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Abstract
This article presents a review of the ocular manifestations of coronavirus disease 2019 (COVID-19) by using 
materials of Russian and international researchers.  After the outbreak of COVID-19 began in China in December 
2019, isolated works on ocular manifestations of coronavirus infection began to appear in the literature. The review 
article summarizes data on the origin and species of viruses that infect humans, the structure of coronaviruses, 
and intermediate hosts of the virus. A separate chapter is devoted to the mode of transmission for infectious. 
It is shown that the main route of COVID-19 transmission from person to person is airborne. Of great interest to 
the ophthalmologists is the review of works devoted to the virus detection in the conjunctival sac. In particular, 
some studies have shown that in patients with COVID-19, the virus is present in the lacrimal fluid. According 
to the authors, it indicates that coronavirus might be transmitted through the conjunctiva. These statements are 
confirmed by clinical and experimental researches. The presence of coronavirus in tears indicates the possibility 
to cause disease by the ocular route. That is a potential infection source for different types of physicians during 
routine examinations of patients, and especially by ophthalmologists. Therefore healthcare workers should wear 
eye protection when dealing with patients who may have COVID-19. Ophthalmologists must take necessary safety 
precautions, even in conducting a routine physical examination. It is also worth noting that conjunctivitis can be 
the first symptom of COVID-19. It is proved that the virus in the conjunctiva was detected even in patients without 
symptoms of eye inflammation. Also interesting for researchers is the manifestations of coronavirus infection 
in animals, which, according to the authors, is essential for understanding the possible mechanisms of disease 
development and manifestations in humans.
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In December 2019, 41 cases of atypical pneumonia 
were recorded in the Chinese city of Wuhan, Hu-
bei Province, China. Further investigation revealed 
that most of the patients had visited a seafood mar-
ket prior to developing symptoms. On December 31, 
2019, Chinese authorities informed the World Health 
Organization (WHO) of a viral outbreak of pneu-
monia. A week later, on January 7, 2020, the Chi-
nese Center for Disease Control and Prevention con-
firmed that this atypical pneumonia was caused by 
a novel coronavirus, 2019nCoV [1]. The disease was 
later called COVID-19, and the pathogen was iden-
tified as SARS-CoV-2 [2, 3]. The origin of the new 
coronavirus remains unknown; however, experts be-
lieve that its initial host is a species of bat [4].

On January 25, 2020, the WHO confirmed that 
SARS-CoV-2 is transmitted from person to per-

son [5]. As early as January 31, 2020, the WHO de-
scribed the COVID-19 outbreak as a public health 
emergency of international concern [6]. On March 
11, 2020, the WHO announced a COVID-19 pan-
demic. As of April 8, 2020, 1,356,780 confirmed 
cases of infection in 212 countries have been re-
corded worldwide [7].

Coronaviruses are known to cause zoogenous 
infections characterized by mild sporadic cases of 
acute respiratory disease in humans [8]. Howev-
er, this understanding changed after the outbreak 
of severe acute respiratory syndrome (SARS) 
caused by SARS-CoV in 2002–2003 [9]; this out-
break infected 8,098 people, 774 of whom died, in 
29 countries [10, 11]. The Middle East respiratory 
syndrome caused by MERS-CoV in 2012–2019 re-
sulted in 2,502 infections in 27 countries with 861 
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lethal outcomes [12–14]. Among 2,223 laborato-
ry-confirmed cases of MERS-CoV, 415 involved 
medical personnel [15].

Coronaviruses: structure and host
Coronaviruses are enveloped viruses containing 
single-stranded ribonucleic acid (RNA) and belong 
to the order Nidovirales, family Coronaviridae., 
which includes two subfamilies, Orthocoronavi-
rinae and Letovirinae. The Orthocoronavirinae 
subfamily includes four genera, namely, Alphacoro
navirus, Betacoronavirus, Gammacoronavirus, 
and Deltacoronavirus. As a rule, α- and β-coro-
naviruses infect mammals and γ- and δ-coronavi-
ruses infect birds [16, 17]. Currently, seven types of 
human coronavirus are known: human coronavirus 
229E, human coronavirus NL63 (an α-coronavi-
rus), betacoronavirus 1–ОС43, human coronavirus 
HKU1, MERS-CoV (line C), SARS-CoV (line B) 
[17], and SARS-CoV-2 (line B; β-coronavirus).

The coronavirus genome, which includes 
26,000–32,000 nucleotides, is approximately two 
or more times larger than any of the other viral 
RNA genomes [17, 18]. The virion of represen-
tatives of the Orthocoronavirinae subfamily has 
a spheroidal shape with a diameter of 120–160 nm. 
The virions of all coronaviruses have a lipid mem-
brane with club-shaped peplomers measuring 5–10 
nm long formed by protein S trimers. The presence 
of these peplomers, which resemble corona teeth, 
are the basis of the names of members of the entire 
Coronaviridae family [17, 19]. Besides protein S, 
the viral genome encodes the main structural pro-
teins, namely E (small envelope protein), M (mem-
brane glycoprotein), and N (nucleocapsid protein).

The genes of non-structural proteins of the rep-
licative complex occupy two-thirds of the genome 
and are translated into a large polyprotein consis-
ting of 16 proteins. These genes are conserved for 
all coronaviruses [17, 20]. S-protein is responsible 
for binding to the receptor and subsequent pene-
tration into the host cell; therefore, it is considered 
a main target for therapy [17, 21–24]. M-protein has 
three transmembrane domains and gives the virion 
its shape; this protein allows the membrane to bend 
and forms the virion particles [17, 25, 26]. E-pro-
tein is necessary for viral assembly and departure 
from a cell; it plays a significant role in the di sease 
pathogenesis [17, 27, 28]. A nucleocapsid has helical 
symmetry and is formed by phosphorylated pro-
tein N containing two domains in complex with 
the virion RNA [17, 19, 29–31]. N-protein is also an 
interferon antagonist and suppressor of RNA inter-
ference; thus, it facilitates viral replication [17, 32].

Coronaviruses are known to affect a wide range 
of birds and mammals, including domestic animals, 

such as cats and dogs, and large animals, such as 
beluga whales [33–35]. The ability of coronaviru-
ses to mutate is of great concern because this abili-
ty contributes to the transmission of the virus from 
animals to humans [36]. The origin of MERS-CoV 
and SARS-CoV is associated with animals such as 
bats [37].

Epidemiological and biological characteristics 
of coronaviruses
Bats are the main natural reservoir of the three spe-
cies of coronaviruses causing outbreaks of SARS-
CoV, MERS-CoV, and SARS-CoV-2 infections. 
Transmission of the virus from bats to humans pre-
sumably occurred through an intermediate host, 
such as civets (SARS-CoV) [17], one-humped ca-
mels (MERS-CoV), or other unconfirmed animal 
species (SARS-CoV-2), including bats, civets, pan-
golins [17, 38–40].

SARS-CoV, MERS-CoV, SARS-CoV-2 are 
transmitted from animals to humans and from hu-
mans to humans. The main transmission routes 
from person to person include the air and di-
rect contact for SARS-CoV and SARS-CoV-2 
and direct contact for MERS-CoV. The predomi-
nant transmembrane receptor for SARS-CoV and 
SARS-CoV-2 is angiotensin-converting enzyme 
(ACE2), while that for MERS-CoV is a dipeptidyl 
peptidase (DPP4). ACE2 is distributed in the body 
through the vascular endothelium, smooth muscle 
of arteries, small intestine, respiratory tract epithe-
lium, alveolar monocytes, and macrophages; DPP4 
is distributed through the epithelium of the respira-
tory tract, kidneys, small intestine, liver, prostate 
gland, and activated leukocytes [37, 38].

Fecal–oral transmission. During the SARS-CoV 
outbreak in a residential complex in Hong Kong 
in 2003, the virus was most likely transmitted 
through sanitation [41]. Later reports revealed that 
SARS-CoV RNA could be detected in the  feces of 
infected patients and even in wastewater that had 
not been disinfected adequately [42]. Today, SARS-
CoV-2 is known to be transmitted through the fe-
cal–oral route [43].

Optic transmission. Studies on the tears of pa-
tients with severe acute respiratory syndrome re-
vealed the presence of SARS-CoV nucleic acids 
[44]. Examination of the chromosomes of SARS-
CoV and SARS-CoV-2 revealed an 82% match [45]. 
A number of authors have suggested that SARS-
CoV-2 is transmitted through the mucous mem-
branes, including the conjunctiva [46].

The case of Guangfa Wang, a member of the 
SARS-CoV-2 National Expert Group, is widely 
known. Dr. Wang was infected with SARS-CoV-2 
in January 2020 during an inspection in Wuhan. 
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He was wearing a protective overalls and an N95 
mask but had no eye protection. Several days prior 
to the development of pneumonia, the doctor com-
plained of eye redness. Subsequent investigations 
suggested that infection occurred through the doc-
tor’s unprotected eyes [47].

Cases of SARS-CoV-2 infection of ophthalmo-
logists during routine examinations of patients 
have been reported [46].

Studies on the presence of SARS-CoV-2 in the 
conjunctival secretions of patients with COVID-19 
confirmed by reverse-transcription polymerase 
chain reaction (RT-PCR) are of great interest for 
ophthalmologists. Several works reporting the de-
tection of the virus in the tear fluids of SARS-
CoV-2 patients have been published [48–50].

Wei Deng et al. [51] proved the possibility of 
SARS-CoV-2 infection through the conjunctiva via 
an experiment involving three male Rhesus ma-
caques. Two of the animals underwent conjuncti-
val grafting with tissue culture of SARS-CoV-2. 
On the third animal, grafting was performed in-
tratracheally to compare the transmission routes of 
the virus. For the conjunctival route, the maximum 
 viral load was determined in the lacrimal gland, 
optic nerve, and conjunctiva. The authors thus con-
cluded that Rhesus macaques can be infected with 
SARS-CoV-2 through the conjunctival route.

The current situation is aggravated by the fact 
that the virus can be transmitted during the incuba-
tion period, as well as by patients with an atypical 
or mild course of infection or those in the conva-
lescence period; these routes have been established 
in both the clinical and laboratory settings [52, 53].

Ocular manifestations of coronavirus infection 
in animals
Feline coronaviruses are α-coronaviruses that in-
fect wild and domestic cats. In animal shelters, up 
to 90% of the animals are seropositive; in domestic 
cats, this indicator is 20%–60% [54]. Two biotypes 
of coronavirus have been observed in felines, name-
ly, the intestinal biotype and infectious peritonitis 
virus. In most cases, the disease process is benign 
and proceeds in the form of diarrhea [55]. In approx-
imately 5% of all cases, peritonitis deve lops [56, 57]. 
When monocytes and macrophages are affected, 
vasculitis, which causes granulomatous and exuda-
tive reactions, occurs in infected cats [58]. The man-
ifestations of vasculitis are multisystemic and of-
ten include recurrent conjunctivitis. In 90% of cats, 
coronavirus is found in the conjunctival cavity [59]. 
Specifically, granulomatous uveitis, retinal detach-
ment, and retinal vasculitis may be observed [60].

Murine coronaviruses are divided into two bio-
types. One biotype mainly affects the gastrointesti-

nal tract, while the other affects many organs, such 
as the central nervous system, liver, and lungs. In 
medicine, these viruses are used to create expe-
rimental models of pneumonia, multiple sclerosis, 
and hepatitis [61–63]. Coronaviruses in mice can 
affect glial cells, astrocytes, oligodendrocytes, and 
retinal microglia [64]. Neurotropic strains of murine 
coronaviruses are essential in experimental ophthal-
mology. Two strains of murine coronavirus are used 
to create experimental models of virus-induced reti-
nal degeneration and optic neuritis [65–67].

General and ocular manifestations of coronavi-
rus infection in humans
General manifestations. Human coronaviruses 
are widely known to cause respiratory infections. 
Strains 229E, NL63, OC43, and HKU1 mainly 
cause upper respiratory tract infections accompa-
nied by symptoms such as rhinorrhea, pharyngal-
gia, fever, and cough [68]. However, if the infection 
develops in the presence of cardiovascular diseases 
or immunosuppressive conditions, they can cause 
pneumonia or bronchitis [69].

SARS-CoV, MERS-CoV, and SARS-CoV-2 
cause respiratory failure in the severe course of 
the disease. An atypical course featuring asympto-
matic infection, i.e., the result of laboratory tests for 
SARS-CoV-2 is positive but no clinical symptoms 
are observed, has been reported. Unfortunately, pa-
tients who are asymptomatic or have mild forms of 
the disease, as well as patients in the convalescence 
period, have been proven to be sources of infection 
in the clinical and laboratory settings [52].

General manifestations of SARS-CoV-2 in-
fection. In most cases, the infection is mild [70–
73]. The main symptoms of the disease include 
fever, fatigue, muscle pain, and cough [70, 72, 74, 
75]. Symptoms such as diarrhea, tachycardia, head-
aches, chills, pharyngalgia, and anorexia are rel-
atively less common [72, 74, 76, 77]. SARS-CoV-2 
patients have been reported to exhibit neurological 
symptoms, likely due to the neurotrophy of the vi-
rus. SARS-CoV-2 and SARS-CoV, which has been 
demonstrated to induce nerve cell damage, are 
highly similar [78]. Symptoms such as anosphre-
sia and ageusia, which have been observed in some 
patients at the incubation phase of the disease, can 
confirm the occurrence of neurotrophy [79–81].

After the emergence of SARS-CoV-2, isolated 
reviews on the role of coronaviruses in ophthalmo-
logy appeared in the literature [82, 83].

Ocular manifestations. The first reports of 
the ocular manifestation of coronavirus disea ses 
appeared after the outbreak in 2004. Coronavi-
rus NL63 was isolated in a 7-month-old child with 
SARS. Besides lung damage, the patient had con-
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junctivitis [84]. This finding aroused great interest. 
Later, in France, a retrospective study of smears 
from the nasal mucosa of children who had acute 
respiratory infections from 2000 to 2003 was con-
ducted to detect coronavirus NL63; in this work, 
17% of the cases (3 out of 18 pediatric patients) had 
conjunctivitis symptoms [85].

The emergence of studies on the detection of 
SARS-CoV in patients’ tears has caused great con-
cern among medical professionals. Lacrimal fluid 
samples were studied in 36 patients with SARS-
CoV-induced pneumonia, and three cases were 
found to have viral RNA. In one case, RNA was 
detected in fecal, tear, and respiratory tract sam-
ples; in another case, viral RNA was observed in 
fecal and tear samples (a respiratory swab was not 
presented). Finally, in the third case, only tear sam-
ples were presented. The results of this work led to 
the conclusion that coronavirus infection could be 
transmitted through the eyes; thus, the need for eye 
protection is imperative when in contact with pa-
tients infected with SARS-CoV [44].

In one study, conjunctival scrapings and tears 
from 17 patients with confirmed SARS-CoV- 
induced pneumonia were examined for viral RNA; 
however, no sample revealed viral RNA. The 
 authors offered several reasons for this finding. 
First, the amount of virus in the sample may have 
been too low for detection by PCR. Second, mate-
rial sampling was performed only once and the vi-
ral load at the time the samples were collected may 
have been low. Third, SARS-CoV may not actual-
ly affect the eyes [86].

Results such as those obtained from the study 
above reflect contradictions in terms of the eye 
damage caused by SARS-CoV infection. The re-
searchers were unable to come to a definitive 
conclusion because the epidemic was quickly con-
trolled. The route of viral entry through the con-
junctival cavity remains unclear. One hypothesis 
states that such entry occurs via the hematogenous 
route into the lacrimal gland; according to ano ther 
hypothesis, the virus enters the eyes through the 
nasolacrimal canal and the mucous membranes of 
the respiratory tract through the aerosol route [87].

Ocular manifestations of SARS-CoV-2. The 
pneumonia specialist Guangfa Wang developed 
conjunctivitis while working with patients at the 
epicenter of the SARS-CoV-2 disease outbreak and 
subsequently tested positive for SARS-CoV-2. At 
work, the doctor used protective overalls and an 
N95 mask but had no eye protection. He eventually 
recovered [47]. This case sparked appeals to study 
the possibility of infection transmission through al-
ternative routes, specifically, through the mucous 
membrane of the eyes.

After this incident, the WHO published a set 
of measures to protect personnel from infection 
during contact with SARS-CoV-2 patients; these 
new measures included wearing safety glasses to 
protect against transmission through the eyes [88].

In the literature, research providing data on at-
tempts to detect SARS-CoV-2 in the conjunctival 
cavity. Liang Liang and Ping Wu, ophthalmologists 
at the multidisciplinary Central People’s Hospital 
of Yichang City, Hubei Province, China, examined 
37 patients with SARS-CoV-2-induced pneumonia 
to detect the virus in the conjunctival cavity. In this 
work, 12 patients had a severe course of the disease 
and the remaining patients had moderate pneumo-
nia. Three patients had conjunctivitis symptoms. In 
one patient with severe pneumonia, the virus was 
found in the conjunctival cavity. No signs of in-
flammation of the conjunctiva were observed. In 
the remaining 36 patients, conjunctival secretion 
tests for coronavirus were negative [49].

A prospective study on the presence of SARS-
CoV-2 confirmed by RT-PCR in the conjunctival 
secretion of patients with atypical pneumonia is of 
great interest. The virus was detected in a patient 
at an early stage of the disease (i.e., day 3), at which 
point no severe fever or respiratory symptoms had 
yet manifested [48].

On March 31, 2020, the work of a group of re-
searchers from the People’s Republic of China was 
published; this work aimed to study the ophthalmic 
symptoms of COVID-19 in hospitalized patients. 
The study included 38 patients with a confirmed 
diagnosis of COVID-19. General symptoms and 
ocular manifestations were evaluated, compu-
ted tomography of the chest and blood tests were 
performed, and RT-PCR of smears from the naso-
pharynx and conjunctiva for the presence of SARS-
CoV-2 was carried out. In 2 (5.2%, 95% confidence 
interval 0.6–17.8) of 38 patients, SARS-CoV-2 was 
detected in the conjunctiva by RT-PCR. Moreover, 
12 (31.6%, 95% confidence interval 17.5–48.7) out 
of 38 patients had ocular manifestations in the form 
of conjunctivitis, especially conjunctival injection, 
chemosis, lacrimation, or increased secretion. The 
general condition of these 12 patients was estima-
ted as moderate in four cases, severe in four cases, 
and critical in six cases according to the classifi-
cation of the PC-NCP manual [89]. These findings 
suggest that ocular symptoms usually appear in pa-
tients with severe pneumonia.

Analysis revealed that patients with ocular 
symptoms have higher leukocyte and neutrophil 
counts and higher levels of procalcitonin, C-reac-
tive protein, and lactate dehydrogenase compared 
with patients without ocular symptoms. In addition, 
11 out of 12 patients had ocular abnormalities. Two 
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(16.7%) out of 12 patients tested positive for SARS-
CoV-2 using swabs obtained from the conjunctiva 
and nasopharynx. In one patient, conjunctivitis was 
the first symptom of SARS-CoV-2 [50].

Conclusion
Besides the airborne route, coronavirus infec-
tions may spread through alternative routes. Infec-
tion through the mucous membrane of the eyes, for 
 example, which has been clearly demonstrated by 
cases of viral detection in conjunctival secretions, 
is possible. The conjunctiva may simultaneous-
ly represent an entrance gate for infection and 
a source of infection. While this route of infection 
is not the main one, understanding that it is possible 
can help prevent new infections from developing.

Our findings highlight the need to observe spe-
cial safety measures when working with patients 
confirmed with COVID-19, as well as those pa-
tients with suspected coronavirus infection. Be-
sides common precautionary measures, the use 
of protective spectacles appears to be necessary. 
In ophthalmology clinics, the use of special pro-
tective screens during routine ophthalmological 
exa minations, such as biomicroscopy, ophthalmo-
scopy, and tonometry, is mandatory because near-
ly all eye examinations are conducted with very 
close contact between doctor and patient. The lite-
rature confirms that conjunctival damage is the 
first symptom of SARS-CoV-2 infection. Indeed, 
that the virus was present in the conjunctival cavi-
ty of patients without symptoms of conjunctivitis is 
an alarming  finding.

Whether the virus can enter the human body 
through the eyes must be examined. The prevai-
ling transmembrane receptor that allows the pene-
tration of SARS-CoV and SARS-CoV-2 is ACE2. 
These receptors are not found in the conjunctiva 
or cornea but are present in the nasolacrimal canal 
and nasal cavity. The epithelium of the respiratory 
tract is damaged there.

Lesions may develop in the posterior segment of 
the eyeball. ACE2 appears to be present in the retina 
and aqueous humor [90, 91]. Viral neurotrophy is ev-
idenced by the emergence of neurological symptoms 
in SARS-CoV-2 patients, anosphresia, and ageusia. 
Damage to the vascular tract of the eye, retina, and 
optic nerve in animals with coronavirus infection 
suggests potential areas of eye damage in humans. 
The possibility of genome mutation is an alarming 
issue because mutations could lead to viral trans-
formation in vivo. While these suppositions require 
further study, the likelihood of uveitis and lesions 
of the retina and optic nerve in patients with coro-
naviruses cannot be ignored. Thus, screening for 
coronavirus infection in patients with inflammatory 

diseases of the posterior segment of the eye of un-
known etiology may be a reasonable undertaking.

CONCLUSIONS

1. The virus can be contained in the conjuncti-
val cavity of SARS-CoV-2 patients, and an inflam-
matory reaction may not occur in all cases.

2. Conjunctivitis may be the first symptom of 
SARS-CoV-2 infection.

3. Healthcare workers should understand that 
the ocular surface represents a potential hazard in 
all patients.

4. Healthcare workers must wear safety glasses.

Author contributions. R.F.A. conceptualized the re-
search, summarized the study results, formulated the 
conclusions, and stood as the work supervisor. A.A.R. 
lead the research work, reviewed the literature, and 
wrote the sections “Coronaviruses: Structure and host” 
and “Routes of transmission” of the manuscript. S.N.B. 
designed, wrote, edited, and processed the manuscript. 
Z.G.K. and V.A.U. performed the data collection and 
systematization. R.F.G. was involved in the data collec-
tion and systematization.
Source of financing. A.A.R. received support within 
the framework of the Competitiveness Enhancement 
Program of Kazan Federal University and at the ex-
pense of the subsidy allocated to Kazan Federal Uni-
versity for execution of the state task in the field of 
 scientific activity.
Conflict of interests. The authors declare no conflict of 
interest related to the article.

REFERENCES

1. Lu H., Stratton C.W., Tang Y.W. Outbreak of pneu-
monia of unknown etiology in Wuhan, China: the mystery 
and the miracle. J. Med. Virol. 2020; 92: 401–402. DOI: 
10.1002/jmv.25678.

2. World Health Organization (WHO). Novel Coro
navirus (2019‐nCoV) Situation Report-29 (18 February 
2020). Geneva, Switzerland: World Health Organization. 
2020. https://www.who.int/docs/default-source/corona-
viruse/situation-reports/20200129-sitrep-9-ncov-v2.pdf? 
sfvrsn=e2c8915_2 (access date: 21.02.2020).

3. Enserink M. Update: “A bit chaotic”. Christening of 
new coronavirus and its disease name create confusion. Sci
encemag. 2020. https://www.sciencemag.org/news/2020/02/
bit‐chaotic‐christening‐new‐coronavirus‐and‐its‐disease‐
name‐create‐confusion (access date: 21.02.2020).

4. Zhang L., Shen F.M., Chen F. et al. Origin and evolu-
tion of the 2019 novel coronavirus. Clin. Infect. Dis. 2020; 
ciaa112. DOI: 10.1093/cid/ciaa112.

5. World Health Organization (WHO). Novel corona
virus (2019‐nCoV) situation report-3 (23 January 2020). 
Geneva, Switzerland: World Health Organization. 2020. 
https://www.who.int/docs/default‐source/coronaviruse/sit 
uation‐reports/20200123‐sitrep‐3‐2019‐ncov.pdf?sfvrsn= 
d6d23643_8 (access date: 21.02.2020).

https://www.sciencemag.org/news/2020/02/bitchaoticchristeningnewcoronavirusanditsdiseasenamecreateconfusion
https://www.sciencemag.org/news/2020/02/bitchaoticchristeningnewcoronavirusanditsdiseasenamecreateconfusion
https://www.sciencemag.org/news/2020/02/bitchaoticchristeningnewcoronavirusanditsdiseasenamecreateconfusion
https://doi.org/10. 1093/cid/ciaa112
https://www.who.int/docs/default


6 of 8

Review Article

6. World Health Organization (WHO). Statement on the 
Second Meeting of the International Health Regulations 
(2005) Emergency Committee regarding the outbreak of no-
vel coronavirus (2019‐nCoV). Geneva, Switzerland: World 
Health Organization. 2020. https://www.who.int/news‐room/
detail/30‐01‐2020‐statement‐on‐the‐second‐meeting‐of‐the‐
international‐health‐regulations (access date: 21.02.2020).

7. World Health Organization (WHO). Coronavirus di
sease (COVID-19) pandemic. https://www.who.int/emergen 
cies/diseases/novel-coronavirus-2019 (access date: 21.02.2020).

8. Salata C., Calistri A., Parolin C. et al. Coronaviru ses: 
a paradigm of new emerging zoonotic diseases. Pathog. 
Dis. 2020; 77 (9): ftaa006. DOI: 10.1093/femspd/ftaa006.

9. Loon S.C., Lun K. SARS: a timely reminder. Br. J. 
Ophthalmol. 2013; 97 (9): 1217–1218. DOI: 10.1136/bjophthal 
mol-2013-303596.

10. World Health Organization (WHO). Summary  table 
of SARS cases by country. 1 Nov. 2002 — 7 Aug. 2003. 
Summary Table of SARS Cases by Country N-A. Geneva 
(Switzerland): World Health Organisation (WHO). 2003. 
https://www.who.int/csr/sars/country/2003_08_15/en/ (ac-
cess date: 21.02.2020).

11. Peiris J.S.M., Yuen K.Y., Osterhaus A.D.M.E. et al. 
The severe acute respiratory syndrome. N. Engl. J. Med. 
2003; 349: 2431–2441. DOI: 10.1056/NEJMra032498.

12. Chafekar A., Fielding B.C. MERS-CoV: under-
standing the latest human coronavirus threat. Viruses. 2018; 
10 (2): 93. DOI: 10.3390/v10020093.

13. Zaki A.M., van Boheemen S., Bestebroer T.M. et al. 
Isolation of a novel coronavirus from a man with pneumo-
nia in Saudi Arabia. N. Engl. J. Med. 2012; 367: 1814–1820. 
DOI: 10.1056/NEJMoa2001017.

14. Killerby M.E., Biggs H.M., Midgley C.M. et al. 
Middle East respiratory syndrome coronavirus transmis-
sion. Emerg. Infect. Dis. 2020; 26: 191–198. DOI: 10.3201/
eid2602.190697.

15. Elkholy A.A., Grant R., Assiri A. et al.  MERS-CoV in-
fection among healthcare workers and risk factors for death: 
retrospective analysis of all laboratory-confirmed cases re-
ported to WHO from 2012 to 2 June 2018. J.  Infect. Public 
Health. 2020; 13 (3): 418–422. DOI: 10.1016/j.jiph.2019.04.011.

16. Woo P.C.Y., Lau S.K.P., Lam C.S.F. et al. Discovery 
of seven novel mammalian and avian coronaviruses in the 
genus deltacoronavirus supports bat coronaviruses as the 
gene source of alphacoronavirus and betacoronavirus and 
avian coronaviruses as the gene source of gammacoronavi-
rus and deltacoronavirus. J. Virol. 2012; 86 (7): 3995–4008. 
DOI: 10.1128/JVI.06540-11.

17. Gorenkov D.V., Khantimirova L.M., Shevtsov V.A. 
et al. An outbreak of a new infectious disease COVID-19: 
β-coronaviruses as a threat to global healthcare. BIOprepa
rations. Prevention, Diagnosis, Treatment. 2020; 20 (1): 
6–20. (In Russ.) DOI: 10.30895/2221-996X-2020-20-1-6-20.

18. Chen Yu, Qianyun Liu, Guo Deyin. Emerging coro-
naviruses: genome structure, replication, and pathoge nesis. 
J. Med. Virol. 2020; 92 (4): 418–423. DOI: 10.1002/ jmv.25681.

19. Shchelkanov M.Y., Kolobu khina L.V., Lvov D.K. 
Human coronaviruses (Nidovirales, Coronaviridae): in-
creased level of epidemic danger. Lechashchii vrach. 
2013; (10): 49–54 (In Russ.)

20. Stovba L.F., Lebedev V.N., Petrov A.A. et al. Emer-
ging coronavirus which gives rise to the disease in hu-
mans. Problemy osobo opasnyh infekcij. 2015; (2): 68–74. 
(In Russ.) DOI: 10.21055/0370-1069-2015-2-68-74.

21. Du L., Yang Y., Zhou Y. et al. MERS-CoV spike pro-
tein: a key target for antivirals. Expert Opin. Ther. Targets. 
2017; 21 (2): 131–143. DOI: 10.1080/14728222.2017.1271415.

22. Du L., He Y., Zhou Y. et al. The spike protein of 
SARS-CoV — A target for vaccine and therapeutic de-
velopment. Nat. Rev. Microbiol. 2009; 7: 226–236. DOI: 
10.1038/nrmicro2090.

23. Beniac D.R., Andonov A., Grudeski E. et al. Ar-
chitecture of the SARS coronavirus prefusion spike. Na
ture Struct. Mol. Biol. 2006; 13 (8): 751–752. DOI: 10.1038/
nsmb1123.

24. Delmas B., Laude H. Assembly of coronavirus spike 
protein into trimers and its role in epitope expression. J. Vi
rol. 1990; 64 (11): 5367–5375. DOI: 10.1128/JVI.64.11.5367-
5375.1990.

25. Nal B., Chan C., Kien F. et al. Differential matura-
tion and subcellular localization of severe acute respiratory 
syndrome coronavirus surface proteins S, M and E. J. Gen. 
Virol. 2005; 86 (5): 1423–1434. DOI: 10.1099/vir.0.80671-0.

26. Neuman B.W., Kiss G., Kunding A.H. et al. A struc-
tural analysis of M protein in coronavirus assembly and 
morphology. J. Struct. Biol. 2011; 174 (1): 11–22. DOI: 
10.1016/j.jsb.2010.11.021.

27. DeDiego M.L., Álvarez E., Almazán F. et al. A se-
vere acute respiratory syndrome coronavirus that lacks 
the E gene is attenuated in vitro and in vivo. J. Virol. 2007; 
81 (4): 1701–13. DOI: 10.1128/JVI.01467-06.

28. Nieto-Torres J.L., DeDiego M.L., Verdiá-Bágue-
na C. et al. Severe acute respiratory syndrome coronavirus 
envelope protein ion channel activity promotes virus fitness 
and pathogenesis. PLoS Pathog. 2014; 10 (5): e1004077. 
DOI: 10.1371/journal.ppat.1004077.

29. Fehr A.R., Perlman S. Coronaviruses: an overview 
of their replication and pathogenesis. Methods Mol. Biol. 
2015; 1282: 1–23. DOI: 10.1007/ 978-1-4939-2438-7_1.

30. Chang C.K., Sue S.C., Yu T.H. et al. Modular or-
ganization of SARS coronavirus nucleocapsid protein. 
J. Biomed. Sci. 2006; 13 (1): 59–72. DOI: 10.1007/s11373-
005-9035-9.

31. Hurst K.R., Koetzner C.A., Masters P.S. Identifica-
tion of in vivointeracting domains of the murine corona-
virus nucleocapsid protein. J. Virol. 2009; 83 (14): 7221–
7234. DOI: 10.1128/JVI.00440-09.

32. Cui L., Wang H., Ji Y. et al. The nucleocapsid pro-
tein of coronaviruses acts as a viral suppressor of RNA si-
lencing in mammalian cells. J. Virol. 2015; 89 (17): 9029–
9043. DOI: 10.1128/JVI.01331-15.

33. Tekes G., Thiel H.J. Feline coronaviruses: pathoge-
nesis of feline infectious peritonitis. Adv. Virus Res. 2016; 
96: 193–218. DOI: 10.1016/bs.aivir.2016.08.002.

34. Van Nguyen D., Terada Y., Minami S. et al. Cha-
racterization of canine coronavirus spread among domes-
tic dogs in Vietnam. J. Vet. Med. Sci. 2017; 79 (2): 343–349. 
DOI: 10.1292/jvms.16-0538.

35. Mihindukulasuriya K.A., Wu G., St. Leger J. et al. 
Identification of a novel coronavirus from a beluga whale 
by using a panviral microarray. J. Virol. 2008; 82 (10): 
5084–5088. DOI: 10.1128/JVI.02722-07.

36. Woo P.C., Lau S.K., Huang Y. et al. Coronavi-
rus diversity, phylogeny and interspecies jumping. Exp. 
Biol. Med. (Maywood). 2009; 234 (10): 1117–1127. DOI: 
10.3181/0903-MR-94.

37. Cui J., Li F., Shi Z.L. Origin and evolution of patho-
genic coronaviruses. Nat. Rev. Microbiol. 2019; 17 (3): 181–
192. DOI: 10.1038/s41579-018-0118-9.

38. Song Z., Xu Y., Bao L. et al. From SARS to MERS, 
thrusting coronaviruses into the spotlight. Viruses. 2019; 
11 (1): 59. DOI: 10.3390/v11010059.

39. Zhou P., Yang X.L., Wang X.G. et al. A pneumonia 
outbreak associated with a new coronavirus of probable bat 

https://www.who.int/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1002/ jmv.25681
https://doi.org/10.1038/nrmicro2090
https://doi.org/10.1099/10.1099/vir.0.80671-0
https://doi.org/10.1016/j.jsb.2010.11.021
https://doi.org/10.1128/JVI.01467-06
https://doi.org/10.1371/journal.ppat.1004077
https://doi.org/10.1128/JVI.00440-09
https://doi.org/10.1128/jvi.01331-15
https://doi.org/10.3390/v11010059


7 of 8

Kazan Medical Journal 2020, vol. 101, no. 3

origin. Nature. 2020; 579: 270–273. DOI: 10.1038/s41586-
020-2012-7.

40. Wassenaar T.M., Zou Y. 2019_nCoV/SARS-CoV-2: 
Rapid classification of betacoronaviruses and identifica-
tion of traditional Chinese medicine as potential origin of 
zoonotic coronaviruses. Lett. Appl. Microbiol. 2020; 70 (5): 
342–348. DOI: 10.1111/lam.13285.

41. Hung L.S. The SARS epidemic in Hong Kong: what 
lessons have we learned? J. R. Soc. Med. 2003; 96 (8): 374–
378. DOI: 10.1177/ 014107680309600803.

42. Wang X.W., Li J., Guo T. et al. Concentration and 
detection of SARS coronavirus in sewage from Xiao Tang 
Shan hospital and the 309th hospital of the Chinese  people’s 
liberation army. Water Sci. Technol. 2005; 52 (8): 213–221. 
DOI: 10.2166/wst.2005.0266.

43. Zhang W., Du R.H., Li B. et al. Molecular and sero-
logical investigation of 2019-nCoV infected patients: impli-
cation of multiple shedding routes. Emerg. Microbes. Infect. 
2020; 9 (1): 386–389. DOI: 10.1080/22221751.2020.1729071.

44. Loon S.‐C., Teoh S.C.B., Oon L.L.E. et al. The se-
vere acute respiratory syndrome coronavirus in tears. Br. 
J. Ophthalmol. 2004; 88 (7): 861–863. DOI: 10.1136/bjo. 
2003.035931.

45. Chan J.F.‐W., Kok K.‐H., Zhu Z. et al. Genomic 
characterization of the 2019 novel human‐pathogenic coro-
navirus isolated from a patient with atypical pneumonia 
 after visiting Wuhan. Emerg. Microbes. Infect. 2020; 9 (1): 
221–236. DOI: 10.1080/22221751.2020.1719902.

46. Lu C.W., Liu X.F., Jia Z.F. 2019‐nCoV transmission 
through the ocular surface must not be ignored. Lancet. 
2020; 395: e39. DOI: 10. 1136/bjo.2003.035931.

47. Dai X. Peking University Hospital Wang Guangfa 
disclosed treatment status on Weibo and suspected infec-
tion without wearing goggles. Beijing News. 2020 Jan 24. 
http://www.bjnews.com.cn/news/2020/01/23/678189.html 
(access date: 22.02.2020).

48. Xia J., Tong J., Liu M. et al. Evaluation of corona-
virus in tears and conjunctival secretions of patients with 
SARS‐CoV‐2 infection. J. Med. Virol. 2020; 92 (6): 589–
594. DOI: 10.1002/jmv.25725.

49. Liang Liang, Ping Wu. There may be virus in con-
junctival secretion of patients with COVID-19. Acta. Oph
thalmol. 2020; 98 (3): 223. DOI: 10.1111/aos.14413.

50. Ping Wu, Fang Duan, Chunhua Luo et al. Charac-
teristics of ocular findings of patients with coronavirus di-
sease 2019 (COVID-19) in Hubei Province, China. JAMA 
Ophthalmol. 2020 Mar. 31. [Epub ahead of print.] DOI: 
10.1001/jamaophthalmol.2020.1291.

51. Wei Deng, Linlin Bao, Hong Gao et al. Rhesus ma-
caques can be effectively infected with SARS-CoV-2 via 
ocu lar conjunctival route. BioRxiv. 2020; 2020.03.13.990036. 
[Preprint.] DOI: 10.1101/2020.03.13.990036.

52. Tong Z.D., Tang A., Li K.F. et al. Potential presymp-
tomatic transmission of SARS-CoV-2, Zhejiang Province, 
China, 2020. Emerg. Infect. Dis. 2020; 26 (5): 1052–1054. 
DOI: 10.3201/eid2605.200198.

53. Prilutskii A.S. Coronavirus disease 2019. Part 1: 
coronavirus characteristic, epidemiological features. Vestnik 
of hygiene and epidemiology. 2020; 24 (1): 77–86. (In Russ.)

54. Hohdatsu T., Okada S., Ishizuka Y. et al. The pre-
valence of types I and II feline coronavirus infections in 
cats. J. Vet. Med. Sci. 1992; 54 (3): 557–562. DOI: 10.1292/
jvms.54.557.

55. Pedersen N.C., Boyle J.F., Floyd K. et al. An ente-
ric coronavirus infection of cats and its relationship to fe-
line infectious peritonitis. Am. J. Vet. Res. 1981; 42: 368–
377. PMID: 6267960.

56. Chang H.W., Egberink H.F., Rottier P.J. Sequence 
analysis of feline coronaviruses and the circulating viru-
lent/avirulent theory. Emerg. Infect. Dis. 2011; 17 (4): 744–
746. DOI: 10.3201/eid1704.102027.

57. Pedersen N.C., Liu H., Scarlett J. et al. Feline infec-
tious peritonitis: role of the feline coronavirus 3c gene in 
intestinal tropism and pathogenicity based upon isolates 
from resident and adopted shelter cats. Virus Res. 2012; 
165 (1): 17–28. DOI: 10.1016/j.virusres.2011.12.020.

58. Kipar A., May H., Menger S. et al. Morphologic fea-
tures and development of granulomatous vasculitis in feline 
infectious peritonitis. Vet. Pathol. 2005; 42 (3): 321–330. 
DOI: 10.1354/vp.42-3-321.

59. Hok K. Morbidity, mortality and coronavirus an-
tigen in previously coronavirus free kittens placed in two 
catteries with feline infectious peritonitis. Acta. Vet. Scand. 
1993; 34: 203–210. PMID: 8266899.

60. Doherty M.J. Ocular manifestations of feline infec-
tious peritonitis. J. Am. Vet. Med. Assoc. 1971; 159: 417–
424. PMID: 5107089.

61. Bailey O.T., Pappenheimer A.M., Cheever F.S. et al. 
A murine virus (JHM) causing disseminated encepha-
lomyelitis with extensive destruction of myelin: II. Patho-
logy. J. Exp. Med. 1949; 90 (3): 195–212. DOI: 10.1084/
jem.90.3.195.

62. Dick G.W., Niven J.S., Gledhill A.W. A virus related 
to that causing hepatitis in mice (MHV). Br. J. Exp. Pathol. 
1956; 37: 90–98. PMID: 13304245.

63. De Albuquerque N., Baig E., Ma X. et al. Murine 
hepatitis virus strain 1 produces a clinically relevant model 
of severe acute respiratory syndrome in A/J mice. J. Virol. 
2006; 80 (21): 10 382–10 394. DOI: 10.1128/JVI.00747-06.

64. Manaker R.A., Piczak C.V., Miller A.A., Stan-
ton M.F. A hepatitis virus complicating studies with mouse 
leukemia. J. Natl. Cancer Inst. 1961; 27: 29–51. PMID: 
13766009.

65. Robbins S.G., Detrick B., Hooks J.J. Retinopa-
thy following intravitreal injection of mice with MHV 
strain JHM. Adv. Exp. Med. Biol. 1990; 276: 519–524. DOI: 
10.1007/978-1-4684-5823-7_72.

66. Hooks J.J., Percopo C., Wang Y., Detrick B. Retina 
and retinal pigment epithelial cell autoantibodies are pro-
duced during murine coronavirus retinopathy. J. Immunol. 
1993; 151: 3381–3389. PMID: 8397257.

67. Shindler K.S., Kenyon L.C., Dutt M. et al. Experi-
mental optic neuritis induced by a demyelinating strain of 
mouse hepatitis virus. J. Virol. 2008; 82 (17): 8882–8886. 
DOI: 10.1128/JVI.00920-08.

68. Corman V.M., Muth D., Niemeyer D. et al. Hosts 
and sources of endemic human coronaviruses. Adv. Virus 
Res. 2018; 100: 163–188. DOI: 10.1016/bs.aivir.2018.01.001.

69. Vassilara F., Spyridaki A., Pothitos G. et al. A rare 
case of human coronavirus 229E associated with acute re-
spiratory distress syndrome in a healthy adult. Case Rep. In
fect. Dis. 2018; 2018: 6796839. DOI: 10.1155/2018/6796839.

70. Yang Y., Lu Q., Liu M. et al. Epidemiological and 
clinical features of the 2019 novel coronavirus outbreak in 
China. MedRxiv. 2020; 2020.02.10.20021675. [Preprint.] 
DOI: 10.1101/2020.02.10.20021675.

71. Zhonghua Liu, Xing Bing, Xue Za Zhi. An update 
on the epidemiological characteristics of novel coronavi-
rus pneumonia (COVID-19). Special Expert Group for Con-
trol of the Epidemic of Novel Coronavirus Pneumonia of 
the Chinese Preventive Medicine Association. 2020; 41 (2): 
139–144. DOI: 10.3760/cma.j.is sn.0254-6450.2020.02.002.

72. Wang D., Hu B., Hu C. et al. Clinical characteris-
tics of 138 hospitalized patients with 2019 novel corona-

https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1111/lam.13285
https://doi.org/10.1136/bjo.2003.035931
https://doi.org/10.1136/bjo.2003.035931
https://doi.org/10.1080/22221751.2020.1719902
https://doi.org/10
https://doi.org/10.1002/jmv.25725
https://doi.org/10.1101/2020.02.10.20021675


8 of 8

Review Article

virus-infected pneumonia in Wuhan, China. JAMA. 2020; 
323 (11): 1061–1069. DOI: 10.1001/jama.2020.1585.

73. Chen N., Zhou M., Dong X. et al. Еpidemiological 
and clinical characteristics of 99 cases of 2019 novelcoro-
navirus pneumonia in Wuhan, China: a descriptive study. 
Lancet. 2020; 395 (10223): 507–513. DOI: 10.1016/S0140-
6736(20)30211-7.

74. Guan W., Ni Z., Hu Y. et al. Clinical characteris-
tics of 2019 novel coronavirus infection in China.  MedRxiv. 
2020; 2020.02.06.20020974. [Preprint.] DOI: 10.1101/2020. 
02.06.20020974.

75. Shen M., Peng Z., Xiao Y. et al. Modelling the epi-
demic trend of the 2019 novel coronavirus outbreak in 
 China. BioRxiv. 2020; 2020.01.23.916726. [Preprint.] DOI: 
10.1101/2020.01.23.916726.

76. Kui L., Fang Y.Y., Deng Y. et al. Clinical charac-
teristics of novel coronavirus cases in tertiary hospitals in 
Hubei Province. Chin. Med. J. 2020 Feb 7. [Epub ahead of 
print.] DOI: 10.1097/CM9.0000000000000744.

77. Holshue M.L., De Bolt C., Lindquist S. et al. First 
Case of 2019 Novel Coronavirus in the United States. N. Engl. 
J. Med. 382 (10): 929–936. DOI: 10.1056/NEJMoa2001191.

78. Li Y.C., Bai W.Z., Hashikawa T. The neuroinvasive 
potential of SARS-CoV2 may be at least partially respon-
sible for the respiratory failure of COVID-19 patients. Med. 
Virol. 2020 Feb 27. [Epub ahead of print.] DOI: 10.1002/
jmv.25728.

79. Gane S.B., Kelly C., Hopkins C. Isolated sud-
den onset anosmia in COVID-19 infection. A novel syn-
drome? Rhinology. 2020 Apr 2. [Epub ahead of print.] DOI: 
10.4193/Rhin20.114.

80. Vaira L.A., Salzano G., Deiana G. et al. Anos-
mia and ageusia: common findings in COVID-19 patients. 
Laryngoscope. 2020 Apr 1. [Epub ahead of print.] DOI: 
10.1002/lary.28692.

81. Lüers J.C., Klußmann J.P., Guntinas-Lichius O. The 
COVID-19 pandemic and otolaryngology: What it comes 
down to? Laryngorhinootologie. 2020 Mar 26. [Epub ahead 
of print.] DOI: 10.1055/a-1095-2344. 

82. Seah I., Agrawal R. Can the Coronavirus Disease 
2019 (COVID-19) affect the eyes? A review of coronaviru-

ses and ocular implications in humans and animals. Ocular 
immunology and inflammation. 2020; 28 (3): 391–395. DOI: 
10.1080/09273948.2020.1738501.

83. Li J.-P.O., Lam D.S.C., Chen Y. et al. Novel Corona-
virus disease 2019 (COVID-19): The importance of recog-
nising possible early ocular manifestation and using protec-
tive eyewear. Br. J. Ophthalmol. 2020; 104: 297–298. DOI: 
10.1136/ bjophthalmol-2020-315994.

84. Van der Hoek L., Pyrc K., Jebbink M.F. et al. Iden-
tification of a new human coronavirus. Nat. Med. 2004; 
10 (4): 368–373. DOI: 10.1038/nm1024.

85. Vabret A., Mourez T., Dina J. et al. Human corona-
virus NL63, France. Emerg. Infect. Dis. 2005; 11 (8): 1225–
1229. DOI: 10.3201/eid1108.050110.

86. Chan W.M., Yuen K.S., Fan D.S. et al. Tears and 
conjunctival scrapings for coronavirus in patients with 
SARS. Br. J. Ophthalmol. 2004; 88 (7): 968–969. DOI: 
10.1136/bjo.2003.039461.

87. Tong T., Lai T.S. The severe acute respiratory syn-
drome coronavirus in tears. Br. J. Ophthalmol. 2005; 89 (3): 
392. DOI: 10.1136/bjo.2004.054130.

88. World Health Organization (WHO). Infection pre
vention and control during health care when novel coro
navirus (nCoV) infection is suspected. https://www.who.
int/publications-detail/infection-preventionand-control- 
during-health-care-when-novel-coronavirus-(ncov)-infec 
tion-is-suspected-20200125 (access date: 08.02.2020).

89. National Health Commission of the People’s Repub-
lic of China. The guideline on diagnosis and treatment of 
the novel coronavirus pneumonia (NCP). Revised version 
of the 5th edition. http://www.nhc.gov.cn/xcs/zhengcwj/ 
202002/d4b895337e19445f8d728fcaf1e3e13a.shtml (access 
date: 08.02.2020).

90. Preenie de S. Senanayake, Drazba J., Shadrach K. 
et al. Angiotensin II and its receptor subtypes in the human 
retina. Invest. Ophthalmol. Visual Sci. 2007; 48: 3301–3311. 
DOI: 10.1167/iovs. 06-1024.

91. Holappa M., Vapaatalo H., Vaajanen A. Many faces 
of renin-angiotensin system — focus on eye. Open Ophthal
mol. J. 2017; 11 (1): 122–142. DOI: 10.2174/187436410171 
1010122.

https://www.ncbi.nlm.nih.gov/pubmed/32237238
https://www.ncbi.nlm.nih.gov/pubmed/32237238
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Judy+Drazba

