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The first coronavirus NСoV-B814 was isolated from humans in 1965 and did not survive to the present time. For a long time, 
it was believed that coronaviruses were not pathogenic to humans. They were not included in the list of particularly dangerous 
infections and represented a serious problem exclusively in veterinary medicine. But in 2002, after the SARS outbreak, scientists’ 
opinions changed. A new subtype of the coronavirus called SARS-CoV penetrated the human population. In 2012, it was possible 
to discover natural foci of Middle East Respiratory Syndrome. The epidemic of a new coronavirus infection that emerged in late 
2019 and early 2020 attracted the attention of scientists around the world. The priority was a detailed and close study of all the 
varieties of this virus. This review describes seven types of coronaviruses that can cause emergencies in populations around the 
world.
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Первый коронавирус HCoV-B814, выделенный от человека, был изолирован в 1965 г. и не сохранился до наших 
дней. Долгое время считалось, что коронавирусы не способны вызывать опасные для жизни заболевания. Они не 
входили в список особо опасных инфекций, а серьёзную проблему представляли исключительно в ветеринарии. Но с  
2002 г., после вспышки тяжёлого острого респираторного синдрома, мнение ученых изменилось. Новый подтип ко-
ронавируса проник в популяцию людей и получил название SARS-CoV. В 2012 г. удалось открыть природные очаги 
Ближневосточного респираторного синдрома. Возникшая в конце 2019 г. эпидемия новой коронавирусной инфекции 
привлекла к себе внимание исследователей всего мира. Первоочередной задачей стало подробное и пристальное изуче-
ние всех разновидностей данного вируса. В данном обзоре описаны семь видов коронавирусов, способных вызывать 
чрезвычайные ситуации среди населения всего мира.
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In the 1930s, after numerous studies, coro-
naviruses were officially acknowledged 
pathogenic for animals. Thirty years after, the 

strains were identified that caused respiratory diseases 
in humans [1].

Presently, coronaviruses form the largest group 
of the order Nidovirales that includes such families as 
Coronaviridae, Arteriviridae, Roniviridae, and Mesoviri-
dae. The Coronaviridae family consists of two subfami-
lies Coronavirinae and Torovirinae. Coronaviruses are 
divided into 4 genera: Alphacoronaviruses, Betacorona-
viruses, Gammacoronaviruses, and Deltacoronaviruses. 
Initially, within the genus Betacoronavirus, the viruses 
were divided into lines A, B, C, and D that were later 
renamed Embecovirus (previous line A), Sarbecovirus 
(previous line B), Merbecovirus (previous line C), and 
Nobecovirus (previous line D) [2]. These 4 lines are clas-
sified into subgenera of Betacoronaviruses.

Among numerous representatives of the family, sev-
en coronaviruses can cause diseases in humans (Table 
1). Four viruses (HCoV-229E, HCoV-NL63, HCoV-
OC43, and HCoV-KHU1) are etiologic agents of acute 
respiratory viral infections (ARVIs) of light or moderate 
severity. Two viruses are capable of causing lethal dis-
eases: severe acute respiratory syndrome-related coro-
navirus 2 (SARS-CoV) and Middle East respiratory syn-
drome-related coronavirus (MERS-CoV). The 7th virus 
(SARS-CoV-2) is a novel coronavirus. The first case of 
infection was registered in China at the end of 2019. At 
the beginning of 2020, SARS-CoV-2 spread all over the 
world [3, 4]. 

Human coronaviruses HCoV-229E  
and HCoV-OC43

In 1965, Tyrrell and Bynoe were the first to cultivate 
the virus that was isolated from the respiratory tract 
of a boy with regular cold by means of passage in the 
embryonal cultures of the organs of the human trachea 
[5, 6]. The first official scientific publication dedicated 
to coronaviruses is dated November 16,1968 in the 
journal Nature. It was proposed in the article to unite 
these viruses into a group of “coronaviruses” because of 
a typical morphology of virions 229E and OC43 with 
a precisely expressed corona-like enclosure (20 nm) of 
roundish pleiomorphic particles (120–160 nm) [7]. 

By a degree of pathogenicity, Coronaviridae were 
classified as 

•	 Group IV of pathogenicity that included HCoV-
229E and numerous animal viruses; 

•	 Group III of pathogenicity that included viruses 
HCoV-OC43 and closely related animal viruses 
[6].

According to the official data obtained from different 
studies on volunteers included in the “healthy group”, 
it was established that viruses HCoV-229E and HCoV-
OC43 caused a regular cold [8, 9]. Since then, HCoVs 
were considered relatively pathogenic respiratory 
viruses. 

It was proved experimentally that HCoV-229E 
and HCoV-OC43 were characterized by droplet 
transmission. Volunteers infected with this virus 
produced it within 5 days starting 48 hours after 

 Table 1 / Таблица
Classification of Coronavirinae viruses

Классификация вирусов Coronavirinae

Подсе-
мейство/
Subfamily

Род/
gender

Подрод/
Subgenus

Линия/
Line

Вирусы/
Viruses

Код по МКБ-10/
Code according to ICD-10

Corona-
virinae

Alphacoronaviruses Duvinacovirus HCoV-229E
Setracovirus HCoV-NL63

Betacoronaviruses Embecovirus А HCoV-OC43
А HCoV-HKU1

Sarbecovirus В SARS-CoV U04 Тяжёлый острый респира-
торный синдром
U04 Severe Acute Respiratory 
Syndrome

В SARS-CoV-2 U07.1 COVID-19, вирус иденти-
фицирован
U07. 1 COVID-19, virus identified

Merbecovirus С MERS-CoV
Gammacoronaviruses
Deltacoronaviruses
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infecting, which corresponded to the appearance of the 
first symptoms of the disease [10].

The studies showed that infection HCoV-229E was 
performed by the inoculation of the mucous membranes 
of the respiratory tract. The exudation of plasma of 
the nasal mucosa and increased levels of interferons γ 
(IFNy) in the samples of nasopharyngeal lavage directly 
depended on the severity of symptoms [11]. 

The viral load of the respiratory tract reached 
its maximum within the first three days after the 
infection and sharply decreased one week later, which 
was associated with the appearance of acquired active 
immunity in humans [12].

Starting from 2000, representatives of the 
Coronaviridae family were revealed that caused severe 
respiratory diseases that could result in a lethal outcome. 

Human coronavirus SARS-CoV

The first case of the disease caused by SARS-CoV 
was registered in Shanlan, Guangdong province, in the 
south of China in November 2002. The transmission of 
the infection primarily occurred in hospital conditions. 
On average, one infected patient infected 3–4 people 
that they contacted. Italian doctor Carlo Urbani, who 
was a member of “Doctors Without Borders”, was the 
first to identify the observed disease as novel. Carlo 
Urbani got infected during the treatment of a patient 
with SARS and died. The strain of the isolated virus was 
called after this doctor SARS-related human coronavirus 
Urbani (SARS). Due to Carlo Urbani and his colleagues’ 
activities, it was possible to stop the spread of SARS [4].

In 2003, it was shown that the infecting agent of the 
disease was an earlier unknown variant of coronavirus. 
It was named SARS–CoV. Its genome organization 
was similar to coronavirus. However, phylogenetic 
analysis and comparison of the sequences suggested 
that SARS–CoV was not related to any of the viruses 
described before. Its virions contained a plus-strand of 
polyadenylated RNA 16–30 kb long (coronaviruses have 
the largest genome that threefold exceeds the genome of 
other viruses) [13]. SARS-CoV was classified as Group 
III pathogenicity accepted in the Russian Federation. 

Based on the conducted studies, a hypothesis was 
made in the primary penetration of the virus into the 
human population when they ate civet meat because 
coronavirus isolated from these animals was inactivated 
by the blood serum of patients with SARS-CoV [14, 15].

Further, it was established that natural foci of 
SARS-CoV virus were associated with the habitats of 
Chiroptera, primarily, bats. Besides, SARS-CoV-like 
viruses were isolated from horseshoe bats Rhinolophus 

and species that belonged to other genera found in Asia 
(primarily, China), Africa, Australia, Europe, and the 
USA. It is impossible to exclude direct transmission of 
the infection to humans via the wastes of bats that can 
live in the attics of living facilities [3, 16].

The severity of the disease varied from a light to 
severe form with a lethal outcome. In the majority of 
patients, the disease developed to a light or moderate 
degree with signs of regular ARVI, quick recovery, and 
specific immunity. However, some patients developed a 
severe form of pneumonia, associated with severe acute 
respiratory syndrome [17, 18].

The spread of the disease was stopped in 2003 by 
highly effective global measures taken by the systems 
of healthcare worldwide. Presently, SARS does not 
circulate among the human population [19, 20].

As it was noted above, coronaviruses are capable 
of evolving and adapting to new hosts. The outburst 
of atypical pneumonia returned coronaviruses to the 
center of researchers’ attention. As a result, two more 
representatives of the Coronaviridae family that could 
cause diseases in humans were isolated. 

Human coronaviruses HCoV-NL63 and HCoV-
HKU1

In 2004, Dutch scientists in the Netherlands were 
the first to isolate a novel virus HCoV-NL63 (Human 
coronavirus NL63) from a seven-month-old child with 
bronchiolitis. This virus was classified as Group IV of 
pathogenicity [21–23].

In January 2005, researchers from the University of 
Hong Kong isolated a novel human coronavirus HKU1 
(HCoV-HKU1 — Human coronavirus HKU1) from 
a 71-year-old patient with acute respiratory disease 
complicated with bilateral pneumonia [24]. Hong 
Kong University introduced the prefix HKU in the 
classification of coronaviruses with a number of the 
strain that is met in the names of numerous viruses. 
HCoV-HKU1 virus was classified as Group III of 
pathogenicity. 

HCoV-NL63 and HCoV-HKU1 are one-strand 
positive RNA viruses. The majority of patients had 
such symptoms as rhinorrhea, fever, cough, and hissing 
respiration. The disease manifestations included 
bronchitis and pneumonia [25, 26]. 

The first cases of infection of people with HCoV-
NL63 were registered among infants with a severe 
infection of the lower respiratory tract in the inpatient 
conditions, while the first cases of HCoV-HKU1 
infection were registered among senior patients with 
the main comorbid diseases of the respiratory and 
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cardiovascular systems. Presently, HCoV-HKU1 is also 
registered in children with acute respiratory diseases 
and infections of the upper or lower respiratory tracts 
[21, 26].

As a rule, diseases caused by HCoV-HKU1 and 
HCoV-NL63 viruses are not life-threatening, especially, 
for healthy people. It was suggested that HCoV-NL63 
and HCoV-HKU1, as well as HCoV-229E and HCoV-
OC43, are capable to provoke diseases with expressed 
clinical symptoms only in children, senior people, and 
those who have immune disorders [27].

From 2006 to 2012, coronaviruses were actively 
studied. In June 2012, a new representative of this family 
was isolated, which was called MERS-CoV.

Human coronavirus MERS-CoV

In June 2012, in Jidda (Saudi Arabia), a virologist Ali 
Mohamed Zaki isolated a novel coronavirus from the 
sputum of a patient who died because of severe viral 
pneumonia complicated by an acute kidney injury. By 
many signs, the virus was close to SARS-CoV. Thus, 
the novel infection was called Middle East respiratory 
syndrome.

Initially, the virus MERS-CoV was planned to be 
called a “virus of acute respiratory syndrome with 
kidney injury” but it was soon revealed that kidney 
injury was not a leading pathology, so for some time, 
the term “novel coronavirus” (HCoV-EMC/2012) was 
used. In May 2013, the virus was called MERS-CoV by 
the International Committee on Viral Taxonomy [28].

Even though the transmission of a virus between 
people was not intensive, MERS-CoV caused two major 
outbursts in Saudi Arabia (2012) and South Korea (in 
2015), wherein the general number of confirmed cases 
exceeded two thousand at the level of lethality 35% [29]. 
In senior patients, especially those who had comorbid 
pathology, the infection caused by MERS-CoV had a 
sore severe development and often had a lethal outcome 
[28].

The virus MERS-CoV is a linear non-segmented 
one-strand positive RNA. By the degree of pathogenicity, 
the virus was classified as Group II by the classification 
accepted in the Russian Federation. 

It was suggested that bats could be not the only 
reservoir of MERS-CoV. Some data confirmed the 
possibility of carriership in Erinaceus europaeus. 
Besides, it is possible that camels can host MERS-CoV 
[30].

It was established that MERS-CoV strains isolated 
from camels were completely identical to the strains 
isolated from humans. Besides, antibodies specific to 

MERS-CoV were often found in the samples of serum 
obtained from camels from the Middle East, Africa, and 
Asia collected in 1983. This, it is suggested that viruses 
circulate in the blood of camels for more than 30 years. 

Numerous studies officially confirmed that the 
natural reservoir for MERS-CoV is a bat (Chiroptera). 
The virus isolated from one of the patients was identical 
in the molecular-genetic aspect to the virus isolated 
from pouched bats (Taphozous perforatus) from the 
family of shelf-tailed bats (Emballonuridae) [31]. Bats 
expressed virus with saliva, urine, and feces, that could 
become the source of infection for humans and other 
animals. Pouched bats were met not only in the south 
of the Arabian Peninsula but also in the western part of 
the Hindustan peninsula. Thus, it cannot be excluded 
that the areas of natural foci of MERS-CoV were wider 
than it was believed. It was shown that MERS-CoV was 
capable to reproduce in the primary cellular structures 
obtained from bats in different taxonomic groups: 
short-tailed  leaf-nosed  bats  (Phyllostomidae, Carollia) 
and rousettes (Pteropodidae, Rousettus) [32].

Researchers from Saudi Arabia conducted a 
serological investigation in the territory of Oman 
to reveal MERS-CoV in the populations of farm 
animals. It showed that 100% of dromedaries (Camelus 
dromedarius) had antibodies against subunit S1 of the 
spike protein MERS-CoV. Further, direct evidence 
was obtained of the circulation of MERS-CoV variants 
identical to the epidemic ones in the organism of camels 
and the possibility of infection of humans from these 
animals [33]. Wing-handed animals contaminated 
camels during their day’s rest in the barns for livestock. 
It was revealed that there were no specific antibodies in 
dromedaries to MERS-CoV in Africa, including Canary 
Islands [32]. Along with this, specific antibodies to 
MERS-CoV lacked in dromedaries in Australia [34], 
which indicated that these animals could not be the 
main host of MERS-CoV. Specific MERS antibodies 
were revealed in alpacas from Qatar (Vicugna pacos) 
[35]. Probably, all Tylopoda (Artiodactyla: Tylopoda) 
are sensitive to virus MERS-CoV and can be an 
intermediate link between the host and indicator of 
this virus if there is a natural reservoir –Chiroptera 
that contain the virus. This suggestion agrees with the 
lack of specific immunity in Bactrian camels (Camelus 
bactrianus) in non-endemic for MERS-CoV territories 
in Kazakhstan [36], Mongolia [37], and Northern China 
[38]. 

Even though the search for hosts of MERS-CoV 
among farm animals (bovine cattle, horses, goats, 
sheep) did not bring results, these studies significantly 
stimulated the study of coronaviruses in the populations 

Медицинский вестник Юга России
Medical Herald of the South of Russia
2021;12(1):14-23

A.A. Kononenko, A.K. Noskov, S.Yu. Vodyanitskaya, O.A. Podoynitsyna
Human coronaviruses that can cause emergencies

https://www.multitran.com/m.exe?s=short-tailed+bats&l1=1&l2=2
https://www.multitran.com/m.exe?s=short-tailed+bats&l1=1&l2=2


Reviews

18

of mammals apart from Chiroptera.
There is evidence of transmission of MERS-CoV 

from humans to humans and the only source of infection 
is an infected human. However, the transmission of 
MERS-CoV from a human to a human occurs only after 
close contact with an infected person, for example, in 
medical institutions or when the secondary infection is 
added. 

Presently, in Saudi Arabia, MERS-CoV is a serious 
threat to the human population because millions of 
religious people from 184 countries travel to Hadj or 
Umru, which can provoke new epidemics with a wider 
areal of spread. The last case of infection with MERS-
CoV was registered in Saudi Arabia in February 2020 in 
a senior man with several chronic diseases. 

Coronavirus infection SARS-CoV-2

At the end of 2019, a novel lethal virus appeared in 
the People’s Republic of China (PRC). The virus caused 
pneumonia in Hankow, Hubei province, China. The 
quick spread of the virus started the epidemics in China, 
which was followed by a pandemic. In February 2020, 
the World Health Organization (WHO) called the infec-
tion “COVID-19” (COronaVIrus Disease 2019)1. 

On February 11, 2020, the International Committee 
on the Taxonomy of Viruses called the novel coronavi-
rus SARS-CoV-2. The genetic sequence of SARS-CoV-2 
was similar to the sequence SARS-CoV at least by 79%.

The analysis of the genetic basis of S-protein Spike, 
conducted by the specialists of the leading scien-
tific centers in the USA, Australia, and Great Britain, 
showed that because of the occurred mutations in the 
receptor-binding domain of spike-like proteins, SARS-
CoV-2 (unlike other coronaviruses) acquired a capabil-
ity of binding to ACE2 receptor. It was suggested that 
for such an uptake, ACE2 also had to undergo certain 
genetic changes. This shows that the capability of SARS-
CoV-2 to infect humans is the result of natural selection 
[39–41].

The first cases of the disease were associated with the 
sea product market in Hankow that sells poultry and 
meat of exotic animals (bats, snakes, pangolins). How-
ever, the specialists from the tropical botanical garden 
in China Academy of Sciences concluded that it was 
not the primary focus of the disease spread because the 
first cases of infection with novel coronavirus were reg-
istered in November 2019 and were not connected [42]. 

Besides, an epidemiological association was established 
between the trips of patients to PRC from neighboring 
countries. The largest number of infected people was re-
vealed in the southern-eastern part of China (84% of the 
total cases in PRC) [43].

SARS-CoV-2 is a one-strand RNA-containing vi-
rus. It is Group II by the classification of pathogenicity. 
SARS-CoV-2 is included in the list of dangerous dis-
eases.

The genetic assay of the virus that caused the disease 
showed similarity with coronaviruses spread among 
horseshoe bats. However, it is still not known if the bats 
were the initial source of infection. Nowadays, the main 
pathway of infection is human to human. 

Scientists quickly established that SARS-CoV-2 was 
highly contagious and it could survive up to 2 hours in 
the environment and from several hours to 2 days on 
the surfaces [44]. The incubation period after infection 
is up to 14 days. All age groups are susceptible to the 
virus. Senior patients with comorbid diseases are more 
prone to a severe form. The main sources of infection 
are the diseased, symptomless carriers, and patients in 
the incubation period. Until now, the main pathways of 
infection were droplet and contact. The vertical pathway 
between the mother and newborn was suspected when 
a newborn was diagnosed with the novel coronavirus 
infection 30 hours after the birth in a hospital in 
Hankow. Besides, it is suggested that infection gets to 
the organism via the conjunctiva because conjunctival 
epithelium can be infected with aerosol or other 
biological liquids containing virus [45].

At the beginning of the epidemic spread, virus prop-
erties had a stable character with the clonal identity of 
the virus SARS-CoV-2. Mass-scale screening studies al-
lowed the researchers to reveal the initial evolutionary 
changes in the virus in different parts of the world. All 
the viruses mutate with time and SARS-CoV-2 is not an 
exception. 

The sequencing showed that coronaviruses changed 
slower than the majority of other RNA viruses because 
of an enzyme that fixes potentially fatal errors of copy-
ing. The typical SARS-CoV-2 virus accumulates only 
two single-letter mutations per month in its genome. 
This rate is twice as lower than in flu and ¼ lower than 
in HIV. This study was conducted at the Basel Univer-
sity, Switzerland2.

The study of the University College of London 
showed that in two viruses SARS-CoV-2 collected from 

1  Kenneth McIntosh Coronavirus disease 2019 (COVID-19): Epidemiology, virology, and prevention https://www.uptodate.com/contents/coronavirus-
disease-2019-covid-19-epidemiology-virology-and-prevention
2 Electronic resource https://www.nature.com/articles/d41586-020-02544-6
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different parts of the world, only 10 RNA letters out of 
29,903 differed from each other. This allows specialists 
to monitor evolutionary changes in the virus. Lots of 
mutations are not significant for the capability of the 
virus to spread or cause diseases among humans. How-
ever, several genetic changes are evolutionary beneficial 
for the virus and promote its spreading capacity. For 
example, line B.1.1.7 (“British strain”) is a phylogenetic 
cluster that quickly spreads in the south-east of Eng-
land. Before it was isolated at the beginning of Septem-
ber 2020, this line accumulated 17 specific mutations, 
which indicated a significant evolution, probably, in the 
chronically infected host. On December 28, 2020, this 
variant was detected in nearly 28% of cases of SARS-
CoV-2 infection in England, and population-genetic 
models suggest that this line spreads 56% quicker than 
others. Line B.1.1.7 spread when SARS-CoV-2 was re-
vealed all over the world and started to dominate in 
the existing population of the circulating variants. This 
indicates a natural selection of the virus with higher 
transmissibility at the population level. The measures 
taken by public healthcare services (protective masks, 
social distancing, and limit on social gathering) should 
remain effective but the fight with a more transmissive 
(“more contagious”) variant will require stricter mea-
sures worldwide. Eight mutations in line B.1.1.7 involve 
spike glycoprotein (S-protein). It is suggested that these 
mutations can influence the binding of ACE2 and virus 
replication. Another coronavirus strain, also with a mu-
tation in the receptor-binding domain, quickly spreads 
in South Africa. The influence of the mutation on anti-
genicity is still understudied1. 

Since SAR-CoV-2 already spread in all the continents 
and the number of infected people is still growing, the 
primary task of the systems of healthcare all over the 
world is specific measures of prevention. In December 
2020, different medical institutions and pharmaceutical 
companies were working on more than 200 potential 
vaccines. 

On August 11, 2020, in Russia, a vaccine “Gam-
Covid-Vac (Sputnik V)” was invented at the Scientific 
and Research Center of Epidemiology and Microbiology 
named after Gamaleya.

Later, on October 13, 2020, Russia announced 
the registration of another vaccine “EpiVacCorona” 
developed by the State Scientific Center of Virology and 
Biotechnology “Vector” (Rospotrebnadzor). 

Another perspective variant that entered the stage of 
clinical studies is the whole-virion vaccine (Chumakov 
Federal Scientific Center for Research and Development 
of Immune-and-Biological Products of Russian 
Academy of Sciences, Moscow).

According to the WHO, in 2021, clinical studies of 
63 candidate vaccines are carried out all over the world. 
It is proved that people have a high susceptibility to 
coronavirus: all age groups are prone to this disease. 
Antigen diversity of viruses provides a high rate of re-
infection. 

The appearance of new representatives of the 
coronavirus family provides the rationale for their 
further study to choose promising preventive (anti-
epidemic) measures, improve specific prevention, and 
develop vaccines. 

The current generation witnessed a pandemic that 
is extraordinary for modern life. Presently, specialists 
all over the planet are working on effective measures 
against COVID-19. Quarantine measures and sanc-
tions are introduced for their violation. Humankind has 
yet to evaluate and comprehend the scale of the social-
economic damage and consequences of human losses. 
Time will show how society will change after the CO-
VID-19 pandemic.
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