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SARS: The First Pandemic of the 21st Century
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SARS (severe acute respiratory syndrome) was a new dis-
ease in the fall of 2002, which first occurred in Guangdong
Province, China and spread to 29 countries with 8422 cases
and 916 fatalities (1–3). After an unprecedented global public
health effort, the epidemic was controlled within 7 mo of its
original occurrence (4). The scientific effort demonstrated un-
usual international cooperation and was facilitated by elec-
tronic communication. Media coverage was incredibly accu-
rate and provided worldwide pictures to augment scientific
data. As of March 1, 2004, there were 1695 citations related to
SARS in the medical literature. Of interest, however, is that of
these citations only 0.1% are related to pediatric experiences.
The purpose of this mini-review is to examine the unique
pediatric aspects of SARS, to review the epidemiology of the
SARS-CoV in regard to future epidemics, and to use the SARS
experience as a model for future pandemics.

DISCUSSION

The first train of transmission of SARS occurred in Fosham
City, Guangdong Province, China (2, 4). During the period
from November 16, 2002, until February 9, 2003, there were
305 cases reported in Guangdong Province. SARS was spread
to Hong Kong on February 22, 2003, by a patient from
Guangdong Province who, before his hospitalization, stayed in
the Metropole Hotel in Hong Kong for 1 d. Ten secondary
cases occurred in hotel guests, and these infected persons led
directly to tertiary cases in two Hong Kong hospitals and
outbreaks in Singapore, Toronto, and Hanoi (5).

In March 2003, a novel coronavirus (SARS-CoV) (Fig. 1)
was isolated from patients with SARS and subsequently se-
quenced (6–11). This virus was rapidly identified and charac-
terized by a combination of classical virological methods and
cutting-edge molecular biology. Electron microscopic exami-
nation of swabs and sputum specimens from affected patients
revealed the presence of viral particles. Fortuitously, this newly
identified agent replicated in Vero cells, in contrast to other
human coronaviruses. Cytopathic effect was seen by 5–6 d

after inoculation. In a technological Blitzkrieg, the genome was
completely and rapidly sequenced by several laboratories. A
low-stringency, random primer reverse transcription PCR
method was used by Drosten et al. (8) to amplify short
fragments of DNA using RNA recovered from culture super-
natants as the template. This method, previously used to iden-
tify the human metapneumovirus, was successful again: 3 of 20
fragments identified showed homology to known coronavirus
sequences. In a similar approach Marra et al. (7) began by the
construction of random primed and oligo-dT primed cDNA
library, beginning with viral RNA recovered from a highly
purified virus preparation. These and other molecular tricks of
the trade were used to rapidly establish complete sequences
of the SARS-CoV. This was no small feat. Coronaviruses have
the largest genomes (�30,000 bases of positive-sense RNA)
found in any RNA virus. These sequence data not only per-
mitted the rapid development of highly specific diagnostic
tests, but also helped in the epidemiologic tracking of the
pandemic. Moreover, cataloging the genome from human cases
assisted in the search for the origin of this disease, when
viruses related to the SARS-CoV were identified in animals
[Himalayan palm civets (Paguma larvata) and raccoon dogs
(Nyctereutes procyonoides)] in a live animal market in Shen-
zhen, China (12). Viral genomes from nasal swabs from palm
civets were 99.8% homologous to the human SARS CoV, and
represented a distinct phylogenetic group from the human
isolates. Moreover, early in the epidemic, open reading frame
8 sequences from human isolates were identical to those from
palm civets, suggesting animal to human transmission. As the
pandemic progressed, most human isolates contained a SARS-
CoV sequence with a deletion of 29 nucleotides in this open
reading frame. Signature sequences were also identified in the
amino acid sequences of the spike protein, which is involved in
the attachment of viral particles. It is unclear whether these
changes represent adaptive mutation to replication in humans.
However, coronaviruses, like other RNA viruses, mutate rap-
idly as a consequence of the error-prone nature of RNA
polymerases and their characteristically short replicative life
cycles. Thus, minor (perhaps inconsequential) mutations can
emerge rapidly and persist as a founder effect. Despite the
known high rate of recombination seen with other coronavi-
ruses (13), there has been no evidence to date that this pan-
demic reflected the recombination of human and nonhuman
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coronaviruses, although this predilection could conceivably
enhance the diversity of the SARS-CoV and result in a larger
catastrophic pandemic.

Also of interest, in the investigation in the live animal
market, was that 8 of 20 (40%) wild animal traders and 3 of 15
(20%) of those who slaughter the animals had antibody to the
animal coronaviruses (12). In contrast, only 1 of 20 (5%)
vegetable traders in the same market were seropositive, sup-
porting the hypothesis that the SARS-CoV originated in these
animals.

The epidemiology of SARS is both extremely interesting
and frightening (2, 5, 14). As noted above, SARS spread to
Hong Kong on February 22, 2003. The ten secondary cases
associated with the Metropole Hotel lead to worldwide dissem-

ination, which eventually involved 29 countries (5). How the
10 secondary cases acquired the disease at the Metropole Hotel
is not known. Eight of the cases resided on the 9th floor,
which was the same floor as the primary case. Since the
index patient vomited in the hall of the 9th floor and this was
subsequently cleaned by vacuuming, it is possible that an
aerosol was created.

Of particular interest was the point source outbreak, which
involved the Amoy Gardens housing complex, Kowloon Bay,
Hong Kong (2, 3, 14). The primary case in this outbreak was
a 33-y-old man who lived in Shenzhen. He had chronic renal
disease and he frequently visited his brother in Amoy Gardens
when he made visits to the Prince of Wales Hospital, where his
renal disease was being treated. On March 14 and 19, 2003, he

Figure 1. Illustration of SARS virus, a member of the Coronavirus family. The membrane and protein envelope (violet) surround a genome of single stranded
RNA. The entire virus is surrounded by glycoproteins (orange) that suggest a corona or crown. © Jim Dowdalls / Photo Researchers, Inc.
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visited his brother who lived in a flat in Block E of the housing
complex, which had 15 high-rise units (blocks). The patient
had diarrhea at the time of his visits and used the toilet in his
brother’s unit. During the following month, 321 SARS cases
occurred in Amoy Gardens, with 41% occurring in Block E
residents. The peak of the outbreak occurred on March 24,
2003, and the Block E cases appeared earlier and showed a
point-source-type distribution.

Subsequent study suggested that the secondary cases in
Block E were due to aerosolization of contaminated sewage
through floor vents when toilets were flushed and exhaust fans
in bathrooms were switched on.

The transmissibility of the virus and human disease is a
paradox. On the one hand, in the initial phases of the spread of
SARS in Hong Kong, Singapore, and Toronto, a dispropor-
tionate number of health care workers became ill and apparent
“superspreader” cases were noted (2–4, 6, 11, 14–18). In
contrast, the secondary illness rate in households was only 15%
in a Hong Kong study and 6% in a study in Singapore (19, 20).
These household-contact rates are significantly less than occur
with other respiratory infections such as pertussis and measles.
With the exception of the Amoy Gardens outbreak and the
secondary cases in the Metropole Hotel, most other instances
of superspreading involved contact by hospital personnel who
gave care and had contact with the primary cases without
carrying out infection control precautions.

SARS spread rapidly around the world during March 2003
by infected persons who traveled by airplane. Surprising, there
were relatively few secondary cases acquired by co-airline
passengers (3, 21). Between February 23 and May 23, 2003,
there were 40 known airline flights with symptomatic probable
cases on board (3). A total of only 29 secondary cases have
been linked to probable cases of SARS who traveled while
symptomatic. However, on one flight from Hong Kong to
Beijing with one symptomatic passenger, 22 of the 119 (18%)
contacts became ill.

The incubation period of SARS is 2–10 d, with a median of
4–6 d (3). The attack rate in children is reported to be less than
that of adults, but when consideration is given to the large
number of nosocomial cases in original data sets, it appears
that children have similar rates as adults.

Clinical disease in children is clearly less severe than disease
in adults (2, 6, 17, 18, 22–33). Adolescents have illness similar

to adults, but the case fatality rate in adolescents is significantly
less. Although there is evidence that unrecognized infections
occur, there is only one reported instance of a possible asymp-
tomatic infection with the SARS-CoV (33).

Details of clinical illness in children have been presented
from studies in Hong Kong, Singapore, Toronto, and Eastern
Taiwan. The largest single experience occurred at the Princess
Margaret Hospital in Hong Kong (25). The experience there
was unique in that 31 (70.5%) of the hospitalized children were
from the Amoy Gardens point-source outbreak. In a review of
62 pediatric patients seen in Toronto, Singapore, and Hong
Kong, the following clinical findings were noted: fever, 100%;
cough, 63%; rhinorrhea, 23%; myalgia, 18%; chills, 15%; and
headache, 17% (32). In patients �10 y of age, the most
common findings when initially seen were fever and cough,
whereas older children (�10 y) also had headache, myalgia,
sore throat, chills, and/or rigor. In this study, all cases catego-
rized as probable SARS had abnormal chest radiographs or
computerized tomography (CT). The most prominent radio-
graphic findings were patchy infiltrates, opacities, and/or areas
of consolidation. Multifocal lesions were seen in 23% of the
radiographs. Hilar adenopathy, extensive pleural effusions,
lung abscess, pneumatocele, or pneumothorax were not ob-
served. On CT scan, unifocal or multifocal regions of consol-
idation and/or ground-glass opacities were observed through-
out the lung fields.

The most striking laboratory finding is absolute lymphope-
nia. This occurs in nearly all pediatric patients. In one study,
57% of children had lymphopenia on presentation, and this
frequency rose to 91% (28). The mean value was 0.9 � 0.7 �
10�9/L. Other frequently abnormal laboratory findings include
thrombocytopenia and elevated lactate dehydrogenase and cre-
atinine phosphokinase.

The vast majority of children who were hospitalized with
SARS were treated with i.v. or orally administered ribavirin. In
Hong Kong, most children were also treated with steroids,
whereas in Toronto none of the children received steroid
treatment (25, 28, 29). Only a small number of children
required oxygen supplementation and intensive care and, to our
knowledge, no fatalities in children have occurred.

The initial diagnosis of SARS was based upon clinical and
epidemiologic data. The World Health Organization SARS
case definition is presented in the Table 1 (34). A revised U.S.

Table 1. World Health Organization SARS case definitions*

Suspected case-patient: a person presenting after November 1, 2002,† with a history of (all three):
1. High fever (�38°C) and
2. Cough or breathing difficulty, and
3. One or more of the following exposures during the 10 d before onset of symptoms: close contact‡ with a person who is a suspected or probable SARS

case-patient, history of travel to an area with recent local transmission of SARS, residing in an area with recent local transmission of SARS.
Probable case-patient: a suspected case-patient with:

1. Radiographic evidence of infiltrates consistent with pneumonia or respiratory distress syndrome (RDS) on chest x-ray or
2. Consistent respiratory illness that is positive for SARS coronavirus by one or more assays, or
3. Autopsy findings consistent with the pathology of RDS without an identifiable cause.

* Revised May 1, 2003 34.
† The surveillance period begins on November 1, 2002, to capture cases of atypical pneumonia in China now recognized as SARS. International transmission

of SARS was first reported in March 2003 for cases with onset in February 2003.
‡ A close contact is someone who cared for, lived with, or had direct contact with respiratory secretions or body fluids of a suspected or probable SARS

case-patient.
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surveillance case definition was published in December 2003
(35). Laboratory confirmation of a SARS-CoV infection can be
determined by the demonstration of serum antibody by ELISA,
isolation of the virus from a clinical specimen, or the detection
of SARS-CoV RNA by a reverse transcription PCR assay (6,
36, 37).

At the present time, there are two key questions that relate to
SARS: Will the disease reoccur? And, if it does, how should it
be treated and can it be contained? This year, two laboratory
confirmed cases of SARS have been identified in Guangong
Province, China, and no secondary cases have occurred (38).
Severe disease in humans who are infected with animal viruses
are an ever-present danger. Although perhaps HIV infection is
an exception, the only animal viruses that have caused pan-
demic human disease and continued human to human spread
over periods of years are influenza A viruses. Other severe
diseases acquired from animals such as rabies, Lassa fever, and
Ebola hemorrhagic fever, all of which can be transmitted from
person to person, have not resulted in sustained human disease.
It would appear that the SARS-CoV should also be similarly
grouped. The SARS pandemic of 2002–2003 had two initial
events that led to its worldwide dissemination. In retrospect, it
seems likely that aerosolization of the virus at the Metropole
Hotel, Amoy Gardens, and perhaps in some nosocomial situ-
ations made the introduction of this virus different from expe-
riences with Lassa and Ebola viruses.

However, concern has to be raised as to the possibility of a
future genetic recombinant virus with the SARS-CoV and a
human respiratory CoV such as OC43 or 229E strains. Because
live animals and humans have close contact in Southern China
and infections with human CoV are common, dual infection
seems quite possible. However, this type of recombination
among different groups of CoV has, to our knowledge, never
been documented. Far more likely, however, is the occurrence
of a recombinant between a strain of avian influenza (such as
H5N1) and a circulating human strain (such as H3N2). From
past experience it appears that an influenza pandemic will
occur in the next few years. Hopefully, lessons learned from
the international response to SARS will contribute to its
control.

The pathophysiologic events in SARS are not clear. The
illness in adults is biphasic and occasionally triphasic (6, 17,
18, 22–24, 39, 40). The biphasis illness is characterized by an
initial febrile period, which is otherwise relatively symptom
free, and then a period of respiratory symptoms, chills/rigor,
and vomiting and diarrhea. Maximum virus shedding occurs
during the second phase. About 15% of adults will have a third
phase characterized by acute respiratory distress syndrome.
Children in general have a single-phase disease and illness in
adolescents is biphasic but generally less severe that that seen
in older adults (2, 25, 28–32).

Initial therapy, which was developed on medical services,
used both antiviral (ribavirin) and anti-inflammatory (steroids)
treatment. The rationale for steroids was based on the percep-
tion that severe lung damage was occurring as a result of a
“cytokine storm” (2). This thought was enhanced by the fact
that illness in SARS was similar to illnesses in adults due to
infection with avian influenza (H5N1). Laboratory studies with

H5N1 virus in tissue culture noted the induction of proinflam-
matory cytokines (41). The most notable laboratory finding in
SARS is the profound lymphopenia. Cui et al. (42) noted that
CD4� T cells were reduced in all patients, CD8� cells in 87%,
B-lymphocytes in 76%, and natural killer cells in 55% of
patients. In patients who recover from SARS there is a rapid
restoration of lymphocytes in peripheral blood (43).

SARS-CoV experimental infections in macaques suggest
that pulmonary pathology is due to a direct viral effect on type
1 pneumocytes (44). At the present, when therapy of pediatric
SARS patients is considered, it seems clear that there is no
indication for routine treatment with steroids inasmuch as
children in Toronto who did not receive steroids did equally
well as those treated in Hong Kong with steroids. In regard to
antiviral therapy, it is disappointing that no laboratory data
have become available regarding the evaluation of ribavirin
treatment (45). At the present time, the use of ribavirin either
i.v. or orally is the standard of care. Laboratory studies have
suggested that pegylated interferon-� and interferon-� might
be useful therapeutic agents (44, 46). An uncontrolled study in
adults in Toronto suggested that patients treated with interferon
alfacon-1 plus steroids had more rapid recovery than patients
treated with steroids alone (47).

Although it seems unlikely to us that pandemic infection
with the SARS-CoV will ever occur, there has been consider-
able effort to develop a vaccine (48). To us, this seems ill
advised for two reasons. First, if a reoccurrence of pandemic
disease were to occur, it is likely, since its origin will be from
an animal, that the new virus will be different from the present
human SARS-CoV. Secondly, vaccines against known animal
CoV have had varied results. Of particular concern in this
regard is the possibility of enhanced SARS rather than protec-
tion. This has happened before in humans with other RNA
viruses (measles and respiratory syncytial virus) and it has
happened in the animal setting with a feline CoV vaccine
(Denison MR, personal communication).

At the present time, the most important factor in preventing
a future epidemic or pandemic of SARS, as well as epidemics
or pandemics with other new viruses, is sound public health
policy and the use of standard infection control procedures.
SARS gained a foothold because of an unusual event (probable
aerosol dissemination), and the failure to recognize the prob-
lem and to initially use respiratory isolation procedures, and to
use quarantine measures. In the United States in 2003 we were
lucky because very few of the probable cases were actually
infected with the SARS-CoV. In the spring of 2003, one of us
surveyed a number of hospitals, including our own, and found
that if a patient with SARS were to visit a clinic or emergency
room, large numbers of persons would have been exposed
before the problem was recognized. A further problem is that
all hospitals built during the last 30 y and those being built
today do not have the capacity to handle large numbers of
patients who require respiratory isolation.
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