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Aplastic anemia patients with severe COVID-19 showed abnormal ultrastructure 
features on type II pneumocytes of lungs 
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Type-II-pneumocytes from the bronchoalveolar fluids of aplastic anemia (AA) patients with COVID-19-induced acute 
respiratory distress syndrome (ARDS) were imaged to assess the ultrastructural alteration, especially in the number and size of 
the lamellar bodies. The mild (non-ARDS), and severe ARDS without comorbidities were used as reference for comparative 
ultrastructural analysis. The electron microscopic imaging of mild non-ARDS patients showed normal ultrastructure with 
surfactant-containing lamellar bodies of size range 0.5-1.00 µM with an area ranging from 0.3-0.8 µM2. The ARDS patients 
with diabetes and without any comorbidities showed larger lamellar bodies of the size range 0.8-1.4 µM with an area range 
from 0.5-1.50 µM2. However, AA patients revealed normal and giant lamellar bodies. These giant lamellar bodies showed a 
size range of 2.0-4.0 µM with an area ranging from 3.0- 5.0 µM2 with a lesser number/cell. This study reports the abnormal 
ultrastructural alteration of type II pneumocytes in AA patients with COVID-19.  
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Pancytopenia, (a decrease in all three hematologic cell 
lines) with bone marrow failure is known as aplastic 
anemia (AA) with an incidence of two per million 
population1. This is caused by various reasons, such 
as infections, autoimmune diseases, genetic disorders, 
nutritional deficiency, and/or malignant conditions. It 
is clinically described by lower hemoglobin(<12 g/dL 
in women and <13 g/dL in men), platelets count 
(<150,000 per mcL), and leukocytes (<4000 per mL), 
and absolute neutrophil count (<1800 per mL) 
depending on age, sex, race, and clinical conditions2. 
Many researchers reported the COVID-19-induced 
pancytopenia-like condition, but it is difficult to 
establish the pre- or post-manifestation of AA3. It has 
also been reported that pancytopenia was induced by 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection due to cytokine storm and 
the potential viral cytotoxicity4,5. Many researchers 
reported that patients with minimal respiratory 
COVID-19 symptoms developed cytopenia and were 
diagnosed with bone marrow failure. Bone marrow 
aspiration of these patients showed viral infection and 

infiltration with SARS-CoV-26-9. The mechanistic 
link between SARS-CoV-2 infection and bone 
marrow failure was not effusively reported10-12. It was 
only speculated that SARS-CoV-2 infection-mediated 
immunologic response was the main reason for bone 
marrow failure13.However, very few reports describe 
the incidence of COVID-19 and its clinical effects on 
patients already suffering from aplastic anemia2,14-16. 
It was also reported that patients affected by 
hematological disorders had increased mortality and 
prolonged viral RNA persistence than patients with 
non-hematological cancers17-19. Avenoso et al. studied 
the impact of SARS-CoV-2 infection on patients already 
suffering from pancytopenia using a small cohort study 
of twenty-three aplastic anemia patients and reported the 
progressive decline in all hematologic indices consistent 
with overt relapse and requirement of transfusion 
support. They demonstrated that SARS-CoV-2 infection 
could jeopardize residual hematopoiesis during aplastic 
anemia20. Another study by Khaled et al. reported that 
AA patients were at higher risk for COVID-19 
infection and more prone to develop a severe form of 
the disease due to immune-deficient conditions3. In 
younger patients without major comorbidities, 
COVID-19 infection was self-limiting and did not 
result in AA relapse14,21. Considering the finding and 
clinical outcome studies of AA patients with  
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COVID-19 infection, we have investigated the effect 
of SARS-CoV-2 infection on type II pneumocytes 
from COVID-19-induced ARDS patients. Patients 
with mild (mild infection, no ARDS-like condition) 
and ARDS (without and with comorbidities like 
diabetes) were used to compare ultrastructural 
findings similar to the other report22-24. We have 
found abnormal extra-large-size surfactant granules in 
type II pneumocytes only in patients suffering from 
aplastic anemia.  
 

Material and Methods 
 

Material  
Triton X-100 was procured from Fisher Scientific. 

Osmium tetroxide was procured from Ted Pella, USA. 
Uranyl acetate was from TAAB, UK, and lead citrate 
was from Ladd. Karnovsky’s fixative (0.5% 
glutaraldehyde + 2.0 % paraformaldehyde) was 
purchased from Sigma chemical company, MO, USA.  
 
Methods 
 

Ethics statement  
BALF of the COVID-19 patients from the Intensive 

Care Unit (ICU) were collected after taking informed 
consent from all participants or patient representatives. 
The study was approved by Institutional Ethics 
Committee (IEC) (Ref. No. IEC-307/27.04.2020,  
RP-10/202). We are confirming that all experiments 
were performed following relevant guidelines and 
regulations. 
 
Study design and sample collection  

BALF samples were collected from intubated 
SARS-CoV-2 positive patients in the COVID-19 
intensive care unit (ICU), AIIMS, New Delhi. All 
samples were collected between 3rd October 2020 and 
31st January 2021. The patients were categorized into 
four groups such as (A) mild infection non-ARDS 
patients (5 patients), (B) severe infection with ARDS 
without any comorbidities (5 patients), (C) Severe 
ARDS patients with diabetes as comorbidities  
(5 patients) and (D) Severe ARDS patients with 
pancytopenia before the infection (05 patients)  
(Fig. 1). RT-PCR test was performed to confirm the 
COVID-19 infection for all the patients recruited in 
the study. The ARDS patients were intubated due to 
hypoxemia (SpO2<90%), high oxygen requirement 
(flow rate 20-25 L/min), and deteriorating breathing 
problems.  

The BALF (15-20 mL) was primarily fixed in 
freshly prepared 20 mL, 2X Karnovsky’s solution 

(final 5% glutaraldehyde + 4.0 % formaldehyde)  
in 0.2 M phosphate buffer. The surface of the  
sample vials was sterilized with an alcohol/soap 
solution by incubating for two hours at room 
temperature and stored at 4C in a COVID-19-
designated refrigerator. The medical records of all 
patients were reviewed and cross-checked by an  
on-duty medical physician.  
 
Sample processing for the cellular enrichment 

After the primary fixation, the BALF solution was 
diluted ten times with 0.1 M NaCl solution and 
strained through a nylon mesh cell strainer with a  
100 µM pore. The filtrate was centrifuged at  
2500 rpm for 3 min in a swinging bucket. The cell 
pellets were washed 2-3 times for 10 min with PBS 
solution to remove the excess mucus. The cellular 
content was enriched by centrifugation at 1200 g for  
3 min and resuspended again in the primary fixative A 
(0.5% glutaraldehyde and 2.0% paraformaldehyde in 
0.1M PB buffer). These samples were processed for 
PAP staining, immunofluorescence (IF), scanning- 
and transmission electron microscopy (SEM, TEM). 
 
Scanning electron microscopy 

For SEM, the enriched and primary fixed cellular 
components of BALF were osmicated, dehydrated 
with ethanol, critical point dried (E-3100, Quorum 
Tech), and mounted on double-sided tape on the 
aluminum stubs. These stubs were sputter-coated with 
a gold-based sputter coater (HHV BT-150) for  
180 sec. Electron micrographs were obtained on 
EVO18 (Zeiss, Germany) SEM operated at 20 kV 
accelerating voltage, between 8-10 mm average 
working distance with SE detector, and 
magnifications ranging from 5000X to 30000X.  
 

Transmission Electron Microscopy 
Enriched cellular constituents of BALF were 

primarily fixed using 2.5% glutaraldehyde + 2.0% 
paraformaldehyde in 0.1 M phosphate buffer (PB). 
The fixed cellular pellets were washed with 0.1 M PB 
(pH 7.4) and secondary-fixed with 1% osmium 
tetroxide in 0.1 M PB (pH 7.4) for one hour 
(secondary fixation) at 4°C. Pellets were washed with 
distilled water for two hours, and en bloc staining was 
done with 2% uranyl acetate in 50% ethanol. These 
samples were again washed with distilled water and 
dehydrated in an ethanol series (50%, 70%, 80%, 
90%, and 100%). These pellets were infiltrated and 
finally embedded in Araldite CY212 resin to prepare 
the blocks. Resin blocks were trimmed, and 70 nm 
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ultrathin sections were prepared using UC7 
ultramicrotome (Leica). The sections were mounted 
on grids and stained with 5% uranyl acetate and 5% 
lead citrate. Cells were imaged using Talos F200 
Transmission Electron Microscope (Thermo Fisher 
Scientific) using a FEG filament operated at 200kV. 
The size and area of each lamellar body were 
measured by using ImageJ software. 
 
Results 

In scanning and transmission electron microscopy 
imaging, type II pneumocytes from the BALF of mild 
SARS-CoV-2 infected patients (non-ARDS 
condition) look healthy and have a normal distribution 
of lamellar bodies of a diameter range of 500-1000nm 
and area ranging from 0.3-0.8 µM2 (Fig. 1). The 

surface microvilli, mitochondria, and nucleus were 
well preserved and showed very few virus-like 
structures in both TEM and SEM images (Fig. 2). 
However, the patients without comorbidities with 
SARS-CoV-2 induced ARDS showed an increased 
number (187 per cell section) of lamellar bodies 
with size ranges 800-1400 nm and area ranging from 
0.5-1.50 µM2. The cellular ultra-structure, such as the 
nucleus, mitochondria, and microvilli on the surface, 
were poorly preserved. Plenty of virus-like structures 
on the surface of these cells were indicative of severe 
infection (Fig. 3). The ultrastructure of typeII 
pneumocytes from COVID-19-induced severe ARDS 
diabetic patients showed a similar size range, area, 
and distribution of lamellar bodies like patients 
without comorbidities (Fig. 4). However, these cells 

 
 

Fig. 1  Study design to evaluate the effect of SARS-CoV-2 infection on aplastic anemia patients with various controls. The BALF were
collected from the intubated patients. The patients were finally grouped under the (A) Non-ARDS, mild infection of SARS-CoV-2 (B)
SARS-CoV-2 induced ARDS patients without any comorbidities (C) SARS-CoV-2 induced ARDS patients with diabetes as
comorbidities and (D) SARS-CoV-2 induced ARDS patients with aplastic anemia as comorbidities. The mild COVID-19 patients (A)
were intubated due to traumatic conditions (not due to COVID-19-induced ARDS) but found COVID-19 positive through RT-PCR. The
BALF of these patients were taken to explore the ultrastructural changes of type II pneumocytes between these groups. The number of
patients recruited in this study was indicated along with each subgroup 
 

 

Fig. 2  Ultrastructural imaging of type II pneumocytes cells from the BALF of mild COVID-19 patients. (A) SEM image of type II
pneumocytes cell with regular surface microvilli and very less virus-like structures (white arrowhead); (B)TEM showing irregular surface
microvilli (Mv), healthy cell with proper nucleus (N), normal size (0.5-1.0 µM) and area (0.3-0.8 µM2) lamellar bodies (white arrow),
well-preserved mitochondria (M), and other cell organelles. Very few endocytic vesicles (Ev), and virus-like structure (white arrowhead)
were also appreciated; (C) Enlarged view of square area of image B 
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from aplastic anemia patients showed two clearly 
distinguishable size distributions as normal size 
(<1500 nm diameter) and some giant lamellar bodies 
(52 per cell section) with a size range from  
2000-4000nm. The area of smaller lamellar bodies 
was like other patients (<1.5 µM2), but the area  
of giant lamellar bodies were relatively very high  
(3.0-5.0 µM2). These cells of aplastic anemia patients 
also showed many mature endocytic viruses, 
endocytic vesicle formation, enlarged mitochondria, 

and poor presence of the nucleus (Fig. 5).  
Discussion 
 

The ultrastructural alterations studies of the 
respiratory tissue/cells from the AA patients after 
COVID-19 infection may provide cellular insight into 
the disease. This study was designed to understand the 
effect of COVID-19 on the ultrastructure of the type 
II pneumocytes (from BALF) of severe ARDS 
patients already suffering from aplastic anemia. The 
severity and lethality of SARS-CoV-2 infection in AA 

 

Fig. 3  Ultrastructural imaging of type II pneumocytes cells from the BALF of severe COVID-19-induced ARDS patients without any
comorbidities. (A) SEM image of type II pneumocytes cell with distorted short microvilli and plenty of virus-like structures (white
arrowhead); (B) High magnification SEM image with clear distinguishable short microvilli and many SARS-CoV-2 like virus; and
(C)TEM image showing a smaller number of irregular and short microvilli (Mv), mitochondria (M), and other cell organelles. Relatively
bigger size (800-1250 nm) and higher number (5-8 per cell section) lamellar bodies (white arrow), many endocytic vesicles (Ev), and
plenty of SARS-CoV-2 virus-like structures (white arrowhead) were observed 
 

 
 

Fig. 4  Ultrastructural imaging of type II pneumocytes cells from the BALF of severe COVID-19-induced ARDS patients with
diabetes.(A) SEM image of type II pneumocytes cell with disintegrating very small size microvilli; and (B) TEM image showing a
smooth plasma membrane (very few microvilli, an indication of the high-stress condition), degenerative nucleus (N), very few
degenerating mitochondria (M), and other cell organelles. Similar size (800-1400 nm), area (0.5-1.5 µM2) and number (8-14 per cell
section) of lamellar bodies (white arrow), many endocytic vesicles (Ev), and plenty of SARS-CoV-2 virus-like structures (arrowhead)
were observed (like ARDS patients without comorbidities) 
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patients were relatively very high among other 
comorbidities such as diabetes3,9,17,18. To identify the 
unique ultrastructural changes in type II pneumocytes 
of AA patients, different control groups, such as non-
ARDS (mild infection) and ARDS (without and with 
comorbidities like diabetes) patients, were recruited in 
this study (Fig. 1). Type II pneumocytes of the  
AA patients showed very unusual ultrastructural 
features, i.e., relatively large size lamellar bodies 
(2000-4000 nm in size and area ranging from  
3.0-5.0 µM2), called giant lamellar (GL) bodies. 
However, among the other patient groups, these 
lamellar bodies showed nearly similar shapes and 
sizes (Fig. 6). The increase in the size of these 
lamellar bodies may be attributed to the function of 
type II pneumocytes. These cells produce alveolar 
surfactants (to maintain the alveolar and airway 
stability) that are stored in the lamellar bodies. The 

nascent lamellar bodies appear to acquire lipids and 
mature as they move toward the cell's periphery 
before secretion25. The large size lamellar bodies (like 
the AA patients with COVID-19) were also reported 
in the Chediak Higashi Syndrome (CHS) with 
neutropenia, a common characteristic in the aplastic 
anemia26.  

The number and size of these lamellar bodies 
gradually increased from mild infection patients to 
ARDS patients to AA (Fig. 6). The formation of giant 
lamellar bodies may be due to increased synthesis of 
surfactants under stress conditions induced by 
cytokine storms and decreased rate of surfactant 
release (viral infection). This phenomenon is more 
prominent in AA patients27. Due to the 
immunocompromised conditions of AA patients, 
SARS-CoV-2 infection induces very high negative 
pressure on type II pneumocyte cells compared to 

 
 

Fig. 5  Ultrastructural imaging of type II pneumocytes cells from the BALF of severe COVID-19-induced ARDS patients with
aplastic anemia.(A) TEM image of type II pneumocytes cell(patient 1) filled with very large and few Giant Lamellar (GL) bodies of size
(2.0-4.0 µM ), and area (3.0-5.0 µM2). These giant lamellar bodies occupied the maximum cellular space (30-50%). The microvilli (Mv)
were nearly absent; thus, these cells were not recognized in the SEM imaging.  Plenty of viruses-like structures were seen in the vacuoles
and in endocytic vesicles (Ev). Enlarged mitochondria (M) were also observed; (B) High magnification TEM image of (A) with clear,
distinguishable giant lamellar bodies, along with normal size lamellar bodies (white arrow), were observed. Cell organelles such as
mitochondria (M), endocytic vesicles (Ev) and a few SARS-CoV-2-like viruses (white arrowheads) were clearly visible; and (C & D)
magnified view (TEM image) of type II pneumocytes of another COVID-19-infected AA patient (Patient 2).  These images showed very
few (4-6) giant lamellar bodies, along with 10-15 normal-size lamellar bodies 
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other COVID-19 patients. Reduction in the secretion 
of surfactant from type II pneumocytes may activate 
the alveolar macrophage to proliferate and 
simultaneously infiltrate neutrophils in the alveoli. 
This infiltration finally leads to the cytokine storm, 
which could be the reason for the relatively severe 
effect of COVID-19 on AA patients among other 
patients in a similar stage of the disease3,5,7,14,20,21.  
 

Conclusion 
The ultrastructural alteration using scanning and 

transmission electron microscopy of type II pneumocyte 
cells from the bronchoalveolar fluids of COVID-19-
infected aplastic anemia patients was explored. We have 
reported abnormal giant lamellar bodies in the type II 
pneumocytes cells in severely SARS-CoV-2 infected 
aplastic anemia patients. This report brings new findings 
to understand the relationship and impact of COVID-19 

disease on aplastic anemia patients at the cellular level. 
The formation of giant lamellar bodies may be due to 
increased synthesis of surfactants under stress conditions 
induced by cytokine storms and decreased rate of 
surfactant release (viral infection).The presence of  
large giant lamellar bodies in the type II pneumocytes  
of COVID-19 patients suffering from aplastic anemia  
is a new finding that suggests a potential disruption  
in the normal surfactant production and secretion 
process in the lungs of these patients. This may 
contribute to the respiratory distress and lung  
injury observed in severe COVID-19 cases of aplastic 
anemia patients. 
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Fig. 6  Violin plots showing the distribution of lamellar bodies in type II pneumocyte cells from the BALF of different groups of COVID-19
patients. The Violin plots showed the size distribution (A) based on the diameter/size; and (B) based on the area of lamellar bodies. The patient
groups are [A] non-ARDS patients with a mild infection (n=5), [B] ARDS patients without comorbidity (n=5), [C] ARDS patients with diabetes
(n=5), and [D] ARDS patients with aplastic anemia (n=5). Each violin plot represents the density of lamellar body size distribution for each
patient group, with the width of the violin representing the density of lamellar bodies and the red line indicating the median size. The shape of the
violin plot reflects the distribution of the data, with narrower sections indicating fewer lamellar bodies and wider sections indicating a higher
number of these lamellar bodies. The size of the lamellar bodies was measured from a TEM micrograph with Image J software, and the data were
plotted using Prism software. The violin plot suggests that there is a significant difference in the distribution of lamellar body size among the
different patient groups. The aplastic anaemia group [D] showed a higher proportion of large lamellar bodies in comparison to the other groups.
These findings suggest that the size and distribution of lamellar bodies in type II pneumocytes may be indicative of disease severity and could
potentially serve as a diagnostic marker for aplastic anaemia in severe COVID-19 patients 
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