
Monaldi Arch Chest Dis
2005; 63: 3, 149-157 HOT TOPIC

An overview on Severe Acute
Respiratory Syndrome (SARS)

D.S.C. Hui

Introduction

The rapid emergence of severe acute respirato-
ry syndrome (SARS) in 2003 caught the medical
profession by surprise and posed an enormous
threat to international health and economy [1-4].
By the end of the epidemic in July 2003, 8098
probable cases were reported in 29 countries and
regions with a mortality of 774 (9.6%) [5]. A nov-
el coronavirus (CoV) is responsible for SARS [6-
10], and the genome sequence of the SARS-CoV is
not closely related to any of the previously charac-
terized coronaviruses [11-13]. In this article, the
epidemiology, clinical presentation, and the possi-
ble therapeutic agents are reviewed.

Epidemiology

In Nov 2002, there was an unusual epidemic of
severe pneumonia of unknown aetiology in Fos-
han, Guangdong Province in southern China, with
a high rate of transmission to healthcare workers
(HCWs) [14,15]. A retrospective analysis of 55 pa-
tients admitted to a chest hospital with atypical
pneumonia in Guangzhou between Jan 24 and Feb
18, 2003 showed positive SARS CoV in the na-
sopharyngeal aspirates (NPA) whereas 48 (87%)
patients had positive antibodies to SARS CoV in
their convalescent sera. Genetic analysis showed
that the SARS CoV isolates from Guangzhou

shared the same origin with those in other coun-
tries, with a phylogenetic pathway that matched the
spread of SARS to other parts of the world [16].

SARS-CoV appears to have originated from
wild animal reservoir in mainland China because
masked palm civets (Paguma larvata) and the rac-
coon dog (Nyctereutes procyonoides) had a CoV
almost identical to that in SARS patients. There
was also a much higher sero-prevalence of SARS-
CoV among wild animal handlers than controls in
Guangdong [17, 18].

A 64-year old physician from southern China,
who had visited HK on 21 Feb 2003 and died ten
days later of severe pneumonia, was the source of
infection causing subsequent outbreaks of SARS
in HK [1, 19]. Vietnam, Singapore [2] and Canada
[3]. At least 16 hotel guests or visitors were infect-
ed by the Guangdong physician while they were
visiting friends or staying on the same floor of Ho-
tel M, where the physician was staying in HK.
Through international air travel, these visitors
spread the infection globally within a short period.

SARS appears to spread by close person-to-
person contact via droplet transmission or fomite
[20]. The high infectivity of this viral illness is re-
flected by the fact that 138 patients (many of
whom being HCWs) were hospitalized with SARS
within 2 weeks as a result of exposure to one sin-
gle patient (a visitor of Hotel M), who was admit-
ted with community acquired pneumonia (CAP),
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ABSTRACT: An overview on Severe Acute Respiratory
Syndrome (SARS). D.S.C. Hui.

Severe acute respiratory syndrome (SARS) is a newly
emerged infectious disease that has caught the medical profes-
sion by surprise in 2003. The major clinical features include
persistent fever, chills/rigor, myalgia, malaise, dry cough,
headache and dyspnoea but diarrhea occurs in 40-70% of pa-
tients after hospital admission. Respiratory failure is the major
complication of SARS; at least half of the patients require sup-
plemental oxygen during the acute phase whereas about 20%
of patients progress to acute respiratory distress syndrome re-
quiring invasive mechanical ventilatory support. In contrast,
the severity is generally mild in infected young children.

Due to our limited understanding of this new disease,
treatment of SARS was empirical in 2003. Protease in-
hibitor (Lopinavir/ritonavir) in combination with rib-
avirin may play a role as antiviral therapy in the early
phase whereas nelfinavir is a promising alternative. The
role of interferon and systemic steroid in preventing im-
mune-mediated lung injury deserves further investigation.
In addition, other anti-viral treatment, RNA interference,
monoclonal antibody, synthetic peptides, and vaccines are
being developed. Rapid diagnosis, early isolation, and
good infection control measures are important in prevent-
ing spread of the infection.
Monaldi Arch Chest Dis 2005; 63: 3, 149-157.
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on a general medical ward at the Prince of Wales
Hospital (PWH)in HK [1, 21]. This super-spread-
ing event was thought to be related to the use of
nebulized bronchodilator for its muco-ciliary
clearance effect to the index case together with
overcrowding and poor ventilation in the hospital
ward [1, 21]. SARS-CoV was also detected in
tears, and this might be another source of spread
among HCWs and inoculating patients [22]. In ad-
dition, there was evidence to suggest that SARS
might have spread by airborne transmission in a
major community outbreak in a private residential
complex in HK [23]. There are several other hy-
potheses for this major outbreak including passive
carriage of virus by pests, drying up of U shaped
bathroom floor drain, and faecal-oral viral loading
through contaminated surfaces as a result of the
chimney effects created by the use of exhaust fans
in the presence of blockage of the contaminated
sewage system [24, 25]. There are however addi-
tional data in support of SARS having the potential
of being converted from droplet to airborne droplet
transmission. Air samples obtained from a room
occupied by a SARS patient and swab samples
taken from frequently touched surfaces in rooms
and in a nurses’ station were positive by PCR test-
ing [26]. The temporal-spatial spread of SARS
among inpatients in the index medical ward of the
PWH in HK was also consistent with airborne
transmission [27]. These data emphasize the need
for adequate respiratory protection in addition to
strict contact and droplet precautions.

Clinical and laboratory features

The estimated mean incubation period was 4.6
days (95% CI, 3.8 to 5.8 days) whereas the mean
time from symptom onset to hospitalization varied
between 2 and 8 days, decreasing over the course
of the epidemic. The mean time from onset to
death was 23.7 days (CI, 22.0 to 25.3 days),
whereas the mean time from onset to discharge
was 26.5 days (CI, 25.8 to 27.2 days) [28]. The
major clinical features on presentation include per-
sistent fever, chills/rigor, myalgia, dry cough,
headache, malaise and dyspnoea. Sputum produc-
tion, sore throat, coryza, nausea and vomiting,
dizziness and diarrhea are relatively less common
features [1-4, 29].

Watery diarrhea became a prominent extra-
pulmonary symptom in 40-70% of patients with
SARS one week down the clinical course of the ill-
ness [30, 31]. Intestinal biopsy specimens taken by
colonoscopy or autopsy revealed evidence of se-
cretory diarrhea with minimal architectural disrup-
tion but there was evidence of active viral replica-
tion within both the small and large intestines [31].
Reactive hepatitis is a common complication of
SARS-CoV infection with 24% and 69% of pa-
tients respectively having elevated alanine amino-
transferase (ALT) on admission and during the
subsequent course of the illness. Those with severe
hepatitis had worse clinical outcome but chronic
hepatitis B itself was not associated with worse
clinical outcome [32].

SARS-CoV was detected in the cerebrospinal
fluid and serum samples of two cases with status
epilepticus [33, 34]. The data suggest that a severe
acute neurologic syndrome might occasionally ac-
company SARS.

Older subjects may have atypical presenta-
tion such as decrease in general well-being, poor
feeding, fall/ fracture [35], and in some cases,
delirium, without the typical febrile response
(temperature > 38C) [35-37]. In contrast, young
children (< 12 years of age) often run a more be-
nign clinical course mimicking other viral upper
respiratory tract infections whereas some
teenagers tend to have a clinical course similar to
those of adult SARS patients [1, 38]. There was
no reported fatality in young children and
teenage patients [38-41].

The clinical course of SARS generally follows
a typical pattern [30]: Phase 1 (viral replication) is
associated with increasing viral load and clinically
characterized by fever, myalgia, and other sys-
temic symptoms that generally improve after a few
days; Phase 2 (immunopathological injury) is
characterized by recurrence of fever, hypoxaemia,
and radiological progression of pneumonia with
falls in viral load. The high morbidity of SARS
was highlighted by the observation that even when
there was only 12% of total lung field involved by
consolidation on chest radiographs, 50% of pa-
tients would require supplemental oxygen to main-
tain satisfactory oxygenation above 90% [42]
whereas about 20% of patients would progress in-
to acute respiratory distress syndrome (ARDS) ne-
cessitating invasive ventilatory support [30]. Peiris
et al [30] have shown progressive decrease in rates
of viral shedding from nasophargynx, stool, and
urine from day 10 to day 21 after symptom onset
in the 20 patients who had serial measurements
with RT-PCR. Thus clinical worsening during
phase 2 is most likely the result of immune-medi-
ated lung injury due to an over-exuberant host re-
sponse and cannot be explained by uncontrolled
viral replication [30].

Lymphopenia, low grade disseminated in-
travascular coagulation (thrombocytopenia, pro-
longed activated partial thromboplastin time, ele-
vated D-Dimer), elevated lactate dehydrogenase
(LDH), and creatinine kinase (CPK) are common
laboratory features of SARS [1-3, 19, 43, 44]. Ab-
solute lymphopenia occurs in 98% of cases of
SARS during the clinical course of the disease.
The CD4 and CD8 T lymphocyte counts fall early
in the course of SARS, whereas low counts of CD4
and CD8 at presentation are associated with ad-
verse clinical outcome [45]. The CD3 and CD4 T
cell percentages have been reported to be nega-
tively correlated with the appearance of IgG anti-
body against SARS-CoV [46]. However a retro-
spective study in Toronto has shown that all labo-
ratory variables except absolute neutrophil count
demonstrated fair to poor discriminatory ability in
distinguishing SARS from other causes of CAP.
Routine laboratory tests including the absolute
lymphocyte count may not be reliable in the diag-
nosis of SARS [47].
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Radiographic features of SARS resemble those
found in other causes of CAP [48]. The more dis-
tinctive radiographic features of SARS include the
predominant involvement of lung periphery and
the lower zone in addition to the absence of cavi-
tation, hilar lymphadenopathy or pleural effusion
[1, 48]. Radiographic progression from unilateral
focal air-space opacity to either multi-focal or bi-
lateral involvement during the second phase of the
disease, followed by radiographic improvement
with treatment, is commonly observed [1, 48]. In a
case series, 12% of patients developed sponta-
neous pneumo-mediastinum and 20% of patients
developed evidence of ARDS over a period of 3
weeks [30]. The incidence of barotrauma (26%) in
ICU admissions is high despite low volume and
low pressure mechanical ventilation [49]. HRCT
of thorax is useful in detecting lung opacities in
cases with a high index of clinical suspicion of
SARS but unremarkable chest radiographs. Com-
mon HRCT features include ground-glass opacifi-
cation, sometimes with consolidation, and inter-
lobular septal and intralobular interstitial thicken-
ing, with predominantly a peripheral and lower
lobe involvement [50].

Laboratory Diagnosis

The detection rates for SARS CoV using con-
ventional reverse transcriptase polymerase chain
reaction (RT-PCR) are generally low in the first
week of illness whereas serology for confirmation
may take 28 days to reach a detection rate above
90% [30]. By optimizing RNA extraction methods
and applying quantitative real-time RT-PCR tech-
niques, the sensitivity of NPA specimens for early
diagnosis of SARS can be enhanced to 80% for the
first 3 days [51]. Quantitative measurement of
blood SARS-CoV RNA with real-time RT-PCR
technique has a detection rate close to 80% during
the first week of illness but the detection rates drop
to 75% and 42% on day 7 and day 14 respectively
(table 1) [52-54].

Treatment

Due to limited knowledge of this newly
emerged disease, empirical treatment was given
during the SARS outbreak in 2003. Because of the
unexpected acute medical crisis with many HCWs
getting infected in 2003, it was difficult to conduct
randomized placebo-controlled trial of sufficient
sample size evaluating treatment for SARS.

Ribavirin

Ribavirin, a nucleoside analogue that has ac-
tivity against a number of viruses in-vitro, was
widely used in the treatment of SARS in 2003 fol-
lowing lack of clinical response to broad-spectrum
antibiotics and oseltamivir [1-3, 19, 30]. Neverthe-
less, ribavirin has no significant in-vitro activity
against SARS-CoV [55-57]. About 60% of pa-
tients dropped the haemoglobin by 2g/dl after tak-
ing 2 weeks of oral ribavirin at 1.2 g tid [58]. The
use of ribavirin for SARS in Toronto was based on
a higher dosage for treating haemorrhagic fever
virus, and led to more toxicity, including elevated
transaminases and bradycardia [3]. Furthermore,
addition of ribavirin did not have any favorable in-
fluence on the serum viral load of paediatric SARS
patients [53]. It is highly unlikely that ribavirin
alone has any significant clinical benefits in the
treatment of SARS.

Protease inhibitors

Genomic analysis of the SARS-CoV has re-
vealed several types of enzymatic targets including
the proteases [11, 12, 59]. Lopinavir and ritonavir
in combination is a boosted protease inhibitor
widely used in the treatment of Human Immunod-
eficiency Virus (HIV) infection. In-vitro activity
against SARS-CoV has been demonstrated for
lopinavir and ribavirin at 4 ug/ml at 50 ug/ml re-
spectively after 48 hours of incubation. Cytopath-
ic inhibition was achieved down to a concentration
of lopinavir 1 ug/ml combined with 6.25 ug/ml of
ribavirin and the data suggested that this combina-
tion might be synergistic against SARS-CoV in vi-
vo [60]. The addition of lopinavir 400 mg/ritonavir
100 mg (LPV/r) as initial therapy was associated
with significant reduction in overall death rate
(2.3% vs 15.6%) and intubation rate (0% vs 11%)
when compared with a matched historical cohort
that received ribavirin alone as initial anti-viral
therapy [61]. Other beneficial effects included a
reduction in corticosteroid use, less nosocomial in-
fections, a decreasing viral load and rising periph-
eral lymphocyte count [60]. In contrast, the sub-
group that had received LPV/r as rescue therapy
after receiving pulse methylprednisolone (MP)
treatment for worsening respiratory symptoms was
no better than the matched cohort, and received a
higher mean dose of MP [61]. The improved clin-
ical outcome in patients that received LPV/r as
part of the initial therapy may be due to the fact
that both peak (9.6 ug/ml) and trough (5.5 ug/ml)
serum concentrations of lopinavir could inhibit the

Table 1. - Laboratory diagnostic tests for SARS [30, 51-54]

RT-PCR Detection rate

Nasopharyngeal aspirate 32% Day 3, 68% Day 14 
(conventional RTPCR).
80% with real-time quantitative 
RTPCR assay during first 3 days.

Stool 97% Day 14

Urine 42% Day 15

Real-time quantitative 80% Day 1, 75% Day 7,
Serum SARS- 45% Day 14
CoV RNA

Serology 15% Day15
IgG seroconversion 60% Day 21
to SARS- CoV >90% Day 28
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virus [62]. Nelfinavir, another protease inhibitor
commonly used for HIV infection, has been shown
to inhibit replication of SARS-CoV in Vero cell
culture [63]. Further evaluation of this form of
therapy is warranted.

Interferons (IFN’s)

Type I IFN’s such as IFN-α are produced early
as part of the innate immune response to virus in-
fections. Type I IFN’s inhibit a wide range of RNA
and DNA viruses including SARS CoV in vitro [56,
57, 64]. Complete inhibition of cytopathic effects of
SARS-CoV in culture was observed for IFN sub-
types, β-1b, α-n1, α-n3, and human leukocyte IFN-
α [56]. IFN-α showed an in vitro inhibitory effect
on SARS-CoV starting at concentrations of 1000
IU/mL [57] whereas recombinant human IFN-β 1a
potently inhibited SARS-CoV in vitro [65]. IFN β
and IFN γ can synergistically inhibit replication of
SARS-CoV in vitro [66]. In addition, a combination
of ribavirin and IFN β has been shown to have syn-
ergistic effects in inhibiting SARS-CoV in animal
and human cell lines [67], whereas combinations of
ribavirin with either IFN β1a or IFN α also show
synergistic effects in vitro [68].

In experimentally infected cynomolgus
macaques with SARS-CoV, prophylactic treatment
with pegylated IFN-α significantly reduced viral
replication and excretion, viral antigen expression
by type 1 pneumocytes and pulmonary damage,
compared with untreated macaques, whereas post-
exposure treatment with pegylated IFN-α yielded
intermediate results [69]. Use of IFN alfacon-1 plus
corticosteroids was associated with improved oxy-
gen saturation, more rapid resolution of radiograph-
ic lung opacities and lower levels of CPK in SARS
patients [70]. These findings support clinical testing
of approved IFN’s for the treatment of SARS.

Human monoclonal antibody (HuMab)

There is evidence that SARS-CoV infection is
initiated through binding of S1 protein to the an-
giotensin-converting enzyme 2 (ACE2) receptor
[71]. A high-affinity human monoclonal antibody
(huMab) has been identified against the SARS-
CoV S1 protein termed 80R that has potent neu-
tralizing activity in vitro and in vivo [72]. HuMab
80R efficiently neutralizes SARS-CoV and in-
hibits syncytia formation between cells expressing
the S protein and those expressing the SARS-CoV
receptor ACE2. HuMab 80R may be a useful viral
entry inhibitor for the emergency prophylaxis and
treatment of SARS [72]. Human monoclonal anti-
body could prophylactically reduce replication of
SARS-CoV in the lungs of infected ferrets and
abolish shedding of virus in pharyngeal secretions
in addition to completely preventing SARS-CoV
induced macroscopic lung pathology [73].

Vaccines

SARS-CoV is an enveloped RNA virus which
contains several structural proteins. Currently, dif-

ferent vaccines such as whole killed vaccine, ade-
novirus vector vaccine, and recombinant spike
protein vaccine are being tested. An adenoviral-
based vaccine can induce strong SARS-CoV spe-
cific immune responses in rhesus macaques, and
hold promise for development of a protective vac-
cine against SARS-CoV [74]. The spike (S) gene
DNA candidate vaccine could induce the produc-
tion of specific IgG antibody against SARS-CoV
efficiently in mice with seroconversion ratio of
75% after 3 doses of immunization [75], whereas
gene-based vaccination for the SARS-CoV elicits
effective immune responses that generate protec-
tive immunity in mice [76]. Recombinant S pro-
tein exhibited the antigenicity and receptor-bind-
ing ability, and it could be a good candidate for
further developing SARS vaccine [77]. Bisht et al
have shown that recombinant forms of the highly
attenuated modified vaccinia virus Ankara con-
taining the gene encoding full-length SARS-CoV
S protectively immunizes mice [78]. Another
promising vaccine protects against infection in
Monkeys when delivered intranasally [79].

Synthetic peptides can elicit specific antibod-
ies to SARS-CoV in rabbits and monkeys [80], and
peptides derived from the membrane-proximal
(HR2) heptad repeat region of the spike protein
have been shown to have inhibition against SARS-
CoV in Vero cells [81]. The synthetic-peptide-
based approach provides further insight for the fu-
ture development of SARS vaccine.

Passive immunization as a treatment for SARS
is also being investigated. Mouse and human anti-
bodies against SARS can prevent infection in un-
infected mice [82, 83].

Systemic corticosteroids

During phase 2 of SARS when there was pro-
gression of pneumonia and hypoxemia, intra-
venous rescue pulse MP was given to suppress cy-
tokine-induced lung injury [1, 30, 58, 60, 84], with
the rationale that progression of the pulmonary
disease may be mediated by the host inflammatory
response [30]. Corticosteroids significantly re-
duced interleukin-8 (IL-8), monocyte chemoat-
tractant protein-1(MCP-1), and IFN-γ inducible
protein -10 (IP-10) concentrations from 5 to 8 days
after treatment in 20 adult SARS patients [85]. In-
duction of IP-10 is a critical event in the initiation
of immune-mediated lung injury and lymphocyte
apoptosis during the development of SARS where-
as the prompt elevation of IL-6, IL-8 and MCP-1
is a sign of superinfection [86]. The use of rescue
pulse MP during clinical progression was associat-
ed with favorable clinical improvement with reso-
lution of fever and lung opacities within 2 weeks
[1, 58]. However, a retrospective analysis showed
that the use of pulsed MP was associated with in-
creased risk of 30-day mortality (adjusted OR
26.0, 95% CI 4.4 to 154.8) [87]. This retrospective
study could not establish whether a causal rela-
tionship existed between use and increased risk of
death, and clinicians were more inclined to give
pulsed MP therapy in deteriorating patients. Nev-
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ertheless, complications such as disseminated fun-
gal disease [88] and avascular necrosis of bones
(AVN) [89] have been reported following pro-
longed corticosteroid therapy. With the rescue
pulse steroid approach, the prevalence of AVN at
the PWH cohort was 12 (4.7%) after screening 254
patients with magnetic resonance imaging. The
risk of AVN was 0.6% for patients receiving < 3 g
and 13% for those receiving > 3 g prednisolone-
equivalent dose [90]. A randomized placebo con-
trolled study conducted at PWH during the last
part of SARS in HK has shown that plasma SARS-
CoV RNA concentrations in the second and third
weeks of illness were higher in patients given ini-
tial hydrocortisone (n=10) than those given normal
saline (n=7) during phase 1 of the disease [91]. De-
spite the small sample size, the data suggest that
pulse steroid given in phase one may prolong vi-
raemia and thus it should only be given during
phase two for rescue purpose [91]. Carefully de-
signed clinical trials of a larger sample size are re-
quired to determine the timing and dosage of sys-
temic steroid in the treatment of the possible im-
mune-mediated lung injury in SARS.

Convalescent plasma

Convalescent plasma, donated by patients who
had recovered from SARS, contains neutralizing
antibody and it may be clinically useful for treat-
ing other SARS patients [92, 93]. Research work
in the preparation of SARS-CoV specific hyperim-
mune globulin from convalescent plasma donated
by patients recovered from SARS is currently in
progress.

Traditional Chinese Medicine

Glycyrrhizin, an active component of liquorice
roots, and baicalin were active in inhibiting SARS-
CoV in vitro but there are no clinical data in vivo
[55, 68]. A controlled study comparing integrative
Chinese and Western Medicine versus Western
Medicine alone has suggested that the combination
treatment given in phase one of SARS was more
effective in reducing the number of patients with
abnormal oxygen saturation [94]. However it was
not clear which herbal compounds were responsi-
ble for the benefit and the dosage of steroid given
to both groups was not clear.

RNA interference (RNAi)

RNAi is a recently discovered antiviral mech-
anism in plant and animal cells that induces a spe-
cific degradation of double-stranded RNA. Chem-
ically synthesized siRNA duplexes targeting at
both SARS-CoV genome sequence and open-read-
ing frame levels are potent agents for inhibition of
the viral infection and replication [95]. Other in-
vestigators have shown that siRNAs directed
against Spike sequences and the 3’-UTR can in-
hibit replication of SARS-CoV in Vero-E6 cells
[96]. The use of siRNAs in rhesus macaque pro-
vided relief from SARS-CoV infection induced

fever and reduced both the SARS-CoV viral levels
and acute diffuse alveolar damage [97].

Intravenous gammaglobulin (IVIg) 
& pentaglobulin

IVIg has immuno-modulatory properties and
may down-regulate cytokine expression [98] IVIg
was used quite extensively in Singapore during the
SARS outbreak in 2003. However, it was noted
that one third of critically ill patients in a hospital
developed venous thrombo-embolism including
pulmonary embolism despite prophylactic use of
low molecular weight heparin [99]. There was ev-
idence of pulmonary embolism in 4 out of 8 post-
mortem cases [100]. In addition, there were 5 cas-
es of large artery ischaemic stroke of which 3 cas-
es had been given IVIg [101].

Pentaglobulin (IgM enriched Ig) was adminis-
tered to 12 patients with SARS who continued to
deteriorate despite pulsed steroid and ribavirin,
and its use was associated with subsequent im-
provement in oxygenation and radiographic
scores. It was difficult to judge its effects as the
study was uncontrolled and pulsed steroid was al-
so used concurrently [102]. Pulmonary artery
thrombosis has been reported in a patient with
SARS who was treated with ribavirin, steroid,
kaletra, IVIg and pentaglobulin [103]. It is possi-
ble that IVIg or pentaglobulin-induced increase in
viscosity may be consequential in patients with hy-
percoagulable states such as SARS [104].

Nitric oxide (NO)

Inhaled NO has been reported to have benefi-
cial effects in SARS. In a controlled study com-
paring the use of NO (n=6) and supportive treat-
ment (n=8) for severe respiratory failure, there was
improvement in oxygenation after inhaled NO was
administered and this allowed ventilatory support
to be discontinued. Interestingly, the beneficial ef-
fects persisted after termination of NO inhalation
[105]. NO has been shown to inhibit the replica-
tion cycle of SARS-CoV in vitro [106].

Non-invasive positive pressure ventilation (NPPV)

About 20% of SARS patients developed
ARDS requiring invasive mechanical ventilation
and this incurred a huge demand on ICU support in
2003. There was a significant association between
endotracheal intubation and the development of
nosocomial SARS among HCWs especially
among the nurses who were closely looking after
the patients [107]. NPPV via face mask was ap-
plied to 20 patients with SARS in a hospital ward
in HK installed with good air exchange, stringent
infection control measures, and full personal pro-
tective equipment (PPE). Intubation was avoided
in 14 patients and none of the 105 HCWs involved
developed SARS clinically. SARS-CoV serology
was negative in 102 (97%) HCWs whereas the
other 3 refused blood tests [108]. Although one
cannot completely eliminate the possibility of sub-
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clinical SARS, it appears that NPPV is safe when
applied in a ward environment with adequate air
exchange provided the HCWs are well equipped
with full PPE and observe strict contact and
droplet precautions [109].

Careful evaluation of the effectiveness of these
possible modalities (table 2) is needed before they
can be recommended for treatment.

Outcome

Short-term

The poor prognostic factors associated with a
poor outcome (ICU admission or death) include
advanced age [1, 28, 30, 110], male sex [28] atyp-
ical symptoms at presentation [28], chronic hepati-
tis B treated with lamivudine [30], severe hepatitis
[32], high initial LDH [110], high peak LDH [1]
high neutrophil count on presentation [1, 110] dia-
betes mellitus or other co-morbid conditions [3,
28, 111] low CD4 and CD8 lymphocyte counts at
presentation [45], and a high initial SARS-CoV vi-
ral load [52, 112].

Long-term

Significant impairment of diffusing capacity
(DLCO) occurred in 15.5% and 23.7% of SARS
survivors at the PWH cohort at 6 and 12 months
respectively [113, 114] whereas 27.8% of SARS
survivors at the PWH cohort still had abnormal ra-
diographic scores at 12 months although their ser-
ial CXRs showed significant improvement [114].
Despite the presence of extensive parenchymal
changes on CT during the early convalescent peri-
od, most of the lung function test indices of SARS
patients were surprisingly within normal limits in
the majority of patients. Their exercise ability (6
min-walk distance) was remarkably lower than the
general population at 12 months after illness onset
[114]. The functional disability appears out of pro-
portion to the degree of lung function impairment
and may be due to extrapulmonary factors such as
muscle deconditioning and steroid myopathy [113,
114]. Critical-illness associated polyneuropathy/
mypoathy has also been observed in SARS sur-
vivors [115].

In addition, there was significant impairment
of health status in most SF36 domains among our
patients at 6 and 12 months [113, 114]. The results
are not surprising as, in addition to the physical
impairment, the long period of isolation and ex-
treme uncertainty during the SARS illness had cre-
ated enormous psychological stress [116] and
mood disturbances [117]. In addition, steroid toxi-
city, personal vulnerability, and psychosocial stres-
sors might have jointly contributed to the develop-
ment of psychosis in some patients [118]. Longer
term follow-up is needed to assess if these deficits
are persistent.

AVN of bones has been reported from 4.7% to
15% in several different cohorts [90, 119, 120] in
HK but one study in Beijing has reported a high
prevalence of 42% [89].

Conclusions

SARS is a highly infectious disease with a sig-
nificant morbidity and mortality. HCWs are partic-
ularly vulnerable to SARS as the viral load of
SARS-CoV in patients increases to peak levels on
day 10 of the illness [30]. Prevention of spread is
most important in controlling this highly infectious
disease. Since there is no proven effective treat-
ment for SARS at present, early recognition, isola-
tion and stringent infection control measures are
the keys to control this highly contagious disease.
Isolation facilities, strict droplet and contact pre-
cautions (hand hygiene, gown, gloves, N95 masks,
eye protection) among HCWs managing SARS pa-
tients, avoidance of the use of nebulizer on gener-
al ward [1, 21], contact tracing, and quarantine iso-
lation for close contacts are all important measures
in controlling the spread of the infection in the
hospital and the community.

Due to lack of large scale randomized, placebo-
controlled data, the treatment of SARS for different
clinical stages remains unclear. Protease inhibitor
(Lopinavir/ritonavir or nelfinavir) in combination
with ribavirin may play a role in the early phase
whereas the role of interferon and systemic steroid
in preventing immune-mediated lung injury needs
further investigation. Knowledge of the genomic
sequence of the SARS-CoV has facilitated the de-
velopment of rapid diagnostic tests. RNA interfer-
ence, monoclonal antibody, synthetic peptides, and
vaccines are treatment modalities that deserve fur-
ther investigation. Randomized placebo-controlled
studies of the promising treatment modalities are
necessary to determine the most appropriate treat-
ment for this highly infectious condition.

References

1. Lee N, Hui DS, Wu A, et al. A major outbreak of severe
acute respiratory syndrome in Hong Kong. N Engl J
Med 2003; 348: 1986-1994.

2. Hsu LY, Lee CC, Green JA, et al. Severe acute respira-
tory syndrome in Singapore: Clinical features of index
patient and initial contacts. Emerg Infect Dis 2003; 9:
713-717.

Table 2. - Potential modalities for the treatment of SARS

Ribavirin
Protease inhibitors (lopinavir/ritonavir or nelfinavir)
Interferons
Human monoclonal antibody
Vaccines
Convalescent plasma
Herbal compounds (glycyrrhizin, baicalin)
RNA interference (RNAi)
Intravenous gammaglobulin (IVIg) & pentaglobulin
Nitric oxide
Systemic corticosteroids



155

AN OVERVIEW ON SEVERE ACUTE RESPIRATORY SYNDROME (SARS)

3. Booth CM, Matukas LM, Tomlinson GA, et al. Clinical
features and short-term outcomes of 144 patients with
SARS in the greater Toronto area. JAMA 2003; 289:
2801-2809.

4. Twu SJ, Chen TJ, Chen CJ, et al. Control measures for
severe acute respiratory syndrome (SARS) in Taiwan.
Emerg Infect Dis 2003; 9: 718-720.

5. WHO. Summary of probable SARS cases with onset of ill-
ness from 1 November to 31 July 2003. Available from:
http: //www.who.int/csr/sars/country/table2003_09_23/en.

6. Peiris JS, Lai ST, Poon LL, et al. Coronavirus as a pos-
sible cause of severe acute respiratory syndrome.
Lancet 2003; 361: 1319-1325.

7. Kuiken T, Fouchier RA, Schutten M, et al. Newly
discovered coronavirus as the primary cause of se-
vere acute respiratory syndrome. Lancet 2003; 362:
263-270.

8. Drosten C, Gunther S, Preiser W, et al. Identification of
a novel Coronavirus in patients with severe acute respi-
ratory syndrome. N Engl J Med 2003; 348: 1967-1976.

9. Ksiazek TG, Erdman D, Goldsmith CS, et al. A Novel
Coronavirus associated with severe acute respiratory
syndrome. N Engl J Med 2003; 348: 1953-1966.

10. Fouchier RA, Kuiken T, Schutten M, et al. Aetiology:
Koch’s postulates fulfilled for SARS virus. Nature
2003; 423: 240.

11. Rota PA, Oberste MS, Monroe SS, et al. Characteriza-
tion of a novel coronavirus associated with severe acute
respiratory syndrome. Science 2003; 300: 1394-1399.

12. Marra MA, Jones SJ, Astell CR, et al. The genome se-
quence of the SARS-associated coronavirus. Science
2003; 300: 1399-1404.

13. Ruan YJ, Wei CL, Ee LA, et al. Comparative full-
length genome sequence analysis of 14 SARS coron-
avirus isolates and common mutations associated with
putative origins of infection. Lancet 2003; 361: 1779-
1785.

14. Zhao Z, Zhang F, Xu M, et al. Description and clinical
treatment of an early outbreak of severe acute respira-
tory syndrome (SARS) in Guangzhou, PR China. J Med
Microbiol 2003; 52: 715-720.

15. Xu RH, He JF, Evans MR, et al. Epidemiologic clues to
SARS origin in China. Emerg Infect Dis 2004; 10:
1030-1037.

16. Zhong NS, Zheng BJ, Li YM, et al. Epidemiology and
cause of severe acute respiratory syndrome in Guang-
dong, People’s Republic of China, in Feb 2003. Lancet
2003; 362: 1353-1358.

17. Guan Y, Zheng BJ, He YQ, et al. Isolation and charac-
terization of viruses related to the SARS coronavirus
from animals in southern China. Science 2003; 302:
276-278.

18. The Chinese SARS Molecular Epidemiology Consor-
tium. Molecular Evolution of the SARS coronavirus
during the course of the SARS epidemic in China. Sci-
ence 2004; 303: 1666-1669

19. Tsang KW, Ho PL, Ooi GC, et al. A cluster of cases of
severe acute respiratory syndrome in Hong Kong. N En-
gl J Med 2003; 348: 1977-1985.

20. Peiris JS, Yuen KY, Osterhaus AD, et al.: The severe
acute respiratory syndrome. N Engl J Med 2003; 349:
2431-2441.

21. Wong RS, Hui DS. Index patient and SARS outbreak in
Hong Kong. Emerg Infect Dis 2004; 10: 339-341.

22. Loon SC, Teoh SC, Oon LL, et al. The severe acute res-
piratory syndrome coronavirus in tears. Br J Ophthal-
mol 2004; 88: 861-863.

23. Yu IT, Li Y, Wong TW, et al. Evidence of airborne
transmission of the severe acute respiratory syndrome
virus. N Engl J Med 2004; 350: 1731-1739.

24. Ng SK. Possible role of an animal vector in the SARS
outbreak at Amoy Gardens. Lancet 2003; 362: 570-572.

25. Lee SH. The SARS epidemic in Hong Kong. J Epi-
demiol Community Health 2003; 57: 652-654.

26. Booth TF, Kournikakis B, Bastien N, et al. Detection of
airborne Severe acute respiratory syndrome (SARS)
coronavirus and environmental contamination in SARS
outbreak units. J Infect Dis 2005; 191: 1472-1477.

27. Yu IT, Wong TW, Chiu YL, et al. Temporal-spatial
analysis of Severe acute respiratory syndrome among
hospital inpatients. Clin Infect Dis 2005; 40: 1237-
1243.

28. Leung GM, Hedley AJ, Ho LM, et al. The epidemiolo-
gy of severe acute respiratory syndrome in the 2003
Hong Kong epidemic: an analysis of all 1755 patients.
Ann Intern Med 2004; 141: 662-673.

29. Hui DS, Wong PC, Wang C. Severe acute respiratory
syndrome: Clinical features and diagnosis. Respirol
2003; 8: S20-S24.

30. Peiris JS, Chu CM, Cheng VC, et al. Clinical progres-
sion and viral load in a community outbreak of coron-
avirus-associated SARS pneumonia: a prospective
study. Lancet 2003; 361: 1767-1772.

31. Leung WK, To KF, Chan PK, et al. Enteric involve-
ment of severe acute respiratory syndrome-associated
coronavirus infection. Gastroenterol 2003; 125: 1011-
1017.

32. Chan HL, Kwan AC, To KF, et al. Clinical significance
of hepatic derangement in Severe acute respiratory syn-
drome. World J Gastroenterol 2005; 11: 2148-2153.

33. Hung EC, Chim SS, Chan PK, et al. Detection of SARS
coronavirus RNA in the cerebrospinal fluid of a patient
with severe acute respiratory syndrome. Clin Chem
2003; 49: 2108-2109.

34. Lau KK, Yu WC, Chu CM, et al. Possible central ner-
vous system infection by SARS coronavirus. Emerg In-
fect Dis 2004; 10: 342-344.

35. Wong KC, Leung KS, Hui M. Severe acute respiratory
syndrome (SARS) in a geriatric patient with a hip frac-
ture. A case report. J Bone Joint Surg 2003; 85A: 1339-
1342.

36. Lee AK, Oh HM, Hui KP, et al. Atypical SARS in a
geriatric patient. Emerg Infect Dis 2004; 10: 261-264.

37. Fisher DA, Lim TK, Lim YT, et al. Atypical presenta-
tions of SARS. Lancet 2003; 361: 1740.

38. Hon KL, Leung CW, Cheng WT, et al. Clinical presen-
tations and outcome of severe acute respiratory syn-
drome in children. Lancet 2003; 561: 1701-1703.

39. Sit SC, Yau EKC, Lam YY, et al. A young infant with
severe acute respiratory syndrome. Pediatrics 2003;
112: e257-260.

40. Bitnun A, Allen U, Heurter H, et al. Children hospital-
ized with severe acute respiratory syndrome-related ill-
ness in Toronto. Pediatrics 2003; 112: e261-268.

41. Chiu WK, Cheung PC, Ng KL et al. Severe acute res-
piratory syndrome in children: Experience in a regional
hospital in Hong Kong. Pediatr Crit Care Med 2003; 4:
279-283.

42. Hui DS, Wong KT, Antonio GE, et al. Severe Acute
Respiratory Syndrome (SARS): Correlation of Clinical
Outcome and Radiological Features. Radiology 2004;
233: 579-585.

43. Hui DS, Sung JJ. Severe acute respiratory syndrome.
Chest 2003; 124: 12-15.

44. Wong GW, Hui DS. Severe acute respiratory syn-
drome: Epidemiology, Diagnosis and Treatment. Tho-
rax 2003; 58: 558-560.

45. Wong RS, Wu A, To KF et al. Haematological mani-
festations in patients with severe acute respiratory syn-
drome: retrospective analysis. Brit Med J 2003; 326:
1358-1362.

46. Chen X, Zhou B, Li M, et al. Serology of severe acute
respiratory syndrome: implications for surveillance and
outcome. J Infect Dis 2004; 189: 1158-1163.



156

D.S.C. HUI

47. Muller MP, Tomlinson G, Marrie TJ, et al. Can routine
laboratory tests discriminate between Severe acute res-
piratory syndrome and other causes of community ac-
quired pneumonia? Clin Infect Dis 2005; 40: 1079-
1086.

48. Wong KT, Antonio GE, Hui DS, et al. Severe Acute
Respiratory Syndrome: Radiographic appearances and
pattern of progression in 138 Patients. Radiology 2003;
228: 401-406.

49. Gomersall CD, Joynt GM, Lam P, et al. Short-term out-
come of critically ill patients with severe acute respira-
tory syndrome. Intensive Care Med 2004; 30: 381-387.

50. Wong KT, Antonio GE, Hui DS, et al.Thin section CT
of Severe Acute Respiratory Syndrome: Evaluation of
73 patients exposed to or with the disease. Radiology
2003; 228: 395-400.

51. Poon LL, Chan KH, Wong OK, et al. Early diagnosis of
SARS coronavirus infection by real time RT-PCR. J
Clin Virol 2003; 28: 233-238.

52. Ng EK, Hui DS, Chan KC, et al. Quantitative analysis
and prognostic implication of SARS coronavirus in the
plasma and serum of patients with severe acute respira-
tory syndrome. Clin Chem 2003; 49: 1976-1980.

53. Ng EK, Ng PC, Hon KL et al. Serial analysis of the
plasma concentration of SARS coronavirus RNA in pe-
diatric patients with severe acute respiratory syndrome.
Clin Chem 2003; 49: 2085-2088.

54. Grant PR, Garson JA, Teddar RS et al. Detection of
SARS coronavirus in plasma by real-time RT-PCR. N
Engl J Med 2003; 349: 2468-2469.

55. Cinatl J, Morgenstern, Bauer G et al. Glycyrrhizin, an
active component of liquorice roots, and replication of
SARS-associated coronavirus. Lancet 2003; 361: 2045-
2046.

56. Tan EL, Ooi EE, Lin CY et al. Inhibition of SARS
coronavirus infection in vitro with clinically approved
antiviral drugs. Emerg Infect Dis 2004; 10: 581-586.

57. Stroher U, DiCaro A, Li Y et al. Severe acute respira-
tory syndrome-related coronavirus is inhibited by inter-
feron-α. J Infect Dis 2004; 189: 1164-1167.

58. Sung JJ, Wu A, Joynt GM, et al. Severe Acute Respira-
tory Syndrome: Report of treatment and outcome after
a major outbreak. Thorax 2004; 59: 414-420.

59. Anand K, Ziebuhr J, Wadhwani P, et al. Coronavirus
main proteinase (3Clpro) structure: basis for design of
anti-SARS drugs. Science 2003; 300: 1763-1767.

60. Chu CM, Cheng VC, Hung IF, et al. Role of
lopinavir/ritonavir in the treatment of SARS: initial vi-
rological and clinical findings. Thorax 2004; 59: 252-
256.

61. Chan KS, Lai ST, Chu CM, et al. Treatment of severe
acute respiratory syndrome with lopinavir/ritonavir: a
multicenter retrospective matched cohort study. Hong
Kong Med J 2003; 9: 399-406.

62. Hurst M, Faulds D. Lopinavir. Drugs 2000; 60: 1371-
1381.

63. Yamamoto N, Yang R, Yoshinaka Y, et al. HIV pro-
tease inhibitor nelfinavir inhibits replication of SARS-
associated coronavirus. Biochem Biophys Res Com
2004; 318: 719-725.

64. Cinatl J, Morgenstern B, Bauer G, et al. Treatment of
SARS with human interferons. Lancet 2003; 362: 293-
294.

65. Hensley LE, Fritz EA, Jahrling PB, et al. Interferon-β
1a and SARS coronavirus replication. Emerg Infect Dis
2004; 10: 317-319.

66. Sainz B Jr, Mossel EC, Peters CJ, et al. Interferon-beta
and interferon-gamma synergistically inhibit the repli-
cation of severe acute respiratory syndrome-associated
coronavirus (SARS-CoV). Virology 2004; 329: 11-17.

67. Morgenstern B, Michaelis M, Baer PC, et al. Ribavirin
and interferon-beta synergistically inhibit SARS-asso-

ciated coronavirus replication in animal and human cell
lines. Biochem Biophys Res Commun 2005; 326: 905-908.

68. Chen F, Chan KH, Jiang Y, et al. In vitro susceptibility
of 10 clinical isolates of SARS coronavirus to selected
antiviral compounds. J Clin Virol 2005; 39: 69-75.

69. Haagmans BL, Kuiken T, Martina BE, et al. Pegylated
interferon-α protects type 1 pneumocytes against SARS
coronavirus infection in macaques. Nature Med 2004;
10: 290-293.

70. Loutfy MR, Blatt LM, Siminovitch KA, et al. Interfer-
on Alfacon-1 plus corticosteroids in severe acute respi-
ratory syndrome. A Preliminary Study. JAMA 2003;
290: 3222-3228.

71. Li W, Moore MJ, Vasilieva N, et al. Angiotensin-con-
verting enzyme 2 is a functional receptor for the SARS
coronavirus. Nature 2003; 426: 450-454.

72. Sui, J, Li W, Murakami A, et al. Potent neutralization
of severe acute respiratory syndrome (SARS) coron-
avirus by a human mAb to S1 protein that blocks re-
ceptor association. Proc Nat’l Acad Sci 2004; 101:
2536-2541.

73. ter Meulen J, Bakker AB, van den Brink EN, et al. Hu-
man monoclonal antibody as prophylaxis for SARS
coronavirus infection in ferrets. Lancet 2004; 363:
2139-2141.

74. Gao W, Tamin A, Soloff A, et al. Effects of a SARS-as-
sociated coronavirus vaccine in monkeys. Lancet 2003;
362: 1895-1896.

75. Zhao P, Ke JS, Qin ZL et al. DNA vaccine of SARS-
CoV S gene induces antibody response in mice. Acta
Biochim et Biophysica Sinica 2004; 36: 37-41.

76. Yang ZY, Kong WP, Huang Y, et al. A DNA vaccine
induces SARS coronavirus neutralization and protec-
tive immunity in mice. Nature 2004; 428: 561-564.

77. Ho TY, Wu SL, Cheng SE et al. Antigenicity and re-
ceptor-binding ability of recombinant SARS coron-
avirus spike protein. Biochem Biophys Res Commun
2004; 313: 938-947.

78. Bisht H, Roberts A, Vogel L, et al. Severe acute respi-
ratory syndrome coronavirus spike protein expressed by
attenuated vaccinia virus protectively immunizes mice.
Proc Nat’l Acad Sci 2004; 101: 6641-6646.

79. Bukreyev A, Lamirande EW, Buchholz UJ, et al. Mu-
cosal immunisation of African green monkeys (Cerco-
pithecus aethiops) with an attenuated parainfluenza
virus expressing the SARS coronavirus spike protein
for the prevention of SARS. Lancet 2004; 363: 2122-
2127.

80. Choy WY, Lin SG, Chan PK, et al. Synthetic peptide
studies on the severe acute respiratory syndrome
(SARS) coronavirus spike glycoprotein: perspective for
SARS vaccine development. Clin Chem 2004; 50:
1036-1042.

81. Bosch BJ, Martina BE, van der Zee R, et al. Severe
acute respiratory syndrome coronavirus (SARS-CoV)
infection inhibition using spike protein heptad repeat-
derived peptides. Proc Nat’l Acad Sci 2004; 101: 8455-
8460.

82. Subbarao K, McAuliffe J, Vogel L, et al. Prior infection
and passive transfer of neutralizing antibody prevent
replication of severe acute respiratory syndrome coron-
avirus in the respiratory tract of mice. J Virol 2004; 78:
3572-3577.

83. Traggiai E, Becker S, Subbarao K, et al. An efficient
method to make human monoclonal antibodies from
memory B cells: potent neutralization of SARS coron-
avirus. Nat Med 2004; 10: 871-875.

84. Ho JC, Ooi GC, Mok TY et al. High dose pulse versus
non-pulse corticosteroid regimens in severe acute respi-
ratory syndrome. Am J Respir Crit Care Med 2003;
168: 1449-1456.

85. Wong CK, Lam CWK, Wu AK et al. Plasma inflam-



157

AN OVERVIEW ON SEVERE ACUTE RESPIRATORY SYNDROME (SARS)

matory cytokines and chemokines in severe acute respi-
ratory syndrome. Clin Exp Immunol 2004; 136: 95-103.

86. Jiang Y, Xu J, Zhou C, et al. Characterization of cy-
tokine/chemokine profiles of severe acute respiratory
syndrome. Am J Respir Crit Care Med 2005; 171: 850-
857.

87. Tsang OT, Chau TN, Choi KW, et al. Coronavirus-pos-
itive nasopharyngeal aspirate as predictor for severe
acute respiratory syndrome mortality. Emerg Infect Dis
2003; 9: 1381-1387.

88. Wang H, Ding Y, Li X, et al. Fatal aspergillosis in a pa-
tient with SARS who was treated with corticosteroids.
N Engl J Med 2003; 349: 507-508.

89. Hong N, Du XK. Avascular necrosis of bone in severe
acute respiratory syndrome. Clin Radiol 2004; 59: 602-
608.

90. Griffith JF, Antonio GE, Kumta SM, et al. Osteonecro-
sis of hip and knee in patients with severe acute respi-
ratory syndrome treated with steroids. Radiology 2005;
235: 168-175.

91. Lee N, Allen Chan KC, Hui DS, et al. Effects of early
corticosteroid treatment on plasma SARS-associated
Coronavirus RNA concentrations in adult patients. J
Clin Virol 2004; 31: 304-309.

92. Cheng Y, Wong R, Soo YO, et al. Use of convalescent
plasma therapy in SARS patients in Hong Kong. Eur J
Clin Microbiol Infect Dis 2005; 24: 44-46.

93. Soo YO, Cheng Y, Wong R, et al. Retrospective com-
parison of convalescent plasma with continuing high-
dose methylprednisolone treatment in SARS patients. J
Clin Microbiol 2004; 10 : 676-678.

94. Liu BY, Hu JQ, Xie YM, et al. Effects of integrative
Chinese and Western Medicine on arterial oxygen satu-
ration in patients with Sever acute respiratory syn-
drome. CJIM 2004; 10: 117-122.

95. Zheng BJ, Guan Y, Tang Q, et al. Prophylactic and
therapeutic effects of small interfering RNA targeting
SARS-coronavirus. Antivir Ther 2004; 9: 365-374.

96. Wu CJ, Huang HW, Liu CY, et al. Inhibition of SARS-
CoV replication by siRNA. Antivir Res 2005; 65: 
45-48.

97. Li BJ, Tang Q, Cheng D, et al. Using siRNA in pro-
phylactic and therapeutic regimens against SARS coro-
navirus in rhesus macaque. Nat Med 2005; 11: 944-951.

98. Ballow M. Mechanisms of action of intravenous im-
mune serum globulin in autoimmune and inflammatory
diseases. J Allergy Clin Immunol 1997; 100: 151-157.

99. Lew TW, Kwek TK, Tai D, et al. Acute respiratory dis-
tress syndrome in critically ill patients with severe acute
respiratory syndrome. JAMA 2003; 290: 374-380.

100. Chong PY, Chui P, Ling AE, et al. Analysis of deaths
during the severe acute respiratory syndrome (SARS)
epidemic in Singapore: challenges in determining a
SARS diagnosis. Arch Pathol Lab Med 2004; 128: 195-
204.

101. Umapathi T, Kor AC, Venketasubramanian N, et al.
Large artery ischaemic stroke in severe acute respirato-
ry syndrome (SARS). J Neurol 2004; 251: 1227-1231.

102. Ho JC, Wu AY, Lam B, et al. Pentaglobin in steroid-re-
sistant severe acute respiratory syndrome. Int J Tuberc
Lung Dis 2004; 8: 1173-1179.

103. Ng KH, Wu AK, Cheng VC, et al. Pulmonary artery
thrombosis in a patient with Severe acute respiratory
syndrome (SARS). Postgrad Med J 2005; 81: e3.

104. Dalakas MC, Clark WM. Strokes, thromboembolic
events, and IVIg: rare incidents blemish an excellent
safety record. Neurol 2003; 60: 1763-1767.

105. Chen L, Liu P, Gao H, et al. Inhalation of nitric oxide in
the treatment of severe acute respiratory syndrome: a res-
cue trial in Beijing. Clin Infect Dis 2004; 39: 1531-1535.

106. Akerstrom S, Mousavi-Jazi M, Klingstrom J, et al. Ni-
tric oxide inhibits the replication cycle of severe acute
respiratory syndrome coronavirus. J Virol 2005; 79:
1966-1969.

107. Fowler RA, Guest CB, Lapinsky SE, et al. Transmis-
sion of severe acute respiratory syndrome during intu-
bation and mechanical ventilation. Am J Respir Crit
Care Med 2004; 169: 1198-1202.

108. Cheung TM, Yam LY, So LK, et al. Effectiveness of
noninvasive positive pressure ventilation in the treat-
ment of acute respiratory failure in severe acute respi-
ratory syndrome. Chest 2004; 126: 845-850.

109. Hui DS, Sung JJ. Editorial: Treatment of Severe acute
respiratory syndrome. Chest 2004; 126: 670-674.

110. Tsui PT, Kwok ML, Yuen H, et al. Severe acute respi-
ratory syndrome: Clinical outcome and prognostic cor-
relates. Emerg Infect Dis 2003; 9: 1064-1069.

111. Chan JW, Ng CK, Chan YH, et al. Short term outcome
and risk factors for adverse clinical outcomes in adults
with Severe acute respiratory syndrome (SARS). Tho-
rax 2003; 58: 686-689.

112. Chu CM, Poon LL, Cheng VC, et al. Initial viral load
and the outcomes of SARS. CMAJ 2004; 171: 1349-
1352.

113. Hui DS, Joynt GM, Wong KT, et al. Impact of severe
acute respiratory syndrome (SARS) on pulmonary
function, functional capacity and quality of life in a co-
hort of survivors. Thorax 2005; 60: 401-409.

114. Hui DS, Wong KT, Ko FW, et al. The one-year impact
of Severe Acute Respiratory Syndrome (SARS) on pul-
monary function, exercise capacity and quality of life in
a cohort of survivors. Chest 2005, in press.

115. Tsai LK, Hsieh ST, Chao CC, et al. Neuromuscular dis-
orders in severe acute respiratory syndrome. Arch Neu-
rol 2004; 61: 1669-1673.

116. Chua SE, Cheung V, McAlonan GM, et al. Stress and
psychological impact on SARS patients during the out-
break. Can J Psychiatry 2004 ; 49: 385-390.

117. Cheng SK, Wong CW, Tsang J, et al. Psychological
distress and negative appraisals in survivors of severe
acute respiratory syndrome (SARS). Psychol Med
2004; 34: 1187-1195.

118. Lee DT, Wing YK, Leung HC, et al. Factors associated
with psychosis among patients with severe acute respi-
ratory syndrome: a case-control study. Clin Infect Dis
2004; 39: 1247-1249.

119. Yu WC, Hui DS, Chan M. Editorial: Antivirals and cor-
ticosteroids in the treatment of SARS. Thorax 2004; 59:
643-645.

120. Tsang KW, Ooi GC, Ho PL. Diagnosis and pharma-
cotherapy of severe acute respiratory syndrome: what
have we learnt? Eur Respir J 2005; 24: 1025-1032.


