Middle East Respiratory Syndrome
Coronavirus Infection,” Zoonoses Public Health, p. n/a—n/a, 2014.

[52]G. Chowell, S. Blumberg, L. Simonsen, M. A. Miller, and C. Viboud, “Synthesizing
data and models for the spread of MERS-CoV, 2013: Key role of index cases and
hospital transmission,” Epidemics, vol. 9, pp. 40-51, Dec. 2014.

[53]C. Drosten, B. Meyer, M. A. Miiller, V. M. Corman, M. Al-Masri, R. Hossain, H.
Madani, A. Sieberg, B. J. Bosch, E. Lattwein, R. F. Alhakeem, A. M. Assiri, W.
Hajomar, A. M. Albarrak, J. A. Al-Tawfiq, A. . Zumla, and Z. A. Memish,
“Transmission of MERS-coronavirus in household contacts,” N. Engl. J. Med., vol.
371, no. 9, pp. 828-835, Aug. 2014.

[54]WHO, “Laboratory Testing for Middle East Respiratory Syndrome Coronavirus,”
2013. [Online]. Available:
http://www.who.int/csr/disease/coronavirus_infections/MERS Lab_recos 16 _Sept 2
013.pdf.

[55]“CDC-MERS-Laboratory Testing for MERS-CoV.” [Online]. Available:
http://www.cdc.gov/coronavirus/MERS/lab/lab-testing.html. [Accessed: 05-Jan-
2015].

[56]“WHO | Revised case definition for reporting to WHO — Middle East respiratory
syndrome coronavirus,” WHO. [Online]. Available:
http://www.who.int/csr/disease/coronavirus_infections/case_definition/en/.
[Accessed: 05-Jan-2015].

88



[57]K. Ejima, K. Aihara, and H. Nishiura, “Probabilistic differential diagnosis of Middle
East respiratory syndrome (MERS) using the time from immigration to illness onset
among imported cases,” J. Theor. Biol., vol. 346, pp. 47-53, Apr. 2014.

[58]WHO, “Clinical management of severe acute respiratory infections when novel
coronavirus is suspected: What to do and what not to do,” 11-Feb-2013. [Online].
Available:
http://who.int/csr/disease/coronavirus_infections/InterimGuidance_ClinicalManagem
ent_NovelCoronavirus_11Feb13u.pdf?ua=1&ua=1.

[59]A. O. Adedeji and S. G. Sarafianos, “Future treatment strategies for novel Middle
East respiratory syndrome coronavirus infection,” Future Med. Chem., vol. 5, no. 18,
pp. 2119-2122, Dec. 2013.

[60]M. Khalid, F. Al Rabiah, B. Khan, A. Al Mobeireek, T. S. Butt, and E. Al Mutairy,
“Ribavirin and interferon (IFN)-alpha-2b as primary and preventive treatment for
Middle East respiratory syndrome coronavirus (MERS-CoV): a preliminary report of
two cases,” Antivir. Ther., May 2014.

[61]H. Momattin, K. Mohammed, A. Zumla, Z. A. Memish, and J. A. Al-Tawfiq,
“Therapeutic Options for Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) — possible lessons from a systematic review of SARS-CoV therapy,” Int. J.
Infect. Dis., vol. 17, no. 10, pp. €792—e798, Oct. 2013.

[62]Ministry of Health, Saudi Arabia, “¢ & w58 \os054 - 5015 3z0=d).” [Online].
Available: http://www.moh.gov.sa/CCC/PressReleases/Pages/Statistics-2015-01-05-
001.aspx. [Accessed: 06-Jan-2015].

[63]H. Y Hussain, “Incidence and Mortality Rate of ‘Middle East Respiratory Syndrome’-
Corona Virus (MERS-Cov), Threatens and Opportunities,” Mycobact. Dis., vol. 04,
no. 04, 2014.

[64]K. Khan, J. Sears, V. W. Hu, J. S. Brownstein, S. Hay, D. Kossowsky, R. Eckhardt,
T. Chim, |. Berry, |. Bogoch, and M. Cetron, “Potential for the International Spread of
Middle East Respiratory Syndrome in Association with Mass Gatherings in Saudi
Arabia,” PLoS Curr., 2013.

[65]“CDC-MERS-Infection Prevention and Control.” [Online]. Available:
http://www.cdc.gov/coronavirus/mers/infection-prevention-control.html. [Accessed:
06-Jan-2015].

[66]“Outbreaks Chronology: Ebola Virus Disease | Ebola Hemorrhagic Fever | CDC.”
[Online]. Available: http://www.cdc.gov/vhf/ebola/outbreaks/history/chronology.html.
[Accessed: 09-Jan-2015].

[67]R. A. Stein, “What is Ebola?,” Int. J. Clin. Pract., Dec. 2014.

[68]M. Barry, F. A. Traoré, F. B. Sako, D. O. Kpamy, E. |. Bah, M. Poncin, S. Keita, M.
Cisse, and A. Touré, “Ebola outbreak in Conakry, Guinea: Epidemiological, clinical,
and outcome features,” Médecine Mal. Infect., vol. 44, no. 11-12, pp. 491-494, Dec.
2014.

[69]A. L. Hartman, J. S. Towner, and S. T. Nichol, “Ebola and marburg hemorrhagic
fever,” Clin. Lab. Med., vol. 30, no. 1, pp. 161-177, Mar. 2010.

[70]M. Goeijenbier, J. J. A. van Kampen, C. B. E. M. Reusken, M. P. G. Koopmans, and
E. C. M. van Gorp, “Ebola virus disease: a review on epidemiology, symptoms,
treatment and pathogenesis,” Neth. J. Med., vol. 72, no. 9, pp. 442—-448, Nov. 2014.

[71]CDC, “For General Healthcare Settings in West Africa: Preventing Injury from
Injections and Sharps | Ebola Hemorrhagic Fever | CDC.” [Online]. Available:
http://www.cdc.gov/vhf/ebola/hcp/international/safe-injection-practices.html.
[Accessed: 15-Jan-2015].

89



[72]M. Goeijenbier, J. J. A. van Kampen, C. B. E. M. Reusken, M. P. G. Koopmans, and
E. C. M. van Gorp, “Ebola virus disease: a review on epidemiology, symptoms,
treatment and pathogenesis,” Neth. J. Med., vol. 72, no. 9, pp. 442-448, Nov. 2014.

[73]J. Legrand, R. F. Grais, P. Y. Boelle, A. J. Valleron, and A. Flahault, “Understanding
the dynamics of Ebola epidemics,” Epidemiol. Infect., vol. 135, no. 4, pp. 610-621,
May 2007.

[74]P. Francesconi, Z. Yoti, S. Declich, P. A. Onek, M. Fabiani, J. Olango, R.
Andraghetti, P. E. Rollin, C. Opira, D. Greco, and S. Salmaso, “Ebola hemorrhagic
fever transmission and risk factors of contacts, Uganda,” Emerg. Infect. Dis., vol. 9,
no. 11, pp. 1430-1437, Nov. 2003.

[75]S. F. Dowell, R. Mukunu, T. G. Ksiazek, A. S. Khan, P. E. Rollin, and C. J. Peters,
“Transmission of Ebola hemorrhagic fever: a study of risk factors in family members,
Kikwit, Democratic Republic of the Congo, 1995. Commission de Lutte contre les
Epidémies a Kikwit,” J. Infect. Dis., vol. 179 Suppl 1, pp. S87-91, Feb. 1999.

[76]N. A. Twenhafel, M. E. Mattix, J. C. Johnson, C. G. Robinson, W. D. Pratt, K. A.
Cashman, V. Wahl-Jensen, C. Terry, G. G. Olinger, L. E. Hensley, and A. N. Honko,
“Pathology of experimental aerosol Zaire ebolavirus infection in rhesus macaques,”
Vet. Pathol., vol. 50, no. 3, pp. 514-529, May 2013.

[77]E. M. Leroy, S. Baize, V. E. Volchkov, S. P. Fisher-Hoch, M. C. Georges-Courbot, J.
Lansoud-Soukate, M. Capron, P. Debré, J. B. McCormick, and A. J. Georges,
“‘Human asymptomatic Ebola infection and strong inflammatory response,” Lancet,
vol. 355, no. 9222, pp. 2210-2215, Jun. 2000.

[78]E. D. Johnson, J. P. Gonzalez, and A. Georges, “Filovirus activity among selected
ethnic groups inhabiting the tropical forest of equatorial Africa,” Trans. R. Soc. Trop.
Med. Hyg., vol. 87, no. 5, pp. 536-538, Oct. 1993.

[79]1R. M. May, S. Gupta, and A. R. McLean, “Infectious disease dynamics: What
characterizes a successful invader?,” Philos. Trans. R. Soc. Lond. B. Biol. Sci., vol.
356, no. 1410, pp. 901-910, Jun. 2001.

[80]P. Rouquet, J.-M. Froment, M. Bermejo, A. Kilbourn, W. Karesh, P. Reed, B.
Kumulungui, P. Yaba, A. Délicat, P. E. Rollin, and E. M. Leroy, “Wild Animal
Mortality Monitoring and Human Ebola Outbreaks, Gabon and Republic of Congo,
2001-2003,” Emeryg. Infect. Dis., vol. 11, no. 2, pp. 283-290, Feb. 2005.

[B1]E. M. Leroy, P. Telfer, B. Kumulungui, P. Yaba, P. Rouquet, P. Roques, J.-P.
Gonzalez, T. G. Ksiazek, P. E. Rollin, and E. Nerrienet, “A Serological Survey of
Ebola Virus Infection in Central African Nonhuman Primates,” J. Infect. Dis., vol. 190,
no. 11, pp. 1895-1899, Dec. 2004.

[82]J. J. Muyembe-Tamfum, S. Mulangu, J. Masumu, J. M. Kayembe, A. Kemp, and J.
T. Paweska, “Ebola virus outbreaks in Africa: past and present,” Onderstepoort J.
Vet. Res., vol. 79, no. 2, p. 451, 2012.

[83]H. Leirs, J. N. Mills, J. W. Krebs, J. E. Childs, D. Akaibe, N. Woollen, G. Ludwig, C.
J. Peters, T. G. Ksiazek, and other study group members, “Search for the Ebola
Virus Reservoir in Kikwit, Democratic Republic of the Congo: Reflections on a
Vertebrate Collection,” J. Infect. Dis., vol. 179, no. s1, pp. S155-S163, Feb. 1999.

[84]J. G. Breman, K. M. Johnson, G. van der Groen, C. B. Robbins, M. V. Szczeniowski,
K. Ruti, P. A. Webb, F. Meier, D. L. Heymann, and Ebola Virus Study Teams, “A
Search for Ebola Virus in Animals in the Democratic Republic of the Congo and
Cameroon: Ecologic, Virologic, and Serologic Surveys, 1979-1980,” J. Infect. Dis.,
vol. 179, no. s1, pp. S139-S147, Feb. 1999.

[85]R. Swanepoel, P. A. Leman, F. J. Burt, N. A. Zachariades, L. E. Braack, T. G.
Ksiazek, P. E. Rollin, S. R. Zaki, and C. J. Peters, “Experimental inoculation of plants
and animals with Ebola virus.,” Emerg. Infect. Dis., vol. 2, no. 4, pp. 321-325, 1996.

90



[86]X. Pourrut, A. Délicat, P. E. Rollin, T. G. Ksiazek, J.-P. Gonzalez, and E. M. Leroy,
“Spatial and temporal patterns of Zaire ebolavirus antibody prevalence in the
possible reservoir bat species,” J. Infect. Dis., vol. 196 Suppl 2, pp. S176-183, Nov.
2007.

[87]D. T. S. Hayman, P. Emmerich, M. Yu, L.-F. Wang, R. Suu-Ire, A. R. Fooks, A. A.
Cunningham, and J. L. N. Wood, “Long-Term Survival of an Urban Fruit Bat
Seropositive for Ebola and Lagos Bat Viruses,” PLoS ONE, vol. 5, no. 8, Aug. 2010.

[88]J. S. Towner, P. E. Rollin, D. G. Bausch, A. Sanchez, S. M. Crary, M. Vincent, W. F.
Lee, C. F. Spiropoulou, T. G. Ksiazek, M. Lukwiya, F. Kaducu, R. Downing, and S.
T. Nichol, “Rapid Diagnosis of Ebola Hemorrhagic Fever by Reverse Transcription-
PCR in an Outbreak Setting and Assessment of Patient Viral Load as a Predictor of
Outcome,” J. Virol., vol. 78, no. 8, pp. 4330-4341, Apr. 2004.

[89]“Diagnosis | Ebola Hemorrhagic Fever | CDC.” [Online]. Available:
http://www.cdc.gov/vhf/ebola/diagnosis/. [Accessed: 20-Jan-2015].

[90]Y. Wang, X. Zhang, and H. Wei, “Laboratory detection and diagnosis of filoviruses,”
Virol. Sin., vol. 26, no. 2, pp. 73-80, Apr. 2011.

[91]C.-P. Tseng and Y.-J. Chan, “Overview of Ebola virus disease in 2014,” J. Chin.
Med. Assoc., vol. 78, no. 1, pp. 51-55, Jan. 2015.

[92]“Treatment | Ebola Hemorrhagic Fever | CDC.” [Online]. Available:
http://www.cdc.gov/vhf/ebola/treatment/. [Accessed: 22-Jan-2015].

[93]K. Mupapa, M. Massamba, K. Kibadi, K. Kuvula, A. Bwaka, M. Kipasa, R.
Colebunders, and J. J. Muyembe-Tamfum, “Treatment of Ebola hemorrhagic fever
with blood transfusions from convalescent patients. International Scientific and
Technical Committee,” J. Infect. Dis., vol. 179 Suppl 1, pp. S18-23, Feb. 1999.

[94]H. Li, T. Ying, F. Yu, L. Lu, and S. Jiang, “Development of therapeutics for treatment
of Ebola virus infection,” Microbes Infect. Inst. Pasteur, Dec. 2014.

[95]P. B. Jahrling, J. Geisbert, J. R. Swearengen, G. P. Jaax, T. Lewis, J. W. Huggins, J.
J. Schmidt, J. W. LeDuc, and C. J. Peters, “Passive immunization of Ebola virus-
infected cynomolgus monkeys with immunoglobulin from hyperimmune horses,”
Arch. Virol. Suppl., vol. 11, pp. 135-140, 1996.

[96]A. Marzi, R. Yoshida, H. Miyamoto, M. Ishijima, Y. Suzuki, M. Higuchi, Y.
Matsuyama, M. Igarashi, E. Nakayama, M. Kuroda, M. Saijo, F. Feldmann, D.
Brining, H. Feldmann, and A. Takada, “Protective efficacy of neutralizing monoclonal
antibodies in a nonhuman primate model of Ebola hemorrhagic fever,” PloS One,
vol. 7, no. 4, p. e36192, 2012.

[97]1G. G. Olinger, J. Pettitt, D. Kim, C. Working, O. Bohorov, B. Bratcher, E. Hiatt, S. D.
Hume, A. K. Johnson, J. Morton, M. Pauly, K. J. Whaley, C. M. Lear, J. E. Biggins,
C. Scully, L. Hensley, and L. Zeitlin, “Delayed treatment of Ebola virus infection with
plant-derived monoclonal antibodies provides protection in rhesus macaques,” Proc.
Natl. Acad. Sci., vol. 109, no. 44, pp. 18030-18035, Oct. 2012.

[98]X. Qiu, J. Audet, G. Wong, S. Pillet, A. Bello, T. Cabral, J. E. Strong, F. Plummer, C.
R. Corbett, J. B. Alimonti, and G. P. Kobinger, “Successful treatment of ebola virus-
infected cynomolgus macaques with monoclonal antibodies,” Sci. Transl. Med., vol.
4, no. 138, p. 138ra81, Jun. 2012.

[99]X. Qiu, G. Wong, J. Audet, A. Bello, L. Fernando, J. B. Alimonti, H. Fausther-
Bovendo, H. Wei, J. Aviles, E. Hiatt, A. Johnson, J. Morton, K. Swope, O. Bohorov,
N. Bohorova, C. Goodman, D. Kim, M. H. Pauly, J. Velasco, J. Pettitt, G. G. Olinger,
K. Whaley, B. Xu, J. E. Strong, L. Zeitlin, and G. P. Kobinger, “Reversion of
advanced Ebola virus disease in nonhuman primates with ZMapp,” Nature, vol. 514,
no. 7520, pp. 47-53, Oct. 2014.

91



[100] J.W. Huggins, “Prospects for Treatment of Viral Hemorrhagic Fevers with
Ribavirin, a Broad-Spectrum Antiviral Drug,” Clin. Infect. Dis., vol. 11, no.
Supplement 4, pp. S750-S761, May 1989.

[101] S. J. Smither, L. S. Eastaugh, J. A. Steward, M. Nelson, R. P. Lenk, and M. S.
Lever, “Post-exposure efficacy of Oral T-705 (Favipiravir) against inhalational Ebola
virus infection in a mouse model,” Antiviral Res., vol. 104, pp. 153-155, Apr. 2014.

[102] “2014 Ebola Outbreak in West Africa - Case Counts | Ebola Hemorrhagic Fever |
CDC.” [Online]. Available: http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-
africa/case-counts.html. [Accessed: 26-Jan-2015].

[103] “WHO | Ebola virus disease update - west Africa,” WHO. [Online]. Available:
http://www.who.int/csr/don/2014_08 28 ebola/en/. [Accessed: 26-Jan-2015].

[104] R. Ansumana, K. H. Jacobsen, M. Idris, H. Bangura, M. Boie-Jalloh, J. M. Lamin,
S. Sesay, and F. Sahr, “Ebola in Freetown Area, Sierra Leone — A Case Study of
581 Patients,” N. Engl. J. Med., vol. 0, no. 0, p. null, 2014.

[105] “WHO | Ebola virus disease,” WHO. [Online]. Available:
http://www.who.int/mediacentre/factsheets/fs103/en/. [Accessed: 27-Jan-2015].

[106] J. S. Schieffelin, J. G. Shaffer, A. Goba, M. Gbakie, S. K. Gire, A. Colubri, R. S.
G. Sealfon, L. Kanneh, A. Moigboi, M. Momoh, M. Fullah, L. M. Moses, B. L. Brown,
K. G. Andersen, S. Winnicki, S. F. Schaffner, D. J. Park, N. L. Yozwiak, P.-P. Jiang,
D. Kargbo, S. Jalloh, M. Fonnie, V. Sinnah, I. French, A. Kovoma, F. K. Kamara, V.
Tucker, E. Konuwa, J. Sellu, I. Mustapha, M. Foday, M. Yillah, F. Kanneh, S. Saffa,
J. L. B. Massally, M. L. Boisen, L. M. Branco, M. A. Vandi, D. S. Grant, C. Happi, S.
M. Gevao, T. E. Fletcher, R. A. Fowler, D. G. Bausch, P. C. Sabeti, S. H. Khan, and
R. F. Garry, “Clinical lllness and Outcomes in Patients with Ebola in Sierra Leone,”
N. Engl. J. Med., vol. 371, no. 22, pp. 2092-2100, Nov. 2014.

[107] “Ebola Virus Disease in West Africa — The First 9 Months of the Epidemic and
Forward Projections,” N. Engl. J. Med., vol. 371, no. 16, pp. 1481-1495, Oct. 2014.

[108] C. M. Tully, T. Lambe, S. C. Gilbert, and A. V. S. Hill, “Emergency Ebola
response: a new approach to the rapid design and development of vaccines against
emerging diseases,” Lancet Infect. Dis., Jan. 2015.

[109] “Prevention | Ebola Hemorrhagic Fever | CDC.” [Online]. Available:
http://www.cdc.gov/vhf/ebola/prevention/. [Accessed: 28-Jan-2015].

[110] “WHO | Disease outbreaks,” WHO. [Online]. Available:
http://www.who.int/topics/disease_outbreaks/en/. [Accessed: 29-Jan-2015].

[111] Institute of Medicine (US) Committee on Emerging Microbial Threats to Health in
the 21st Century, Microbial Threats to Health: Emergence, Detection, and
Response. Washington (DC): National Academies Press (US), 2003.

[112] D. E. Serban, “The gut microbiota in the metagenomics era: sometimes a friend,
sometimes a foe,” Roum. Arch. Microbiol. Imnmunol., vol. 70, no. 3, pp. 134-140,
Sep. 2011.

[113] P.J. Walker, C. Firth, S. G. Widen, K. R. Blasdell, H. Guzman, T. G. Wood, P. N.
Paradkar, E. C. Holmes, R. B. Tesh, and N. Vasilakis, “Evolution of Genome Size
and Complexity in the Rhabdoviridae,” PLoS Pathog, vol. 11, no. 2, p. e1004664,
Feb. 2015.

[114] J. Davison, “Genetic Exchange between Bacteria in the Environment,” Plasmid,
vol. 42, no. 2, pp. 73-91, Sep. 1999.

[115] “FEM - Incidence rate.” [Online]. Available:
https://wiki.ecdc.europa.eu/fem/w/fem/incidence-rate.aspx. [Accessed: 14-Apr-2015].

[116] “Modes and control of transmission | Primer on Public Health Population.”
[Online]. Available: http://phprimer.afmc.ca/Part3-

92



PracticelmprovingHealth/Chapter11InfectiousDiseaseControl/Modesandcontroloftran
smission. [Accessed: 15-Apr-2015].

[117] K. Dietz, “The estimation of the basic reproduction number for infectious
diseases,” Stat. Methods Med. Res., vol. 2, no. 1, pp. 23—-41, Mar. 1993.

[118] J. Mossong and C. P. Muller, “Estimation of the basic reproduction number of
measles during an outbreak in a partially vaccinated population,” Epidemiol. Infect.,
vol. 124, no. 02, pp. 273-278, Apr. 2000.

[119] “Global Population Density Map | NRCS.” [Online]. Available:
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/nedc/training/soil/?cid=nrcs
142p2_054015. [Accessed: 25-Apr-2015].

[120] W. Easterly and L. Freschi, “Top 5 reasons why ‘failed state’ is a failed concept.”

[121] “Global Issues at the United Nations.” [Online]. Available:
http://www.un.org/en/globalissues/democracy/human_rights.shtml. [Accessed: 28-
Apr-2015].

[122] “WHO | World Health Organization Assesses the World’s Health Systems,”
WHO. [Online]. Available:
http://www.who.int/whr/2000/media_centre/press_release/en/. [Accessed: 29-Apr-
2015].

[123] “CDC - National Public Health Performance Standards Program.” [Online].
Available: http://www.cdc.gov/nphpsp/index.html. [Accessed: 29-Apr-2015].

[124] “WHO | Alert & Response Operations.” [Online]. Available:
http://www.who.int/csr/alertresponse/en/. [Accessed: 29-Apr-2015].

[125] “Health expenditure per capita (current US$) | Data | Table.” [Online]. Available:
http://data.worldbank.org/indicator/SH.XPD.PCAP. [Accessed: 05-May-2015].

[126] “CDC SARS Response Timeline | About | CDC.” [Online]. Available:
http://www.cdc.gov/about/history/sars/timeline.htm. [Accessed: 20-Jul-2015].

[127] “Virus taxonomy.” [Online]. Available:
http://www.uqg.edu.au/vdu/VDUMERSCoronavirus.htm. [Accessed: 20-Jul-2015].
[128] Steve, erson, and J. Oatis, “Ebola timeline: How the deadly virus worked its way

across western Africa and the rest of the world,” The Independent. [Online].
Available: http://www.independent.co.uk/news/world/africa/ebola-timeline-how-the-
deadly-virus-worked-its-way-across-western-africa-and-the-rest-of-the-world-
9802272.html. [Accessed: 20-Jul-2015].

[129] “WHO | Middle East respiratory syndrome coronavirus (MERS-CoV),” WHO.
[Online]. Available: http://www.who.int/mediacentre/factsheets/mers-cov/en/.
[Accessed: 21-Jul-2015].

[130] “WHO | Summary table of SARS cases by country, 1 November 2002 - 7 August
2003,” WHO. [Online]. Available:
http://www.who.int/csr/sars/country/2003_08_15/en/. [Accessed: 22-Jul-2015].

[131] “Hong Kong 2003 - Hong Kong: The Facts.” [Online]. Available:
http://www.yearbook.gov.hk/2003/english/hkfact/hkfact.html. [Accessed: 22-Jul-
2015].

[132] “ssasged) lgosds ssczd) Olodpac soluaz «\ososdy,” OO0 OO0, [Online].
Available: http://www.alsharqg.net.sa/2015/06/15/1359403. [Accessed: 22-Jul-2015].

[133] “Saudi Arabia Population | 1960-2015 | Data | Chart | Calendar | Forecast.”
[Online]. Available: http://www.tradingeconomics.com/saudi-arabia/population.
[Accessed: 22-Jul-2015].

[134] “The World Factbook.” [Online]. Available:
https://www.cia.gov/library/publications/the-world-factbook/geos/sl.html. [Accessed:
22-Jul-2015].

93



[135] “Estimation of MERS-Coronavirus Reproductive Number and Case Fatality Rate
for the Spring 2014 Saudi Arabia Outbreak: Insights from Publicly Available Data —
PLOS Currents Outbreaks.” [Online]. Available:
http://currents.plos.org/outbreaks/article/obk-14-0037-estimation-of-mers-
coronavirus-reproductive-number-and-case-fatality-rate-for-the-spring-2014-saudi-
arabia-outbreak-insights-from-publicly-available-data/. [Accessed: 22-Jul-2015].

[136] M. Cotten, S. J. Watson, A. I. Zumla, H. Q. Makhdoom, A. L. Palser, S. H. Ong,
A. A. A. Rabeeah, R. F. Alhakeem, A. Assiri, J. A. Al-Tawfiq, A. Albarrak, M. Barry,
A. Shibl, F. A. Alrabiah, S. Hajjar, H. H. Balkhy, H. Flemban, A. Rambaut, P. Kellam,
and Z. A. Memish, “Spread, Circulation, and Evolution of the Middle East Respiratory
Syndrome Coronavirus,” mBio, vol. 5, no. 1, pp. e01062-13, Feb. 2014.

[137] “Population density (people per sq. km of land area) | Data | Table.” [Online].
Available: http://data.worldbank.org/indicator/EN.POP.DNST. [Accessed: 23-Jul-
2015].

[138] “Freedom in the World: Aggregate and Subcategory Scores | Freedom House.”
[Online]. Available: https://freedomhouse.org/report/freedom-world-aggregate-and-
subcategory-scores#.VbFsliTudO1. [Accessed: 23-Jul-2015].

[139] “WHO | Sierra Leone: A slow start to an outbreak that eventually outpaced all
others,” WHO. [Online]. Available: http://www.who.int/csr/disease/ebola/one-year-
report/sierra-leone/en/. [Accessed: 24-Jul-2015].

[140] A. Balkhair, K. Al Maamari, and F. B. Alawi, “The Struggle Against MERS-CoV
(The Novel Coronavirus),” Oman Med. J., vol. 28, no. 4, pp. 226-227, Jul. 2013.

[141] L. S. Hung, “The SARS epidemic in Hong Kong: what lessons have we
learned?,” J. R. Soc. Med., vol. 96, no. 8, pp. 374-378, Aug. 2003.

[142] Department Of Health, “Health Facts of Hong Kong 2015 Edition.” .

[143] “WHO | Summary of probable SARS cases with onset of iliness from 1 November
2002 to 31 July 2003,” WHO. [Online]. Available:
http://www.who.int/csr/sars/country/table2004_04_21/en/. [Accessed: 27-Jul-2015].

[144] “Update on the Epidemiology of Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) Infection, and Guidance for the Public, Clinicians, and Public Health
Authorities — January 2015.” [Online]. Available:
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6403a4.htm. [Accessed: 27-Jul-
2015].

[145] “2014 Ebola Outbreak in West Africa - Case Counts | Ebola Hemorrhagic Fever |
CDC.” [Online]. Available: http://www.cdc.gov/vhf/ebola/outbreaks/2014-west-
africa/case-counts.html. [Accessed: 27-Jul-2015].

[146] “The Severity of an Earthquake.” [Online]. Available:
http://pubs.usgs.gov/gip/earthg4/severitygip.html. [Accessed: 28-Jul-2015].

[147] “P2H.18 The Hurricane Severity Index — A destructive potential rating system for
tropical cyclones (2008 - 28Hurricanes_28hurricanes).” [Online]. Available:
https://ams.confex.com/ams/28Hurricanes/techprogram/paper_139371.htm.
[Accessed: 28-Jul-2015].

[148] J. G.in Shanghai and J. Meikle, “China says Sars outbreak is 10 times worse
than admitted,” the Guardian. [Online]. Available:
http://www.theguardian.com/society/2003/apr/21/china.sars. [Accessed: 28-Jul-
2015].

[149] Reuters, “Saudi Arabia: U.N. Experts Criticize Response to MERS Virus as
Inadequate,” The New York Times, 23-Feb-2015.

[150] “MSF report cites WHO'’s failures in ongoing Ebola outbreak,” The Globe and
Mail. [Online]. Available: http://www.theglobeandmail.com/news/world/msf-report-
cites-whos-failures-in-spread-of-ebola/article23575119/. [Accessed: 28-Jul-2015].

94



Click here to enter text.

95



	Outbreak Severity Index: The International Response to the Global Outbreaks
	Recommended Citation

	Microsoft Word - Outbreak Severity index - FINAL.docx

