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Abstract The clinical presentation of SARS is nonspecific
and diagnostic tests do not provide accurate results early in
the disease course. Initial diagnosis remains reliant on
clinical assessment. To identify features of the clinical
assessment that are useful in SARS diagnosis, the exposure
status and the prevalence and timing of symptoms, signs,
laboratory and radiographic findings were determined for

all adult patients admitted with suspected SARS during the
Toronto SARS outbreak. Findings were compared between
patients with laboratory-confirmed SARS and those in
whom SARS was excluded by laboratory or public health
investigation. Of 364 cases, 273 (75%) had confirmed
SARS, 30 (8%) were excluded, and 61 (17%) remained
indeterminate. Among confirmed cases, exposure occurred
in the healthcare environment (80%) or in the households
of affected patients (17%); community or travel-related
cases were rare (<3%). Fever occurred in 97% of patients
by the time of admission. Respiratory findings including
cough, dyspnea and pulmonary infiltrates evolved later and
were present in only 59, 37 and 68% of patients,
respectively, at admission. Direct exposure, fever on the
first day of illness, and elevated temperature, pulmonary
infiltrates, lymphopenia and thrombocytopenia at admis-
sion were associated with confirmed cases. Rhinorrhea,
sore throat, and an elevated neutrophil count at admission
were associated with excluded cases. In the absence of
fever or significant exposure, SARS is unlikely. Other
clinical, laboratory and radiographic findings further raise
or lower the likelihood of SARS and provide a rational
basis for estimating the likelihood of SARS and directing
initial management.
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Introduction

Since the end of the global SARS outbreak, the World
Health Organization has continued to recommend surveil-
lance for the re-emergence of SARS, while acknowledging
that prompt diagnosis remains a challenge due to the
nonspecific nature of the clinical illness and the inability of
diagnostic tests to provide sensitive and specific results
early in the disease course [1]. Cases of SARS due to
laboratory or animal exposure have been reported since the
global outbreak ended, and these events highlight the
importance of prompt recognition of cases in preventing
larger outbreaks from occurring [1–3]. Toronto was the site
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of the largest SARS outbreak outside of Asia, but previous
clinical descriptions of the Toronto outbreak did not
include all patients and did not use microbiological
methods to classify cases [4–8]. We conducted a retro-
spective study of the entire Toronto SARS outbreak, using
microbiological methods for case classification, to identify
epidemiological and clinical findings that may be useful in
early diagnosis of SARS.

Materials and methods

Study design and study population

The charts of all adult (age ≥16 years) patients initially
diagnosed with suspect or probable SARS based on World
Health Organization or Health Canada criteria and admitted
to a Toronto area hospital between February and June 2003
were reviewed. Patients were classified as confirmed
SARS, indeterminate SARS or excluded SARS based on
their exposure history, clinical illness and the results of
microbiological testing. Patients were classified as con-
firmed SARS if they had a compatible clinical illness (fever
or nonproductive cough or dyspnea), an exposure to SARS
(direct contact with a known SARS case or travel to a
SARS-endemic area or time spent at an institution where
SARS transmission was occurring, within 12 days of
symptom onset), and a positive microbiological test
(positive acute or convalescent serology, or positive PCR
from clinical or pathological specimens). SARS was
excluded in patients that had negative convalescent
serology, or when retrospective investigations ruled out
an exposure to SARS (e.g. a case where the patient’s only
exposure to SARS was direct contact with a suspected
SARS patient who later was determined to be seronega-
tive). Patients were classified as indeterminate if they had a
documented exposure and compatible clinical history, but
did not have definitive results from microbiological testing
(i.e. convalescent serology was not performed, acute
serology was not performed or was negative, and PCR
testing was not performed or was negative).

Serological and microbiological methods

A description of the specimen collection protocol and the
methods used for serologic and diagnostic testing has been
published previously [9]. Serologic testing was performed
at the National Microbiology Laboratory, Winnipeg,
Manitoba and at Mount Sinai Hospital, Toronto, Ontario
using an enzyme-linked immunosorbent assay and an
immunofluorescent assay to detect SARS-CoV antibodies
(EuroImmun, Lubeck, Germany). Serological testing was
considered negative if a sample drawn 28 days or more
after illness onset was negative and positive if IgM or IgG
antibodies were detected at predefined dilutions [10]. RT-
PCR was performed at the National Microbiology Labo-
ratory, the Ontario Central Public Health Laboratory and at
Mount Sinai Hospital.

Data collection

The hospital charts of all identified patients were reviewed
by trained research nurses, and data was recorded on a
standardized form. Ten percent of charts were randomly
selected for duplicate abstraction. Data was double-entered
into a computerized database. The study was approved by
the research ethics boards at all participating hospitals and
at McMaster University, Hamilton, Ontario.

Statistical analysis

Analysis was conducted using SAS version 8 (SAS
institute, Cary, NC, USA). Variables were compared
between groups using the chi-square or Fisher’s exact
test for categorical variables and the Wilcoxon rank sum
test for continuous variables. To account for differences in
illness duration at hospital admission, cases were stratified
into quartile groups based on the time from symptom onset
to admission. The Cochrane–Armitage trend test and
Spearman’s correlation coefficient were used to test for
trends in symptom incidence between quartile groups for
categorical and continuous variables. Kaplan–Meier survi-
val curves were used to plot time-to-event data.

Results

Classification of cases

For 367 adult patients admitted to hospital with possible
SARS, 364 charts were available for review. SARS was
excluded in 30 (8%) patients due to lack of a significant
exposure (10), negative convalescent serology (17) or both
(3). SARS was confirmed in 273 (75%) patients, based on
positive serology (240), positive histopathology and PCR
(10) or positive PCR alone (23). The remaining 61 (17%)
cases were classified as indeterminate. A review of
serological results from all inpatients tested during the
outbreak did not identify any additional cases.

Demographics and exposures

For the confirmed cases, the median age was 45 years
(interquartile range, 36–57 years), 63% were female and
83% had no comorbidities (Table 1). Exposure occurred in
the healthcare environment in 80% of cases; in hospitals
(76%), physician’s offices (2%) or during patient transport
(2%). Transmission outside the healthcare environment
occurred among the household contacts of cases (17%,
n=44); travel-related disease was confirmed in two cases
(excluding the index case), and community transmission
resulted in eight confirmed cases, six of whom were
exposed at the same community event.
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Clinical presentation of confirmed cases

Because the onset of illness and the initial symptoms were
difficult to discern in patients who developed SARS while
hospitalized for another illness, these cases (n=15) were
excluded from the analysis of clinical presentation. Results
are for the confirmed cases, unless otherwise specified.

Patients were admitted to hospital a median of 4 days
(interquartile range, 2–6 days) after illness onset. The
initial symptoms of SARS among the confirmed cases, and
the symptoms present at admission to hospital, are shown
in Fig. 1. Initial symptoms included fever in 83%,
nonspecific influenza-like symptoms such as myalgia,
malaise or headache in 64%, respiratory symptoms in 31%
and gastrointestinal symptoms such as diarrhea or nausea
in 15%. At admission to hospital, fever was present in 93%

of patients, influenza-like symptoms in 78%, respiratory
symptoms in 67% (cough in 59%, dyspnea in 37%) and
gastrointestinal symptoms in 32%. Following admission to
hospital, fever resolved in a median of 3 days (interquartile
range, 2–5 days), while respiratory symptoms continued to
evolve. By the end of the first week in hospital, 88% of
patients had respiratory symptoms (81% cough, 58%
dyspnea).

Fever was the most common symptom, both initially and
at admission. Of the 7% (n=17) of patients without fever at
admission, eight had had fever that resolved prior to
admission; thus, 97% of all patients had symptomatic fever
at, or prior to, admission. Of the remaining nine patients,
eight developed fever while in hospital, and one never had
fever. SARS patients without fever by the time of
admission were older (76 vs. 44 years, p=0.001), had
more comorbid illness (67 vs. 13%, p<0.0001), and were
more likely to die from SARS (44 vs. 7%, p=0.045) than
patients with fever. Although symptomatic fever was
present in 93% of patients on the day of admission, a
documented temperature of ≥38.0°C was seen at ad-
mission in only 79% of cases.

Initial radiographic investigations identified pulmonary
infiltrates in 68% (171/252) of patients, of whom 41%
(70/171) had bilateral infiltrates. Infiltrates continued to
evolve following admission and were present in 91% of
patients by the end of the first week in hospital. Common
laboratory abnormalities included leukopenia (leukocyte
count <4.0×109/l) in 26%, lymphopenia (absolute lym-
phocyte count <1.0×109/l) in 57%, neutrophilia (absolute
neutrophil count >7.5×109/l) in 9%, thrombocytopenia
(platelet count <150×109/l) in 24%, elevated creatine
kinase (CK >170 IU/l) in 30% and elevated lactate
dehydrogenase (LDH >214 IU/l) in 50%.

The incidence of the clinical, radiographic and labora-
tory findings of SARS varied depending on the duration of
illness at the time of presentation (Table 2). While fever and
influenza-like symptoms were common throughout the
first week of illness, respiratory symptoms and radiograph-
ic findings were significantly more common in patients

Table 1 Demographic and exposure features of patients admitted to
hospital with possible SARS during the 2003 Toronto SARS
outbreak

Patient characteristic Confirmed Indeterminate Excluded

Demographics n=273 n=61 n=30
Agea 45 (36–57) 50 (37–69) 42 (34–60)
Female 63% (173) 57% (35) 73% (22)
Healthcare worker 50% (137) 23% (14) 40% (12)
Comorbid illness 17% (46) 31% (19) 20% (6)
Site of exposure n=273 n=61 n=17c

Hospital 74% (201) 61% (37) 71% (12)
Home 16% (44) 21% (13) 12% (2)
MD’s office 2% (6) 2% (1) 0% (0)
Ambulance 2% (5) 2% (1) 0% (0)
Community 3% (8) 5% (3) 6% (1)
Travel <1% (2) 5% (3) 12% (2)
Mixedb 3% (7) 5% (3) 0% (0)
aAge is presented in years as median (interquartile range)
bCases with more than one possible site of exposure
cn=17 for exposure status of excluded cases since 13 cases initially
felt to have been exposed did not have any true exposure upon
detailed review

Fig. 1 Symptom frequency on
the first day of illness (white
bar) and at the time of admis-
sion (black bar) for confirmed
cases in the Toronto SARS
outbreak. X-axis=%
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presenting towards the end of the first week of illness: For
example, the incidence of nonproductive cough, dyspnea
or pulmonary infiltrates in patients presenting within
2 days of onset was 36, 24 and 48%, respectively; after
6 days of illness; these figures rose to 70, 53 and 78%,
respectively. The time of onset of fever, dyspnea,
nonproductive cough and pulmonary infiltrates relative to
symptom onset are shown in Fig. 2. These results confirm
that fever is an early symptom in most patients, while
cough, dyspnea and infiltrates develop significantly later.

Comparison of the clinical and epidemiological features
of patients with confirmed SARS and patients with
excluded SARS identified several features that discrimi-
nate between these groups (Table 3). Findings associated
with a confirmed diagnosis included direct exposure to a
known case (OR, 2.34; 95%CI, 1.01–5.40), symptomatic
fever as an initial symptom (OR, 5.07; 95%CI, 2.24–
11.50), a documented temperature of 38.0°C on admission
to hospital (OR, 2.6; 95%CI, 1.14–5.92), and the presence
of a pulmonary infiltrate by the time of admission (OR,
2.46; 95%CI, 1.09–5.56). Findings associated with the
absence of SARS included rhinorrhea initially (OR 0.14;
95% CI, 0.04–0.47) or at admission (OR 0.15; 95% CI,
0.05–0.50), sore throat initially (OR 0.23; 95% CI, 0.09–
0.59), or at admission (OR 0.24; 95% CI, 0.10–0.59),

vomiting at admission (OR 0.25; 95% CI, 0.08–0.77), or
productive cough initially (OR 0.15; 95%CI, 0.02–0.92) or at
admission (OR 0.23; 95% CI, 0.07–0.80).

When laboratory results were classified as normal or
abnormal, a low leukocyte count (OR, 8.2; 95%CI, 1.09–
62), low absolute lymphocyte count (OR, 5.01; 95%CI,
1.81–13.8), and low platelet count (OR, 6.8; 95%CI, 0.90–
51.5) were predictive of confirmed SARS, while a high
absolute neutrophil count (OR, 0.31; 95%CI, 0.11–0.85)
made confirmed SARS less likely. Although the median
CK was higher in patients with confirmed SARS (99 vs.
63 IU/l, p=0.04), the proportion of patients with CK above
the normal range was not statistically significantly different
between groups (31 vs. 16%, p=0.18). For LDH there was
no difference in either the proportion of patients with
elevated LDH between groups (50 vs. 41%, p=0.47) or in
the median LDH (216 vs. 185 IU/l, p=0.10).

Discussion

This study provides the first description of the clinical
presentation and early clinical course of SARS in all 258
laboratory-confirmed cases admitted to hospital during the
Toronto SARS outbreak. Because evidence suggests that

Table 2 Clinical features of confirmed SARS cases at presentation to hospital by duration of illness at presentation

Clinical feature Day 1–2 Day 3–4 Day 5–7 Day 8 and up p valuea

(n=59) (n=63) (n=74) (n=60)

Febrile symptoms (%)
Fever 95 94 93 92 0.48
Chills 25 30 28 24 0.84
Influenza-like symptoms (%)
Myalgia 46 51 50 47 0.94
Malaise 19 30 35 43 0.0034
Headache 47 38 32 27 0.014
Respiratory symptoms (%)
Nonproductive cough 36 56 72 70 <0.0001
Dyspnea 25 24 43 53 0.0002
Gastrointestinal symptoms (%)
Nausea 10 14 27 23 0.018
Diarrhea 5 22 24 25 0.0068
Physical findings, laboratory and radiographic results (%)
Fever ≥38.0°C 85 83 74 77 0.15
Oxygen dependence 8 14 18 20 0.067
Infiltrate 48 67 75 78 <0.0003
WBC (<4×109/l)b 19 26 29 28 0.22
ANC (>7.5×109/l)b 9 8 8 9 0.98
ALC (<1.0×109/l)b 57 58 54 58 0.87
PLT (<150×109/l)b 16 29 36 11 0.84
CK (>170 IU/l)b 24 26 38 32 0.23
LDH (>214 IU/l)b 19 43 63 73 <0.001

WBC white blood cell count, ANC absolute neutrophil count, ALC absolute lymphocyte count, PLT platelet count, CK creatine kinase,
LDH lactate dehydrogenase
aCochrane–Armitage Trend Test
bFindings indicate percentage of laboratory results that were classified as above (ANC, CK, LDH) or below (WBC, ALC, PLT) the normal
range
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the sensitivity and specificity of the case definitions used
for SARS diagnosis may be limited [11, 12] and because
inclusion of even small numbers of non-SARS cases within
a cohort of SARS patients can limit the ability to recognize
features unique to SARS, we focused our analysis on the
confirmed patients. Although it was not possible to
determine the incidence of SARS in the group of 61
indeterminate patients, the incidence of clinical findings in
this group tended to be intermediate between those with
confirmed and those with excluded SARS, further
suggesting that this was a mixed group of SARS and
non-SARS cases.

Transmission of SARS in the Toronto outbreak was
nosocomial in 80% of cases; an additional 17% of patients
were exposed at home. Thus, 97% of cases had exposure
either to the healthcare system or to an ill contact within the
household (often a healthcare worker). Transmission due to
travel or exposure within the community was distinctly
uncommon. The tendency of SARS to transmit primarily
within the nosocomial setting has been described in the
majority of other SARS outbreaks [13–17].

The clinical features of SARS in confirmed patients
demonstrated that SARS begins as a febrile illness, either
with fever alone or with fever and a combination of

nonspecific influenza-like symptoms such as myalgia and
headache. Fever, although nonspecific, is the central
symptom of SARS; it was often the initial symptom of
illness, was present at or prior to admission in 97% of
cases, and often persisted into the second week of illness.
Respiratory symptoms, although a common feature of
SARS frequently used in diagnostic algorithms, are often
absent initially, rise in incidence over time, and are present
in the majority of patients only late in the first week or early
in the second week of illness, often after patients have been
diagnosed and admitted to hospital. The incidence of
pulmonary infiltrates seen on chest radiography parallels
the evolution of respiratory symptoms, and many patients
did not have documented infiltrates at the time of
admission to hospital.

Although our comparative analysis of confirmed and
excluded SARS cases did not identify any individual
finding diagnostic of SARS, a number of features were
identified that can increase or lower the probability of
SARS. An approach that combines these findings with an
understanding of the incidence and timing of the clinical,
laboratory and radiographic findings of SARS will provide
the best possible estimate of the likelihood of SARS in
individual patients.

Fig. 2 Kaplan–Meier survival curves describing time from illness onset to onset of cough, dyspnea, fever and pulmonary infiltrates for
confirmed SARS cases in the 2003 Toronto SARS outbreak
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Our results suggest that, during an evolving SARS
outbreak, and in the absence of evidence suggesting
widespread transmission within the community, the ab-
sence of any direct or indirect exposure to the healthcare
system makes a diagnosis of SARS unlikely, while direct
exposure to a known case significantly raises the risk of
SARS. Although the presence of fever is a nonspecific
finding, the absence of a history of fever in a patient
presenting to hospital several days after the onset of illness
suggests that SARS is unlikely, given that 94% of SARS

patients have fever by day 4 of illness, and 97% have fever
by admission. On the other hand, the absence of respiratory
symptoms or pulmonary infiltrates early in disease does not
reduce the likelihood of SARS, as these may be late-onset
findings. In some cases, careful follow-up with repeated
clinical, laboratory and radiographic assessment can aid
diagnosis, and this approach has been demonstrated to be
useful [12, 18]. The presence of symptoms common in
other infectious illnesses, but uncommon in SARS, is
useful in lowering the probability of SARS, i.e., rhinorrhea,

Table 3 Clinical and epidemiological findings noted at or before admission: a comparison of confirmed versus excluded SARS cases

Finding Confirmed Excluded OR (95%CI)
(n=258)a (n=27)a

Demographics and epidemiology (%)
Ageb 45 42 0.99 (0.78–1.24)
Female 63 73 0.63 (0.27–1.47)
Healthcare worker 50 40 1.35 (0.62–2.96)
Direct (vs. indirect) exposurec 61 40 2.34 (1.01–5.40)
Initial symptoms (%)
Fever 80 44 5.07 (2.24–11.50)
Rhinorrhea 3.0 19.0 0.14 (0.04–0.47)
Sore throat 9.0 30.0 0.23 (0.09–0.59)
Productive cough 1.0 7.5 0.15 (0.02–0.92)
Symptoms at admission (%)
Fever 93 89 1.67 (0.46–6.07)
Myalgia 48 48 1.00 (0.45–2.2)
Headache 36 56 0.44 (0.20–0.99)
Nonproductive cough 59 59 0.97 (0.43–2.17)
Malaise 32 22 1.63 (0.63–4.19)
Dyspnea 37 48 0.64 (0.29–1.41)
Diarrhea 19 19 1.01 (0.36–2.81)
Sore throat 11 33 0.24 (0.10–0.59)
Vomiting 5 19 0.25 (0.08–0.77)
Rhinorrhea 4 19 0.15 (0.05–0.50)
Productive cough 4 15 0.23 (0.07–0.80)
Signs at admission (%)
Fever 79 59 2.6 (1.14–5.92)
Oxygen dependence 16 7 2.4 (0.54–10.4)
Radiology at admission (%)
Pulmonary infiltrate 68 46 2.5 (1.1–5.6)
Laboratory results at admission (% abnormal)d

WBC (%<4×109/l) 25 4 8.2 (1.1–62)
ANC (%>7.5×109/l) 9 24 0.31 (0.11–0.85)
ALC (%<1.0×109/l) 57 21 5.0 (1.8–13.8)
PLT (%<150×109/l) 24 4 6.8 (0.9–51.5)
CK (%>170 IU/l) 31 16 2.36 (0.66–8.4)
LDH (%>214 IU/l) 50 41 1.44 (0.53–3.9)

OR odds ratio, WBC white blood cell count, ANC absolute neutrophil count, ALC absolute lymphocyte count, PLT platelet count,
CK creatine kinase, LDH lactate dehydrogenase
aFifteen of 273 confirmed and 3 of 30 excluded cases were omitted from this table as their illness developed during hospitalization and
reliable information on onset date and initial symptoms was consequently lacking
bAge is reported as median years and the odds ratio is per 10 years of age
cDirect exposure is defined as close contact with a known case of SARS within 12 days of symptom onset; indirect contact is defined
as travel to a SARS-endemic area or time spent at an institution where SARS transmission was occurring, within 12 days of symptom onset
dLaboratory results are presented as the percentage above the normal range for ANC, CK and LDH and as the percentage below the
normal range for WBC, ALC and PLT
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sore throat, productive cough and an elevated absolute
neutrophil count are more common in patients without
SARS. Features more common in confirmed SARS than in
excluded cases included the presence of fever on the first
day of illness, documented fever at admission, pulmonary
infiltrates at admission, and leukopenia, lymphopenia or
thrombocytopenia at admission. The presence of these
findings may raise concerns about SARS, but they may be
less useful diagnostically as they occur frequently in other
conditions that may mimic SARS, such as community-
acquired pneumonia [19]. Conversely, their absence lowers
the likelihood of SARS, but none as much as the absence of
fever at admission, given that the incidence of the other
findings in confirmed SARS cases is considerably lower
than the incidence of fever at admission.

Our study has several limitations. Data collection was
retrospective and based on chart review. Biased or
incomplete recording of clinical information could thus
affect the accuracy of our results. Patients not admitted to
the hospital were not considered. Patients that developed
SARS following hospital admission were excluded from
the analysis of clinical presentation. Finally, the number of
patients in the excluded group was small, limiting our
power to detect differences between the confirmed and
excluded groups. Despite these limitations, we believe the
results of our study are both valid and important. The
unexpected emergence of SARS prevented large-scale
prospective evaluations from being undertaken in most
areas; we are therefore dependent on retrospective data to
improve our understanding of SARS, despite the inherent
limitations of this approach. Because asymptomatic SARS
is rare, transmission has rarely been documented from
mildly symptomatic cases, and >90% of seropositive
patients identified in Toronto were admitted to hospital,
we believe our results are widely applicable [20–22].
Because the 15 patients that developed SARS during
hospitalization were excluded, extrapolation of our data to
such patients should be made cautiously. Finally, although
the small size of our excluded group suggests that the
results of the between group comparisons should be
interpreted cautiously, our results are consistent with
those of other studies [23].

Ongoing surveillance for, and prompt diagnosis of,
future SARS cases remains the most important strategy to
prevent or limit future SARS outbreaks. Due to the
limitations of current microbiological tests the best
approach to diagnosis remains an assessment of exposure
risk and clinical presentation. Our results identify a number
of clinical, laboratory and radiographic findings that are
useful in establishing the likelihood of SARS and
demonstrate the importance of considering these factors
in the context of disease duration. Taken together with the
results of diagnostic testing for other pathogens and current
global SARS epidemiology, these findings provide the best
information upon which to establish a “pre-test” probabil-
ity of SARS that can guide initial decisions pertaining to
patient isolation, patient management and the ordering and
interpretation of specific microbiological tests for SARS.
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