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Abstract
Pulmonary megakaryocytes participate in the pathogenesis of lung damage, particularly in acute lung injury. Although
megakaryocytes are not mentioned as a characteristic histologic finding associated to pulmonary injury, a few studies
reveal that their number is increased in diffuse alveolar damage (DAD). In this autopsy study, we have observed a relevant
number of pulmonary megakaryocytes in COVID-19 patients dying with acute lung injury (7.61 ± 5.59 megakaryocytes
per 25 high-power fields vs. 1.14 ± 0.86 for the control group, p < 0.05). We analyzed samples of 18 patients, most of
whom died after prolonged disease and use of mechanical ventilation. Most patients showed advanced DAD and abnormal
coagulation parameters with high levels of fibrinogen, D-dimers, and variable thrombocytopenia. For comparison, pul-
monary samples from a group of 14 non-COVID-19 patients dying with DAD were reviewed. They showed similar
pulmonary histopathologic findings and an increase in the number of megakaryocytes (4 ± 4.17 vs. 1.14 ± 0.86 for the
control group, p < 0.05). Megakaryocyte count in the COVID-19 group was greater but did not reach statistical signifi-
cance (7.61 ± 5.59 vs. 4 ± 4.17, p = 0.063). Regardless of the cause, pulmonary megakaryocytes are increased in patients
with DAD. Their high number seen in COVID-19 patients suggests a relation with the thrombotic events so often seen
these patients. Since the lung is considered an active site of megakaryopoiesis, a prothrombotic status leading to platelet
activation, aggregation and consumption may trigger a compensatory pulmonary response.
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Introduction

Megakaryocytes (MKs) are normally present in the human
lung and play a role in platelet homeostasis [1, 2].
Originally described by Aschoff in 1893, the interest in
pulmonary MKs and their platelet production has raised
considerably during the last decade [1–3]. Several studies
have shown that platelets participate in lung damage, par-
ticularly in acute lung injury [2, 3]. MKs are usually not
mentioned as a characteristic histopathologic finding as-
sociated to acute pulmonary injury [4–7]. However, a few
studies and textbooks point out that their number is in-
creased in the lungs of patients with diffuse alveolar dam-
age (DAD), burns, shock, or sepsis [8–11]. Inflammatory
injury to alveolar epithelium and endothelial cells,
resulting in intra-alveolar edema, deposition of fibrin,
and formation of microthrombi are important pathogenic
mechanisms of DAD. There is experimental and clinical
evidence that platelets contribute to alveolar damage and
repair in acute respiratory distress syndrome (ARDS) and
other forms of acute lung injury [2, 3]. Similarly, abnor-
malities in platelet number and function influence the nat-
ural history of ARDS [2, 3].

Most deaths related to severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) infection are due
to pulmonary damage. Autopsy studies performed on
these patients usually reveal DAD in different evolu-
tionary phases [7, 12–36]. Although no specific pulmo-
nary pathologic findings have been observed, thrombo-
sis of major vessels and microcirculation are often
highlighted. It is well-known that COVID-19 patients
often show prothrombotic coagulation abnormalities
[37–39], being thrombocytopenia associated with a
poor clinical outcome [40]. In this autopsy study, we
report that pulmonary MKs are a common finding in
COVID-19 patients with pulmonary damage. In addi-
tion to numerous pulmonary MKs, our patients suffered
from coagulation abnormalities, including thrombocyto-
penia. This is not an isolated observation since other
autopsy reports on COVID-19 patients mention in their
microscopic descriptions an elevated number of pulmo-
nary MKs [29–36]. A prothrombotic status leading to
platelet activation, aggregation, and consumption may
trigger a compensatory response of pulmonary MKs.
In our work, we compare our autopsy findings with
previous reports, mainly focusing of pulmonary MKs.
Our series includes analytical parameters related to pa-
tient’s coagulation status, including blood platelet
counts. Since the lung is considered an active site of
megakaryopoiesis, an increased number of pulmonary
MKs suggests and supports a relation with the throm-
botic events and thrombocytopenia so often seen in
severe COVID-19.

Methods

Patient selection

We analyzed pulmonary autopsy specimens from 17 patients
who died from respiratory failure caused by SARS-CoV-2
infection. A further infected patient who died because of
end-stage malignant lymphoma (but without ARDS) and
showed pulmonary COVID-19 involvement was also evalu-
ated (case 8) (Tables 1 and 2). Two control groups, each
consisting of pulmonary samples from 14 patients, were se-
lected. The first one consisted of normal lung tissue obtained
from lobectomy surgical procedures from patients with pul-
monary adenocarcinoma. Eight of them were non-smokers.
These specimens, from the pre-COVID-19 period, were re-
trieved from the pathology files of the University Hospital
de la Princesa. Eleven patients were men and three women
with a mean age of 68 years. The second group included 14
patients who died with DAD before the COVID-19 pandemic.
Eight were men and six women with a mean age of 67 years.
They were selected from the autopsy files of the University
Hospital de la Princesa. During disease, these patients devel-
oped ARDS and died at the intensive care unit after mechan-
ical ventilation treatment (Supplementary Table 1). The study
was approved by the Ethics Committee of the University
Hospital Gregorio Marañón, Madrid (code: EcoBCOV). All
the autopsies were performed after informed consent from the
closest relatives. All patients fulfilled the World Health
Organization criteria for COVID-19 and presented with fever
and acute respiratory symptoms, dyspnea, and hypoxia. All
tested positively for SARS-CoV-2 RNA by polymerase chain
reaction (PCR) assay at the time of hospital admission. In all
patients’ molecular tests for common respiratory viruses and
bacteria disclosed negative results. Relevant clinical informa-
tion from all patients was retrieved from the electronic files of
the different hospital information systems.

Autopsies and histologic examination

Regarding autopsies from COVID-19 patients, 11 were com-
plete or limited autopsy procedures performed by pathologists
at the Departments of Pathology of University Hospitals
Puerta de Hierro and 12 de Octubre. Both medical centers
are equipped with autopsy rooms that fulfill the recommenda-
tions of the Spanish Society of Pathology for this type of
autopsies. In these cases, either complete lungs or extensive
samples from the different lobes were obtained. The remain-
ing 7 patients underwent ultrasound-guided minimally inva-
sive autopsies. These were done by anesthesiologists at the
University Hospital La Princesa. Several needle core biopsies
of both lungs and other organs were obtained. The procedure
was done using ultrasound guidance. All tissue samples were
processed routinely after 10% buffered formalin fixation for at
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least 48 h. The normal lung tissue was obtained from lobec-
tomy surgical specimens. Normal samples located away from
the tumoral area are always included for study, and these were
selected for MK counting. Areas of emphysema that could
have resulted in a low count were avoided in all six smokers.
Autopsies from the non-COVID-19 patients with DAD were
routinely performed, and extensive pulmonary tissue from the
different lobes was available for study.

Initial histologic evaluation of the COVID-19 samples was
independently done by pathologists from each hospital.
Afterwards, they were reviewed together by two expert pul-
monary pathologists (CS, JAJH). After the initial histologic
analysis, further examination was made putting emphasis on
the detection of thrombi and MKs. Pulmonary MKs were
quantified according to previously published methodology
[8, 35]. A high value was defined as the presence of more than
four MKs per 25 high-power fields (hpf)(×40). We further
stratified MK counting: absent or rare (≤ 4/25 hpf), slightly
increased (> 4–7/25 hpf), moderate (8–11/25 hpf), and abun-
dant (≥ 12 hpf). Except for ≤ 4/25 hpf that is considered a
normal value for pulmonary MKs [8, 35], the remaining cut-

off values were arbitrarily established. As mentioned by
Carsana et al. [35], each sample was initially inspected at
low magnification to identify areas in which MKs were most
easily recognizable and then were counted in these areas. MK
counting was done simultaneously by three pathologists using
hematoxylin-eosin–stained slides. MKmorphology is so char-
acteristic that mature cells are easily recognizable.
Nevertheless, CD61 immunoexpression was used for confir-
mation. The latter can also be expressed by platelets and
platelet-rich thrombi, so correlation with morphology is essen-
tial to avoid errors. In most COVID-19 cases, MKs were a
remarkable finding, and even in core needle biopsies, quanti-
fication was easy. As seen in Fig, 1, in many cases, there were
areas with three or more MKs in a single high-power micro-
scopic field. Apart from MKs, no other myeloid or erythroid
bone marrow cells were observed. Several other relevant his-
tologic parameters were also evaluated (Table 2). For the two
control groups, the same counting method was applied.
Similar histologic parameters were evaluated in specimens
from non-COVID-19 patients with DAD (Supplementary
Table 1).

Table 1 Main clinical and analytical data

Parameter Number of cases (when applicable) % or range

Sex: male–female ratio 10–8 –

Age (years) 61 41–75

Length of hospital stay (days) 42 22–73

Days on mechanical ventilation 31 13–56

Comorbidities

Hypertension 8 44%

Diabetes mellitus 8 44%

Dyslipidemia 7 39%

Smoker or previous smoker 6 33%

Malignancy 6 33%

Hyperuricemia or gout 2 11%

Initial clinical presentation

Fever 16 44%

Cough 8 89%

Dyspnea/tachypnea 8 44%

Diarrhea 6 33%

Radiological findings

Ground-glass infiltrates 17 94%

Mean laboratory findings during last week before death

Lymphopenia (< 1.0 × 10−9/L) 14 78%

Low platelets (< 150 × 10−9/L) 9 50%

High D-dimers (> 0.50 μg/mL) 18 100%

High fibrinogen (> 400 mg/mL) 15 83%

Prolonged INR (> 1.30) 4 22%

Treatment with heparin 18 100%

INR, international normalized ratio
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Statistical analysis

The mean and standard deviation of the MK counts were
calculated for each group of patients. The differences among
the groups were analyzed with the Kruskal–Wallis non-
parametric test. Values of p < 0.05 were considered signifi-
cant. Differences between groups were ascertained by
performing comparison with the Mann-Whitney U test.
Within the COVID-19 group, Spearman’s non-parametric test
was used to compare the number of MKs with quantitative
variables (platelets, D-dimers, fibrinogen). Qualitative vari-
ables (DAD phase, thrombosis) were compared using the
Mann-Whitney U test.

Data were evaluated using SPSS 21.0.

Results

Clinical findings

Table 1 presents the main clinical data of the eighteen
COVID-19 patients evaluated. The patients were 10 men
and 8 women, with a mean age of 61 years (range: 41–75).

Regarding comorbidities, eight had hypertension, eight had
diabetes, seven had dyslipidemia, six had current or past ma-
lignancies, six were smokers, and two had hyperuricemia or
gout. The most relevant initial symptoms were fever, cough,
dyspnea or tachypnea, and diarrhea. At the time of hospitali-
zation, image studies showed bilateral ground-glass infiltrates
in seventeen patients. They were first admitted on a regular
medical ward and afterwards were derived to an intermediate
medical ward or intensive care unit, according to the severity
of disease. Except for one patient (case 8) who died of end-
stage angioimmunoblastic T-cell lymphoma, all patients were
treated with mechanical ventilation. The mean hospital stay
was 42 days (range: 22 to 73), and the time on mechanical
ventilation was 31 days (range: 13 to 56). Laboratory findings
during the last week before death are summarized in Table 1.
Fourteen patients had lymphopenia (lymphocyte count < 1.0 ×
10−9/L). Abnormal coagulation values were seen in the ma-
jority of patients: nine (50%) had thrombocytopenia (< 150
platelets × 10−9/L), eighteen (100%) had high D-dimers (>
0.50 μg/mL), and fifteen (83%) had high fibrinogen (> 400
mg/mL). Rarely, prolonged levels of international normalized
ratio (INR) were observed (4 patients, 22%). All patients were
treated with heparin.

Table 2 Main pulmonary pathologic findings

Case Increased
megakaryocytes

Predominant DAD
phase

Alveolar fibrin Fibrosis Thrombi MGCs Other

1 Yes (8/25 hpf) Fibroproliferative Residual HM Interstitial + + Subpleural cysts, osseous
metaplasia, BP foci

2 No Fibroproliferative No Interstitial − + Pulmonary infarct, osseous
metaplasia

3 Yes (13/25 hpf) Proliferative Residual HM Interstitial − + Osseous metaplasia

4 Yes (8/25 hpf) Fibroproliferative No Doughnut-like and interstitial − + −
5 Yes (15/25 hpf) Fibrotic Residual HM Interstitial + + Osseous metaplasia

6 Yes (6/25 hpf) Fibrotic No Interstitial, doughnut-like + + Subpleural cysts, osseous
metaplasia

7 No Fibrotic Fibrin “balls” Interstitial − − Subpleural cysts

8a No − Focal HM formation No − − Prominent edema

9 No Fibrotic Fibrin “balls” Interstitial, doughnut-like − + −
10 Yes (10/25 hpf) Fibroproliferative Fibrin “balls” Interstitial + − Osseous metaplasia corpora

amylacea

11 Yes (18/25 hpf) Fibrotic Fibrin “balls” Interstitial + + Subpleural cysts

12 Yes (5/25 hpf) Fibroproliferative Residual HM Interstitial + + Corpora amylacea, BP foci

13 Yes (6/25 hpf) Fibrotic No Interstitial − + Osseous metaplasia

14 No Exudative Numerous HM No − − −
15 Yes (8/25 hpf) Proliferative Fibrin “balls” Minimal interstitial − − Corpora amylacea, BP foci

16 Yes (8/25 hpf) Fibrotic No Organizing pneumonia − − −
17 Yes (15/25 hpf) Fibroproliferative No Interstitial − + −
18 Yes (13/25 hpf) Fibroproliferative Fibrin “balls”, HM Interstitial, doughnut-like − + −

DAD, diffuse alveolar damage; MGCs, multinucleated giant cells; hpf, high-power fields; HM, hyaline membranes; BP, bronchopneumonia foci
a Only patient who received no mechanical ventilation
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Pulmonary histologic findings

Pulmonary tissue from the normal control group revealed no
abnormalities. In this group,MK count revealed similar values
in the different samples: 1.14 ± 0.86 per 25 hpf. Themaximum
value in this group was a single case with 3/25 hpf.

Main histologic findings from COVID-19 patients are
summarized in Table 2. Except for patient 8, all cases showed
histologic evidence of DAD. The predominant lung pattern
was DAD in fibroproliferative or fibrotic stages. The most
common pattern of fibrosis was interstitial with occasional
doughnut-like areas. One case showed extensive areas of or-
ganizing pneumonia with numerous intraalveolar fibroblastic
plugs. Intermixed with the fibrotic areas, most cases had alve-
olar septal congestion and varying degrees of intraalveolar
hemorrhage, f ibrin, edema, and desquamation of
pneumocytes. Hyperplastic pneumocytes, many of which
showed dense cytoplasm and large nuclei with prominent nu-
cleoli, were also a constant finding. Almost all samples had
foci of squamous metaplasia near bronchial or bronchiolar
structures. In one case, Kuhn’s hyaline was present in the
cytoplasm of reactive pneumocytes. We observed no viral
inclusions. Multinucleated giant cells were present in 12 of
the 18 cases. Three cases had associated areas of broncho-
pneumonia with numerous neutrophils and focal necrosis.
Subpleural fibrotic cysts, most probably due to invasive me-
chanical ventilation, were seen in five cases. Other findings
were alveolar corpora amylacea and focal lesions of osseous
metaplasia. In patient 8, no established lesions of DAD were
present. The lungs showed intense edema, some degree of
pneumocyte hyperplasia, and focal presence of alveolar fibrin.
Thirteen of the 18 patients (72.2%) analyzed showed an in-
creased number of MKs, as previously defined (> 4/25 high-
power fields) (Figs. 1,2). In patients 2, 7, and 9, MKs were
present, but their number was below the established threshold.
In patient 14, despite a long clinical course and use of me-
chanical ventilation, the core needle tissue sample only re-
vealed areas of exudative DAD with numerous hyaline mem-
branes and no fibrosis or relevant number ofMKs.We believe
that it may be due to a sampling problem and that the more
consolidated pulmonary areas were not biopsied. In three
cases, the increase in MK number was slight (5–7/25 hpf),
in five moderate (8–11/25 hpf), and in five abundant (≥ 12/
25 hpf). The mean and standard deviation of the pulmonary
MK count in COVID-19 patients were 7.61 ± 5.59. Thrombi
were an evident finding in six cases (Fig. 2). Morphologic
detection of small thrombi in the microcirculation can be very
difficult, and we only considered those cases in which concor-
dance among pathologists was present. It is important to note
that all patients were receiving anticoagulant therapy with
heparin. Five of the cases in which thrombi were detected
corresponded to large pulmonary tissue samples from “open”
autopsy procedures. In contrast, thrombi were present in only

one of the samples obtained using ultrasound-guided mini-
mally invasive procedures.

Histologic findings in the non-COVID-19 patients with
DAD were like those described for COVID-19 patients
(Supplementary Table 1). For this group, the mean and stan-
dard deviation of the MK count were 4 ± 4.17 per 25 hpf.
Significant differences in the number of MKs were observed
between the normal control group and both DAD groups with
and without COVID-19 (1.14 ± 0.86, 7.61 ± 5.59, and 4 ±
4.17, respectively, p < 0.05). COVID-19 samples showed
more MKs than non-COVID-19 ones, but differences did
not reach statistical significance (p = 0.063). Within the
COVID-19 patient group, no differences were observed be-
tween the number of MKs and platelet count, D-dimers, fi-
brinogen, presence of thrombosis, DAD phase, or sample type
(regular autopsy vs trucut biopsies).

Discussion

Pulmonary histopathologic changes related to ARDS are usu-
ally similar regardless of its etiology [4–7]. This observation
can be extended to cases caused by SARS-CoV-2 infection
[7]. In 2007, Mandal et al. reported abnormalities in platelet
homeostasis, including an increase in the number of pulmo-
nary MKs in patients with DAD [8]. In their series of 21
patients, those with thrombocytopenia had a worse prognosis.
In this autopsy study, we have shown that MKs are a common
finding in the lungs of COVID-19 patients dying with DAD.
Our patients showed abnormal coagulation parameters with
high levels of fibrinogen, D-dimers, and variable thrombocy-
topenia. As expected, the group of non-COVID-19 patients
with DAD also showed an increased MK number. MKs were
more abundant in the COVID-19 group, but differences did
not reach statistical significance.

Numerous autopsy studies describing patients dying from
COVID-19 have been published [7, 12–36]. In seven of them,
pulmonary MKs are mentioned in the autopsy reports. Three
of these studies relate their presence to the hypercoagulability
status so characteristic of these patients [29, 30, 36]. They
describe general autopsy findings and do not quantify MKs
or include a correlation with coagulation parameters. Four
other reports refer to pulmonary MKs as a relevant finding
[31–35]. Carsana et al. quantified them revealing an increased
number in 33 of their 38 patients [35]. Similarly, these reports
describe general findings, and the presence of MKs is not
further commented. In the remaining autopsy studies, includ-
ing a review article, there are no references to MKs [12–28,
41]. Various reasons could explain this absence. As men-
tioned before, MKs are not a histological variable usually
associated to DAD, so pathologists may not be tempted to
perform a specific search or to report them. Lung MKs are
rare, and even if their number is increased, the counts in
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absolute terms can still be low. If a specific search is not
performed, MKs can easily be overlooked. Because MKs
are trapped in the pulmonary microcirculation, their morphol-
ogy differs from that seen in bone marrow. Pulmonary MKs
show less cytoplasm and fewer nuclear lobulations. The nu-
cleus tends to be elongated as if adapted to the vessel diameter.
Although hematoxylin and eosin stain permits a confident

recognition of MKs, their detection can be facilitated by im-
munohistochemical analysis. CD61 is expressed by MKs, but
it can also be expressed by platelets and platelet-rich thrombi
[42]. Therefore, to avoid overcounting, a close correlation
between histology and immunohistochemistry is advisable.
Another possible reason for the lack of references to MKs is
that some reports describe patients with early or incidental

Fig. 1 (a–d) Pulmonary histologic sections from different COVID-19
patients with diffuse alveolar damage showing a relevant increase in the
number of megakaryocytes. In contrast to those of the bone marrow,
pulmonary megakaryocytes often show an elongated nuclear

morphology, scarce cytoplasm, and few nuclear lobulations (hematoxy-
lin-eosin (HE), ×600). (e) A megakaryocyte is visible within the lumen of
a larger vessel (HE, ×600). (f) As expected, megakaryocytes showed
immunoexpression of CD61 (immunoperoxidase, ×600)
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pulmonary lesions but no ARDS [19, 20]. In this sense, one of
our patients without MKs had pulmonary edema but no de-
finitive histologic findings of DAD. This patient died because
of end-stage malignant lymphoma without ARDS. Other re-
ports describing deaths in non-hospitalized patients focus on
macroscopic findings, mainly thromboembolic events, and
although pulmonary histologic findings are mentioned, they
are not described in depth. Size tissue sample is another po-
tential limiting factor for the detection of MKs. However, it
should be noted that we have easily found them in trucut
biopsies. Similarly, the previously mentioned study by
Duarte-Neto et al. [29] is based on trucut biopsies. Finally,
not all patients showed an increase number ofMKs. Our series
and that of Carsana et al. [35] revealed no significant number
of MKs in 27.8 and 13.2% of the patients, respectively. For
quantification of MKs, the studies by Mandal et al. [8] and
Carsana et al. [35] used CD61 immunoexpression. We pre-
ferred to count them directly using hematoxylin and eosin
staining. CD61 immunoexpression permits the detection of
small immature MKs that are difficult to see by routine stain-
ing methods and may account for some of the differences

observed in the normal control group of Mandal et al. [8]
and ours (3 ± 1 vs 1.14 ± 0.86, respectively). Routine stains,
however, avoids overcounting microthrombi as MKs, a rele-
vant problem since they are common in DAD regardless of its
cause. This different methodology may explain some of the
differences seen in the absolute number of MKs.
Nevertheless, the three studies coincide in the increase of pul-
monary MKs in DAD, including COVID-19 patients.

In addition to SARS-CoV-2, two other members of the
coronavirus family, SARS-CoV and Middle East respiratory
syndrome (MERS-CoV), cause pulmonary injury. The autop-
sy studies performed describe pulmonary damage consistent
with different phases of DAD but do not mention or illustrate
pulmonaryMKs [43–48]. Their absence could be attributed to
a greater tendency to thrombotic events in COVID-19 pa-
tients, but similar procoagulation abnormalities have been de-
scribed in SARS and MERS [37].

Regarding pathogenesis, the observed increment in pulmo-
nary MKs may obey to a compensatory response. It is well-
known that such responses occur in the bone marrow because
of thrombocytopenia. Knowing that the lung is a normal site

Fig. 2 Pulmonary histologic samples from four COVID-19 patients
showing thrombosis and megakaryocytes. (a) An intravascular thrombus
is visible at the left of the image. In the same high-power field, a mega-
karyocyte is clearly visible (arrow) (HE, ×600). (b) The image reveals an

intravascular thrombus at a pulmonary artery (lower right) (HE, ×200).
The inset highlights the presence of a megakaryocyte in the vicinity. (c,d)
In each high-power image, intravascular thrombi and megakaryocytes
(arrows) are present (HE, ×600)
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of megakaryopoiesis, it is tempting to believe that the in-
creased number of MKs observed in our patients is, in part,
secondary to thrombotic events, platelet activation, aggrega-
tion, and consumption. In this sense, a recent study shows that
COVID-19 significantly alters platelet gene expression, trig-
gering a robust platelet hyperreactivity [38]. In addition,
COVID-19 patients have elevated plasma levels of
thrombopoietin, a well-known megakaryocyte growth factor
[38]. In addition to DAD-related thrombosis of the pulmonary
microcirculation, COVID-19 patients have a systemic
procoagulatory status. Finally, another interesting aspect of
MK biology concerns its fibrotic capacity. MKs produce
transforming growth factor-beta and participate in bone mar-
row fibrosis [49]. A similar pro-fibrotic capacity has been
demonstrated for pulmonary MKs in an experimental model
of lung fibrosis [50]. Precisely, diffuse lung fibrosis is one of
the greatest complications of ARDS. Therefore, pulmonary
MKs must be considered as potential contributors to fibrosis
in this precise context.

Conclusion

This study shows that pulmonary MKs are increased in pa-
tients with DAD, including those with SARS-CoV-2 infec-
tion. There are still few pathologic studies relating MKs and
acute pulmonary injury, but it seems that such increase is a
characteristic of DAD regardless of its cause. The relative
abundance of pulmonary MKs in COVID-19 patients may
reflect the prothrombotic tendency seen in these patients.
Future studies of patients dying with acute pulmonary injury
should include pulmonary MKs as a histologic variable of
interest. Similarly, the review of previous autopsy studies on
COVID-19 patients looking for pulmonary MKs may help us
to further define their role in the pathogeny of pulmonary
damage.
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