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Background. SARS is an acute infectious pulmo-
nary disease caused by a so-called coronavirus. The
aim of this study was to assess the characteristics of
clinical images of severe acute respiratory syndrome
(SARS) in children for further understanding of the
disease.

Methods; Clinical data and radiographic findings
in 38 patients with clinically confirmed SARS in the
period of January 2003-April 2003 were retrospective-
ly analyzed. Chest radiography was performed in all
the patients, and additional chest HRCT was given in
a few of these patients.

Results; The radiological features of SARS in
these patients were divided into three patterns; 1)
massive consolidation (n =27, 71. 1%) marked by
patchy and segment air-space consolidations; 2) pul-
monary interstitial infiltration (n =8, 21.0%) shown
by coarse lung markings, and enhanced or inordinat-
ed reticular and drop shadows; 3) mixed pattern (n =
3, 7. 9%) characterized by marked lung markings
with patchy opacity and reticular shadows. Radio-
graphically the foci of lesions appeared early, pro-
gressed rapidly and were absorbed slowly. They could
be grouped into early, progressive and convalescent
stages, in which the median days were 4, 6 and 9 re-
spectively.

Conclusions; The lung lesions of pediatric SARS
patients appear early, and present bilateral or unilat-
eral single or multiple patchy shadows predominantly.
It is necessary to differentiate SARS from other pul-
monary diseases through combined use of clinical and
laboratory examinations.
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Introduction

evere acute respiratory syndrome ( SARS) is a
S new communicable respiratory disease, which
is also known as infective atypical pneumonia
in China. It is critical to diagnose the disease in its ear-
lier period while prescribing isolation therapy. Image
examination as one of the diagnostic choices is ex-
tremely important to verify image characteristics of the
disease. In the period of January to April 2003, we
studied clinical images of 38 pediatric patients with
SARS who were treated at our hospital.

Methods

Patients

Of the 38 patients, 20 were boys and 18 girls, aged
from 3 months to 13 years (mean 7.3 years). On exa-
mination, all the patients had a high fever with armpit
temperature of > 38° C. Thirty-five patients showed
cough, and 3 diarthea. Coarse breath sounds and dry
or wet rales were found in most of the patients.

Laboratory examination

The count of leukocytes in peripheral blood was less
than 5. 0 x 10°/L in 22 patients (57.9% ), and be-
tween 5.0 x10°/L and 9.0 x10°/L in 16 (42.1%).
It was predominantly lower in 20 patients.

Diagnostic criteria

According to the Criteria for the Clinical Diagnosis of
SARS issued by the Public Health Ministry of China,
five specialists from Guangdong Province discussed the
conditions of the patients. The criteria are as follows:

1. Epidemiologic evidence: Close contact with in-
fected individuals in the past two weeks, or with evi-
dence of infecting other people.

2. Symptoms and signs: The disease develops
quickly with fever (always over 38°C). The patient
may have cough, mostly nonproductive cough with lit-
tle sputum; some serious patients may have tachypnea,
which even develops to acute respiratory depressive
syndrome. The signs of the lung may not be obvious,
and signs of consolidation may present.
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3. Laboratory examination; Total white blood cell
count in peripheral blood almost does not increase, and
even may decrease.

4. X-ray or CT examination of the lung: On one
side or both sides, nonsymmetrical focal patchy infil-
trates are noted.

5. No obvious effects after antibiotic therapy.

Suspicious diagnostic criteria: They accord with
items 1 +2 +3 or 2 +3 +4.

Clinical diagnostic criteria; They accord with
items 1 +2+3+4 or2+3 +4 +5.

Radiological data

Frontal chest radiographs were taken when the 38 pa-
tients received medical treatment for the first time.
Once massive consolidation was found in some pa-
tients, they were subjected to lateral chest radiography.
During the treatment, all the patients were followed up
by chest radiography using a mobile X-ray machine to
observe the dynamic changes till the disappearance of
lung lesions. Follow-up radiographs were taken in all

the patients every one to three days at the acute stage of
the disease, and reviewed every three to five days
when the clinical symptoms diminished markedly. High
resolution CT was performed in a few patients for the as-
sessment of their recovery from the 7th to the 10th day af-
ter that they had been discharged from the hospital.

Results

Image findings
The lesions of the patients were categorized into the
following three types.

Massive consolidation

Predominant pulmonary consolidation associated with
enlarged hilum of the lung was seen in 27 patients
(71.1% ). Patchy or segment opacity appeared with
clouding margin in the unilateral lung in 21 (Figs. 1,
2) and in both lungs in 6 (Fig.3).

Fig. 1. Frontal chest X-ray film of a 9-year-old boy with SARS. A Radiography on the 4th day after the onset of the disease shows patchy air-space con-
solidation in the right lower lung lobe. B Frontal chest radiograph on the 6th day shows the enlarged focus of the lesion and enhanced density. C: Follow-

up chest radiograph on the 16th day shows the focus of the lesion disappeared.

Fig. 2. Frontal chest radiograph of a 3-year-old girl
with SARS. A Radiograph on the 1st day shows
patchy opacity in the right upper lung lobe involving
the right lung hilum. B. Seven days later, obvious
progression of the focus of the lesion. C: Fourteen
days later, the opacity disappeared.

Fig. 3. Frontal chest radiograph of a 3-month-old boy. A Radiograph on the 3rd day shows multifocal bilateral air-space opacities in both lungs. B; On
the 5th day, further progression of the consolidation. C: On the 41st day, the lesions persisted with patchy opacities at the right lung. D On the 43rd day,
HRCT scanning showing patchy opacities bilaterally in both lower lungs with streaky shadows surrounded, suggesting fibrosis tissue proliferated.
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Pulmonary interstitial infiltration

The lesions involved pulmonary interstitial tissue in 8
patients (21.1% ). Reticular and drop shadows in the
pulmonary medial zone were complicated by increased
lung markings in 6 patients (Fig. 4), of whom 2 suf-
fered from minor emphysema. Enhanced lung marking
was observed in 2 patients, one of them was associated
with enlarged hilum.

Fig. 4. Frontal chest radiograph of a 12-year-old girl with SARS showed
lung markings enhanced with reticular shadows.

Mixed pattern

The lesions involved with the interstitial tissue and pa-
renchyma in 3 patients (7.9% ). They were character-
ized by mixed patchy or reticular shadows, uneven
density, and enhanced lung marking in the unilateral
lung in 1 patient and in both lungs in 2.

Dynamic changes of clinical image
The lung lesions on films were divided into three sta-
ges.

Early stage

The lesions presented radiographically 1-6 days after
onset of the illness ( median 3 days). The lesions were
seen 1-3 days after onset of the disease in 20 patients
(Fig. 2A), and 4-6 days in the remaining patients. At
this stage, the lesions were localized with a low density
and unclear margin. Coarse markings penetrated indis-
tinctly into the lesions in some patients. Lightly
changed lung markings were easily neglected.

Progressive stage

On X-ray, the lesions progressed for 4-11 days after
onset of the disease ( median 6 days). Peak of progres-
sion appeared on days 5-7 in 20 patients ( Fig. 2B) and
exceeded 10 days only in 2 patients. The lesions ex-
panded rapidly at this stage, and their adjacent patchy
consolidation inosculated with enhanced density. Some
lesions were found in the opposite lung lobe in a few
patients. Though old lesions were absorbed, new ones
appeared elsewhere in a few patients.

Convalescent stage

The lesions diminished gradually or lightened in density
5-15 days after onset of the illness ( median 9 days).
The lesions disappeared 5-7 days after illness in 12 pa-
tients, 8-10 days in 18, 10-13 days in 7, and 15 days
in 1. The lesions were absorbed mostly or completely
within 15 days in 24 patients (Fig. 2C), and in over
15 days in 14 (36.8% ) (Fig.1C). The lesions in one
patient remained on day 73. Radiography on day 41
demonstrated multi-patchy opacity in both lungs ( Fig.
3C) and HRCT on day 43 showed patchy consolidation
together with fibrous streak, suggesting possible pul-
monary fibrosis (Fig.3D). The localized lesions were
absorbed promptly, whereas the extensive ones slowly.

Prognosis

All the patients recovered fully without use of alexipy-
retiss. Their body temperature was normal for over 7
days. The symptoms of the respiratory system were
ameliorated and 30% of the abnormalities disappeared
on chest radiography. Laboratory examination showed
leucocytes in peripheral blood or other variables noth-
ing abnormal. The time for absorption of lesions was
positively correlated with their extent. It was shorter
for simple and interstitial lesions, but longer for the
multiple lesions. For example, the lesions did not dis-
appear in one patient after 43 days of treatment. More-
over, the absorption of lesions was slower than the im-
provement of clinical symptoms. The films taken after
discharge of the patients from the hospital demonstrated
the lesions were absorbed basically with less lingering
effects in most patients.

Discussion

Characteristics of clinical manifestations
SARS is an acute infectious pulmonary disease caused
by a so-called coronavirus.'™’ It is thought to transmit
by means of droplet infection in a short distance, secre-
tion of the respiratory tract, and close contact with the
patient.”*’ Children with SARS are rare, and their symp-
toms are less evident than those of adult patients.'®” In
our study, high fever (temperature > 38°C) and
cough (dry cough and few sputum) were common in
most patients. Digestive symptoms and physical signs
in the chest including rales were observed in a few pa-
tients. The count of leucocytes was normal or de-
creased in all the patients. Since SARS is characterized
by rapid onset and strong infection in crowds, and
there is no patent medicine for treatment, it is extreme-
ly important to have pediatric patients diagnosed and
treated early.
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X-ray images and pathological basis
X-ray images of pediatric SARS patients present a vari-
ety of characteristics. Pulmonary lesions involve pre-
dominantly the parenchyma of the unilateral lung, but
less the initial tissue or both the parenchyma and inter-
stitial tissue. Consolidation presents massive and seg-
mental high density in the pulmonary lobe and segment
and in one side of the lung. Interstitial infiltration ap-
pears to be increased by lung markings with reticular
and drop-like clouding shadows in the medial pulmona-
ry zone. The mixed type presents patchy and reticular
shadows with asymmetrical density by reenforced lung
markings. Lesions appear early, progress rapidly, and
peak earlier ( median 7 days) , but they are slowly ab-
sorbed. Pulmonary emphysema and changes of the hi-
lum are rarely found as well as lung abscess and pleural
changes. Prognosis is good. Lesions absorb promptly
after therapy without side-effects like fibrosis shown by
radiography. X-ray findings are consistent with clinical
symptoms but not with physical signs. Radiographic
changes of the lesions can be substantially delayed be-
hind the resolution of signs and symptoms.
Reports"*** have shown pathological changes of
SARS patients including pulmonary lesions, immune
organ injuries, systemic vasculitis and generalized toxic
reaction. Of them, lung injuries are predominant. Gross
findings in lung tissue include dark red and tenacious le-
sions. Sections of lung lobe show diffused lesions with
exudative consolidation. Dilated blood vessels are hy-
peremic with spotted bleeding and infarct on lung sur-
face. Histologically, the alveolar wall is thickened ob-
viously because of edema and infiltration of lympho-
cytes and monocytes. Pink exudates from alveoli and
cellulose, erythrocytes, macrophages and epithelial
cells could be noted. Structures like viral inclusion
bodies and multinuclear giant cells are found in some
alveoli apart from hyaline membrane. In addition, ca-
pillary extension, thrombosis in small vessels, and in-
filtration of monocytes and lymphocytes are seen at the
interlobular septum, with necrosis of the microbronchus
wall. Pulmonary vascular engorgement, edema and in-
flammatory exudation present thin patchy or ground-
glass opacity on radiological films in early stage. Alve-
olitis desquamativum and formation of hyaline mem-
brane take place with inflammatory absorption and pro-
liferation of some fibrous tissue in convalescent stage.

Diagnosis and differential diagnosis

The diagnosis of SARS in pediatric patients can be
made on the basis of epidemiological history; age of
over 5 years; rapid onset of the disease with fever, dry
cough, indistinct pulmonary signs and decreased or
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normal leucocytes in peripheral blood; early appear-
ance and rapid development of big lesions in the unilat-
eral lung; rare development of pulmonary emphysema
and disorders of the hilum without abscess and pleural
abnormality; slow absorption of the lesion; lesions be-
ing not consistent with physical signs but no scar of the
lesion left over after recovery.

From the point view of image, SARS should be
different from pneumonia.

Muycoplasma pneumonia

It happens in school age children with symptoms of fe-
ver and cough. Radiographic abnormalities include mas-
sive foci in 30% -40% patients who need to be differen-
tiated from SARS patients. Slow episode, persistent on
intensive cough, changed lung markings radiating from
the hilum to the outside, and rapid absorption of le-
sions are encountered together with asymmetrically dis-
ordered or enlarged hilum in most of such patients.™**’

Adenovirus pneumonia

The onset of the disease is rapid with hyperpyrexia,
cough and leukopenia in most patients. Being similar
to the consolidation type of SARS, the disease is mani-
fested by massive necrosis, obstructive emphysema and
slow absorption of lesions, which give risk to such se-
quelae as irreversible pulmonary fibrosis, chronic bron-
chitis and bronchiectasis. """’ Radiographic findings
and clinical symptoms are coincident with the progres-
sion of the disease. Hence the disease can be differenti-
ated easily from SARS.

Bacterial pneumonia

Lobar pneumonia and segmental pneumonia are easy to
be confused with the consolidation type of SARS, ex-
cept for obvious symptoms and physical signs and in-
creased count of leucocytes, to which antibiotics are ef-
fective. Radiographically, highly dense pulmonary le-
sions are seen at one segment or one lobe, which are
consistent with anatomic locations. "*** In contrast,
SARS patients usually have few physical signs, normal
or decreased count of leucocytes, and antibiotics are in-
effective.

Respiratory syncytial virus pneumonia

It is one of the most common causes of infection of the
respiratory tract in pediatric patients and characterized
predominately by interstitial infiltration. It is necessary
to be differentiated from the interstitial infiltration type
of SARS. The disease is frequently seen in less than
one-year-old infants, presenting early dyspnea,
strengthened and inordinate lung markings, and emphy-

[17-19]
sema.
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Influenza pneumonia

As one of the infectious diseases caused by influenza vi-
rus, this pneumonia is characterized by rapid onset, hy-
perpyrexia, cough and abnormal shadows in the lung. It
is commonly seen in infants in winter and spring. Pul-
monary images show enhanced and blurred lung mark-
ings in bilateral lungs with highly dense shadows and
emphysema but rare massive confluent foci.'™*"
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