




their epithelial nature as pneumocytes. The inflammatory cell
infiltrate included histiocytes (CD68 and Mac387 positive).
The lymphoid infiltrate was sparse and consisted mainly of T
cells (CD3 positive) and a few B cells (CD20 positive); natural
killer cells (CD56 positive) were largely lacking.

Ultrastructural study
Pneumocytes containing viral-like particles were noted in
most cases (six of seven), although such cells were scanty
(fig 4A). The particles measured 60–90 nm in size and were
found within dilated cytoplasmic vesicles, reminiscent of
endoplasmic reticulum. The appearance of the viral-like
particles was similar to that seen in the Vero cell culture
(fig 4B, C).4 16 These particles appeared to be the viral
nucleocapsids. The surfaces of some of these particles were
decorated with club shaped projections (arrows, fig 4A). In
addition, a ring immediately underneath the envelope was
also seen in some of the better preserved particles. This may

represent the characteristic helical nucleocapsid of corona-
viruses. The cross section of these particles also showed the
typical electron lucent centre. Such viral-like particles were
not detected in macrophages or other cell types in the lung.

DISCUSSION
We have reported the lung pathology of patients with
microbiologically confirmed, fatal SARS. These patients were
epidemiologically linked to the first index case in Hong Kong,
which subsequently resulted in the world endemic of
SARS.8–12

The known human coronaviruses, types 229E and OC43,
generally cause common cold symptoms and have only rarely
been associated with more severe lower respiratory diseases,
such as pneumonia in neonates, the elderly, or immunocom-
promised patients.17–19 However, SARS is a lower respiratory
tract disease and upper respiratory tract symptoms are
uncommon and mild.8 For all of our patients who died, and

Figure 1 Gross and histological
features of lungs in patients with severe
acute respiratory syndrome. (A)
Extensive consolidation with a greyish
cut surface was noted in most of the
patients. (B) All the patients showed
features of the acute phase of diffuse
alveolar damage, with pulmonary
oedema and formation of a hyaline
membrane. The airspaces are indicated
by asterisks and some of the hyaline
membranes lining the alveolar spaces
are highlighted by arrows
(haematoxylin and eosin stain; original
magnification,6100). (C) Mild infiltrate
of interstitial inflammatory cells with
interstitial thickening, accompanied by
dilated airspaces (the asterisk indicates
the dilated airspace). A small amount of
hyaline membrane, as indicated by the
arrow, was still evident (haematoxylin
and eosin stain; original magnification,
6100). (D) Pronounced interstitial
fibrosis with honeycombing was noted
in patient 7 (asterisks indicated the
abnormally dilated airspaces; Masson’s
trichrome stain; original magnification,
640).

Table 2 Summary of the pulmonary pathological features of patients with severe acute
respiratory syndrome

Patients

1 2 3 4 5 6 7

Atypical pneumocytes � � � � � � �
Diffuse alveolar damage
Pulmonary oedema ��� ��� ��� ��� ��� ��� ���
Hyaline membrane � ��� ��� ��� �� �� ��
Organising phase � � �� �� �� �� ��
Interstitial fibrosis � � � � �� ��� ��
BOOP-like 2 � � � 2 � 2

Pulmonary haemorrhage 2 2 �� 2 � �� 2

Bronchopneumonic changes 2 � � 2 2 � 2

� , mild; �� , moderate; ��� , severe; 2, not present.
BOOP-like, bronchiolitis obliterans organising pneumonia-like lesion.
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in other series,8 20 21 DAD was the dominant picture. DAD is a
severe pattern of lung injury and could be secondary to
various pulmonary and extrapulmonary insults.22 In addition,
the formation of tissue plugs in terminal small airways and
alveolar spaces may correlate with the early radiological
findings.8 9 Such lesions are not specific to SARS, and may be
idiopathic (termed BOOP), or be associated with post-
infection states, drug effects, connective tissue diseases,
post-organ transplant, and post-irradiation states.23 24 Such
BOOP-like lesions in patients with SARS may indicate a non-
specific response to lung injury.

‘‘The formation of multinuclear cells is not unique to severe
acute respiratory syndrome, and is seen in pneumonia
caused by the family of Paramyxoviridae, including
parainfluenza viruses, measles, mumps, respiratory syn-
cytial virus and, perhaps, metapneumovirus’’

Despite the small numbers of cases, a positive correlation
was detected between the duration of illness and the degree
of interstitial fibrosis. The results suggested that the
pulmonary fibrosis seen in these fatal cases may be related
to SARS rather than pre-existing lung lesions. Follow up
radiological studies indicated that 62% of surviving patients
had pulmonary fibrosis.25 Thus, it is possible that at least in
patients with severe SARS, the development of pulmonary
fibrosis could be relatively rapid. However, because many
patients had severely compromised respiratory function
during the illness and required ventilation or oxygen

supplementation, the exact role played by each factor in
causing pulmonary fibrosis remains speculative.

In our current series, viral culture for coronavirus was
positive in postmortem lung tissue in two patients and viral-
like particles compatible with coronavirus were demonstrated
ultrastructurally in the lung tissue in most of the patients (six
of seven patients) These viral-like particles were noted in the
pneumocytes, but not in the other cell types within the lung.
These observations suggested that the primary target cells for
SARS-CoV infection are probably pneumocytes. The atypical
morphology of the pneumocytes was probably related to viral
cytopathic effects or reactive changes. The presence of
multinucleated pneumocytes in SARS has been noted by
several other investigators.4 8 20 21 However, the formation of
multinuclear cells is not unique to SARS, and is seen in
pneumonia caused by the family of Paramyxoviridae,
including parainfluenza viruses, measles, mumps, respiratory
syncytial virus and, perhaps, metapneumovirus.26 Although
foamy histiocytes and multinucleated histiocytes were seen,
these probably reflect non-specific secondary changes.27

Apart from lung tissues, postmortem small intestinal tissue
was also valuable for viral isolation with a high yield (six of
seven patients), suggesting viral intestinal tropism, which
may be related to intestinal manifestations in some
patients.28 Interestingly, gastrointestinal symptoms were not
prominent in our series of patients. For those cases in which
SARS-CoV was isolated, the time interval between the
patients’ death and necropsy ranged from four to seven days,
indicating the presence of viable SARS-CoV up to a week
after the patients’ death.

Figure 2 Bronchiolitis obliterans
organising pneumonia (BOOP)-like
lesion in patients with severe acute
respiratory syndrome. (A) A BOOP-like
lesion was evident with cellular
organising plugs within the small
airways and airspaces (asterisks
indicate some of the lesions). Lesions
were typically located in the subpleural
region (the visceral pleural surface is
indicated by arrows; haematoxylin and
eosin stain; original magnification,
640). (B) Higher power view of cellular
organising plugs (asterisk). The main
cellular component consisted of
histiocytes, which were CD68 positive
(data not shown) (haematoxylin and
eosin stain; original magnification,
6200).

Figure 3 Atypical pneumocytes in
patients with severe acute respiratory
syndrome. (A) Multi-nucleated giant
pneumocytes with irregularly
distributed nuclei were evident
(indicated by arrows; haematoxylin
and eosin stain; original magnification,
6400). (B) A giant atypical pneumocyte
with prominent eosinophilic nucleoli
(indicated by arrow; haematoxylin and
eosin stain; original magnification,
6400).
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In summary, we have presented the pulmonary pathology
in a confirmed and well defined series of fatal SARS cases.
The pathological features, in addition to DAD, included the
presence of multinucleated pneumocytes and intrabronchial
fibrogranulation tissue proliferation (BOOP-like lesions).
Although each of these features is non-specific, their
combined occurrence, together with positive serological/
microbiological investigations and/or ultrastructural tissue
examination enables the diagnosis of SARS to be confirmed,
and is particularly useful in clinically suspicious cases that do
not fulfill the World Health Organisation criteria or in
clinically unapparent cases. We have shown that viral
particles can be successfully isolated from postmortem lung
and small intestinal tissue samples by culture and also by
ultrastructural examination, highlighting the importance of
necropsy, particularly in those patients who die before the
diagnosis is confirmed. At the time of necropsy, when
minimal exposure is desirable, a limited dissection with
sampling of tissues from the lungs and small intestine may
allow for maximal diagnostic yield.
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Take home messages

N In severe acute respiratory syndrome (SARS), corona-
virus (CoV) could be isolated from postmortem tissues
up to one week after death

N Pneumocytes are probably the primary target of
infection

N Postmortem examination is invaluable because it
allows tissue to be sampled for virological investiga-
tions and ultrastructural examination

N When coupled with the appropriate lung morphologi-
cal changes, postmortem examination is extremely
useful to confirm the diagnosis of SARS-CoV, particu-
larly in clinically unapparent or suspicious but uncon-
firmed cases
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Apoptotic gene variants do not predispose to primary Sjögren’s syndrome in
Australians
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A
molecular genetic study has suggested that a common variant in the Fas gene
promoter region prevents an autoimmune response to intracellular ribonucleoproteins
in some patients with primary Sjögren’s syndrome. How this relates to pathogenesis is

unclear, but testing polymorphisms against other autoantigens that relocate to the cell
surface during apoptosis may be worth while.

The study in Australian patients tested whether genetic variants in this region were linked
to the syndrome. Genotype distributions and allelic frequencies of the two common variants
at positions 21377 and 2670 were no different in patients and controls, but the allelic
frequency of the 2670 variant was significantly higher in patients without Ro/La
autoantibodies than in those with, raising the possibility that this variant might somehow
prevent immunological exposure to these intracellular antigens.

The study typed 101 patients with primary Sjögren’s syndrome and 108 ethnically
matched controls for Fas gene promoter variants 21377GRA and 2670ARG by PCR-SSP.
Patients were grouped according to their autoantibody status to Ro/La ribonucleoproteins:
Ro, La antibody negative; Ro positive only; Ro positive, precipitating La negative; and Ro
positive, precipitating La positive.

Most patients with primary Sjögren’s syndrome have circulating autoantibodies to Ro/La
ribonucleoproteins. Apoptosis may trigger the autoimmune response as these proteins
migrate to the cell surface on blebs during the process. One theory is that abnormal
apoptosis leads to the destruction of exocrine glands that is a feature of the syndrome, but
the findings of this study indicate that this is not so—at least for these patients.

m Annals of the Rheumatic Diseases 2003;63:98–101.
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