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ABSTRACT 

Thirty-one cases of severe acute respiratory syndrome (SARS) 
occurred after exposure in the emergency room at the National Taiwan 
University Hospital. The index patient was linked to an outbreak at a 
nearby municipal hospital. Three clusters were identified over a 3-week 
period. The first cluster (5 patients) and the second cluster (14 patients) 
occurred among patients, family members, and nursing aids. The third 
cluster (12 patients) occurred exclusively among healthcare workers. 
Six healthcare workers had close contact with SARS patients. Six 
others, with different working patterns, indicated that they did not have 
contact with a SARS patient. Environmental surveys found 9 of 119 
samples of inanimate objects to be positive for SARS coronavirus RNA. 
These observations indicate that although transmission by direct 
contact with known SARS patients was responsible for most cases, 
environmental contamination with the SARS coronavirus may have lead 
to infection among healthcare workers without documented contact with 
known hospitalized SARS patients. 
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BACKGROUND 

The coronavirus responsible for the severe acute respiratory syndrome 
(SARS-CoV) rapidly spread from Mainland China to 30 countries worldwide. 
From November 1, 2002, through July 31, 2003, a total of 8,098 probable 
cases were reported, including 346 from Taiwan. The disease is of great 
concern because of the high case-fatality rate, short incubation period, rapid 
spread along international air routes, and the large number of cases in 
previously healthy hospital staff . SARS appears to be spread most commonly 
by close person-to-person contact through exposure to infectious droplets and 
possibly by direct contact with infected body fluids. Emerging evidence 
indicates that SARS can be acquired from contaminated inanimate objects in 
the environment . 



Taiwan is geographically close to China and Hong Kong and has a population 
of 23 million. An outbreak began on April 23, 2003, at a municipal hospital 
(hospital A) in Taipei. The index patient had unrecognized SARS. Multiple 
patients, visitors, and healthcare workers were exposed to this patient. After 
the outbreak at hospital A, patients sought care at the National Taiwan 
University Hospital, and patients with febrile illness screened in the emergency 
room (ER) increased substantially. On May 8, 2003, we identified and reported 
to the local health department three SARS cases in patients whose only 
contact history was being treated at the National Taiwan University Hospital 
ER. Source and contact tracing failed to identify the index patient. In response 
to this outbreak, we admitted all ER patients in phases to a special unit where 
droplet and contact precautions were implemented, and on May 12, 2003, the 
operation of the ER was suspended. On the same day, the infection control 
team was informed that three healthcare workers who worked in the ER had 
fever. They were immediately isolated, and initial interviews with the 
healthcare workers failed to identify a common source of infection.  

 
OBJECTIVES 

To better understand the mode of transmission, we conducted this 
epidemiologic study and environmental surveillance by using a highly sensitive 
and specific assay for SARS-CoV RNA. We describe how we traced the index 
patient to hospital A and the subsequent occurrence of three clusters of SARS 
after exposure to the National Taiwan University Hospital ER. We also provide 
evidence for indirect-contact transmission among some of the healthcare 
workers on the basis of the environmental studies. 

 
RESULTS 

From March 15 through April 22, a median of 6 patients per day (range 0–29) 
were screened at the ER for febrile illnesses. After the outbreak in hospital A, a 
median of 36 patients per day (range 21–67) were screened. Thus, the ER 
was used to screen a large portion of persons during this rapidly progressing 
epidemic. Of 754 patients screened at the ER from April 23 through May 12, a 
total of 63 patients were identified as SARS cases and were admitted to 
National Taiwan University Hospital, 68 SARS patients were transferred to 
another hospital, and 155 received care in a temporarily designated ER area 



because of shortages of isolation rooms and staff. On May 7, up to 18 SARS 
patients stayed in the ER overnight. Of 232 SARS patients admitted to the 
National Taiwan University Hospital from March 14 through June 19, 31 
(13.4%) did not have a history of travel, exposure to SARS patients, or a 
hospital visit within 10 days before illness, and the only contact history was a 
stay at the National Taiwan University Hospital ER. 

Source and Contact Tracing 

We identified three distinct clusters by plotting the dates of onset of fever for 
each case and allocation of bed numbers in the observation unit of patients 
involved. The first cluster of five patients had disease onset from April 29 
through May 1; the second cluster of 14 cases began on May 4, and the third 
cluster of 12 cases began on May 11, 2003. In the third cluster, all the cases 
were in healthcare workers. The first cluster affected patients located in three 
neighboring beds in the observation unit of the ER. The second cluster 
affected patients located in four nearby beds and a fifth bed that was >3 m 
away. The distance between beds was approximately 1 m. None of the cases 
occurred in beds 9–18, which are separated by a half wall. 
The index patient in the first cluster was an afebrile 73-year-old man who was 
admitted to the ER because of severe dyspnea. He was kept in the 
observation unit from April 23 through April 25, 2003. He was thought to have 
congestive heart failure and chronic obstructive lung disease and treated with 
aerosolized medication. He was admitted to the cardiology ward on April 25. A 
temperature of >38°C developed on April 27, and a chest radiograph taken on 
the same day indicated a new infiltrate. He was immediately transferred to a 
negative-pressure isolation room. He had not given this history, but after 
checking his health insurance card, we learned that he had visited hospital A 
on April 14 and April 15. He died on April 30. Sputum samples were positive for 
SARS-CoV RNA. On autopsy, he was found to have had an acute myocardial 
infarction. A small ground-glass density in the lung was compatible with viral 
pneumonitis. The second patient was another 73-year-old man who had cough 
and fever for 2 weeks. He had been treated in the ER observation unit from 
April 24 through April 29. He returned to the ER on April 30 and was diagnosed 
with probable SARS. Because of the occurrence of two closely spaced cases 
of SARS in the ER observation unit (a non-SARS area), we immediately 
identified a potential outbreak. Contact tracing identified a cluster of cases in 
three patients and two nursing aids. All five cases were diagnosed as probable 



SARS, and results of three tests were positive for SARS-CoV RNA. The 
contacts were quarantined, and no tertiary cases emerged. 
The second cluster began on May 8. A 46-year-old, otherwise-healthy woman 
(patient 8) was admitted with probable SARS. A week earlier she had taken 
care of her mother (patient 9) in the ER observation unit. She indicated that 
she did not have contact with other SARS patients, including those identified in 
the first cluster. Accordingly, we screened all patients who stayed in the 
observation unit from April 30 through May 8. This cluster affected six patients, 
three family members, and five nursing aids.  
The third cluster was noted on May 12, when the infection control team was 
informed that fever developed in three healthcare workers who had been 
isolated. The exact contact source could not be identified. Thus, we 
quarantined all the ER healthcare workers and suspended ER operations for 2 
weeks. SARS related to the ER developed in 12 healthcare workers from May 
11 through May 16. Six of the healthcare workers who became ill had close 
contact with SARS patients. However, patient contact and time of exposure 
were different. The healthcare workers were one desk clerk, two physicians, 
one radiology technician, and two nurses. All had followed infection-control 
precautions. Six other healthcare workers who became ill indicated that they 
did not have close contact with SARS patients. These workers were four 
nurses and two cleaners. These 12 healthcare workers differed from each 
other according to duty pattern, service time, work areas, and time of exposure 
to the unit (data not shown). Source and contact tracing failed to identify a 
common source. We therefore postulated that they might have acquired SARS 
through indirect contact. 

Environmental Survey 

On May 15, we collected 119 environment samples, including 100 surface 
samples and 19 air samples. Nine samples were positive for SARS-CoV RNA. 
These included the buttons of the drinking water fountains in the triage and the 
observation unit; a bedside chair in the observation unit; the outlet of the 
central air supply, a table top, bedding and bed edge in a SARS area; and a 
bookshelf and bedding in the clean area. None of 19 air samples tested 
positive for viral RNA. The highest viral load was obtained from a bedside chair 
in the observation unit (2,570 to 25,700 copies per sample). 

Control Measures and Follow-up 



Targeted cleaning of the ER environment was performed. Follow-up 
surveillance was conducted on May 25. Nine samples were collected from 
previously contaminated surfaces, 21 samples from other areas in the ER, and 
15 samples from SARS wards. All 45 samples were negative for SARS-CoV 
RNA. All personnel who had contact with SARS patients or their environments 
were reeducated on infection-control measures. Particular attention was paid 
to hand hygiene and routine environmental cleaning. The workload for 
healthcare workers was reduced. All patient beds were placed at least 2 m 
apart. No further cases of SARS related to the ER occurred after May 17, 
2003. 

Discussion 

Most patients appear to have acquired their infections by close patient contact, 
presumably by droplet transmission. Six of the cases among the healthcare 
workers had no direct SARS patient contact. They may have acquired their 
infection from commonly used, contaminated objects. Finding SARS-CoV RNA 
in nine commonly used inanimate objects supports this notion. Although the 
signal only demonstrated SARS-CoV RNA and not viable virus, this finding 
may indicate that the virus can persist in the environment. Environmental 
contamination was first demonstrated during a community outbreak in Hong 
Kong. The SARS virus may be stable in the environment at room temperature 
for 1 to 2 days. It can survive on plastic surfaces, stainless steel, glass slides, 
and paper files. The virus can survive even longer (up to 4 days) in stool from 
patients with diarrhea. In some series, diarrhea is a common complaint of 
SARS patients. One patient in the first cluster had intestinal bleeding, and 4 of 
14 patients in the second cluster had diarrhea. 

Overcrowding in the ER during an epidemic creates more opportunities for 
cross transmission and environmental contamination. In addition, overworked 
medical staff may not follow preventive procedures and take inadequate 
precautions. After the outbreak in hospital A, healthcare workers in the ER 
wore N95 respirators for all patient care. Using protective equipment may 
account for the absence of cases among healthcare workers during the first 
and the second clusters of SARS in the ER. However, the third cluster included 
six healthcare workers who were not exposed to patients with SARS. Thus, 
masks do not prevent acquisition from environmental sources. Furthermore, 
the spread of SARS was most likely facilitated by lack of proper handwashing 
than by direct contact with patients or environments contaminated with viral 



nucleic acids. Therefore, intensive environmental cleaning should be instituted 
as soon as a case is identified, particularly for those with diarrhea. In addition, 
the importance of handwashing cannot be overemphasized. 

 
SELF-ASSESSMENT 

This study has several limitations. Comprehensive serologic surveys were not 
conducted among all of the healthcare workers and patients during the 
outbreak. We may have missed persons with subclinical or mild infections who 
might have transmitted SARS by person-to-person contact. Viral cultures were 
not performed on samples taken from inanimate objects. SARS virus detected 
by RT-PCR may not have been viable. 
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