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ABSTRACT

Objectives: Pulmonary platelet deposition 
and microangiopathy are increasingly recognized components 
of coronavirus disease 2019 (COVID-19) infection. 
Thrombosis is a known component of sepsis and disseminated 
intravascular coagulation. We sought to compare the level of 
platelet deposition in the pulmonary vasculature in cases of 
confirmed COVID-19 infection to other lung injuries  
and infections.

Methods: Immunohistochemistry was performed on 27 
autopsy cases and 2 surgical pathology cases targeting CD61. 
Multiple cases of normal lung, diffuse alveolar damage, 
COVID-19, influenza, and bacterial and fungal infections, 
as well as one case of pulmonary emboli, were included. The 
levels of CD61 staining were compared quantitatively in the 
autopsy cases, and patterns of staining were described.

Results: Nearly all specimens exhibited an increase in CD61 
staining relative to control lung tissue. The area of CD61 
staining in COVID-19 infection was higher than influenza but 
still comparable to many other infectious diseases. Cases of 
aspiration pneumonia, Staphylococcus aureus infection, and 
blastomycosis exhibited the highest levels of CD61 staining.

Conclusions: Platelet deposition is a phenomenon 
common to many pulmonary insults. A spectrum of 
staining patterns was observed, suggestive of pathogen-
specific mechanisms of platelet deposition. Further 
study into the mechanisms driving platelet deposition in 
pulmonary injuries and infections is warranted.

Coagulopathies and thrombotic complications as-
sociated with coronavirus disease 2019 (COVID-19) are 
increasingly described.1-5 Endothelial damage and/or 
activation by the influence of  cytokines released during 
systematic infection is a possible mechanism of  throm-
bosis in patients with COVID-19,3,5 but a number of 
different mechanisms have been proposed.6,7 The proto-
typical pathologic finding in COVID-19 infection in the 
lungs is diffuse alveolar damage (DAD),8-11 which can 
be associated with thrombosis.12 A number of  emerging 
pathologic reports demonstrate increased numbers of 
platelets and megakaryocytes in the pulmonary capil-
laries of  COVID-19 infections.13-17 The mechanistic link 
between the reported coagulopathies, the thrombotic 
complications (such as peripheral ischemia and stroke), 
and the increased presence of  platelet aggregates in the 
lungs in COVID-19 infections remains unclear. The in-
terplay between severe infections and coagulation is well 
described, with multiple pathophysiologic alterations 
contributing to thrombosis.18 Platelets themselves are 

Key Points

 • Coronavirus disease 2019 (COVID-19) infection results in increased 
platelet deposition as assessed by CD61 immunostaining when 
compared with control tissue and influenza infections.

 • A number of other infections (including both bacterial and fungal 
infections) also resulted in increased CD61 staining, with several cases 
exceeding the levels observed in COVID-19.

 • Different patterns of CD61 staining were apparent across different 
pathogens, suggesting pathogen-specific mechanisms of recruitment 
and interaction.
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known to have multiple interactions with the immune-
inflammatory circuit, including modulating effector leu-
kocyte functions19-21 and direct microbial interactions.22-39 
Platelets appear primed to respond directly to microbial 
insults, as bacterial-derived products are capable of 
activating platelets via toll-like receptors.22-25 Platelets 
have also been demonstrated to react to these bacterial 
stimuli in ways that mediate antibacterial effects.29-33 
Fungal-platelet interactions have been described with 
both yeasts34,35 and hyaline fungi.36-38 Viral infections, 
including influenza, have also been shown to increase 
platelet recruitment to the lungs.39 The cumulative evi-
dence suggests that platelets respond to infections and 
participate in a number of  nuanced and targeted inter-
actions with both leukocytes and microorganisms, in-
cluding viruses, bacteria, and fungi. We therefore sought 
to investigate the patterns of  CD61 staining in the 
lungs of  multiple infections, including several in-house 
COVID-19 autopsies. In doing so, we compared the 
amount of  CD61 deposition in cases of  COVID-19 with 
other infectious diseases, control tissues, and noninfec-
tious lung injuries, giving context to the finding of  in-
creased platelet aggregates and megakaryocytes in the 
lungs of  patients with COVID-19. Using quantitative 
analysis of  CD61 staining, we observed a number of 
deposition patterns across different infections and clin-
ical circumstances. Our results collectively demonstrate 
that platelets localize to the lungs in varying degrees and 
patterns across different pulmonary injuries, implying 
an intrinsic role for platelets in infection, immunity, and 
response to lung injury.

Materials and Methods

Clinical information for each of the included cases was 
retrieved from the autopsy reports and electronic medical 
records in accordance with our institution’s research on 
decedents protocol. Pertinent clinical information gath-
ered included medical history, final platelet count, venous 
duplex (or other thrombosis-related imaging studies), 
anticoagulation apart from prophylactic doses of subcu-
taneous heparin, and peak D-dimer. D-dimers were as-
sayed by Liatest (Diagnostica Stago) and are expressed in 
µg/mL fibrinogen equivalent units (FEUs). The literature 
cutoff  value for exclusion of deep vein thrombosis/pul-
monary embolism for this assay is 0.5 µg/mL FEUs.

Formalin-fixed, paraffin-embedded blocks obtained 
from each of the archived autopsy and surgical pathology 
cases were cut into 5-µm sections to be stained with H&E 
and our in-house routine CD61 immunohistochemical 
stain. The 27 assessed autopsy cases included the 

following: 3 cases of histologically normal lung, 4 cases of 
DAD (3 noninfectious, 1 related to polymicrobial sepsis), 
9 cases of confirmed COVID-19 infection, 2 cases of in-
fluenza, 4 cases of bacterial pneumonia (1 methicillin-
sensitive Staphylococcus aureus [MSSA] with an 
antecedent influenza infection, 1 Pseudomonas aeruginosa 
infection, and 2 cases of aspiration pneumonia), 4 cases 
of invasive fungal infections (candidiasis, cryptococcosis, 
aspergillosis, and blastomycosis), and 1 case of bilateral 
pulmonary thromboemboli (associated with eosino-
philic myocarditis, included as a positive control for dif-
fuse CD61 staining). Two surgical pathology cases were 
also assessed to ensure that platelet deposition was not a 
postmortem artifact. These cases consisted of lung spe-
cimens with Pneumocystis jirovecii infection and invasive 
zygomycosis. All COVID-19 autopsies demonstrated 
findings consistent with prior descriptions of the patho-
logic changes present in COVID-19 and severe acute res-
piratory syndrome infections (acute-to-organizing DAD, 
chronic inflammation, and reactive pneumocyte changes; 
❚Table 1❚ and ❚Image 1❚).7-11 The other cases exhibited 
pathologic changes typical of the respective entities as 
well. Summaries of the histologic findings in each case 
can be found in Table 1.

Quantitative immunohistochemistry (IHC) was per-
formed on all of the autopsy cases. The CD61-stained 
slides were scanned in the Philips digital pathology soft-
ware and analyzed virtually. The most heavily staining 
areas were photographed at least in triplicate (an up to 
a maximum of six replicates) across unique regions at 
×5, taking care not to sample the same area more than 
once. The raw ×5 still images obtained above were then 
analyzed in ImageJ (National Institutes of Health) using 
IHC Toolbox H-DAB color-based analysis. The DAB-
corrected image was converted to 8-bit, and the thresh-
olds were adjusted to provide crisp particles and eliminate 
background noise (all thresholds were from 150-175 
brightness). The resulting image was then analyzed for 
total positive area. The raw data generated from this 
analysis were subsequently stored in Microsoft Excel and 
analyzed using GraphPad Prism (GraphPad Software). 
Statistical analysis was performed using one-way analysis 
of variance and Student unpaired t test. Results were con-
sidered significant if  P < .05.

Results

Representative photos of the scanned H&E-stained 
slides of three COVID-19 infections demonstrating DAD, 
interstitial inflammation, and hemorrhagic changes are 
shown in Image 1. Representative images of IHC studies 
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demonstrating CD61 staining across the different classes 
of disease are shown in ❚Image  2❚ and ❚Image  3❚. The 
raw data obtained from ImageJ for each autopsy case 
are included as Supplemental Data 1 (all supplemental 
materials can be found at American Journal of Clinical 
Pathology online).

With regard to laboratory and clinical testing, 
D-dimer was performed in 19 (70.4%) of  27 cases and 
in all of  the COVID-19 infections. D-dimers more 
than 20 were seen in COVID-19, influenza, and aspi-
ration pneumonia. D-dimers more than 5 were seen in 
DAD secondary to myocardial infarction, DAD sec-
ondary to polymicrobial sepsis, COVID-19, influenza, 
aspiration pneumonia, candidiasis, and blastomyocosis. 
Imaging for thrombosis was performed in 19 (70.4%) of 
27 cases, and thrombosis was present in 7 (36.8%) of 
these 19 cases. Thrombosis was present in two (22.2%) 

of  nine COVID-19 cases, one (25%) case of  DAD, one 
(25%) case of  bacterial pneumonia, two (50%) cases of 
fungal pneumonia, and in the case of  multiple pulmo-
nary thromboemboli. Heparin infusions were common 
in our series, with 16 (59.3%) of  all 27 patients having 
a heparin drip ordered at some point during their ter-
minal admission. Seven (77.8%) of  nine patients with 
COVID-19 received a heparin infusion (which was 
largely uncorrelated with D-dimer or imaging findings). 
This is compared with one (25%) of  four DAD cases, 
one (50%) of  two influenza cases, two (50%) of  four 
bacterial pneumonias, and two (50%) of  four fungal in-
fections. Heparin infusion was also used in two (66.7%) 
of  three control cases and in the case of  multiple pulmo-
nary thromboemboli.

Nearly every condition assessed resulted in increased 
levels of CD61 staining compared with control tissue. 

❚Image 1❚ A-C, Representative H&E-stained slides of  
coronavirus disease 2019 infections demonstrating diffuse 
alveolar damage and hemorrhagic changes (H&E, ×5; inset, 
×20).

http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqaa230#supplementary-data
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❚Image 2❚ Representative scanned images of CD61-stained tissue from autopsy specimens. A, Control lung. B, Diffuse al-
veolar damage (noninfectious). C, Coronavirus disease 2019. D, Influenza. E, Pseudomonas pneumonia. F, Methicillin-sensitive 
Staphylococcus aureus pneumonia. All images were taken at ×5 magnification (insets, approximately ×20).
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While some of these deposits could be identified on the 
H&E-stained slides, definitive classification as platelet-
rich or fibrin thrombi could not be accurately performed 
on H&E alone, and thus our quantitative assessment 
was limited to the CD61-stained slides. COVID-19–pos-
itive cases demonstrated a significant increase in CD61 
staining compared with normal control lung (P < .0001) 
and influenza (P < .01; Image 2 and ❚Figure 1❚). DAD re-
sulted in a similar elevation in CD61 staining compared 
with COVID-19 infections, without a statistically signifi-
cant difference. Among the fungal infections, DAD was 
present secondary to candidiasis and aspergillosis, and 
these two cases exhibited elevations in CD61 staining sim-
ilar to both COVID-19 and other cases of DAD. MSSA 
pneumonia, aspiration pneumonia, and blastomycosis 

exhibited markedly higher rates of platelet deposition 
than influenza, COVID-19, and DAD (Images 2, 3 and 
Figure  1). Interestingly, the patient with MSSA pneu-
monia (A17-30) was originally admitted for influenza in-
fection and subsequently developed bacterial pneumonia 
while admitted. This patient had significantly more CD61 
staining than the other two influenza infections, neither 
of which exhibited superimposed processes. The level of 
staining in A17-30 was comparable to that seen in aspira-
tion pneumonia and blastomycosis, suggesting that some 
superimposed processes may enhance platelet deposition.

Overall, the predominant pattern of CD61 staining 
observed in all cases was in the form of intravascular ag-
gregates, which were primarily located in the interalveolar 
capillaries and smaller vessels. In the cases of candidiasis 

❚Image 3❚ Representative scanned images of CD61-stained tissue from autopsy specimens. A, Aspiration pneumonia.  
B, Candidiasis. C, Aspergillosis. D, Multiple pulmonary emboli. All images were taken at ×5 magnification (insets, approxi-
mately ×20).
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and pneumocystis infection, platelet aggregates were pri-
marily located within capillaries around extravascular 
fungal colonies. Interestingly, the fungal colonies adja-
cent to these aggregates exhibited a peculiar acquisition 
of positive staining on the surface of fungal organisms in 
some areas ❚Image 4A❚, ❚Image 4C❚, and ❚Image 4D❚. Large 
vessel involvement was rarely seen in our case series and 
was noted to be present in blastomycosis, aspergillosis, and 
the control case of multiple pulmonary thromboemboli. 
Direct fungal-platelet interactions were easily observed in 
aspergillosis and zygomycosis ❚Image 4B❚ and ❚Image 4E❚. 
Blastomycosis also demonstrated a unique zonal pattern in 
the acute/active inflammatory and granulomatous compo-
nents (Supplemental Figures 1A, and 1B). CD61-positive 
areas were identified primarily in the granulomatous re-
gions, again primarily in capillaries. The areas of acute/
neutrophilic inflammation were largely CD61 negative. 
Both blastomycosis and aspiration pneumonia also exhib-
ited cytoplasmic staining of effector leukocytes in the vi-
cinity of the platelet aggregates (Supplemental Figure 1C).

Discussion

Our study is the first to our knowledge to use CD61 
staining in a spectrum of lung injuries to contextualize 

the finding of platelet aggregates and megakaryocytes in 
the lungs of patients with COVID-19. The magnitude of 
CD61 staining for COVID-19 in our study was indeed 
higher than both control tissue and influenza but was 
overall comparable to many other infectious scenarios. 
Our results highlight a spectrum of platelet recruitment 
patterns for lung injury including infections, likely in-
dicative of  a common, underlying role for platelets in 
the described scenarios. This commonality comes with 
an apparent variation in the way platelets interact with 
different pathogens. For instance, the finding of intact 
platelet-fungal interactions (seen in aspergillosis and 
zygomycosis) and that of  apparent thrombi-dependent 
transference of CD61 to the surface of yeasts (seen in 
candidiasis and pneumocystis infections) seems to indi-
cate different mechanisms of interaction between platelets 
and different classes of  organisms. In addition, in both 
blastomycosis and aspiration pneumonia, inflammatory 
cells near platelet-rich aggregates were seen exhibiting 
cytoplasmic staining for CD61 (Supplemental Figure 
1), potentially indicating the uptake of platelet antigens 
by effector leukocytes for immunomodulatory purposes. 
This finding could alternatively suggest induced expres-
sion of a protein containing the CD61 antigen, such as 
CD41/CD61 or CD51/CD61.40 Immunomodulation is 
a well-described role of  platelets in inflammation and 

A B

❚Figure 1❚ Results of quantitative immunohistochemistry analysis of CD61-stained tissue sections across all cases (A) and 
groups (B). Points represent individual measurements obtained from still images, and error bars represent standard deviation. 
Statistical analysis was performed using a one-way analysis of variance (P < .0001) for comparison of all cases and unpaired 
Student t tests for individual comparisons. Statistical significance is abbreviated as follows: NS, not significant, *P < .01, 
**P < .0001. AU, arbitrary units; Bact/Asp, bacterial/aspiration; DAD, noninfectious causes of diffuse alveolar damage; Flu, in-
fluenza; NL, normal lung; PEs, pulmonary emboli.

http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqaa230#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqaa230#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqaa230#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqaa230#supplementary-data
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❚Image 4❚ Examples of pathogen-specific staining patterns 
identified with CD61 immunostaining. A, Discrete staining 
of capillaries adjacent to yeast colony, with faint surface 
staining of yeast forms adjacent to platelets (×10). B, Large 
patch of positive staining likely representing angioinvasion 
in aspergillosis, with direct platelet-hyphal interactions ob-
served (×20). C, D, Platelet aggregates adjacent to fungal 
colonies with surface staining of yeasts in pneumocystis 
infection (×40). E, Staining of vessels at the periphery of 
invasive zygomycosis and evidence of direct fungal-hyphae 
interactions (×20; inset, ×40).
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infections,21,40-42 and thus the apparent acquisition of a 
CD61-containing protein by effector leukocytes in the vi-
cinity of  platelet aggregates is a finding of interest.

Our study is still somewhat limited—notably, the 
relatively small sample size of  each infection and lim-
ited ability to control outside influencing factors in the 
autopsy cases used (including the time at which autopsy 
was performed relative to the onset of  symptoms). 
Some patients had cofounding medical comorbidities 
(as summarized in Table 1), which could have conceiv-
ably influenced platelet function. While thrombocy-
topenia and anticoagulation could both conceivably 
influence platelet recruitment and deposition patterns, 
the thrombocytopenic patients in this study all exhib-
ited levels of  CD61 to a similar or higher degree than 
the COVID-19 cases, and heparin infusion did not 
appear to correlate with staining density. Our results 
cannot address whether unique platelet-pathogen inter-
actions capable of  inducing platelet activation or aggre-
gation occur in COVID-19 infection, nor can our data 
implicate or refute specific platelet-viral interactions 
as a cause of  the described thrombotic complications. 
Our results only demonstrate that the observed phe-
nomenon of  increased CD61 staining in the pulmonary 
capillaries of  COVID-19 infections is a finding that is 
apparently shared across multiple domains of  infec-
tious pathogens and noninfectious lung injuries. While 
increased platelet deposition does not appear to be a 
unique facet of  COVID-19 infection, the finding of 
varied platelet antigen deposition patterns in our study 
suggests pathogen-specific interactions can occur and 
may have significant pathophysiologic implications.

In conclusion, the degree of  platelet deposition was 
variable across different pathogens and patients. There 
are likely multiple factors influencing the deposition of 
platelets to sites of  injury, many of  which are already 
well described.18-21,43,44 Our results likely demonstrate 
portions of  these varied phenomena. The finding of 
similar patterns in two surgical pathology cases taken 
from living patients supports this role for platelets in 
vivo and argues against the observed phenomena being 
attributable to an artifact related to autopsy. The mech-
anisms leading to platelet deposition are likely mul-
tifaceted and could include mechanisms outside the 
canonical thinking of  “thrombus” or “embolus.” Some 
of  these potential mechanisms may share some com-
monality in cytokine-induced or infection-related endo-
thelial injury,18,41 which is a well-described process that 
results in recruitment of  platelets, forming a network ca-
pable of  honing leukocyte migration,21,41,42 modulating 
inflammation,41,42 and directly interacting with micro-
organisms.26-38 However, the lung has been known to be 

a site of  thrombopoiesis since experiments dating back 
to Aschoff  in the late 1800s.45,46 Thus, we cannot exclude 
that the platelet deposition and staining patterns ob-
served across our series are the result of  increased local 
production of  platelets by pulmonary megakaryocytes, 
rather than the result of  an influx of  circulating plate-
lets or thromboemboli. This is an area of  future study 
for our group.

Pathogen-specific interactions with platelets could 
also conceivably play previously unrecognized roles in 
the pathogenesis of  pulmonary infections, including 
COVID-19. Our work in the context of  current publi-
cations demonstrates that increased CD61 staining in 
the vasculature of  lung parenchyma is itself  not a spe-
cific finding related to COVID-19 infection and is a 
phenomenon that can be found in multiple pathophys-
iologic settings, including noninfectious etiologies. The 
factors contributing to platelet recruitment in lung in-
jury and in particular infectious diseases should there-
fore be studied further.

Corresponding author: Phillip D McMullen, MD, PhD; phillip.
mcmullen@uchospitals.edu.
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