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Abstract
At the beginning of the 21st century, a new deadly infectious disease known as severe acute respiratory syndrome (SARS) was 
recognized as a global public health threat. Subsequently, ten years after the initial SARS cases occurred in 2002, new cases 
of another atypical respiratory disease caused worldwide concern. This disease became known as Middle East respiratory 
syndrome (MERS) and was even more lethal than SARS. Currently, history has repeated itself with the emergence of a new 
Chinese epidemic at the end of 2019. For this respiratory disease, called COVID-19, a novel coronavirus (SARS-CoV-2) 
was identified as the etiologic agent. In sum, SARS, MERS and COVID-19 are caused by recently discovered coronaviruses 
that cause flu-like illnesses, but with a clinical outcome that tends to be more severe. As a result of the current importance 
of coronaviruses in global public health, we conducted a review to summarize and update, above all, the epidemiological 
historical aspects of the three major diseases in humans caused by coronaviral infection.

Introduction

Prior to the 21st century, coronaviruses (CoVs) were con-
sidered pathogens of great relevance in veterinary medicine 
but with a reduced impact on human health [1–4]. However, 
a greater global concern for CoVs in human health began 
with the epidemic of severe acute respiratory syndrome 
(SARS) in 2002-2003 and Middle East respiratory syndrome 
(MERS) in 2012 [5–8]. In addition, at the end of December 
2019, another CoV outbreak emerged, again causing global 
concern in human public health [9–13].

The family Coronaviridae includes enveloped viruses 
with a positive-sense, single-stranded RNA genome of 

approximately 30 kb in size. Consequently, they have the 
largest genomes of RNA viruses. Based on their antigenic 
and genetic properties, CoVs are organized into four gen-
era: Alphacoronavirus, Betacoronavirus, Gammacorona-
virus, and Deltacoronavirus. SARS-CoV and MERS-CoV 
belong to the genus Betacoronavirus [14, 15]. Recently, full-
genome sequencing and phylogenetic analysis of the novel 
SARS-CoV-2 (previously known as 2019-nCoV) grouped it 
in the same genus [16, 17].

Four main proteins are encoded by the coronaviral 
genome: spike (S), envelope (E), membrane (M) and nucle-
ocapsid (N). Each protein plays an individual role in the 
structure of the viral particle, but they are also involved in 
other functions of the replication cycle [14, 15]. For more 
details, see Fig. 1 and the supplementary file.

CoVs infect birds (γ- and δ-CoVs) and several species of 
mammals (mainly α- and β-CoVs), including humans [14, 
15, 18]. A review of recent sequences in databases has shown 
that all human CoVs are of animal origin [19–23]. SARS-
CoV-2, SARS-CoV, MERS-CoV, HCoV-229E and HCoV-
NL63 probably originated from bats, whereas HCoV-OC43 
and HKU1 probably originated from rodents [23, 24]. It is 
important to highlight that bats, which are considered the 
primordial hosts, can have different viral populations in the 
same species, facilitating recombination and the emergence 
of new variants [22, 25]. These new variants are capable of 
infecting intermediate hosts, and the combination of deletion 
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Fig. 1   Viral replication cycle in eukaryotic cells. The virus binds 
to a cell-surface receptor (ACE2 for SARS-CoV and SARS-CoV-2; 
DPP4 for MERS-CoV), and fusion of the virion and cell membrane 
occurs on the cell surface or from within endosomes, depending on 
the virus. The fusion is triggered by low pH, leading to the release 
of the nucleocapsid into the cytoplasm. The viral genome is trans-
lated to produce proteins 1a and 1ab (the latter by recoding riboso-
mal translation or ribosomal frameshift). These 1a and 1ab proteins 
are processed by viral proteases to produce a variety of viral proteins, 
including RNA-dependent RNA polymerase (RdRp), proteins that 
remodel cell membranes to form structures that are used as viral RNA 
synthesis sites, enzymes that catalyze several steps in the synthesis 
of the 5’-terminal cap structure of the mRNA, and an exonuclease 
involved in proofreading during genome replication. The other viral 
proteins are encoded by a nested set of mRNAs that share a common 
leader sequence (5’ UTR) at the 5’ end. Discontinuous RNA synthe-

sis occurs during synthesis of the negative RNA strand. Most of the 
positive strand is not copied, probably because it loosens when the 
polymerase completes synthesis up to the 5’ UTR. The resulting neg-
ative-strand RNAs, with 3’ UTR sequences at the ends, are then cop-
ied to form mRNAs. These mRNAs are translated to form the struc-
tural and non-structural proteins. M, S and E proteins attached to the 
membrane are inserted into the lumen of the endoplasmic reticulum 
and then move to the site of viral assembly, the intermediate com-
partment of the endoplasmic reticulum-Golgi (ERGIC). Full-length 
negative-strand RNAs are produced, and these serve as templates 
for the synthesis of full-length positive-strand RNAs, which are then 
encapsulated by protein N. The nucleocapsid buds into the ERGIC, 
acquiring a membrane that contains the proteins S, E and M. Viral 
particles are transported to the plasma membrane in smooth-walled 
vesicles and released from the cell by exocytosis when the carrier 
vesicle fuses with the plasma membrane [26, 28]
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and recombination of genes results in drastic changes, such 
as changes in the tissue tropism of the virus, which tends to 
cause general changes in the pattern of disease. Examples of 
this include SARS-CoV and MERS-CoV, which were pos-
sibly transmitted directly to humans from market civets and 
dromedaries, respectively (Fig. 2A) [23, 26].

SARS‑CoV: the first highly pathogenic human CoV 
outbreak of the 21st century

As mentioned above, in 2002, an outbreak of a new disease 
(SARS) was described for which a novel CoV, known as 
SARS-CoV, was identified as the etiologic agent [27, 28]. 
The disease reached pandemic proportions, as it spread to 
29 countries on five continents, causing a total of 8096 labo-
ratory-confirmed cases of SARS with 774 deaths by August 

2003, when aggressive public health intervention measures 
managed to contain a potential pandemic (Fig. 3A).

The first known case of SARS, caused by the novel CoV, 
was represented by a 45-year-old man in November 2002 
in the city of Foshan, Guangdong Province, China [29, 30]. 
The mysterious respiratory disease, which in the future 
would be called SARS, had high fever (>38°C), followed 
by dry cough and rapid progression to respiratory failure 
as clinical manifestations (Fig. 2B) [31, 32]. Consequently, 
a clinical picture of atypical pneumonia was noted; how-
ever, the detection of the new infectious agent, which was 
being transmitted from human to human, did not occur until 
several months later. Thus, it was only in April 2003 that 
the World Health Organization (WHO) announced that the 
SARS epidemic was caused by a new pathogen, a member 
of the CoV family never seen before in humans [33, 34].

Fig. 2   A. Summary of the groups of animals that serve as natural 
and intermediate hosts for the seven CoVs that can cause disease 
in humans. The different CoVs can cause moderate or severe infec-
tions in humans, and some of the intermediate hosts of these viruses 
are not yet known. B. Infections by different CoVs cause signs and 
symptoms that overlap regardless of the type of virus that causes the 
disease. The signs and symptoms can affect different systems and 

organs, varying from mild symptoms in most cases (fever, cough, 
myalgia, headache, and runny nose, among other symptoms), which 
can progress to complications with a worse prognosis (pneumonia, 
kidney failure, breathing problems, acute cardiac injury, sepsis and 
death). The incubation period differs between CoVs, generally rang-
ing from 2 to 14 days [25, 65–69]
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Initial SARS cases were restricted to China until February 
21, 2003, when an elderly doctor who was treating patients 
with “atypical pneumonia” in Guangdong traveled to Hong 
Kong and stayed at a hotel in the Kowloon district. It was 
at this hotel that some guests were infected and, as a result 

of the movement of these infected individuals, SARS-CoV 
spread to a considerable part of the world [27]. The doctor 
was admitted to a local hospital with symptoms of acute 
respiratory disease and later died of the disease. It is rec-
ognized that from this index case, seven other people who 

Fig. 3   Current geographic distribution of SARS (A) and MERS (B). 
Data are from the World Health Organization (https​://www.who.int/
csr/sars/count​ry/table​2004_04_21/en/). http://www.emro.who.int/

healt​h-topic​s/mers-cov/mers-outbr​eaks.html) and were collected 
through March 23, 2020

https://www.who.int/csr/sars/country/table2004_04_21/en/
https://www.who.int/csr/sars/country/table2004_04_21/en/
http://www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html
http://www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html
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were on the same floor in the hotel were directly affected 
by SARS. Practically all of these people were foreign visi-
tors, including three visitors from Singapore, one visitor 
from Vietnam, and two visitors from Canada. Soon after 
returning to their countries, these infected visitors triggered 
outbreaks in their places of origin. However, the high speed 
of the scientific response in understanding this new viral 
disease was unmatched and contributed to the success of 
SARS containment.

With the discovery of a novel CoV responsible for the 
SARS epidemic, new questions need to be clarified as to 
which animal is the definitive host of this virus. Could any 
animal have acted as an intermediate host involving the 
transmission of the virus to humans? To solve this puzzle, it 
was necessary to return to the initial cases of SARS. How-
ever, in the first retrospectively identified case of SARS in 
the city of Foshan, it was unclear where and how the man 
had contracted the disease, but it was known that he had 
not traveled for weeks but had been exposed to different 
animals and had prepared chicken, domestic cat, and snake 
for family consumption [29]. Additionally, at the beginning 
of the SARS epidemic, similar to the first case, the disease 
afflicted restaurant workers who handled wild mammals as 
exotic foods [28, 35]. Subsequently, SARS-CoV and/or anti-
SARS-CoV antibodies were found in masked palm civets 
(Paguma larvata) and in animals that were being handled 
in a market [26, 36]. However, it was only later that stud-
ies showed that populations of palm civets on farms were 
negative for SARS-CoV, while those in markets popula-
tions showed positive results (i.e., had a higher SARS-CoV 
antibody prevalence), suggesting that market animals were 
probably intermediate hosts and were possibly infected from 
another source in the markets [26, 37, 38]. Subsequent stud-
ies showed that several CoVs were endemic in bats, includ-
ing a CoV closely related to SARS-CoV. These findings 
suggest that bats are the natural host of all strains of CoV 
[19, 22, 39–41].

MERS‑CoV: another worrying outbreak of CoV 
respiratory infection

MERS-CoV is a human CoV that causes SARS-like disease 
in the Middle East. The first reported case of the virus was 
in a 60-year-old Saudi man who had a 7-day history of fever, 
cough, sputum, and shortness of breath and was admitted to 
a private hospital in Jeddah, Saudi Arabia, on June 13, 2012, 
and died 11 days after admission to the hospital [42]. A few 
months later, on September 12 of the same year, a 49-year-
old man was transferred from Qatar with acute renal failure 
and bilateral pneumonia. Molecular tests of patient samples 
performed in the same month detected a viral genome highly 
similar to that described in the case of the Saudi Arabian 
patient [43]. The people who had had close contact with the 

patient, including health professionals, family and friends, 
were followed up until ten days after the last contact with 
the patient in an attempt to better understand the form of 
dissemination and viral contagion. Thus, 64 people were 
followed for ten days after their last contact with the hos-
pitalized patient, and there was no confirmed evidence of 
continuous person-to-person transmission, despite active 
extensive contact tracking [43, 44].

Health authorities were alerted to the circulation of the 
novel CoV, classified in November 2012 as a new β-CoV 
closely related to the CoVs HKU4 and HKU5 present in 
bats [42]. In December 2012, the European Center for Dis-
ease Prevention and Control (ECDC) established a list of 
countries at risk that included Bahrain, Iran, Iraq, Israel, 
Jordan, Kuwait, Lebanon, Palestine, Oman, Qatar, Saudi 
Arabia, Syria, the United Arab Emirates, and Yemen [45]. 
Subsequently, in May 2013, viral infection was identified 
in a French patient who had a severe respiratory disease. 
The male patient had been in the United Arab Emirates and 
had recently returned to France. A protocol for monitor-
ing contacts close to the patient was adopted, as well as for 
tracking individuals who had traveled together to the United 
Arab Emirates, to detect possible other cases and to prevent 
human-to-human transmission. The contact screening iden-
tified a secondary case in a patient admitted to the same 
hospital room, thereby confirming the person-to-person 
transmission of the disease [46].

Cases of the disease continued to be identified, and as 
of June 2013, 55 confirmed cases had been reported, with 
a mortality rate of 56% due to the 31 deaths caused by the 
virus. The reported cases occurred in different regions: 45 
cases were in countries in the Middle East (Saudi Arabia, 
Jordan, Qatar, and the United Arab Emirates), eight were 
in Europe (France, Italy, and the United Kingdom) and two 
were in Africa (Tunisia) [47]. Viral infection was the topic 
at the Sixty-Sixth World Health Assembly in Geneva, Swit-
zerland, with the statement that “the novel coronavirus is 
a threat to the whole world”, mainly because of a lack of 
information related to the virus [48].

In early 2014, there was an abrupt increase in the number 
of MERS-CoV infections in the Jeddah region of Saudi Ara-
bia, the location of the first reported case of the disease. A 
total of 255 cases were identified from January 1 to January 
16, with an average age of 45 years among patients, with 
person-to-person transmission identified mainly in people 
who had contact with a health unit in the region [49]. Two 
cases of the infection were identified in the Netherlands after 
two individuals from the same family returned from a pil-
grimage to Medina and Mecca (Saudi Arabia), both aged 
70 and over [50]. In April 2014, the first case of infection in 
Malaysia was identified in a male patient over the age of 50. 
The patient had traveled to Saudi Arabia days before to make 
a pilgrimage. There were no positive cases in their close 
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contacts [51]. The first reported case of MERS-CoV infec-
tion in the USA was from an individual who had traveled to 
Saudi Arabia. The case was confirmed on May 2, 2014. A 
second imported case was also identified, unrelated to the 
first case [52]. The number of cases of the disease contin-
ued to rise. As of May 2014, more than 570 cases had been 
reported to WHO, with at least 173 deaths [53].

MERS-CoV continued to spread across countries, and the 
first case of the virus in South Korea was reported on May 
20, 2015. The following month, an outbreak in the country 
brought fear to the population, with more than a hundred 
confirmed cases [54]. On May 28, a 44-year-old traveler 
from South Korea was admitted to a hospital in China. 
MERS-CoV infection was confirmed on May 29, marking 
the first case confirmed in the laboratory in China. Fear of a 
new pandemic grew [55].

According to WHO, since April 2012, 2519 laboratory-
confirmed cases of MERS-CoV infection had been reported 
by January 2020. The lethality rate is 34.3%, with 866 con-
firmed deaths, the majority occurring in Saudi Arabia (2121 
cases, including 788 deaths, with a lethality rate of 37.1%) 
(Fig. 3B) [56].

SARS‑CoV‑2: again a novel virus and now the CoV 
pandemic

Surprisingly, at the end of December 2019, an outbreak 
of mysterious pneumonia occurred in Wuhan City, Hubei 
Province, China [57, 58]. It was observed that the etiologic 
agent of the disease was a novel CoV, previously designated 
2019-nCoV by WHO and, more recently, SARS-CoV-2 by 
the International Committee for Taxonomy of Viruses [59, 
60]. Consequently, China has been the epicenter of the emer-
gence of the disease called COVID-19 (Coronavirus disease 
2019), which WHO characterized the COVID-19 on March 
11, 2020 as a pandemic [61, 62].

For the initial cases of COVID-19, it was observed that 
many patients, before falling ill, were exposed to wild ani-
mals at a wholesale seafood market in Huanan (Wuhan, 
China), a place where birds, bats, snakes, and other farm 
animals were traded [57, 63]. In this scenario, a zoonotic 
origin of these initial cases was suggested; however, the 
transmission from person to person was soon recognized 
due to the various cases of COVID-19 within families 
and among people who did not go to the Huanan market. 
Already in January 2020, the disease spread rapidly inside 
and outside Hubei Province, and even other countries. As 
of April 17, 2020, a total of 2,114,269 cases of COVID-19 
were confirmed worldwide. It is important to note that ~60% 
(1,265,765/2,114,269) of these cases occurred in Spain, 
Italy, United States of America, Germany and France. Inter-
nationally, cases have been reported in 203 countries, areas 
or territories on five continents (Fig. 4) [64].

In case series studies, the clinical characteristics of 
patients diagnosed with COVID-19 were observed (Fig. 2B). 
Initially, Huang et al. reported that 66% (27/41) of patients 
admitted to Jinyintan Hospital (Wuhan, China) had a history 
of exposure to the wholesale seafood market in Huanan [65]. 
Later, Chen et al. found that 49% (49/99) of the patients 
admitted to Jinyintan Hospital had a history of exposure to 
the same market [66]. Subsequently, with the addition of 
the studies by Wang et al. [67], Yang et al. [68], and Tian 
et al. [69], the following clinical characteristics of a total of 
689 patients were observed: fever (85%, 587/689), cough 
(58%, 401/689), myalgia or fatigue (29%, 199/689), sputum 
production (29%, 96/328), dyspnea (17%, 116/689), pharyn-
gitis (13%, 50/386), dizziness (9%, 13/138), headache (7%, 
50/689), hemoptysis (5%, 2/41), diarrhea (7%, 28/427), nau-
sea and vomiting (4.4%, 17/386), rhinorrhea (4%, 9/248), 
and abdominal pain (2%; 3/138) [65–69].

In the clinical characteristics of patients infected with 
SARS-CoV-2, it is noted that most patients have relatively 
moderate symptoms and a good prognosis. However, indi-
viduals with moderate clinical status can progress to severe 
cases, including organ dysfunction (shock, SARS, acute car-
diac injury, and acute kidney injury), and many deaths have 
been reported [67]. Recent European Centre for Disease Pre-
vention and Control situation reports show that in total, there 
were 145,144 deaths, with most deaths confirmed in USA 
(33,284) Italy (22,172), Spain (19,130), France (17,920) and 
United Kingdon (13,729). Thus, the current COVID-19 pan-
demic had already exceeded the number of cases and deaths 
from SARS and MERS combined [64].

At the time, the pathophysiology of severe cases of 
SARS-CoV-2 infection, as well as SARS-CoV and MERS-
CoV, were not fully understood. However, the first studies 
have shown that the ‘cytokine storm’ factor was associ-
ated with a greater severity of COVID-19, which was also 
seen in infections by SARS and MERS CoVs. Increased 
amounts of proinflammatory cytokines (e.g., IL1B, IFNγ, 
IP10 and MCP1) were observed in the serum. Additionally, 
the involvement of the cytokine storm factor in the sever-
ity of the disease was corroborated by the observation that 
patients who needed to be admitted to the intensive care 
unit (ICU) had higher concentrations of cytokines (GCSF, 
IP10, MCP1, MIP1A and TNFα) than patients who did not 
require ICU admission. Presently, in addition to increased 
secretion of T helper-1 cytokines, increases in secretion of 
T helper-2 cytokines (e.g., IL4 and IL10) were observed 
[65]. Based on this background, further studies are needed 
to characterize the response profiles of the immune system 
in SARS-CoV-2 infection and to better elucidate the mecha-
nism of pathogenesis.

Although the general population is susceptible to SARS-
CoV-2, a higher incidence has been observed in elderly 
males, especially those with chronic diseases, including 
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diabetes, hypertension, and cardiovascular diseases [65–67]. 
In this context, the most recent case series study involving 
138 patients with COVID-19 found an average age of 56 
years in this group. The researchers also noted that patients 
referred to the ICU were older than patients without the need 
for referral to the ICU (average age, 66 years vs. 51 years) 
[67]. An additional study by Chen et al. gave similar results, 
showing that viral infection is more likely to affect elderly 
men with comorbidities [66].

Approximately 120 days after the beginning of the 
COVID-19 epidemic in China, in the emerging COVID-19 

pandemic in Italy, France, Iran, Spain, Germany, USA, and 
the United Kingdom, a large number of cases (2,114,269) 
and a low mortality rate (~6%) compared to SARS (~10%) 
and MERS (34.3%) were observed [64]. Faced with this 
scenario, there is a concern that individuals with mild 
symptoms may spread the virus more easily due to not 
seeking medical attention [70]. In addition, another factor 
of concern regarding the high rate of spread of the virus is 
related to the recent transmission of the virus in asympto-
matic individuals in Germany [71]. Additionally, the large 
number of SARS-CoV-2 cases suggests that this virus may 

Fig. 4   Current geographic distribution of COVID-19 cases. Data are from the European CDC (https​://www.ecdc.europ​a.eu/en/geogr​aphic​al-distr​
ibuti​on-2019-ncov-cases​) and were collected through April 17, 2020. At that time, the total number of cases was 2,114,269, with 145,144 deaths

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
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have acquired the ability to undergo efficient human-to-
human transmission, including the ability to bind to human 
cells. It also suggests that the route of transmission of 
the virus is via saliva, directly or indirectly, even among 
patients without a cough or other respiratory symptoms, 
and shows how contagious SARS-CoV-2 is [10, 70, 72].

In sum, with the efforts of scientists, professionals, and 
health authorities and the urgency to contain the COVID-
19 pandemic, impressive results have been achieved in a 
short time. Among these results, the following stand out: 
the determination and availability to the public of sev-
eral full-genome sequences of SARS-CoV-2 isolates from 
clinical specimens, and the efforts by the CDC of China 
and other institutions that are conducting drug screening 
for viral pneumonia and developing a vaccine for SARS-
CoV-2 [73–77]. Another factor that has given rise to hope 
of preventing, or containment, of the COVID-19 epidemic 
in China and South Korea concerns the rapid isolation of 
symptomatic individuals and those suspected of having the 
disease, including self-isolation of those with mild symp-
toms, in addition to the constant surveillance of people 
closest to suspected cases. In this context, South Korea has 
been a model in combating the spread of the dissemina-
tion SARS-CoV-2 infection because the country quickly 
stabilized its COVID-19 outbreak at the beginning of the 
spread of virus through widespread rigorous quarantine 
measures and the opening of drive-through up testing 
centers. The great challenge of containing the spread of 
SARS-CoV-2 requires the joint effort of people through-
out the world and will involve the immediate application 
of WHO recommendations for basic preventive measures 
against the novel CoV and rapid and accurate diagnosis for 
containment and clinical management. In addition, new 
advances in applied research involving the disease will be 
necessary to contain the acceleration of the COVID-19 
pandemic.
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