
Summary. The novel coronavirus disease 2019
(COVID-19) outbreak began in the city of Wuhan,
whereupon it rapidly spread throughout China and
subsequently across the world. Rapid transmission of
COVID-19 has caused wide-spread panic. Many
established medications have been used to treat the
disease symptoms; however, no specific drugs or
vaccines have been developed. Organoids derived from
human induced pluripotent stem cells (iPSCs) may serve
as suitable infection models for ex vivo mimicking of the
viral life cycle and drug screening. Human iPSC-3D
organoids, self-organised tissues with multiple cell
environments, have a similar structure and function as
real human organs; hence, these organoids allow greater
viral infection efficiency, mimic the natural host-virus
interactions, and are suitable for long-term
experimentation. Here, we suggest the use of a
functional human iPSC-organoid that could act as a
reliable and feasible ex vivo infection model for
investigation of the virus. This approach will provide
much needed insight into the underlying molecular
dynamics of COVID-19 for the development of novel
treatment and prevention strategies.
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Introduction

Up until 8th June, 2020, the 2019 novel coronavirus
(2019-nCoV) has resulted in over 6,931,000 people
being infected, and more than 400,000 deaths due to
novel coronavirus–infected pneumonia (NCIP). The
population of the infection and death still changing, data
can be tracked by the website https://www.who.int/. The
pathology of infection involves direct virus attacks on
cells and secondary attacks on the body after immune
system activation. This means both the virus and the
immune response can cause damage to the body,
presenting as a cough, fever, headache, and common
complications, or secondary infection may occur (Huang
et al., 2020). While restrictions limiting the movement of
people has been enforced to reduce the spread of the
coronavirus disease 2019 (COVID-19), many people
were already infected, some of whom are experiencing
worsening conditions. The development of feasible and
effective therapies is extremely urgent. The use of
human induced pluripotent stem cell (iPSC)-developed
organoids may provide a robust model for investigating
viral infection and drug screening. Lung bud organoids
(LBOs) using human iPSCs have been designed for
respiratory syncytial virus infection research (Chen et
al., 2017). Similarly, a functional liver organoid (LO)
generated by human iPSCs was developed as an
individualised hepatitis B virus (HBV) infection model,
which could prove to be a robust and, at the same time,
long-term HBV infection model for studying the disease
and screening new drug therapies (Nie et al., 2018). As
COVID-19 also causes renal functional damage (Chen et
al., 2020), kidney organoids from iPSCs (Phipson et al.,
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2018) may be a potential model for the study. The aim of
this review is to provide an overview of COVID-19 and
present an original idea to ultimately restrict the spread
of infection.
COVID-19: Knowns and unknowns

COVID-19 has been raging for several months,
leading to the development of a pandemic. Through
genome sequence analysis and other methods, 2019-
nCoV has been shown to be similar to some beta-
coronaviruses detected in bats, which indicates that
2019-nCoV is possibly of bat origin (Lu et al., 2020; Wu
et al., 2020; Zhu et al., 2020). One study indicated that
the mean incubation period of COVID-19 was 5.2 days,
and the population of infected patients doubled every 7.4
days in its early stages (Li et al., 2020). A transmission
model was developed and the pandemic was found to
follow an exponential growth in cases, and according to
the epidemiological characteristics and outbreak
dynamics, human-to-human transmission (Chan et al.,
2020) was demonstrated. Without a complete
understanding of the infection process and the
development of an effective treatment for 2019-nCoV,
the consequences are unimaginable. Men showed a
higher infection rate than women, most of the infections
were in quinquagenarians, and not all of the infected
people had frequented the Huanan seafood market (Chen
et al., 2020).

The clinical manifestations of COVID-19 include
fever, cough, dyspnoea, myalgia or fatigue, confusion,
headache, sore throat, sputum, rhinorrhoea, haemoptysis,
chest pain, diarrhoea, nausea, vomiting, and other
common complications (Chan et al., 2020; Chen et al.,
2020; Huang et al., 2020; Wang et al., 2020). Common
complications include acute respiratory distress
syndrome (ARDS), RNAaemia, acute cardiac injury, and
secondary infection. A minority of patients developed
ARDS and septic shock, and some of these patients
worsened in a short period of time and died of multiple
organ failure or persistent hypoxemia. According to CT
examination, most imaging showed bilateral pneumonia,
some patients showed multiple mottling and ground-
glass opacity, and a few had pneumothorax (Huang et
al., 2020). Biochemical examination (Chan et al., 2020,
Chen et al., 2020, Huang et al., 2020, Wang et al.,
2020a,b) revealed that some patients had abnormal
platelet counts, liver functional damage, myocardial
zymogram abnormalities, and renal functional damage
as observed by blood urea nitrogen or serum creatinine
elevation. C-reactive protein levels in most patients were
above the normal range. All of these complicated
symptoms and auxiliary inspection results render the
pathway of 2019-nCoV infection and progression more
obscure; additionally, underlying diseases (Chen et al.,
2020) further interfere with the current understanding of
disease progression.

Lymphocyte levels were reduced in most patients,
which indicated that 2019-nCoV might mainly affect

these cells, especially T lymphocytes (Chen et al., 2020).
Plasma IL1B, IL1RA, IL7, IL8, IL9, IL10, basic FGF,
GCSF, GMCSF, IFNγ, IP10, MCP1, MIP1A, MIP1B,
PDGF, TNFα, and VEGF concentration levels were
elevated in infected patients (Huang et al., 2020). The
difference between non- intensive care unit (ICU)
patients and ICU patients was that the latter had higher
plasma levels of IL2, IL7, IL10, GSCF, IP10, MCP1,
MIP1A, and TNFα. All of these detection results signify
the immune response triggered in infected patients. The
induction of immunological reactions can cause indirect
damage to cells, including antibody-mediated immune
damage, cell-mediated immune damage, autoimmune
disease, cytokine-mediated inflammation, and
immunological inhibition. The precise immune
activation process is still not clear, and the beneficial and
harmful processes remain to be elucidated.

The angiotensin converting enzyme 2 (ACE2)
receptor is widely distributed in the lungs (Oarhe et al.,
2015; Zhang et al., 2018), bile ducts (Paizis et al., 2005),
myocardium (Ramchand et al., 2020), kidneys, brain,
and other tissues (Santos et al., 2018). Some studies have
reported ACE2 as the cell entry receptor of 2019-nCoV
(Lu et al., 2020; Tian et al., 2020; Zhou et al., 2020).
Based on the sequence of 2019-nCoV, the receptor-
binding motif (RBM) indicates ACE2 as its potential
receptor, and some residues in the 2019-nCoV RBM
(particularly Gln493) have effectively combined with
human ACE2, supporting this hypothesis. The affinity
(KD) calculated between the 2019-nCoV receptor-
binding domain (RBD) and human ACE2 was 15.2 nM,
which is similar to  severe acute respiratory syndrome
(SARS)-CoV RBD (15 nM). Furthermore, CR3022, a
SARS-CoV-specific antibody, was found to have the
ability to bind with 2019-nCoV RBD (Tian et al., 2020).
Therefore, tissues or organs with ACE2 may have the
potential to be infected, and CR3022 might have the
potential to be used for 2019-nCoV vaccine research. To
confirm these hypotheses, an efficient model is
indispensable.

Treatment of COVID-19 includes antiviral drugs,
antibiotics, steroid hormones, oxygen support (e.g., nasal
cannula and invasive ventilator to assist ventilation), and
extracorporeal membrane oxygenation (Chen et al.,
2020). While all of these approaches are established
therapies, none of them are directed against COVID-19,
and large gaps in the treatment and prevention of this
disease remain.

Direct pathogenicity between viruses and host cells
have many patterns, including cytocidal infection, steady
state infection, apoptosis, cell proliferation and
transformation, gene integration, and the formation of
inclusion bodies. If it is a cytocidal infection, as in the
case of adenoviruses, viruses mature within host cells
and release a large number of progeny viruses in a short
time, leading to cell lysis and death (Huang et al., 2020).
Viral infection could disturb nucleic acid and protein
metabolism. Steady state infection, as in the case of the
herpes virus, would not lead to cell lysis, but would
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result in host cell fusion and cause new antigens to be
presented on the surface (Liu et al., 2019). Apoptosis is a
positive progression, it is a protective mechanism that
limits the replication of viruses, but it damages organ
function. For cell proliferation and transformation, some
viruses promote cell proliferation and cause tumours
(Rotondo et al., 2019). As for gene integration, as in the
case of the papillomavirus, viruses integrate their genes
into the host cell genome, with unpredictable
consequences (Drolet et al., 2019; Massarelli et al.,
2019). The formation of inclusion bodies could assist in
the diagnosis of some virus diseases (Ringel et al.,
2019). The pathogenic process of the 2019-nCoV
remains to be determined.
Human iPSC-organoids

While COVID-19 has already spread globally, the
infection pathway and pathogenic mechanisms of 2019-
nCoV in vivo are still uncertain. To study the
pathophysiological features of virus infection or drug
screening, an excellent disease model is necessary. Two-
dimensional (2D)-models (Xu et al., 2016) and animal
disease models (Bian et al., 2017; Grosenbach et al.,
2018) are frequently used in viral infection studies.
However, 2D-models cannot simulate an in vivo
microenvironment, which limits the reliability of the
research. The large gap between different species, even
between primates and humans, limits the effectiveness of
animal models (Boni et al., 2018); moreover, the
restricted use of primates is another obstacle. Airway
organoids derived from broncho-alveolar resections or
lavage material are able to be maintained for over 1 year
and are amenable to drug screening (Sachs et al., 2019);
however, these tissues are often not freely available, and
do not comprise suitable cells for mass amplification.
Human iPSC-3D organoids may be an ideal tool to help
investigate the remaining uncertainties surrounding
COVID-19.

Relatively perfect structures and functions could be
an advantage for a disease model. LOs derived from
human iPSCs, cultured in three-dimensional microwells,
showed promising potential in investigating the precise
roles of HBV and evaluating drug toxicity (Nie et al.,
2018). Human iPSC-derived endodermal, mesenchymal,
and endothelial cells are contained in the system, which
highly simulate the human liver. Intercellular
interactions like tight junctions are essential for a stable
structure, and have been observed in the LO. Further,
human iPSC-LOs not only have very similar structures
to microvilli, lipid droplets, and bile capillaries between
hepatic cells but also have almost perfect function, such
as protein secretion and metabolism. Expression of
specific hepatic functional genes in differentiated LOs
was significantly higher than that in human iPSC-
derived hepatic-like cells. In another study, human
Embryonic Stem Cells- and iPSCs-LOs expressed
cytochrome P450 proteins (CYP) families at a higher
level than in 2D-differentiated mature hepatocytes (Mun

et al., 2019).
Susceptibility is a precondition for viral infection no

matter whether in vivo or in vitro. Human pluripotent
stem cell (hPSC)-derived 3D LBOs express the lung
markers EPCAM, KRT8, NKX2.1, FOXA1, FOXJ1,
CC10, mucins, and P63 (Chen et al., 2017). These LBOs
demonstrated swelling, detachment, and shedding, which
is similar to human lungs when infected with respiratory
syncytial virus. Compared to primary human
hepatocytes, Na+-taurocholate co-transporting
polypeptide, an HBV entry receptor, was higher in
human iPSC-LOs (Nie et al., 2018), which indicated a
high susceptibility to HBV infection. There are also
factors that enhance infection efficiency, such as GPC5,
PPARA, and CEBPA, which were higher in human
iPSC-Los. After infection with HBV, pg RNA,
intercellular vDNA, cccDNA, and supernatant vDNA
were found at a higher level in human iPSC-LOs
compared to human iPSC-hepatic-like cells.

Immunity is an inherent characteristic of the human
body, except in immunodeficient patients. Organoids can
provide space and facilitation for immune activities.
Immune activation was observed in human iPSC-LOs
that controls replication of HBV but increased additional
hepatic injury, which closely mimicked the in vivo
process (Nie et al., 2018). Lung stem cell-derived human
airway organoids were infected with influenza A H1N1
subtype (H1N1) and avian influenza A H7N9 viruses;
these organoids were similar to airway tissues in
composition, cell diversity, and the organisation of
p63a+ basal cells, acetyl-α-tubulin+ ciliated cells,
MUC5AC+ secretory goblet cells, and SCGB1A1+/
CC10+ secretory club cells. After viral infection, T-cell
and related cytokines were increased in the airway
organoid (Hui et al., 2018).

To observe the complete infection process, virus life
cycle, and fully study pharmacological actions, a long-
term model is essential. Human iPSC-LOs were able to
maintain HBV propagation in the system for a minimum
of 20 days (Nie et al., 2018), which is superior to the
time scale of cell culture experiments. LOs have been
maintained for more than 3 months after in vitro culture
(Mun et al., 2019). In addition, there are other long-term
alveolar organoids (Yamamoto et al., 2017) and LOs (Hu
et al., 2018) that may be maintained over a relatively
long time. There are also iPSC-derived cardiac
organoids (Mills et al., 2019; Schulze et al., 2019) and
kidney organoids (Phipson et al., 2018) that have
suitable cellular density, microarchitecture and
functioning, which can be similarly used for viral
infection and drug screening research.
Expectations of an ex vivo COVID-19 infection model

Many treatments have been employed to treat the
symptoms of COVID-19, including anti-infection agents
and oxygen support, but none of these therapeutic
methods is specific for this disease. The need for
medication designed for COVID-19 has become more
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and more critical, especially for severe cases. Human
airway epithelium was cultured to simulate 2019-nCoV-
infection and observed over 6 days; 96 hours after
inoculation cytopathic effects appeared on the surface
layers of the human airway epithelial cells and there was
an observed absence of cilia beating, but specific
cytopathic effects were not observed in the comparative
Vero E6 and Huh-7 cell lines until the last day (Zhu et al.,
2020) – the difference between Vero E6 cells and human
airway epithelial cells was obvious. Another study
evaluated the antiviral efficiency of several drugs against
2019-nCoV in Vero E6 cells (ATCC-1586), and found
that remdesivir and chloroquine are highly efficacious
(Wang et al., 2020a,b). While the results of this study are
promising, the fact that Vero E6 cells were used means
the reliability of the results must be considered, as per the
study by Zhu et al. (2020). Research models that mimic
2019-nCoV life cycle, infection routes, pathophysio-
logical process, and potential replication inhibition
strategies are limited.

Previous research has shown that human iPSCs have
natural advantages allowing them to propagate
indefinitely in vitro and differentiate into multiple cell
types. Human iPSC-developed organoids have similar

structures and functions as human organs, which makes
them suitable for COVID-19 modelling (Fig. 1). After
viral infection, the organoids can simulate an immune
response, which happens during all kinds of infection.
From the known COVID-19 clinical symptoms,
complications, biochemical analyses, and imaging
results, it is apparent that the lungs, heart, liver, kidneys,
and other organs are involved in disease progression.
ACE2 has been identified as the cell entry receptor of
2019-nCoV, and these receptors have been found in bile
duct, lung, kidney, heart, brain, and other tissues. It is
likely that the aforementioned organs or tissues are
directly affected by COVID-19, but the connection
between them still needs to be corroborated. Thus, human
iPSC-developed organoids could serve as an ideal model
to examine viral infection and perform drug screening;
furthermore, the effects of both infection and host
immune response in different cell types can be observed
in a single system.
Conclusion

Despite COVID-19 being so prevalent, knowledge of
the mechanism of infection, pathological processes, and
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Fig. 1. Self-organization and potential application of iPSC-3D organoids. Lung bud organoids (LBOs), liver organoids (LOs) and kidney organoids
(KOs) are developed from human iPSCs, these iPSC-3D organoids can be used for virus researches (e.g. respiratory syncytial virus, hepatitis B virus),
they may be potential models for COVID-19.



treatment strategies are still limited. Human iPSC-3D
organoids provide an ideal system to explore COVID-19
pathogenesis, with suitable structures and functioning, a
high susceptibility to viruses, immune system response
capabilities, and the potential for long-term maintenance.
Moreover, this system could serve as a potential ex vivo
infection model for viruses other than 2019-nCoV.
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