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We analyzed information obtained from 1,192 patients with probable severe acute
respiratary syndrome (SARS) reported in Hong Kong. Amang them, 26.6% were
hespital workers, 16.1% were household members of SARS patients and had
probable secondary infections, 14.3% were Amoy Garden residents, 4.9% were
inpatients, and 20.1% were contagts of SARS patients who were not family members.
The remaining 347 case-patients (29.1%) did not have "known" sources of

infection. Excluding these <16 years of age, 330 patients with cases from "undefined"
sources were used in a 1:2 matched case-centrol study. Multivariate analysis of this
case-control study showed that having visited mainland China, hospitals, or the Amoy
Gardens were risk factors {odds ratic [OR] 1.95 1o 7.63). In addition, frequent mask
use in public venues, frequent hand washing, and disinfecting the living quarters were
significant protective factors (OR 0.36 ic 0.58). In Hong Kang, therefere, community-
acquired infection did not make up mest transmissions, and public health measures
have contributed substantially to the control of the SARS epidemic.

As of June 11, 2003, 2 total of 1,755 probable SARS cases were reported in Hong Kong (1), Some
of the sources of SARS transmission are unknown. For instance, the first major SARS outbreak
eceurred in the Prince of Wales Hospital in March 2003, and 138 probabie cases were reported from
March 11 to March 25, 2003 (2). Another major outbreak occurred in the Amoy Gardens housing
estate on approximately March 26, 2003, and a total of 321 residents were affected (3)- A total of
381 hospital workers were affected as of May 29, 2003 {4). Other sources of infection are possible.
Some inpatients were cross-infected by SARS case-patients, who were hospitalized for reasons
other than SARS; others may have contracted the disease through known contacts with other SARS
patients. The rest of the community-acquired case-patients contracted the diseases through less
defined sources. The distributions of the "known" and "undefined" sources of infection have not
been reported. Such an initiative would help assess the infectivity and modes of transmission of the
virus in the community setting.

Also, reports that public health measures, such as wearing masks, frequent hand washing, avoidance
af' crowded places, disinfection of the living quarters had been practiced by most of the Hong Kong
pepulation during the SARS outbreak (>90%) (3). The efficacy of widespread use of masks was
contraversial (6), and evaluating the efficacy of such measures in controlling the epidemic is
important,

Our study had two objectives. First, we sought to delineate the distribution of different sources of
transmission of the SARS cases in Hong Kong, The number of cases with known and undefined
sources was determined, Patients with known sources inciuded those who were hospital workers,
those who lived in the Amoy Gardens Estate, those who were probable secondary cases within a
fousehold (i.e., those with another household member who had SARS with an ¢arlier date of onset),
those who were inpatients and were cross-infected by other inpatients, and those persons who had
contact with another SARS patient {who was not one of their household members) before the onset
of tever. For the remaining cases, the virus was contracted through undetfined sources.

The second objective was to identity the undefined source group. A number of hypotheses were
tested ta identify relevant risk and protective factors associated with contracting the disease. Risk
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factors were related 1o visiting places of potentiaily high risk and meeting at-risk people. Preventive
* tactors were related to public health measures for prevention.

Methods

The study population comprised all probable SARS patients whose cases were reported to the
Department of Health on or before May 16, 2003 (n = 1,690). The SARS case definition criteria for
SARS cases, used by Hong Kong Hospital Authority, is as follows: radiographic evidence of
infiltrates consistent with pneumeonia and current temperature >38°C or a history of such at any time
in the preceding 2 days, and at least two of the following: history of chiils in the past 2 days, new or
increased cough, breathing difficulty, general malaise or myalgia, typical signs of consolidation, and
known exposure. These criteria for cases are equivalent to those in the World Health Grganization's
case definition for probable SARS cases (7).

Data Collection

Telephone numbers, as well as some demographic and clinical background information, for all
probable SARS case-patients in Hong Kong (identified on or before May 16, 2003 [n = 1,690]) were
obtained from the Department of Health. A team of trained interviewers called all these numbers,
briefed the person answering the phone about the nature of the study, and invited their household to
join the study. Informed consent was obtained directly from the respondents. The number of SARS

- patients in the household was ascertained, and the interviewer identified the index patient, the
person who had the carliest date of onset of fever if the household had more than one SARS patient.
The rest of the SARS patients, those with later onset of illness, were considered as having probable
sccondary or tertiary cases. When a household had had two or more SARS patients with the same
fever onset date (1§ households), both were treated as index patients rather than as having probable
secondary cases. The information obtained was cross-checked with that obtained from the SARS
registry. Ethics approval was obtained from the Ethics Committee of the Chinese University of
Hong Kong.

The study was conducted from April 4, 2003, through June 10, 2003. Of the 1,690 probable SARS
case-patients reported in Hong Kong as of May 186, a total of 1,214 (72%) SARS case-patients

from 996 households were covered by our study. Of the remaining 476 case-patients not covered by
this study, 140 case-patients (8.2%) did not have a correct telephone number, 163 (%.6%) could not
be contacted after at least five attemnpts, 163 (9.6%) declined to participate, and 10 (0.6%) were
¢ither not in Hong Kong or could not communicate in Chinese or English.

Study Design

The study is part of a project that also includes an investigation of the secondary attack rate of
household members. For the first part of this study, the index case-patients were asked whether they
were hospital workers, inpatients before contracting SARS, or residents of the Amoy Gardens. The
other respondents were asked whether onset of fever occurred within 10 days of contact with a
SARS patient. These four types of SARS cases were classified into the known sources group. The
rest of the index case-patients were classified into the undefined source group. In the second part of
the study, a 1:2 matched case-control study was conducted for the undefined source group to
identify risk and preventive factors associated with SARS transmission in the community setting.

Adults > 16 years of age were included in the case-control study (17 case-patients were removed
lrom the analysis). Potential geographically related risk factors studied inctuded whether the case-
patient had visited (but not lived in) Amoy Gardens, Prince of Wales Haspital, other hospitals or
clinics, or crowded places within 10 days before onset of fever. Other risk factors were related to
contact with other groups of people during the same reference peried, including medical personmel,
hospital visitors, and persons with influenzalike symptoms (who were not SARS case-patients). A
number of protective factors were related to relevant public health measures, including the
frequency of using a face mask in public venues, the frequency of washing hands cach day, and
Jisinfection of living quarters thoroughly during the same period. The same questions were asked to
the contro) group, which was recruited by a randem telephone survey. Members of the control group
were matched for age and sex with the case-patient.

The reference pertod was the same as that of the matched case-patient. Random telephone numbers
were seiected from up-to-date local telephone directories, Interviews were conducted in the evening
1o avoid overrepresenting those who were not working during the daytime. At least three calls were
made betore an unanswercd vall was considered &s a noncontact. Informed consent was obtained
betore the interviews were conducted. Almost all case-patients were interviewed within 14 to 28
days after their onset of fever, and the conirol group was interviewed accordingly, When a
participant was unable to answer the guestionnaire, a proxy, who was most familiar with the family
situation, was interviewed.
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Data Analyses

For the case-control study, odds ratios (OR) were first examined by using univariate logistic
regression models, The significant univariate variables were then entered as input for the
multivariate forward conditional logistic regression analysis; p values <0.05 were statistically
significant. SPSS for Windows Release 11.0.1 (SPSS Inc., Chicago, IL) was used o analyze the
data.

Results
Cases with Known Sources of Transmission

Of'the 1,214 probable SARS cases covered by this study, 22 questionnaires (1.8%) were incomplete
and did not allow us to classify the respondents into groups according to source of transmission.
The rest (n = 1,192) were analyzed. A total of 192 ( 16.1%) had probable cases of secondary or
tertiary household transmission (Tabig 1) (i.e., another household member had SARS but fever onset
occurred earlier). All the names were verified as being reporied to the SARS regisiry. Another 317
of 1,192 (26.6%) cases were hospitai workers: 170 (14.3%) lived in the Amoy Gardens; 38 (4.9%)
were inpatients who had been hospitalized for diseases other than SARS and kept on wards with
SARS patients. Most infected inpatients were long-term chronic patients and had been hospitalized
fur >2 weeks before having SARS symptoms. These patients were likely to have been cross-
infected. A total of 727 case-patients belenged in one of the four caregaries (61% of 1,192 cases),
Another 240 (20.1%) had come into contact with a SARS patient within a 10-day period before
onset of fever. For 347 (29.19) participants, the source was undefined; these participants were
included in the case-control analysis. After excluding 17 case-patients <16 years of age, 330
participants were included in the case-control study.

Univariate Case-Control Analysis

! the 330 patients with an podefined source of infection, 48% were men and 32% were women.
The mean age of the patient group was 47.1 years for both the male and female case-patients
(standard deviation {SD] 18.8 and 19.9, respeetively. p > 0.03, ¢ test). The percentage of participants
in the undefined source graup in the three periods of the epidemic (before March 25, 2003, from
March 26 through April 10, and after April 10) were 24.2%, 36.1%, and 43.5%, respectively,

Members of the patient group were more likely than the control group to have visited mainjand
China (12.7% vs. 6.3%, p < 0.003). One patient had visited Taiwan, another patient had visited
Singapore, two controls had visited Taiwan, and none of the controls had visited Singapore
{(ingapore and Taiwan were listed as affected areas during the study period). Similarly, patients
were also more likely than controls to have visited the Amoy Gardens (13% vs. 2%, OR=9.10, p<
0.005) (keeping in mind that those who lived in the Amoy Gardens had already been removed from
the analysis), patients were more likely than the controls to have visited the Prince of Wales
Hospital {3.6% vs, 0.5%, OR = .27, p < 0.005) or other hospitals or clinics (40.7% vs. 17.0%, OR.
=3.36, p < 0.005) (Tabie 2). A total of 212 cases of the undefined source group had visited at least
one of the above-mentioned categories of places. Frequency of visiting crowded places was,
however, not significant in the univariate analysis (21,91% vs, 20.8%, OR = 1.07, p > 0.05).

Members of the case-patient and control groups were not statistically different in the percentage of
having come into contact with someone with influenzalike symptoms (those having made ¢ontacts
with SARS patients were already removed, 9.0% vs. 6.4%, OR = 1.42, p > 0.03). The two groups
were also not different in the likelihoed of having social contact with someone who had visited a
hospital (8.2% vs. 5.2%, OR = 1.66, p > 0.05) or having social contact with medical personnel
(7.6% vs. 8.6%, OR = 0.87, p > 0.03). Also patients were not move likely to have a known SARS
patient living in the same housing estate. after Amoy Gardens patients had already been removed
from the analysis {such data were made available 10 the public by the government after April 12,
ZUG3) (8).

Furthermore. matching for the reference period. members of the case group were less likely than
members of the control group to have frequently worn a face mask in public venues (27.9% vs.
3R.7%. OR = 0.36, p < 0.005), to have been washed their hands > 10 times a day (18.4% vs. 33.7%
OR=0.44, p <0.003). and to have disinfected their living quarters thoroughly (46.6% vs, 74.5%,
OR =0.30, p < 0.003).

KMultivariate Analysis

When all the variables that v ere significant in the univariate analvsis were used as input for the
multivariate stepwise conditionai logistic regression analysis. the results show that among the 330
patients with underined sources, the following were significant risk factors: having visited mainland
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China (OR = 1.95, p = 0.020, Tabl¢ 2}, having visited the Amoy Gardens (OR = 7.63. p < 0.001),
having visited the Prince of Wales Hospitai (OR = 7.07, p = 0.009). and having visited other
haspitals or clinics (OR = 3.70, p <0.001) during the reference pericd. On the other hand, using a
mask trequently in pubiic places (OR = 0.27, p < 0.001), washing one's hands > 10 times a day (OR
=0.38, p = 0.008), and disinfecting the living quarters thoroughly (OR = 0.41, p < 0.001) during the
rcterence period were significant protective factors (Table 2).

Undefined Cases

Alter removing those case-patients who may have contracted SARS after visiting the Amoy
(ardens. the Prince of Wales Hospital, other hospitals, or an affected country, including mainland
China, Singapare, and Taiwan {212 cases of the 330 cases), 118 cases remained undetined. They
were likely to be community-acquired cases of unknown sources of transmission. When univariate
and multivariate conditional logistic regression analyses were repeated for the 118 cases with
undefined sources (after 212 patients who had visited some particular places that were associated
with risk for transmission were removed from the analysis) and their controls (n = 226). similar
tesults were obtained. The three public health variables—frequently wearing a mask in public places
(adjusted OR = 0.36, p < 0.001), washing hands >10 times a day (adjusted OR = (.44, p = 0.008),
and disintecting the living quarters thoroughly (adjusted OR = 0.36, p < £.001}—remained
significant protective factors. Again, similar to the results of the previous analysis applied to the 330
cases, the other five variables {visiting crowded pldces, having contact with someone with
influenzalike symptoms, having social contact with hospital visitors, having social contact with
medical workers, and living with in the same housing estate as other SARS case-patients) were not
significant risk factors.

LCiscussion

Of'the 1.192 participants in this study, approximately 16.1% had probable secondary or tertiary
transmission occurring within the household, 26.6% were hospital workers with nesocomial
infections, 14.3% were Amoy Gardens patients, and 4.9% were cross-infected inpatients. In 20.1%,
SARS might have been contracted when the participant came in contact with a SARS patient who
was a nonhousehold member. which may have oceurred in a hospital or commurity setting, SARS
may have developed in 17.8% after they visited Amay Gardens. hospitals or clinics, or affected
countries. This computation leaves 9.9% as community-acquired cases of an unknown source.

The percentage of patients related to Amoy Gardens (someone who lived there or visited there) is
18.5% (221/1,192). The percentage of patients with a hospital connection (hospital workers,
inpalients, and visitors) is 44.3% (330/1,192). The proportion of unknown community-acquired
SARS infection among all SARS cases in this study was considerably lower than the proportion of
nosocomial infection, which suggests that preventing hospital outbreaks is essential.

Ot the 320 undefined transmissions, 44.2% of the transmissions occurred through hospital visitors.
Auother study on household cransmission also indicated that hospital visits were a significant risk
factor for predicting houschold secondary infection (9). Therefore, the severity of future outbreaks,
if any, would depend on the sbility of the hospitat system to control hospital cross-infection and
infeetion of visitors.

Visils to mainland China were associated with SARS transmission, even after adjusting for other
variables. Cross-border transmission piayed a role in the epidemic; aithough the absoiute percentage
is not high among the 1,192 case-patienrs (3.4% or 41/1, 182}, it is substantially larger among the
undu{ined source group (13.03%). With a case-control design, we could not estabiish whether this
13.03% was assoctated with an inflated risk. Cross-border communication and prevention, such as
those set in place {temperature screening and health declaration), need to be enforced strictly and
congistently. Aimost 70% of the 41 participants who visited mainland China had fever onget on or
before Aprit 1 (i.e., the early phase of the epidemic) ( 3). None of them had onset after May 3, which
is understandable as visiting maintand China was perceived as 4 high risk by the general public in
the late phase of the epidemic (3).

The variables refated to social contacts (with medical personnel or hospital visitors, with persons
with influenzalike symptoms, and with persons living in 2 housing estate with a reported SARS
paticat) were not significant. These findings should be interpreted with caution. On one hand, these
case-patients shouid not be stigmatized. On the other, the resuits may have been confounded
bucause all SARS cases conlracted this way were excluded from the anatysis. However, confirming
thit these variables could not account for transmission of the undefingd source cases can be usefil,

Evidence does not indicate that frequent visits o crowded places were associated with a higher
likelinood of community-acquired infection. This tinding may remove panic thar arose during the
cepidemic, and daily tife need not change as much as it had. Hong Kong is a densely populated city,
and it had a large number of SARS cases. The number of community-acquired cases in less
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populated cities si:ould be much lower than that of Hong Kong. This finding should ke interpreted
with care as >90% of the general public wore face masks in public places, and >83% avoided visits
to public places during the epidemic in Hong Kong (3). Although visiting the Amoy Gardens was a
risk {actor, Amoy Gardens might be the only place where such a large-scale SARS outbreak was
atributable to contamination of the environment.

We now have some empirical evidence to suggest that wearing a tace-mask frequently in public
places, frequent handwashing, and disinfecting one's living quarter were effective pubtic health
measures to reduce the risk for transmission (adjusted OR 0.38 to 0.36). The effectiveness of mask
use was cortroversial (6). In another study, the prevalence of these three public health preventive
public health measures increased significantly from March 21, 2003, ta April 1, 2003, (i.e., wearing
masks 11.5%-84 3%; frequent hand washing 61.3%—95.1%; home disinfection 36.4%—80%) (3).
These practices played an essential role in limiting the spread of the virus in the community in Hong
Kong,

That disinfecting the living quarter is a strong protective factor has a particular reievance. The
reason behind the significance is not completely clear. During the epidemic, the Hong Kong
government released frequent announcements of public interest to promete home disinfection using
£:99 bleach water selutions. Most respondents who disinfected their living quarters were probably
tollowing the government's suggestion. Keeping in mind that prabable secondary cases had already
been removed from the analysis, such protective effect is not referring to the effects that disinfecting
the quarter reduced the chance of secondary infection. Environmental contamination (suspected to
be related to the sewage svstern) was reported in the Amoy Gardens, and similar environmental
contamination probably did not occur in other places. Such conlamination-related infections might
be on a small scale and not been coticed. in such circumstances, home disinfection might reduce the
risk for transmission, The finding suggests thai, in addition to the droplet theory, the fomites theory
could not be dismissed.

Our study has a few limitations as wel! as strengths, First, approximately 72% of il SARS case-
pitients were included in the study {excluding patients whose contact numbers were incorrect or not
available; approximately 78% of those with a valid contact tefephone number were included, and the
reiusal rate was about 10%). The sample size was reasonably large. Second, data were collected
retrospectively. Most of the data were, however, collected from the participants within | month after
onscl of lever. Since contracting the disease is a major life event for the patient and famity, they
shauld be able to recall whether such factual and benchmark behaviors had been practiced.

The study also has strength of matching fur age, sex, and reference time of the behaviors in
question. so that both the case and control in a pair were referring to relevant behaviors that
ocetrred within the same 10-day period before the date of onser of fever of the patient. Third, seme
questions, such as those about disinfection of households or visiting crowed places were nonspecific
{{he questiens asked were "Whether your {iving quarter had been disinfected thoroughly” and
"Whether you had visited crowded places”). Different participants might have detined the terms
difterently, Further, a number of patients were unable to answer the questions, and a household
member whe was "most familiar with the household situation” was invited to serve as a proxy. The
responses abtained from these informants were compared to those obtained from the patients
themselves. and no statistical significance was obtained (p = 0.199 to 0.854) to ail variables, except
the variabic about visiting the Amoy Gardens (p < 0.03).

One particular strength of the siudy in its evaiuation of the threc public health measures is that
transmissions due to various known sources of infection had been removed as much as possible. In
conclusion, the study shows that public health measures may have contributed substantially to the
control of SARS epidemic in Hong Kong,

This study was solely funded by the Chinese University of Hong Kong,

Cr. Lau is the director of the Center for Epiderniology and Biostatistics of the School
of Public Health of the Chinese University of Hong Kong. His research interests
include community research on behavioral aspects of infectious disease, such as HIV
prevention studies.
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Table t, Distribution of 1,214 severe acute respiratory syndrome cases covered by the study

n %
Incomplete information 22 -
Complete information 1,152 100=
Known sources {fany of 1.1 to 1.4) : 727 61.0
Probable secondary/tertiary household infection 92 16.1
Hospital care warkers 317 26.6
Amoy Gardens residents 170 143
inpaticnts 58 49
Nat belong to 1.1-1.4 but had contacted SARS patient/s within 14 days before onset of fever 24¢ 201
Patients with cases of undefined sources {(da not belong to | and 2) 347 291
Visited Amoy Gardenst 51 43
Visited PWH?b 12 10
Visited other hospitals or clinicsb 134 112
Visited an affected countryd 43 36
None of 3.1 to 3.40 138 99
s aleulaled based on complete data.
5Not including patieats <16 years of age, PWH, Prince of Wales Hospial,
Tubie 2. Preventive measures and risk tactors reported by cases and controiss
Matched Matched
univariate OR  muitivariate OR P
Fagiars Caset Contrele (95% Cl} (95% CI) valued
% visiled mainland China (reference=no) 12.7 6.5 2090133 1w 195(1.111w 0.020
3.27T) 1.42)
¥ visited PWH (reference=no) 3.6 0.5 827(232 0 7.07(1.62t0 0.009
29493 30.75)
"4 visited other hospitals/clinics (reference=no;  40.7 17.0 336024910 3702540 <0.001
454 339
% visited Amoy Gardens (reference=no) 15.3 2.0 9.10(4.87 w0 763 (3. 770 <0.00%
17.00) 15.43)
%% visited crowded places frequently 219 20.8 1.07 (0.76 10 - -
(referenec=occasionallv/seldom/ne} 1.30)
NS
% conlacivd someone with {ever or influenza 9.0 6.4 142 (0.87 10 - -
{reference=no) 2.32)
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NS
% social contact with someone who visited a 8z 52 1.66 {0.96 10 - -
paticnt in @ hospital {reference=no) 2.85)

: N3

% social contact with medical personne 76 86  0.87(05210 - -
{reference=no) 1.44)

NS
%% had a SARS case in the housing estate 6.6 8.3 0.76 {0.44 1o - -
(reference=no) 1.31)

NS
% disinfeeted the living quarters thoroughly 466 743 0.50(025to0 04102910  <0.001
(reference=na) 0.39) 0.58)
Ware a mask in public places frequently 279 587 0.27{(0.20 to 036 (0.2510  <0.001
(reference=occasionally /seidem/no) Q.37 0.52)
Washed hands 11 or more times per day 184 337 044 (03110 0.58{0.381t0 0.008
{reference=1-10 times/day) 0.63)¢ 0.87)

NS, not significant; OR, odds ratio; CI, confidence intervat; -, not used by the multivariate analyses, The
ruference ime period was the 10 days before the date of the patiens;!s onset of fever,

by =339,
on = 660.
dpy values for multivariate OR.

en<().003
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EMERGENCE OF SARS

SARS Transmission among Hospital
Workers in Hong Kong

Joseph T.F. Lau,* Kitty 5. Fung,* Tze Wai Wong,* Jean H. Kim,* Eric Wong," Sydney Chung,”
Debaorzh Ho,* Louis Y. Chan,* S.F, Lui,t and Augustine Cheng*

Despite infection centrol measures, breakthrough
transmission of severe acute respiraiory syndrome (SARS)
occurrad for many hospital workers in Hong Kong. We con-
ducted a case-control study of 72 hospital workers with
SARS and 144 matched contrals. Inconsistent use of gog-
gles, gowns, gloves, and caps was associated with a high-
er risk for SARS infection (unadjusted odds ratio 2.42 to
20.54, p < 0.05). The likelihood of SARS infection was
strongly associated with the amount of persenal protection
equipment perceived to be inadequate, having <2 hours of
infection control training, and not understanding infection
control procedures. No significant differences existed
between the case and centrol groups in the proportion of
workers who performed high-risk procedures, reported
minor protection equipment problems, or had sociai contact
with SARS-infected persons. FPerceived inadequacy of per-
scnal protection equipment supply, infection controt training
<2 hours, and inconsistent use of personal protection
equipment when in contact with SARS patients were signif-
icant independent rigk factors for SARS infaction.

e first large-scale outbreak of severe acute respirato-

ry syndrome (SARS) occurred on or near March 2,
2003 in the Prince of Wales Hospital in Hong Keng (1). In
this worldwide epidemic, hospital workers were one of the
affected groups; as of May 31, 2003, a total of 384 (22.1%)
of 1,739 suspected or confirmed cases reported in Hong
Kong were hospital workers (2). In the inital phase of the
epidemic, hospital workers did not take special protective
measures. Thus, hospital workers accounted for 43.6% (68
of 156 cases) of those admitted to the Prince of Wales
Hospital from March 11 1o 25, 2003 (3). By May 25, 2003,
a total of 433 confirmed SARS cases had been admitted to
hospitals in the New Territories East cluster of the Hospital
Authority in Hong Xong, which serves 1.3 million people
and to which the Prince ot Wales Hospital belongs. From
March 28, 2003, to May 29, 2003, a total of 77 cases of

*Chinese University of Hong Kong, Special Administrative Region,
People's Republic of China (SAR), and tHospitai Authority,
Government of Hong Kong, Hong Kong SAR
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SARS infection among hospital workers had been report-
ed by the 5 hospitals in the cluster.

A recent study concluded that the use of protective
masks is an cffective countermeasure against SARS (4).
Nevertheless, even after these measures were implement-
ed, there were approximately 300 more hospital workers in
whom the disease developed. Limitations of that study
were the small number of cases and potential confounding
by the possible differences in the intensity of care given to
the SARS patients between the case and controi groups.

Breakthrough transmission continues despite imple-
menting strict infection control measures. We investigated
the factors associated with breakthrough transmission of
the SARS virus among hospital workers infected in hospi-
tal settings.

Materials and Methods

Study Design

A 1:2 matched case-controt design was used. All par-
ticipants were working in wards with SARS inpatients,
some of which also included non-SARS patients. The case
group included all infected hospital workers in the five
hospitals of the New Territories East cluster of the
Hospital Authority in Hong Kong who were registered as
SARS cases by the Depariment of Health’s eSARS reg-
istry and were hospitalized during March 28 through May
25,2003.

The SARS case definttion criteria used by Hong Kong
Hospital Authority is as follows: radiographic evidence of
infiltraies consistent with pneumonia, and current fever
>38°C ot a history of such at any time in the preceding
2 days. and at least two of the following: history of chiils
in the past 2 days, new or increased cough or breathing
difficulty, general malaise or myalgia, typical signs of
consolidation, or known exposure. These criteria are
equivalent with the World Health Organization’s case def-
inition for probabie SARS. Suspected SARS cases are
those that do not completely fulfill the above definition
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but were considered to be likely cases of SARS on the
basis of clinical judgment. If no known history of expo-
sure exists, patients are considered for exclusion if an
alternative diagnosis can fully explain the clinical symp-
toms. Laboratory confirmation of SARS infection was
-also conducted by one or more of the following assays:
reverse transcriptase-polymerase chain reaction (RT-
PCR); culture from throat wash, urine, stool and nasaf
swab specimens taken at days 1, 3, and 5; or paired sera-
logic assay frem clotted blood taken at day 1 and 2.

Of 77 probabie and suspected SARS cases, 72 (93.5%)
participated in the study. As all staff was required to use
protective masks from March 12, 2003, these hospital
waorkers were presumed to have contracted the virus as a
result of breakthrough transmission. An infection control
nurse explained the purpose and logistics of the study to the
study participants. obtained their verbal consent for partic-
ipation, presented them with a structured guestionnaire, and
coliected the completed questionnaire. SARS case-patients
were asked to nominate as controls two colleagues who had
been working in the same job position, in the same ward,
and in proximity with the case-patient before he became ill.
Medical and nursing staff (48 of 72 cases) self-acéminis-
tered the questionnaires while other staff (e.g., healthcare
assistants and ward assistants} were interviewed by an
infection control nurse. QOut of the 72 cases, 57 nominated
114 controls who completed the questionnaire (114/144 =
79.2%); 13 cases did not nominate a contre} and hence 30
controls were randomly selected from the duty roster of the
day before the case felt unwell, matching for job position
(30/144 = 20.8%). Questionnaires were collected from 57
{79.2%) nominated controls. Nominated contreis who did
not return the questionnaire were replaced by controis ran-
domly selected from the duty roster of the day before the
case felt unwell, matching for job position (15/72 = 20.8%).
Of the 144 controis completing the questionnaire, one was
invalidated because she later became a suspected case.
Controls showed neither influenzalike symptoms nor
SARS-related symptoms during the study and had not been
identified as a suspected SARS case as of August (3, 2003,
No blood test was conducted to determing whether these
persons were asymptomatic SARS cases. Another study
that tested 674 healthcare workers who were working in the
same hospital cluster found no asymptomatic or subclinical
SARS. It can thereby be assumed that the conirol group had
not contracted the virus {3).

Measurements )

Questions were asked about the hospital worker’s job
position, whesher the healthcare worker had been sccond-
ed from another unit, whether he/she had made physical
contact with any SARS patients and 1f so, whether vari-
ous high-risk procedures were performed o the SARS

INFECTION CONTRCL

patient {including intubation, suction, cardiopulmonary
resuscitation).

Personal protection equipment use (N95 mask, surgical
mask, gloves, goggles, gown, and cap) was examined
under three different settings: when having direct contact
with SARS patients, when having contact with “patients in
general” (includes both SARS and non-SARS patients),
and when therc wagd “no patient contact.” Information
about the frequency of using different types of personal
protection equipment (never, occasionally, most of the
time, or ali of the time) was asked for each of these three
settings. A respondent was considered to be exposed to a
particular risk if he or she had “never” or “occasionally”
been using personal protection equipment rather than
“most or all of the time.” Those who had not been in con-
tact with any SARS patients or patients in general were
considered as not having been exposed to the particular
risk. Respondents were asked whether they perceived the
supply of such personal protection equipment items to be
adequate or not {yes/no). Questions regarding the frequen-
¢y of hand washing after making contact with SARS
patients, patients in general and when there was no patient
contact (never, occasionally, most of the time, all of the
time) were also asked. In the analysis, frequency of using
personal protection equipment and frequency of hand
hygiene practice were coded into 2 categories: used incon-
sistently (i.e., “never or occasionally used™} or used con-
sistently (“used most or all of the time™).

Study participants were also asked to assess whether
the masks fit them (yes/no), whether their goggles were
fogged (ves/no), and the frequency of touching protective
masks (never, occasionally, most of the time, or always),
and whether they had any problemns complying with infec-
tion control procedures (ves/no). Respondents were asked
whether they had ever made social contact with others who
were later found to be SARS case-patients before SARS-
related symptoms manifested (yes/no/not sure), within the
14-day period before the case’s onset of symptoms. The
questionnaire also asked about the respondent’s exposure
to infection controf fraining (length of SARS infection
control training) and whether they understood the infection
control measures (yes/noc). A trained research assistant
contacted the respondents by telephene to follow up on
any mcomplete or unclear answers.

Statistical Methods

Unadjusted matched odds ratios caleulated from condi-
tional logistic regression methods {6) are summarized in
Tables tto 4. A multivariate conditional logistic regression
was fitted using a forward-stepwise procedure with all
variables that were marginally signiticant (p < 0.10) in the
unadjusted analyses as candidates for selection. Matched
odds ratios and their exact 95% confidence intervals were
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derived. LogXact for Windows version 4.1 was used for all
calculations (7).

Results

Background Characteristics of Respondents

The 72 SARS-infected healthcare workers worked in
five hospitals (distribution: 50% Alice Ho Miu Ling
Nethersele Hospital, 40.3% from Prince of Wales Hospital,
2.8% from North District Hospital, 4.2% from Shatin

Hospital, and 2.8% from Taipo Hospital). The study sam-
ple was composed of nurses 59.7% (n = 43), healthcare
assistants 23.6% (n = 17), medical officers 3.7% (n = 8),
clerical staff (2.8%, n = 2), and workmen (4.2%, n = 3).

Use of Masks and Other Types
of Protection Equipment

Almost 100% of the study respondents used either an
NS5 mask or surgical mask in all 3 settings (Table 1). The
differences of the use of the N93 mask (most of those not

Table 1. Percentage of heaithcare workers exposed to the risk of inconsistent use of different types of personal protection equiprent

in 3 clinical settings with SARS patients®

Caonurols Case-palicnts Matched OR,
Type of personal protection cquipment (n = 143) o4 (n=77) % {exacr 95% CI) p value (exact)
N95 or Surgical mask”
Direct contact with SARS patient 0 0 I 1.4 2.00{0.05 to va) 0.6667
Direet contact with patients in general® ! 0.7 2 2R 400 (0.21t0 235,99 0.5185
No patient contact’ 3 22 4 5.7 243 (041 w0 16.77) 0.4198
Nos®
Direct contact with SARS paticots [ 42 7 9.7 2,86 (070w 13.71) 0.1683
Dicect contact with patients in general® 5 3.6 3 42 1.28{0.i6 w0 10.47) 1.0000
No patient contact® 14 10.2 12 17.1 183007200471 0.2315
Goggles®
Enrect contact with SARS patients 12 8.4 23 3.9 6.41 (2.49 t0 19.49) <0.0001
Direct contact with patients in general® 7 =R 16 222 6.93 (2.19 to 28.85) 0.0003
No patient contact' 19 13.9 21 00 3.50 (1.42 10 947} 0.0046
Gown"
Diveet contact with SARS patients & 4.2 13 208 8.85 {246 10 48.28) 0.6002
Direct contact with patients in gencrai® 2 .4 12 16.7 11.54 {2.56 w0 106.36) 0.0002
No patient contagt’ 16 11.7 19 27 3.42 (138 to 9.30) 0.0061
Gloves"
Direct contact with SARS patients 2 1.4 il 15.3 20.54 (2.96 w0 887.72) 0.0002
Direet contact with patients in gencral® 3 3.6 7 9.7 3.53{0.77 w0 21.85) 0.1211
No patient contact’ 20 14,6 19 27.1 242(1.05tw 58D 0.0374
Cap®
Direet contact with SARS patients 8 3.6 17 23.6 7.30(2.33 w0 30.21) 0.000t
Direct contact with patients in general® 5 15 20.8 12.81 (2920 116.75) 0.0001
No patient contact™ 16 1.7 22 L4 4.05 (1.68 10 10.76) 0.0009
No. of equipment inconsistently used with
dircet contact with SARS paticats?
0 129 90.2 45 62.5 1.00
1-2 7 4.9 13 18.1 5.35(1.79t0 18,53} 0.0015
=3 7 4.9 14 19.4 7.84 (230 to 34.83) 0.0003
No. of equipment inconsistently used with
direct contact with patients in general®#
0 127 92.0 52 2.2 i.00
1--2 [ 43 8 1.1 4.85(1.01 10 31.86) 0.0479
23 i3 36 12 16.7 10.83 {2.29 w0 102.6(0) 0.0007
No. of equipment inconsistently uscd when
there was no patient contact®*
0 113 82.5 46 65.7 1.00
1-2 6 4.4 4 5.7 1.56 (0.28 10 7.97) 0.7721
=3 8 13,1 20 38.6 340 (1.371w09.23) 0.0061

‘SARS, severe zcute respimtary syndrowne: Cl, contidence mterval: OR, odds rario.

a N .
Those huving no contact with pattents were considered to ba unexposed 1o the wbulated risk factor.

“Informatien on 4 controis missing

“Inforinztion on 4 controls and 2 cuse-paliems missing,
“Tnformation on 3 contrals missing.

‘Information on § controls and | case-oatients missing.
nformazion on & conmuls and 2 case-patients missing.
"!ncmding N335, gopgies, gown. gloves and vap.
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Table 2. Percentage with inconsistent hand hygiene®

INFECTION CONTROL

Controls {n = 143)

Case-paticnts (n = 72)

Caicgory n % u A Matched OR (exact 95% CI)  p value (exacr)
After dircct contact with SARS palients ¢ 0 2 2.8 4.833{0.38 1 00) 0.2222
After direct contact with “patients in gencral™® 2 1.4 i 14 100 10.02 to 1931) 1.0000
When there was “no patient contact™ 3 2.1 0 14,3 6.38(1.64 w0 36.17) 0.0044

“OR. odds rato; CI, confidence interval; SARS. severe acure respiratory syndreme.
"nformation on 3 controls missing.
“Informmation, an | control and 2 case-patients missing.

wearing a NS5 mask were wearing a surgical mask) were
not statistically significant between cases and controls in
any of the three settings (p > 0.03, Table 1),

When hospital workers were in direct contact with
SARS patients, the case group was more fkely to inconsis-
tently use goggles (odds ratio [OR] = 6.41, p < (.0001),
gowns (OR = 8.85, p = 0.0002), gloves (OR = 20.54, p =
0.0002}, and caps (OR = 7.30, p = 0.000!) than the control
group. When in divect contact with patients in general,
cases were more likely to inconsistently use goggle (OR =
6.93, p = 0.0003), gowns (OR = 11.54, p = 0.0002), and
caps (OR = 1281, p=10.0001). When there was “no patient
coniact,” cases had mere than a twofold likelihood of
inconsistently using goggles (p = 0.0046), gowns (p =
0.0061), gloves (p = 0.0374), or cap (p = 0.0009), com-
pared to their matched controis. Having three or more per-
sonal protection equipment incansistently used (including
masks) was also a significant predictor of SARS infection
for hospital worlcers in direct contact with SARS patients
(OR = 7.84, p = 0.003); for those with direct contact with
patients in genezal (OR = 10.83, p = 0.0007); and for those
with no patient contact (CR = 3.4, p = 0.006) (Tablel).

More than 97% of both the cases and control group
consistently reported to practice good hand hygiene after
contacting SARS patients or “patients in general” there-
fore differences between the two groups were not statisti-
cally significant (p = 0.22, and p = 1.00, respectively,
Table 2). There was, however, a statistically significani
difference in the proportion of cases (14.3%) and controls

{2.1%) of Lospital workers who reported inconsistent hand
hygiene when there was “no patients contact” (OR = 6.38,
93% CI = 1.64, 36.2, p = 0.0044),

Perceived lnadequacy of Personai
Protection Equipment Supply

A much higher percentage of SARS cases compared to
controls reported a perceived inadequate supply of each of
the 6 types of personal protection equipment (OR = 28.0,
p < (.0001 for surgical masks; OR = 5.19, p = 0.0004 for
N5 masks; OR = 8.44, p < 0.0001 for gowns; OR = 29.3,
p < 0.0001 for gloves; OR = [9.8, p < 0.0001 for goggles:
OR = 524, p < 0.0001 for cap) (Table 3), Most notably,
44.4% of the cases reported that there was an inadequate
supply of at least one item of the personal protection
equipment, as compared to 14.0% of the controls (OR =
6.78, p < 0.0011% among SARS cases, 26% reported three
or more personal protection equipment items as being in
inadequate supply, compared to 1.4% of the controls (OR
=352.2,p < 0.0001).

SARS-Related Infection Control Training

The ‘unadjusted results indicated thar 50% of SARS
cases did not receive any SARS infection control training
(versus 28% of the controls) (Table 4). Those who under-
went >2 hours of training (4.2% of cases and 25.2% of
controls) were far less likely to have been infected with
SARS (OR = 0.03, p < 3.0001}. Of the SARS cases, 23.9%
indicated that they did not understand the infection control

Table 3. Percentages with perceived inadequacy of personal protection equipment supply and breakthrough SARS infection among

hospital workers®

Controls (n = 1433

Case-particots (n = 72)

Type of personal protection cguipment n % n % Matched OR (exact 95% CT)  p value {exact)
Surgical mask ] 0.7 14 19.4 28.00 {4.26 to =) <0.0001
NO5 mask 13 9.1 20 278 5.19(1.95w 16.13) 0.0004
Gown 7 4.9 19 26.4 8.44 (2.77 to 34.37) <0.0001
Gloves 2 1.4 12 16.7 29.34 {4.79 to o) <0.0001
Goggles 3 3.5 22 30.6 19.81 (4.83 0 174.55) <0.0001
Cap 4 TAE 23 252 52,41 (9.08 to =) <0.0001
Any one of above as inadeguate” 20 14.0 3z 44.2 6,78 (236 10 18.5D) <{1.0001
No. of items identified to be inadequate”
] 123 86.0 40 35.6 i.00
1-2 18 1249 13 18.1 3.25 0117 10 9.80) 0.0209
3 2 14 9 264 52.24 (7.70 to 2280.07) <().0001
SARS. severe acute resniratery syndrome: OR. odds raiio: CL. zonfidence mterval,
Including N9$ musk. goggie, wown, gloves and cap.

Emerging infecticus Diseases - www.cdc.goviaid - Vol 10, No. 2, February 2004 283




EMERGENCE OF SARS

measures, compared with 8.3% of the controls (OR =3.14,
p = 0.0063). Duration of SARS traming (<2 hrs versus >2
hours} was significantly associated with reported under-
standing of the infection controf measures (OR =729, p=
0.001). There was also a marginal statistically significant
difference (OR = 0.27, p = 0.057) in the proporticn who
reported having received updated SARS information
between case-patients {88.9%)} and controls {96.3%).

Patient Care and Infection Conirol Measures

A higher but statistically nonsignificant percentage of
the control group {73.4%) reported having direct contact
with SARS patients as compared to the case group
(62.5%). Three (4.2%) of 72 case-patients and 7 (4.9%) of
143 controls reported that they had no direct contact with
patients in general (p > 0.03), Having performed high-risk
procedures o SARS patients and being seconded from
another unit were not significantly associated with risk of
SARS infection (Table 4).

Tabie 4. Percantage distributions of variables related to training, patient care, sociai contact and mask compliance®

Conrrols (n = 143)

Case-natients (n = 72)

Charactenstic n LA N Y Matched OR (exact95% CI)  p value (exact)
Length of SARS infection control training

None 40 280 36 50.0 1.00

<2hrs 67 46.9 33 458 047 18 w 1.14) 3.1028

>2hrs 36 152 3 42 0,03 (0.001 to 0.20) <0.0601
Understood infection control measures”

Yes 130 915 54 76.1 1.00

No 12 8.5 17 23.9 314 (13510 7.73) 0.0063
Acquired updated information

Ne 3 3.5 8 {11 1.00

Yes 136 26.5 64 88.9 0.27 (0.06 o 1.04) 0.0574
High risk procedures with SARS patients®

No 113 86.5 60 833 1.00

Yes 18 13.5 12 16.7 1.22(04510 3.14) 0.8061
Drirect contact with SARS patients

NoMNot sure 38 266 17 37.5 1.00

Yes 1035 734 45 62.3 037 (028wt 14} 0.1197
Direct contact with paticnts in general

No/MNot sure 7 4.9 3 4.2 1.68 1.000

Yoy 136 95.1 69 95.8 (0.07t0 117.74)
Seconded from another unit

No 77 53.8 46 63.9 1.00

Yes 66 46.2 26 36.1 0.60 (0.29 10 1.21) 0.1671
Social contact with SARS patients

Ne/Not sure 95 66.4 55 76.4 1.00

Yes 48 ERN 17 236 0.59 (028 t0 1.19) 0.1592
Frequency of touching the N5

Never/occasional 108 76.6 46 0.3 1.00

Most of the timerAlways 33 234 19 262 1.32(0.63 10 2.74) 0.5205
General probiems with mask®

No 72 514 41 59.4 1.00

Yes 68 48.6 49.6 0.66 (0.34 to }.27) 0.2407
Prablems with mask fit'

No 73 51O 36 52.1 1.00

Yes 70 45,0 33 47.8 1.00 (0.51 to 1.95) 1.0000
Probiems with fogging of goggles*

No 67 47.2 40 50.1 1.00

Yes ) 75 2.8 26 39.9 0.61 {031 0 1.17) 0.15290
Overnll preblems in gencral compiiance”

Ne &9 50.0 41 58.6 1.00

Yes 69 50.0 2 41.4 .38 (0.25 10 .33} 0.2264

*OR. adds ratic; CI. contidence interval; SARS, savere gcute respiratory syndrome.

*Information on | conrrol and 1 CASE-palienl nissing.
“lntornation on 10 controls wish direct contact with SARS partients missmy,

Exciuded 2 controls amd § case-patients who did not use N95 mask. information on 1 case-patient missing,
“Excluded { casz who did not use mask; informarion on 3 controis and 2 case-patients missing.

‘Excluded | case who did not use mask; information on ? case-patients missing.

*Excluded 3 cases who #id not use goggie: information on § controi und 3 case-padents missing,
"Excluded 1 case who Jid not use any equipment: mformation or § conuois and | CASE-pALEN MUSSINE.
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There were no significant differences berween the per-
centages of case-patients and controls who reported the
fcilowing problems: general compliance problems, fre-
quency of touching or adjusting the N335 mask, general
problems with mask, problems with mask fit, and prob-
lems with fogging of goggies (Table 4),

Social Contact with SBARS Cases

Approximately 23.6% of the SARS case-patients and
33.6% of the matched controls reported ever having social
contact with someone who was later diagnosed with SARS
before the onset of symptoms of the relevant case-patients
{(p =10.1352) (Table 4).

Problems Encountered

Seven problems in the unadjusted analysis (Table 5)
were significantly associated with risk for SARS infection.
An indicator variable was constructed by counting the
number of problems encountered by the study participants.
Almost all (98.6%) of the case group encountered at least
one problem {versus 79.9% in the control group}. The risk
increases greatly with the number of problems encoun-
tered (OR = 44.2 for 3 or mere problems, p < 0.0001)
{Table 3). Using a cut-off point of two or more problems to
predict SARS infection gives a sensitivity and specificity
of 0.681 and 0.6%91, respectively.

Muitivariate Analysis

The results of the forward stepwise conditional logistic
regression model using the seven significant variables as
candidate variables indicate that the perceived inadequacy
of personal protection equipment supply (adjusted OR =
4.27, 95% CI 1.66 to 12.54, p = 0.0028), SARS infection
control fraining <2 hours or no traiming (adjusted OR =
13.6, 95% CI 1.24 o0 27.50, p = 0.002), and inconsistent
use of more than one type of personal protection equip-
ment when having direct contact with SARS patients
{adjusted OR = 5.06, 95% CI 1.91 to 598.92, p = 0.02)
were sigmificantly and independently associated with
SARS infection among hospital workers,

INFECTION CONTROL

Discussion

Breakthrough transmission was likely responsibie for
the SARS infection of these cases, as protective masks
{primarily N95} were used consistently by almost all of the
cases, All workers were required to wear protective masks
from March 12, 2003. Using protective masks alone is,
therefore, not sufficient to climinate SARS transmission
ameng hospital workers. Cases were less likely to have
had direct contact with a SARS patient than controls, sug-
gesting that direct physical contact with SARS patients
was not necessary for breakthrough transmissien te occur.
It also suggests that modes of transmission other than
dropiets cannot be excluded. Consistent hand hygiene after
contact with patients was almost universal and was not a
significant factor predicting SARS transmission in our
study, although hand hygiene appeared to be a risk factor
in gituations when there was no patient contact.

Data from all the three settings show that inconsistent
use of gown, cap, and goggles were all very strongly asso-
ciated with breakthrough transmissicns. Personal protec-
tion equipment should be used consistently in all three set-
tings. The high degree of collineanty in the use of the
various types of personal protection equipment makes it
difficult to ascertain which type of personal protection
equipment is most important as a SARS countermeasure.
Nevertheless, policy makers should be made aware that
the supply of different types of personal protection equip-
ment had often been seen as inadequate, and it is one of
the very significant risk factors identified. The perception
of inadequate supply was not verified by this study. These
perceptions may reflect the actual situation or may be an
inaccurate impression of the hospital workers. Caution is
advised in interpreting these results. Nevertheless, at the
time of the study, the media had reported frequent com-
plaints about personal protection equipment supply short-
ages from hospital workers. The perception of inadequate
personal protection equipment is likely to be associated
with the personal protection equipment supply situation.
Civen the large differences in our results (OR > 5.0,
p < 0.001), it is likely that personal protection equipment

Tabie 5: Percentage distribution of the number of problems encountered by the hospital worker®

No. af probletns Controls Case-patients Matched OR p value
encountered” n % Cumulative % n %% Cumuiative % (exact 95% CT} (exact)
0 27 20.1 20.1 I 1.4 1.4 100

H 63 48,5 68.6 21 30.4 318 8.47(1.37 to o) 0.0169
2 24 17.9 86.35 17 24.6 56.4 17.78(2.67 10 =0) 0.0010
=38 13 13.4 1000 30 43.3 100.0 44.15(7.02 to =) <0.0001

‘Excluded nine cortrols and thec cuses that had at least gne missing entry on one of the problems encountered.

“The seven problems are: 1) inconsistent use of at least | type of personal protection equipment wien having contact with SARS parients, 2) with “patients in general,” 3)
when there was “no patient contact” 4) when SARS infection control treining was less than 2 hours. 5) when the respondunt reported not understanding SARS infection
control provedures. §) when ar least one persanal promenon squimment wus perceived te be in inadequare supply in the 3 settings, and 7} when hand hygiene was
ncansisient when there was “no pasent contact.”

“lPﬂrC?mﬂges oF the number of problems encountered in the control aroup: 3 problems {6.79%), 4 problems (4.3943, 3 (1.5%). 6 (0.7%), and 7 {0%).

“Percemages of the aumber of progicms encowiered in the sase zroup: 3 problems (10.1%). < (8.7%), 5 t13.0%), 6 (8.7%), and 7 (2.9%),
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sheortages were at least partially responsible for many of
the SARS infections. As inadequate knowledge of SARS
infection control (*did not understand procedures™) is also
a strong risk factor for breakthrough transmission, SARS
infection controt fraining must not be overlocked. In-
depth, thorough training (=2 hrs) is required.

Soon after the initial SARS outbreak, it was mandatory
for all hospital workers to attend at least one 1-hour struc-
tured training session delivered by the infection conirol
team, and the records of these sessions were collected and
submitted to the Hospital Authority. These traiming ses-
sions were conducted twice per day for the initial week
from the middle of March and daily until the end of June,
The content of these training sessions included basic
knowledge of SARS and its clinical presentation, route of
transmission, types and proper use of different personal
protective equipmnent for different risk levels, the proce-
dures for handling high risk specimens, environmental dis-
infection protocols, and commonly observed problems.
The content of the training was regularly revised with
updated information. Regular updates and attendance of
the training sessions were strongly recommended. The unit
supervisors were given more intensive training to train
their staff. The findings of this study urderscore the impor-
tance of in-depth training in SARS prevention among hos-
pital workers.

The findings eliminate a number of speculated risk fic-
tors which include the following: performing particular
high-risk procedures on SARS patients, having social con-
tacts with people who were later found to have SARS
cases, and experiencing various minor probiems in using
the mask, Performing high-risk procedures was not a sig-
nificant factor, hence, it is speculated that this is due to a
high degree of awareness and caution taken when perform-
ing these procedures with SARS patients.

It i$ found that those who encountered any of the seven
identified problems had a greatly increased likelihood of
contracting SARS. The number of problems encountered
is a strong predictor of SARS infection. [t is recommend-
ed that, after eacl: day’s work, health workers complete a
checklist to be reviewed by management. No hospital staff
should be exposed to SARS before receiving adequate
traiming or before they have obtzined a thorough under-
standing of the infection control procedures. The results of
the muitivariate analysis show that infection control frain-
ing, personal protection equipment use, and perceived sup-
ply were independently associated with SARS infection
risk among hosgital workers.

This smudy has a number of Ihmiations. As a case-
conirol study, it is subject to recall bias, However, the
recall period was usually within 1 week as all the case-
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patients were interviewed while they were hospitalized.
Hand hygiene data were self-reported and not audited.
Nevertheless, since respondents were required ta report the
frequency of hand washing from a categorical response
format rather than #n open ended question, the responses
shouid be reasonably reliable. Another possible bias may
be the case group’s attributing their infection fo external
factors {e.g., inadequate supplies) and the control group’s
doing the opposite. Given that the odds ratios abtained
were strongly significant and consistent with one another,
it 1s uniikely that this form of bias could account for all of
the observed differences. The study, however, has a rela-
tively large sample size, a high respouse rate, and has con-
wrolled for the exposure to other background confounding
factors.
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SARS TRANSMISSION

Cluster of SARS among Medical
Students Exposed to Single Patient,
Hong Kong

Tze-wai Wong,* Chin-kei Lee,t Wilson Tam,* Joseph Tak-fai Lau,* Tak-sun Yu,* Siu-fai Lui,i
Paul K.S. Chan,” Yuguo Li,§ Joseph S. Bresee, Joseph J.Y. Sung,” and Umesh D. Parashar,q
for the Qutbreak Study Group™

We studied transmission patterns of severe acute res-
piratary syndrome (SARS) among medical studenis
expesed exclusively to the first SARS patient in the Prince
of Wales Hospital in Hong Kong, before his iliness was rec-
ognized. We conducted a retrospective cohort study of 66
medical students who visited the index patient's ward,
incfuding 16 students with SARS and 56 healthy students.
The risk of contracting SARS was sevenfold greater among
students who definitely visited the index case’s cubicle than
in those who did not (10/27 [41%] versus 1/20 {5%], relative
risk 7.4; 95% confidence interval 1.0 to 53.3). llness rates
increased directly with proximity of exposure to the index
case. However, four of eight students who were in the
same cubicle, but were not within 1 m of the index case-
patient, contracted SARS. Proximity to the index case-
patient was associated with transmission, which is consis-
tent with dropiet spread. Transmission through fomites or
smail aerosols cannot be ruled out.

Severe acute respiratory syndrome (SARS) is a newly
recognized clinical entity associated with infection by
a novel coronavirus (SARS-CoV) {1-4). SARS is charac-
tenzed by symptoms of fever, chills, headache, and dry
cough, with radiographic evidence of pneumonia in most
patients. The incubation period of SARS is estimated t¢ be
a median of 4 to 6 days (range 2-10 days). SARS is conta-
gious. and person-to-perscn ransmission appears o occur
primarily through contact or respiratory droplets (5).
However, because of the efficient transmission of SARS
observed in some situations {6,7), concerns remain about

*The Chinase University of Hong Kong, Hong Kong Special
Administrative Region {SAR), People's Republic of China;
TNational Centre for Epidemiclogy and Popuiation Health,
Australian National University, Canberra, Australia: THospitai
Autharity, Heng Kong SAR, Peopie's Republic of China: §The
University of Hong Kong, Heng Kang SAR, People's Republic of
China; and fICenters for Disease Controt and Prevention. Atlantz,
Geuorgia, USA
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the spread of SARS-CoV through other means, including
small aerosols or contact with contaminated environmen-
tal surfaces.

The pandemic of SARS is believed 10 have originated in
late 2002 in Guangdong Province, China (5). A SARS
patient from this region, who had onset of illness on
February 15, 2003, traveled to Hong Kong and may have
infected several guests at the hotel where he resided during
February 21-22. Cne of the affected hotel guests was a res-
ident of Hong Kong; on February 24, he exhibited an illness
characterized by fever, cough, runny nose, and malaise. His
symptoms worsened over the next few days, leading to his
hospitalization on March 4 at the Prince of Wales Hospital,
a major teaching hospital of the Chinese University of
Hong Kong. The cause of this patient’s illness was not rec-
ognized untii March 10, when secondary cases of SARS
were first reported among healthcare workers; specific
infection control measures were then implemented.

Epidemiologic investigations indicate that this patient
rransmitted SARS to 47 healthcare workers on the ward to
which he was admitted; the administration of a bron-
chedilator through a jet nebulizer was widely believed to
have contributed to this dramatic pattern (1). SARS devel-
oped in all but one of the 16 nursing staff members on the
ward and in all § ward physicians. The first patient with a
secondary case of SARS, which presumably resulted from
infection by this index patient, was not hospitalized until
March 11. Therefore, the period from March 4 to 10 pro-
vided a risk window during which the factors that affected
transmission of SARS among persons exposed exclusive-
ly 10 this index patient could be assessed.

"Members of the cutbreak study group: Nelson Lee and Jean Kim,
The Chinese University of Hong Kong; Kitty Fung and Albert Ng,
Prince of Wales Hospital, Hong Kong; Kazutoshi Nakashima, Torm
Sunagawa, Keifi Fukuda, Tracee Treadweil, and Udo Bucholz,
World Health Organization, Geneva, Switzerland; M.X. Tham and
Thomas Tsang, Hong Kong Department of Meaith, Hong Kong.
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Although several groups of healthcare workers were
exposed 10 SARS, some groups {e.g., ward nurses and doc-
tors) could not provide usefu! information because most
were atfected by SARS, and other groups (e.g., staff in the
accident and emergency department) could not recall ail of
their exposures to the index patient. However, a group of
medical students who visited the ward had limited, well-
defined exposures that could be accurately recalled. These
included 20 third-year medical students whe performed z
bedside clinical assessment in the ward on the marnings of
March 6 and 7, supervised by a team of assessors from the
university. Each student was assigned to examine specific
patients in the ward during a 40-minute interval on I of the
2 days. The locations (bed numbers) of the patients
assigned to each student were precisely known, as well as
the relative location of these patients to the index SARS
case-patient. In addition to the students who appeared for
the assessments, several other students (mostly fifth-year
students} visited the ward for bedside teaching or clinical
training March 4-10. We analyzed the epidemiclogic fea-
tures and pattems of transmission of SARS among these
students.

Methods

Study Population

We conducted a retrospective cohort study of medical
students who visited the index patient’s ward from March
4 to March 10, 2003, To define the study cobort, all 474
medical students of the university who were in their clini-
cal years (vears 3-3) were contacted to inguire whether
they had visited the patent’s ward during this period.
Because the university classes were suspended in response
to the outbreak at the time this investigation was begun,
the students were contacted by electronic mail.

Data Collection

Students who reported visiting the patient’s ward dur-
ing the peried were given a detalled questionnaire that
sought information about demographic characteristics, his-
tory of recent illnesses, activities in the ward (including
specific exposure to the index patient), use of personal pro-
tective equipment, and history of travel March 1-10.
Students who contracted SARS were interviewed in the
hospital wards where they were admitted. To facilitate the
recall of exposures to the index patient, 3 map showing the
location of the index patient on the ward was distributed
with the survey. Survey responses were validated by a fol-
low-up telephorne interview or electronic mail communica-
tion. Data provided by students regarding the bed numbers
of patients they examined during their bedside clinical
assessment were cross-checked with the university
records. The medical (including nursing) records of the
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index patient and the students who were ill with SARS
were reviewed.

Case Definition

A case of SARS was defined by the presence of fever
{temperature >38°C) and evidence of pneurnonia on either
a tadiograph or computed tomographic image of the tho-
rax, with or without respiratory symptoms (e.g., cough and
shortness of breath).

Laboratory Studies

Paired serum specimens were obtained during the acute
phase and convalescent phase (day 21 from onset of fever)
of illness from iil students, and single serum samples were
obtained during April 26 to May 3 from students who vis-
ited the ward during March 4 to 10 but did not acquire
SARS. The serum specimens were tested for anti-SARS-
CoV immunoglobulin (Ig) G by indirect immunofluores-
cence, by using SARS-CoV—infected Vero cells fixed in
acetone. A positive test was defined as either seroconver-
sion (>4-fold rise in antibody titer in the paired serum
specimens) or a convalescent-phase antibody titer of
>1:40.

Ventilation Study

Information en the ward ventilation system was first
obtained from the Electrical and Mechanical Services
Department of the hospital. A detailed assessment of the
ventilation system and airflow studies could not be per-
formed at the time of the outbreak because. of logistic
constraints. Retrospective on-site inspections and meas-
urements of the ventilation design and air distribution were
carried out on July 17 and July 22. The supply and exhaust
airflow rates were measured by a hood flow rate meter
(APM 150) (TSI Inc., Shoreview, MN) (measurement
range 24-945 L/s with an accuracy of 3%,. Air velocity, air
temperature, and relative humidity at all supply diffusers
and exhaust grilles were measured by a portable VELOCI-
CALC Plus air velocity meter Model 8386A (TSI Inc.).
Information on the location and opening sizes of supply
diffusers and exhaust grilles, as well as information on the
distribution of heat sources such as lighting and the num-
ber of persons in the ward, were also collected during the
site visits.

Data Analysis

Epidemiologic data were entered into a predesigned
database and znaiyzed by using SAS Version 6.12 software
(SAS Institute Inc., Cary, NC). Attack rates among persons
with and without specific exposures were calculated.
Dose-response relationships were also evaluated with
respect to the proximity to the index patient and duration
of these exposures.
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Data on ventilation, temperature, relative humidity, and
heat sources were analyzed by computational fluid dynam-
ics (CFDj simulations. The industry standard CFD pack-
age, Fluent, (Fiuent USA. Lebanon, NH) was used to pre-
dict (reproduce) the average airflow pattemn in the ward
during the outbreak, taking into consideration the offect of
thermal buoyancy.

Results

Clinical Course of the Index Patient’s liiness

On February 24, the index case-patient had onser of an
illness characterized by fever, cough, runny nose, and
malaise. His symptoms worsened over the next few days,
and fre sought treatment at the Accident and Emergency
Department of the Prince of Wales Hospital on February
27, when he was treated as an outpatient and discharged,
He visited the Accident and Emergency Department again
on March 4 with the same symptoms and was admitted to
a general medical ward. His fever (range 38°C—40°C) did
not dimnish after he received various antimicrobial drugs
and persisted until March 11, when it gradually subsided.
His cough was frequent, low-pitched, and unproductive,
with occasionai scanty, whitish sputumn, and it persisted
from March 4 to March 13; the cough was most severe
during the first < days of his hospitaiization, March 4-7.
His chest radiograph on admission showed consolidation
of the right upper lobe and patchy haziness in the right
lower zone. He was weak, was given an intravenous drip,
and remained bedridden during his first week of hospital-
izanon. To relieve his respiratery symptoms, he was
administered salbutamol through a jet nebulizer four tmes
per day (at 10 am,, 2 p.m.. 6 p.m., and 10 p.m.) starting
from 2 p.m. on March 6 until March 12, lasting about 30
mir each ume. His arterial oxygen on adinission was 99%:
it dropped to 95% on March 6, and gradually returned to
98% on March 12. He was identified as the index patient
for the outbreak of SARS in Prince of Wales Hospital on
March 12 and was transferred to an isolation room within
the ward. He remained in isolation for 17 days after his
symptoms subsided and was discharged on March 30. The
patient was not treated with either ribavirin or steroids.

Medical Student Study

Of the 474 medical students, 334 (70.5%) responded to
the survey. Of the 334 respondents, 66 (20%) reported vis-
iing the index patiene’s ward during the study period.
Respondents and norrespondents did not differ in age and
gender. SARS did not develop in any of the nonrespon-
dents or in any of the respondents who did not visit the
index patient’s ward. A detailed survey o assess iilness
and exposures was completed by these 66 students, which
mcluded the group of 20 third-year medical students who

Emerging Infectious Diseases » www.cde.govieid » Vol. 10, No. 2, February 2004
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performed a bedside clinical assessment, supervised by a
team of assessors from the umiversity, in the ward on
March 6 and 7, and 46 other studenis who visited the ward
for clinical training on one or more occasions from March
4 to 10. None of the 20 students who appeared for the bed-
side clinical assessment visited this ward after March 7 or
had any contact with other SARS patients in this hospital
or in the community.

Sixieen (24%) of the 66 students reported an iliness that
met the case definition for SARS. Their mean age was 22.3
years, and § (50%) were male. The mean age of the 50
other students who visited the ward but did not acquire
SARS was 23.2 years, and 23 (46%) were male, The most
common symptoms of illness amnong the patients included
fever (100%;, chills or rigors (94%), and headache (75%);
cough and shortness of breath were reported by 38% and
33% of patients, respectively (Figure 1). All'ill students
were hospitalized, and one required mechanical ventilation
and treatment in the intensive care unit; ail recovered from
the illness. The characteristics of the iilness among the stu-
dents were simifar to those among healthcare workers pre-
sumably infected by the index patient.

Paired serum specimens were collected from 15 of the
16 students during their ilinesses, and ail had demonstrable
IgG antibodies to SARS-CoV at a titer of >1:40 in the con-
valescent-phase serum. The antibody titer ranged from
1:80 o 1:1,280, with a geometric mean titer of 1:440.
Antibodies to SARS-CoV were absent in the serum speci-
mens obtained from all 50 healthy students.

The dates of onset of iliness of the 16 students with
SARS and the dates they visited the ward are shown in
Figure 2. The student with an unusuaily iong incubation
period of 16 days visited the ward (for 2 40-minute bedside
clinical assessment) on March 7. On March 13, she was
noted to have pneumonic changes on a chest radiograph,
although she had no symptoms. She was admitted to an
observation ward for suspected SARS patients (different
from the index patient’s ward) and was discharged on
March 17 after resolution of her chest radiographic abnor-
malities. On March 23, fever developed, and she was
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Figure 1. Distribution of initial symptoms in 16 students.
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Figure 2. Dates of onset of ilness of 16 students with severe acute
respiratory syndrome and date of their visit to the index patient's
hospiial ward. An asterisk indicates the dates of the visit in March
2003.

readmitted as a potential SARS case-patient. Because we
were not certain if this student had been infected during
her initial cxposure to the index case or during her subse-
quent hospitalization by exposure to another SARS patient
in the observation ward, we exciuded this student from the
analyses of risk exposures. To obtain a precise estimate of
the incubation pericd of SARS, we examined the onset of
iilness among |1 of the 16 ill students who visited the ward
only on a single day, excluding the student with an incuba-
tion of 16 days. Among these 1| patients, the median incu-
bation period was 3 days (range 26 days). Figure 3 shows
the incubation peried by onset date. Students exposed on
March & had the widest range of incubation period (2-6
days). Toe few students were exposed exclusively on other
days to show any pattem.

We examined the attack rates of the illness among stu-
dents based on whether they could recall entering the index
patient’s cubicle, a semi-enclosed saction of the ward con-
taining 14 beds (Table 1. SARS developed in 10 of the 27
students who reported entering this cubicle, compared with
SARS developing in 4 of the 18 studenis who could not
accurately recall whether they entered the patent’s cubi-
cle, and in only | of 20 students who reported that they
never entered the cubicle (Mantel-Haenszel chi-square =
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Figure 3. Incubarion period by onset dates in 11 students.

272

Table 1. Attack rate of students by history of visit to index
patient's cubicle in the ward

Entered index Attack
patient’s cubicle m Not il Total rate (%)’
Yes ¢ 17 27 37.0
Not sure 4 14 18 222
No 1 iy 20 5.0
Totat 15 30 65 231

*Fisher exact test (2-tailed}, p = 0.032; Mantel-Haenszei chi-square = 6.34; p=
0.011.

6.54; p =0.011; Fisher exact test [2-tailed], p = 0.032). The
student who did not enter the index patient’s cubicle but
acquired SARS was a fifth-year student (not one of the
third-year students who underwent the bedside clinical
assessment} who reported visiting the patient in bed no.
17x, which was located in the opposite cubicle adjacent to
the corridor (Figure 4). Among those students who could
recall accurately whether they entered the patient’s cubi-
¢le, entering the cubicle was significantly associated with
iflness {10/27 versus 1/20, relative risk = 7.4, 95% confi-
dence interval = 1.0 to 53.3, p = 0.046). The duration the
students stayed in the ward was not associated with the risk
for iliness (mean length of stay: 67 minutes for the ill stu-
dents; 80 minutes for the healthy students; p = 0.6).

To further assess the proximity of exposure associated
with illness, we anatyzed data from 19 of 20 medical stu-
dents (excluding the ill student who had an unusually long
incubation period) who appeared for the bedside clinical
assessment (lasting 40 minutes for each student) on March
6 or 7. SARS developed in 7 of these 19 students, None of
the students examined the index patient. All three students
who examined patients located in beds within 1 m of the
index patient contracted SARS; four of eight students who
examined patients located in the same cubicle but in beds
>1 m from the index patient contracted SARS, but none of
eight student who examined patients in other cubicles fell
ill (Mantel-Haenszel chi-square = 9.86, p = 0.002; Fisher
exact test [2-tailed], p = 0.003 1) (Tabie 2; Figure 4).

As mentioned previously, the index patient was admin-
istered nebulizer therapy four times per day starting from
2 p.m. on March 6 until March 12, lasting about 3¢ min-
utes each time. Among alt the students, no significant asso-
ciation was noted between their risk for iilness and pres-
ence in the ward when the nebulizer was in use. To farther
study the potential role of mebulizer therapy in disease
transmission, we swdied the temporal patterns of illness
among these 19 students who appeared for a bedside clin-
ical assessment, excluding the student with a fang incuba-
tion period {Table 3). Six out of 10 smdents assessed on
March 6 betore the nebulizer was used contracted SARS
compared with 1 out of 9 students on March 7, The time of
assessment of the student with SARS (on March 7) coin-
cided with the use of the nebulizer.
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Figure 4. Floor plan of index patient's hospi-
tal ward. Numbers with and without a suffix
indicate the bed numbers of patients. The
bed of the index patient is shaded. Q, stu-
dents assigned to examine the patient in this
hed who became ill with severe acute respi-
ratory syndrome; x, students assigned to
examine the patient in this bed who
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The medical students were assessed by a total of 11
assessors. Five assessors evaluated students on March 6
only, five an March 7 eniy, and one was present on hoth
days. SARS was reported by all five assessors for March 6
only, by three of five assessors for March 7 only, and by
the one assessor who was present on both days.

None of the students had traveled to mainland China,
the only location with suspected community transmission
of SARS during the study period. None of the il students
reported contact with another ill student or other person
with SARS i the 10 days betore illness onset. None wore
masks or gloves while examining patients, and no notable
differences in risk for disease were observed amaong stu-
dents who reported washing their hands before and after
examining patients. Apart from one hepatitis B carrier
{(who contracted SARS), no other students had any chron-
ic lress. The clinical course and severty of illness in the
hepatitis B emrier were similar to the experiences of other
students.

Table 2. Attack rate for students attending a bedside dlinicai
assessment in the ward in relation to their proximity to the index
patient's bed™"
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remained healthy.
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cooled by chilled water and then supplied to this ward (and

another ward on the opposite side of the hospital) through
air ducts. The air is then distributed to five fan-coil units
(one in each of the four cubicles and one at the nurses’ sta-
tion), where it is mixed with recirculated air, cooled by
chilled water, and blown into the cubicle/nurses’ station
via air supply diffusers (0.6 m by 0.6 m) located at the cen-
ter of the cubicle in the false ceiling and over the nurses’
station. An exhaust grille, a rectangular opening 0.3 m by
0.6 m, located in the false ceiling in the corridor outside
each cubicle and outside the nurses’ station, recirculates
70% of the air supply back into the fan-coil unit. Excess air
escapes through two extraction fans inside the toilet, two
extraction fans in the store/cleaning room, and through the
door of the ward to the outside.

Airflow Measurements

The air‘'exchange was 7.7% air changes per hour for the
whoie ward. The supply and exhaust airflow rates are sumn-
marized in Figure 5. The total air supply was higher than
the total exhaust, which meant that the ward was at a pos-
itive pressure. Our on-site measurement showed that most

Cascsimo, of of the extra air supply should have exited through the ward
Location of axpasure stdents exposed  entrance because an exhaust fan was located in both the
Bed nos. 10 and 12 (adjacent to index patient) 73
Bed nos. 9, 9%, and 13— t6x (beds in the same 448 Table 3. Time schedule of the clinical assessment of 19 medical
cubscle except bed nos. 10-12) students”
Other heds in the ward fnot in the cubicle) 048 Time T/total
aThC lndCX ].'lﬂ[iﬂﬂt was nor used as an assassment case. 6 March 2003 10:00_]0:40 a.m. 0','3
"Mantel Maenszei <hi-square = 4.86, p=0.002; Fisher ¢xact rest {2-tailed), p =
0.0031. 10:40-11:20 a.m. 273
11:30 a.m~12:00 p.m. 3/3
Ventilation Study 12:00-12:40 p.m, 171
7 March 2003 10:00~10:40 a,m_ 112
Ventilation System 10:40-1 120 a.m. 03
The hospital is centraily air-conditioned. Fresh air is 1130 am.~12:00 p.m. 0/3
drawn from ourside the hospital building into a primary air 12:00-12:40 p.m. 0/t

unit siwated in a1 room adjacent to the ward, where it is

Emerging Infectious Ciseases - www.cde.govieia - Vol. 10, No. 2, February 2004

“Excluding the student-patient whose iilness had a long incubation period.
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Figure 5. Airflow rates (L/s) through all air supply

diffusers and exhaust grilles in the index patient’s
hospital ward.
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entrance t0 the ward; these fans would create negative
pressure,

The supply and exhaust airflow rates through diffusers
and exhaust grilles were found to be imbalanced. The
exhaust and air supply for the nursing station did not func-
tion properly. The air supply from the diffuser in the index
patient’s cubicle had the highest supply flow rate (336
L/s), while the adjacent exhaust grille had the lowest
exhaust flow rate (87 L/s) among all four fumctional
exhaust grilles.

Modeling the Dispersion of Hypothetical Aerosols

At the time of the outbreak {March 4-10), the weather
in Hong Keng was moderare with an ambient temperature
ranging from 10.5°C (o 22.3°C. The heat gains in the ward
should be mainly from people, lighting, and equipment. In
our computational tluid dynamics simuiations to repro-
duce the average airflow patten in the ward during the
outbreak, we exciuded the washroom and storercom in our
computational domain; and the exhaust flows through the
two rooms were modeled as exhaust flows through their
doorways. A free boundary condition was imposed on the
ward entrance. Our computational fluid dynamics package
could also consider the movemen: and evaparation of the
aerosols. We found that aerosols would rapidly evaporate
and the size of droplets would decrease rapidly after they
originated from the index patient’s bed. The average air
speed in the room was areund 0.2 m/s. The normalized
concentration contours of hypaothetical aerosols are shown
in Figure 6. The concenirations decreased as we moved
away from the index patient’s bed. We also predicted a
fairly high concentranion profiles for beds 17x and 24x in
the opposire cubicle. The concentrations in other two cubi-
cles were ahmost zero.
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We utilized a unique opportunity provided by an unrec-
ognized SARS patient who was the only known source of
infection for a large cluster of secondary cases in an insti-
tutional setting to examine the transmission patterns of this
novel disease. Proximity to the index case was associated
with ransmission, and all three students who examined the
patient in bed 12 (within | m of the index patient) contract-
ed SARS. As the index patient was bedridden during this
period, this observation is compatibie with transmission by
droplets. However, that a few ill students were never with-
in 1 m of the index patient raises the possibility of trans-
missicn by other mechanisms. Spread by contaminated
fomites is a possibility, especially in light of recent data
indicating that SARS-CoV survives well in the environ-
ment (3). Although none of the students reported direct
contact with any of the index patient’s belongings or linen,
contact with other articles in the ward contaminated by the

Figure 5. Dispersion of hypothetical aerosols that ariginated from
the index patient's bed in the ward. Three ievels of normalized
concentrations are shown (0.03, 0.015, and 0.005) because the
source strength of the virus-laden aerosols is unknowr.
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patient’s secretions or body fhuids might have occurred.
Transmission by aerosols over a limited distance could
also explain the observed distribution of cases and the
large number of cases among healthcare workers on the
ward. In our ventilation study, we found that the airflow
rate was highest in the air supply diffuser in the index
patient’s cubicle and lowest in the corresponding exhaust
grille. This imbalance and the computed concentration
contours of aerosols (which match our epidemiologic data)
are compatible with spread by aerosols. However. because
we were not able to conduct a detailed study of ventilaton
patterms or conduct environmental and air sampling at the
heighr of the outbreak due to logistic constraints, we can-
not definitively assess whether either fomites or aerosols
played a role in transmutting virus from the index patient,

At the time this investigation was begun, jet nebulizer
therapy given to the index patient was widely believed to
have facilitated transmission. However, our fmdings
demonstrate efficient ransmission even befare nebulizer
therapy was begun on the afternoon of March 6. First, 6 of
the 10 students who arttended the bedside clinical assess-
ment on the morning of March 6 contracted SARS, com-
pared with | of the 9 who attended the assessment on
Marck 7. Second. ail five of the assessors who assessed
students on March 6 alone became iil, compared with three
of the five assessors who were present on March 7 slone.
Lastly, for the students with SARS who were present on
the ward for reasons other than the bedside assessment, no
association was observed between their stay in the ward at
the specific periods when the nebulizer was used and the
development of SARS. However, because nebulizer thera-
py could theoretically exacerbate symptoms of coughing
in SARS patients, we recomumend avoiding the vse of neb-
ulized medications and other potential aerosoi-generating
patient-care procedures (f possible and using appropriate
infection control precautions if such procedures are
deemed necessary (9).

Sumilar large “superspreading svents” of' SARS associ-
ated with 3 single patient have been described in several
countries (5,6), which conmast with the limited secondary
spread seen with most SARS patierts. Because many of
the index patients :n these clusters were infected with early
cases of SARS in their respective countries, such as the
index patient for this outbreak. or had subtie ar arypical
manifestations. the failure to recognize the disease early
and institute uppropriace infection congrol precautions
might have contributed to extensive transmission. Also,
some SARS patents may be intrinsically more contagious.
They might excrete greater amounts of virus in their secre-
tions or wansmit virus by different routes. which may be
related 1o specific host {e.g., altered immune status, under-
lying diseases), agent (e.g., coinfections with other
pashogens), or environmental factors that require further
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study. Superspreading events have been reported in out-
breaks of other diseases such as Ebola hemorrhagic fever,
rubella, and B-hemolytic streptocecci (10-12). While the
mechanisms for these phenomena are largely unknown,
possible explanations include a larger number of contacts
of these superspreaders, inherent differences in the virus-
host relationship, or the presence of a more virulent strain
or higher levels of virus shedding (10). Similarly, hospitals
have previously been documented as settings for efficient
transmission of illnesses such as Lassa fever and Bolivian
hemorrhagic fever (13,14).

In conclusion, this cluster demonstrates the potential for
widespread nosocomial spread of SARS among a previous-
ly healthy population in the absence of specific infection
conwol precgutions. SARS is likely spread through direct
contact and respiratory droplets in most instances, and oth-
ers have demonstrazed that specific infection control pre-
cautions to prevent transmission by these mechanisms are
effective (13). However, we cannot exclude the role of con-
taminated fomites or small aerosols in transmitting virus in
this cutbreak. Whether this large cluster resulted Fom
different mechanisms of transmission, greater viral shed-
ding by the patient, or inadequate infection-control meas-
ures is not known, but it clearly indicates that SARS can be
spread highly efficiently in some situations. A better undet-
standing of the phenomenon of superspreading events,
including clusters with apparently unique patterns (15), is
key to assessing the pandemic potential of SARS and the
effectiveness of control measures (16,17).
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