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REVIEW ARTICLE

CURRENT CONCEPTS

The Severe Acute Respiratory Syndrome

Joseph S.M. Peiris, M.D., D.Phil., Kwok Y. Yuen, M.D.,
Albert D.M.E. Osterhaus, Ph.D., and Klaus Stéhr, Ph.D.

HE SEVERE ACUTE RESPIRATORY SYN DROME (SARS) IS RESPONSIBLE FOR

the first pandemic of the 21st century. Within months after its emergence in

Guangdong Province in mainland China, it had affected more than 8000 pa-
tients and caused 774 deaths in 26 countries on five continents. It illustrated dramati-
cally the potential of air travel and globalization for the dissemination of an emerging
infectious disease and highlighted the need for a coordinated global response to con-
tain such disease threats. We review the cause, epidemiology, and clinical features of the
disease.

CAUSE

An unusual atypical pneumonia emerged in Foshan, Guangdong Province, mainland
China, in November 2002.%? In February and March 2003, the disease spread to Hong
Kong and then to Vietnam, Singapore, Canada, and elsewhere (Table 1).3* The new dis-
ease was named the severe acute respiratory syndrome (SARS), and a preliminary case
definition was established.* A novel coronavirus (SARS-CoV) was identified as the caus-
ative agent.>*° Coronaviruses are a family of enveloped, single-stranded—RNA viruses
causing disease in humans and animals, but the other known coronaviruses that affect
humans cause only the common cold.

The presence of SARS-CoV has been demonstrated by reverse-trancriptase poly-
merase chain reaction (RT-PCR) and the isolation of the virus from respiratory secre-
tions, feces, urine, and tissue specimens from lung biopsy,’»*? indicating that the
infection is not confined to the respiratory tract. The experimental infection of cyno-
molgus macaques with SARS-CoV produced a pneumonia that was pathologically sim-
ilar to SARS in humans.®? Other pathogens, including human metapneumovirus*>#
and chlamydia,”*> have been detected together with SARS-CoV in some patients with
SARS, but they have not been found consistently.>® The experimental infection of
macaques with human metapneumovirus did not lead to a SARS-like disease, and coin-
fection of macaques with human metapneumovirus and SARS-CoV did not enhance the
pathogenicity of the SARS-CoV in this animal model.® Thus, all the information thatis
available to date suggests that SARS-CoV is necessary and sufficient for the causation
of SARS in humans, but it remains to be determined whether microbial or other cofac-
tors enhance the severity or transmissibility of the disease. The complete genetic se-
quence of the SARS-CoV genome was determined, and it provided confirmation that
SARS-CoV belongs to a new group within the coronavirus family (Table 1).1%*7

Since seroepidemiologic data>®1»® suggested that SARS-CoV had not previously
been endemic in humans, it seemed likely that this was a virus of animals that had
crossed the species barrier to humans in the recent past. This hypothesis was further
supported by anecdotal reports that some patients who had SARS in Guangdong Prov-
ince in November and December 2002 reported a history of occupational exposure to
live, caged animals that are used as exotic “game food,” a culinary delicacy in southern
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Table 1. A Chronology of Events.*

Date

November 2002
January 2003
February 11, 2003
February 20, 2003

February 21, 2003

February 26, 2003

March 4, 2003

March 5, 2003

March 12, 2003
March 14, 2003

March 15, 2003

March 17, 2003

April 12, 2003
April 16, 2003

June 2003
July 5, 2003

September 2003

March 21-27, 2003

Key Events

Unusual atypical pneumonia documented in Foshan,
Guangdong Province, China.

Outbreaks of pneumonia in Guangzhou (capital city of
Guangdong Province).

WHO receives reports of an outbreak of respiratory dis-
ease in Guangdong Province: 305 cases and 5 deaths.

Fatal influenza A (H5N1 subtype) identified in family re-
turning to Hong Kong from Fujian Province, China.

65-Year-old doctor from Guangdong Province checks in
at “Hotel M” in Hong Kong (index patient); he has
been ill since February 15. His health deteriorates fur-
ther; he is admitted to the hospital on February 22.
He infects at least 17 other guests and visitors at the
hotel, some of whom travel to Vietnam, Singapore,
and Toronto, where they initiate transmission of local
clusters of cases.

A Hotel M contact is admitted to a private hospital in Ha-
noi and is the source of an outbreak there; 7 health
care workers become ill by March 5.

A Hotel M contact is admitted to Prince of Wales Hospi-
tal in Hong Kong. By March 7, health care workers at
this hospital report a respiratory illness.

A Hotel M contact dies in Toronto; 5 family members are
affected.

WHO issues a global alert.

Singapore and Toronto report clusters of atypical pneu-
monia. In retrospect, both groups have an epidemio-
logic link to Hotel M. During travel, symptoms de-
velop in one of the doctors who treated patients in
Singapore; he is quarantined in transit on arrival in
Germany.

WHO has received reports of more than 150 cases of the
new disease, now named the severe acute respiratory
syndrome (SARS). A travel advisory is issued.

WHO multicenter laboratory network established for the
study of SARS causation and diagnosis.

A novel coronavirus is identified in patients with SARS.

Mapping of the full genome of SARS-associated corona-
virus (soon called SARS-CoV) is completed.

WHO announces that SARS-CoV is the causative agent
of SARS.

A virus related to SARS-CoV is isolated from animals.

The absence of further transmission in Taiwan signals
the end of the SARS outbreak in humans.

Laboratory-acquired SARS-CoV infection reported in
Singapore.

* WHO denotes World Health Organization.
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China.® SARS-like coronaviruses were isolated
from Himalayan palm civets (Paguma larvata) and
from a raccoon dog (Nyctereutes procynonoides) in
one market in Guangdong Province where wild
game animals are sold. In addition, persons in-
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volved in the wild-animal trade in Guangdong Prov-
ince had a higher seroprevalence of SARS-CoV than
workers in other parts of the market or unrelated
controls.?® These findings support the hypothesis
that SARS-CoV originated from animals and point
to markets that trade in live game animals as poten-
tial sites of interspecies transmission. Experiments
have shown that the virus can also infect other
small mammals such as ferrets and cats, causing
disease in the former2? — findings that may have
epidemiologic relevance. Studies in trapped wild
animals and domestic animals and the genetic
analysis of viruses isolated from them will help to
define the animal reservoir of the virus in nature.

EPIDEMIOLOGY

To date, there have been a few preliminary attempts
at modeling that will permit the quantitative assess-
ment of the epidemic potential of SARS and the ef-
fectiveness of control measures. The results indi-
cate that the SARS-CoV is less transmissible than
was initially thought, with the average number of
secondary cases resulting from each case estimat-
ed to be two to four overall. However, one feature
of this disease is that a few infected persons have
been responsible for a disproportionate number of
transmissions — the so-called super-spreading
events.'®2227 These results suggest that SARS-CoV
is sufficiently transmissible to cause a very large ep-
idemicifitis left unchecked but that it is not so con-
tagious overall as to be uncontrollable with good,
basic public health measures.?32426

Most studies of SARS cases in which transmis-
sion occurred from a single point of exposure esti-
mated the incubation period to be between 2 and 10
days, with a median ranging from 4 to 7 days.?">®
However, with the application of maximum-likeli-
hood methods, the mean incubation period was cal-
culated to be 6 days, and the maximal incubation
period 14 days.?? Recent studies in China indicate
that some cases may have developed after incuba-
tion periods of up to 20 days, although data on the
history of exposure were incomplete.?? However,
public health measures based on the maximal in-
cubation period of 10 days, which the World Health
Organization (WHO) estimated on the basis of stud-
ies, were successful in interrupting the chain of in-
fection globally. It is not clear whether the route of
infection influences the incubation period.?®

Although some asymptomatic and mild in-
fections have been documented, they seem to be
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uncommon?®®3%3 and do not appear to contribute
to the extension of the chain of infection among
humans. For example, a recent mild infection with
SARS-CoV acquired in the laboratory was not trans-
mitted to any contacts of the affected person.3? De-
spite numerous attempts, there has been no docu-
mented isolation of the virus from persons with
asymptomatic infections, and in recent serologic
and epidemiologic studies, transmission from per-
sons with asymptomatic cases to contacts could
not be detected.*®3* SARS-CoV RNA was detected
in four asymptomatic, quarantined persons in Hong
Kong, with seroconversion in one, but no virus
could be isolated.*®

SARS has been transmitted primarily, but not
exclusively, in health care and hospital settings,
generally five or more days after the onset of dis-
ease and from patients who were severely ill.?%2%2¢
These observations correlate with the finding that
the peak viral load is reached around the 10th day
of illness.**2 There has been no reported instance
of transmission before the onset of symptoms of
disease. Transmission to casual and social contacts
is uncommon, but transmission has occurred occa-
sionally after close contact with a patient with SARS
in the workplace, on an airplane, or in a taxi.?® Al-
though virus can be detected by RT-PCR for more
than 30 days after the onset of illness, it is difficult
to isolate the virus after the third week of disease.*?
This difficulty is consistent with the epidemiologic
observation that no transmission has been docu-
mented more than 10 days after the resolution of
fever.2®

The primary mode of transmission appears to
be through direct or indirect contact of mucous
membrane (eyes, nose, or mouth) with infectious
respiratory droplets or fomites.>?%2” The use of
aerosol-generating procedures (such as endotra-
cheal intubation, bronchoscopy, and treatment with
aerosolized medication) in hospitals may amplify
the transmission of SARS-CoV, and outbreaks have
involved more than 100 patients on occasion.?2628
SARS-CoV survives for many days when dried on
surfaces and in feces at an alkaline pH.33 Although
data from direct comparisons are not yet available,
a review of previously published data suggests that
SARS-CoV may be far more stable than other hu-
man respiratory viruses, such as respiratory syncy-
tial virus. The role of fecal-oral transmission is un-
known but may be important, given that profuse
watery diarrhea is a common feature of the disease
and that SARS-CoV is shed in large quantities in

stool.>* There have been no reports of foodborne
or waterborne transmission; however, studies are
needed to determine whether these routes have
any role.?®

In some instances, other modes of transmission
have clearly been relevant. For example, given the
point-source nature and the temporal and spatial
progression of the community outbreak that af-
fected more than 300 persons in the Amoy Gardens
apartment complex in Hong Kong, it is unlikely to
have been caused solely by transmission through
respiratory droplets or contact. The leading hypoth-
esis is that small virus-containing droplets from
contaminated sewage entered the bathrooms of the
apartment complex through dried-up U-traps,3* but
other contributory factors cannot be ruled out.3>3¢

To date, there have been two reported cases of
transmission from children to adults and no reports
of transmission from children to other children.?%3”
There have been no reports of vertical or perinatal
transmission.3®

A combination of tracing of contacts and mo-
lecular epidemiologic data provides a better under-
standing of the genesis of the SARS pandemic. For
instance, contact tracing suggested that a 65-year-
old physician from Guangdong Province who stayed
for one day ata hotel (“Hotel M”) in Hong Kong on
March 21, 2003, transmitted the virus to a number
of guests who, on their return or further travel to
Vietnam, Singapore, and Toronto, initiated local
transmission and contributed to the global dissem-
ination of the disease.?”-39:%°

Molecular epidemiologic studies indicate that
viruses from the outbreaks in Hong Kong, Vietnam,
Singapore, Toronto, and Taiwan are clonally related,
whereas those from Guangdong Province are ge-
netically more diverse.****3 Although there is evi-
dence that other SARS-CoVs were introduced into
Hong Kong in February 2003, all of them belonging
to genetic lineages distinct from that of the index
case in Hong Kong, none of these viruses appear to
have generated a substantial number of secondary
cases or contributed to the subsequent outbreak in
Hong Kong.** This observation raises the question
of whether some viral lineages are more prone to
transmission than others. Further molecular epi-
demiologic data from mainland China may help
to address this question. However, viral factors by
themselves are an inadequate explanation for su-
per-spreading events, since most patients infected
in a super-spreading incident are not super-spread-
ers themselves. Other biologic and behavioral fac-
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tors in the host, as well as environmental factors,
may contribute to such incidents. Undetected cases
in hospitals and the use of aerosol-generating pro-
cedures may explain some, but notall, super-spread-
ing events.?%*4

The role of seasonality in the transmission of
SARS-CoV is currently unknown. Many respiratory
viruses, including the human coronaviruses (e.g.,
229E), are most common in the winter. However,
this is not true of all respiratory viruses and all geo-
graphic regions. For example, the transmission of
respiratory syncytial virus (and sometimes influen-
za) in Hong Kong is maximal during the summer,
and the SARS outbreak in China peaked at the end
of April, about two to three months after the usual
peak of influenza activity in the northern Chinese
provinces.

THE CLINICAL DISEASE

SARS has affected persons in all age groups; there
has been a slight predominance of female patients,
which is probably related to the increased likeli-
hood of exposure among nurses.>* SARS has also
been reported in immunocompromised patients
and pregnantwomen, but the numbers of reported
cases are too small to permit any judgment as to
whether the outcome was more or less severe in
such patients, 384546

Infected persons present initially with fever,
myalgia, malaise, and chills or rigor (Table
2).1,3,5,11,14,40,47-51 Coyugh is common, but short-
ness of breath, tachypnea, or pleurisy is prominent
only later in the course of the illness. Unlike other
atypical pneumonias caused by mycoplasma or chla-
mydia, SARS is less commonly manifested as up-
per respiratory symptoms such as rhinorrhea and
sore throat. A watery diarrhea occurs in some pa-
tients later in the course of the illness (Table 2). Res-
piratory signs such as rales are present in less than
one third of cases, and their severity often seems
lower than would be expected on the basis of the
findings on radiography of the chest.> Afebrile cas-
es of SARS can occur in the elderly, who may
presentwith malaise and decreased appetite. In such
patients, the presenting problem may even be a fall
and fracture.>?

Lymphocytopenia is common, and in some pa-
tients the platelet count is depressed, with con-
comitant increases in the level of D-dimers and
the activated partial-thromboplastin time (Table
3).1,3,5,11,14,40,47,49 The |evels of alanine amino-

transferase, creatine kinase, and lactate dehydro-
genase may be increased. However, these labora-
tory findings do not allow reliable discrimination
between SARS and other causes of community-
acquired pneumonia.>® Depending on the interval
between the onset of fever and hospital admission,
the initial chest radiograph is abnormal in 60 to 100
percent of cases (Table 4).5#°3 A high-resolution
computed tomographic (CT) scan is abnormal in
67 percent of patients with initially normal chest
radiographs.®? The most common initial radio-
graphic abnormalities are ground-glass opacifi-
cations that do not obscure the view of underlying
vessels or focal consolidations of the peripheral,
subpleural, and lower zones of the lungs (Table 4).
Mediastinal lymphadenopathy, cavitation, and pleu-
ral effusions are rare.

One third of patients with SARS have improve-
ment, with defervescence and resolution of radi-
ographic changes.*® The other two thirds have
persistent fever, increasing shortness of breath,
tachypnea, oxygen desaturation, worsening of chest
signs on physical examination, and the onset of di-
arrhea.’® Serial chest radiographs or CT scans re-
veal the progression of the original abnormality into
unilateral or bilateral multifocal air-space consoli-
dations.*®>%:%0 Shifting or fluctuating radiograph-
ic shadows have been noted. Pneumomediastinum
without preceding positive-pressure ventilation or
intubation is a characteristic radiographic sign of
SARS.* The subpleural pneumonic process may
cause a pleurodesis-like effect, and the diffuse alve-
olar damage has led to fibrosis and the formation
of cysts. The air leak resulting from the rupture of
these cysts can only dissect along the bronchovas-
cular bundle, thereby causing pneumomediasti-
num, an unusual complication.

About 20 to 30 percent of patients require ad-
mission to an intensive care unit, and most of them
require mechanical ventilation.3>11,14,40,47°49
A low-tidal-volume strategy for the protection of
the lungs has usually been used for ventilation, with
volume-control or pressure-control ventilation tar-
geting tidal volumes of 6 ml per kilogram of pre-
dicted body weight and plateau pressures of less
than 30 cm of water.* Positive end-expiratory pres-
sure, the fraction of inspired oxygen, and the venti-
lator rates have then been adjusted to maintain a
partial pressure of arterial oxygen of more than 55
mm Hg (oxygen saturation as measured by pulse
oximetry, >88 to 90 percent), with or without per-
missive hypercapnia. The terminal event has been
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Table 2. Initial Clinical Presentation of Adults with SARS.*

Variable China
Demographics
No. of cases reported 190
Age of patients — yr Range, 16-84
Sex
Male — no. 70
Female — no. 120
Ratio of male to female 0.58:1

Clinical features — no. [total no. (%)

Fever 190/190 (100.0)
Chill or rigors 89/190 (46.8)
Myalgia 114/190 (60.0)
Malaise 179/190 (94.2)
Rhinorrhoea NM
Sore throat NM
Cough 175/190 (92.1)
Dyspnea 175/190 (92.1)
Chest pain or pleurisy 41/190 (21.6)
Anorexia NM
Nausea or vomiting NM
Diarrhea 46/190 (24.2)
Headache 116/190 (61.1)
Dizziness 89/190 (46.8)

Physical signs — no./total no. (%)

Tachycardia NM
Tachypnea NM
Chest rales NM

Hong Kong Canada Singapore
388 154 20
Mean, 42.9 Median, 45 Median, 28
174 94 5
214 60 15
0.8:1 1.57:1 0.33:1
388/388 (100.0) 153/154 (99.4) 20/20 (100.0)
245/378 (64.8) 40/144 (27.8) 3/20 (15.0)
169/388 (43.6) 73/154 (47.4) 9/20 (45.0)
72/175 (41.1) 57/154 (37.0) 9/20 (45.0)
44/198 (22.2) 3/144 (2.1) 3/20 (15.0)
65/378 (17.2) 21/154 (13.6) 5/20 (25.0)
162/338 (47.9) 108/154 (70.1) 15/20 (75.0)
31/250 (12.4) 68/154 (44.2) 8/20 (40.0)
3/10 (30.0) 3/10 (30.0) NM
37/188 (19.7) NM NM
NM 1/10 (10.0) 7/20 (35.0)
45/303 (14.9) 39/154 (25.3) NM
118/388 (30.4) 54/154 (35.1) 4/20 (20.0)
68/263 (25.9) 6/144 (4.2) NM
NM 71/154 (46.1) NM
NM 60/154 (39.0) NM
19/50 (38.0) 37/154 (24.0) NM

All Four Countries

752
NA

343
409
0.84:1

751/752 (99.9)
377/732 (51.5)
365/752 (48.5)
317/539 (58.8)
50/362 (13.8)
91/552 (16.5)
460/702 (65.5)
282/614 (45.9)
47/210 (22.4)
37/188 (19.7)
8/30 (26.7)
130/647 (20.1)
292/752 (38.8)
163/597 (27.3)
71/154 (46.1)
60/154 (39.0)
56/204 (27.5)

* SARS denotes severe acute respiratory syndrome, NA not applicable, and NM not mentioned (in the relevant reports).

severe respiratory failure, multiple organ failure,
sepsis, or intercurrent medical illness such as
acute myocardial infarction.

Residual ground-glass opacifications have been
noted on follow-up chest radiographs and CT scans
obtained about one month after admission in 80
percent and 95 percent of patients, respectively,
who recovered from SARS. CT scans have shown
signs of fibrosis (including traction bronchiecta-
sis and parenchymal bands) and peribronchovas-
cular interstitial thickening.® Between 6 and 20
percent of discharged patients have had some de-
gree of respiratory impairment that might be relat-
ed to residual lung fibrosis, muscle weakness, and
systemic effects of the viral illness.®> Post-trau-
matic stress disorder and depression are common
among patients with SARS and persist beyond the
period of hospitalization.®® Further follow-up is

N ENGL J MED 349;25 WWW.NEJM.ORG

required for the detection of other long-term com-
plications of corticosteroid treatment, such as
avascular necrosis of bone.

Pathological analysis of the lung at autopsy in
patients who died within 10 days after the onset of
illness revealed diffuse alveolar damage, desqua-
mation of pneumocytes, an inflammatory infiltrate,
edema, and hyaline-membrane formation. In pa-
tients who died later in the course of illness, organ-
izing diffuse alveolar damage was seen, with squa-
mous metaplasia and multinucleate giant cells of
either macrophage or epithelial-cell origin.3:5:67:68
Viral RNA was detectable by RT-PCR at high viral
loads in the lung, bowel, and lymph nodes but was
also detectable in the spleen, liver, and kidney.®® In
lung specimens, alveolar epithelial cells and, to a
lesser extent, macrophages and bronchial epithe-
lial cells showed evidence of viral antigen on im-
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Table 3. Initial Laboratory Abnormalities in Patients with SARS.*
Variable China Hong Kong Canada Singapore  All Four Countries
number/total number (percent)

Anemia NM 17/135 (12.6) NM NM 17/135 (12.6)

Leukopenia 46/190 (24.2)  66/273 (24.2)  2/9 (22.2) NM 114/472 (24.2)

Lymphocytopenia NM 192/273 (70.3)  86/153 (56.2)  18/20 (90.0) 296/446 (66.4)

Thrombocytopenia 25/190 (13.2)  112/273 (41.0) 3/9  (33.3) NM 140/472 (29.7)

Elevated serum alanine 126/190 (66.3) 77/273 (28.2) 5/9 (55.6) NM 208/472 (44.1)
aminotransferase level

Elevated serum lactate 50/190 (26.3)  98/138 (71.0)  4/5 (80.0) NM 152/333 (45.6)
dehydrogenase level

* Lymphocytopenia was defined as an absolute lymphocyte count of less than 1500 per cubic millimeter in Singapore and
as an absolute lymphocyte count of less than 1000 per cubic millimeter in Hong Kong and Canada; thrombocytopenia
was defined as a platelet count of less than 100,000 per cubic millimeter in China and as a platelet count of less than
150,000 per cubic millimeter in Hong Kong and Canada; elevated serum levels of alanine aminotransferase and lactate
dehydrogenase were defined as levels exceeding the upper limit of normal in China and Hong Kong and as levels that
were more than 1.5 times the upper limit of normal in Canada. SARS denotes severe acute respiratory syndrome, and
NM not mentioned (in the relevant reports).

munohistochemical analysis (Nicholls J: personal

communication) and on in situ hybridization.”®

DIAGNOSIS

SARS is a viral pneumonia that progresses rapidly.
The initial manifestations of SARS are not specific,

Table 4. Initial Radiographic Manifestations in Patients with SARS.*

Variable

No. of patients studied

Initially abnormal chest radiograph (%)
Initially abnormal CT scan (%)

Bilateral involvement (%)

Unilateral involvement (%)
Lower-zone involvement (%)
Ground-glass opacifications (%)
Consolidation (%)

Both ground-glass opacifications
and consolidation (%)

Pleural effusions (%)

China  HongKong Canada
28-52 73-138 1-40
60.7-100 78.3 60-100

100 53.47 80-100
17.9-63.4 453 41.7-100
34.6-82.1 54.6 50.0-58.3

67.7 61.1-74.8 70-100
31.0-85.7 NM: 66.7-100
14.3-65.4 NM 50-100
NM NM 0-16.7
NM NM 5

* SARS denotes severe acute respiratory syndrome, CT computed tomographic,
and NM not mentioned (in the relevant reports).

i The rate is that for those with initially normal chest radiographs.sé
I Another radiographic study of follow-up CT scans (obtained an average of 36.5

days after admission) in Hong Kong demonstrated that 23 of 24 patients (96
percent) had residual ground-glass findings. Fifteen (62 percent) had signs of
fibrosis and peribronchovascular interstitial thickening.>”
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and it cannot be clinically differentiated from other
acute community-acquired pneumonias. The oc-
currence of lower respiratory disease, particularly
pneumonia, in epidemiologically linked clusters
of patients raises the level of suspicion but is not
unique to SARS. Diseases such as influenza can
cause similar outbreaks. The case definition of SARS
has been refined over time.”*”? During a hospital
outbreak in Hong Kong, an emergency-room study
showed that the initial case definition of suspected
SARS that was published by the WHO had a sensi-
tivity of 26 percent and a specificity of 96 percent.>*
Additional cases were uncovered through daily clin-
ical and radiographic follow-up evaluation of epi-
demiologically linked patients who did not meet a
sufficient number of criteria to satisfy the case def-
inition. Given the lack of characteristic clinical fea-
tures associated with SARS, the definition of cases
had to rely heavily on the contact history of known
patients.

The RT-PCR tests that were in use during April
and May 2003 lacked sensitivity during the first five
days of illness but had better sensitivity in later stag-
es of the illness.'> However, it was demonstrated
that respiratory and fecal specimens are suitable for
diagnosis with the use of RT-PCR. Although speci-
mens from the lower respiratory tract are the most
useful for viral diagnosis, few patients with SARS
have a productive cough early in the course of ill-
ness. Thus, nasopharyngeal aspirates and swabs
and throat and nose swabs are the primary types of
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specimens that have been investigated. Viral RNA
is also detectable in serum or plasma, as well as in
urine. More recently, improved methods of extract-
ing specimens and real-time RT-PCR assays have
improved the sensitivity of testing during the first
few days of illness”® and are now the mainstay for
early diagnosis. When diagnostic tests are evaluat-
ed, itis important that the timing of specimen col-
lection in relation to the onset of disease is defined.
Furthermore, specimens collected during the first
five days of illness should be tested because these
are the specimens that are particularly difficult to
assess for the presence of virus.

In the current context, with a low probability of
a diagnosis of SARS, any positive laboratory result
must be interpreted with caution in view of the pos-
sibility of laboratory error and serious implications
of a positive result for global public health. An ini-
tially positive result on RT-PCR must be confirmed
by testing another clinical sample, reextracting and
testing the original specimen, and using assays that
target different parts of the viral genome (e.g., poly-
merase and nucleocapsid). RT-PCR cannot be used
to rule out infection.

The identification of seroconversion on a whole-
virus immunoassay (an immunofluorescence assay
oran enzyme-linked immunosorbent assay) remains
the gold standard for the retrospective virologic
confirmation of SARS-CoV infection, but antibody
is detectable only after the first week of illness. The
detection of IgM antibody does not appear to per-
mit earlier diagnosis. Since a few patients with SARS
have had late seroconversion, it is best to test a se-
rum sample collected during the convalescent phase,
atleast 21 days and preferably 28 days after the on-
set of symptoms, in order to rule out SARS.**

PROGNOSTIC FACTORS

Age and coexisting illness, especially diabetes
mellitus and heart disease, are consistently found
to be independent prognostic factors for the risk
of death and the need for intensive care (Table
5).3:11,46:48,49 Iy patients older than 65 years of age,
the mortality rate exceeds 50 percent. In some stud-
ies, an increased lactate dehydrogenase level and
an elevated neutrophil count at the time of admis-
sion,>*° as well as low CD4 and CD8 lymphocyte
counts,”* were associated with a poor prognosis.
SARS in children, especially those younger than 12
years of age, is generally associated with an unevent-
ful course and a good outcome.37>7>7°

MANAGEMENT AND PREVENTION

Although a number of strategies have been used
for specific treatment and prevention, controlled
studies documenting the efficacy of therapies are
lacking. Patients with suspected SARS are initially
treated empirically with broad-spectrum antibac-
terial drugs that are effective against other agents
that cause typical and atypical acute community-
acquired pneumonia to exclude these diagnoses.>>
Before the causative agent was known, ribavirin was
used by some as a broad-spectrum empirical anti-
viral agent for the treatment of patients with
SARS.3’11’14’40’77

Testing for susceptibility to antiviral drugs sug-
gests that interferon beta, glycyrrhizin (licorice-root
extract), and to a lesser extent, interferon alfa have
activity against SARS-CoV.”®79 In an experimental
macaque model of SARS-CoV infection, treatment
both before exposure and after exposure with peg-
ylated interferon alfa reduced viral replication (un-
published data), and preliminary uncontrolled
studies of combinations of interferon and cortico-
steroids in humans suggest that there are no obvi-
ous adverse effects.’#° Randomized, placebo-con-
trolled clinical trials appear to be warranted.

There are a number of potential targets for anti-
viral drugs in the replication cycle of SARS-CoV, in-
cluding fusion inhibitors and protease inhibitors.?*
The availability of the full genome sequence of the
virus provides the basis for targeted strategies to
develop antiviral drugs and vaccines.®?

The pathogenesis of SARS is still incompletely
understood. Unlike other acute respiratory viral in-
fections, SARS is characterized by a peak in the viral
load in respiratory secretions occurring around the
10th day of illness and a subsequent decrease, con-
comitant with the appearance of an antibody re-
sponse to the virus.** Some patients have deteriora-
tion during the second week of illness in spite of a
decreasing viral load, and it has been suggested
that part of the damage to the lungs may be immu-
nopathologic in nature.**°” Some have reported
that early therapy with regimens of high-dose meth-
ylprednisolone is useful in modulating the damage
to the lungs,»77®3 but no data from randomized,
placebo-controlled trials are available to confirm a
clinical benefit. A number of other therapeutic op-
tions, including thymic peptides or recombinant
human thymus proteins, intravenous immunoglob-
ulin, IgM-enriched immunoglobulin, plasma from
patients in the convalescent phase, and traditional
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Table 5. Multivariate Analysis of Risk Factors for Adverse Outcomes in Patients with SARS.*

Adverse Outcome

Death, ICU admission, or Diabetes mellitus

mechanical ventilation

Death or ICU admission

on admission

Development of acute respiratory  Age of 61-80 yr
distress syndrome at day 21

antigen

Death Age >60 yr

Death or ICU care

Risk Factors

Other coexisting conditions 2.5 (1.1-5.8) 0.03
Advanced age (per 10-yr increment)

High peak lactate dehydrogenase level ~ 2.09 (1.28-3.42)  0.003
(per increment of 100 U/liter)

Neutrophil count above normal limit

Positive test for hepatitis B surface

Diabetes mellitus or heart disease

Another coexisting condition 52 (

Advanced age (per 10-yr increment) 1.57 (1.26-1.95) <0.001 Tsui et al.46
(

Neutrophil count on admission
(per increment of 100 cells/mms3)

Initial lactate dehydrogenase level
(per increment of 100 U/liter)

Relative Risk
or Odds Ratio
(95% Cl)7 P Value Source

3.1 (1.4-7.2) <0.01  Booth et al.4°

1.8 (1.16-2.81) 0.009 Leeetal.s

1.6 (1.03-2.50)  0.04
28.0 (3.1-253.3) 0.003 Peiris et al.22
18.0 (3.2-101.3)  0.001

35 (1.2-102)  0.02 Chanetal4s
9.1 (2.8-29.1)  <0.001
1.4-19.7)  0.01

1.28 (1.13-1.46) <0.001

1.35 (1.11-1.64)  0.003

* SARS denotes severe acute respiratory syndrome, Cl confidence interval, and ICU intensive care unit.

 Data from the study by Booth et al.4° are relative risks; all other data are odds ratios.

Chinese medicine, have been used, but their clini-
cal efficacy is unclear,»838>

In the absence of a vaccine, preventing the trans-
mission of SARS involves triage, early case detec-
tion and isolation of patients to prevent transmis-
sion within hospitals, public education, contact
tracing and quarantine of contacts to prevent com-
munity transmission, and surveillance at border
crossings through health-declaration forms and
the monitoring of persons for fever. Nosocomial
spread has been one of the major epidemiologic fea-
tures of SARS outbreaks,327:28:40:86 gnd the elimi-
nation of hospital transmission through enhanced
infection-control practices is an important control
measure. We have not attempted to provide a com-
prehensive review of infection-control measures
for SARS. Precautions against transmission through
respiratory droplets and contact precautions are
critical in preventing the bulk of hospital trans-
mission.”>7%#7 In addition, precautions against air-
borne transmission have been recommended and

are clearly needed when aerosol-generating proce-
dures are being undertaken.”*88:89

Patients with unrecognized SARS, especially
those with an atypical presentation, the elderly, and
the chronically ill, have been the source of a num-
ber of outbreaks and pose a challenge to infection
control in hospitals.® Thus, a high index of suspi-
cion is required in the recognition of cryptic cases
of SARS, and infection-control standards must be
reinforced in all parts of the hospital. Given the
stability of SARS-CoV in the environment,33 strict
hand hygiene and training in the use of postexpo-
sure prophylaxis (especially degowning) is particu-
larly critical in preventing the transfer of virus
through fomites and from protective equipment to
the body. Communication about risk through pub-
lic education is vital in order to maintain the correct
balance between public awareness and anxiety, so
that meaningful public health measures can be im-
plemented without causing economic and social
paralysis.

N ENGL J MED 349;25 WWW.NEJM.ORG DECEMBER 18, 2003

Downloaded from www.nejm.org at UNIVERSITY OF HONG KONG on January 28, 2007 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



CURRENT CONCEPTS

CONCLUSIONS

Like many of the other 30 or so new pathogens that
have been recognized in the past three decades,
SARS-CoV may have originated in animals. How-
ever, unlike most of these other pathogens, it has
become efficient at human-to-human transmission,
and this development accounts for the global scale
of the disease. In this respect, SARS-CoV resembles
the human immunodeficiency virus. The SARS out-
break also serves to illustrate the potential health
effects of more transmissible diseases, such as pan-
demic influenza, and highlights the need for pre-
paredness to meet such threats.

It is difficult to make predictions regarding the
resurgence of SARS, but the current information
suggests that the greatest risk of the reemergence
of the disease may derive from an animal reservoir
or infections transmitted in the laboratory.2®:32 Ap-
propriate containment measures in diagnostic and
research laboratories must therefore be strength-

ened. Given the fact that SARS-CoV has been iso-
lated from some animals used for food, decisions
aboutreintroducing such animal species into exotic-
food markets must be based on a proper assessment
of the risks involved. SARS-CoV may also survive be-
tween seasons, owing to unrecognized ongoing dis-
ease transmission in humans in some parts of the
world — for example, asymptomatic carriers or im-
munocompromised patients. However, current
data suggest that these are less likely to be a source
of the reemergence of SARS.

Active surveillance for clusters of cases of se-
vere respiratory disease must be a priority, especial-
ly among health care workers. Such surveillance
should include the rapid diagnosis and prevention
of other respiratory viruses that cause outbreaks of
febrile respiratory disease — notably, influenza.
Surveillance and astuteness on the part of clini-
cians are the keys to the early detection of any re-
emergence before it regains a foothold in the com-
munity.

REFERENCES

1. ZhaoZ,ZhangF, XuM, etal. Description
and clinical treatment of an early outbreak
of severe acute respiratory syndrome (SARS)
in Guangzhou, PR China. J Med Microbiol
2003;52:715-20.

2. Zhong NS, Zheng BJ, Li YM, et al. Epi-
demiological and aetiological studies of pa-
tients with severe acute respiratory syndrome
(SARS) from Guangdong in February 2003.
Lancet 2003;362:1353-8.

3. LeeN, Hui D, Wu A, et al. A major out-
break of severe acute respiratory syndrome
in Hong Kong. N EnglJ Med 2003;348:1986-
94.

4. Global surveillance for severe acute res-
piratory syndrome. Wkly Epidemiol Rec
2003;78:100-9.

5. Peiris JS, Lai ST, Poon LL, et al. Coro-
navirus as a possible cause of severe acute
respiratory syndrome. Lancet 2003;361:
1319-25.

6. Ksiazek TG, Erdman D, Goldsmith C, et
al. A novel coronavirus associated with severe
acute respiratory syndrome. N Engl J Med
2003;348:1953-66.

7. Drosten C, Gunther S, Preiser W, et al.
Identification of a novel coronavirus in pa-
tients with severe acute respiratory syndrome.
N EnglJ Med 2003;348:1967-76.

8. Fouchier RAM, Kuiken T, Schutten M, et
al. Koch’s postulates fulfilled for SARS vi-
rus. Nature 2003;423:240.

9. Kuiken T, Fouchier RAM, Schutten M, et
al. Newly discovered coronavirus as the pri-
mary cause of severe acute respiratory syn-
drome. Lancet 2003;362:263-70.

N ENGL J MED 349;25 WWW.NEJM.ORG

10. World Health Organization Multicentre
Collaborative Network for Severe Acute Res-
piratory Syndrome Diagnosis. A multicen-
tre collaboration to investigate the cause of
severe acute respiratory syndrome. Lancet
2003;361:1730-3.

11. PeirisJS, Chu CM, Cheng VC, etal. Clin-
ical progression and viral load in a commu-
nity outbreak of coronavirus-associated SARS
pneumonia: a prospective study. Lancet 2003;
361:1767-72.

12. Chan KH, Poon LLM, Cheng VCC, etal.
Detection of SARS coronavirus (SCoV) by RT-
PCR, culture, and serology in patients with
acute respiratory syndrome (SARS). Emerg
Infect Dis (in press).

13. Chan PKS, Tam JS, Lam CW, et al. Hu-
man metapneumovirus detection in patients
with severe acute respiratory syndrome.
Emerg Infect Dis 2003;9:1058-63.

14. Poutanen SM, Low DE, Henry B, et al.
Identification of severe acute respiratory syn-
drome in Canada. N Engl J Med 2003;348:
1995-2005.

15. Hong T, Wang JW, Sun YL, et al.
Chlamydia-like and coronavirus-like agents
found in dead cases of atypical pneumonia
by electron microscopy. Zhonghua Yi Xue Za
Zhi 2003;83:632-6. (In Chinese.)

16. Rota PA, Oberste MS, Monroe SS, et al.
Characterization of a novel coronavirus as-
sociated with severe acute respiratory syn-
drome. Science 2003;300:1394-9.

17. Marra MA, Jones SJ, Astell CR, etal. The
genome sequence of the SARS-associated
coronavirus. Science 2003;300:1399-404.

18. Lim W, Government Virus Unit, Depart-
ment of Health Hong Kong SAR. Presenta-
tion at the epidemiology breakout session,
WHO Global Conference on Severe Acute
Respiratory Syndrome, Kuala Lumpur, Ma-
laysia, June 17-18, 2003.

19. Breiman RF, Evans MR, Priser W, et al.
Role of China in the quest to define and
control severe acute respiratory syndrome.
Emerg Infect Dis 2003;9:1037-41.

20. Guan, Zheng BJ, He YQ, etal. Isolation
and characterization of viruses related to the
SARS coronavirus from animals in southern
China. Science 2003;302:276-8.

21. Martina BE, Haagmans BL, Kuiken T, et
al. SARS virus infection of cats and ferrets.
Nature 2003;425:915.

22. Donnelly CA, Ghani AC, Leung GM, et
al. Epidemiological determinants of spread
of causal agent of severe acute respiratory
syndrome in Hong Kong. Lancet 2003;361:
1761-6. [Erratum, Lancet 2003;361:1832.]
23. Riley S, Fraser C, Donnelly CA, et al.
Transmission dynamics of the etiological
agent of SARS in Hong Kong: impact of pub-
lic health interventions. Science 2003;300:
1961-6.

24. Lipsitch M, Cohen T, Cooper B, et al.
Transmission dynamics and control of severe
acute respiratory syndrome. Science 2003;
300:1966-70.

25. Dye C, Gay N. Modeling the SARS epi-
demic. Science 2003;300:1884-5.

26. Consensus document on the epidemi-
ology of severe acute respiratory syndrome
(SARS) WHO/CDS/CSR/GAR/2003.11.

DECEMBER 18, 2003

Downloaded from www.nejm.org at UNIVERSITY OF HONG KONG on January 28, 2007 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

2439



2440

The NEW ENGLAND JOURNAL of MEDICINE

Geneva: World Health Organization, 2003.
(Accessed November 20, 2003, at http://www.
who.int/csr/sars/en/WHOconsensus.pdf.)
27. Varia M, Wilson S, Sarwal S, et al. Inves-
tigation of a nosocomial outbreak of severe
acute respiratory syndrome (SARS) in Tor-
onto, Canada. CMAJ 2003;169:285-92.

28. Scales DC, Green K, Chan AK, et al. Ill-
ness in intensive care staff after brief expo-
sure to severe acute respiratory syndrome.
Emerg Infect Dis 2003;9:1205-10.

29. WuW, Wang]J, Liu P, etal. A hospital out-
break of severe acute respiratory syndrome
in Guangzhou, China. Chin Med J (Engl)
2003;116:811-8.

30. Chan PKS, Ip M, Ng KC, et al. Severe
acute respiratory syndrome-associated co-
ronavirus infection. Emerg Infect Dis (in
press). (Also available at http:/[www.cdc. gov/
ncidod/EID/vol9n011/03-0421.htm.)

31. Lee HKK, Tso EYK, Chau TN, Tsang OTY,
Choi KW, Lai TST. Asymptomatic severe
acute respiratory syndrome—-associated co-
ronavirus infection. Emerg Infect Dis (in
press). (Also available at http://www.cdc.
gov/ncidod/EID/vol9n011/03-0401.htm.)
32. Biosafety and SARS incident in Sin-
gapore September 2003: report of the Re-
view Panel on New SARS Case and Biosafety.
September 2003. (Accessed November 20,
2003, at http://www.moh.gov.sg/sars/pdf]
Report_SARS_Biosafety.pdf.)

33. First data on stability and resistance of
SARS coronavirus compiled by members of
WHO laboratory network. Geneva: World
Health Organization, 2003. (Accessed No-
vember 20, 2003, at http://www.who.int/csr/
sars/survival_2003_05_04/en/index.html.)
34. Outbreak of severe acute respiratory syn-
drome (SARS) at Amoy Gardens, Kowloon
Bay, Hong Kong, main findings of the inves-
tigations. Hong Kong Special Administrative
Region: Department of Health, April 2003.
(Accessed November 20, 2003, at http://
www.info.gov.hk/info/ap/pdffamoy_e.pdf.)
35. Tsou J. Architectural studies of air flow
at Amoy Gardens, Kowloon Bay, Hong Kong,
and its possible relevance to the spread of
SARS status report. Hong Kong Special Ad-
ministrative Region: Chinese University of
Hong Kong, May 2003.

36. Ng SK. Possible role of an animal vector
in the SARS outbreak at Amoy Gardens. Lan-
cet 2003;362:570-2.

37. Hon KL, Leung CW, Cheng WT, et al.
Clinical presentations and outcome of severe
acute respiratory syndrome in children. Lan-
cet 2003;361:1701-3.

38. Ho LC. SARS and pregnancy: experience
in Hong Kong March—May 2003. Presented
at the SARS Clinical Management Workshop,
Hong Kong Special Administrative Region,
June 13-14, 2003.

39. Update: outbreak of severe acute res-
piratory syndrome — worldwide, 2003.
MMWR Morb Mortal Wkly Rep 2003;52:
241-8. [Erratum, MMWR Morb Mortal Wkly
Rep 2003;52:284.]

40. Hsu LY, Lee CC, Green JA, et al. Severe

acute respiratory syndrome (SARS) in Sin-
gapore: clinical features of index patient
and initial contacts. Emerg Infect Dis 2003;
9:713-7.

41. Ruan Y, Wei CL, Ee LA, et al. Compara-
tive full-length genome sequence analysis of
14 SARS coronavirus isolates and common
mutations associated with putative origins
ofinfection. Lancet 2003;361:1779-85. [Erra-
tum, Lancet 2003;361:1832.]

42. Tsui SKW, Chim SSC, Lo YMD. Corona-
virus genomic sequence variations and the
epidemiology of the severe acute respiratory
syndrome. N Engl] Med 2003;349:187-8.
43. Guan, Peiris JSM, Poon LLM, etal. Mo-
lecular epidemiology of SARS coronavirus
in Hong Kong. Lancet (in press).

44, Mcgeer A. The Toronto outbreak. (Ac-
cessed November 20, 2003, at http:/jwww.
niaid.nih.gov/SARS/meetings/05_30_03/
PDF/mcgeer.pdf.)

45. Kumar D, Tellier R, Draker R, Levy G,
Humar A. Severe acute respiratory syndrome
(SARS) in a liver transplant recipient and
guidelines for donor SARS screening. Am
J Transplant 2003;3:977-81.

46. Tsui PT, Kwok ML, Yuen H, Lai ST. Se-
vere acute respiratory syndrome: clinical out-
come and prognostic correlates. Emerg In-
fect Dis 2003;9:1064-9.

47. Tsang KW, Ho PL, Ooi GC, etal. A clus-
ter of cases of severe acute respiratory syn-
drome in Hong Kong. N Engl J Med 2003;
348:1977-85.

48. 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). Thorax 2003;
58:686-9.

49. Booth CM, Matukas LM, Tomlinson GA,
et al. Clinical features and short-term out-
comes of 144 patients with SARS in the great-
er Toronto area. JAMA 2003;289:2801-9.
[Erratum, JAMA 2003;290:334.]

50. Avendano M, Derkach P, Swan S. Clin-
ical course and management of SARS in
health care workers in Toronto: a case series.
CMAJ 2003;168:1649-60.

51. Rainer TH, Cameron PA, Smit D, et al.
Evaluation of WHO criteria for identifying
patients with severe acute respiratory syn-
drome out of hospital: prospective observa-
tional study. BMJ 2003;326:1354-8.

52. Wong KC, Leung KS, Hui M. Severe
acute respiratory syndrome (SARS) in a geri-
atric patient with a hip fracture: a case re-
port. J Bone Joint Surg Am 2003;85:1339-
42.

53. Muller MP, Tomlinson G, Marrie T. Dis-
criminative ability of laboratory parameters
in severe acute respiratory syndrome (SARS).
Presented at the 43rd Interscience Confer-
ence on Antimicrobial Agents and Chemo-
therapy, Chicago, September 14-17, 2003.
abstract.

54. Lu D, Zhou B, Chen X, et al. Chest X-ray
imaging of patients with SARS. Chin Med
J (Engl) 2003;116:972-5.

55. Zhao D, Ma D, Wang W, et al. Early X-ray

and CT appearances of severe acute respira-
tory syndrome: an analysis of 28 cases. Chin
Med]J (Engl) 2003;116:823-6.

56. 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.

57. Idem. Severe acute respiratory syndrome:
radiographic appearances and pattern of pro-
gression in 138 patients. Radiology 2003;
228:401-6.

58. Antonio GE, Wong KT, Hui DS, et al.
Thin-section CT in patients with severe acute
respiratory syndrome following hospital dis-
charge: preliminary experience. Radiology
2003;228:810-5.

59. Nicolaou S, Al-Nakshabandi NA, Muller
NL. Radiologic manifestations of severe acute
respiratory syndrome. N Engl J Med 2003;
348:2000.

60. Nicolaou S, Al-Nakshabandi NA, Muller
NL. SARS: imaging of severe acute respira-
tory syndrome. AJR Am J Roentgenol 2003;
180:1247-9.

61. Muller NL, Ooi GC, Khong PL, Nicolaou
S. Severe acute respiratory syndrome: radio-
graphicand CT findings. AJR AmJ Roentgen-
012003;181:3-8.

62. Grinblat L, Shulman H, Glickman A,
Matukas L, Paul N. Severe acute respiratory
syndrome: radiographic review of 40 proba-
ble cases in Toronto, Canada. Radiology
2003;228:802-9.

63. Antonio GE, Wong KT, Hui DS, etal. Im-
aging of severe acute respiratory syndrome
in Hong Kong. AJR Am J Roentgenol 2003;
181:11-7.

64. Lew TW, Kwek TK, Tai D, et al. Acute
respiratory distress syndrome in critically ill
patients with severe acute respiratory syn-
drome. JAMA 2003;290:374-80.

65. Chan KS, Zheng JP, Mok YW, et al.
Prognosis, outcome and sequelae of SARS.
Respirology 2003;8:536-540.

66. StyraR, Gold W, Robinson S, et al. Post-
traumatic stress disorder and quality of life
in patients diagnosed with SARS. Presented
at the 43rd Interscience Conference on Anti-
microbial Agents and Chemotherapy, Chi-
cago, September 14-17, 2003. abstract.

67. NichollsJM, Poon LL, Lee KC, etal. Lung
pathology of fatal severe acute respiratory
syndrome. Lancet 2003;361:1773-8.

68. Franks TJ, Chong PY, Chui P, et al. Lung
pathology of severe acute respiratory syn-
drome (SARS): a study of 8 autopsy cases
from Singapore. Hum Pathol 2003;34:743-8.
69. Farcas GA, Mazzuli T, Willey BM, et al.
Fatal severe acute respiratory syndrome is as-
sociated with multiorgan involvement by co-
ronavirus (SARS-CoV). Presented at the 43rd
Interscience Conference on Antimicrobial
Agents and Chemotherapy, Chicago, Sep-
tember 14-17, 2003. abstract.

70. Nakajima N, Asahi-Ozaki Y, Nagata N,
etal. SARS coronavirus-infected cells in lung
detected by new in situ hybridization tech-
nique. Jpn J Infect Dis 2003;56:139-41.

N ENGL J MED 349;25 WWW.NEJM.ORG DECEMBER 18, 2003

Downloaded from www.nejm.org at UNIVERSITY OF HONG KONG on January 28, 2007 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



71. WHO guidelines. Geneva: World Health
Organization, 2003. (Accessed November
20, 2003, at htpp://[www.who.int/csr/SARS/
en/index.html.)

72. Severe acute respiratory syndrome
(SARS). Atlanta: Centers for Disease Control
and Prevention, 2003. (Accessed November
20, 2003, at http://www.cdc.gov/ncidod/sars.)
73. Poon LLM, Chan KH, Wong OK, et al.
Early diagnosis of SARS coronavirus infec-
tion by real time RT-PCR. J Clin Virol 2003;
28:233-8.

74. Wong RS, Wu A, To KE, et al. Haemato-
logical manifestations in patients with se-
vere acute respiratory syndrome: retrospec-
tive analysis. BMJ 2003;326:1358-62.

75. Chiu WK, Cheung PC, Ng KL, et al. Se-
vere acute respiratory syndrome in children:
experience in a regional hospital in Hong
Kong. Pediatr Crit Care Med 2003;4:279-83.
76. TsoulY, Loh LE, Kaw GJ, Chan[, Chee TS.
Severe acute respiratory syndrome (SARS)
in a pediatric cluster in Singapore. Pediatr
Radiol (in press).

77. So LK, Lau AC, Yam LY, et al. Develop-
ment of a standard treatment protocol for
severe acute respiratory syndrome. Lancet
2003;361:1615-7.

CURRENT CONCEPTS

78. CinatlJ, Morgenstern B, Bauer G, Chan-
dra P, Rabenau H, Doerr HW. Glycyrrhizin,
an active component of liquorice roots, and
replication of SARS-associated coronavirus.
Lancet 2003;361:2045-6.

79. Idem. Treatment of SARS with human in-
terferons. Lancet 2003;362:293-4. [Erratum,
Lancet 2003;362:748.]

80. Loutfy MR, Blatt L, Ward S, et al. Prelim-
inary results on the potential therapeutic
benefit of interferon alfacon-1 plus steroids
in severe acute respiratory syndrome. Pre-
sented at the 43rd Interscience Conference
on Antimicrobial Agents and Chemother-
apy, Chicago, September 14-17, 2003. ab-
stract.

81. Holmes KV, Enjuanes L. Virology: the
SARS coronavirus: a postgenomic era. Sci-
ence 2003;300:1377-8.

82. AnandK, Ziebuhr]J, Wadhwani P, Mesters
JR, Hilgenfeld R. Coronavirus main protein-
ase (3CLpro) structure: basis for design of
anti-SARS drugs. Science 2003;300:1763-7.

83. HoJC, Ooi GC, Mok TY, et al. High dose
pulse versus non-pulse corticosteroid regi-
mens in severe acute respiratory syndrome.
Am]J Respir Crit Care Med (in press).

84. Wong VW, Dai D, Wu AK, Sung]J. Treat-

ment of severe acute respiratory syndrome
with convalescent plasma. Hong Kong Med
J2003;9:199-201.

85. JiaW, Gao W. Is traditional Chinese med-
icine useful in the treatment of SARS? Phy-
tother Res 2003;17:840-1.

86. Singh K, Hsu L-Y, Villacian JS, Habib A,
Fisher D, Tambyah PA. Severe acute respi-
ratory syndrome: lessons from Singapore.
Emerg Infect Dis (in press). (Also available
at http://www.cdc.gov/ncidod/EID/vol9no10/
03-0388.htm.)

87. Seto WH, Tsang D, Yung RWH, etal. Ef-
fectiveness of precautions against droplets
and contact in prevention of nosocomial
transmission of severe acute respiratory syn-
drome (SARS). Lancet 2003;361:1519-20.
88. Yassi A, Noble MA, Daly P, Bryce E. Se-
vere acute respiratory syndrome: guidelines
were drawn up collaboratively to protect
healthcare workers in British Columbia. BMJ
2003;326:1394-5.

89. Cluster of severe acute respiratory syn-
drome cases among protected health-care
workers, Toronto, Canada, April 2003.
MMWR Morb Mortal Wkly Rep 2003;52:
433-6.

Copyright © 2003 Massachusetts Medical Society.

COLLECTIONS OF ARTICLES ON THE JOURNAL’S WEB SITE

The Journal’s Web site (www.nejm.org) sorts published articles into 51 distinct clinical
collections, which are listed on the home page and can be used as convenient entry
points to clinical content. In each collection, articles are cited in reverse chronologic
order, with the most recent first.

N ENGL J MED 349;25 WWW.NEJM.ORG

DECEMBER 18, 2003

Downloaded from www.nejm.org at UNIVERSITY OF HONG KONG on January 28, 2007 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

2441



