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ARTICLE INFO ABSTRACT
Article history: Coronavirus disease 2019 (COVID-19) outbreak is proving to be an unprecedented disaster
Received 27 August 2020 that lays its dark shadow on global health, economics and personal freedom. Severe acute
Accepted 26 October 2020 respiratory syndrome (SARS) and middle east respiratory syndrome (MERS) epidemics
Available online 28 October 2020 provide scientific data that is useful in better understanding and resolution of COVID-19.
Similarities among SARS-CoV, MERS-CoV and SARS-CoV-2 have been investigated in the
Keywords: light of available data. SARS-CoV, MERS-CoV and SARS-CoV-2 evolved in bats and have
SARS-CoV positive-sense RNA genomes of 27.9 kb, 30.1 kb and 29.9 kb, respectively. Molecular and
MERS-CoV serological tools used for diagnosis of SARS and MERS patients resemble COVID-19 diag-
SARS-CoV-2 nostic tools. Stability and longevity data of SARS and MERS epidemics contribute in the
Future predictions current pandemic precaution policies. Trials to produce vaccines for SARS-CoV and MERS-

CoV failed, therefore different strategies were employed for SARS-CoV2 vaccines produc-
tion and during the past period antiviral agents, Convalescent plasma and monoclonal
antibodies provide potential treatments for sever patients. The mortality rate caused by the
SARS-CoV and MERS-CoV reached 15% and 37%, respectively. The first declarations about
mortality rate of SARS-CoV-2 was around 2—4% but now this rate differed globally and
reached more than 13% in some countries. A realistic COVID-19 outbreak scenario suggest
that the pandemic might last for three years with fluctuation in the number of infected
cases, unless vaccination process goes faster and/or antiviral drug is discovered.
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Coronoviridae is a family of viruses containing a large number
of virus variants that are well known to infect various animals
universally; however they have been scarcely recognized to
infect humans. Coronaviruses (CoVs) as members of corono-
viridae can infect humans resulting in a variety of symptoms
including lung infection, pneumonia, fever, and breathing
difficulties. CoVs have been recognized in various hosts of
mammalians for instance Camelus sp., Paguma larvata, Mus sp.,
Canis lupus familiaris, Felis catus and bats; as well as in birds.
Lately, data were accumulating regarding variety of COVID-19
symptoms that include neurological disorders which vary
among headache, decrease in smell and taste functions, ce-
rebrovascular disorders, brain dysfunction, epileptic seizure,
and acute polyneuropathy [1]; coagulative alternations in the
form of prolonged prothrombin time, thrombocytopenia,
elevated D-dimer, and disseminated intravascular coagula-
tion [2]; and hypercytokinemia that resembles sepsis in many
ways [3].

Viruses of the family Coronaviridae as well as in many
animal viruses enclose 26—32 kb positive ssRNA [4]. Based on
genotype and serological tests, CoVs are classified in 4 sub-
families assigned as o, B, v, and 3-CoVs. Subfamilies y- and 3-
CoVs have affinity towards birds as hosts while o- and p-CoVs
are capable of colonizing mammalian cells. Subfamilies a- and
B-CoVs are responsible for known Human CoVs related dis-
eases [5,6]. Earlier, around 6 CoVs were confirmed as human
pathogens with mild pathogenicity and mild symptoms that
resemble common cold; examples include HCoV-229 E and
HCoV-NL63 as members of «-CoVs; and HCoV-HKU1 and
HCoV-0C43 as members of B-CoVs. Surprisingly members of
coronoviridae were recognized in 1930s, however CoVs gained
attentions in 2002 when severe acute respiratory syndrome
(SARS) coronavirus (SARS-CoV) epidemic took place in China
[7], in 2012 when middle east respiratory syndrome (MERS)
coronavirus (MERS-CoV) was noticed in Saudi Arabia [8] and
recently, when severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), previously called 2019-nCoV, the causa-
tive pathogen of Coronavirus Disease 2019 (COVID-19)
appeared initially in China then became a pandemic [9]. Mo-
lecular analysis of SARS-CoV and MERS-CoV showed that they
stand as members of B-CoVs [5,7]; as well as SARS-CoV-2 [10].

Studying the similarities among SARS-CoV-2, MERS-CoV
and SARS-CoV is essential to limit the spread and to treat the
patients with COVID-19. This review attempts to predict the
scenario of SARS-CoV-2 in the future particularly with the
absence of vaccines and antiviral drugs in MERS-CoV and
SARS-CoV published data.

Discovery and similarities

In November 2002, southern China, SARS-CoV was noticed for
the first time in Guangdong [11], over 8000 cases and around
774 deaths were recorded in 37 different countries between
2002 and 2003 [12]. MERS-CoV as an agent that cause severe
human respiratory disease was first recognized in Saudi Ara-
bia in 2012 [8]. MERS-CoV was identified for the first time in a
sample collected from a 60 years old patient who suffered

severe acute pneumonia and multiple organ failure in Saudia
Arabia. The highest prevalence and outbreaks MERS-CoV
outside Saudi Arabia were discovered later in South Korea in
2015 [13]. MERS-CoV was responsible for 2494 patients and 858
mortalities [14]. After seven years of MERS-CoV outbreaks,
WHO data reflected that nearly 80% of MERS-CoV patients
were reported in Saudi Arabia; with 1983 confirmed cases and
mortality rate of 37.5% [15].

Lately, SARS-CoV-2 that is responsible for COVID-19
emerged in December 2019 initially in Wuhan, China. Then at
31 January 2020 around 11,791 cases with 213 deaths were
confirmed in 19 different countries [9]. This epidemic had
caused outbreak of serious infectious pneumonia in most
countries around the world with more than 30, 055, 710 cases
including 943,433 death cases by September, 18, 2020 [16].

SARSCoV-2 isolate, collected from an employee in Wuhan
seafood market, had a genome size of 29.9 kb [17]. Prior study
exhibited that genomes of SARS-CoV and MERS-CoV had sizes
of 27.9 kb and 30.1 kb, respectively [18]. Genetic distance be-
tween SARS-CoV-2 and SARS-CoV is less than the genetic
distance between SARS-CoV-2 and MERS-CoV [19]. Whole
genome sequences comparison between SARS-CoV and SARS-
CoV-2 revealed that 79.5% of sequences are similar [17,20].
Both SARS-CoV-2 and SARS-CoV spike (S) proteins were found
to be able to bind to angiotensin converting enzyme 2 recep-
tor, hence penetrate and colonize epithelial cells of the alveoli
[20]. The current review could be able to predict a futuristic
scenario of SARS-CoV-2 based on similarities among SARS-
CoV, MERS-CoV, and SARS-CoV-2; taking into consideration
the experiences gained during SARS-CoV and MERS-CoV epi-
demics that may contribute in SARS-CoV-2 infection control.
Several scientists suggested that SARS-CoV-2 outbreak de-
creases in summer season because of temperature rising but
unfortunately, recent reports confirmed the continuous of
SARS-CoV infections in summer. A study was carried out
during 2017 by Altamimi et al. in Saudi Arabia mentioned that
most MERS-CoV- infected cases were recorded during sum-
mer [21]. Also, earlier study observed that the maximum
number of MERS-CoV occurrence and mortalities were not
recorded in the winter, but in the spring between the end of
April and the beginning of May [22]. Aly et al. recorded the
presence of MERS-CoV confirmed cases in relatively high
numbers in summer season in Saudi Arabia [23]. The current
review expects SARS-CoV-2 new cases will be recorded for a
minimum three years in most countries but not in the same
rate of outbreaks in 2020 unless a drug or vaccines is discov-
ered to inhibit the outbreak. Several studies on MERS-CoV
support this expectation, while MERS-CoV was discovered in
2012, cases were still reported until 2017. Altamimi et al. re-
ported 119 confirmed cases during 2017 in the capital and
central region of Saudi Arabia, in 2016 the number of cases
was 48.7% higher than 2017 and 25.4% lower than 2015 re-
ported cases these findings were supported in other re-
searches [21,24]. Although SARS-CoV-2 is more transmissive
when compared to SARS-CoV and MERS-CoV it still has lower
severity and mortality rates, according to available data and
such findings were confirmed in the review by Yi et al. [25].
According to WHO recent situation report, global death rate
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among SARS-CoV-2 infected patients is around 3.14% [Fig. 1],
however the rate varies among countries to range between
0.20 and 28.90% [16,26,27].

Sex desegregation

Numerous literatures showed that the rate of male infection
was more than female infection by MERS-CoV. In Saudi Ara-
bia, Alghamdi et al. focused on fatality rate as a result of
MERS-CoV infection, and found that the fatality rate among
women (23%) was less than that among men which reached to
52% [22]. Several explanations have been written regarding
male to female infection, although some are not convincing,
for example Park et al. stated that women care more for a
healthy and hygienic attitude [28]. Some opinions went to
attribute women relatively low infections to decreasing
exposure to MERS-CoV infection because of face veils, but
even if this explanation could be right regarding Saudi Arabia,
it still could not clarify the same pattern in South Korea in
which women do not wear face veils. Also Arabi et al. showed
that MERS-CoV infects female less than males [29]. Although
Choi et al. mentioned that more evidence is required to
confirm the relationship between infection and smoking [30],
Jansen et al. stated that the male predominance for infection
by MERS-CoV may be associated with the habit of smoking
thatis more common among men [31]. The same scenario was
also observed in infections by SARS-CoV-2, where Porcheddu
et al. stated that some sex disaggregation data revealed
greater mortality rates in men as compared with women as
men have up to three times higher infection probabilities than
women [32]. The higher incidence of SARS-CoV-2 among men
may be due to the men spend more time outdoors in work and
also may use the means of transportation such as trains and
buses; thus it has a higher risk of contact to a source of
infection. It is necessary to search for the real causes of this
phenomenon. There could be a relationship between infection
ratio and physiology of human that may be associated with
sex hormones. Although males infection percentage in some
countries such as Spain, South Africa and USA were lower
than females at certain times, the rate of fatality caused by
SARS-CoV-2 was higher in males [Fig. 2] [33].
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Fig. 1 Total numbers of infected cases divided into recovered,
active, and dead cases until 18th, September, 2020 [16,26,27].

Comorbidity

The severity of COVID-19, SARS and MERS disease is associ-
ated with increased age and comorbidity, although severe
disease is not limited to these risk groups. Patients with
defective immune system for example, elderly or individuals
with a history of medical cases including hypertension,
obesity, diabetes or cancer, might quickly develop a severe or
critical status due to SARS-CoV and MERS-CoV infection [34].
Yanget al. compared SARS-CoV-2 patients and concluded that
coexisting diseases increase risk factors for patients [35].

Patient's age plays a critical role for infection severity of
CoVs, numerous reports revealed that highest prevalence of
SARS-CoV-2 infections occur within relatively over age
groups. Altamimi et al. found that in 2017, 41.2% of MERS-CoV-
infected patients were between 41 and 60 years old [21]. Ac-
cording to available data the same is true for SARS-CoV-2,
where individuals with mean age of 60 years and older
showed increased susceptibility [36]. Age (above 50 years) has
emerged as one independent risk factor for severe disease [37].

In a study on MERS- CoV patients diabetes and hyperten-
sion were prevalent in 50% of the severe patients; furthermore
15% of studied patients were diabetic, 16% were obese, 50%
had hypertension, and 30% suffered cardiovascular diseases
[38]. SARS-CoV patients who died were mostly old and had
other health problems such as diabetes, and hyperglycemia
[39]. Patients with SARS-CoV-2 and hypertension or diabetes
are more likely to develop severe disease [37].

Cancer is one of the clinical risk factors that determine the
mortality rate among MERS-CoV-infected patients [40,41].
Although SARS-CoV-2-infected patients that pre-diagnosed
with cancer exhibited severe symptoms, patients with lung
cancer did not exhibit severe symptoms when compared to
those with other types of cancers [42]. Recent reports sug-
gested that some anti-cancer regimes did not affect the risk of
SARS-CoV-2 infection or worsens of the symptoms [43].
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Fig. 2 Covid 19 sex-disaggregated data of confirmed cases
and deaths until 21st, September, 2020 [33].
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Origin, host and transmission

MERS-CoV and SARS-CoV were identified for the first time in
2002 and 2012, respectively, even though their original hosts
were not confirmed in any virological study. According to
Zumla et al. the exact origin of MERS-CoV remains unidenti-
fied but some reports propose that dromedary camels are the
main reservoir host [44]. MERS-CoV outbreaks in Saudi Arabia
were probably as a result of interaction with camels and other
animals. Nevertheless more than 50% of confirmed cases did
not occur near by zoonotic habitats as well as camels. Another
study of MERS-CoV infection among camel handlers observed
no positive cases [45]. Ithete et al. did not determine the ani-
mal host of MERS-CoV but stated that the MERS-CoV transfers
among humans as well as from animals to humans [46].
MERS-CoV was isolated from dromedary camels not only in
Saudi Arabia but also in other countries such as Egypt, Oman
and Qatar [47]. Serological studies suggest that around 90% of
mature camels in Africa and Middle-East were serologically
positive for MERS-CoV [48]. According to many literatures,
antibodies of MERS-CoV were detected in many camels
[49-51], this evidence supports the suggestion that camels
might play a role as an intermediate host. Woo et al. stated
that infection by MERS-CoV is due to contact to mammalians
mostly dromedary camels and bats [52].

Although the outbreak of SARS-CoV and MERS-CoV
occurred from 2003 to 2012, the research is still being done to
establish the true reservoir of these viruses. Recently
epidemiologic investigations suggested that bat is the prob-
able origin of SARS-CoV and MERS-CoV that were spread to
human through an intermediate host represented by palm
civet or raccoon dog for SARS-CoV, while dromedary camel
for MERS-CoV [53,54].

There are limited studies on CoV infections particularly
MERS-CoV, therefore major discrepancies about the routs
responsible for transmitting the virus from the infected an-
imal are still fogy. Zumla et al. mentioned that milk and
uncooked meat as well as nasal mucous, saliva, and sputum
may be sources of spread [44]. Hence, droplets and direct
contact are considered one of the most important sources of
infection transmission. Surprisingly Ge et al. suggested that
the original host of MERS-CoV might be bats [55]. Goats,

cows, sheep and/or poultry might play essential role in the
spread of virus [56].

The origin of SARS-CoV-2 is still unclear to scientific soci-
ety; therefore, Chinese health authorities investigate the
origin of SARS-CoV-2 [57]. Initial epidemiological in-
vestigations suggested that the origin of the outbreak of SARS-
CoV-2 was Huanan Seafood Market; however, the first
confirmed case had no clear connection to the Huanan Sea-
food Market which disputes this suggestion [58]. Numerous
studies endorsed that bats might be the original host of most
recently identified CoVs including SARS-CoV, MERS-CoV and
SARS-CoV-2, but their transmission to human might take
place through intermediate host. Virus genome sequencing
analyses suggest that SARS-CoV-2 might be transmitted from
bats to humans through unidentified intermediate animal
host(s) [Fig. 3]. Direct contact with intermediate host consid-
ered the key way of SARS-CoV-2 transmission. The presence
of intermediate host is supported by the fact that human
communities are relatively far from bat habitats. Intermediate
hosts represent appropriate media for CoVs mutations.
Nosocomial workers were reported as main contributors for
SARS-CoV and MERS-CoV transmission [59,60], infection by
SARS-CoV among healthcare workers was 33—42% while
transmission among patients in MERS-CoV cases was 62—79%;
so it is highly recommended to monitor SARS-CoV-2 trans-
mission rates among health care workers and to raise pro-
tection standards. Published data mentioned several ways of
SARS-CoV-2 transmission; most of them agreed that respira-
tory drops represent the main path for infection [61].

Clinical appearances

The medical pictures of CoVs patients ranged in symptoms
from no symptoms to respiratory syndrome and death [61].
Although the complete clinical manifestation of COVID-19 is
unclear yet [62]; reported symptoms include fever, cough, fa-
tigue and gastrointestinal infection [63]. Fever, fatigue and dry
cough are the main symptoms of SARS-CoV-2 infection that
represent 99%, 70% and 59% in reported symptoms, respec-
tively beside another symptoms [Fig. 4] [58,64]. The highest
risk groups among patients are elderly and those suffer
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underlying diseases. Approximately similar findings with
minor differences were reported in MERS and SARS patients
where fever, dry cough and dyspnea were main symptoms
[58,65]. The resemblances in symptoms in CoVs patients
suggest that all CoVs may have the same target and/or
mechanisms.

The period of recovery from COVID-19 may differ in rela-
tion to health conditions of patients and symptoms severity.
Patients with minor symptoms have been reported to cure
within a week while patients with severe symptoms have
been reported to experience advanced respiratory failure as a
result of alveolar damage caused by the virus, which could
result in death [10]. Mortality has been reported principally
among elderly and middle aged patients especially with
medical situations that include tumor surgery, cirrhosis, hy-
pertension, coronary heart disease, diabetes, and Parkinson's
disease [1,43,66,67].

Mortality rate caused by the SARS-CoV was around 10%—
15% [68], while MERS-CoV mortality rates could reach 37% [53].
However, death rate among patients of COVID-19 ranged be-
tween 2 and 4% and exceeded 13% in some countries which
suggest that the mortality rate of COVID-19 might be less than
mortality rates of SARS and MERS taking into consideration
improvement in medical services and facilities through years.

Diagnosis, treatment and prevention

Rapid and accurate laboratory diagnostic tools are essential
for discovery and treatment of CoVs infections. A variety of
molecular and serological diagnostic tools were developed for
CoVs [69]. Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) is the most acceptable used method
tool for detection of CoVs because of its specificity and
simplicity as a qualitative assay, however samples may be
misdiagnosed as false negative or false positive [70]. Immu-
noassays are not commonly conducted for diagnosis.
Although antibody seroconversion provides reliable proof of
infection, serological tests lags behind the molecular testing
because it is not suitable for early diagnosis [71]. Chest
computed tomography (CCT) provided a potential imaging
technique to identify lung involvement caused by SARS-CoV-2
(COVID-19), even in asymptomatic patients [72]. The use of
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Fig. 4 Common symptoms of SARS-CoV-2 infections and
their percentage among patients [58,64].

CCT along with RT-qPCR provides high chance of accurate
diagnosis [70,73].

Common SARS, MERS and COVID-19 treatment options are
mostly supportive and symptomatic [74]. Although vaccina-
tion may be the optimal choice, no COVs vaccines were suc-
cessfully developed. Trials for putative vaccines production
are running in full swing, however it is expected to take more
time to be applied [75]. Currently treatment is carried out
mainly using broad spectrum antibiotics, corticosteroids [76].
Several drugs that include antiviral, immunosuppressant,
steroids are also used as supportive and symptomatic
treatments.

The use of plasma from recovered patients has been also
anticipated as a treatment [58,76]. Convalescent plasma, a
classic adaptive immunotherapy, has been used for the
treatment of many infectious diseases that include SARS and
MERS [77,78]. Although convalescent plasma is a potential
effective treatment against COVID-19 that requires further
investigations [79,80], it is still a temporary solution until new
antiviral agents and vaccines are developed. Lately the use of
Tocilizumab, a monoclonal antibody against interleukin-6,
was investigated as an alternative treatment for COVID-19
patients with severe respiratory symptoms [81]. Di Giambe-
nedetto et al. highlighted the efficacy of tocilizumab in the
treatment of COVID-19 without detected adverse events and
suggested that tocilizumab may be an effective and safe
treatment of COVID-19 patients with severe pneumonia [82].

SARS-CoV and MERS-CoV can survive up to 5 days in a dry
environment (40%—50% humidity) at 20 °C [83]. Transmission
of MERS-CoV is enhanced by relative low humidity and high
temperature [22]. SARS-CoV-2 may have the same character-
istics. Kampf et al. mentioned that SARS-CoV-2 like other vi-
ruses could be inactivated with 70% concentration of
isopropanol and ethanol apart from 0.1% sodium hypochlorite
within 1 min exposure [83]. Protection protocols recom-
mended to avoid SARS-CoV and MERS-CoV infection included
hands disinfection, wearing protective face masks and sur-
faces sterilization as well as avoiding intimate personal con-
tact with infected patients [84], the same protocols are
applying for protection from SARS-CoV-2 that include
airborne precautions and other protective measurements that
may reduce the risk of infection [85].

Conclusions

SARS-CoV-2, SARS-CoV and MERS-CoV have considerable
degree of similarities that could be basic data in predicting
SARS-CoV-2 behavior. Although SARS-CoV-2 has a higher
transmission rate than SARS-CoV and MERS-CoV, its mortal-
ity rate is obviously lower. Several reports investigated
vaccination, epidemiology, symptoms, mode of action, con-
trol and origin of SARS-CoV-2, however confirmed data are
relatively limited and require further investigations not only
for SARS-CoV-2, but also SARS-CoV and MERS-CoV. No spe-
cific treatment or vaccination was developed against CoVs.
Therefore, SARS-CoV-2 infection control measures are
essential for the prevention of its spread in healthcare facil-
ities, as well as in the community. COVID-19 pandemic
increased studies manipulating SARS-CoV-2 in comparison
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with SARS-CoV and MERS-CoV. The current review recom-
mends that the scholarly community conduct further
research to provide valid and reliable ways to manage this
kind of public health emergency in both the short term and
long-term.
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