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Abstract—This study was conducted to evaluate the ef-
ectiveness of personal protective equipment (PPE) against
evere acute respiratory syndrome (SARS). Sixteen patients
n a SARS cluster, including 4 health care workers (HCWs)
nd 12 non-HCWs were studied. We compared the initial
iral load by nasopharyngeal swabs, clinical progression,
nd outcome of this cluster. The HCWs had a lower viral
oad. The non-HCWs had a higher mean C-reactive pro-
ein, lower oxygen saturation, and a higher incidence of
ntubation and death. Secondary household transmission
eveloped in three of the non-HCWs’ families. One month
fter discharge, non-HCWs had more signs of fibrosis on
igh resolution computed tomography (HRCT) scan and an

mpaired pulmonary function test. Although most of the
PE do not confer absolute protection against SARS, it
eems that they may lower exposure to the virus, leading to
lower risk of secondary transmission, and be associated
ith relatively mild disease and a better early outcome.
2006 Elsevier Inc.

Keywords—personal protective equipment; health care
orker; pulmonary function test; severe acute respiratory

yndrome, SARS

INTRODUCTION

n March 12, 2003, the World Health Organization
WHO) issued a worldwide alert for cases of atypical
neumonia with severe respiratory illness that was rap-

ECEIVED: 1 December 2004;

CCEPTED: 14 March 2005

7

dly spreading among hospital staffs (1). The transmis-
ion route of the emerging disease was believed to be by
nhalation of contaminated aerosols or by oral route
hrough contact with a contaminated environment (2,3).
oth specific droplet and rigorous universal precautions
ere thus recommended for healthcare workers (HCWs)

aking care of patients with severe acute respiratory
yndrome (SARS) (4). Early in the SARS epidemic,
nvestigators reported that surgical masks were equiva-
ent to N-95 masks in protecting against SARS, but it
as later shown that even N-95 masks were not com-
letely protective (3,5,6). This confusion, plus the fact
hat many HCWs became infected despite wearing
asks, contributed to the tremendous fear and chaos in

ome areas affected by SARS (7,8).
From 1 November 2002 to 31 July 2003, a total of

098 patients were probably infected with SARS, of
hom 21% were HCWs (9). Nosocomial spread was one
f the major striking features of SARS outbreaks (10–
2). Most infected HCWs were young, previously
ealthy, and immunocompetent. Many had a relatively
ild SARS infection, and seemed to be at a lower risk

or death (13,14). In addition, in Hong-Kong and Singa-
ore, secondary household transmission was less likely
o occur in HCWs’ families compared with non-HCWs
15,16).

The outcome of SARS has been adversely associated
ith factors such as old age, increased levels of C-
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8 Y.-T. Lu et al.
eactive protein (CRP) and even hepatitis B carrier
2,17). It has also been reported that higher viral loads in
asopharyngeal aspirates (NPS) is a useful prognostic
ndicator of respiratory failure and mortality (18). Given
hat the NPS procedure has not been well standardized, it
s quite possible that inconsistency in performing sam-
ling may render inaccurate the comparison between
ifferent individuals’ results of real-time polymerase
hain reaction (PCR) or comparison between a series of
he same individual’s data.

We designed this study to explore the relationship
etween personal protective equipment (PPE) used by
CWs and the clinical course, outcome, and viral load in
oth HCWs and non-HCWs involved in a SARS cluster
temming from exposure to a single index case in our
mergency Department. The cluster was carefully se-

ected because the spread of transmission occurred in a
ery short time, making the cause-relationship unambig-
ous. We also used the human 18s-rRNA as an internal
ontrol to avoid sampling variation. Although we could
ot control for a number of other factors that might have
ffected transmission, we believe it is worth attempting
o assess the effect of PPE, including an N-95 mask, on
iral load and subsequent outcome of SARS.

MATERIALS AND METHODS

atients in the Case Series

he Mackay Memorial Hospital in Taiwan is a 2000-
ed teaching hospital that employs approximately
500 doctors, nurses, allied health professionals, and
lerical staff members. Between April 27 and June 16,
003, a total of 167 patients diagnosed as probable (n

71) and suspected (n � 96) SARS were treated in
he hospital wards and Emergency Department (ED).
ince May 12, a total of 41 negative pressure isolation
ooms (including four in the ED) were established for
hese patients. Clearly, it is very difficult to track and
larify every transmission route in facing such vari-
ble sources of patients. Therefore, we carefully se-
ected a cluster of victims whose source of infection
an be tracked back to a common index patient. On
ay 4, 2003, a 50-year-old male was sent to the ED of
ackay Memorial Hospital in Taipei. He had had

ever for the previous 6 days, and a severe cough with
yspnea for 1 day. He was a cook, and had no travel
istory or specific contact history for SARS. On ar-
ival in the ED, he was given bronchodilatator therapy
y nebulization for his respiratory distress. Two hours
ater, his chest X-ray study showed multi-focal air
pace consolidations, and the patient was then imme-

iately isolated. Five hours later, he developed intrac- p
able hypoxia and respiratory failure, so he was intu-
ated and mechanically ventilated. Twenty-four hours
ater, he died of SARS in the ED isolation unit.

Sixteen individuals who were directly or second-
rily linked to this index patient, including 4 HCWs
nd 12 non-HCWs (Figure 1), subsequently fulfilled
he modified WHO SARS case definition (revised 1

ay 2003) (19). All 16 had a positive reverse tran-
criptase polymerase chain reaction (RT-PCR) naso-

Index Patient

Patient 10    27 y/o male doctor

Patient 11    30 y/o female nurse

Patient 12    27 y/o female nurse

Patient 13    28 y/o female nurse

Patient 1    53 y/o male, previously healthy Patient 2    47 y/o female, previously healthy

Patient 4    49 y/o female, previously healthy

Patient 6    49 y/o female, previously healthy Patient 7    23 y/o female, previously healthy

Patient 8    35 y/o male, previously healthy

Patient 9    42 y/o female with wound

Patient 14   53 y/o female with PID

Patient 16   91 y/o male with PUD, CRI, CHD

ED of Mackay Memorial Hospital

Patient died with SARS

HCW with PPE protection

Patient intubated and survived after SARS

Patient 5    54 y/o male with renal colicPatient 5    54 y/o male with renal colic

Patient 15   56 y/o male with COPD

Patient 3    20 y/o female with AGE

igure 1. Transmission of 16 cases of definite SARS in a case
luster. A nosocomial outbreak occurred on May 4–5, 2003, in
he Emergency Department (ED) of Mackay Memorial Hospital,
aipei, Taiwan. Patient 1, who was not part of the ED cluster,
ad had dinner with the index patient on May 1, 2003, and
eveloped a fever on May 10. His wife, patient 2, became
ebrile on May 20. Patient 3 was seen in the ED on May 4 with
cute gastroenteritis and was accompanied by her mother,
atient 4. Both subsequently developed fevers on May 10 and
ay 9, respectively, and were found to have SARS. Patient 5
as seen in the ED on May 4 for a renal stone, accompanied by
is wife, patient 6. He developed a fever on May 9, his wife on
ay 12, and their daughter, patient 7, on May 15. Patient 8 was

n the ED on May 4 accompanying an ill family member and
eveloped fever on May 10. Patient 9 was in the ED with a leg
ound on May 4 and developed a fever May 8. Patients 10, 11,
2, and 13 were ED staff (one doctor and three nurses) who
ook care of or were working near the index patient May 4 and
arly May 5. Patient 10 (an ED doctor) did not know he’d been
xposed to SARS and developed a fever on May 9 while trav-
ling in Japan. Patients 12 and 13 assisted during the intuba-
ion of the index patient early on May 5. Their fevers began May
and May 10. Patient 14 was seen in the ED on May 4 for pelvic

nflammatory disease and developed a fever on May 12. Her
usband, patient 15, became febrile May 23. Patient 16 was
een in the ED with upper gastrointestinal symptoms May 4
nd became febrile May 9. Health care workers (HCWs) wore
ersonal protective equipment, including N-95 masks, while
orking. Non-HCWs infected in the ED had been wearing only
urgical or cloth masks. Three of the non-HCWs transmitted
he infection to secondary household contacts. Four of the
on-HCWs had respiratory failure, 3 of whom died. AGE �
cute gastroenteritis; CHD � coronary heart disease; COPD �
hronic obstructive pulmonary disease; CRI � chronic renal

nsufficiency; PID � pelvic inflammatory disease.
haryngeal swab for SARS-CoV or positive serologic
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Viral Load and SARS Outcome 9
ntibody tests (except for 3 who died before an anti-
ody test was available).

linical and Laboratory Studies

he clinical course of each patient, including vital signs,
he use of O2, oxygenation status, and chest X-ray were
ollected for comparison. Laboratory tests consisted of
onsecutive hematological examinations, including ab-
olute lymphocyte and platelet counts, and serum bio-
hemistry, including lactate dehydrogenase (LDH), cre-
tine kinase (CK), aspartate aminotransferase (AST),
lanine aminotransferase (ALT), and C-reactive protein
CRP). To define the chronological progression, the first
ay of documented fever � 38°C was designated as FD
. O2 saturation was recorded after admission to the
ospital. A nasopharyngeal swab was taken to detect
ARS-CoV as soon as patients were admitted to an

solation room.

uantitative RT-PCR Specific for SARS-CoV

he nasopharyngeal swab specimens were collected in
rizol reagent and total RNA was extracted according to

he manufacturer’s instructions (GIBCO/BRL, Grand Is-
and, NY). Primers and probes for SARS Co-V and
uman 18s rRNA were purchased from Assays-on-
emand™ Gene Expression Products (Applied Biosys-

ems, Foster City, CA). Quantitative RT-PCR was done
y using SARS-specific primers and a 5’-nuclease probe
s prepared in the Assays-on-Demand™ Gene Expres-
ion Products (Applied Biosystems). The 381-bp target
ragment of SARS-CoV RNA was transcribed and am-
lified in an ABI PRISM 7700 sequence detection sys-
em (Applied Biosystems). Plasmids supplied by the
enter for Disease Control of Taiwan were used with the

arget sequence to generate a standard curve.
To avoid variation in the sampling procedures, quan-

itative RT-PCR for 18s-rRNA was also done in each
ample as an internal control. Individual quantitative
T-PCR for SARS-CoV was normalized to the same

evel of 18s-rRNA, in this study 106 copies/mL. The
nitial and the normalized data will be compared and
resented.

Quantification of mRNA was performed by using a
aqMan one-step RT-PCR Master Mix Reagent kit (Ap-
lied Biosystems). Real-time fluorescence measurements
ere taken and a cycle threshold (CT) value for each

ample was calculated by determining the point at which
he fluorescence exceeded a threshold limit. A standard
urve of the CT values obtained from serial dilutions of

he standard was compiled. The coefficient of linear f
egression and the slope for each standard curve were
alculated. The CT values from samples were plotted on
he standard curve for calculating the number of
enomes.

atient Follow-up Protocol

he follow-up protocol for all surviving patients in-
luded an outpatient interview, physical examination,
igh-resolution computed tomography (HRCT) scan,
ulmonary function test (PFT), and a 6-min walk test
6MWT). HRCT, PFT and 6MWT were performed at 1
onth after discharge. HRCT and PFT were done again
months after discharge.
The HRCT images were all reviewed by one chest

hysician (C.L.L.) and one radiologist (C.Y.S.). The
horax was divided into upper, middle, and lower lung
ones, and the HRCT findings in each zone were re-
orded. HRCT scores were based on the following
cheme: 0 � normal CT; 1 � mild disease (patches of
round-glass opacification); 2 � moderate disease (mod-
rate reticulation, traction bronchiectasis, peribroncho-
ascular thickening); 3 � severe disease (areas of paren-
hymal consolidations, diffuse areas of peribronchovascular
hickening, and traction bronchiectasis) (20). Examples of
RCT scans with corresponding scores are shown in Figure
. The final HRCT score was the mean value of the scores

igure 2. Typical HRCT scans through the middle lungs
ones of SARS patients at 1 month after discharge. (A) No
vidence of residual interstitial disease in Patient 11 (score

0). (B) Mild disease (score � 1) in Patient 9. Note subtle
round-glass opacification at both superior segments of

ower lobes. (C) Moderate disease (score � 2) in Patient 6.
ote diffuse ground-glass opacification, thickening of inter-

obular septa, and mild traction bronchiectasis. (D) Severe
isease (score � 3) in Patient 3. Note diffuse ground-glass
pacification with coarse reticulation and consolidation,
eribronchovascular thickening, and traction bronchiectasis
ith slight architectural distortion.
rom all three zones.
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10 Y.-T. Lu et al.
tatistical Analysis

or quantitative RT-PCR, the viral RNA loads were
xpressed as mean � SEM, whereas all other data
ere expressed as mean � SD. Categorical variables
ere analyzed by Fisher’s exact test and continuous
ariables by Student’s t test. Differences between the
uantitative RT-PCR values for SARS-CoV in naso-
haryngeal swab and HRCT scores in HCWs and
on-HCWs were tested for significance using the
ann-Whitney U test. We considered a p of � 0.05 to

e significant. We used SPSS 10.0 software (SPSS
nc., Chicago, IL) for all analyses.

RESULTS

atient Demographics

he 16 patients in this cluster had a mean age 42.9 �
7.9 years (range 20 to 91). The HCWs were younger
han non-HCWs (28.0 � 1.4 vs. 47.8 � 18.2 years,
espectively, p � 0.051). The majority of patients (10 of
6) were female. Only 1 patient (patient 15) had a history
f smoking and chronic obstructive pulmonary disease
COPD). All patients presented with fever as the initial
pecific manifestation of SARS. All but one (patient 15
ith COPD) had several days of high fever before de-
eloping respiratory symptoms. The mean incubation
eriod between exposure to the index patient and onset
f fever (� 38°C) was 5.5 � 0.6 days in HCWs and 6.2

1.8 days in non-HCWs. Patients sought medical treat-
ent at a mean of FD 2.3 � 2.5 days in HCWs and FD

.0 � 3.0 days in non-HCWs.
The infected HCWs had all been wearing PPE, in-

luding an N-95 mask, gloves, gown, and head covering
hen working in the ED (Figure 3). Patients 12 and 13,
ho cared for the index patient in isolation and assisted
ith the intubation, wore an additional gown and eye
rotection when in the isolation unit. The procedures
ere double-checked (including N-95 mask with fit-

esting) by their colleagues according to WHO recom-
endations. The non-HCWs, apparently exposed to the

ndex patient in the ED, had no specific protective equip-
ent, except that some wore surgical, cloth, or paper
asks.

iral Load Studies

asopharyngeal swabs were taken at a mean of FD 6.0 �
.8 days, when the patients were in a negative isolation
oom or had been started on our SARS treatment proto-

ol. A total of 18 samples were obtained from 11 patients

�
c

or quantitative RT-PCR. Initial RT-PCR data showed
hat HCWs had a significantly lower viral load than the
on-HCWs (24.36 � 15.84 vs. 4346 � 3246 copies/mL,
espectively, p � 0.0001) (Figure 4). HCWs also had a
ignificantly lower level human 18s-rRNA than the non-
CWs (80.97 � 35.2 vs. 5945 � 1674 copies/�L, re-

pectively, p � 0.001), indicating that mucosal shedding
as more extensive in non-HCW (Figure 5). Figure 6

hows that non-HCWs had a significantly higher viral
oad in their NPS after normalization than the HCWs
463.8 � 450.2 vs. 9349 � 7687 copies of RNA/mL,
espectively). Although non-HCWs still had a higher
iral load after normalization, the difference between

igure 3. N-95 mask and personal protective equipment.
uring the SARS epidemic, the HCWs had been required to,
nd were wearing PPE, including an N-95 mask, gloves,
own, and head covering when working in the ED.

HCW non-HCW
0

2500
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10000
HCW
non-HCW

 denotes p<0.0001
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igure 4. The un-normalized viral load of HCW and non-HCW
y quantitative PCR showing HCW with an average of 24.36

15.84 copies of RNA/mL and non-HCW with 4346 � 3284

opies of RNA/mL (p < 0.0001).
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Viral Load and SARS Outcome 11
on-HCWs and HCWs was reduced from about 200
imes to 20 times (Table 1).

linical and Laboratory Studies

on-HCWs had significantly higher CRP values (11.0 �
.1 vs. 3.5 � 4.0 mg/dL, respectively, p � 0.038) and
ower O2 saturation (peak pO2/FiO2 ratio, 167.6 � 91.9
s, 274.5 � 58.6, respectively, p � 0.049), than HCWs
Table 2). Four of the 12 non-HCWs required intubation
nd 3 died, compared with none of the 4 HCWs (p �
.516, p � 0.529, respectively). There were no differ-
nces in lymphocyte or platelet counts, LDH, CK, AST,
r ALT between the HCWs and non-HCWs. The FD on

igure 5. The extent of mucosal shedding was significantly
reater in non-HCWs (p < 0.001) as indicated by the greater
mount of 18s-rRNA in the nasopharyngeal swabs.

Normalized quantitative PCR

HCW non-HCW
0

10000

20000
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m/sei
p

oc

 denotes p<0.01
igure 6. Column statistics of HCW and non-HCW with nor-
alized quantitative PCR showing HCW with an average of
R
i

63.8 � 450.2 copies of RNA/mL and non-HCW with 9349 �
687 copies of RNA/mL.
hich abnormal laboratory findings occurred also did not
iffer significantly between the two groups.

econdary Household Transmission

econdary household transmission occurred in 3 of 7
on-HCWs’ families compared with none of the HCW
amilies (3/7 vs. 0/4, p � 0.505).

ollow-up

hree patients, all non-HCWs, died with SARS. All
urviving patients were able to return to normal daily
ctivities after discharge. All of these patients had a
ormal body mass index (Table 3). However, 4 of the
surviving non-HCWs (4/9, 44%) noted dyspnea on

xertion at the 1-month follow-up visit. Some survi-
ors had an uncomplicated skin rash or mild hair loss.
ymptoms of post-traumatic stress disorder and minor
epression were also seen in 2 of the non-HCW sur-
ivors at the initial outpatient follow up. However,
hese symptoms gradually improved, and all survivors
ad normal psychosocial daily activity at the 6-month
elephone follow-up.

Twelve surviving patients completed the follow-up
rotocol. On the 1-month HCRT, parenchymal abnor-
alities were found in 8 of 8 non-HCWs and 3 of 4
CWs. The abnormalities included areas of ground-glass
pacification or reticulation of varying size, interlobular
eptal or intralobular interstitial thickening, traction
ronchiectasis with distortion of the architecture, or
razy-paving with consolidations. The middle lung zone
as predominantly involved (Figure 2). There were signs

nterpreted as consistent with pulmonary fibrosis (paren-
hymal bands, irregular interfaces, and traction bronchi-
ctasis) and peribronchovascular interstitial thickening in
of 8 non-HCWs and 2 of 4 HCW patients. Patient 10

ad had a pneumomediastinum during his hospitaliza-
ion, but this had spontaneously resolved by the 1-month
ollow-up. There were no masses, nodules, emphysema,
avitation, or calcification seen. The mean HRCT score

able 1. The Amount of Viral RNA in Patients’
Nasopharyngeal Swab Measured by Quantitative
RT-PCR

Un-normalized data
(copies of RNA/mL)

Normalized
(copies of RNA/mL)

CW 24.36 � 15.84 463.8 � 450.2
on-HCW 4346 � 3284 9349 � 7687
esults are presented as un-normalized row data and normal-
zed data (copies of RNA/mL).
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12 Y.-T. Lu et al.
n non-HCWs was higher than that of HCWs (1.46 �
.02 vs. 0.67 � 0.72, respectively, p � 0.198) (Table 3).
t the 6-month follow-up, most patients had significant

esolution of their HRCT abnormalities. The previously
een signs of pulmonary fibrosis had substantially re-
olved, leaving only mild residual linear or reticular
pacifications in 4 of 8 non-HCWs and 1 of 4 HCWs.
he HRCT score decreased in both groups, but it was
till higher in the non-HCWs (0.75 � 0.53 vs. 0.25 �
.17, respectively, p � 0.058).

At the 1-month follow-up, 1 of 4 HCWs and 4 of 8
on-HCWs had a restrictive ventilatory defect (vital
apacity � 80% predicted). None of the HCWs had
vidence of impaired diffusion (DLCO � 80% of pre-
icted), but 5 of 8 non-HCWs did. The non-HCWs had
lower mean DLCO than HCWs (13.4 � 5.7 vs. 19.3
2.3 mL/min/mmHg, respectively, p � 0.031) (Table

). The functional vital capacity and total lung capac-
ty were mildly decreased in both HCWs (84.5 �
0.3% and 82.3 � 14.6%, respectively, of predicted)
nd non-HCWs (75.6 � 18.8% and 76.3 � 15.7%,
espectively, of predicted), whereas residual volume

able 2. Characteristics and Laboratory Findings in a Cluste

HCWs (n

eneral data*
Age (years) 28.0 �
Female/male 3/1

ymphopenia
Peak (� 106/L) 299.8 �
On fever day† 10.5 �

hrombocytopenia
Peak (� 109/L) 157.8 �
On fever day 7.3 �

actate dehydrogenase elevation
Peak (U/L) 426.0 �
On fever day 10.3 �
reatine kinase elevation
Peak (U/L) 140.3 �
On fever day 8.5 �

spartate aminotransferase elevation
Peak (U/L) 92.8 �
On fever day 13.3 �

lanine aminotransferase elevation
Peak (U/L) 129.0 �
On fever day 14.8 �
-reactive protein elevation
Peak (mg/Dl) 3.5 �
On fever day 11.8 �

esaturation
Peak (pO2/FiO2 ratio) 274.5 �
On fever day 12.5 �

ntubation and mortality
Intubation 0/4
Mortality 0/4

Data are presented as mean � SD. NS � not significant.
On fever day indicates when the laboratory abnormalities peake
38°C.
as markedly reduced (69.3 � 33.4% of predicted in h
CWs and 76.0 � 19.7% in non-HCWs). DLCO cor-
ected for lung volume (DLCO/VA) was normal (105.3

12.7% of predicted in HCWs and 99.0 � 25.3% in
on-HCWs). These findings suggest that parenchymal
ung damage led to a restrictive lung defect and im-
aired diffusion capacity. At the 6-month follow-up,
ung function was normal in all HCWs and most of the
on-HCWs. Among the latter, however, one person
ad a restrictive defect and two had diffusion impair-
ent.
At the 1-month follow-up, all survivors were able to

erform the 6MWT. However, the non-HCWs walked a
horter distance (648.3 � 64.2 m) and had a lower SpO2

93.8 � 3.1%) at the end of the test than did HCWs
677.5 � 51.7 m and 96.5 � 3.0%), although the differ-
nces were not statistically significant (Table 3).

DISCUSSION

e have described a better clinical outcome after SARS
n 4 HCWs compared with 12 non-HCWs; despite all

ARS Patients

Non-HCWs (n � 12) p Value

47.8 � 18.2 0.051
7/5 NS

355.0 � 249.8 NS
10.3 � 3.8 NS

147.8 � 54.8 NS
7.8 � 3.5 NS

434.9 � 190.0 NS
12.3 � 3.7 NS

210.7 � 130.2 NS
9.2 � 4.7 NS

79.5 � 44.3 NS
10.8 � 4.4 NS

107.8 � 49.3 NS
14.9 � 4.6 NS

11.0 � 6.1 0.038
11.9 � 4.0 NS

167.6 � 91.9 0.049
11.9 � 2.2 NS

4/12 0.516
3/12 0.529

lation to the number of days after the onset of documented fever
r of S

� 4)

1.4

197.1
3.3

96.5
1.9

335.2
2.4

64.1
1.3

79.9
3.0

94.9
1.7

4.0
1.3

58.6
3.1
aving been involved in a cluster related to one index
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atient, with 13 apparently directly infected by that pa-
ient and 3 others by secondary transmission. In several
revious reports on SARS, HCWs were less likely to die
han non-HCWs (9,13,21). Possible reasons for this may
e that they were often younger than non-HCWs, sought
reatment earlier, and were less likely to have coexisting
llnesses (especially diabetes mellitus and heart disease)
11,13,14,17). It has also been postulated that HCWs
ay have had lower exposure to the virus and thus a

ower viral load, possibly due to the use of PPE
13,14,22). The initial exposure to the virus and viral
oad seem to correlate with disease severity. We specu-
ate that the PPE worn by our HCWs, in particular the
-95 masks, may have minimized their exposure to the
irus, resulting in lower viral loads, a relatively mild
isease course, and a better outcome.

It is likely that a lower exposure to the virus may also
educe the risk of secondary household transmission.
atient 10, who went to Japan after unknowingly having
een exposed to the index patient, traveled in the com-
any of other doctors for several days after he developed
fever. However, no one in contact with him, either

mong his traveling companions or Japanese, became
nfected, despite the understandable fear in Japan when
he patient was diagnosed with SARS on his return to

able 3. Follow-up of SARS Survivors

1 month after disc

HCW
(n � 4)

Non-HCW
(n � 8)

eneral data*
Age, years 28.0 � 1.4 42.3 � 13
Male/female gender, n 1/3 1/7
BMI, kg/m2 21.6 � 1.3 21.9 � 2.0
igh-resolution CT findings
HRCT score† 0.67 � 0.72 1.46 � 1.0

pirometry, lung volume and gas exchanges tests
FEV1, % predicted 87.0 � 13.3 79.1 � 19
FVC, % predicted 84.5 � 10.3 75.6 � 18
FEV1/FVC ratio, % 88.5 � 3.1 89.1 � 3.4
VC, % predicted 88.3 � 12.3 76.9 � 17
TLC, % predicted 82.3 � 14.6 76.3 � 15
FRC, % predicted 72.3 � 27.2 69.1 � 14
RV, % predicted 69.3 � 33.4 76.0 � 19
RV/TLC ratio, % 24.8 � 9.2 33.1 � 6.6
DLCO, mL/min/mmHg 19.3 � 2.3 13.4 � 5.7

LCO, % predicted 87.3 � 6.9 68.0 � 24
DLCO/VA, mL/min/mmHg 4.86 � 0.58 4.18 � 1.0
DLCO/VA, % predicted 105.3 � 12.7 99.0 � 25

-min walk test
6-min walk, m 677.5 � 51.7 648.3 � 64
SpO2 after 6-min walk, % 96.5 � 3.0 93.8 � 3.1

Data are presented as mean � SD.
Differences between HRCT scores were tested using the Man
MI � body mass index; DLCO � diffusing capacity of the lung fo

esidual capacity; NS � not significant; TLC � total lung capac
aiwan (23). None of the other three HCWs transmitted e
he disease to coworkers or family members despite
ontact with others during the incubation period. It
hould be noted that all 3 were isolated immediately after
hey developed fever, which presumably also decreased
he risk of spread, because the patients with SARS were
pparently contagious only with the onset of fever. This
ontrasts with the non-HCWs, who had not worn N-95
asks, had a higher vial load by quantitative RT-PCR,

nd 3 of whom transmitted SARS to family members.
lthough immediate reporting of symptoms with early
iagnosis and immediate isolation is key to controlling
he spread of SARS, use of a high quality mask may
inimize initial exposure and thus reduce secondary

ousehold transmission.
It has been reported that genetic polymorphism in

he human leukocyte antigen system (HLA-B* 4601)
orrelates with the risk and severity of SARS infection
24). HLA-B* 4601/B46 is seen in 13.2% to 15.4% of
eople of southern Chinese origin, 2.8% in those from
orthern China, and is seldom present in European
opulations (25). In our cluster, 4 of 9 non-HCWs and

of 4 HCWs had this particular allele. There is,
owever, no single laboratory study that has been
efinitively shown to define accurately the prognosis
n SARS. In some studies, an increased LDH and an

6 months after discharge

p Value
HCW

(n � 4)
Non-HCW

(n � 8) p Value

0.019 28.0 � 1.4 42.3 � 13.3 0.019
NS 1/3 1/7 NS
NS 21.0 � 1.0 22.2 � 2.0 NS

0.198 0.25 � 0.17 0.75 � 0.53 0.058

NS 93.0 � 12.4 89.6 � 13.1 NS
NS 86.5 � 7.9 85.6 � 12.3 NS
NS 87.5 � 2.1 89.0 � 6.1 NS
NS 93.3 � 12.1 87.6 � 11.8 NS
NS 89.8 � 10.5 82.7 � 10.2 NS
NS 85.8 � 22.1 72.8 � 13.1 NS
NS 83.5 � 28.4 73.8 � 17.6 NS
NS 27.8 � 8.2 28.8 � 5.8 NS

0.031 23.6 � 8.8 17.7 � 3.3 0.135
0.072 105.8 � 26.5 88.3 � 10.0 0.142

NS 5.24 � 0.93 4.87 � 0.65 NS
NS 111.5 � 12.7 112.9 � 25.3 NS

NS – – –
NS – – –

ney U test.
on monoxide; FVC � functional viral capacity; FRC � functional
� alveolar volume; VC � vital capacity; RV � residual volume.
harge

.3

2

.4

.8

.9

.7

.9

.7

.8
8

.3

.2

n-Whit
levated neutrophil count at the time of admission, as
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14 Y.-T. Lu et al.
ell as low CD4 and CD8 lymphocyte counts, were
ssociated with a poor prognosis (2,11,13). In our
eries, CRP, an acute-phase protein synthesized by the
iver after stimulus by various cytokines produced in
esponse infection or inflammation, was markedly
igher in non-HCWs than in HCWs. It has been cor-
elated clinically with an increased risk of organ dys-
unction and poor prognosis in a heterogeneous pop-
lation of critically ill patients (26). In our series, the
reatest hematologic and laboratory abnormalities and
xygen desaturation occurred during the second week
fter fever onset (FD 7 to FD 14). According to a
eport from Hong Kong, the second week was a crit-
cal period of SARS when patients either clinically
mproved or worsened and developed respiratory dis-
ress syndrome necessitating ventilatory support. In a
ubset of their series, these authors found that the
econd week marked the peak and subsequent fall in
iral load, concurrent with the appearance of antibod-
es (17).

The quantitative RT-PCR analysis of nasopharyn-
eal swabs reveals interesting features of SARS-CoV
nfection. Other investigators have reported a rela-
ively higher concentration of viral RNA in the sputum
han in the serum, urine, and stool. Its presence in the
atter suggests that viral replication occurs elsewhere
n addition to the respiratory tract. However, the shed-
ing of virus from the respiratory mucosa would seem
o be the primary route of transmission (17,27). Such
conclusion is also supported by our observation that

he amount of the virus was positively associated with
he extent of mucosal shedding. Using human 18s-
NA as internal control in some samples, we found

hat sampling variation and mucosal shedding may
ignificantly affect the virus numbers. Nevertheless,
ur findings support the contention that crude viral
oad on nasopharyngeal swab correlated with disease
everity and outcome.

It has been reported that some patients discharged
fter SARS have some degree of respiratory impairment,
ossibly related to residual lung defects, muscle weak-
ess, or systemic effects of the viral illness (28). Chest
T scan reportedly showed changes consistent with pul-
onary fibrosis in 62% of 24 survivors of SARS at 5
eeks after discharge (28). For the majority of patients

or whom data are available, the CT abnormalities inter-
reted as fibrosis had included a patchy ground-glass
ppearance that was not extensive and that might not
ave a significant impact on lung function (28–30). In
ur case series, abnormalities on HRCT scan were more
ommon in non-HCWs than HCWs, even 6 months after
ischarge. The findings were predominantly ground-
lass opacification rather than parenchymal bands and

re therefore more suggestive of potentially reversible m
brosing alveolitis rather than pulmonary fibrosis. Patho-
hysiologically, the possibility of acute reversible lung
amage suggests that SARS infection might cause some
egree of chronic viral pneumonitis in addition to acute
isease (personal communication).

Six percent to 20% of SARS survivors have had
mpaired diffusion or a restrictive ventilatory defect at 6
o 8 weeks post-discharge (28). Some of the restrictive
efect might be attributable to skeletal muscle weakness
ather than parenchymal lung damage alone. Such mus-
le weakness might be due to several factors, including
he use of high-dose steroids, prolonged bed rest leading
o physical deconditioning, or residual systemic effect of
he acute disease (2,28). Whatever the cause, the out-
ome in our small series indicates that the lung function
bnormality caused by SARS may improve spontane-
usly. We found improvement in radiologic, functional,
nd psychological abnormalities over time. At almost
alf a year after SARS, the survivors had normal lung
unction (including normal cardiopulmonary exercise
est, data not shown), normal psychosocial behavior, and
nly minimal residual radiologic abnormalities.

A major limitation of this study is that we were not
ble to control for other factors besides PPE that might
ave affected transmission of the virus from the index
ase. These may have included ventilation in the ER,
roximity of the subjects to the index case, duration of
xposure, and perhaps other unknown elements involved
n transmission. HCWs may have been more aware of
nd had better hygiene practices than the non-HCWs.
owever, the exact extent of the spread of infectious
iral-laden droplets when the patient coughed is difficult
o determine. RT-PCR for SARS-CoV was positive in
amples taken from the floor, a desk, and a bed-rail in the
D (personal communication). Because both HCWs and
on-HCWs moved around in the ED, we cannot be
ertain exactly when and where their exposures actually
ccurred. This is one reason we selected this one cluster
f infection, because it is highly likely that all patients
ho were present in the ED when the index patient was

here were infected at that time. Another limitation is that
he numbers in this series are very small, making statis-
ical analysis very uncertain. However, the HCWs did
ave a lower mean viral load, even though several had
ery close contact with the index patient, particularly
uring intubation, when one would expect an extremely
igh risk of exposure to a heavy viral load.

In conclusion, although PPE, including the N-95
ask, does not confer 100% protection against SARS

nfection, it seems that it may lessen the initial degree of
xposure to the virus with a subsequently lower viral
oad in the upper respiratory tract. This may result in a
ilder disease clinically, less chance of secondary trans-

ission, and a faster recovery.
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