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Abstract Objective: Severe acute
respiratory syndrome (SARS) is an
emerging and easily clustering infec-
tious disease. We describe an out-
break of SARS in a chest ward of a
medical center in southern Taiwan
and seek to identify the risk factors of
those SARS patients who required
mechanical ventilation. We focus on
previous health patients. Design: This
retrospective case series was collected
during the SARS outbreak. Degrees
of severity were established, based on
whether intubation and mechanical
ventilation was necessary. Setting: A
2500-bed medical center in southern
Taiwan. Patients: Forty-four patients
exhibited symptoms that met the
modified World Health Organization
(WHO) definition of SARS. These
included of three subgroups: health-
care workers (n=16), relatives (n=14),
and patients already admitted for
other ailments (n=14). Of these, 20
eventually required mechanical ven-
tilation. Measurements and results:
Laboratory analyses showed statisti-
cally significant differences between
intubated and nonintubated patients in
white blood cell count, neutrophil
percentage, and C-reactive protein
level as well as in age and underlying
malignancy. Risk factors for SARS

patients who had been healthy prior to
their illness included old age, high
peak fever grade, increased neutrophil
count, increased neutrophil percent-
age, and close or prolonged contact
with a SARS patient. Conclusions:
Old age, high white blood cell counts,
high peak grade fever, and close or
prolonged contact with a SARS pa-
tient increase the risk of intubation in
previous healthy SARS patients.
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Introduction

Severe acute respiratory syndrome (SARS) first emerged in
southern China in the fall of 2002. Since then this infec-

tious disease has become a global concern [1, 2, 3]. A
novel coronavirus has been implicated with both the initial
outbreak and the subsequent worldwide spread [4, 5, 6].
Cluster infections have been a common feature of SARS
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since its emergence [1, 2, 3]. In these clustered outbreaks
some patients have progressed to respiratory failure while
others have not deteriorated so markedly. The question of
whether there are underlying factors that predispose to the
eventual use of mechanical ventilation is important to ad-
dress. In one study on 75 SARS patients the risk factors
associated with acute respiratory distress syndrome re-
quiring ventilatory support were age, male sex, chronic
hepatitis B virus carriage, raised creatinine, and recurrent
fever [7]. Fowler et al. [8] reported 38 patients with SARS-
related critical illness. They described clinical course and
outcomes of these critical ill patients. They also found that
older age, a history of diabetes mellitus, admission tachy-
cardia, and elevated creatine kinase were associated with
poor outcome.

We report here on a cluster of 44 SARS cases in a
hospital chest ward in southern Taiwan. Analysis of clin-
ical symptoms and laboratory data was undertaken with the
aim of revealing risk factors for intubation in SARS pa-
tients. We focus on previous health SARS patients.

Patients and methods

Between 29 April and 26 May 2003 we identified 44 epidemio-
logically linked patients were identified in Chang Gang Memorial
Hospital (29 women, 15 men; aged 22–82 years) 14 current inpa-
tients, 14 familial relatives of these inpatients, and 16 health-care
worker employed at the hospital. Of the 44 patients 20 (45%) de-
teriorated to the point that intubation and mechanical ventilator
support were required: 2 of the 16 health-care workers (13%), 7 of
14 family members (50%), and 11 of 14 inpatients (79%). Of the 44
patients 18 died despite of ventilator support, and 26 are still alive.
All these patients’ serum tested for coronavirus IgG antibody were
positive.

Patients’ symptoms met the modified World Health Organiza-
tion definition of SARS [6]. These are: a fever of 38�C or higher,
cough or shortness of breath, and new pulmonary infiltrates on
chest radiography that present in the absence of an alternative di-
agnosis to explain the clinical presentation. Respiratory secretions
of all patients were analyzed for conventional bacteria, Legionella
pneumophila, and mycobacteria. Serum samples were tested for
Mycoplasma pneumoniae and Chlamydia pneumoniae. Serum
samples in patients who are alive were tested for SARS coronavirus
IgG antibody 1 month after discharge.

. Data were collected retrospectively during SARS. The indi-
cations for intubation and mechanical ventilation included a PaO22/
FIO2 ratio less than 300 mmHg with PaCO2 greater than 50 mmHg
or a blood pH less than 7.25. The above committee consisting of
three pulmonologists, two radiologists, and one infectious disease
specialist reviewed each patient’s charts and recorded demo-
graphic, clinical, and laboratory information on a standardized data
collection form, and subsequently scrutinized the data to unearth
risk factors for mechanical ventilation.

Student’s t test and Fisher’s exact test were used in the uni-
variate analysis, and multiple logistic regression was employed in
the multivariate analysis. Differences with a p value of 0.05 or less
were considered significant.

Results

Table 1 displays the results of associated risk factors of
the SARS patients based on the need for intubation. Pa-
tients who were intubated had a statistically significantly
older age, underlying malignancy (p=0.035), elevated
initial white blood cell (WBC) count (p<0.001), and
higher C-reactive protein (CRP; p=0.003) compared to
the patients who remained nonintubated. The predictive
factors of intubation differed when the inpatient group
was excluded from the statistical analysis (Table 2);
those requiring intubation because of respiratory fail-
ure displayed higher age (p=0.001), peak fever grade
(p=0.043), initial WBC count (p<0.001), neutrophil count
(p<0.001), and neutrophil percentage (p=0.002). Increas-
ed neutrophil count was the only significant variable in
the multivariate analysis.

Of the 16 health-care workers 3 had participated in
intubation procedures, 2 of whom subsequently deterio-
rated to respiratory failure. None of the 13 patients who
had not participated in intubation procedures experienced
respiratory failure. Among the 14 family members of
inpatients 8 had maintained a bedside vigil while the
visits of the other 6 were more sporadic. Of the 8 who
maintained close and lengthy contact with an inpatient, 7
progressed to respiratory failure, while none of the 6 who
had more sporadic contact with an inpatient experienced
respiratory failure. Patients who were close or prolonged

Table 1 Associated risk factors of requirement for intubation in
patients with SARS

Intubation
(n=20)

No intubation
(n=24)

p

Age (years) 57.8€16.0 35.9€14.4 <0.001a*
Sex: F/M 12/8 17/7 0.532b

Cardiac disease 5 (25%) 3 (12.5%) 0.436b

Lung disease 7 (35%) 2 (8.3%) 0.057b

Diabetes mellitus 2 (10%) 2 (8.3%) 1.000b

Malignancy 6 (30%) 1 (4.2%) 0.035b

White blood cells
(per �l)

13,600€6,800 5,400€3,000 <0.001a

Neutrophils 12,700€6,700 4,400€2,900 <0.001a

C-reacitve protein 107.6€80.9 38.2€50.4 0.003a

a Student t test
b Fisher’s exact test

Table 2 Associated risk factors in previous healthy SARS patients
who required intubation

Intubation
(n=9)

No intubation
(n=21)

pa

Age (years) 46.6€13.7 31.8€8.6 0.001
Fever, peak (�C) 39.4€0.8 38.6€0.9 0.043
WBC 12,700€5,900 5,000€2,800 <0.001
Neutrophil 11,800€5,900 3,900€2,500 <0.001
Neutrophil (%) 91.9€4.3 76.3€13.4 0.002
a Student’s t test
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contact with a SARS patient had increased risk of respi-
ratory failure (p<0.001).

Discussion

The present report of a clustered SARS outbreak in Chang
Gung Memorial Hospital, Kaohsiung, Taiwan, documents
a rapid and widespread infection, particularly in the hos-
pital’s chest ward. A factor in the spread of the disease may
have been the delay in diagnosis of the index case. This
relates to the timing of the outbreak. At the time of the out-
break physicians generally lacked experience with SARS.

All 13 inpatients presented an abnormal chest radiog-
raphy before their SARS diagnosis. In several patients
there was little change in chest radiography findings, even
when their lung function had deteriorated to the extent
that intubation was necessary. It was thus more difficult to
make the diagnosis of SARS in these patients. Physicians
must pay more attention and keep alert for early diagnosis
of SARS in inpatient group. Our observations serve as a
cautionary note to physicians that increased attention
might well be paid to inpatients if SARS is to be recog-
nized early. Early detection of the infection and rapid
isolation of SARS patient as well as intensive respiratory
precautions are proving to be critical in the control of a
more widely disseminated infection.

In the present cluster of patients a number of factors
including age, underlying malignancy, WBC count, lym-
phocyte percentage, and CRP level differ significantly in
patients who required intubation from those who did not
require intubation. The physiological factors were likely
associated with underlying malignancy, which was sig-
nificantly greater in the intubated patients. Diseases such
as chronic obstructive pulmonary disease and lung cancer
are more prevalent in older persons and are usually as-
sociated with secondary infections that influence WBC
count, neutrophil count, lymphocyte percentage, and CRP
level. As a result the use of physiological parameters may
not be a reliable prognosticator of impending respiratory
failure in some SARS patients.

The above statement is not absolute. Indeed, in SARS
patients who were healthy prior to developing this in-

fection, factors such as age, peak fever grade, WBC
count, and neutrophil percentage may prove to be reliable
risk factors for the progression to intubation. The elderly
have a higher risk of respiratory failure. Moreover, a high-
grade fever grade (>39.4�C) may indicate a severe in-
flammation or a cytokine storm. Older patients suffering
from SARS who develop a high fever may thus be at
greater risk of intubation.

Two of the three health-care workers who had partic-
ipated in intubation procedures on SARS patients pro-
gressed to acute respiratory failure. In contrast, the 13
health-care workers who had not assisted in the intubation
of SARS patients did not experience respiratory failure
when they subsequently contracted SARS. Furthermore, of
the eight family members of inpatients who kept a bedside
vigil, seven progressed to acute respiratory failure. How-
ever, family members who visited an inpatient more
sporadically did not succumb to respiratory failure when
they contracted SARS. These observations are consistent
with the suggestion that close contact with SARS patients
increases the risk of respiratory failure and intubation. In
our hospital 20 of 44 (36%) SARS patients progressed to
acute respiratory failure, including nine of 30 (30%) pre-
viously healthy persons and 11 of 14 (79%) inpatients.

This incidence of acute respiratory failure is higher
than noted at other hospital [7, 8, 9, 10, 11, 12, 13]. Some
of the original inpatients had underlying lung disease
including chronic obstructive pulmonary disease, asthma,
and lung cancer. It is reasonable to presume that respi-
ratory failure rate would be greater in this patient group
given these other physiological stresses. However, pos-
sibly muting the influence of these others clinical stresses
are the findings that in other SARS outbreaks, previously
healthy patients displayed an acute respiratory rate of
36% [7, 8, 9, 10, 11, 12, 13]. Thus, whether a person’s
current health status affects their susceptibility to acquire
SARS is uncertain and requires further study.

In conclusion, the current study provide evidence that
older age, high WBC counts, high peak grade fever, and
close or prolonged contact with a SARS patient can be
risk factors in the respiratory deterioration of previous
healthy SARS patients leading to intubation and me-
chanical ventilator support.
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