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Recent world events have refocused attention on the pathology associated with clinical acute respiratory distress syndrome (ARDS).
The vast majority of cases of clinical ARDS will have diffuse alveolar damage (DAD) histologically, but other histologies may occur
less frequently. The aim of this paper is to provide a review of the pathology of DAD and acute fibrinous and organizing pneumonia
and provide insights into the pathologic features associated with the E-cigarette/vaping-associated lung-injury outbreak and the
ongoing SARS-CoV-2 pandemic.
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INTRODUCTION
The outbreak of E-cigarette/vaping-associated lung injury (EVALI)
in the fall of 2019, followed closely by the onset of the
catastrophic global pandemic due to severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) infection, still ongoing at
the time of this writing, has resulted in increased focus on the
pathology of acute-onset lung disease associated with the clinical
scenario of acute respiratory distress syndrome (ARDS).
Broadly, acute pulmonary injury may result from myriad direct

or indirect pulmonary insults, often culminating in hypoxemic
respiratory failure1. From a clinical standpoint, “acute lung injury”
(ALI) was formally defined in the 1994 American–European
Consensus Conference as part of the definition of ARDS. In this
classification, ARDS was defined as the presence of acute
hypoxemia with (1) a PaO2:FiO2 ratio of 200 mmHg or less, (2)
bilateral infiltrates radiographically consistent with pulmonary
edema, and (3) no clinical evidence of cardiac failure. ALI was
defined by the same criteria only with a PaO2:FiO2 of 300mmHg2.
Subsequently, the Berlin definition of ARDS included (1) timing of
disease within one week of known insult or worsening respiratory
symptoms, (2) chest imaging with bilateral opacities not fully
explained by effusions, lobar/lung collapse, or nodules, and (3)
origin of edema not explained by cardiac failure or fluid overload,
as well as a need for objective assessment such as echocardio-
graphy to exclude hydrostatic edema if no risk factor was present.
The Berlin definition eliminated the category of ALI and instead
divided ARDS into three categories: mild (PaO2:FiO2 < 200mg,
≤300mg with PEEP, or CPAP ≥ 5-cm H2O), moderate (PaO2:FiO2 <
100mg, ≤200mg with PEEP ≥ 5-cm H2O), and severe (PaO2:FiO2 <
100mg, with PEEP ≥ 5-cm H2O)

3. The updated Kigali modification
retains essentially the same definitions as the Berlin definition;
however, the PaO2:FiO2 ratio was modified to ≤315 mmHg and the
PEEP requirement was eliminated. In the updated schemes,
clinical ALI roughly corresponds to the new category of “mild”
ARDS. The goal of these definitions was to provide a uniform basis
for diagnosis and reporting; however, ARDS has long been
recognized as being more clinically heterogeneous than these
definitions would suggest, and various subtypes and endotypes

have long been recognized1,4–6. The mortality rate for clinical
ARDS has historically been reported as being up to 60%, with a
higher mortality rate in older individuals; however, other studies
have reported a mortality rate of 40% for severe ARDS and a lower
percentage for mild or moderate disease7.
From a pathologic standpoint, the histology associated with a

clinical presentation of ALI/ARDS is typically diffuse alveolar
damage (DAD). Other disorders encountered in this clinical setting
may include acute fibrinous and organizing pneumonia (AFOP),
acute eosinophilic pneumonia (AEP), and, occasionally, diffuse
alveolar hemorrhage with capillaritis (DAHC). Organizing pneu-
monia (OP) is included in the ATS/ERS classification of idiopathic
interstitial pneumonias under the heading of “acute/subacute
interstitial pneumonias” and, while useful to keep in mind when
approaching a biopsy from a patient with a relatively short
duration of disease, most cases of OP do not present with clinical
ALI/ARDS. It should also be noted that acute exacerbation may
occasionally be the initial presentation of a chronic interstitial lung
disease such as usual interstitial pneumonia8,9.
In keeping with the USCAP long course lecture, the focus of this

article will be DAD and AFOP and the pulmonary findings in EVALI
and COVID-19. The interested reader is referred to several
comprehensive articles on AEP and diffuse alveolar hemor-
rhage10–12.

DAD
DAD is the most frequent histologic finding in patients with
clinical ARDS. The SARS-CoV-2 pandemic has provided an
opportunity to apply new methodologies to the study of the
pathogenesis of DAD, which will be discussed in the section on
COVID. The disease process can briefly be summarized as injury to
the capillary endothelium and alveolar epithelium, which have a
fused basement membrane in parts of the alveolar wall, resulting
in the exudation of fluid and cellular-breakdown products into
the alveolar spaces, which is followed by a reparative phase
characterized by type-2 pneumocyte hyperplasia and fibroblastic
proliferation8,9,13,14.
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DAD is classically divided into acute/exudative, organizing/
proliferative, and fibrotic phases. The acute/exudative phase
roughly corresponds to the first seven days following initial insult,
the organizing/proliferative phase to days 7–21, and the fibrotic
phase occurring after 21 days. Following initial insult, the earliest
changes can be seen only at the ultrastructural level. By day 2,
intra-alveolar edema and interstitial widening become apparent.
Hyaline membranes, composed of cellular and proteinaceous
debris, begin to appear at this point and reach a peak around days
4–5. Hyaline membranes have a glassy eosinophilic appearance
and characteristically line alveolar ducts and alveolar walls (Fig. 1A,
B). Occasional cases may have prominent intra-alveolar-organizing
fibrin in addition to hyaline membranes. In spite of the proposed
role of inflammation in the pathogenesis of DAD, inflammatory-cell
infiltrates are typically sparse. Fibrin thrombi may be present and
are often quite extensive (Fig. 1C). Platelet thrombi may also be
present (Fig. 1D, E). These thrombi are secondary to localized
activation of the coagulation pathway as part of the evolving repair
process and should not be taken as evidence of an underlying
thromboembolic disorder. The vascular component of DAD has
received a great deal of attention in the COVID literature and will
be discussed further in that section. DAD classically involves the
lung in a relatively diffuse fashion; however, the name “diffuse”
refers to diffuse injury of the alveolar wall and, as such, the disease
may not always involve the lung itself in a diffuse fashion8,9,13–15.
While the acute/exudative phase of DAD is generally readily

recognizable due to the presence of characteristic hyaline
membranes, the organizing/proliferative phase may prove more
problematic from a diagnostic standpoint histologically. This
phase is characterized by interstitial fibrosis associated with
pronounced type 2 pneumocyte hyperplasia. Hyaline membranes
are resorbed into the interstitium and may be present only focally
or absent entirely. The pneumocyte hyperplasia may show quite
marked cytologic atypia and mitotic figures may occasionally be
present. The pneumocytes respect the alveolar architecture but
typically maintain a hobnail pattern of growth and do not show

the continuous linear growth, cellular stratification or the abrupt
demarcation from uninvolved lung typically encountered in
lepidic growth of carcinoma. Squamous metaplasia may also be
present, which should similarly not be confused with malignancy
but, again, the overall disease context and distribution should aid
in this distinction. The fibrosis present in DAD typically has a loose
myxoid appearance that appears bluish-gray on H&E sections
(Fig. 2A–D). This is in contrast to the collagenous fibrosis
encountered in chronic interstitial lung diseases such as usual
interstitial pneumonia and nonspecific interstitial pneumonia.
Plugs of organizing fibrous tissue may occlude the alveolar ducts
(alveolar-duct fibrosis). Macrothrombi and obliterative endarteritis
may also be seen in this phase8,9,13–15.
If a patient survives for more than three weeks following initial

insult, the myxoid fibrosis becomes replaced by collagenous
fibrosis and may show irregular enlargement of airspaces or
microscopic honeycombing. Traction bronchiectasis may also be
present. Vascular changes such as mural fibrosis and medial
hypertrophy may be present13–15.
As stated, DAD may be the result of myriad pulmonary insults

and, unfortunately, absent identification of an infectious agent,
the etiology cannot otherwise be determined by the histology
alone. Cases in which a patient has DAD histologically and
idiopathic disease clinically are assigned the clinicopathologic
designation “Acute Interstitial Pneumonia (AIP)” using the current
guidelines for idiopathic interstitial pneumonias. AIP is not a
pathologic diagnosis16.
The histologic differential diagnosis of DAD includes primarily

other disorders associated with clinical ARDS, namely AFOP, AEP,
and DAHC. As discussed below, while some cases of DAD may have
prominent organizing intra-alveolar fibrin, the presence of hyaline
membranes is diagnostic of DAD and excludes a diagnosis of
AFOP. The presence of eosinophils in a case otherwise resembling
DAD supports a diagnosis of AEP and eosinophils should be sought
in all cases, given that AEP is typically responsive to steroid
therapy. Finally, some cases of DAD may have prominent

Fig. 1 Acute diffuse alveolar damage (DAD). A Low power of acute DAD showing slight residual edema and condensation of hyaline
membranes along alveolar walls (H&E 100x). B Hyaline membranes characteristic of the acute phase of DAD have a glassy, hyalinized
appearance and are composed of proteinaceous material and cellular debris (H&E 200x). C Fibrin thrombi may be present in cases of acute
DAD, regardless of etiology, and are more frequently seen in the acute phase (H&E 100x). D Platelet aggregates and thrombi may also be
observed in cases of DAD and consist of pink-to-purple granular material within blood vessels (H&E 200X). E Platelet aggregates highlighted
by CD61 staining (CD61 200x).
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hemorrhage and features of vasculitis or capillaritis should be
sought in such cases to exclude a primary vasculitic process8,9.

AFOP
AFOP was originally described in 2002 by Beasley et al. as a histologic
pattern associated with an acute or subacute disease onset that did
not meet the histologic criteria of DAD, AEP, or OP, but rather
consisted of organizing intra-alveolar fibrin balls without hyaline
membrane formation, significant neutrophils, eosinophils, or macro-
phages (Fig. 3). In the original study of 17 cases, the disease typically
had a patchy distribution, although some cases were relatively
diffuse with a range of 25–90% airspace involvement. The amount of
fibrin was not explicitly specified aside from the fact that it was the
“dominant” finding, and varying degrees of organizing pneumonia
were also present. The overall mortality rate was similar to DAD;

however, it should be noted that in this study, there was in reality a
bimodal survival distribution with nine patients dying of disease in
36 days or less from disease onset, while seven patients had less
severe, indolent disease and recovered and one patient died of
unrelated causes. Similar to other interstitial lung diseases, over half
of the cases in this study were felt to be associated with an
underlying etiology such as collagen vascular disease, occupational
exposure, drug reaction, or infection17. Since this original report,
AFOP has remained a relatively rare diagnosis, with reported cases
largely limited to individual case reports or small series. Gomes et al.
reported a series of 13 cases, 11 of which had underlying etiologies
and a median survival of 78 months with seven patients dying and
six alive at the time of publication18. In viewing the overall reported
literature, there continues to be a variable survival with some cases
acting in a similar fashion to DAD with a high mortality, while others
have an indolent course. AFOP has been reported with a wide range
of underlying etiologies such as viral infections (SARS-CoV-2 will be
discussed below), drug reactions including checkpoint inhibitors,
collagen vascular diseases, and following hematopoietic stem cell
transplantation. AFOP has also been reported as a histologic pattern
of acute hypersensitivity pneumonitis and as a proposed form of
lung allograft rejection19–27. As with DAD, unless an infectious
etiology is identified, the underlying cause cannot be determined by
the histology alone. The ATS/ERS classification of idiopathic
interstitial lung disease regards AFOP as a “rare histologic pattern”
but it is not classified as a “stand alone” disease entity16. Indeed,
some cases of AFOP would seem to represent a variant of DAD, while
other cases would appear to represent a possible variant of OP.
As stated, the histology of AFOP consists of a predominant fibrin

or intra-alveolar fibrin balls. Hyaline membranes, significant
neutrophils, and eosinophils are lacking. The interstitium may
show sparse chronic inflammation or myxoid expansion similar to
that described in DAD. An important caveat regarding AFOP is that,
similar to many interstitial lung diseases, a definitive diagnosis

Fig. 2 Organizing diffuse alveolar damage. A Early organizing DAD showing residual hyaline membranes. The interstitium is expanded by
bluish-gray myxoid fibrosis (H&E 200x). B Organizing DAD showing myxoid interstitial fibrosis and pronounced type-2 pneumocyte
hyperplasia (H&E 200x). C Pneumocyte hyperplasia may show multinucleation and marked cytologic atypia (H&E200x). D Squamous
metaplasia may also be present in cases of organizing diffuse alveolar damage, in this case, residual hyaline membranes are also present
(H&E 100x).

Fig. 3 Acute Fibrinous and Organizing Pneumonia. In contrast to
DAD, cases of AFOP demonstrate intra-alveolar-organizing fibrin
balls and lack hyaline membrane formation (H&E 100x).

M.B. Beasley

3

Modern Pathology (2022) 35:1 – 7



requires a large specimen such as a wedge biopsy and should not
be made on a small biopsy such as a transbronchial biopsy or core
specimen. The reason for this is twofold. First, as previously
mentioned, some cases of DAD may have prominent intra-alveolar
fibrin and a small specimen may miss hyaline membranes
otherwise diagnostic of DAD. Second, a similar issue with sampling
may occur with a small biopsy as intra-alveolar fibrin may be found
as a secondary reaction either adjacent to or as part of another
disease process. Alveolar fibrin may particularly be found adjacent
to necrotizing granulomas or abscesses in particular, but may also
be adjacent to neoplastic processes. Organizing fibrin may also be
found in association with acute bacterial pneumonias or vasculitic
processes. As such, careful clinical and radiologic correlation is
required to determine the significance of organizing intra-alveolar
fibrin in a small biopsy8,9,17.
The differential diagnosis of AFOP primarily includes DAD,

eosinophilic pneumonia (EP), and OP. As previously stated, some
cases of DAD may have prominent alveolar fibrin; however, if
hyaline membranes are present, the case should be diagnosed as
DAD and not AFOP. Interestingly, a study of SARS-CoV-1 (SARS-1)
cases from Toronto in 2005 describes cases of AFOP28. The cases
included in the “AFOP pattern” or “mixed AFOP and DAD patterns”
in this study would properly fall under the category of DAD based
on current knowledge; however, the findings do raise the issue of
whether this disease pattern has any particular clinical significance.
Eosinophilic pneumonia frequently has prominent intra-alveolar

fibrin and may greatly resemble AFOP; however, the presence of
eosinophils excludes a diagnosis of AFOP. Further, where studied,
AFOP has not been associated with peripheral blood eosinophilia
that is typically present in EP, although it may be absent in AEP.
Eosinophils may disappear from tissue quickly following admin-
istration of steroids, so a partially treated EP should be excluded
clinically9,12.
Discrimination of OP from AFOP depends largely on the

presence of fibrin. While the presence of a predominant
component of intra-alveolar fibrin in a case containing areas of
OP may be more readily diagnosed as AFOP, the converse issue of
how much fibrin should be present in a case otherwise consisting
primarily of OP before a diagnosis of AFOP is made is less clear,
although an important issue given the potential clinical implica-
tions. The presence of fibrin has long been associated with an
increased incidence of relapse after treatment of OP and, in 1995,
Yoshinouchi et al. described what the authors called “Type 2 COP,”
which featured a fibrin component and was associated with an
increased incidence of relapse29. Nishino et al. evaluated the
pathology from 26 patients with clinical cryptogenic-organizing
pneumonia (COP) and divided the cases into those with no fibrin,
focal fibrin (<0.2-cm greatest-dimension focus in one histologic
section, multifocal (multiple foci involving more than one
histologic section and AFOP (ball-like aggregates diffusely filling
alveoli). In this study, cases with multifocal fibrin and AFOP had
relapse rates of 43% and 100%, respectively, while those with focal
fibrin had one relapse and those with no fibrin had none. This
study additionally demonstrated that patients with disease
involving at least three lung zones also had higher rates of
relapse30. While these studies suggest that more fibrin and more
extensive disease are important predictors of relapse, a definitive
minimal threshold has not been elucidated. From a practical
standpoint, the presence of any fibrin in a case otherwise
consistent with OP should be mentioned, given the increased
potential for relapse following therapy.

E-cigarette/vaping-associated acute lung injury (EVALI)
In mid-2019, an outbreak of severe respiratory disease associated
with the use of various vaping products received widespread media
attention. The increase in cases was unrelated to an increase in
vaping in general or increased recognition of disease, suggesting a
new component/contaminant or behavior. A study by Layden et al.

reported the findings in 53 cases occurring in Illinois and Wisconsin,
which contributed to the establishment of the CDC guidelines for
cases of severe pulmonary disease associated with e-cigarette use31.
Ultimately, the majority of cases were found to be primarily
associated with the use of THC-based products, particularly those
from black-market sources. For this particular outbreak, vitamin E
acetate oil, a substance added to THC-containing products as a
cutting agent, was identified as the likely inciting component, given
the tendency for this oil to transform into a substance similar to
phosgene gas when heated to high temperature32,33. Once this
cutting agent was eliminated, cases of EVALI associated with that
outbreak decreased; however, vaping products contain a wide range
of components, typically nicotine or THC admixed with various
suspension solutions or flavors, many of which are unregulated, so
cases continue to be reported. Additionally, other components of
the vaping device have the potential to produce lung damage, as
evidenced by one case of giant-cell interstitial pneumonia traced to
cobalt in a heating coil34.
Initially, the pathology of EVALI was poorly defined, with many

reports lacking tissue pathology, adequate descriptions, or images.
The previously mentioned Layden et al. article reported pathology
from 17 of the 53 cases, which included 14 BALs and three
transbronchial biopsies. Seven of the BALs reported lipid-laden
macrophages and the tissue biopsies showed DAD, interstitial and
peribroncial granulomatous pneumonitis, and foamy macro-
phages31. The presence of lipid-laden macrophages in the BALs
in this study and other reports gave rise to the concept that EVALI
was characterized by lipoid pneumonia, and that lipid-laden
macrophages in BAL-fluid were diagnostic of the disease. This
caused some confusion, given that the radiology of reported
EVALI cases did not resemble lipoid pneumonia and lipid-laden
macrophages in BAL fluid are largely a nonspecific finding in BAL-
fluid specimens not related to EVALI35. Two histologic studies
were published in close succession—Butt et al. and Mukhopa-
dyayy et al. reported 17 cases and eight cases of EVALI,
respectively36,37. Both studies reported similar findings, consisting
of various histologic patterns associated with acute or subacute
lung injuries such as DAD, OP, or AFOP. Some of the cases did
contain foamy macrophages; however neither study demon-
strated findings of exogenous lipid pneumonia. As such, while
vacuolated macrophages were seen in a subset of cases, they
were not present in all cases and should not be used as definitive
support for EVALI. Subsequent studies have also reported similar
findings of DAD, AFOP, and OP in addition to AEP and diffuse
alveolar hemorrhage38,39. Ultimately, as with all cases of histologic
DAD or other acute lung-injury patterns, clinical and radiographic
correlation is needed to aid in determining etiology.

SARS-CoV-2/COVID-19
The coronavirus disease-2019 (COVID-19) pandemic caused by the
beta-coronavirus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has claimed nearly 4.5 million lives worldwide and is
still ongoing at the time of this writing. While other organs may be
affected, the majority of patients suffer from respiratory symptoms
and expire from respiratory failure. The purpose of this section is
not to provide a comprehensive review of all components of lung
disease in COVID-19 patients, but to focus on the major histologic
findings and areas of particular interest from a pathology
standpoint.
Information regarding the pathology associated with SARS-CoV-

2 infection has thus far been derived predominantly from autopsy
studies. DAD has been the reported pulmonary finding in the
overwhelming majority of cases40–52. Larger series of cases from
my own institution of Mt. Sinai, presented in the study of Bryce
et al. and incorporated as a component of the cases in Borczuk
et al., showed DAD in the majority of cases. These series were both
from early in the pandemic and DAD was primarily in the acute
phase with a smaller component in the organizing phase, with the
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latter occurring in patients with longer survival, as would be
expected41,42. In the study of Borczuk et al., in particular, the large
airways showed acute ulcerative lesions in some cases and airway
epithelium similarly showed evidence of injury or regeneration41.
Superimposed acute pneumonia was seen in 45 cases in the series
of Bryce et al., which was primarily seen in patients with longer
disease duration42. In other series, progression to the fibrotic
phase of DAD was also reported, correlating with disease duration
as would be expected53. Studies have also shown a mixture of
phases suggesting ongoing injury40. While multinuclear pneumo-
cytes and pneumocyte atypia have been reported, definitive viral
cytopathic changes do not appear to be a component of COVID-
19 pathology40,43,48,52,54,55. This is not surprising, given that they
were not reported in SARS-1 cases, with the exception of a rare
case that was in actuality a CMV inclusion instead of SARS-
related28. Interestingly, detection of SARS-CoV2–2 virus by in situ
hybridization typically shows the presence of virus in early disease,
which decreased or was not present in organizing or fibrotic
disease56. In regard to inflammation, the presence of lymphocytic
inflammation was variable and some studies reported a circum-
ferential pattern of distribution around blood vessels40,43.
Extensive study of the immune components of COVID-related
lung disease has been undertaken and is beyond the scope of this
pathology-focused paper; however, a variety of changes in both
the innate and adaptive immune systems have been reported,
some of which appear to be related to viral load57–59.
Given that COVID-19 patients frequently had marked abnorm-

alities of the coagulation system and systemic disease progression
appeared to be potentially related to endothelial damage, much
interest was focused on the vascular changes present in the
lungs. Fibrin and platelet thrombi were reported in many
cases, including half of the cases in the series of Bryce
et al.40,42,43,45,46,48,52,54,60–63. Other vascular findings included areas
of capillary injury with findings consistent with endothelitis
(Fig. 4A, B). This finding was reported in the series of Borczuk
et al. and Bryce et al.41,42. These lesions were occasionally seen in
the presence of only focal hyaline membrane formation, and in
some cases, other features of DAD were lacking entirely. Such
lesions were not seen in more advanced disease and were felt to
likely represent an early finding. The lesions in these series were
similar to those reported by Magro et al., who also demonstrated
deposition of complement in these foci64. Such complement
deposition would not necessarily be surprising in a focus of active
lung injury and repair; however, the authors also found similar
areas of damage in skin lesions, thus lending support to the
systemic nature of the disease. Indeed, complement activation as
well as endothelial damage have both been previously thought to
be related to multi-system organ failure associated with ARDS, a
finding that has also been found in COVID-19 as well65–69. Other
vascular lesions include the presence of vascular congestion and

hemangiomatosis-like change reported by DeMichele et al.45, and
similar lesions were reported by Doglioni et al. in one of the few
reports of early-stage disease using cryobiopsy sampling in ante-
mortem cases70. “Glomeruloid” proliferations were also reported
by Perez-Mies71. A series by Ackermann et al. compared seven
cases of COVID ARDS with seven H1N1 ARDS and reported that
capillary microthrombi were nine times as prevalent in the COVID
cases and reported that new vascular growth was 2.7 times as
frequent in COVID cases, with particular note of a process
described as “intussuceptive angiogenesis”72. While an elegant
study, as described in the above section on DAD, vascular
changes, including fibrin and platelet thrombi, are normally a
component of DAD, and vascular proliferation would be an
expected response to injury as part of the repair process. Capillary
proliferation is not as well documented in the histology literature
of DAD, but is reported15. Additionally, regulators of angiogenesis
have long been known to be present in cases of ARDS and
attempted treatment of ARDS with anticoagulants is also well
known1,4,69,73,74. This point was highlighted in the accompanying
editorial to the Ackermann paper authored by Hariri et al., who
also point out that the series is a small number of cases that were
of differing stages of disease and not corrected for length of
illness75. As such, while the reported findings of Ackermann et al.
are of interest, they are probably more informative to DAD/ARDS
as a whole as opposed to being unique to COVID.
Also of interest is the presence of large-vessel thrombi.

Pulmonary emboli were reported in six cases in the series of
Bryce et al. and were also reported in other series42,52.
Interestingly, five of the six pulmonary emboli found in the Bryce
series were in cases occurring prior to the institution of an
anticoagulation protocol. Thrombi were also reported in other
organs, particularly the brain42. It should be noted that coagula-
tion abnormalities were also a component of SARS-1 and Middle
Eastern respiratory syndrome coronavirus (MERS)76. While pul-
monary microthrombi in acute DAD in particular are likely a
component the acute lung injury itself, large emboli and thrombi
in other organs are more likely related to altered coagulation
status and endothelial injury77,78.
While DAD was the most frequently reported finding in COVID-

19 autopsy cases, AFOP was also reported, albeit more rarely. While
some cases of AFOP were reported in small bedside postmortem
biopsies, thus raising the issue of sampling in cases of DAD, as
discussed in the section on AFOP above, other cases would appear
to represent a bona fide AFOP pattern, which would not be
surprising in a disease associated with acute lung injury40,79.
In summary, the histologic findings in COVID-19 autopsies have

consisted primarily of DAD, with a smaller number of cases of
AFOP. Whether or not vascular changes may be more frequent or
prominent in COVID-related DAD compared with other etiologies
is somewhat unclear; however, regardless of whether there is a

Fig. 4 Vascular abnormalities in cases of COVID-19 DAD. Some cases of COVID-19 DAD contained foci suggesting vascular damage/
endothelitis (A H&E 40x and B H&E 200x). Such foci were felt to represent early changes and likely represent an underreported finding in DAD
as opposed to a unique feature of COVID-related disease.

M.B. Beasley

5

Modern Pathology (2022) 35:1 – 7



“unique” COVID histology, it is an unprecedented opportunity to
study many aspects of DAD/ALI using more sophisticated
methodologies than have been previously available, which will
hopefully improve our understanding of disease mechanisms and
lead to better treatment strategies.
Knowledge gaps exist in regard to earlier phases of disease in

patients who do not become severely ill. Limited information from
antemortem studies has shown organizing fibrin and features of
acute lung injury in one transbronchial biopsy case80 and similar
findings were reported in two lung cancer resections discovered
to have COVID-19 at the time of operation after the fact and were
felt to represent early changes81. The series of twelve cryobiopsies
by Doglioni et al. taken within 20 days of symptom onset showed
only sparse fibrin in a small number of cases, but otherwise
showed patchy areas of type-2 pneumocyte hyperplasia and
“dilated and hyperplastic interstitial capillaries and venules” but no
hyaline membrane formation or features that otherwise fit with
DAD, OP, or AFOP70.
Another area of future study is the lung pathology of COVID

survivors who have persistent radiographic lung abnormalities
and decreased pulmonary function. In some of these patients, the
radiographic abnormalities have resolved over time, whereas they
have thus far persisted in others82. This is reflective of the early
literature on DAD in regard to resolution and persistence following
survival13,14. Clinical, radiologic, and pathologic information from
patients with persistent lung disease will likely be a key area of
study moving forward, as it will be important to understand this
phase of the disease in regard to planning treatment and
determining whether patients would benefit from treatment with
antifibrotic or anti-inflammatory therapy83.

CONCLUSIONS
DAD is the most frequent histology encountered in patients with
clinical ARDS, with some cases showing AFOP, AEP, or DAHC. In
the majority of cases, etiology is not apparent from the histology
alone and clinical correlation is required to help determine the
etiology. The outbreak of cases of EVALI and the COVID-19
pandemic in particular has provided an opportunity to increase
our knowledge about DAD in particular in regard to mechanisms
beyond the histologic findings alone, particularly in regard to the
immune components and cellular injury. Cases of AFOP remain
relatively rare in comparison with DAD in patients with clinical
ARDS. The presence of fibrin in cases otherwise consistent with OP
appears to portend an increased incidence of relapse, but a
definitive dividing line regarding how much fibrin is needed to
separate the two entities has not been firmly established.
Conversely, while AFOP was originally thought to perhaps
represent an underreported variant of DAD due to similar overall
mortality rates, whether cases of DAD with prominent organizing
intra-alveolar fibrin and few hyaline membranes compared with
more typical cases with extensive hyaline membrane formation
are of any significance has not been studied. Cases of EVALI are
associated with acute lung-injury patterns and, while vacuolated
macrophages have been reported in several cases, the pathology
of EVALI is not that of exogenous lipoid pneumonia. Vitamin-E
acetate was identified as a culprit in the large 2019 outbreak;
however, vaping devices and black-market products in particular
contain a large variety of largely unregulated components and
cases of EVALI still occur. Finally, most cases of COVID-19 have
shown DAD, potentially with a more pronounced vascular
component compared with other etiologies. Although a unique
“COVID DAD” histology per se does not seem to exist, the COVID-
19 cases provide an extraordinary opportunity to expand our
knowledge about various components of DAD/ALI via novel
methods. Continued knowledge gaps into early and long-term
disease exist, although the pathology and mechanisms of long-
term disease, in particular, are the subject of considerable interest.
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