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The epidemic of the severe acute
respiratory syndrome (SARS)1–3 in
2003 heightened the necessity for us
to develop strategies to cope with
emerging infectious diseases. In a
recent issue of Nature Medicine, Li
et al.4 report on a new approach to
this problem that uses small inter-
fering (si)RNAs, with which they
successfully treated SARS-CoV-
infected Rhesus macaques.

SARS drew world-wide attention
because it posed a global health
threat with a high mortality rate
and a negative impact on the world
economy.5 Studies on SARS patho-
genesis revealed a novel member of
coronavirus, SARS-CoV, responsible
for this disease.3,6 Subsequently, gen-
ome sequences of SARS-CoVs were
obtained, and a number of prophy-
lactic and therapeutic strategies for
SARS were reported. These strate-
gies included traditional quarantine
and sanitation measures, the use of
existing drugs and reagents and the
development of novel drugs, vac-
cines and other reagents.5 Currently,
the major effort has been directed
towards vaccine development.7

However, the safety and effectiveness
of SARS vaccines remain to be shown.

The use of RNA interference
(RNAi) is a novel alternative ap-
proach to the problem that focuses
on the inhibition of the SARS-CoV
replication.8,9 RNAi is a phenomen-
on whereby 19–23 basepair double-
stranded (ds)RNAs can mediate
degradation of RNA in a sequence-
specific manner.10 So, dsRNA can
be designed to repress target gene
expression through the activation of
the RNAi pathway in the cell.

To date, RNAi approaches have
been widely used in studies of human
diseases including cancers, neuro-
generative and viral infectious dis-
eases. Recent work has also shown
that selected siRNAs can effectively
inhibit SARS-CoV replication in cul-
tured cells.8,9,11 However, previously,
RNAi-inhibition of SARS had not

been shown in animal models. This
new study provided, for the first
time, the evidence that siRNAs have
a significant effect on suppression of
SARS-like symptoms in a macaque
model. The authors’ results indicated
that the SARS-CoV-infected mon-
keys had attenuated SARS-like
symptoms when the animals were
treated with siRNA duplexes. More
importantly, this approach was
shown to be effective both prophy-
lactically and therapeutically with no
adverse effects.

The authors selected two distinct
siRNAs (named siCS2 and 5) that
were shown to be effective in cul-
tured cells9 and confirmed the effec-
tiveness in mouse lungs using a very
sensitive luciferase reporter vector
(pCI-scLuc). They first tested two
solutions for delivery of the reporter
plasmid and the siRNA duplexes
into mouse lungs and subsequently
used D5W, a glucose solution, for
delivery of siRNA duplexes to
Rhesus macaque lungs.

Rhesus macaque is a good model
for studying human SARS-CoV
infections.12 Li et al.4 adopted this
model and used 21 macaques in their
study. They took one monkey for
normal observation (without infec-
tion) and divided the 20 animals,
into five groups (n¼ 4), including
viral infection control, nonspecific
siRNA control, prophylactic treat-
ment, virus/siRNA co-delivery and
postexposure treatment. They ob-
served that all the infected animals
had the SARS-like symptoms, that is,
an elevated body temperature, a loss
of appetite, and/or displaying agi-
tated and aggressive behaviors. His-
tological examinations also revealed
evidence of SARS-CoV infection: a
diffuse alveolar damage (DAD)
along with interstitial infiltration of
neutrophils, lymphocyctes and
macrophages in the lung.

Using this model, Li et al.4 ob-
served that the siRNAs they de-
signed could suppress SARS-like

symptoms. They found that all the
monkeys in the treatment groups
showed less severe symptoms than
the control groups. For example,
during the 20-day period of observa-
tion after the administration of the
siRNA duplexes, the treated mon-
keys kept an average body tempera-
ture lower than 38.91C while the
control animals had an average of
body temperature above 39.11C.
Their data also revealed that all of
the three siRNA-treated groups of
monkeys ‘showed relatively mild
severity of acute (DAD) and none
showed lung damage beyond a score
of ++’ while the control animals
suffered from severe DAD with a
lung damage score of +++. The lung
histopathological results were con-
sistent with the body temperature
measurements as well as the SARS-
CoV-infected cell counts.

Furthermore, their data showed
three of the four animals in each of
the three siRNA-treated groups free
of SARS-CoV RNA in the orophar-
yngeal swab specimens, although
one of the four monkeys in each
group had no change of the SARS-
CoV RNA copy numbers. These
results indicated that the siRNA
treatments either inhibited SARS-
CoV replication or blocked the
spread of the virus within the lungs.

The overall conclusion of the
study is that all the three different
treatments significantly reduced the
severity of viral-induced SARS
symptoms in the tested Rhesus ma-
caques. Therefore, this study has
important implications on strategies
for combating emerging infectious
diseases such as SARS. Although this
approach is obviously not a cure for
SARS since the treated animals also
developed SARS symptoms, it can be
used as a complementary strategy to
reduce the severity of the disease
and to low the viral load in patients.
In combination with other treat-
ments, as the authors stated, it may
make SARS no longer a formidable
disease for humans.

However, while this work pro-
vided a plausible rationale to add
siRNAs to the arsenal for combating
SARS, this approach should be
further explored. First, it remains to
be shown what percentage of the
airway epithelial cells of the treated
animals take-up the siRNAs and
whether siRNA delivery efficiency
can be further enhanced. Are there
more effective carriers than D5W
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for siRNA delivery? Will aerosol
delivery of siRNAs be more effective
than intranasal instillation?

Second, additional target se-
quences for SARS-CoV should be
examined in this model to obtain
more effective siRNAs. The authors
used the siRNAs selected from 48
candidates.9 However, it has been
reported that targeting several other
sequences in the SARS genome can
be effective.8,11 In particular the leader
sequence, which is present in all of
the mRNAs of the SARS-CoV genes,
is likely to be a more effective target.11

Finally, since RNA is not stable
in cells, DNA plasmids expressing
small hairpin (sh)RNAs10 might be a
better approach for delivering RNAi
reagents to the airway epithelial
cells. Although delivery of plasmid
DNA to the lung is generally not
very efficient, helper-dependent
(gutted) adenoviral (HD-Ad) vectors
have been shown to be highly
efficient.13 Unlike the conventional
adenoviral vectors that cause strong
host immune responses, HD-Ad vec-
tors are fully devoid of viral genes
with significantly reduced host im-
mune responses and have been
successfully used to express shRNAs
in cultured cells.14

Whether SARS can be conquered
remains to be proven. Nevertheless,
the study by Li et al.4 demonstrated
a novel strategy to mitigate SARS
and this approach may be
applicable to combating other emer-
ging infectious diseases caused by
viruses. ’
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