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Introduction

The incubation period of severe acute respiratory syndrome (SARS)
ranges from 2 to 10 days. The clinical features and key laboratory parame-
ters on presentation are summarised in Tables 1 and 2. The majority of
patients with SARS present with abrupt onset of high fever of more than
38°C with or without chills. Flu-like symptoms of malaise, myalgia,
headache and dizziness are rather common. While the respiratory system is
predominantly affected, other organs are also involved.

Respiratory tract

Many SARS patients do not have upper respiratory tract symptoms of sore
throat or running nose. Cough may not be present even in patients with
radiological evidence of pneumonitis and is usually not associated with spu-
tum production. Some of them may already have shortness of breath and
tachypnoea on presentation. Chest sign is usually minimal. Inspiratory
crackles may be heard at lung bases. Chest radiography is the primary imag-
ing tool for diagnosis and follow up assessment of treatment response. High
resolution computer tomography (HRCT) of the thorax is performed when
initial chest radiograph is negative despite high clinical suspicion. It is also
helpful in detecting complication and in defining nature and extent of lung
damage.

Chest radiography

Chest radiography can serve as a screening tool in the correct clinical set-
ting. In a prospective study conducted in a SARS screening clinic for hos-
pital staff, patients and their relatives, chest radiological changes were
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found to have the highest odds ratio of all the predictors [7]. The authors
concluded that chest radiography should be mandatory for all patients
screened for the disease. At the peak of the epidemic, patients with flu-like
symptoms attending outpatient clinic were asked to take a chest radiograph
before being interviewed for history-taking and physical examination [8].

Most patients have abnormal chest radiographs on presentation. Lee et
al. noted that 78% of SARS patients had abnormal chest radiographs at the
onset of fever, all showing air-space consolidation [4]. In a cluster of 10 epi-
demiologically linked patients, all except one showed abnormal initial chest
radiographs [9]. In another retrospective study of 51 patients with probable
SARS, abnormal findings were noted in 80% of initial chest films [10].

The initial changes are indistinguishable from those with other causes of
atypical or viral pneumonia. All patients with abnormal initial chest radi-
ograph present with air-space opacification [4, 9, 10]. This can be focal, uni-
lateral or bilateral multifocal involvement (Fig. 1). The lower zones and
peripheral lung fields are commonly affected [4,11]. Grinblat et al. report-
ed similar findings of predominant peripheral consolidation in middle and
lower zones in a review of 40 patients in Toronto [12]. Relevant negative
findings are lack of cavitation, calcification, reticular or nodular pattern of
opacification and pleural effusion.

For those with normal initial chest radiographs, follow-up films were
found to become abnormal after an average of 3 days [7]. It can however
remain falsely negative until late in the course of the disease [13].

Serial radiographs showed one of the four patterns in the review by
Antonio et al. [7]:

1. Appearance deteriorates for a week followed by improvement in 70.3%.
2. Appearance fluctuates with at least one intervening period of significant

improvement followed by deterioration and later recovery in 17.4%.
3. Relatively static for 10 days followed by improvement in 7.2%.
4. Progressive deterioration leading to death in 5.1%.

Radiographic deterioration takes on the form of multifocal unilateral or
bilateral opacification in most patients. Resolution of lung opacities can be
demonstrated with successful treatment response. Confluent consolidation
compatible with adult respiratory distress syndrome (ARDS) is associated
with a grave prognosis.

HRCT

Both conventional CT and HRCT have been performed on patients with
suspected SARS early in the outbreak. Only HRCT is now required with
increasing knowledge on the radiographic and CT features of the disease.
It can reveal parenchymal disease in patients whose radiographs are nor-



mal [13,14]. The abnormality can either be very small, or in the paraspinal
region hidden by the heart or mediastinal structures, or in the posterior
costophrenic angles [7].

Lee et al. reviewed the CT findings in 25 patients [4]. The typical finding
was ill defined ground glass opacification in the periphery usually in a sub-
pleural location, an appearance similar to that seen in bronchiolitis obliter-
ans organizing pneumonia (BOOP). No bronchial dilatation was noted.
Wong et al. reviewed the CT findings in 73 patients exposed to or with the
disease [15]. Common findings included ground glass opacification, some-
times with consolidation, interlobular septal and intralobular interstitial
thickening (Fig. 2). Lower lobe and peripheral distribution were again
noted. Cavitation, calcification, reticular or nodular pattern of opacification,
lymphadenopathy, or pleural effusion are not features of this disease [7].
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Figure 1. Frontal chest radiograph showing bilateral multifocal consolidation in lower zones



Chan et al. reviewed the HRCT findings in 27 patients [16]. Ground
glass density and crazy paving pattern were found to be the key features in
the first week of the disease. The ground glass opacity could be as small as
5 mm, and in a perihilar, central or peripheral location. Crazy paving pat-
tern which consisted of thin reticular shadow superimposed on ground glass
opacity, again showed no specific pattern of distribution. Other findings
included a sharp line of demarcation between normal and abnormal lungs,
and subpleural sparing. Small localized pleural effusion was noted in 7 out
of 27 patients (25.9%), usually with extensive disease.

Serial HRCT show a shifting pattern of air-space opacification, with res-
olution of the original lesion and appearance of a new lesion in the adjacent
lung [17]. Progressive decrease in the extent of ground glass opacity and
consolidation occurs with resolution of symptoms. Spontaneous pneumo-
mediastinum is found in a substantial proportion of patients, usually during
or just after completion of drug treatment [16–18]. This is unrelated to the
use of positive end-expiratory pressure ventilation. Possible causes like
peribronchiolar abscess formation leading to interstitial pulmonary emphy-
sema, and the presence of subpleural blebs have been proposed.
Subcutaneous emphysema and pneumothorax may develop as a result of
pneumo-mediastinum.

Findings consistent with fibrosis have been described in a small per-
centage of patients [17, 18]. Muller et al. reviewed the HRCT findings in 29
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Figure 2. High resolution computed tomography of thorax showing consolidation in right
upper lobe



patients [18]. Reticulation with associated architectural distortion and trac-
tion bronchiectasis was present in eight patients. The longest follow up
HRCT was 27 days after hospital admission. Further follow up is required
to determine whether these changes are reversible.

The role of imaging is to provide radiological evidence for diagnosis and
to monitor disease progress and treatment response. The radiographic and
CT appearances are not specific and clinical information is vital in estab-
lishing the diagnosis. HRCT should be limited to patients with high clinical
suspicion and normal chest radiographs, and for detecting complications.
While radiography is routinely performed using a portable machine at the
bedside, CT scanners are often located in the main radiology department.
Strict infection control is necessary to minimize cross infection. Mobile CT
may be an alternative for seriously ill patients requiring strict isolation dur-
ing an outbreak [19].

Gastrointestinal tract

Gastrointestinal symptoms of nausea, vomiting and diarrhea may be promi-
nent presenting features of SARS (Tab. 1). Diarrhea is common (38-73%)
during the whole course of illness [3, 5, 20]. It is more frequently observed
during the first week of illness and usually self limiting [20]. Some patients
may have protracted diarrhea leading to dehydration. Cheng et al. found
that higher viral load in nasopharyngeal specimens was significantly associ-
ated with diarrhea and death [21].

There are other possible explanations of the high incidence of diarrhea
reported in SARS. Most SARS patients in Hong Kong received a course of
amoxicillin/clavulanic acid, clarithromycin and ribavirin, which had been
reported to cause diarrhea. In studies using a combination of amoxicillin
and clarithromycin for one week to eradicate Helicobacter pylori, diarrhea
was reported in 3–34% of cases [22–24]. Clostridium difficile toxin could
not be detected in stool of SARS patients treated with broad spectrum
antibiotics [20].

Coronaviruses are a diverse group of enveloped RNA viruses that are
known to cause a wide spectrum of diseases including respiratory and gas-
trointestinal systems in animals. Enteric coronavirus has been described to
cause diarrhea in children and subjects with acquired immunodeficiency
syndrome [25]. Recently, Leung et al. reported histological features of five
post-mortem examinations of bowel and one colonic biopsy in SARS
patients [20]. Light microscopic results were unremarkable with little
inflammatory changes. Electron microscopy showed presence of virus par-
ticles in dilated endoplasmic reticulum and on the luminal surface of
microvilli. This suggests viral shedding into the lumen of the gastrointesti-
nal tract. SARS-associated coronavirus (SARS-CoV) could also be isolat-
ed from intestinal tissue by cell culture. Nonetheless, in view of the limited
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architectural disturbance, there is still no solid evidence that the SARS-
CoV is the cause of diarrhea. Protein or toxins released from SARS-CoV
was postulated to cause diarrhea but this theory remains speculative [20].
The gastrointestinal tract is the only organ other than the lungs where
SARS-CoV could be isolated by cell culture.

Diarrhea poses a significant infection control problem because SARS-
CoV RNA can be identified in stool of a majority of cases [5]. Although
stool culture for SARS-CoV has not been successful, fecal-oral transmis-
sion of SARS-CoV remains a distinct possibility. The outbreak of SARS in
a densely populated private housing complex of Hong Kong was traced to
a 33 year-old SARS patient with watery diarrhea. It was postulated that the
virus-laden aerosols were spread via a faulty sewage system [26].

Liver

Twenty-three to 35% of patients had an elevated alanine transaminase on
presentation (Tab. 2). Wong et al. reported a drop of albumin level and an
elevation of globulin and serum bilirubin levels on serial measurements
[27]. Seventy-six percent of patients developed liver dysfunction during the
course of illness. They also found that the time to peak of alanine transam-
inase or bilirubin level correlated with the time to worst chest radiograph-
ic scores. These findings were not shared by the control group of age- and
sex-matched patients with community-acquired pneumonia. Tsang et al.
reported that higher alanine transaminase levels were found among
patients with positive reverse transcriptase-polymerase chain reaction (RT-
PCR) for SARS-CoV in nasopharyngeal aspirate [28]. This suggests a rela-
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Table 1. Clinical features of SARS on presentation

Donnelly et al. [1] Booth et al. [2]

Number of patients 1425 144
Fever (%) 94 99
Chills (%) 65 28
Malaise (%) 64 NR
Myalgia (%) 51 49
Headache (%) 50 35
Dizziness (%) 31 NR
Sore throat (%) 23 13
Running nose (%) 25 2
Cough (%) 50 69
Sputum production (%) 28 5
Shortness of breath (%) 31 NR
Nausea (%) 22 NR
Vomiting (%) 14 NR
Diarrhea (%) 27 24

NR, not reported



tionship between hepatic dysfunction and viral load. SARS-CoV is a novel
virus of which hepatotropism is unknown. Mouse hepatitis virus, a group 2
coronavirus, can cause liver damage ranging from minimal change to fulmi-
nant hepatitis. Liver histology provides important clues as to the cause of
liver dysfunction. Autopsy findings of SARS patients showed features of
fibrinoid necrosis, and infiltration of monocytes and lymphocytes into the
vessel, suggestive of systemic vasculitis while others showed apoptosis and
fatty degeneration in liver. However, most of these findings belonged to
patients with respiratory failure and multi-organ failure, hence the changes
in the liver might not be solely due to SARS-CoV. Chau et al. reported liver
biopsy results of three patients with marked hepatic dysfunction [29].
Prominent mitotic figures of hepatocytes were noted in two and apoptosis
in all three patients. Conspicuous mitosis may be related to cell cycle arrest
as a result of SARS-CoV infection. Furthermore, RT-PCR also showed evi-
dence of SARS-CoV in liver tissues, though electron microscopy could not
identify viral particles.

Hematology system

The majority of patients presented with lymphopenia with normal or low
total white cell count (Tab. 2). Wong et al. found that both CD4 and CD8
lymphocytes were depleted on presentation while their ratio remained nor-
mal [30]. The B lymphocytes counts were normal. The lymphocyte counts
might further fall or remain low as the disease progressed and 153 out of
157 (98%) patients had lymphopenia during the whole course of illness. On
the other hand, thrombocytopenia is also a common presenting feature
(Tab. 2). Reactive thrombocytosis may occur in some patients. Lee et al.
reported that prolonged activated partial-thromboplastin time and elevat-
ed D-dimer levels were found in 43% and 45% of patients on presentation,
respectively [4]. The prothrombin time remained normal. Both thrombocy-
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Table 2. Key laboratory findings of SARS at presentation

Choi et al. Booth et al. Lee et al. Peiris et al. Vu et al.
[3] [2] [4] [5] [6]

Number of patients 267 144 138 75 62
Leucopenia (%) 27 NR 34 7 19
Lymphopenia (%) 73 85 70 75 79
Thrombocytopenia (%) 50 NR 45 37 40
Hyponatraemia (%) NR NR 20 NR 30
Elevated ALT (%) 31 NR 23 29 35
Elevated CK (%) 19 39 32 36 NR
Elevated LDH (%) 47 87 71 NR NR

ALT, alanine transaminase; CK, creatine kinase; LDH, Lactate dehydrogenase; NR, not
reported



topenia and deranged clotting profile did not cause clinically significant
bleeding. Neutrophilia may develop and can be partly attributed to the use
of steroids and secondary nosocomial infection. Hemoglobin may drop sec-
ondary to hemolysis in patients receiving ribavirin.

Other systems

Both creatine kinase and lactate dehydrogenase may be elevated on pres-
entation and they continue to rise as the disease progresses (Tab. 2). The
lactate dehydrogenase level reflects tissue destruction or hemolysis sec-
ondary to ribavirin treatment. Wang et al. reported three cases of rhab-
domyolysis associated with probable SARS [31].The patients had very high
peak creatine kinase levels and developed myoglobinuria leading to acute
renal failure; two of them died. Muscle biopsies showed degenerative
changes and necrosis of muscle fibers in the most severe cases. Cardiac-spe-
cific troponin levels are usually normal. Sub-clinical diastolic dysfunction
without systolic impairment in heart had been reported in SARS and was
reversible as the patients recovered [32]. Post-mortem examination did not
reveal direct invasion of myocardium by the virus. Lau et al. reported a
pregnant woman with SARS who developed generalized convulsion with-
out an obvious explanatory cause [33]. She was found RT-PCR positive for
SARS-CoV in cerebrospinal fluid.This raises the possibility of central nerv-
ous system invasion by the SARS-CoV. Recent experimental evidence
showed neurotropism and neuroinvasion of human coronavirus and its link
with multiple sclerosis [34]. Electrolyte disturbances including hypokalemia
may develop during the course of illness secondary to diarrhea, use of rib-
avirin and steroids.

Atypical presentation

Subclinical infection by SARS-CoV is rare. Lee et al. performed serological
screening of asymptomatic healthcare workers who had taken care of
SARS patients [35]. Only one out of 101 subjects was tested positive for
SARS-CoV. Chow et al. found that none of the 84 exposed healthcare
workers in whom SARS did not develop had seroconversion [36]. Mild
infection by SARS-CoV without florid pulmonary involvement has been
described. Lin et al. reported a 28-year-old physician who had close contact
with SARS patients and presented with fever, malaise and myalgia without
apparent pneumonitis by chest radiography [37]. His serum was later found
to be positive for immunoglobulin G against SARS-CoV. These findings
raise a possibility of genetic predisposition or susceptibility to SARS-CoV
infection. Preliminary research by Li et al. found that the human leukocyte
antigen system might be linked to the severity of SARS-CoV infection [38].
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SARS runs a milder and shorter course in children under the age of 12
[39]. Hon et al. reported that four out of five teenagers but none of the
younger children required supplemental oxygen therapy [40]. Two
teenagers required assisted ventilation.

Atypical presentation of SARS in geriatric patients is a diagnostic chal-
lenge. The clinical picture is often confounded by multiple co-existing dis-
eases that apparently could explain the illnesses [41]. Epidemiological his-
tory of contact may not be obvious. Fever may be low grade, self limiting or
even absent in elderly patients infected with SARS-CoV. Clinicians may
have mistaken spontaneous resolution of fever as response to antibiotics
and misdiagnosed SARS as bacterial pneumonia. Cough may be absent
because of suppressed cough reflex in elderly.

Clinical course and prognosis

The clinical outcome and prognostic factors are summarized in Table 3.
Peiris et al. found that the viral load peaked at around day 10 after onset of
symptoms [5]. The majority of patients had a fall in temperature after riba-
virin and steroids combination therapy. However, 85% of patients develop-
ed recurrence of fever and progression of pneumonitis despite fall in viral
load; 20% developed ARDS. Immunological damage secondary to cytokine
deregulation was postulated to be the underlying pathogenetic mechanism.
Twenty to 34% of patients were in intensive care while 13–26% required
assisted ventilation (Tab. 3). Non-invasive positive pressure ventilation has
been tried successfully in SARS patients, alleviating the need of intubation
and mechanical ventilation. Nosocomial chest infection is an important
problem in patients who depend on ventilator support and receive steroid
therapy. Superinfection with Aspergillus fumigatus was reported in patients
receiving high dose steroids with broad-spectrum antibiotics [44]. Acute
renal or mutli-organ failure may further complicate the clinical course and
compromise the chance of survival in critically ill SARS patients.

The case fatality rate varied widely among different affected regions.
According to the World Health Organization (WHO), the overall world-
wide case fatality rate was 9.6% and ranged from 7 to 17% in individual
countries with major outbreak [45]. The rates stated in major published
data ranged from 3.6 to 12%. The figures should be interpreted with care.
The study populations might not be comparable. Studies with longer fol-
low-up time have higher case fatality rate. The case definition of SARS in
many studies was based only on clinical parameters instead of serological
criteria. The sensitivity and specificity of the WHO criteria for the diagno-
sis of SARS-CoV infection was only 26% and 96%, respectively [46]. The
pre-morbid risk profile of SARS patients may also affect the case fatality
rate. SARS-CoV could be the principal cause of death or one of the con-
tributing factors in patients with multiple underlying diseases.
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Prognostic factors

Identification of prognostic factors is key to risk stratification and planning
of management in SARS patients, although no treatment has yet been
proven in randomized trial to be efficacious in the combat of SARS.
Prognostic factors varied among different research centers depending on
the variables included under study and case-mix. Advanced age [4, 42],
especially those over the age of 60 [3, 5, 43], concurrent medical illnesses [2,
43], particularly diabetes mellitus [2, 43] are consistently established as
independent clinical prognostic indicators for adverse clinical outcomes
comprising death, intensive care admission or assisted ventilation (Tab. 3).
High neutrophil counts [4, 42] and lactate dehydrogenase level [30, 42] on
presentation, low CD4 and CD8 lymphocyte counts [30], hypoxemia and
thrombocytopenia [47] are also associated with poor outcomes.

High viral load [21] or positivity of RT-PCR for SARS-CoV in nasopha-
ryngeal aspirate [28] is also a prognostic factor. The development of quan-
titative, real-time, nested RT-PCR assay for SARS-CoV in upper respirato-
ry tract or serum offers hope for early detection of SARS and monitoring
of viral load [48, 49]. Higher serum SARS-CoV concentration predicts
intensive care unit admission [48].

Chest radiography also carries prognostic information. Paul et al. [10]
reviewed the chest radiographs of 51 patients. Four radiographic patterns
were seen: normal (group 1) in 19.6% (10/51), focal opacity (group 2) in
39.2% (20/51), multifocal opacities (group 3) in 27.5% (14/51), and diffuse
air-space opacification (group 4) in 13.7% (7/51). Radiographic progression
occurred in 38.8% of the patients in group 1–4.There was no death in group
1 and 2. Mortality was 7.7% in group 3 and 71.4% in group 4. Diffuse air-
space opacification was noted on the last radiographs for all patients who
died. The authors concluded that patients presenting with normal findings
or focal air-space opacity on chest radiograph had a good clinical outcome.
Patients with multifocal opacities that progressed to diffuse opacification
and patients presenting with diffuse air-space opacification had a high fatal-
ity rate. Chau et al. found that initial chest radiographic score was an inde-
pendent prognostic factor among the clinical, laboratory and chest radiog-
raphy variables studied [50].
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