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Background : On March 11, 2003, a World Health Organization (WHQ) physician was admitted to
Bamrasnaradura Institute, after alerting the world to the dangers of severe acute respiratory syndrome
(SARS) in Vietnam and developing a fever himself. Specimens from the first day of his admission were among
the first to demonstrate the novel coronavirus, by culture, reverse transcription-polymerase chain reaction
(RT-PCR), and rising of specific antibody, but proper protective measures remained unknown. The authors
instituted airborne, droplet and contact precautions from the time of admission, and reviewed the efficacy of
these measures.

Material and Method : A specific unit was set up to care for the physician, beginning by roping off an
isolated room and using a window fan to create negative pressure, and later by constructing a glass-walled
antechamber, designated changing and decontamination areas, and adding high-efficiency particulate air
(HEPA)filters. The use of personal protective equipment (PPE) was consistently enforced by nurse managers
for all the staff and visitors, including a minimum of N95 respirators, goggles or face shields, double gowns,
double gloves, full head and shoe covering, and full Powered Air Purifying Respirator (PAPR) for intubation.
To assess the adherence to PPE and the possibility of transmission to exposed staff, a structured question-
naire was administered and serum samples tested for SARS coronavirus by enzyme-linked immunosorbent
assay (ELISA). Exposure was defined as presence on the SARS ward or contact with laboratory specimens,
and close contact was presence in the patient’s room.

Results : The WHO physician died from respiratory failure on day 19. 112 of 129 exposed staff completed
questionnaires, and the 70 who entered the patient’s room reported a mean of 42 minutes of exposure (range
6 minutes-23.5 hours). 100% reported consistent handwashing after exposure, 95% consistently used a fit-
tested N95 or greater respirator, and 80% were fully compliant with strict institutional PPE protocol. No
staff developed an illness consistent with SARS. Serum samples from 35 close contacts obtained after day 28
had a negative result for SARS coronavirus antibody.

Conclusions : Hospitalization of one of the earliest SARS patients with documented coronavirus shedding
provided multiple opportunities for spread to the hospital staff, but strict enforcement of conservative infec-
tion control recommendations throughout the hospitalization was associated with no transmission.
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From November 1, 2002-July 31, 2003, 8, 098
probable cases of Severe Acute Respiratory Syndrome
(SARS) from 29 countries were reported to the World
Health Organization (WHO), among these, 774 persons
died®. The emergence of SARS challenged health care
systems worldwide because of its severity and high
transmissibility, especially among health care workers
(HCWs), who accounted for 11-57% of all cases®.

At the beginning of this outbreak, before
proper protective measures were known, a WHO phy-
sician was admitted to Bamrasnaradura Institute, the
designated infectious disease and quarantine hospi-
tal in Thailand. He had developed fever on March 11,
2003, after examining some of the earliest SARS cases
in Vietnam and alerting the world to the dangers of
SARS. Diagnostic specimens obtained from him on
the first day of admission and sent to the US Centers
for Disease Control and Prevention (CDC) were among
the first to identify the novel coronavirus by culture,
reverse transcription-polymerase chain reaction (RT-
PCR), and a significant rise in SARS coronavirus anti-
bodies®.

The Thai Department of Disease Control
alerted Bamrasnaradura Institute of his impending
admission less than 2 hours prior to his arrival, but
the Institute had an emergency plan for patients with
dangerous pathogens available for implementation.
The authors describe our analysis of the efficacy of
the infection control measures specified in the emer-
gency plan, assess the adherence of our staff to the
protective protocols recommended by the institute,
and evaluate the possibility of transmission among
hospital the staff.

Material and Method
Infection control measures

Early empiric use of airborne, standard and
contact precaution were implemented from the time of
the patient’s admission and stepped-up control measures
were implemented as the disease severity progressed
and for aerosolizing procedures. The authors summa-
rized the administrative measures, engineering con-
trols, and personal protective equipment (PPE).

Administrative measures included limiting
the movement of the patient by using portable radio-
graphy equipment, requiring staff and visitors to wash
their hands before and after all activities and shower
before leaving the ward. Specific staff were assigned
to actively monitor the use of PPE for all staff and
visitors. The number of exposed persons was limited,
surfaces in the patient’s room and nurse station were
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cleaned frequently, and health care workers were
placed under post-exposure surveillance.

Engineering controls included the establish-
ment on the first day of a makeshift negative pressure
room by using window fans, and on day 3, a more for-
mally constructed room with an antechamber, decon-
tamination areas, dressing room, and nurse station
were established in a special isolation unit (Fig. 1).
Airflow into the patient’s room was checked multiple
times daily by means of paper strips, and portable
high-efficiency particulate air (HEPA) filters were
added in the patient’s room and the anteroom on day
12. Traffic flow patterns were created to prevent non-
essential personnel from passing through the ward.

The use of PPE was strictly monitored as
follows: All visitors and staff entering the nurse station
were required to wear N95 masks, gown, and cap.
Those who worked with laboratory specimens from
the patient handled them in BSL2+ conditions includ-
ing the use of a biosafety cabinet and the wearing of
N95 masks, goggles, gowns, gloves, and cap. Visitors
and staff entering the patient’s room were assisted
with donning full protective equipment including N95
or greater respirators, goggles or face shields, double
layers of gowns, double layers of gloves, full head
and shoe covering. At the time of intubation, all staff
in the room were protected with Powered Air Purify-
ing Respirators (PAPR). Removal of PPE, for those
who entered the patient’s room, followed established
2-stage procedures including removal of the outer
layers - outer glove, face shield, outer gown, full head
and shoe covering - within the anteroom and the inner
layers - inner glove, inner gown, goggles and mask -
in a designated decontamination area, and this was
monitored by infection control staff.
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Assessment of adherence to infection control
measures and possibility of SARS transmission to
health care workers

The authors survey probably exposed
personnel by administering a standard questionnaire.
Data collection included age, sex, occupation, activities
and time of exposure, type of PPE, handwashing
practices, and the presence of any symptoms occurring
within 14 days after the last contact with the patient.
The definition of possibly exposed personnel was
presence on the isolation unit (with or without entering
the patient’s room) or contact with the patient’s
laboratory specimens, and the definition of close
contact was presence in the patient’s room. To assess
the possibility of transmission to exposed staff, two
serum samples were requested; the first sample around
day 21 and the second sample around day 90 post
exposure. All specimens were tested for antibodies
against the SARS coronavirus by enzyme-linked
immunosorbent assay (ELISA) method at the National
Institute of Health, Thailand, using test kits supplied
by the US CDC.

Results

The WHO physician died from respiratory
failure on day 19 of his illness. There were a total of
129 possibly exposed personnel, including 13 doc-
tors, 58 nurses, 13 health care assistants, 4 X-Ray tech-
nicians, 3 housekeepers, 7 laundry workers, 4 labora-
tory staff, 15 other staff, and 12 visitors. Of these, 112
completed questionnaires and 70 were defined as close
contacts, including 9 doctors, 32 nurses, 10 health
care assistants, 3 X-Ray technicians, 3 housekeepers,
4 laundry workers, 4 laboratory staff and 5 other staff.
Among the 112 who completed the questionnaire, the
male to female ratio was 1:3, ages ranged from 23-58
years with a mean of 42 + 9 years. Among the 70 close
contacts, the male to female ratio was 1:4.5, ages ranged
from 25-56 years with a mean of 42 + 8 years, and the
total time exposed within the patient room averaged
42 minutes (range 6 minutes-23.5 hours). The descrip-
tion of infection control measures reported by these
70 close contacts is summarized in the Table 1.

Among the 112 respondents, 32 reported
some symptoms; fever (13 cases), cough (13 cases),
diarrhea (1 case), sore throat (22 cases) and nasal stuffi-
ness (10 cases) during 14 days following their last
contact with the patient (24/70 in close contact, 8/42
in non close contacts; P = 0.13, NS). One sick HCW
had confirmed dengue infection. No staff developed a
pattern of symptoms consistent with SARS.
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Sera obtained from 35 of 70 close contacts
after day 28 post exposure were negative for SARS
coronavirus antibody. Sixteen of those who reported
symptoms had SARS Ab tested after day 28 post
exposure and all were negative.

Discussion

Evidence from outbreak investigations  sug-
gest that SARS is spread mainly by close contact via
respiratory droplets and also indirect contact with con-
taminated objects®%. In addition, the virus may be
spread through the air or by other ways that are not
known clearly. The recommended infection control

Table 1. Percentage of accomplished infection control

measures

Items Outcomes
(%)

Administrative measures

Limit movement of the patient 100%

Encourage of hand washing

before activities 80%

after activities 100%

Shower before leave the ward 80%

(for in charge nurses&health care assistants)

Active monitoring of PPE

- Checking for correct wear of PPE, fit test 95%
- Report of assistant for dressing PPE 85%

- Enforcement of PPE use in visitors 100%
Frequent cleaning of the hospital surfaces 100%
Post exposure surveillance among 100%
health care workers
Engineering controls
Daily check of negative pressure in 100%
the patient room
Control of traffic flow 100%
PPE use (among 70 close contacts)
Reported use of PPE
- N 95 or greater respirator 100%
- Double gloves 89%
- Double gowns 86%
- Eye protection 85%
- Hood 78%
- Shoe cover 2%
Step in PPE removal
In the anteroom
- outer glove 98%
- face shields 86%
- outer gown 94%
- hood 80%
- shoe cover 68%
In the decontamination area
- inner glove 97%
- inner gown 96%
- mask 100%
- goggles 85%
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measures for SARS generally included airborne, con-
tact and standard precaution®®. Factors associated
with transmission included 1) patient factors - unrec-
ognized cases/atypical cases or super spreaders, 2)
environmental factors - lack of negative pressure room
or PPE and, 3) behavioral factors - lapse or lack of
knowledge in infection control practices among HCWs
(i.e., inappropriate step of PPE removal, lack of fit test-
ing for N 95 masks, or inconsistent hand washing)©.
The successful containment of SARS in
Bamrasnaradura Institute may be in part due to the
fact that only one confirmed case was cared for and
the availability of PPE and trained staff. Based on our
experience, the factors that the authors consider
important for SARS containment are as follows:

1) Early notification and patient isolation

Notification before the patient’s arrival
allowed our institute to prepare the isolation room and
PPE. In other heavily affected areas, unrecognized
cases lead to widespread transmission®®, Prevention
of the initial chain of transmission is vitally important
for SARS.

2) Institutional preparedness

The Institute has a preparedness plan for
potential bioterrorism events that facilitated the rapid
response of hospital staff.

3) Structure of isolation unit

The lack of a negative pressure room posed
a problem for our institute. The institute tried to
reduce the likelihood of airborne or droplet transmis-
sion by initially creating a makeshift negative pres-
sure room, then a more formally negative pressure room
with the anteroom. These rooms and the room for don-
ning PPE were physically separated from the nurse
station. Although data regarding benefit of anteroom
is not available, an anteroom may provide an addi-
tional physical barrier to prevent the potential escape
of droplet nuclei from the patient’s room to dissemi-
nate into the hospital environment®,

In Canada, transmission occurred in the set-
ting of a negative pressure room without an ante-
room®, In the settings with no available negative pres-
sure rooms, an anteroom may add benefit to prevent
airborne transmission.

4) Early implement of PPE and establish step of PPE
removal

Although routes of SARS transmission were
unknown and guidelines had not been developed at
that time, strict enforcement of PPE use including eye
protection were in place from the time of the patient’s
admission. Delay or inappropriate use of PPE had of-
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ten been reported in settings of early outbreak®912,
Inconsistent eye protection and lack of fit testing for
respiratory mask were the most frequently reported®
N, A study from Seto WH et al, reported that proper
use of gowns, gloves, masks and frequent hand wash-
ing were important to prevent SARS transmission®.
Appropriate level of PPE depend on risk of exposure®,

Because the virus is stable in the environ-
ment® and can contaminate hospital surfaces®, PPE
removal is an important issue. The authors established
2- stage of PPE removal procedures to prevent autoi-
noculation and fomites transmission.

5) Consistent adherence to infection control policy
among our HCWs

Our HCWs were remarkably adherent to the
infection control measures (the outcome as shown in
the Table 1). A report on SARS transmission from a
community hospital in Hong Kong revealed a rate for
use of surgical or N95 masks of 100%, gowns 55%,
gloves 58% and eye shields 28% among all infected
staff, with 73% of infected staff reported consistence
with hand washing®.

In conclusion, during the early phase of SARS
outbreak, strictly conservative infection control
measures were early implemented and no secondary
SARS transmission occurred in the Bamrasnaradura
Institute despite 19 days of prolonged close contact
between the confirmed SARS patient and the hospital
staff.
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