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A severe pandemic of CoronaVirus disease 2019 (COVID-19), according to World
Health Organization (WHO), appeared in China in December 2019, and spread
rapidly. The majority ofthe patients had mild symptoms and good prognosis after
recovery; however some patients developed severe inflammatory reaction and
passed away from multiple organ complications. The novel coronavirus, Severe
Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2) is abeta-coronavirus
and is similar with the Severe Acute Respiratory Syndrome Corona Virus 1 (SARS-
CoV-1) and the Middle East Respiratory Syndrome Coronavirus (MERS-CoV). SARS-
CoV-2 and -1 have the same host receptor, the angiotensin-converting enzyme 2
(ACE2). The pathogenesis of SARS-CoV-2 infection in humans remains unclear. The
immune response is essential to control and reduce SARS-CoV-1 and -2 infections,
however, irregular and exaggerated immune responses may lead to the
immunopathology of the disease and the lung lesions. This article presents the
immunological features of SARS-CoV-2 infection and its potential pathogenesis
based on the recent observations of the International literature.
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(MERS-CoV), which were responsible for respiratory

1. INTRODUCTION

infections characterized by poor prognosis over the last 20
years [1]. The disease has been labeled a pandemic by the

Coronavirus disease 2019 (COVID-19) consists an acute ~ World Health Organization (WHO) on March 2020 and to
respiratory clinical syndrome caused by a novel date, has dramatic global economic and health implications

coronavirus which emerged in Wuhan in December 2019, @S spread rapidly worldwide [2]. Previous studies have
The novel coronavirus, Severe Acute Respiratory  Shown that the pathogenesis of SARS-CoV and MERS-

Syndrome CoronaVirus 2 (SARS-CoV-2) is a beta- CoV are not yet fully elucidated and it is possible that
coronavirus and is similar with the Severe Acute  Vviraland host factors are implicated in it as hosts factors are
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disorder [3-5].

© 2020 The Authors. Published by Iberoamerican Journal of Medicine. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
http://doi.org/10.5281/zenodo.3823859


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8295-2819

IBEROAMERICAN JOURNAL OF MEDICINE 03 (2020) 230-234 231

In individuals who suffer from COVID-19, a clinical
syndrome has been observed which is considered as a main
mechanism that is able to lead to the breakdown of the
lungs, cardiovascular system, kidneys and liver. That
syndrome is known as Cytokine Release Syndrome (CRS),
and has been observed in other pathological conditions that
activate the immune system to an extensive level, such as
various infections or treatments that are able to
overactivate the immune system [6]. CRS is the leading
cause of serious morbidity in patients infected with SARS-
CoV and MERS-CoV. Elevated serum Interleukin (IL) -6
levels have been found in patients with SARS-CoV-1, with
which SARS-CoV-2 is closely linked, and are associated
with respiratory failure, Acute Respiratory Distress
Syndrome (ARDS), and poor clinical outcome [7, 8]. It has
been estimated that 20% of COVID-19 patients will have
severe symptoms of pneumonia, leading to ARDS [9].
This complication is similar to the ARDS caused by the
release of cytokines and the Haemophagocytic
LymphoHistiocytosis  Syndrome  (HLHS)  previously
observed in patients with SARS-CoV and MERS-CoV as
well as patients with B acute lymphoblastic leukemia
receiving genetically modified autologous T-lymphocytes
(CAR-T cells) [10].

coronavirus [12]. Alphacoronovirus includes HCoV-229E
and HCoV-NL63 species, whereas Betacoronovirus in-
cludes HCoV-OC43, HCoV-HKU1, SARS-CoV and
MERS-CoV species [13]. Four human coronaviruses are
endemic in the human population, namely HCoV-229E,
HCoV-0C43, HCoV-NL63, and HCoV-HKUL. The first
two viruses have been found out since the 1960s, whereas
the emergence of SARS-CoV in 2002 led to a wide search
for novel virus and the identification of HCoV-NL63 and
HCoV-HKUL in 2004 and 2005, respectively [14,15].

2. STRUCTURE OF CORONAVIRUS

Coronaviruses  (CoVs) consist of  positive-sense
single-stranded RN virus genomes with a varied size 26-32
kilobases, whereas its virion consisted of a nucleocapsid
with genomic RNA and phosphorylated nucleocapsid
protein (PNP), which is located inside phospholipid
bilayers and covered by two different types of spike
proteins. Those proteins are the hemagglutinin-esterase
protein (HEP) that is present in some CoVs, and the spike
glycoprotein  (SGP) which exists in all CoVs. The
membrane protein (MP), a transmembrane glycoprotein
type 11, and the envelope protein (EP) are located among
the SGPs proteins in the virus envelope. The coronavirus
subfamily is classified into 4 subtypes, according to
genotypical and serological criteria, the a, B, y, and o
coronaviruses, whereas the [B-coronavirus can be further
divided into 4 viral members, A-D [11]. They have been
isolated 30 CoVs that can contaminate humans, mammals,
birds, and other animals. a- and B-CoVs are responsible for
human infections which in general are associated with
upper respiratory tract infections, whereas in some cases
may infect lower respiratory tract[9,11].

The current classification of CoVs recognizes 39 species in
27 subgenera, five genera and two subfamilies that belong
to the family Coronaviridae, suborder Cornidovirineae,
order Nidovirales and realm Riboviria. CoV’s family
classification and taxonomy were developed by the
Corona-viridae Study Group (CSG), which is responsible
for assessing the place of new viruses through their
association to known viruses in established taxa, including
placements relating to the species SARS-related

3. CYTOKINE UP-REGULATION IN SARS-
CORONAVIRUS INFECTIONS

As mentioned, CRS is the leading cause of serious
morbidity in patients infected with SARSCoV and MERS-
CoV infections, and elevated levels of 11-6 and other
inflammatory cytokines and chemokines have been
identified in patients with the mentioned infections [7,8].
An elevated level of serum C - reactive protein (CRP), an
acute-phase protein whose expression depends on IL-6
which is released by macrophages and T cells, is also an
indicator of severe CoV infection. IL-6 is a pro-
inflammatory mediator as promotes inflammation and its
signaling pathways include the classic cis- and Trans
signaling pathway [16]. In cis pathway, IL-6 binds to the
membrane-bound 1L-6 receptor (mIL-6R) and forms a
complex with the gp130 membranic glycoprotein, which is
expressed in all cells, whereas the mlIL-6R receptor
expression is limited in the immune system cells. The
downstream signalling pathway is mediated by the
JAK/STAT3 family kinases, and its activation leads to
various effects in the innate / non-adaptive and mainly in
the adaptive immune system. The final results are that B,
T- lymphocytes and neutrophils, macrophages and NK
killers, can be implicated in CRS development [16]. In
trans signalling pathway, IL-6 binds to its soluble receptor,
IL-6R (sIL-6R), and forms a complex with gp 130, on all
cells  membrane surface. IL-6/sIL-6R/JAK-STAT3
signalling pathway is activated even in cells which do not
normally express the mIL-6 receptor, such as endothelial
cells and leads to a systematic "cytokine storm" which
contains the Vascular Endothelial Growth Factor (VEGF),
Monocyte Chemoattractant Protein-1 (MCP-1), IL-8, and
additional IL-6 release, whereas leads to a reduced
expression of E-cadherin in endothelial cells. Increased
levels of VEGF in combination with decreased E-cadherin
expression are responsible for an increased vascular
permeability and "leakage", mechanisms that are
implicated in the pathophysiology of hypotension and lung
dysfunction in ARDS [17].

Based on the finding that lymphocytopenia is often
observed in severe COVID-19 patients, the CRS caused by
SARS-CoV-2 virus has to be mediated by leukocytes other
than T cells, as it has been found in patients receiving
CAR-T treatment. Therefore it is possible that
lymphocytopenia is also associated with the clinical
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severity of the disease [18] and suppose a differential
diagnostic criterion for COVID-19 [19]. However,
lymphocytopenia has also been associated with a poor
prognosis in other viral infections such as in influenza A
H1N1 pandemic in 2009 [20] and can not be considered as
a specific biomarker for CoVid-19 poor prognosis. SARS-
CoV-1 infects dendritic cells and monocytes, MERS-CoV
infects monocytes and T-lymphocytes through the receptor
of dipeptidyl peptidase 4 (DPP4) [21, 22], whereas recent
studies suggest that SARS-CoV-2 also infects dendritic
cells. Dendritic cells dysfunction leads to abnormal T-
lymphocytes activation which in turn may lead to their
reduction and apoptosis, conditions that may contribute to
the immunopathology of COVID-19 [21, 23]. Infection of
monocytes, macrophages, dendritic and T-lymphocytes by
SARS-CoV-2 leads to their activation and release of IL-6,
CRP and other inflammatory cytokines and chemokines.
IL-6 also suppresses.

4. HISTOPATHOLOGY OF LUNG LESIONS

The lung lesions of SARS patients are characterized by
histopathological ~ findings such as  non-specific
inflammatory responses with edema and inflammatory cell
infiltration, severe alveolar epithelial cells exfoliation,
alveolar septal swelling, alveolar septa damage, and
alveolar space infiltration in an organized manner.
SARS-CoV infection can cause pathological changes,
degeneration, infiltration, and hyperplasia [11]. In a recent
study by Tian et al. [24] which presented two cases treated
by lobectomy due to Ilung adenocarcinoma, were
subsequently diagnosed with COVID-19.
Histopathological examination indicated that, in addition to
adenocarcinoma, the lungs of both patients showed edema,
protein release, lung cells focal reactive hyperplasia, and
local infiltration by inflammatory cellular components. In
addition, none of the patient showed symptoms of
pneumonia during the surgical procedure and, therefore,
the observed findings demonstrate early stages of the
pathologic anatomical picture of the lung during the
development of COVID-19 pneumonia. As already has
been referred the pathogenesis of SARS and MERS are not
yet fully elucidated, and it seems that viral and host factors
play a principal role in SARS-CoV and MERS- CoV
infections.

5. POSSIBLE PATHOGENESIS OF
CORONAVIRUS DISEASE

According to clinical studies that are based on the
International literature reasonable hypotheses has been
suggested regarding the pathogenesis of SARS-CoV-2
infection. SARS-CoV-2 might go through the nasal and
larynx mucosa membranes, and finally through the upper
respiratory tract enters the lungs and from the lungs enter

the peripheral blood circulation leading to viremia [25].
SARS-CoV-2 and SARS-CoV use the same receptor ACE2
(angiotensin-converting enzyme) to enter the cells. ACE2
receptor is widely expressed in lung and cardiovascular
cells and in mono-cytes and macrophages, kidney and
gastrointestinal tract [26, 27]. Then the virus would attack
the targeting organs that express ACE2. SARS-CoV-2
binds via the ACE2 receptor, which is located on the
surface of Alveolar Type Il

Cells (AT I11), and have a crucial role in innate immunity as
they express on their surface specific receptors for antigens
of viruses and bacteria, Toll-like receptors (TLRs) and
induce the production of inflammatory cytokines,
chemokines and molecules that attract other immune cells,
neutrophils and macrophages in response to the invasion of
pathogenic viruses and bacteria [28, 29]. The mentioned
hypothesis is supported by the finding that the SARS-CoV-
2 has been detected in fecal samples [25], finding that
shows its transmission from the lungs to blood circulation
and to intestine system. Wang et al. found that the median
time from symptom start to ARDS development was about
8 days [30]. Therefore it is possible that the virus begins a
second attack, leading to the patient’s condition to
deteriorate around 7-14 days after onset. During that
period, the number of leukocytes in peripheral blood in the
early stage of the disease was normal or slightly low [25],
whereas lymphopenia was a common finding [30].Based
on the observation that in cases of severe disease,
lymphocytes were significantly reduced [30], it is possible
that B-lymphocytes reduction may occur early in the
disease, which may affect antibody production in the
patient and lymphocytes in patients with COVID-19 might
gradually decrease during the disease progression.
However, the mechanism of that significant lymphocyte
reduction in severe SARS-CoV-2 infection remains unclear
[31]. Moreover, the inflammatory factors associated with
diseases mainly containing IL-6 were significantly
increased, which also contributed to the deterioration of the
disease around 7-14 days after onset [32].

Lin et al. divided the clinical phase into three stages, the
viremia stage, the acute stage which is characterized by
development of pneumonia and the recovery stage. Patients
in the acute stage will be able to enter the recovery stage in
case their immune system is effective and have no other
disease, such as hypertension and diabetes mellitus. In case
of older patients or ineffective immune system with other
systematic disease may result in negative prognosis [31].
SARS-CoV is diffused in AT Il cells, release a large
amount of viral particles, the cells undergo apoptosis and
die. This condition may result in infection of AT Il cells in
adjacent locations [33]. Mason [34] supported that lung
areas it is possible to lose a large number of AT Il cells,
and secondary pathway ways for epithelial regeneration
will be triggered. Normally, type Il cells are the precursor
cells for type | cells. Those suggestions have been observed
in mice model of influenza pneumonia [35, 36].

The pathologic outcome of SARS and COVID-19 diseases
is a diffuse alveolar damage with fibrin rich hyaline
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membranes and a limited number of multinucleated giant
cells [37, 38]. The abnormal wound healing may lead to
more severe fibrosis and scarring than other types of
ARDS. The stage of recovery it is possible to demand an
innate and acquired immune response and epithelial
regeneration [34]. Jin et al. referred that COVID-19
pathogenesis could be attributed to cytotoxic and
immunemediated mechanisms [39], whereas a previous
study mentioned that viral entry and subsequent cell
damage could be attributed to the antibody-dependent
enhancement (ADE), which consists a cascade of
procedures by which viruses may infect susceptible cells
through interaction between viruses particles with
antibodies or complement proteins, or Fc- or other
receptors, resulting in the amplification of their
proliferation [40] It is possible that CD209L is an
alternative receptor for SARS-CoV-2 cell entry and maybe
is implicated in COVID-19 pathogenesis [41].

In conclusion, up to now pathogenesis of COVID-19 is still
unclear. Further studies are needed to focus on possible
alternate receptors for viral entry and the innate immune
response of differentiated lung cells in an effort to
eliminate cytokine deregulation and the development of
specific anti-viral drugs.

6. REFERENCES

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coronavirus
from Patients with Pneumonia in China, 2019. N Engl J Med.
2020;382(8):727-33. doi: 10.1056/NEJM0a2001017.

2. LuR, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic characterisation
and epidemiology of 2019 novel coronavirus: implications for virus origins
and receptor binding. Lancet. 2020;395(10224):565-74. doi: 10.1016/S0140-
6736(20)30251-8.

3. Spiegel M, Pichlmair A, Martinez-Sobrido L, Cros J, Garcia-Sastre A,
Haller O, et al. Inhibition of beta interferon induction by severe acute
respiratory syndrome coronavirus suggests a two-step model for activation of
interferon regulatory factor 3. J Virol. 2005;79(4):2079-86. doi:
10.1128/JV1.79.4.2079-2086.2005.

4. Kopecky-Bromberg SA, Martinez-Sobrido L, Frieman M, Baric RA, Palese
P. Severe acute respiratory syndrome coronavirus open reading frame (ORF)
3b, ORF 6, and nucleocapsid proteins function as interferon antagonists. J
Virol. 2007;81(2):548-57. doi: 10.1128/JV1.01782-06.

5. Lu X, Pan J, Tao J, Guo D. SARS-CoV nucleocapsid protein antagonizes
IFN-beta response by targeting initial step of IFN-beta induction pathway, and
its C-terminal region is critical for the antagonism. Virus Genes.
2011;42(1):37-45. doi: 10.1007/s11262-010-0544-x.

6. Moore JB, June CH. Cytokine release syndrome in severe COVID-19.
Science. 2020;368(6490):473-4. doi: 10.1126/science.abb8925.

7. Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus disease 2019. J
Clin Invest. 2020;130(5):2620-9. doi: 10.1172/JC1137244.

8. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality
due to COVID-19 based on an analysis of data of 150 patients from Wuhan,
China. Intensive Care Med. 2020;6(5):846-8. doi: 10.1007/s00134-020-05991-
X.

9. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the
Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a
Report of 72314 Cases From the Chinese Center for Disease Control and
Prevention. JAMA 2020. doi: 10.1001/jama.2020.2648.

10. Crayne CB, Albeituni S, Nichols KE, Cron RQ. The Immunology of
Macrophage Activation Syndrome. Front Immunol. 2019;10:119. doi:
10.3389/fimmu.2019.00119.

11. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections and
immune responses. J Med Virol. 2020;92(4):424-32. doi: 10.1002/jmv.25685.

12. Van der Hoek L, Pyrc K, Jebbink MF, Vermeulen-Oost W, Berkhout RJ,
Wolthers KC, et al. Identification of a new human coronavirus. Nat Med.
2004;10(4):368-73. doi: 10.1038/nm1024.

13. Woo PC, Lau SK, Chu CM, Chan KH, Tsoi HW, Huang Y, et al.
Characterization and complete genome sequence of a novel coronavirus,
coronavirus HKU1, from patients with pneumonia. J Virol. 2005;79(2):884-95.
doi: 10.1128/JV1.79.2.884-895.2005.

14. Gorbalenya A, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA,
et al. The species Severe acute respiratory syndrome related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2. Coronaviridae Study
Group of the International Committee on Taxonomy of Viruses. Nat Micr.
2020;5(4):536-44. doi: 10.1038/s41564-020-0695-z.

15. de Groot RJ, Baker SC, Baric R, Enjuanes L, Gorbalenya AE, Holmes KV,
et al. Family coronaviridae. In: King AMS, Adams MJ, Carstens EB, Lefkowitz
EJ, editors. Virus Taxonomy, Classification and Nomenclature of Viruses.
Ninth Report of the International Committee on Taxonomy of Viruses. San
Diego: Elsevier Academic Press; 2012:806-28.

16. Kang S, Tanaka T, Narazaki M, Kishimoto T. Targeting Interleukin-6
Signaling in Clinic. Immunity. 2019;50(4):1007-23. doi:
10.1016/j.immuni.2019.03.026.

17. Tanaka T, Narazaki M, Kishimoto T. Immunotherapeutic implications of
IL-6 blockade for cytokine storm. Immunotherapy. 2016;8(8):959-70. doi:
10.2217/imt-2016-0020.

18. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and
outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan,
China: A single-centered, retrospective, observational study. Lancet Respir
Med. 2020;8(5):475-81. doi: 10.1016/S2213-2600(20)30079-5.


https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1128/JVI.79.4.2079-2086.2005
https://doi.org/10.1128/JVI.01782-06
https://doi.org/10.1007/s11262-010-0544-x
https://doi.org/10.1126/science.abb8925
https://doi.org/10.1172/JCI137244
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.3389/fimmu.2019.00119
https://doi.org/10.1002/jmv.25685
https://doi.org/10.1038/nm1024
https://doi.org/10.1128/JVI.79.2.884-895.2005
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1016/j.immuni.2019.03.026
https://doi.org/10.2217/imt-2016-0020
https://doi.org/10.1016/S2213-2600(20)30079-5

234 IBEROAMERICAN JOURNAL OF MEDICINE 03 (2020) 230-234

19. Wang Y, Chen X, Cao W, Shi Y. Plasticity of mesenchymal stem cells in
immunomodulation: pathological and therapeutic implications. Nat Immunol.
2014;15(11):1009-16. doi: 10.1038/ni.3002.

20. Perez-Padilla R, de la Rosa-Zamboni D, Ponce de Leon S, Hernandez M,
Quifiones-Falconi F, Bautista E, et al. Pneumonia and respiratory failure from
swine-origin influenza A (HIN1) in Mexico. N Engl J Med. 2009;361(7):680-9.
doi: 10.1056/NEJM0a0904252.

21. Chu H, Zhou J, Wong BH, Li C, Chan JF, Cheng ZS, et al. Middle East
Respiratory Syndrome Coronavirus Efficiently Infects Human Primary T
Lymphocytes and Activates the Extrinsic and Intrinsic Apoptosis Pathways. J
Infect Dis. 2016;213(6):904-14 . doi: 10.1093/infdis/jiv380.

22. Law HK, Cheung CY, Ng HY, Sia SF, Chan YO, Luk W, et al. Chemokine
up-regulation in SARS-coronavirus-infected, monocyte-derived human
dendritic cells. Blood. 2005;106(7):2366-74. doi: 10.1182/blood-2004-10-
4166.

23. Zheng M, Gao Y, Wang G, Song G, Liu S, Sun D, et al. Functional
exhaustion of antiviral lymphocytes in COVID-19 patients. Cell Mol Immunol.
2020;17(5):533-535. doi: 10.1038/s41423-020-0402-2.

24. Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary Pathology of
Early-Phase 2019 Novel Coronavirus (COVID-19) Pneumonia in Two Patients
With Lung Cancer. J Thorac Oncol. 2020;15(5):700-4. doi:
10.1016/j.jth0.2020.02.010.

25. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX; et al. Clinical
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med.
2020;382(18):1708-20. doi: 10.1056/NEJM0a2002032.

26. Harmer D, Gilbert M, Borman R, Clark KL. Quantitative mRNA expression
profiling of ACE2, a novel homologue of angiotensin converting enzyme. FEBS
Letters. 2002;532(1-2):107-10. doi: 10.1016/s0014-5793(02)03640-2.

27. Letko M, Marzi A, Munster V. Functional assessment of cell entry and
receptor usage for SARS-CoV-2 and other lineage B betacoronaviruses. Nat
Microbiol. 2020;5(4):562-9. doi: 10.1038/s41564-020-0688-y.

28. Mossel EC, Wang J, Jeffers S, Edeen KE, Wang S, Cosgrove GP, et al.
SARS-CoV replicates in primary human alveolar type Il cell cultures but not in
type I-like cells. Virology 2008:372(1):127-135. doi:
10.1016/j.virol.2007.09.045.

29. Weinheimer VK, Becher A, Tonnies M, Holland G, Knepper J, Bauer TT, et
al. Influenza A viruses target type Il pneumocytes in the human lung. J Infect
Dis. 2012:206(11):1685-94. doi: 10.1093/infdis/jis455.

30. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics
of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected
Pneumonia in Wuhan, China. JAMA. 2020. doi: 10.1001/jama.2020.1585.

31.LinL, Lu L, Cao W, Li T. Hypothesis for potential pathogenesis of SARS-
CoV-2 infection-a review of immune changes in patients with viral pneumonia.
Emerg Microbes Infect. 2020;9(1):727-32. doi:
10.1080/22221751.2020.1746199.

32. Wan SX, Yi QJ, Fan SB, Lv J, Zhang X, Guo L, et al. Characteristics of
lymphocyte subsets and cytokines in peripheral blood of 123 hospitalized
patients with 2019 novel coronavirus pneumonia (NCP). medRxiv. 2020.
doi:https://doi.org/10.1101/2020.02.10.20021832.

33. Qian Z, Travanty EA, Oko L, Edeen K, Berglund A, Wang J, et al. Innate
immune response of human alveolar type 11 cells infected with severe acute
respiratory syndrome-coronavirus. Am J Respir Cell Mol Biol.
2013;48(6):742-8. doi: 10.1165/rcmb.2012-03390C.

34. Mason RJ. Pathogenesis of COVID-19 from a cell biologic perspective.
Eur Respir J. 2020;55(4). doi: 10.1183/13993003.00607-2020.

35. Kumar PA, Hu Y, Yamamoto Y, Hoe NB, Wei TS, Mu D, et al. Distal
airway stem cells yield alveoli in vitro and during lung regeneration following
HIN1 influenza infection. Cell. 2011:147(3):525-38. doi:
10.1016/j.cell.2011.10.001.

36. Yee M, Domm W, Gelein R, Bentley KL, Kottmann RM, Sime PJ, et al.
Alternative Progenitor Lineages Regenerate the Adult Lung Depleted of
Alveolar Epithelial Type 2 Cells. Am J Respir Cell Mol Biol. 2017:56(4):453-
64. doi: 10.1165/rcmb.2016-01500C.

37. Gu J, Korteweg C. Pathology and pathogenesis of severe acute respiratory
syndrome. Am J Pathol. 2007:170(4):1136-47. doi:
10.2353/ajpath.2007.061088.

38. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological
findings of COVID-19 associated with acute respiratory distress syndrome.
Lancet Respir Med. 2020;8(4):420-2. doi: 10.1016/S2213-2600(20)30076-X.

39.JinY, Yang H, Ji W, Wu W, Chen S, Zhang W, et al. Virology,
epidemiology, pathogenesis, and control of COVID-19. Viruses. 2020;12(4).
doi: 10.3390/v12040372.

40. Takada A, Kawaoka Y. Antibody-dependent enhancement of viral infection:
molecular mechanisms and in vivo implications. Rev Med Virol.
2003;13(6):387-98. doi: 10.1002/rmv.405.

41, Jeffers SA, Tusell SM, Gillim-Ross L, Hemmila EM, Achenbach JE,
Babcock GJ, et al. CD209L (L-SIGN) is a receptor for severe acute respiratory
syndrome coronavirus. Proc Natl Acad Sci U S A. 2004:101(44):15748-53. doi:
10.1073/pnas.0403812101.


https://doi.org/10.1038/ni.3002
https://doi.org/10.1056/NEJMoa0904252
https://doi.org/10.1093/infdis/jiv380
https://doi.org/10.1182/blood-2004-10-4166
https://doi.org/10.1182/blood-2004-10-4166
https://doi.org/10.1038/s41423-020-0402-2
https://doi.org/10.1016/j.jtho.2020.02.010
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/s0014-5793(02)03640-2
https://doi.org/10.1038/s41564-020-0688-y
https://doi.org/10.1016/j.virol.2007.09.045
https://doi.org/10.1093/infdis/jis455
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1080/22221751.2020.1746199
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1165/rcmb.2012-0339OC
https://doi.org/10.1183/13993003.00607-2020
https://doi.org/10.1016/j.cell.2011.10.001
https://doi.org/10.1165/rcmb.2016-0150OC
https://doi.org/10.2353/ajpath.2007.061088
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.3390/v12040372
https://doi.org/10.1002/rmv.405
https://doi.org/10.1073/pnas.0403812101

