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Abstract—To differentiate severe acute respiratory syn-
rome (SARS) from non-SARS illness, we retrospectively
ompared 53 patients with probable SARS and 31 patients
ith non-SARS who were admitted to Mackay Memorial
ospital from April 27 to June 16, 2003. Fever (> 38°C)
as the earliest symptom (50/53 SARS vs. 5/31 non-SARS,
< 0.0001), preceding cough by a mean of 4.5 days. The

nitial chest X-ray study was normal in 22/53 SARS cases
ersus 5/31 non-SARS cases. SARS patients with an ini-
ially normal chest X-ray study developed infiltrates at a
ean of 5 � 3.44 days after onset of fever (21/22 SARS vs.

/5 non-SARS). Rapid radiographic progression of unifocal
nvolvement to multifocal infiltrates was seen in 22 of 24
ARS vs. 0 of 26 non-SARS patients (p < 0.0001). Pleural
ffusion was not present in any SARS patients but was seen
n 6 of 26 non-SARS cases (p < 0.0001). Initial lymphope-
ia, thrombocytopenia, and elevated lactate dehydrogenase
ere all more common in SARS than non-SARS (p <
.0001). They may help differentiate SARS from non-SARS
f a reliable and rapid diagnostic test is not
vailable. © 2005 Elsevier Inc.

Keywords—coronavirus; non-severe acute respiratory
yndrome; nasopharyngeal swab; reverse-transcriptase
olymerase chain reaction; severe acute respiratory syn-
rome
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INTRODUCTION

evere acute respiratory syndrome (SARS) is a rapidly
rogressive disease caused by a novel coronavirus. It
pread to several continents in a very short time (1–3).
ue to the apparent contagiousness and severity of the

nfection, prevention of further spread depended on iso-
ation of patients and quarantine of contacts. A rapid,
eliable diagnostic test was not widely available, so that
arly diagnosis had to be based on a clinical case defi-
ition established by the World Health Organization
WHO), resulting in many misdiagnoses (4).

At the end of April 2003, a major outbreak of SARS
merged in Taipei City. Any suspected patient was im-
ediately isolated, using negative pressure rooms when

vailable. The strain on health care facilities was tremen-
ous. Suspected cases had to be reported promptly to the
ealth Department. Contacts of the index patient were
uarantined by government order, resulting in wide-
pread disruption of society and the economy. Had we
een better able to distinguish SARS from non-SARS
uring the epidemic, this disruption could have been
educed. Should the infection reappear, we must be pre-
ared with more precise diagnostic criteria to avoid a
epeat of the serious health and societal consequences
xperienced in the recent outbreak.

October 2004;
D: 13
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396 S.-M. Chang et al.
We reported to the Health Department a total of 167
atients at our hospital who had either suspected or
robable SARS according to the WHO case definition. In
etrospect, a number of these patients did not have
ARS. We retrospectively reviewed that experience to
ee if there were aspects of the presentation that would
elp differentiate between SARS and non-SARS illness.

METHODS

atients

rom 27 April to 16 June, 2003, 167 patients with probable
71) or suspected (96) SARS according to the modified

HO case definition (revised 1 May 2003) were seen at
ackay Memorial Hospital and reported to the Taipei City
ealth Department (4). We excluded 83 patients from the

tudy because they were not admitted to our hospital. These
ncluded 9 who died in the emergency department (ED), 31
ho were transferred to other hospitals, 1 who left, and 42
ho were discharged from the ED and isolated at home due

o resolution of symptoms within a few days in the ED. Of
he remaining 84 patients who were admitted, 53 had con-
incing evidence of severe acute respiratory syndrome
oronavirus (SARS-CoV) infection and 31 patients had no
vidence of SARS-CoV infection. These 31 patients had an
lternative diagnosis that fully explained their symptoms
Table 1) and all except one who died during hospitalization
ad two negative anti-SARS CoV. The evidence confirm-

able 1. Alternative Diagnoses that Fully Explained the
Symptoms in Non-SARS Group

Illness
Number of

patients

ycoplasma pneumonia 7
hlamydia pneumonia 4
egionella pneumonia 1
neumocystis carinii pneumonia 1
ulmonary tuberculosis 1
osocomial Staphylococcal pneumonia 1
ommunity-acquired pneumonia 2*
cute myocardial infarction with
pulmonary edema

1

remia with pulmonary edema 1
lpha hemolytic streptococcal infective
endocarditis with acute respiratory
and heart failure 1
OPD with secondary infection 3*
OPD with acute respiratory failure 2
cute bronchitis 2
cute tonsillitis 1
cute upper respiratory tract infection 2
ower extremity cellulitis 1

Responded to intravenous broad-spectrum antibiotics (ceftri-
xone 500 mg q 12 h, or cefepime 500 mg q 12 h) and oral
t
uoroquinolones (levofloxacin 500 mg once daily, or moxifloxa-
in 400 mg once daily) and negative to RT-PCR test.
ng SARS consisted of either a positive polymerase chain
eaction (PCR) and a typical clinical course or, in the
bsence of a positive PCR, a typical clinical course with a
efinite contact history or evidence that the patient trans-
itted the infection to someone else. On subsequent sero-

ogic testing for anti-SARS-CoV antibody, all 53 patients
ad positive results.

linical Data

ata collected from the medical records included symp-
oms, underlying diseases, physical findings, and radio-
ogic and laboratory data. As a clear reference point for
efining chronological progression, the first day of
ever � 38°C was designated as fever day (FD) 1.

adiological Data

erial chest radiographs were obtained once the patient
as isolated, on presentation to the ED and then through-
ut the hospital course.

aboratory Data

esults of consecutive hematologic examinations including
bsolute lymphocyte and platelet counts and serum bio-
hemistry assays including lactate dehydrogenase (LDH),
reatine kinase (CK), aspartate aminotransferase (AST),
nd alanine aminotransferase (ALT) performed during ob-
ervation in the ED and during hospitalization were also
ecorded for all patients in whom they were done.

icrobiological Studies

o look for other possible infections, patients had blood
ultures for bacteria and serologic tests for Mycoplasma
neumoniae IgM antibodies, Chlamydial IgA, IgM, and
gG antibodies, Widal test for Salmonella typhosa O and

antigen, Salmonella paratyphosa type A and B anti-
en, Streptococcus pneumoniae antigen, Haemophilus
nfluenzae antigen, hepatitis B surface antigen (HBsAg),
nd antibody to hepatitis C (Anti-HCV).

everse-transcriptase PCR Specific for SARS-CoV

arly in the course of the outbreak, there were no specific
iagnostic tests available. Once we had the reverse-
ranscriptase polymerase chain reaction (RT-PCR) test, ei-

her a throat or nasopharyngeal swab was obtained for
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SARS vs. Non-SARS 397
etection of SARS-CoV RNA in patients with suspected or
robable SARS in the ED or the isolation ward after ad-
ission (2,5).

etection of SARS Co-V Antibodies

oth indirect immunofluorescent test (IIFT) and enzyme
mmunoassay (EIA) were used for all samples to detect
nti-SARS CoV antibodies.

tatistical Analysis

ategorical variables were analyzed by using Fisher’s
xact test or a chi-square test. Significance was defined
s a p value of � 0.05.

RESULTS

linical Presentation and Confirmation of Diagnosis

able 2 shows patients’ demographic features. Forty
ARS patients had a positive PCR and were accompa-
ied by a typical clinical course. The remaining 13 had a
ypical clinical course and were clearly linked in a chain
f transmission by a history of close contact with a
ARS patient or evidence of transmission to other(s)
ubsequently diagnosed with SARS. These 13 included 7
ith a negative PCR and 6 others in whom PCR was not
one. The latter included both staff and patients from the
ospital in which significant local transmission initially
ccurred in Taiwan (no PCR test was available at that
ime). On subsequent serologic testing for anti-SARS-
oV antibodies, all 53 patients had positive results,
hereas non-SARS patients had negative results. There
ere 7 family clusters involving 17 patients.

able 3. Clinical Features of SARS and Non-SARS

Clinical Features

irst symptom
Fever
Cough/dyspnea

ssociated symptom
Myalgia
Headache
Sore throat
Diarrhea
Abdominal pain
ean (SD) duration from symptom to admission (day)
ean (SD) admission temperature (C)
ean (SD) duration of fever (day)
ote: Number in parentheses is the percentage.
Being a health care worker and visiting a hospital
here SARS patients had been treated were risk factors

or SARS. Lack of a clear contact history was more
ommon in non-SARS patients than SARS patients. All
f the latter had a typical clinical course and most had a
ositive PCR (Table 2).

Table 3 shows clinical features. SARS patients sought
edical care at a mean of FD 3.1 � 2.8, whereas non-
ARS patients came at a mean of 4.2 � 5.5 days after
nset of their symptoms. In the SARS patients, fever
� 38°C) was both the most common (52/53, 98%) and
he earliest symptom (50/53, 94%). The one patient with-
ut a fever initially was a 10-year-old girl who was part
f a family cluster and had a positive PCR on throat
wab. All of the patients presented with fever as their
rst symptom except for 2, of whom one had chronic

able 2. Demographic Features in Patients with SARS and
Non-SARS

emographic Features
SARS

(n � 53)
Non-SARS

(n � 31)

ean (SD) age (yr) 39.3 � 18.1 42.8 � 24.73
ex (M/F ratio) 18/35† 16/15
nderlying diseases 12* 15**
ontact history
Health care worker 13 (25) 3 (10)
Hospital visit 21 (42) 8 (26)
Community contact 11 (21) 6 (20)
Travel to SARS area 1 (2) 2 (6)
Unclear contact 7 (13) 12 (39)

Diabetes mellitus (4 patients), essential hypertension (3), con-
estive heart failure (1), chronic obstructive pulmonary disease

1), rheumatoid arthritis (1), chronic hepatitis B (1), and end-stage
enal disease with regular hemodialysis (1).
* Chronic obstructive pulmonary disease (5 patients), diabetes
ellitus (3), essential hypertension (3), hepatoma (1), old pulmo-

ary TB (1), schizophrenia (1) and end stage renal disease (1).
Pregnancy (4).
ote: Number in parentheses is percentage.

SARS
(n � 53)

Non-SARS
(n � 31) p Value

50 (94) 5 (16) � 0.0001
2 (4) 26 (84) � 0.0001

30 (57) 6 (19)
24 (45) 3 (10)
13 (25) 4 (13)
35 (66) 4 (13) � 0.0001
5 (9) 4 (13)

3.1 � 2.8 4.2 � 5.5
38.4 � 0.96 37.9 � 1.07

10 � 3.69 3 � 2.57 � 0.0001
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398 S.-M. Chang et al.
bstructive pulmonary disease and the other congestive
eart failure. Both had pre-existing respiratory symptoms
elated to these underlying chronic diseases, including
roductive cough and dyspnea on exertion. Of the non-
ARS patients, only 5 of 31 (16%) presented with fever
s the first symptom (p � 0.0001). The mean (SD)
uration of fever was 10 � 3.69 days in the SARS group
nd 3 � 2.57 days in the non-SARS group (p � 0.0001).

As noted above, only two SARS patients (4%) with
nderlying illnesses had cough on the first day of fever.
owever, 75% (40/53) of patients with SARS eventually
eveloped cough at a mean of FD 4.5 � 1.9. By a mean
f FD 9.3 � 2.7, 35% (19/53) developed desaturation
nd dyspnea, and 8 (15%) needed mechanical ventila-
ion. In non-SARS, 26 of 31 (84%) patients had cough or
yspnea preceding their fever (p � 0.0001).

Diarrhea was more common in SARS than in non-
ARS patients (66% vs. 13%, respectively, p � 0.0001).
nly 4 patients (8%) with SARS had diarrhea on FD 1.
he onset of diarrhea varied considerably, at a mean

SD) of FD 6.0 � 3.3. It lasted for a mean (SD) of 6.8 �
.1 days. In non-SARS, only 1 patient (3%) had diarrhea,
eveloping 2 days before fever. Three other patients
10%) had diarrhea during their hospitalization.

adiologic Changes

nitial chest X-ray studies were normal in 22 of 53 SARS
atients (41%) and 5 of 31 non-SARS patients (16%)
Table 4). Conversely, 31 SARS patients (59%) and 26

able 4. Radiographic Findings in SARS and Non-SARS

Radiographic findings

nitial CXR
Negative
Positive
Air-space opacity
Interstitial infiltrate
Pleural effusion
Hilar lymphadenopathy
Cavitation

erial CXR
Pneumothorax or pneumomediastinum
o. of lesions
Static unifocal
Uni- to multifocal
Static multifocal

ocation
Unilateral infiltrate
Bilateral infiltrates
ean (SD) duration in days

rom negative to abnormal CXR
rom first symptom to progression of CXR 6
rom first symptom to resolution of CXR 19
ote: Number in parentheses is the percentage.
on-SARS patients (84%) had abnormal films on presen-
ation (p � 0.0001). At initial presentation, air-space
pacity was commonly found in SARS patients (25/31,
0% in SARS vs. 13/26, 50% in non-SARS, p �
.0001). No pleural effusion was found in SARS (0 vs.
/26, 23% in non-SARS, p � 0.0001). No patient in
ither group had hilar lymphadenopathy or cavitation.

All but 1 (52/53, 98%) SARS patient eventually had
n abnormal chest X-ray. On presentation, 14 patients
lready had multifocal involvement. Of the remaining
8, two-thirds (24/38, 63%) initially (either on admis-
ion or once the chest X-ray became abnormal) had a
nifocal lesion. All but 2 of these patients progressed
o multifocal involvement. The remaining one-third
14/38, 37%) had multifocal infiltrates as the first
hest X-ray abnormality observed after admission.
he infiltrates remained unilateral (either uni- or mul-

ifocal) in 13 patients (25%) and were bilateral (either
nitially or on progression) in 39 patients (75%). Pneu-
othorax or pneumomediastinum developed in 5 of

he 53 SARS patients (9%), 3 of whom were mechan-
cally ventilated and eventually died.

In the non-SARS patients, 26 of 31 had X-ray abnor-
alities on admission. The lesions were unifocal in 11

42%) and multifocal in 15 (58%). Among the latter 15,
had unilateral and 12 bilateral lung involvement. In

ontrast to the SARS patients, the non-SARS patients’
erial X-ray studies did not have progression of unifocal
o multifocal infiltrates. No non-SARS patient had a
neumothorax or pneumomediastinum.

3)
Non-SARS

(n � 31) p Value

41) 5 (16) 0.0001
59) 26 (84)
80) 13/26 (50) � 0.0001
20) 13/26 (50)

6/26 (23) � 0.0001
0
0

9) 0 0.0016

4) 11/26 (42)
42) 0 � 0.0001
54) 15/26 (58)

25) 14/26 (54)
75) 12/26 (46)

3.44 0
2.95 2.88 � 2.3 � 0.0001
9.03 11.09 � 8.04 0.0001
SARS
(n � 5

22 (
31 (

25/31 (
6/31 (

0
0
0

5/53 (

2/52 (
22/52 (
28/52 (

13/52 (
39/52 (

5 �
.55 �
.25 �
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SARS vs. Non-SARS 399
All except 1 of the 22 SARS patients with an initially
ormal chest X-ray study eventually developed abnor-
alities (mean FD 5 � 3.44). No non-SARS patient with

n initially negative chest X-ray developed abnormalities
n follow-up films.

aboratory Findings (Table 5)

wo-thirds of the SARS patients for whom we had data
30/43, 70%) had lymphopenia on the first day of hos-
italization. The absolute lymphocyte count decreased,
s the disease progressed, to less than 1.0 � 109/L after
D 4. Ninety-five percent of hospitalized SARS patients
ere initially or became lymphopenic during hospital-

zation. Nearly one-third of the non-SARS patients (9/31,
9%) had lymphopenia initially and (6/25, 24%) devel-
ped lymphopenia during hospitalization (p � 0.0001
omparing SARS with non-SARS initially and during
he hospital course).

One-third of the SARS patients for whom data were
vailable (12/43, 28%) had thrombocytopenia on presen-
ation, and a total of 16 of 40 had thrombocytopenia
uring hospitalization. In most cases, the low platelet
ounts were near the lower limit of normal and usually
eturned to normal during the course of the disease. None
f the non-SARS patients had thrombocytopenia either

able 5. Laboratory Changes in SARS and Non-SARS

Laboratory findings

Initial Labora

SARS
(n � 53)

Non
(n

ematology
Mean (SD) total Leukocyte count

(� 109/L) 6.68 � 3.26 10.1
Leukopenia* 10/53 (19) 2
Leukocytosis** 6/53 (11) 12
Normal leukocyte Counts† 37/53 (70) 17
Mean (SD) Lymphocyte count

(� 109/L) 0.8 � 0.47 1.8
Lymphopenia‡ 30/43 (70) 9
Thrombocytopenia§ 12/43 (28)

iochemistry
Elevated LDH� 23/40 (58) 8
Elevated CK ¶ 7/39 (18) 2
Elevated AST# 11/41 (27) 6

Total leukocyte count is � 4 x 109/L.
* Total leukocyte count is � 10 x 109/L.
Total leukocyte count is 4–10 x 109/L.
Platelet count is less than 130 x 109/L.
LDH (Lactase dehydrogenase ) level is � 200 U/L.
CK ( Creatine Kinase ) level is � 232 U/L.
AST ( Aspartase aminotransferase ) level is � 45 U/L.
Lymphocyte count is less than 1.0 x 109/L.
ote: Number in parentheses is the percentage.
nitially or during their hospital course (p � 0.0001 a
omparing SARS with non-SARS initially and during
he hospital course).

LDH elevation was found in half of the SARS patients
ested (23/40, 58%) on presentation and in most (35/40,
8%) at some point in the hospital course. It increased to
mean (SD) highest value of 445 � 184 IU/L as the

isease progressed at an average of FD 5. Among non-
ARS patients, about one-third of patients (8/27, 30%)

ested initially and half eventually (10/24, 43%) had
DH elevation (p � 0.0001 comparing SARS with non-
ARS initially and during the hospital course).

In the SARS group, 40 of 47 patients tested (85%) had
positive SARS-CoV RT-PCR and Q-PCR compared
ith none of the non-SARS patients (29 negative of 29

ested) (p � 0.0001).

easibility Analysis of Additional Parameters

n our series, the WHO case definition had a positive
redictive value (PPV) for SARS of only 63% (4). Ta-
les 6 and 7 show how the PPV changes with exclusion
f various other factors.

DISCUSSION

e have described the clinical course and findings in

ndings During Hospitalization

p Value
SARS

(n � 53)
Non-SARS

(n � 31) p Value

9 0.0008
0.0057

) � 0.0001
) 0.0298

9 0.0026
) � 0.0001 38/40 (95) 6/25 (24) � 0.0001

� 0.0001 16/40 (40) 0 � 0.0001

) � 0.0001 35/40 (88) 10/24 (43) � 0.0001
� 0.02 12/37 (32) 4/27 (15) 0.0072

) � 0.3170 19/39 (49) 9/27 (33) 0.0308
tory Fi

-SARS
� 31)

6 � 4.5
/31 (6)
/31 (39
/31 (55

2 � 1.6
/31(29

0

/27(30
/30 (7)
/30 (20
set of patients in whom the diagnosis of SARS is
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400 S.-M. Chang et al.
airly certain and a group of non-SARS patients who
ad other diagnoses sufficient to account for their
ymptoms. Case series published during the outbreak
ost likely included some patients with diseases other

han SARS, but it was difficult to separate the diag-
oses at that point in the epidemic (6). The disease
attern we have delineated for SARS and non-SARS

able 6. Positive Predictive Values and False Negative Chan

Exclusion factors

Posi

Before
(%)

o fever on the first day of symptoms. 63
ough/dyspnea on the first day of symptoms. 63
atients with preexisting cardiopulmonary
disease who had cough/dyspnoea on the
first day of symptoms. 63

atients without preexisting cardiopulmonary
disease who had cough/dyspnoea on the
first day of symptoms. 63

nitial leukocytosis 63
nitial leukopenia 63
nitial lymphopenia 63
nitial thrombocytopenia 63
nitial elevated LDH 63
nitial elevated CK 63
nitial elevated AST 63
nitial negative CXR 63
irspace opacity on initial CXR 63
leural effusion on initial CXR 63

able 7. Positive Predictive Values and False Negative Rate

ncreased PPV
ecreased FN

Decreased
Increased F

o fever on first day of
symptoms.

Initial lymph

Initial leuko
ough/dyspnea on first day of
symptoms.

Initial leuko

Initial throm
atients with pre-existing
cardiopulmonary disease

Initial eleva

Initial eleva
cough/dy

Initial eleva
day of sy

Airspace op
atients without pre-existing
cardiopulmonary disease

Negative in

ho had cough/dyspnea on
the first day of Symptoms.†

No significantly increase in PPV but significantly increased FN
* Very significantly decreased PPV and increased FN for SARS

Increased PPV but no false positives.
PV � Positive Predictive Value; FN � False Negative.
hould be useful for comparison with other series of
atients with confirmed diagnoses.

Other respiratory viral infections (such as influenza)
re known to manifest with the abrupt onset of systemic
ymptoms including fever, chills, myalgia, headache or
alaise. Respiratory complaints often become more

rominent as systemic symptoms subside (7). In our

ith Exclusions of Various Factors

edictive Value False Negative

ter
) p

Before
(%)

After
(%) p

1 � 0.0001 0 1 0.5000
1 � 0.0001 0 2 0.2487

0 0.0082 0 2 0.2487

3 0.0015 0 0 1
1 0.2341 0 7 0.0070
0 0.6663 0 12 0.0002
2 0.0031 0 44 � 0.0001
5 0.2549 0 18 � 0.0001
0 0.0661 0 37 � 0.0001
0 0.6663 0 12 0.0002
1 0.7732 0 17 � 0.0001
4 0.2010 0 26 � 0.0001
2 0.0031 0 50 � 0.0001
8 0.4621 0 0 1

ARS with Exclusion of Various Factors

No significant change in PPV
No FN

Pleural effusion (initial CXR)

**

penia
H

who had

T on first
s.
initial CXR)**
R

RS.
ges w

tive Pr

Af
(%

9
9

8

8
7
6
4
5
5
6
6
5
4
6

s for S

PPV
N

openia

penia*
cytosis

bocyto
ted LD

ted CK
spnea
ted GO
mptom
acity (
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eries, fever was the sole initial symptom in SARS
atients with 3 exceptions. Two patients also had cough
nd dyspnea at fever onset, but they both had already had
hose symptoms for years, related to underlying disease.
he other exception was the 10-year-old girl who was
art of a family cluster. It will be important to look at the
ourse of the disease in other children to see if fever is
ess prominent in that age group than we found it to be in
ur adults with SARS. Others have also reported fever as
n early sign in almost all patients with SARS (8–13).
lthough it has been noted that fever may be absent in

lderly patients, we did not observe this in any of our
atients (10). Among the non-SARS patients, only 5
16%) complained of fever as the earliest symptom.

Although cough and dyspnea were very common in
ARS patients, they did not appear as early as did the
igh fever, with the exception of the 2 patients noted
bove. By contrast, 84% of non-SARS patients had
ough or dyspnea preceding their fever. This suggests
hat, in the absence of an underlying cardiopulmonary
isease, patients presenting with a cough that precedes or
s concurrent with a high fever are less likely to have
ARS.

Diarrhea was more common in SARS patients than
n those with non-SARS illnesses, and it started in the
ormer only after the onset of high fever. Fever to this
egree is less common in other viral infections that
ause similar abdominal symptoms. Coronaviruses are
nown to cause both respiratory and enteric diseases
f humans and domestic animals (14,15). However,
bdominal symptoms alone do not seem to be suffi-
ient to discriminate between SARS and non-SARS.

In a series reported from Hong Kong, 20% of patients
ith SARS had normal chest X-ray studies on initial
resentation, compared with 41% in our series (16,17).
his discrepancy may be because in most cases we did
ot perform conventional or high-resolution computed
omography (HRCT) imaging. However, all but 1 patient
ventually had abnormal X-rays. (This patient contracted
he disease from her husband who died of SARS. Serial
-rays and an HRCT of the thorax were all negative.) An

nitially negative chest radiograph thus cannot exclude
ARS. Serial films should be done if SARS is suspected.
e found that abnormalities appeared by a mean of FD

, with a range of 2 to 8 days.
Overall, SARS patients were more likely than non-

ARS patients to have air-space opacities (80% vs.
0%, respectively, p � 0.0001) on the initial chest
-ray study. A series in Hong Kong also reported

irspace infiltrates in 78% of SARS patients (15).
owever, the appearance of the initial film alone can-
ot differentiate SARS from non-SARS. None of our
ARS patients had pleural effusion, cavitation or hilar
ymphadenopathy, in agreement with other series
8,16,17). In contrast, 23% of our non-SARS patients
id have pleural effusion, a statistically significant
ifference.

Of perhaps greater use as a discriminatory feature is
he relatively common pattern in SARS of progression of
ir-space opacities from unifocal to multifocal, found in
ur series as well as others (8,16). This contrasted with a
ack of such progression in non-SARS (p � 0.0001).
his particular factor will not help to discriminate be-

ween SARS and non-SARS on admission, but rapid
rogression of the radiographic abnormalities over sev-
ral days may help confirm the diagnosis of SARS.
lthough pneumothorax or pneumomediastinum oc-

urred in 5 of 53 SARS patients, none of the non-SARS
atients had these complications (p � 0.0016). A possi-
le explanation for this is that SARS-affected lungs may
e less compliant and therefore more subject to
arotrauma.

Many SARS patients had prominent pulmonary func-
ion impairment and residual pulmonary fibrosis at
ischarge from hospital. However, after 2 months of
ollow-up, their pulmonary function and pulmonary fi-
rosis had improved (data not shown). This implies that
ARS-induced radiographic features suggested by early
ublication as fibrosis could in fact be viral pneumonitis
nd may resolve completely without leaving permanent
amage (18).

Leukopenia (34%), lymphopenia (70%), and throm-
ocytopenia (45%) are non-specific but may suggest
ARS (8). In our series, we found that SARS patients
ere more likely to have a normal or decreased leu-
ocyte count on presentation, along with lymphocyto-
enia and thrombocytopenia, whereas those with non-
ARS generally had normal or elevated white cell
ounts and normal lymphocyte and platelet counts
Table 5). There is quite a bit of overlap in these
ndings, but results at one end of the extreme or the
ther may add to the evidence for or against SARS.

Lymphopenia in SARS may be due to apoptosis or the
se of glucocorticoids or stimulation of the hypothalamic-
ituitary-adrenal axis (19,20). In our series, on admis-
ion, 70% of SARS patients tested had lymphopenia, at
time when they had not yet received any steroid ther-

py. At some point in their illness, 95% of our patients
ho were tested were lymphopenic, but a number had

eceived glucocorticoids. It is therefore unclear if the
evelopment or persistence of lymphopenia in our pa-
ients was a result of the disease or of the treatment.

Although elevations of LDH and CK were statistically
ore common in SARS than non-SARS, these are un-

ikely by themselves to provide adequate discrimination,
iven the degree of overlap. However, they may be
elpful in combination with other findings.
In our series, RT-PCR for SARS-CoV was positive
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n 85% of the patients tested. We believe the 7 nega-
ive results were false negatives. However, the possi-
ility of false positives and negatives with the tests
sed in the recent epidemic implies that we still need
etter means for differentiating SARS from non-
ARS.

CONCLUSION

ccording to our findings in SARS and non-SARS, a
igh fever (� 38°C) that precedes the onset of cough
y several days; an initially normal or decreased leu-
ocyte count; lymphopenia and thrombocytopenia; el-
vated LDH; and air space opacities on initial chest
-rays are suggestive of SARS. If these features are
resent along with a positive PCR for SARS-CoV, we
an be fairly confident of the diagnosis of SARS. For
atients whose initial presentation is not so clear,
apid progression of chest X-ray abnormalities, partic-
larly with changes from uni- to multifocal or uni- to
ilateral infiltrates is also strong evidence of SARS.
hese clinical patterns are particularly important if
CR testing is not available. However, further com-
arison with other series of patients with confirmed
ARS and non-SARS is necessary to ascertain impor-

ant discriminatory features.
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