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The seroprevalence of antibody to severe acute respiratory

syndrome (SARS)–associated coronavirus (SARS-CoV) in co-

horts of health care workers (HCWs) with subclinical infec-

tion in SARS and non-SARS medical wards was 2.3% (3 of

131 HCWs) and 0% (0 of 192 HCWs), respectively. Rates for

clinical SARS-CoV infection among 742 HCWs on these

wards were highest among nurses (11.6%) and health care

assistants (11.8%), indicating that these occupations are as-

sociated with the highest risks for exposure.

Severe acute respiratory syndrome (SARS) was first recognized

in late February 2003 in Hanoi, Vietnam [1]. Shortly thereafter,

an outbreak of SARS occurred in Hong Kong, People’s Republic

of China, and 22% of the patients were health care workers

(HCWs) in Hong Kong hospitals [2]. At Prince of Wales Hos-

pital, a 1350-bed teaching hospital in Hong Kong, the first wave

of SARS-associated coronavirus (SARS-CoV) infection affected

close to 80% of the staff on the medical ward. Within the first

2 weeks of this outbreak, which began on 10 March 2003, 69

HCWs were admitted for probable or suspected SARS [3]. Iso-

lation wards for probable and suspected SARS cases were es-

tablished, and infection-control measures involving droplet

precautions was implemented [4].

In the next few weeks, 444 patients with probable SARS were

Received 3 November 2003; accepted 16 February 2004; electronically published 24 May
2004.

Reprints or correspondence: Dr. Margaret Ip, Dept. of Microbiology, Prince of Wales Hospital,
Chinese University of Hong Kong, Ngan Shing St., Hong Kong, People’s Republic of China
(margaretip@cuhk.edu.hk).

Clinical Infectious Diseases 2004; 38:e116–8
� 2004 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2004/3812-00E1$15.00

admitted to these wards. The mean number of patients with

SARS at any one time was 86.6 (range, 41–168 patients; inter-

quartile range, 59.0–98.8 patients), occupying a mean of 4.4

SARS wards (range, 3–8 wards) each day during the 10-week

period between 10 March and 20 May 2003. During this time,

at least 259 HCWs were documented to have worked in the

SARS wards at Prince of Wales Hospital and were directly or

indirectly exposed to patients with SARS and their body fluids.

Infection-control measures during this time essentially involved

contact and droplet precautions [5] and use of N95 particulate

respirators (3M).

In a previous study, we revealed that subclinical or mild

infection with SARS-CoV was rare among HCWs in the hos-

pital and that none of the 674 HCWs examined had serocon-

version to SARS-CoV antibody [6]. The objective of this study

was to examine the specific groups of HCWs who were involved

in the care of patients with SARS on the medical wards, with

documentation of their period of exposure on the SARS and

non-SARS medical wards. We examined the seroprevalence of

anti–SARS-CoV IgG antibody in 2 cohorts of healthy HCWs,

1 of which was comprised of HCWs who worked in the SARS

wards, with the other comprising HCWs from non-SARS med-

ical wards. In addition, the attack rates of clinical SARS-CoV

in HCWs from these wards who required hospitalization were

also identified.

Subjects and methods. Healthy HCWs were recruited on

a voluntary basis, and the 2 cohorts were identified via a ques-

tionnaire. The names of volunteers were counterchecked

against a predetermined staff list of 742 HCWs identified as

having worked on these wards. The questionnaire included the

nature of the HCW’s job, the length of time they had worked

on the SARS wards, signs and symptoms of any illness sug-

gestive of SARS during this time, and the practice of infection-

control measures. The nature of the HCW’s job was categorized

into 1 of the following 5 groups: doctors, nurses, allied health

professionals (including physiotherapists, occupational thera-

pists, radiographers, and phlebotomists), health care/general

service assistants, and ancillary staff. The health care/general

service assistants were directly involved with the daily needs of

patients, including feeding, washing, and dressing, whereas an-

cillary staff did not have direct contact with patients, in general.

Blood samples were obtained at the end of the 10-week out-

break period (i.e., after 21 May 2003) for antibody detection.

Anti–SARS-CoV IgG antibody was detected by means of an

indirect immunofluorescence assay using Vero cells infected

with a strain of CoV (GenBank accession no. AY278554) iso-
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Table 1. Characteristics of 131 health care workers (HCWs) in severe acute
respiratory syndrome (SARS) wards and 192 HCWs in non-SARS medical wards
at Prince of Wales Hospital, Hong Kong, People’s Republic of China.

Characteristic

Health care worker location

SARS wards
(n p 131)

Non-SARS
medical wards

(n p 192) Pa

Age, years

Mean (range) 36.1 (23–58) 36.2 (20–61) …

Median 33 33 …

Sex, F:M ratio 3.5:1 3.9:1 .69

Nature of job

Doctor 15 (11) 14 (7) .20

Nurse 49 (37) 71 (37) .94

Allied health 32 (24) 42 (22) .59

Health care/GSA 18 (14) 26 (14) .96

Ancillary 13 (9) 30 (16) .14

Other 3 (2) 9 (5) .20

Presence of signs and symptoms
suggestive of SARSb 87 (66) 119 (62) .42

Social contact with known patients
with SARS 8 (6) 16 (8) .45

Always wore a mask at the hospital 96 (73) 144 (75) .73

Wore gloves when performing procedures 121 (92) 175 (91) .70

NOTE. Data are no. (%) of patients, unless otherwise specified. GSA, general service
assistant.

a By x2 analysis.
b One or more of the following: fever, chills, rigors, cough, sputum, sore throat, runny nose,

shortness of breath, malaise, headache, dizziness, myalgia, diarrhea, and vomiting.

lated from a patient with SARS. This assay has been used to

confirm the diagnosis of SARS in patients with antibody titers

of 80–5120 twenty-one days after the onset of symptoms [7].

Screening tests were performed as described elsewhere [6]. Se-

rum specimens were tested at a dilution of 1:40, and, if they

were positive at titers �40, testing was repeated and specimens

were titrated to the end point using 2-fold serial dilutions. For

patients with a titer of �40, a second serum sample and all

previously obtained serum samples were also examined for

SARS-CoV IgG. All HCWs with SARS had titers of �160 in

this study.

Results. Overall, 323 (44%) of 742 HCWs from these

wards completed the questionnaire and had serum specimens

obtained for testing, which included 131 (51%) of 259 HCWs

from the SARS wards and 192 (40%) of 483 HCWs from the

non-SARS wards. The characteristics of the 2 cohorts are sum-

marized in table 1. Three HCWs (2.3%) who worked on the

SARS wards were positive for antibody to the SARS CoV: one

had seroconversion from titers of !40 to 160, the second had

persistent titers of 160 at 1-month intervals, and the third had

titers as high as 640. Stools subsequently obtained from 2 of

the 3 HCWs yielded no CoV on culture, but RT–PCR for

detection of SARS-CoV was not performed.

In the cohort of 192 HCWs from the non-SARS general

medical wards, none tested positive for anti–SARS-CoV IgG

antibody. The mean days of exposure for the staff working on

the SARS wards was 45 days (median, 50 days; range, 1–70

days). Many HCWs from both groups experienced mild symp-

toms that mimicked those of SARS [3] during the period of

study (table 1), but the percentages of HCWs with such symp-

toms were similar in the 2 groups ( , by x2 analysis). ForP 1 .05

the 3 HCWs who developed antibodies to SARS-CoV, 1 was a

registered nurse and the other 2 were health care/general service

assistants. One HCW experienced fever and chills for 1 day,

which resolved with symptomatic relief after receipt of an an-

tipyretic, and did not require hospitalization. The other 2 only

complained of a headache and a sore throat at some stage

during this period.

The attack rates for SARS infection among HCWs from the

medical wards are listed in table 2. The highest rates were again

in nurses and health care/general service assistants, indicating

that the risks of exposure to SARS are greatest in these occu-

pations. These HCWs were likely to spend most of the time

on the wards and to be in direct contact with patients for

prolonged periods. The 3 HCWs with IgG antibodies to SARS-

CoV claimed to have complied with infection-control precau-
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Table 2. Attack rates of clinical severe acute re-
spiratory syndrome (SARS) among health care work-
ers (HCWs) in medical wards at Prince of Wales
Hospital, Hong Kong, People’s Republic of China.

Job title/type (no. of HCWs)
Attack rate, no. (%) of

HCWs with SARS

Doctor (85) 2 (2.4)

Nurse (328) 38 (11.6)

Allied health (114) 1 (0.9)

Health care/general service
assistant (102) 12 (11.8)

Ancillary (113) 0 (0)

Other (0) 0 (0)

Total (742) 53 (7.1)

tions by wearing masks and gloves; possible violations of in-

fection-control measures during their work practice was not

identified in retrospective evaluation. Two of the 3 HCWs

worked during the entire 10-week outbreak period, suggesting

prolonged exposure in the SARS wards. A literature search

revealed 1 case report of a nurse who was found to have asymp-

tomatic SARS-CoV antibody seroconversion during screening

involving 101 HCWs at another major infectious diseases hos-

pital [8]. A seroprevalence study of SARS-CoV conducted by

the Guangdong Center for Disease Control and Prevention

(Guangdong, People’s Republic of China) indicated a preva-

lence of 2.9% among hospital workers (4 of 137) in 2 Guang-

dong city hospitals [9]. Our finding of 3 (2.3%) of 131 patients

in the group of HCWs who worked in the SARS wards suggests

that subclinical infection is an uncommon event in the hospital

setting, despite large outbreaks of SARS.

Discussion. In Hong Kong, 1755 probable SARS cases had

been diagnosed up to 11 July 2003, with a mortality rate of

17% [2]. Twenty-two percent of the cases involved HCWs, and

8 died of SARS [1, 2]. Among all HCWs who were infected

with SARS-CoV in Hong Kong, nurses accounted for 55% of

the cases, followed by 27% for support staff and 15% for doc-

tors [10]. In an infection-control program for the prevention

of SARS, health care occupations associated with the highest

risk for SARS must be emphasized—perhaps through educa-

tional activities or investigation of the procedures commonly

performed by HCWs in such occupations—to modify practice

such that the risk of exposure is minimized. In addition, guide-

lines and isolation precautions must be adopted and complied

with [5] to control SARS. Preliminary data suggest that only a

few HCWs will develop subclinical or mild infections due to

SARS-CoV. Whether this is an infective dose-dependent phe-

nomenon or a factor of the host remains to be determined.
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