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Management of Suspected SARS.

Isolate the patient

Place patient in private room (with negative pres-
sure, if possible)

Wear gloves, gown, masks, eye protection
Wash hands carefully after removing gloves

Limit number of health care workers caring for
patient

Limit number of visitors
Perform diagnostic studies

Obtain specimens to rule out causes of atypical
pneumonia

Obtain specimens for SARS testing (see CDC Web
page, http://www.cdc.gov/ncidod/sars/
specimens.htm)

Consider computed tomography of chest
Provide treatment
Supplementary oxygen for hypoxemia

Antibacterial agents for community-acquired
pneumonia

Consider neuraminidase inhibitor for treatment of
influenza

Ribavirin (oral formulation: 1.2 g every 8 hr;
commercially available, intravenous form:
8 mg/kg of body weight every 8 hr)
(available through the CDC)

Consider corticosteroids

Notify public health department

antibacterial regimens for community-acquired
pneumonia, and some have added a neuraminidase
inhibitor to cover both influenzavirus A and influ-
enzavirus B. Until we have a predictive test for the
causative agent of SARS, this approach is reason-
able. Supplementary oxygen should be adminis-
tered if the patient has hypoxemia. The antiviral
drug ribavirin has been used extensively to treat
SARS, but there are no data to show that it is effec-
tive. Intravenous administration was used in the pa-
tients who were most ill, and oral administration
(resulting in bioavailability of approximately 50 per-
cent) was used in other patients. In order to use the

intravenous form, a clinician in the United States
must contact the CDC Emergency Operations Cen-
ter (770-488-7100). Health Canada recently stated,
however, that it will no longer provide access to ri-
bavirin for the treatment of SARS, because of con-
cern aboutits side effects and lack of in vitro efficacy.

Some physicians have also prescribed cortico-
steroids for patients with severe cases. A rationale
for the use of corticosteroids derives from the patho-
logical findings suggestive of cytokine dysregulation
and hyperinduction of inflammatory mediators with
diffuse alveolar damage. In the report by Lee et al.,
computed tomographic studies of the chest showed
bilateral peripheral changes with ground-glass con-
solidation similar to that seen in bronchiolitis ob-
literans with organizing pneumonia. The latter is an
inflammatory disease involving both terminal bron-
chioles and alveoli that usually responds to cortico-
steroids. In this time of uncertainty, we favor the
use of corticosteroids only for the more ill patients.
Because injectable methylprednisolone and hydro-
cortisone are currently in short supply in the United
States, the options are oral formulations or intrave-
nous dexamethasone.

SARS has created international anxiety because
of its novelty, communicability, and rapid spread
through jet travel and because it has caused illness
in a large proportion of exposed medical and nurs-
ing personnel. We simply do not know where we
are on the epidemic curve. Some fear is rational, but
the 4.9 percent mortality rate is in fact similar to that
seen generally with community-acquired pneu-
monia in the United States. Furthermore, the total
number of deaths remains a small fraction of the
estimated 35,000 deaths from influenza each year
in the United States alone.

As the epidemic unfolds, praise is due to the hun-
dreds of health care workers throughout the world
who come to work every day to assist patients with
SARS despite some risks to their own health. Such
dedication defines the best traditions of our pro-
fession.

From the Department of Internal Medicine, Virginia Common-
wealth University, Richmond.

SARS-Associated Coronavirus

Kathryn V. Holmes, Ph.D.

The discovery that a novel coronavirus is the prob-
able cause of the newly recognized severe acute res-

piratory syndrome (SARS), reported by Ksiazek et
al. (pages 1953-1966), Drosten et al. (pages 1967—
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1976), and Peiris et al.1 provides a dramatic exam-
ple of an emerging coronavirus disease in humans,
described by Poutanen et al. (pages 1995-2005),
Tsang et al. (pages 1977-1985), and Lee et al. (pag-
es 1986-1994). Although human coronaviruses
cause up to 30 percent of colds, they rarely cause
lower respiratory tract disease. In contrast, coro-
naviruses cause devastating epizootics of respira-
tory or enteric disease in livestock and poultry.
Most coronaviruses cause disease in only one
host species. All known coronaviruses are found in
three serologically unrelated groups. The Figure
shows the structure of the virion. The message-
sense RNA genome and the viral nucleocapsid
phosphoprotein form a helical nucleocapsid. A co-
rona of large, distinctive spikes in the envelope
makes possible the identification of coronavirus-
es by electron microscopy. The spikes, oligomers

of the spike(S) glycoprotein, bind to receptors on
host cells and fuse the viral envelope with host cell
membranes. Coronaviruses in group 2 also have a
hemagglutinin—acetylesterase (HE) glycoprotein
that binds to sugar moieties on cell membranes.
Curiously, the gene for HE was apparently intro-
duced into an ancestral coronavirus genome by re-
combination with the messenger RNA encoding
HE ofinfluenza C. The unique RNA-dependent RNA
polymerase of coronaviruses often switches tem-
plate strands during replication, causing RNA re-
combination when a cell is infected with several
coronaviruses. This error-prone polymerase also
generates point mutations and large deletions or
insertions of foreign RNA into the viral genome.
The SARS-associated coronavirus could have
arisen as a mutant of a human coronavirus that ac-
quired new virulence factors, as a mutant of an an-
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Structure of the Coronavirus Virion.
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