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ABSTRACT: Acute respiratory distress syndrome (ARDS) is a severe lung disease characterized by inflammation of the lung parenchyma lead-
ing to impaired gas exchange. This condition is often lethal, usually requiring mechanical ventilation and admission to an intensive care unit. We
present two fatal cases of hidden pneumonia in young people and discuss the pathophysiological mechanism of ARDS with reference to the histolog-
ical pattern. A complete forensic approach by means of autopsy and histological, immunohistochemical, and microbiological, examination was carried
out. In both cases the cause of death was cardio-respiratory failure following an acute bilateral pneumonia with diffuse alveolar damage and ARDS
associated with sepsis and disseminated intravascular coagulation. Our cases suggest on one side the importance of an early diagnosis to avoid
unexpected death while on the other that the diagnosis of ARDS has to be confirmed on the basis of a careful postmortem examination and a
complete microscopy and microbiological study.
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Acute respiratory distress syndrome (ARDS) is a severe lung dis-
ease characterized by inflammation of the lung parenchyma leading
to impaired gas exchange with concomitant systemic release of
inflammatory mediators by local epithelial and endothelial cells,
causing inflammation, hypoxemia resulting often in multiple organ
failure (MOF), and disseminate intravascular coagulation (DIC) (1).
This condition is often lethal, usually requiring mechanical ventila-
tion and admission to an intensive care unit (2).

Physiopathologically when the endothelium of lung capillaries
and the alveolar epithelium are damaged, plasma and blood flood
the interstitial and intra-alveolar spaces. Such a change implies
decreased lung compliance, pulmonary hypertension, reduced func-
tional capacity, compromised ventilation ⁄perfusion ratio, and hyp-
oxemia (3).

Acute respiratory distress syndrome can occur within 24–48 h of
an injury or attack of acute illness. In such a case the patient usu-
ally presents with shortness of breath and tachypnea, usually associ-
ated with hypoxemia, petechiae in the axillae, and neurologic
abnormalities such as mental confusion (4).

Typical histological presentation involves diffuse alveolar dam-
age (DAD) and hyaline membrane formation in alveolar walls (5).
Hyaline membranes, especially, as a result of the acute inflamma-
tory processes in the alveolar compartment (6) is the histological
hallmark of ARDS.

If the underlying disease or injurious factor is not removed, the
amount of inflammatory mediators released by the lungs in ARDS
may result in a systemic inflammatory response syndrome (or sepsis
if there is lung infection) (7). The evolution toward shock and ⁄or
MOF follows the same pathophysiological path of sepsis (8).

It is estimated that ARDS is caused by septic shock—character-
ized by leukocytosis or leukopenia, fever, hypotension, and the
identification of a potential source of systemic infection with posi-
tive blood cultures for pathogenous agents—in more than 30% of
cases (9).

Pneumonia is thought to be the most common lung disease lead-
ing to ARDS as it determines a direct lung injury in the immuno-
competent host (10).

In cases of severe ARDS the survival rate is 50% with appropri-
ate and early treatment, but if the ARDS-induced severe hypoxemia
is not recognized and treated or if the disease reaches medical
attention only in the terminal phase then cardio-respiratory arrest
occurs in more than 90% of patients (11).

We present two fatal cases of hidden pneumonia in young peo-
ple who died within a few hours. The clinical presentation, the
radiological and laboratory findings in one case, and the postmor-
tem examination with histological, immunohistochemical, and
microbiological exams in both cases, led us to conclude for an
acute cardio-respiratory failure secondary to bilateral pneumonia
with DAD and consequently ARDS associated with sepsis and
DIC. The features of the disease are discussed with reference to the
histological and immunohistochemical evaluation.

Case 1

A 29-year-old man was found dead at home by his girlfriend
who was sleeping with him. The night before he went out with
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his friends and came back home late. His friends reported that
nothing ‘‘strange’’ happened during the evening he spent with
them. The day after, in the afternoon, when he should wake up
his girlfriend saw the presence of foam around his mouth and
nose and when she tried to wake him up he did not respond. So
she called the emergency services who could do nothing but
declare him dead.

He took psychodrugs and was known to be a drug addict and a
heavy drinker. Family history was reported negative for sudden
death. Death scene investigation was unremarkable.

Autopsy Findings

A complete postmortem examination was performed 4 days after
death. External examination did not show any visible sign of injury.
The internal examination revealed polyvisceral stasis, diffuse micro-
thrombosis, cerebral and pulmonary edema. Free citrine liquid was
found on both sides of the pleural cavities. A marked lung conges-
tion and the release of foamy material were bilaterally observed.
‘‘Hydrostatic docimasia’’ for large and small fragments was bilater-
ally positive in all fields. Also known as ‘‘the flotation test,’’ or
‘‘the lung test,’’ this old test is still in use to check if there are areas
of increased density within the adult lung parenchyma. In these
cases lung specimens, being not inflated with air, do not float. Such
is the case of pneumonia (12).

Histological Studies and Findings

The microscopic histological study, performed using formalin-
fixed paraffin-embedded tissue sectioned at 4 lm and stained with
hematoxylin-eosin (H&E), revealed the typical findings of DAD:
alveolar septa mildly thickened by edema and capillary congestion,
alveolar edema, hyaline membranes lining the denuded alveolar
walls, hyperplastic type II pneumocytes, alveolar infiltrates of poly-
morphonuclear neutrophilic leukocytes, pigmented macrophages,
monocytes and plasma cells (Fig. 1A), fibrin thrombi in small
arteries. In some fields, numerous endoalveolar erythrocytes were
also observed. Bronchial walls presented epithelial denudation,
inside the lumen there were infiltrates of leukocytes, mostly
neutrophils, and a moderate quote of eosinophilic amorphous
material.

All these findings were suggestive for a typical DAD in the early
exudative phase, confirmed by the positive results to immunohisto-
chemical dye for surfactant apoprotein (PE-10) that outlines hyper-
plastic type II pneumocytes (13). Fungal infections were not found
on slides by Grocott staining. Gram staining did not give evidence
for bacterial colonies. The examination of other histological sam-
ples was unremarkable.

The lung samples were also examined under a confocal laser
scanning microscope (14), and a three-dimensional reconstruction
was performed (Fig. 2).

Microbiological Studies and Findings

Additional microbiological tests (15) to identify possible patho-
genous agents were carried out through isolation of nucleic acids
from formalin-fixed paraffin-embedded tissue sections. To control
the course of extraction and check for PCR inhibitors, a fragment
of the Homo sapiens beta-globin gene was amplified. The purified
DNA sample was negative for all bacterial cultures. The positive
result for beta-globin demonstrated that the DNA extraction proce-
dure was efficient in extracting amplifiable DNA from the
sample.

Toxicology was negative for drugs and alcohol. Thus, viral
infection was a diagnosis of exclusion, according with recent litera-
ture which reports a prevalence of viral etiologies in community-
acquired pneumonia up to 9% (16) and an extremely high inci-
dence of lung injury and ARDS arising from coronavirus and avian
influenza virus infection (17,18).

Case 2

A 31-year-old previously healthy man presented to the hospital
with a 12-h history of sore throat, fever, and cough. The clinical
prodromes were followed by the acute onset of increasing shortness
of breath quickly progressing in acute respiratory failure with hem-
optysis. Chest X-ray demonstrated bilateral diffuse airspace opacifi-
cation; the high-resolution CT (HRCT) confirmed the presence of
bilateral, symmetric diffuse ground-glass attenuation associated with
liquid in pleural cavities. The patient was admitted to the intensive
care unit with severe leukopenia, but he got worse and after few
hours died. Two postmortem blood cultures were positive for group
A beta-hemolytic Streptococcus which is well known for causing
invasive disease leading to death even though diagnosis is not
always made in life, as in this case (19). No other pathogenous
agents were present.

A

B

FIG. 1—Alveolar infiltrates of polymorphonuclear neutrophilic leuko-
cytes, pigmented macrophages, monocytes and plasma cells, and hyaline
membranes (Hematoxylin and eosin). Case 1 (A) and case 2 (B).
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Autopsy Findings

An autopsy was performed within 48 h after death. External
examination was irrelevant. Internal examination revealed an
increased consistency and weight of the lungs (1070 g the left and
1100 g the right respectively) with positive hydrostatic docimasia
in all fields and intense congestion which was ascribed to a bilat-
eral pneumonia. The examination of other organs was unremark-
able except for intense polyvisceral stasis.

Histological Studies and Findings

The histological examination of lung specimens (one sample per
lobe and more samples in increased thickening pulmonary areas as
common practice), performed by using the same method described
earlier for the previous case, showed alveolar septa that mildly
thickened by edema and capillary congestion, alveolar edema,
hyaline membranes coating alveolar septal surfaces, flattened pneu-
mocytes, alveolar infiltrates of polymorphonuclear neutrophilic
leukocytes, pigmented macrophages, monocytes and plasma cells,
fibrin thrombi in small arteries (Fig. 1B). All these findings sug-
gested a typical DAD, confirmed by positive results to immunohis-
tochemical dye for surfactant apoprotein (PE-10) (data not shown)
(13).

In the kidneys was found a thrombotic microangiopathy compati-
ble with DIC. The lung samples were examined under a confocal
laser scanning microscope, and a three-dimensional reconstruction
was performed (14).

Results and Discussion

The silent (case 1) and the paucisymptomatic (case 2) presenta-
tions, and the histological and immunohistochemical findings led
us to the diagnosis of ARDS supporting the conclusion that both
were affected by a quite rare type of pulmonitis definable as hidden
pneumonia.

Acute respiratory distress syndrome is a pathological entity arising
from multiple pulmonary or extrapulmonary causes (20). Generally,
patients with ARDS report a short prodromal illness characterized
by few symptoms like fever and cough, followed by the acute onset
of progressive shortness of breath which rapidly evolves to respira-
tory failure (21). Chest radiographs typically show bilateral diffuse
airspaces opacifications (22). Chest HRTC scans are significative for
bilateral ground-glass attenuation (23). The histological features of
ARDS, investigated from open lung biopsies or autopsies, are those
of DAD, a nonspecific pattern of acute lung injury (24).

Acute respiratory distress syndrome has a poor prognosis, with
reported mortality rates still appearing to be higher than 50% (25).

The first case concerns a 29-year-old man found lifeless at home
by his girlfriend. At autopsy polyvisceral stasis, diffuse microthrom-
bosis, free citrine liquid on both sides of the pleural cavities, a
marked lung congestion, and the release of foamy material were
found. Hydrostatic docimasia for large and small fragments was
bilaterally positive in all fields. The histological evaluation of lungs
samples stained with H&E, also examined under a confocal laser
scanning microscope, gave evidence of a pattern of DAD. The
presence of hyperplastic type II pneumocytes and hyaline mem-
branes was confirmed by the positive reaction of the immunohisto-
chemical dye for surfactant apoprotein (PE-10). Additional tests
were carried out to identify possible pathogenous agents through
microbiological studies but all the cultures showed no bacterial
growth. Toxicology was negative for drugs and alcohol.

The second case involves a 31-year-old previously healthy man
who presented, after a 12-h history of sore throat, fever, and cough,
an acute onset of increasing shortness of breath rapidly progressing in
acute respiratory failure with hemoptysis. Chest X-ray and HRCT
showed the typical pattern of ARDS, with bilateral, symmetric,
diffuse ground-glass attenuation. Despite admittance to the intensive
care unit, the patient died after few hours. Two blood cultures
were positive for group A beta-hemolytic Streptococcus. The
macroscopical and histological patterns were similar to that of case 1.

In both cases the cause of death was attributed to an acute car-
dio-respiratory failure secondary to acute bilateral pneumonia and
consequently ARDS, sepsis, and DIC.

These cases demonstrate how ARDS can rapidly lead to death
in young patients that can generally be successfully treated in case
of pneumonia.

In the first case the postmortem diagnosis of ARDS and sepsis
with DIC (26) was made exclusively on the basis of a careful post-
mortem examination and a complete histological study.

Therefore, the authors underline that forensic pathological proce-
dures should be applied in all cases of sudden death using system-
atic practical investigations to find the cause of death, more so in
fatal cases involving young people. Just in this way it is possible to
perform an adequate differential diagnosis when sudden cardiac
death is more likely to be expected because of the young age of
the patient.

The second case, which has attracted the medicolegal interest
because of medical liability profiles that were assumed as fault for
doctors, suggests that clinicians should be suspicious of all commu-
nity-acquired pneumonia (27), especially in young people, because
rigorous diagnosis as well as early and appropriate therapy is man-
datory to avoid unexpected death (28).

Particularly, from a forensic point of view, in such cases the
authors suggest the importance of taking postmortem bacterial and
viral cultures.

Last, the forensic community should not forget the role played
by ARDS as a potential cause of sudden and unexpected death in
previously healthy young people.

FIG. 2—Three-dimensional reconstruction of hyaline membranes exam-
ined under a confocal laser scanning microscope.
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