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Introduction

Since the global outbreak of coronavirus disease 2019 
(COVID-19), this viral pneumonia has attracted intense 
attention worldwide. The usual symptoms of COVID-19 
include fever, cough, shortness of breath, and muscle 
ache, which are similar to those of severe acute respiratory 
system (SARS) and Middle Eastern respiratory syndrome  
(MERS) (1). As of March 20th, 2020, confirmed cases of 
severe acute respiratory system coronavirus 2 (SARS-CoV-2) 
infection have been reported in more than 180 countries 
and regions, with Asia, Europe and North America being 
the most heavily affected. SARS-CoV-2 was discovered 
via unbiased sequencing in samples from patients with 
pneumonia, and the virus showed the typical coronavirus 
morphology via transmission electron microscopy (TEM). 
The high resolving power of TEM permits studies at 
nanometer scale, providing direct images of viruses for 
diagnosis and research (2). TEM plays an important role 
in virus detection and is particularly useful for identifying 
unknown agents involved in particular outbreaks or 
transmission clusters; it has contributed to the discovery 
of many types of viruses and served as a diagnostic tool for 
direct identification of viruses in biological samples (3). 
Therefore, we used TEM to compare the morphology 

of the HCoV-229E and SARS-CoV-2 coronaviruses in 
ultrathin sections of sensitive infected cells and to further 
investigate the morphology of cells in bronchoalveolar 
lavage fluid (BALF) from two ICU patients with confirmed 
SARS-CoV-2 infection, so as to providing morphological 
bases for study of SARS-CoV-2

Methods

Huh7 cells infected with HCoV-229E and Vero E6 cells 
infected with SARS-CoV-2 were cultured at 37 ℃ for 
48–72 h, and cells exhibiting cytopathic effects (CPEs) 
were obtained. BALF was obtained from ICU patients with 
confirmed COVID-19. Cells were centrifuged at 800–1,200 
rpm for 5 minutes, and the supernatant was removed, 
inactivated by fixation and processed for standard TEM as 
follows: the sample was fixed in a mixed fixative solution 
containing 2.5% glutaraldehyde and 4% paraformaldehyde 
for 2 h at 4 ℃, fixed in 1% osmium tetroxide, dehydrated 
through a graded series of ethanol (30%, 50%, 70%, 90% 
and 100%) and embedded in pure Epon 812 resin. Sections 
(70 nm) from samples were stained with uranyl acetate 
and lead citrate. Imaging was performed at 100 kV using a 
Hitachi JEM-1400 PLUS transmission electron microscope 
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(Japan Electron Optics Laboratory Co., Ltd). Digital 
images of the specimens were acquired using an EMSIS 
VELETA G3 CCD camera and analysed by experienced 
electron microscopists. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
reviewed and approved by the Dongguan People’s Hospital 
Medical Ethics Board (approval #KYKT2020-005). All 
enrolled patients completed the informed consent form.

Results

Ultrastructural characteristics of SARS-CoV-2-infected 
cultured cells

The human coronaviruses OC43/229E and HKU1 have 
been confirmed to replicate steadily and induce CPEs in 
Huh7 cells (a human hepatoma cell line) (4-6). Coronavirus-
infected cells usually show an irregular morphology with 
spreading from the edge to the centre of the cell layer 
and a gradual appearance as small aggregates; the number 
of interstitial particles increases, and the diseased cells 
become rounded, condensed, detached or fused, although 
the cytopathy usually does not extend throughout the cell 
monolayer (7). The same CPEs were observed in Huh7 
cells infected with HCoV-229E in our cell culture model; 
most of the cells became rounded and aggregated, and some 
cells began to detach or fuse (Figure 1). TEM showed that 
HCoV-229E replicated and assembled in the cytoplasm 
of Huh7 cells, matured on the inner membrane of the 
rough endoplasmic reticulum, and filled in significantly 

expanded vesicles (Figure 2A). The virions were spherical 
or polymorphic with diameters ranging from 80 to 120 nm 
and were coated with elongated coronal fibrils arranged 
on the envelope surface. The nucleocapsid of the virions 
was helically symmetric, with a diameter ranging from 9 to 
13 nm. Viral particles were released into the extracellular 
environment through exocytosis and often adhered to the 
cell membrane surface as aggregates (Figure 2B). Vero E6 
cells, or rhesus monkey embryonic kidney cells, were the 
first cells in which SARS-CoV was isolated (8-10). We 
tried to inoculate Vero E6 cells with a clinically isolated 
SARS-CoV-2 virus (GenBank accession no. MT123290.1). 
Obvious CPEs were observed after culture: SARS-CoV-
2-infected cells became rounded or irregular in shape 
and gradually aggregated, with relatively few cell lesions  
(Figure 1). In addition, TEM of Vero E6 cells infected with 
SARS-CoV-2 showed mature virions attached to the inner 
walls of vesicles (Figure 3A), and large amounts of viral 
particles were adhered to the cytoplasmic and extracellular 
membrane surfaces as well as the cellular processes of the 
Vero E6 cells (Figure 3B). Moreover, many infected cells 
showed typical ultrastructural changes consistent with 
apoptosis, suggesting that target cell apoptosis induced 
by SARS-CoV-2 may play an important role in the 
pathogenesis of COVID-19.

Ultrastructural characteristics of SARS-CoV-2-infected 
BALF cells

We explored the morphology of cells in BALF from two 
ICU patients with confirmed COVID-19. 

BA

Figure 1 CPEs of HCoV-229E in cultured Huh7 cells and SARS-CoV-2 in cultured Vero E6 cells, 100×. (A) CPEs of HCoV-229E in 
cultured Huh7 cells after 72 h. The cells became rounded and aggregated, and some cells began to detach or fuse. (B) CPEs of SARS-CoV-2 
in cultured Vero E6 cells after 48 h. There were few cytopathic changes, and the cells became rounded or irregular in shape and aggregated. 
CPEs, cytopathic effects.
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Figure 2 Thin-section electron micrographs of HCoV-229E-infected Huh7 cells. (A) The vesicles in infected cells were filled with 
coronavirus virions of various sizes and spherical or multiform morphology (arrowhead) (Bar =200 nm, 50,000×); (B) The typical coronavirus 
virions were attached to the cell membrane via coronal spikes (arrowhead) (Bar =200 nm, 50,000×).

Figure 3 Thin-section electron micrographs of Vero E6 cells infected with a SARS-CoV-2-positive throat swab sample. (A) Most viral 
particles were in the cytoplasm and outside the cell membrane and between the cellular processes; the mature virus particles were also 
attached to the inner wall of the vesicles (arrowhead) (Bar =200 nm, 50,000×); (B) Most mature virions were attached around the cytoplasm 
and between the cellular processes (arrowhead) (Bar =500 nm, 30,000×).

Patient 1: A 69-year-old female developed symptoms of 
cough and production of sputum with unknown properties 
after returning to her hometown in Hubei province on 
January 25th, 2020 and developed fever two days later with 
an unknown maximum body temperature, and no dizziness 
or headache. Chest high-resolution computed tomography 
(HRCT) showed right middle lobular pneumonia. A throat 

swab tested positive for SARS-CoV-2 by real-time reverse 
transcription-polymerase chain reaction (rRT-PCR) on 
Jan 19th.

Patient 2: A 72-year-old female developed fever without 
an obvious cause on January 28th, 2020, the fever was 
accompanied by cough and expectoration of white, sticky 
sputum. A throat swab tested positive for SARS-CoV-2 
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by rRT-PCR on Jan 30th. Chest HRCT showed a small 
amount of chronic inflammation in the medial segment of 
the middle right lung lobe and local nodular thickening 
in the oblique fissure of the left lung on Jan 31st. She 
reported a travel history to Wuhan on Jan 18th–19th, 2020. 
The clinical diagnosis was consistent with COVID-19, 
and the patient was admitted to the hospital with essential 
hypertension and type 2 diabetes. BALF (4.5 mL) from 
patients was prepared for electron microscopy as described 
above. Type II alveolar epithelial cells with characteristic 
hemilamellar bodies were observed among BALF cells 
under electron microscopy; these organelles were filled 
with unequal numbers of mature virions in the markedly 
expanded rough endoplasmic reticulum and vesicles. 
The virions were spherical or pleomorphic, 80–120 nm 
in diameter, and composed of an envelope with coronal 
fibrils and a helical nucleocapsid (Figure 4A). Nucleic acid 
isolated from BALF of patient 1 tested positive for SARS-
CoV-2 [the cycle thresholds (CT) value was approximately 
21], consistent with the TEM results. Moreover, the viral 
particles existed mainly in type II alveolar epithelial cells, 
consistent with clinicopathological observations indicating 
that the virus destroyed alveolar epithelial cells and 
produced virus-induced cytopathic changes. In addition, 
we observed circular objects in the vesicles, which may 

have been polyvacuolar bodies or autophagic vesicles that 
engulfed particles (Figure 4A). Virions were observed in 
BALF from patient 2 under TEM (Figure 4B). However, 
nucleic acid isolated from BALF tested negative for SARS- 
CoV-2 (CT >37), inconsistent with the TEM results. We 
speculated that this discrepancy may have resulted from 
sampling error; in addition, the viral load of the patients 
did not decrease completely, possibly explaining why 
some discharged patients again have positive nucleic acid 
tests later. In addition, some cells exhibited deteriorated, 
autolysed, and disintegrated organelles resulting from a 
failure to fix BALF cells in time to prevent these events 
(data not shown). Therefore, timely fixation of electron 
microscopy specimens is extremely important for the 
interpretation of results.

Discussion

Our study shows that the morphology of SARS-CoV-2 
did not differ significantly from that of HCoV-229E, as 
determined by electron microscopy. The SARS coronavirus 
has been reported to enter cells through membrane fusion 
instead of endocytosis, and the nucleocapsids then assemble 
in the endoplasmic reticulum and mature by budding into 
smooth vesicles derived from the Golgi apparatus. These 

BA

Figure 4 Electron micrographs of (BALF from a patient infected with SARS-CoV-2. The top right corner shows an enlargement of the 
selected part of the image. (A) Electron micrographs of BALF from Patient 1showing lamellar bodies in type II alveolar epithelial cells 
(arrowhead). The virions attached to the smooth vesicles in the cytoplasm (arrowhead). Low magnification (Bar =1 μm, 10,000×), high 
magnification (Bar =200 nm, 40,000×). (B) Electron micrographs of BALF from Patient 2. The cells were fragmented and the organelles 
disintegrated; however, the cells, which should be type II alveolar epithelial cells, contained lamellar bodies (arrowhead), and virions were 
attached to the vesicles (arrowhead). Low magnification (Bar =1 μm, 15,000×), high magnification (Bar =200 nm, 50,000×).
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smooth vesicles fuse with the cell membrane, and the 
mature virions are released (11,12). In our study, TEM also 
showed that SARS-CoV-2 entered cells through membrane 
fusion and matured in vesicles. This phenomenon suggests 
that the life cycle of SARS-CoV-2 might be similar to that 
of SARS-CoV. This finding may provide a morphological 
basis for further studying the mechanism of SARS-CoV-2. 
However, the clinical characteristics and pathological 
manifestations of COVID-19 caused by SARS-CoV-2 
are different from those of SARS (13). Fu-Sheng Wang 
reported that the pathological features of a COVID-19 
patient showed evident pneumocyte desquamation and 
hyaline membrane formation, and a large amount of mucus 
can be seen in the bronchial lumen, which may cause 
dyspnea and hypoxemia in clinical patients. These findings 
suggested that SARS-CoV-2 may have invaded bronchial 
epithelial cells and mucus cells (14). These findings 
suggest that SARS-CoV-2 may invade bronchial mucosal 
epithelial cells and mucus-secreting cells. Similarly, we 
also observed ultrastructural deterioration of the ciliated 
columnar epithelium in BALF from COVID-19 patients 
via TEM, which is consistent with pathological changes 
of COVID-19. So the establishment of animal models of 
SARS-CoV-2 infection is necessary for further study of the 
infection, transmission and pathogenesis of this disease. 

In brief, transmission electron microscopy is a valuable 
technique. The species of virus can be distinguished by 
electron microscopy directly, which provides morphology 
information and counts of all viral particles, whether 
or not they are infectious. But there is no advantage in 
distinguishing virus subtypes, because of its limitation. 
However, TEM has a wider range of applications. It could 
be also used to investigate antiviral drugs. The process of 
antiviral drug suppressed viral invasion of cells could be 
observed by TEM, and this approach may be helpful for 
identifying the cellular target of viral invasion and further 
investigating viral pathogenesis. 
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