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ABSTRACT

BJECTIVE: Ribavirin and corticosteroids were used widely as front-line treatments for severe acute respiratory
yndrome; however, previous evaluations were inconclusive. We assessed the effectiveness of ribavirin and
orticosteroids as the initial treatment for severe acute respiratory syndrome using propensity score analysis.
ETHODS: We analyzed data on 1755 patients in Hong Kong and 191 patients in Toronto with severe acute

espiratory syndrome using a generalized propensity score approach.
ESULTS: The adjusted excess case fatality ratios of patients with severe acute respiratory syndrome
eceiving the combined therapy of ribavirin and corticosteroids within 2 days of admission, compared with
hose receiving neither treatment within 2 days of admission, were 3.8% (95% confidence interval, �1.5
o 9.2) in Hong Kong and 2.1% (95% confidence interval, �44.3 to 48.5) in Toronto.
ONCLUSIONS: Our results add strength to the hypothesis that the combination of ribavirin and cortico-
teroids has no therapeutic benefit when given early during severe acute respiratory syndrome infection.
urther studies may investigate the effects of these treatments later in disease course.

2009 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2009) 122,
150.e11-1150.e21

KEYWORDS: Corticosteroids; Effectiveness; Propensity score; Ribavirin; Severe acute respiratory syndrome
s
g
e
r
i

R
e
d
d
E
t
s
c
r
s
l
e
i

he severe acute respiratory syndrome outbreak in 2002 and
003 infected more than 8000 people in 29 territories with
n overall worldwide case fatality ratio of 9.6%.1 Hong
ong and Toronto bore a significant proportion of the
lobal case burden, together accounting for 25% of all
probable cases.”1 Although there have been only sporadic
uman infections with the severe acute respiratory syn-
rome coronavirus since the first global outbreak,2 the pos-
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ibility of widespread reemergence cannot be ruled out
iven the continued trading and consumption of palm civ-
ts, a likely animal reservoir.3,4 Meanwhile, severe acute
espiratory syndrome-like coronaviruses are endemic in bats
n Hong Kong and southern China.5,6

Ribavirin has broad activity against many DNA and
NA viruses.7 Corticosteroids can be protective against
xtensive inflammatory lung damage.8,9 Therefore, these 2
rugs were recommended for use as front-line treatments
uring the outbreak, although not without controversy.10

valuation of the effectiveness of these 2 drugs in the
reatment of severe acute respiratory syndrome has con-
isted largely of uncontrolled studies and small hospital
ohorts. A recent meta-analysis confirmed that there are few
eliable data on which to base future treatment decisions in
evere acute respiratory syndrome, largely because of the
ack of adjustment for important confounding variables in
valuative studies published to date.11 Although random-
zed controlled trials would provide more conclusive evi-

ence, they cannot be conducted unless large future out-

mailto:bcowling@hku.hk
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reaks occur,12 and in the meantime it is critical that current
ecommendations, both for the treatment of patients and
or the identification of those agents that should be pri-
ritized for testing in future trials, are based on the best
vailable data.

We analyzed data on patients
ith severe acute respiratory syn-
rome from Hong Kong and To-
onto to assess and compare the
reatment efficacies, as measured
y mortality reduction, of early
dministration of ribavirin alone,
orticosteroids alone, or both in
ombination. We used propensity
core analysis to adjust for poten-
ial confounding effects, an ap-
roach that has been proposed as
he most valid analytic strategy for
bservational data in the absence
f a randomized design13 and has
een used to evaluate drug effec-
iveness in many observational
tudies.14-18 In addition to providing
mportant evidence-based guidance
or future human cases of severe
cute respiratory syndrome, our
ork may serve as a template for the evaluation of treatment

fficacies for other emerging infectious diseases.

ATERIALS AND METHODS

ata Sources
e analyzed an integrated database containing clinical and

pidemiologic details on all 1755 patients in Hong Kong
eported to have “probable severe acute respiratory syn-
rome” according to the World Health Organization defi-
ition,19 derived from the Hong Kong Hospital Authority
lectronic Severe Acute Respiratory Syndrome system and

he Hong Kong Department of Health’s Master list.19,20 For
he Toronto data, the Canadian Severe Acute Respiratory
yndrome Research Network conducted a retrospective co-
ort study of all probable severe acute respiratory syndrome
ases among adults (age � 16 years) admitted to a hospital
uring the outbreak.20,21 Medical charts were reviewed by
rained research staff, and clinical, radiographic, and labo-
atory data were double entered into a database.

Key patient characteristics at hospital admission that
ere extracted from these 2 sources included gender, age,
ccupation, preexisting comorbid conditions, calendar date
f symptom onset, delay between symptom onset and ad-
ission, lactate dehydrogenase level, chest radiograph find-

ngs, neutrophil count, platelet count, lymphocyte count,
nd oxygen saturation. We classified patients into 4 treat-
ent groups based on whether they had started a course of

ibavirin, corticosteroids, both ribavirin and corticosteroids,

CLINICAL SIGNIF

● Previous evaluat
ness of ribavirin
treating severe
drome were inco

● On the basis of a
of global severe
drome cases and
treatment select
tion of ribavirin
found to have n
effect in the in
tients with sev
syndrome.
r neither drug within 2 days of admission to hospital. p
We included all patients in Hong Kong. In Toronto the
utbreak occurred in 2 waves (first wave: March 2 to April
1; second wave: April 22 to June 10),22 and ribavirin was
ot used at all during the second wave because of clinical
xperience in the first wave.12 In this analysis we require

that each patient had the opportu-
nity to be treated with ribavirin or
corticosteroids, and therefore we
excluded the 94 patients in To-
ronto who were admitted to hos-
pital during the second wave. We
excluded the 12 patients (0.6%) in
Hong Kong and 2 patients (1%) in
Toronto who died within 2 days of
admission.

Statistical Analysis
In randomized controlled trials, the
randomization process should on
average balance patient characteris-
tics across treatment groups, and
comparison of crude event rates
across treatment groups should be
unconfounded,23 although adjust-
ment for potential confounders may
improve precision.24 However, in

ituations in which treatment assignment is not random, but
ay depend on patients’ presenting characteristics and clinical

ourse, failure to appropriately adjust for such factors may lead
o misleading findings. Standardization or stratification can be
arried out for each characteristic but is typically not feasible
hen there are a large number of potential confounders. Re-
ression adjustment is often used provided there are sufficient
vents; a simple rule of thumb is 20 events (eg, deaths) per
otential confounder.25

An alternative approach is the use of propensity score
nalysis.13 Under this approach, a model is specified to
xplain the assignment of treatments in terms of patient
haracteristics. The predicted probabilities, or “propensity
cores” from this model are in turn incorporated in a suc-
essive model to assess the association between the treat-
ent and the outcome of interest. In the latter model, the

stimate of the treatment effect should reflect adjustment for
ifferences in the observed patient characteristics between
reatment groups.

To study the relative effects on mortality of the 4 treat-
ent groups, namely, neither drug, ribavirin alone, cortico-

teroids alone, or both drugs, we used a generalized pro-
ensity score approach that can allow for more than 2
reatment choices.26 We estimated the propensity scores
sing a multinomial regression model adjusting for the key
atient characteristics at admission as described above and
other factors, including calendar date of onset, onset-to-

dmission delay, and admitting hospital. Because some
rognostic factors were only available for a subset of ap-

CE
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1150.e13Lau et al Effectiveness of Treatments for Severe Acute Respiratory Syndrome
he patients in Toronto,20 we used multiple imputation to
ake best use of all available data in the propensity score
odel.27-30 Ten datasets were constructed on the basis of all

linical, demographic, and outcome variables with imputed
alues based on a generalized additive model and predictive
ean matching (function aregImpute in R library Hmisc).
e used chi-square tests to evaluate whether the propensity

cores were able to balance observed covariates across treat-
ent groups. We then weighted the observed individual

utcome by the inverse estimated propensity scores to infer
djusted case fatality ratios in each treatment arm.26 We
sed case-resampling bootstrap with 1000 repetitions in
ach imputed dataset to estimate 95% confidence intervals
CIs) for the case fatality ratios.31

For the primary analysis we focused on treatment choice
ithin 2 days of hospital admission, because early treatment
ecisions were most likely based on patient characteristics
t hospital admission as opposed to later treatment decisions
hat also would have been affected by the effects of initial
reatments and the subsequent course of illness. We carried
ut sensitivity analyses to examine the effectiveness of
reatment assignments within 1 to 5 days of admission.
urther technical details of the methods are described in the
ppendix. All analyses were conducted in R version
.3.1.32

This study received ethics approval from the institutional
eview boards of the University of Hong Kong/Hospital
uthority Hong Kong West Cluster, Hong Kong; McMaster
niversity, Hamilton, Ontario; the University of Toronto,
oronto; and all Toronto-area hospitals where data were
ollected.

ESULTS
able 1 summarizes the patient characteristics in Hong
ong and Toronto, by treatment within 2 days of admission.
ore detailed comparison of the characteristics is given in
ppendix Table 1. There were statistically significant dif-

erences (P � .001) in all demographic variables across the
treatment groups in Hong Kong, whereas clinical vari-

bles were relatively more balanced across groups. For
atients in Toronto, the distribution of characteristics was
ore balanced across treatment groups, especially in demo-

raphic variables, but there were greater differences in delay
etween symptom onset and admission, lactate dehydroge-
ase level, and neutrophil count (P � .05). In Hong Kong
nd Toronto, 301 (17.3%) and 25 (12.6%) deaths occurred
n total, respectively. The crude case fatality ratios were
igher in the patients untreated with ribavirin or corticoste-
oids within 2 days of admission (23.3% and 20.0%, respec-
ively) compared with those treated with ribavirin and cor-
icosteroids within 2 days of admission (12.6% and 12.8%,
espectively). The crude combined treatment effect of riba-
irin and corticosteroids in Hong Kong and Toronto, in
erms of absolute risk reduction, was 10.7% and 7.2%,

espectively.
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1150.e14 The American Journal of Medicine, Vol 122, No 12, December 2009
In Hong Kong, younger patients, health care workers,
hose with a longer delay between symptom onset and
dmission, and those with earlier calendar date of symptom
nset were more likely to be treated with both ribavirin and
orticosteroids (Appendix Table 2). In Toronto, patients
ith younger age, longer delay between symptom onset and

dmission, high lactate dehydrogenase level, or hazy chest
adiograph were more likely to be treated with both ribavi-
in and corticosteroids. After adjustment for propensity
cores, balance was achieved among all patient character-
stics (test for heterogeneity across treatment groups not
xplained by propensity score, P � .24 for all covariates in
ong Kong; P � .10 for all covariates in Toronto).
Table 2 shows the estimated case fatality ratio by treat-

ent group in Hong Kong and Toronto based on the gen-
ralized propensity score weighting. By adjusting for pa-
ient characteristics, the model predicted that the overall
ase fatality ratio would have been highest (19.2%) if all
atients in Hong Kong had been treated with both ribavirin
nd corticosteroids within 2 days of admission, whereas it
ould have been lowest (15.4%) if no Hong Kong patients
ad been treated with ribavirin or with corticosteroids
ithin 2 days of admission. The difference in case fatality

atios was 3.8% (95% CI, �1.5 to 9.2, P � .16), which
uggests at most no effectiveness of combined therapy with
ibavirin and corticosteroids, and is inconsistent with even a
ildly beneficial effect of these treatments. The results for
oronto were generally consistent albeit with wide confi-
ence bounds because of the relatively small sample size
Table 2), and the adjusted excess case fatality ratios for

Figure 1 Estimated case fatality ratios and associated 95%
CIs for alternative treatment strategies in Hong Kong (circle:
neither treatment; diamond: ribavirin only; triangle: cortico-
steroids only; square: both treatments) within 1 to 5 days of
hospital admission of all patients with probable severe acute
respiratory syndrome, using generalized propensity score
analysis.
ibavirin and corticosteroids versus neither treatment within
days of admission was 2.1% (95% CI, �44.3 to 48.5,
� .93).
In sensitivity analyses, Figures 1 and 2 show the esti-

ated case fatality ratios in Hong Kong and Toronto, re-
pectively, for 5 separate analyses in which patients were
rouped by the treatment they had received within days of
ospital admission for d � 1, 2, . . . , 5. For Hong Kong, the
stimated case fatality ratios were consistent with the main
esults in Table 2 and generally stable across the different
utoffs, except for the small numbers of patients receiving
orticosteroids only. Appendix Table 3 shows the estimated
djusted odds ratio of case fatality ratios among treatments,
ased on conventional multinomial logistic regression mod-
ls on 10 imputed datasets. For Hong Kong, the estimated
dds ratio is consistent with the main results in Table 2,
here patients treated with both ribavirin and corticoste-

oids had a higher case fatality ratio and the difference was
arginally statistically significant. For Toronto, the results
ere not statistically significant with wide CIs.

ISCUSSION
uring the 2003 severe acute respiratory syndrome out-
reaks in Hong Kong and Toronto, ribavirin and corticoste-
oids were widely used, although no controlled studies of
heir effectiveness were performed because of the novelty of
he causative agent. This study used propensity score meth-
ds to estimate the effectiveness of ribavirin and corticoste-
oids for severe acute respiratory syndrome early in the
ourse of disease, adjusting for differences in patient char-
cteristics between treatment arms.11 For example, the most
ignificant factors associated with severe acute respiratory

Figure 2 Estimated case fatality ratios and the associated
95% CIs under alternative treatment strategies in Toronto (cir-
cle: neither treatment; diamond: ribavirin only; triangle: cor-
ticosteroids only; square: both treatments) within 1 to 5 days of
hospital admission of all patients with probable severe acute
respiratory syndrome, using generalized propensity score

analysis.
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1150.e15Lau et al Effectiveness of Treatments for Severe Acute Respiratory Syndrome
yndrome fatality in Hong Kong are age more than 60 years
ld, preexisting comorbid conditions, and non-health care
orker status,19,33 all of which were more commonly
resent for patients not receiving ribavirin or corticoste-
oids (Table 1). The high crude case fatality ratio for
atients receiving neither treatment was likely because of
his case mix that was fully adjusted in our propensity
core analysis.12

We did not find any evidence that early treatment with
oth ribavirin and corticosteroids was beneficial to patients
n general, which is consistent with previous studies.34-37

y observing that there were higher case fatality ratios for
he ever treated patients but lower case fatality ratios in
atients treated within 2 days on hospital admission, it is
ossible that treatment decisions made later during hospi-
alization depended on whether patients’ health status was
mproving or deteriorating rather than baseline clinical char-
cteristics. Without detailed data on clinical progression,
hich we do not have, we cannot assess the potential ben-

fits of therapies later in the clinical course and in particular
s rescue treatment. It is always easier to act with the benefit
f hindsight, and our results should not be taken as a
riticism of those early prescribing decision but rather as an
valuation of treatment strategies based on information that
as since become available. This also points to the need for
ommon data-collection protocols and specification of a
tandardized dataset (or minimum dataset), which may fa-
ilitate integration of data during the initial period of epi-
emics and allow more comprehensive retrospective anal-
ses after epidemics.

Early in the severe acute respiratory syndrome epidemic
hen the causative agent was still unknown, ribavirin, along
ith other broad-spectrum antibiotics, was used in Hong
ong and Toronto because of its in vitro activity against a
road spectrum of viral agents. On this basis, it was thought
hat ribavirin had the potential to suppress acute viral rep-
ication in the early phase of severe acute respiratory syn-
rome.38,39 Early treatment with ribavirin was considered
mportant because the viral load in patients with severe
cute respiratory syndrome peaked at day 10 after symptom
nset,9 and the peak level was independently associated

Table 2 Case Fatality Ratios and Associated 95% Confidence I
Days of Hospital Admission, Estimated by Generalized Propensity

reatment

Hong Kong

Case Fatality Ratioa (%) 9

either ribavirin nor corticosteroids 15.4 (1
ibavirin 17.0 (6
orticosteroids 18.9 (4
oth 19.2 (1

CI � confidence interval.
aEach case fatality ratio is the predicted case fatality ratio had all

treatment group.
bP value for a difference in case fatality ratio compared with no trea
ith mortality.40 However, the in vivo inhibitory effect of v
ibavirin at clinically achievable doses remains controver-
ial, significant adverse events are associated with ribavi-
in,37,41 and our findings suggest that it is unlikely that
ibavirin had any significant beneficial effect on patient
utcome.

Corticosteroids were used to reduce pulmonary damage
ecause of the immune-mediated inflammatory responses
hat usually started in the second week.9,42 However, early
orticosteroids treatment during the stage of viral replica-
ion may have suppressed the immune response and allowed

higher peak viral level.43,44 The clinical effectiveness of
orticosteroid therapy has not been established for severe
cute respiratory syndrome45,46 or acute respiratory distress
yndrome,47 and corticosteroids use in severe acute respi-
atory syndrome was associated with aspergillus superinfec-
ion, avascular necrosis, reduced bone mineral density, and
ther long-term adverse outcomes.48-50

IMITATIONS
limitation of our analysis is that a propensity score model

annot adjust for unmeasured confounding variables and
hat the unconfoundedness assumption of propensity score
odels is inherently untestable. However, given that our

nalysis included and balanced the most important variables
hat have been identified as predictive of survival,20,34,51 the
est effort was made to control for potential confounders.
ur data on treatment assignments are limited to informa-

ion on the first date of ribavirin use and the first date of
orticosteroid use; therefore, we have been unable to inves-
igate alternative strategies of treatment administration, for
xample, whether corticosteroids were pulsed or not or
ariations in dosage or duration of treatment. We do not
ave data on other treatments, such as lopinavir/ritonavir,
hich was associated with improved clinical outcomes in a

mall uncontrolled study,52 or traditional Chinese medi-
ine.53 The main analyses were based on treatment choice
ithin 2 days of admission; however, results were consis-

ent when treatment within 1, 3, 4, or 5 days of admission
as considered. A further limitation is the presence of

ubstantial proportions of missing data on some clinical

s in Hong Kong and Toronto by Treatment Received within 2
Analysis

Toronto

P Valueb Case Fatality Ratioa (%) 95% CI P Valueb

.6) — 16.6 (0.0-44.9) —
8) .77 13.4 (0.0-33.0) .85
1) .64 — — —
.3) .16 18.7 (0.0-54.7) .93

acute respiratory syndrome cases been assigned to the corresponding
nterval
Score

5% CI

3.2-17
.2-27.
.6-33.
4.2-24

severe
ariables. We implemented multiple imputation to use all
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vailable data in the analysis, which is considered the gold
tandard approach,54 and the estimated treatment effects
ere consistent with those estimated in a complete case

nalysis (data not shown). Another limitation is that out-
omes other than death were not considered; common side
ffects such as avascular necrosis due to corticosteroid ther-
py might have a significant impact on long-term quality of
ife, but such outcomes were not considered in this
tudy.48,49 A more complete comparison between treat-
ents should consider both nonfatal adverse drug effects

nd quality of life. A complete dataset including disease
rogression and all clinical events (eg, ventilation) was not
vailable. Finally, our analyses were based on patients with
robable severe acute respiratory syndrome according to the
orld Health Organization definition.55 We adopted this

efinition rather than laboratory confirmation because the
atter definition may be potentially biased toward including
ore survivors, particularly in the early cases.19

ONCLUSIONS
n the basis of a large sample from 2 epicenters, our results

dd strength to the hypothesis that the combination of riba-
irin and corticosteroids has no significant beneficial effect
n the treatment of severe acute respiratory syndrome. In the
bsence of further evidence, clinicians should not use riba-
irin and corticosteroids to treat severe acute respiratory
yndrome because to the best of our knowledge, they pro-
ide no benefit in terms of survival. Investigators should
onsider other promising therapies in the event of another
utbreak of severe acute respiratory syndrome, and ideally
rotocols would be in place to evaluate alternative treat-
ents in randomized trials.
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PPENDIX
or the primary analysis that compares all 4 treatment
hoices within the first 2 days after admission, we applied a
ultivariable multinomial regression model to estimate the

ropensity scores for each of the 4 treatment alternatives,
ncluding variables that were likely to be influential in early
reatment decisions. The latter included the following
nown prognostic factors: age, gender, health care worker,
resence of comorbid condition, hospital, delay in admis-
ion, onset date, lactate dehydrogenase level, chest radio-
raph, oxygen saturation on room air, neutrophil count,
latelets, and lymphocyte count,20 and 3 other factors that
ay have been potentially important in treatment assign-
ent, including date of onset, onset-to-admission delay, and

ospital. Because some prognostic factors were only avail-
ble for a subset of up to approximately 30% of the patients
n Hong Kong and 60% of the patients in Toronto,20 we
sed multiple imputation to facilitate inclusion of these
actors in the propensity score model.27 The resulting pro-
ensity scores were then used to weigh the case fatality
atios in each treatment group, allowing estimation of the
ean causal effect,26 that is, for each treatment group we

stimated the overall case fatality ratios had all patients
een assigned to that particular treatment. Let pit be the
stimated propensity score for patient i with treatment t, Di

e 1 for a death outcome for patient i, and I be an indicator
unction; then the propensity score-adjusted case fatality
atio for each treatment t is given by:

1 n DiI(Ti � t)

CFRt �

n�i�1 pit
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Appendix Table 1 Characteristics at Hospital Admission of all Patients with Probable Severe Acute Respiratory Syndrome in Hong Kong and Patients Infected in the First Phase of
the Toronto Epidemica (Onset before April 22, 2003)

Characteristic

Hong Kong Toronto

Neither
Treatment (%)

Ribavirin
Only (%)

Corticosteroids
Only (%)

Ribavirin and
Corticosteroids (%)

Neither
Treatment (%)

Ribavirin
Only (%)

Ribavirin and
Corticosteroids (%)

Gender
Women 372 (49.5) 117 (57.9) 28 (54.9) 453 (61.3) 29 (64.4) 67 (62.6) 21 (53.8)
Men 379 (50.5) 85 (42.1) 23 (45.1) 286 (38.7) 16 (35.6) 40 (37.4) 18 (46.2)

Age, y
�39 297 (39.5) 123 (60.9) 19 (37.3) 403 (54.5) 18 (40.0) 43 (40.2) 14 (35.9)
40-49 124 (16.5) 36 (17.8) 6 (11.8) 172 (23.3) 9 (20.0) 26 (24.3) 9 (23.1)
50-59 73 (9.7) 15 (7.4) 7 (13.7) 93 (12.6) 7 (15.6) 16 (15.0) 7 (17.9)
60-69 70 (9.3) 14 (6.9) 8 (15.7) 30 (4.1) 4 (8.9) 13 (12.1) 5 (12.8)
�69 187 (24.9) 14 (6.9) 11 (21.6) 41 (5.5) 7 (15.6) 9 (8.4) 4 (10.3)

Health care worker
Yes 120 (16.0) 72 (35.6) 7 (13.7) 205 (27.7) 14 (31.1) 48 (44.9) 16 (41.0)
No 631 (84.0) 130 (64.4) 44 (86.3) 534 (72.3) 31 (68.9) 59 (55.1) 23 (59.0)

Preexisting comorbid
conditions

Yes 220 (29.3) 28 (13.9) 18 (35.3) 90 (12.2) 11 (24.4) 18 (16.8) 5 (12.8)
No 529 (70.4) 174 (86.1) 33 (64.7) 649 (87.8) 34 (75.6) 89 (83.2) 34 (87.2)
Data missing 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Delay in admission, d
�0 229 (30.5) 26 (12.9) 19 (37.3) 60 (8.1) 19 (42.2) 6 (5.6) 1 (2.6)
1-2 190 (25.3) 79 (39.1) 10 (19.6) 233 (31.5) 11 (24.4) 18 (16.8) 10 (25.6)
3-4 189 (25.2) 64 (31.7) 10 (19.6) 214 (29.0) 8 (17.8) 30 (28.0) 11 (28.2)
�5 143 (19.0) 33 (16.3) 12 (23.5) 232 (31.4) 7 (15.6) 53 (49.5) 17 (43.6)

Symptom onset date
February 15 to March 23 238 (31.7) 25 (12.4) 16 (31.4) 161 (21.8) — — —
March 24 to March 29 126 (16.8) 27 (13.4) 10 (19.6) 296 (40.1) — — —
March 30 to April 9 171 (22.8) 39 (19.3) 11 (21.6) 186 (25.2) — — —
April 9 to May 31 216 (28.8) 111 (55.0) 14 (27.5) 96 (13.0) — — —

Lactate dehydrogenase levelb

Greater than upper limit of
normal

299 (39.8) 85 (42.1) 22 (43.1) 329 (44.5) 6 (13.3) 46 (43.0) 14 (35.9)

Normal 311 (41.4) 105 (52.0) 20 (39.2) 345 (46.7) 20 (44.4) 31 (29.0) 15 (38.5)
Data missing 141 (18.8) 12 (5.9) 9 (17.6) 65 (8.8) 19 (42.2) 30 (28.0) 10 (25.6)
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Appendix Table 1 Continued

Characteristic

Hong Kong Toronto

Neither
Treatment (%)

Ribavirin
Only (%)

Corticosteroids
Only (%)

Ribavirin and
Corticosteroids (%)

Neither
Treatment (%)

Ribavirin
Only (%)

Ribavirin and
Corticosteroids (%)

Chest radiograph
Normal 44 (5.9) 26 (12.9) 4 (7.8) 82 (11.1) 5 (11.1) 22 (20.6) 15 (38.5)
Haziness 63 (8.4) 20 (9.9) 2 (3.9) 164 (22.2) — — —
Pneumonic consolidation 53 (7.1) 7 (3.5) 5 (9.8) 66 (8.9) 28 (62.2) 68 (63.6) 19 (48.7)
Data missing 591 (78.7) 149 (73.8) 40 (78.4) 427 (57.8) 12 (26.7) 17 (15.9) 5 (12.8)

Neutrophil countc

Less than lower limit of
normal

10 (1.3) 5 (2.5) 0 (0.0) 16 (2.2) 1 (2.2) 12 (11.2) 6 (15.4)

Normal 99 (13.2) 34 (16.8) 7 (13.7) 245 (33.2) 31 (68.9) 79 (73.8) 28 (71.8)
Greater than upper limit of

normal
14 (1.9) 2 (1.0) 1 (2.0) 20 (2.7) 6 (13.3) 9 (8.4) 5 (12.8)

Data missing 628 (83.6) 161 (79.7) 43 (84.3) 458 (62.0) 7 (15.6) 7 (6.5) 0 (0.0)
Platelet countd

Less than lower limit of
normal

42 (5.6) 11 (5.4) 5 (9.8) 98 (13.3) 7 (15.6) 22 (20.6) 13 (33.3)

Normal 85 (11.3) 37 (18.3) 3 (5.9) 195 (26.4) 32 (71.1) 83 (77.6) 25 (64.1)
Data missing 624 (83.1) 154 (76.2) 43 (84.3) 446 (60.4) 6 (13.3) 2 (1.9) 1 (2.6)

Lymphocyte counte

Less than lower limit of
normal

87 (11.6) 27 (13.4) 7 (13.7) 214 (29.0) 32 (71.1) 88 (82.2) 33 (84.6)

Normal 21 (2.8) 7 (3.5) 1 (2.0) 30 (4.1) 3 (6.7) 10 (9.3) 4 (10.3)
Data missing 643 (85.6) 168 (83.2) 43 (84.3) 495 (67.0) 10 (22.2) 9 (8.4) 2 (5.1)

Oxygen saturation
�95% 8 (1.1) 0 (0.0) 2 (3.9) 9 (1.2) 13 (28.9) 40 (37.4) 13 (33.3)
�95% 130 (17.3) 52 (25.7) 8 (15.7) 295 (39.9) 29 (64.4) 62 (57.9) 25 (64.1)
Data missing 613 (81.6) 150 (74.3) 41 (80.4) 435 (58.9) 4 (6.7) 5 (4.7) 1 (2.6)

Outcome
Death 175 (23.3) 18 (8.9) 15 (29.4) 93 (12.6) 9 (20.0) 10 (9.3) 5 (12.8)
Recovery 576 (76.7) 184 (91.1) 36 (70.6) 646 (87.4) 36 (80.0) 97 (90.7) 34 (87.2)
aOnly 3 patients were treated with corticosteroids only in Toronto and were excluded.
bLactate dehydrogenase level (upper limit of normal: � 225 U/L).
cNeutrophil count (lower limit of normal � 2.0 � 109 cells/L; upper limit of normal � 7.5 � 109 cells/L).
dPlatelet count (lower limit of normal � 150 � 109 cells/L).
eLymphocyte count (lower limit of normal � 1.5 � 109 cells/L). 1150.e19
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Appendix Table 2 Factors Associated with Treatment Assignment of Probable Severe Acute Respiratory Syndrome Cases in Hong
Kong and in the First Phase of the Epidemica (Onset before April 22, 2003) in Toronto, with Associated Confidence Intervals for the
Estimated Odds Ratiob in the Propensity Score Multinomial Regression Model, Based on 10 Imputed Datasets

haracteristic

Hong Kong Toronto

Ribavirin Only
Corticosteroids
Only

Ribavirin and
Corticosteroids Ribavirin Only

Ribavirin and
Corticosteroids

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

nterceptc 0.04 (0.01-0.17) 0.07 (0.01-0.69) 0.18 (0.07-0.44) 0.2 (0.02-1.30) 0 (0.00-0.24)
ender

Women 1 1 1 1 1
Men 0.84 (0.59-1.2) 0.72 (0.39-1.32) 0.72 (0.57-0.92) 0.9 (0.34-2.25) 1.4 (0.45-4.56)

ge, y
�39 1 1 1 1 1
40-49 0.63 (0.39-1.01) 0.74 (0.28-1.95) 1.12 (0.82-1.53) 0.5 (0.15-1.65) 0.5 (0.13-2.14)
50-59 0.45 (0.23-0.87) 1.33 (0.50-3.54) 1.2 (0.81-1.78) 0.7 (0.19-2.76) 0.9 (0.18-4.73)
60-69 0.6 (0.29-1.25) 1.54 (0.55-4.31) 0.5 (0.30-0.85) 1.2 (0.24-5.96) 1 (0.14-6.51)
�69 0.21 (0.10-0.45) 0.65 (0.22-1.88) 0.38 (0.23-0.62) 0.8 (0.13-5.32) 1.1 (0.11-10.9)

ealth care worker
No 1 1 1 1 1
Yes 1.67 (1.02-2.74) 0.95 (0.34-2.66) 2.45 (1.73-3.48) 2.6 (0.95-7.12) 2.1 (0.63-6.87)

reexisting comorbid
onditions

No 1 1 1 1 1
Yes 0.79 (0.44-1.40) 1.37 (0.61-3.07) 1.03 (0.71-1.51) 1.6 (0.36-7.51) 1.1 (0.18-6.90)

elay in admission, d
�0 1 1 1 1 1
1-2 2.99 (1.72-5.19) 0.55 (0.23-1.33) 2.59 (1.74-3.86) 8.5 (1.77-40.4) 22 (1.64-286)
3-4 3.22 (1.81-5.73) 0.56 (0.23-1.38) 2.65 (1.76-3.99) 15 (3.22-66.9) 29 (2.26-372)
�5 3.08 (1.61-5.87) 0.97 (0.39-2.42) 4.96 (3.22-7.64) 25 (5.21-123.1) 37 (2.84-493)

ymptom onset date
February 15 to

March 23
1 1 1 — —

March 24 to March 29 2.68 (1.36-5.27) 1.19 (0.47-2.99) 3.52 (2.48-5.00) — —
March 30 to April 9 4.22 (2.28-7.79) 1.17 (0.47-2.93) 2.66 (1.86-3.81) — —
April 9 to May 31 16.36 (9.17-29.2) 1.33 (0.52-3.4) 2.12 (1.42-3.16) — —

actate dehydrogenase
eveld

Normal 1 1 1 1 1
High 1.5 (0.97-2.3) 1.11 (0.56-2.19) 1.44 (1.06-1.94) 4.9 (1.58-14.9) 4.3 (1.09-16.9)

hest radiograph
Normal 1 1 1 1 1
Haziness 0.87 (0.45-1.66) 0.73 (0.23-2.33) 0.97 (0.66-1.42) — —
Pneumonic

consolidation
0.81 (0.44-1.50) 0.81 (0.28-2.34) 0.88 (0.59-1.30) 1.1 (0.35-3.39) 4 (1.09-14.4)

eutrophil counte

Less than lower limit
of normal

1 1 1 1 1

Normal 0.86 (0.34-2.16) 1.08 (0.17-6.83) 1.24 (0.62-2.48) 0.4 (0.08-2.02) 0.9 (0.13-5.56)
Greater than upper

limit of normal
0.74 (0.18-3.02) 0.87 (0.06-12.2) 1.25 (0.53-2.96) 2.8 (0.38-20.0) 6.4 (0.72-57.2)

latelet countf

Normal 1 1 1 1 1
Less than lower limit

of normal
0.92 (0.57-1.49) 1.32 (0.52-3.37) 1.04 (0.74-1.46) 0.7 (0.22-2.01) 1.5 (0.40-5.32)
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Appendix Table 2 Continued

haracteristic

Hong Kong Toronto

Ribavirin Only
Corticosteroids
Only

Ribavirin and
Corticosteroids Ribavirin Only

Ribavirin and
Corticosteroids

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

ymphocyte count
Normal 1 1 1 1 1
Less than lower limit

of normal
0.98 (0.49-1.95) 1.28 (0.44-3.69) 1.18 (0.79-1.77) 0.8 (0.18-4.02) 0.8 (0.12-5.10)

xygen saturation
�95% 1 1 1 1 1
�95% 0.76 (0.20-2.9) 1.25 (0.31-5.12) 0.99 (0.50-1.95) 1.6 (0.55-4.87) 1.4 (0.37-5.27)

OR � odds ratio; CI � confidence interval.
aOnly 3 patients were treated with corticosteroids only in Toronto and were excluded.
bOR represents the relative odds of the corresponding treatment choice versus no treatment, relative to the reference group. An OR of 0.84 for men

under “ribavirin only” means that men has 16% less odds than women to be treated with ribavirin only instead of no treatment.
cIntercept represents the baseline relative odds of the corresponding treatment choice versus no treatment.
dLactate dehydrogenase level (high: � 231 U/L).
eNeutrophil count (lower limit of normal � 2.0 � 109 cells/L; upper limit of normal � 7.5 � 109 cells/L).
f
Platelet count (lower limit of normal � 150 � 109 cells/L).
Appendix Table 3 Odds Ratios and Associated 95% Confidence Intervals in Hong Kong and Toronto by Treatment Received within
2 Days of Hospital Admission, Estimated by Multinomial Logistic Regression Models

reatment

Hong Kong Toronto

OR 95% CI P Valuea OR 95% CI P Valuea

either ribavirin nor corticosteroids Reference — — Reference — —
ibavirin 0.76 (0.35-1.62) .43 0.42 (0.06-2.98) .35
orticosteroids 1.34 (0.52-3.45) .49 — — —
oth 1.52 (0.94-2.47) .08 0.54 (0.06-4.65) .53

OR � odds ratio; CI � confidence interval.
a
P value for the odds of death relative to no treatment, adjusted for other demographic and clinical covariates.


