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Severe Acute Respiratory Syndrome (SARS): A Brief Review With
Exploration of the Outcomes, Prognostic Factors and Sequelae

Johnny W.M. Chan* and Chun Kong Ng

Department of Medicine, Queen Elizabeth Hospital, Hong Kong

Abstract: Severe Acute Respiratory Syndromes (SARS) is a novel infectious disease with significant
morbidity and mortality. While heated debates and vigorous scientific investigations are still ongoing over
the treatment, prevention and infection control of this deadly disease, substantial data has been accumulated
concerning the outcomes and prognostic factors. Postmortem findings of the deceased have revealed diffuse
alveolar damage, together with evidence of fibrosis and organization. A number of predicting indicators such
as advanced age, presence of co-morbidities, extensive radiological involvement, high coronaviral load and
elevated serum lactate dehydrogenase have been identified to be independent predictors for adverse clinical
outcomes such as admission to intensive care unit, mechanical ventilation, and death. A number of recovered
SARS patients experienced exertional breathlessness, malaise, asthenia during the early recovery phase, while
restriction and isolated reduction in diffusion capacity were the commonest lung function abnormalities
identified during the subsequent follow-up visits. Radiological abnormalities including residual ground-
glass appearance and fibrosis were still detectable in these patients from their high-resolution computed
tomography after recovery. Some recovered SARS patients were found to be suffering from psychological
problems and avascular necrosis of the large joints.

(A) CLINICAL OVERVIEW include travel within 10 days of symptom onset to an area
with documented or suspected SARS or close contact within
10 days of symptoms with a person known or suspected to
have SARS infection. The updated CDC guidelines [14] has
also included exposure to a domestic location (like a
laboratory with live SARS-CoV) with documented or
suspected SAR-CoV, or close contact with an ill person
with such an exposure history, which would be relevant in
recent reports of laboratory outbreaks [16-17]. CDC has also
stressed on the importance of early symptoms like fever,
chills, rigors, myalgia, in the absence of radiographic
pneumonic changes, in persons who have epidemiological
link to SARS.

Introduction

Severe acute respiratory syndrome (SARS) has caused a
major outbreak in 2003, with more than 8000 reported cases
and 774 deaths worldwide, [1] affecting 29 countries
including mainland China [2], Hong Kong [3-4], Taiwan
[5], Singapore [6], Vietnam and Canada [7]. In Hong Kong,
there were altogether 1755 SARS cases with 299 deaths [8].
Apart from the direct effects to the infected patients in terms
of morbidity and mortality, the impact to travel, business
and world economy has been enormous [9].

Etiology, Case definition and Diagnosis
The laboratory diagnostic criteria include: (1) Polymerase

chain reaction (PCR) positive for SARS-CoV using a
validated method from at least two different clinical
specimens (e.g. nasopharyngeal and stool), OR the same
clinical specimen collected on two or more occasions during
the course of the illness, OR two different assays or repeat
PCR using a new RNA extract from the original clinical
sample on each occasion of testing; (2) Seroconversion by
ELISA or IFA: negative antibody test on acute serum
followed by positive antibody test on convalescent phase
serum tested in parallel, OR four-fold or greater rise in
antibody titer between acute and convalescent phase sera
tested in parallel; (3) Virus isolation: isolation in cell culture
of SARS-CoV from any specimen and PCR confirmation
using a validated method [14-15]. Since the infectivity and
hence the detection rate by RT-PCR has been demonstrated
to be the highest in the second week of illness [18], the
epidemiological and clinical criteria remain to be important
in the early management of any suspected cases. However, a
more recent report described a second generation assay of
real-time PCR for SARS CoV with a sensitivity of 80% on
nasopharyngeal aspirates in the first 3 days of illness [19].

The disease was found to be caused by a novel
coronavirus, now called SARS coronavirus (SARS-CoV)
[10-12]. The diagnosis of SARS has been based on clinical,
epidemiological and laboratory criteria, with case definitions
laid down by both World Health Organization (WHO) [13]
and Centers for Disease Control and Prevention (CDC), the
latter now being superseded by an updated version 2 [14].
The clinical case definition of Hospital Authority of Hong
Kong was adopted from the WHO definition: a person with
a history of fever ≥ 38°C AND one or more symptoms of
lower respiratory tract illness (cough, difficulty in breathing
and shortness of breath) AND radiographic evidence of lung
infiltrates consistent with pneumonia or adult respiratory
distress syndrome AND no alternative diagnosis that can
fully explain the illness [15]. The epidemiological criteria
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Mode of Transmission Pharmacological Treatment

During the SARS outbreak, the primary mode of
transmission appears to be mediated through direct mucous
membrane (eyes, nose and mouth) contact with droplets [3,
20-21] and/or fomites [20, 22]. Droplet spread in hospitals
during SARS was also supported by the effectiveness of
protection by precautions against droplets [23]. Aerosol-
generating procedures such as use of aerosolized medication
might also amplify the transmission [3]. In a large
community (Amoy) outbreak in Hong Kong, suggestions of
airborne spread [24] and animal vectors such as roof rats [25]
have been raised, while faecal-oral route was another
possibility since profuse watery diarrhoea was a common
feature in these SARS patients and SARS-CoV was found
in large quantities in stool [18].

It is perhaps one of the most controversial issues in
SARS. Like many others [18, 29, 43],, our patients [26]
received ribavirin (as anti-SARS CoV therapy) and
corticosteroids (as anti-inflammatory therapy). With this
treatment regimen, four patterns of response have been
reported: good responder, good responder with early relapse,
fair and poor responders [44]. A study of Queen Mary and
our hospital showed that patients being given “initial pulse”
methylprednisolone therapy (≥500mg/day) for three days,
followed by maintainence oral steroids, had less oxygen
requirement, better radiographic outcome, and less
likelihood of requiring rescue pulse corticosteroid therapy
[45]. However, doubt has been thrown on the efficacy [46]
and potential side effects of using high dose steroids in the
management of an infectious disease [47, 48]. Lopinavir/
ritonavir [49, 50] and integrative Chinese/Western medicine
[51] were subsequently shown retrospectively to be
associated to improve the clinical outcomes. To substantiate
their effects, further randomized placebo-controlled trials are
necessary. Despite these controversies, we have reported a
subset of individuals that might require no specific treatment
and recovered spontaneously [52]. That might imply a
subset of patients, with characteristics yet to be identified,
might not need any treatment at all.

Clinical, Laboratory and Radiological Features

The most common clinical features include fever, chills,
rigors, myalgia, cough and dyspnea, while productive cough
and coryza are relatively uncommon [3-4,8,26-28].
Diarrhoea, as mentioned above, was found in over 50% in
the Amoy outbreak [18]. However, atypical presentations
have been reported [29-31], particularly in the older patients,
where fever might be absent and decrease in appetite and
general condition be the presenting clinical problems [32].
The disease is relatively less common and milder in children
[33]. A triphasic pattern of clinical course has been
described: [18] Phase 1 (viral replication) is characterized by
fever, myalgia, and other systemic symptoms in the first
week. Phase 2 (immunopathologic damage) is characterized
by recurrence of fever, oxygen desaturation, and radiological
progression of pneumonia from week 2. Twenty percent of
patients might progress to phase 3, characterized by adult
respiratory distress syndrome (ARDS) and the necessitation
of ventilatory support.

(B) EARLY OUTCOMES OF SARS

There have been notable variations in the figures of
adverse outcomes in the published series of SARS patients,
even within Hong Kong itself (Table 1) [3, 7, 18, 26, 27,
53-57]. Most of these studies included intensive care
admission, mechanical ventilation and mortality as the
adverse outcomes indicators. The mean or median age of
patients in these series are all relatively young at around 40,
and in those with the data provided, most have virological
documentation in about 80-90% of their cases. However,
they differed quite considerably in the methodology, patient
number and duration of follow-up. An example would be the
crude mortality rate obtained in the study by Tsui et al.,
[53] where the authors had admitted the possible
underestimation because of the sampling bias. As pointed
out by Donnelly et al., [58] determination of the true
mortality of the disease while the epidemic is still
continuing is difficult. As a result, the bigger and more
recent studies, like those of Choi et al., [27] Sung et al.,
[56] might provide a clearer picture of the adverse outcomes
of the disease. The low reported mortality figure by Lau et
al., [55], with case fatality and crude mortality rates of 1.1%
and 3.4% respectively, has been suggested to reveal the
efficacy of their standard treatment regimen [43] and the use
of non-invasive ventilation in their patients [59]. However,
like most, if not all, studies describing efficacies of
treatment or intervention strategies in SARS, their
retrospective nature and the unavoidable lack of controls
would require such hypotheses to be further substantiated in
future randomized controlled studies. Figures from WHO
(revised at 26 September 2003) [1] indicated the overall case
fatality rate for SARS is 9.6%, and ranged from 7 to 17% in

Common laboratory features include lymphopenia,
thrombocytopenia, elevated lactic dehydrogenase (LDH),
creatine phosphokinase and alanine aminotransferase (ALT)
[3, 18, 26, 29, 35]. The degree of hepatic dysfunction [34]
and lymphopenia [35] have been shown to correlate with
clinical disease activity. Recently, we have also reported the
potential use of serum amyloid A protein, an acute phase
reactant, for the same purpose [36].

Airspace consolidation and ground glass opacities are the
most common abnormality found at presentation [37, 38],
with a peripheral distribution and lower zone predominance,
and the absence of pleural effusions [3, 38]. However, 13%
of our patients had normal chest radiographs upon admission
[27], a feature of which was also described in other
published series. High resolution computed tomography
(HRCT) has been shown to be useful to detect early lung
lesions for these patients [1, 38-40]. The characterstic HRCT
features upon presentation were ground-glass opacities,
sometimes with consolidation, and were associated with
interlobular and intralobular septal thickenings. It has also
been shown that radiographic and HRCT appearances were
correlated to clinical and laboratory parameters [41, 42].
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Table 1. Outcome Studies in SARS

Study Country Age Patient Admission Mechanical Mortality

(Mean) No. To ICU (%) Ventilation (%) (%)

Booth et al. [7] Canada 45* 144 20 13.9 6.5 (21-day)

Chan et al.[26] HK 41 115 34 26 10 (21-day)
15.7 (crude mortality rate))

Tsui et al.[53] HK 41 323 21 13 7.9 (crude mortality rate)

Choi et al.[27] HK 39 267 26 21 12 (3-month)

Wang et al.[54] Taiwan 46.5* 76 NR 30.2 19.7 (case fatality rate)

Lau et al. [55] HK 42.1 88 24 10 1.1 (case fatality rate)
3.4 (crude mortality rate)

Sung et al.[56] HK 39.3 138 26.8 15.2 10.9 (crude mortality rate)

Peiris et al.[18] HK 39.8 75 32 25 6.7 (21-day)

Zhao et al. [57] China 37 108 NR NR 12.9 (overall mortality)
ICU, intensive care unit; HK, Hong Kong; NR, not reported
*median

the 6 most severely affected regions. The high mortality
might be related to the underlying severity of the
pathological findings. Studies have described SARS post-
mortem findings, which revealed mainly various stages of
diffuse alveolar damage (DAD), with evidence of
organization and fibrosis being identified for those patients
who had longer disease durations before death [60, 61]. No
specific pathological patterns have been identified that is
characteristic of SARS and appearances might be
complicated with superimposed infections and
immunomodulatory treatment modalities [62].

anaemia) and high-dose potent corticosteroids (hypergly-
caemia, nosocomial infections and hypokalaemia). The
relatively frequent occurrence of barotraumas could be related
to assisted ventilation, but spontaneous occurrence has not
been uncommon, which was related to the peak LDH levels
[67]. The exact pathogenesis of such increased occurrence is
still uncertain.

Table 2. Reported Complications Developed During
Management of SARS

Study Complications (incidence)
One-fifth to one-third of the reported patient series

required intensive care admissions, and a large proportion of
these were eventually intubated and required mechanical
ventilation (Table 1). This has obviously provided witness
for the fulminant cause of the disease, as well as the heavy
demand on intensive care resources encountered in the
affected regions during the epidemic. Respiratory failure was
the predominant feature, with relatively few other organ
failures, in those that required mechanical ventilation, [63]
and which can be protracted [64]. The outcomes of those
under critical care, whether intubated or not, have been
reported to be dismal, with overall 28-day mortality of 26%
[63] to 34% [64] and 13-week mortality of 52.2%. [65] As a
result, with the encouraging results [28, 59] and reported
safety of utilizing non-invasive ventilation (NIV) in SARS
patients, NIV might be considered before intubation and
subsequent mechanical ventilation.

Booth et al. [7] hemolysis (76%), anaemia (49%), bradycardia
(14%)

Chan et al. [26] hyperglycaemia (15%), hypokalaemia (39%),
gastrointestinal bleeding (3%), hypertension

(7%)

Wang et al. [54] bacterial superinfection (13%), rhabdomyolysis
(5.3%), peripheral neuropathy (6.6%), acute
renal failure (3.9%), gastrointestinal bleeding

(2.6%), acute MI (1.3%)

Choi et al. [27 ] barotraumas (2%), acute renal failure (6%),
acute hepatic failure (1%)

*Tsui et al. [53] hyperglycaemia, hypokalaemia, flare-up of
hepatitis B infection, hospital-acquired infection

and steroid psychosis

Peiris et al. [18] spontaneous pneumomediastinum (12%),
hospital-acquired infection (9.3%)

On the other hand, the outcomes of the paediatric
population have been found to be more favourable. In a case
series of 44 children, [66] 11.4% and 6.8% required
intensive care and mechanical ventilation respectively, with
no mortality found. It was observed that teenagers may
present with features resembling adults with respect to
disease progression and propensity to develop severe illness.

Sung et al. [56] hemolysis (36%), anaemia (59%),
hyperglycaemia (16%), nosocomial infections

(12%), hypokalaemia (11%), barotrauma (6%),
psychiatric manifestations (1%)

Lau et al. [55] barotrauma (13%), nosocomial infections (5%),
acute MI (1%), ischaemic stroke (1%),

psychiatric manifestations (7%)

MI, myocardial infarctionA variety of complications has been reported in the
various series (Table 2). Most of these could be related to
the pharmacological treatment with ribavirin (hemolysis and

* no figures on incidences of the complications were provided
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Table 3. Prognostic Factors Associated with Adverse Outcomes

Studies Risk factors *Adverse Outcomes

Booth et al. [7] DM
Other comorbid conditions

a, b, c

Lee et al. [3] Advanced age
High peak LDH level

Neutrophil count above normal

a, b

Chan et al. [26] Age>60
DM and/or heart disease

Other comorbid conditions
(DM and/or heart disease for a, b and c)

a

Peiris et al. [18] Advanced Age
Chronic hepatitis B infection

d

Tsui et al. [53] Advanced age
High admission neutrophil count

High initial LDH level

a, b, e

Wang et al. [54] Underlying disease
High initial CRP levels

a

Choi et al. [27] Age> 60
High initial LDH levels

a

Chan et al. [68] positive virological tests for SARS-CoV a, b, c

Tsang et al. [69] positive RT-PCR on NPA a

Hung et al. [70] serum viral load a, c

Chau et al. [71] Advanced age
Shortness of breath on admission

More extensive involvement on initial CXR

a, c

Chan et al. [75] Advanced age
Serum LD1 activity

a

DM, diabetes mellitus; LDH, lactate dehydrogenase; CRP, C-reactive protein;
NPA, nasapharyngeal aspirate; LD1, lactate dehydrogenase isoenzyme 1
*a, mortality; b, intensive care admission; c, mechanical ventilation; d, oxygen dependency of more than 3L/min

(C) PROGNOSTIC INDICATORS OF ADVERSE
OUTCOMES

associated with poor outcomes in CAP [78] and ARDS[79,
80]. Diabetes mellitus is one of the risk factors identified in
an well-known meta-analysis of CAP outcomes by Fine et
al., [77] and can itself lead to superinfection by other
microorganisms like Staphalococcus aureus [81], which is
associated with a high mortality [82]. The presence of
cardiac diseases in critically ill patients with hypoxaemia
would definitely pose a severe challenge to the underlying
compromised cardiac reserves, and we had observed diastolic
impairment of myocardial function in SARS patients during
the active phase [83]. The coexisting illnesses that have been
described by PORT prediction rule model [84] to predict
mortality includes chronic obstructive lung disease,
bronchiectasis, malignancy, diabetes mellitus, chronic renal
failure, congestive heart disease, chronic liver disease and
cerebrovascular disease. However, different definitions of
“comorbidities” or “coexisting conditions” have been
observed in different studies. Tsui et al., [53] had included
pregnancy as one of the co-existing conditions in their
analysis, while Wang et al., [54] had stratified the severity
of the underlying conditions into rapidly fatal, ultimately
fatal or non-fatal, according to the system proposed by
McCabe [85]. While differential impact or weighing should
be given to different comorbid conditions such as the
systems proposed by MaCabe et al., or Charlson et al., [86]

A no. of prognostic indicators has been put forward in
the various analyses in outcome studies. (Table 3).

Advanced Age

This has been consistently identified as an independent
poor prognostic indicator after multivariate analyses in many
series [3, 18, 26, 27, 53, 71, 73]. The adverse effects of age
on mortality on community acquired pneumonia (CAP) [78]
and adult respiratory distress syndrome (ARDS) [79, 80]
have been noted in the past and that both should have at
least a small contribution in the clinical course of SARS. In
an epidemiological analysis from SARS patients in Hong
Kong, [58] it was found that the estimated case fatality rate
was 13.2% for patients younger than 60 and more than 40%
for patients aged over 60.

Comorbidities

This is another independent poor prognostic factor that
has been frequently reported, [7, 26, 54] and has also been
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these rules developed in the eighties should be interpreted
carefully as the standard of care has progressed rapidly in
these 20 years. An example would be that AIDS, a deadly
disease in the eighties, was categorized with the same weight
as metastatic solid tumour in the Charlson’s rule [86].

tissues rather than myocardium, was found to be a better
prognostic indicator in predicting death than the total LDH
levels in SARS patients [76]. While lymphopenia is
commonly observed, [35] Blood CD3+, CD4+, CD8+ and
natural killer cell counts were found to be good prognostic
factors for predicting ICU admission [77]. On the other
hand, high neutrophil counts have been identified by 2
groups in Hong Kong to be related to poor outcomes [3,
53]. The initial level of C-reactive protein, an acute phase
reactant, was identified to be of prognostic value in only one
study [54].

Virological Test Results

It was found that positive RT-PCR tests for SARS-CoV
are associated with adverse outcomes [68, 69]. However, the
limited sensitivity of the early tests, differential sensitivities
of tests from different sample origins [26, 68] and the
expertise of carrying out nasapharyngeal aspirates were all
potential confounding factors to such observations.
Recently, the possibility of the correlation of disease activity
with viral load from these findings has been supported by
the evidence that serum viral load was associated with
oxygen desaturation, mechanical ventilation, diarrhea,
hepatic dysfunction and death [70]. This would help to
eliminate the latter two uncertainties raised above.

(D) SEQUELAE AND LONGER TERM OUTCOMES
OF SARS

Persistent Symptoms

It was noted [87] that some symptoms was still reported
from recovered SARS patients in the first follow-up,
scheduled at about 6 to 7 weeks from disease onset. These
include palpitation, exertional dyspnea, malaise, easy
forgetfulness, chest discomfort, etc.

Radiological Appearance

It was noted in a study of more than 200 patients [71]
that the initial chest radiograph appearance would have
prognostic significance in that involvement in more than
two zones was an independent predictor of adverse
outcomes. However, the initial chest radiograph appearance
might be confounded by the timing of admission, in that
those admitted early with a contact history of confirmed
SARS patients might have little or no plain chest
radiographs. Similar findings were obtained from another
study in Taiwan [73]. Paul et al., [72] focused on the
radiographic pattern and found that multifocal opacities that
progressed to diffuse air-space opacification and patients
with diffuse airspace opacification had a high fatality rate.
Hui et al., [74] also found that more extensive radiographic
involvement at presentation and on day 7 after fever onset
were both associated with adverse outcomes of ICU
admission and/or death. Ooi et al., [75] identified that larger
maximal radiographic scores, lower oxygen saturation at
maximal radiographic change, longer time from treatment to
maximal radiographic score and diffuse consolidations are
maximal radiographic score were associated with oxygen
supplementation, yet no association was observed with
treatment response.

Quality of Life Measures

A Chinese study of recovered patients at around 4 weeks
post-discharge from hospital [88] revealed moderately
increased St. George’s respiratory questionnaire (SGRQ)
scores, with significant correlation between all 4 parts of
SGRQ and diffusion capacity of the lung for carbon
monoxide (DLCO). Our unpublished data of SARS patients
at 6 weeks post-discharge, as summarized by Chan et al.,
[89] in a review article, showed a decrease in health-related
quality of life scores using MOS 36-items Short Form
Health Survey (SF-36), particularly in the domains of
physical functioning, role physical, social functioning and
bodily pain.

Radiological Appearance

Thin section CT thorax of recovered SARS patients
obtained at on average 36.5 days after initial hospital
admissions revealed parenchymal abnormalities in 96% of
patients that include residual ground-glass opacification,
interstitial thickening and fibrosis [90]. Older patients and
those with more severe disease during treatment were
associated with fibrotic findings. Our study [91] at 6-month
post disease onset revealed abnormalities in 75% of patients
and the extent of involvement was observed to be mild in
most cases. The use of pulse corticosteroids, which might
reflect the severity of the disease during treatment, was the
only independent factor identified to be associated with
persistent CT abnormalities.

Gender

It was found that males had a signifcantly higher case
fatality rate than females (21.9% versus 13.2%, p<0.0001)
in a study based on the cumulated 1755 SARS cases in
Hong Kong. However, the exact explanation remains
unknown.

Laboratory Parameters Pulmonary Function and Exercise Capacity

A high serum LDH level has been found to be a
prognostic factor in several studies [3, 27, 53], which might
reflect the extent of tissue damage. The level of LD1
isoenzyme, which originates from erythrocytes and body

A study from Singapore described presence of residual
pulmonary function defects in half of the recovered SARS
patients at 3 months post discharge [92]. Abnormalities in
forced vital capacity (FVC), forced expiratory volume in 1
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second (FEV1), FEV1/FVC and diffusion capacity measured
by single-breath carbon monoxide (TLCO) technique were
present in 15%, 26%, 2% and 39% respectively. Most of
these abnormalities were described to be mild. Our data [91]
revealed presence of pulmonary function abnormalities in
75% of cases at 6-months from symptom onset, with
restrictive defects of mild and moderate degrees being the
most common (28%). However, isolated reductions in
TLCO were observed in 46.5%, which might represent a
phase in the course of recovery or pulmonary fibrosis, as was
also identified in the recovery phase of ARDS [93]. Ong et
al., [92] revealed that 41% of their patients had maximum
exercise capacity below the lower limit of normal range, but
many of such could not be accounted by impairment of
pulmonary function. Respiratory muscle weakness or, as
Ong et al., pointed out, other extrapulmonary causes might
possibly account for such functional outcomes. It was found
that HRCT findings correlated well with clinical symptoms
and pulmonary function parameters, especially TLCO, in the
recovery phase of SARS [42].

moves on, more sequelae of this previously unknown
disease might be unveiled.
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