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25" June 2003

Mr. Ronald Arculli, GBS, JP

Chairman

Hospital Authority Review Panel on SARS Outbreak
Hospital Authority

Hong Kong

Dear Mr. Arculli,
Re: SARS

Thank you for asking me to submit my views on the SARS outbreak.

We first came face to face with this new disease was on 10 March 2003,
when 18 health care workers at the Prince of Wales Hospital reported sick.
Through telephone reports, we leamt that no less than 50 of the hospital’s
health care workers were actually suffering from a febrile iliness. On 11
March, a special clinic was established at the hospital to screen affected staff
and a special observation ward was set up to cohort these patients. A
substantial number of staff were found to have patchy consolidation on their
chest x-rays. The clinical features of these patients have been described in
our publication in the New England Journal of Medicine. {(appendix 1) As
all those infected had either tended patients in Ward 8A or visited there, it was
thought likely that the ward contained a source of infection. Ward 8A was
therefore closed to new admissions and staff and visitors were instructed to

wear masks.

At that moment in time the clinical entity of SARS had not yet been
described. The disease was not given a name yet, but generally referred to
as “atypical pneumonia”. Faculty members were however aware that we
were dealing with a highly infectious condition with potentially serious
consequences. On the afternoon of 12 March, I took the decision to close all
medical wards to medical students, and by the evening, as more staff and
students were admitted with the illness, the precautions were upgraded to
include suspending all clinical teaching at the Prince of Wales Hospital, and
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declaring the hospital out of bounds for all medical students. By 14 March, to curtail cross infection,
clinical teaching at all hospitals was suspended. On 17 March, I suspended all non-clinical activities
at the Prince of Wales Hospital and moved non-clinical academic services supporting staff 1o the main
campus. As a result of these actions, and the concerted efforts of the SARS Task Force of the
University, there was fortunately no cross infection amongst our medical students, no spread of
infection onto the Untversity campus and no staff of the University, apart from those medical staff
directly exposed to Ward 8A, became infected.

When the first wave of patients were admitted, there was nothing known about the causation,
mode of spread, clinical course, treatment or prognosis of this previously undescribed condition.
The clinical team under Professor Joseph Sung and the Intensive Care Unit under Professor Gavin
Joynt, worked out an effective protocol for patient management, whilst our colleagues in the
laboratory worked hard to identify the infective agent, and devised diagnostic tests for the condition.

Our infection control team under Professor Augustine Cheng updated and upgraded infection control
protocols as more information became available. We leamed, at great cost, that previously
innocuous and routine clinical procedures such as the use of nebulisers and endotracheal intubation
posed great risk to our colleagues. (appendix 2) We shared information about this new disease with
our colleagues both in Hong Kong and internationally as they became available. Some of the data
have been published in scientific journals (appendix 3 - 9) and more are in the pipeline.

Let me now turn to the spread of the disease in the community. From the very beginning,
faculty members were cognizant of the dangers that this highly contagious and deadly condition posed
to our community. Indeed during the first meeting with hospital management on 12 March, faculty
members wamed, in the presence of Dr Ko Wing Man, of the need to close the Prince of Wales
Hospital to the public. The Department of Health sent Dr TK Au to assist with the investigation of
the outbreak at the Prince of Wales Hospital. On 13 March, during the evening ward round, one of
our infected nurses told Dr Fung Hong, Professor Joseph Sung, Dr Philip Li and myself that he

g
-

suspected that one of the young male patients could be the source of the outbreak. Investigation

by Prince of Wales staff rapidly confirmed that he was indeed the source of the Prince of Wales
Hospital outbreak. By 14 March, I was sufficiently concemed to call in Professor Wong Tze-wai of
our Department of Community and Family Medicine and asked him to assist with the epidemiological
investigation.  During a meeting with the hospital management, Professor Wong confirmed that
provisions for quarantining patients and contacts already existed in public health legislation. On the
same day, we received a prelimtnary WHO report from Hanoi.  Senior staff became alarmed at the
high requirement for ventilatory support and the high interim mortality. Professor Joseph Sung also
obtained information from colleagues in Guangzhou indicating that they had been dealing with a
highly infectious pneumonia with a high mortality. The clinical features of the Hanoi and
Guangzhou cases were identical to the ones we saw at the Prince of Wales Hospital. We realized we
had a potentially disastrous situation on our hands. At this point in time the official line appeared to
be one of reassurance to the public that there is no imminent threat of a community outbreak.
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Faculty members debated how best to control the infection into the community but recognized that, as
long as the Department of Health was making every effort to downplay the seriousness of the
situation, 1t would be impossible to implement effective measures, as patients (and contacts) could not
be detained in hospital against their wish.

By 17 March, there were more than 100 cases admitted to the hospital. Having discussed the
matter with senior staff in the faculty, I saw the need to inform the public of the seriousness of the

situation, and the risk of a community outbreak.

Frustrated with the lack of progress of the epidemiological investigations by the Department of
Health of the outbreak at the hospital, I called in research nurses from our university to assist on 19
March. We were able to quickly uncover cases where the infection had spread in the community.
It was felt that it was the faculty’s duty to warn the public but there was also concern that confusion
would result if such a warning was not endorsed by the Department of Health. Dr Fung Hong shared
our views. [ therefore phoned Dr Margaret Chan at around 6 pm and at the same time faxed her a
letter expressing my grave concern, urging her to “urgently consider all possible measures including
quarantine of patients and contacts to contain the outbreak before it was too late.” (appendix 10)
The Director did not seem to be convinced but commented over the phone that she was pnvy to
confidential information from the mainland, that she and her Department had expertise in
epidemiology and that there was no cause for concern. 1 have yet to receive a reply to my letter from
Dr Chan.

By 20 March, two general practitioners came down with the infection after seeing patients with
SARS. By that evening, the consensus amongst senior members of the faculty was that something
more needed to be done to wam our colleagues and the community. Given the response of Dr
Margaret Chan to my appeal the day before, it was agreed that another avenue of communication
needed to be sought. The faculty debated whether to go to the public in a high profile manner, but
decided that confrontation would not be in the best interest of the community, as the government
alone had the mechanisms for infection control for our community. We therefore, through Dr Fung
Hong, asked Dr William Ho to come to the Prince of Wales Hospital and presented to him the data
that was available. We managed to convince him of the seriousness of the situation. This episode
was well described in Dr Ho'’s subsequent letter to the Hospital Authority staff. (appendix 11)

The faculty held an emergency executive committee meeting to discuss the course of action on
21 March. Dr Fung Hong and Professor Wong Tze-wai were also at that meeting. The meeting
resolved that it was the duty of the Faculty to wam the public and our colleagues in private practice
that SARS has already spread to the community.  The Faculty sent a delegation to Dr CH Leong to
express our grave concern, and to take measures to protect the community and other health care
professionals. A copy of the confirmed minutes of the meeting is enclosed (appendix 12).
Professors TF Fok, Tony Chung and Peter Cameron met with Dr CH Leong at the HA Headquariers at



o]

}

£ CHINESE UNIVERSITY OF HONG KONG

FACULTY OF MEDICINE 120023

around 1 pm. Dr Leong agreed that immediate action needed to be taken to wamn the public. He
also agreed to discuss the matter with Dr EK Yeoh urgently. On the same evening, the faculty posted
a warning message on the website of the Public Doctors’ Association, and sent out the same message

to all Hong Kong Medical Association members. (appendix 13)

I am all too cognizant of the havoc that SARS has wreaked in Hong Kong and the whole world.
I am haunted by the fact that close to 400 of our loyal health care workers contracted the disease
while on duty and eight of them died. T am grateful for the opportumty to present the faculty’s
viewpoint to the investigation committee. We must learn from this very bitter experience and
improve our systems so that we are ready for the next attack. May I end by making two
observations?

1) Apart from human factors, the delay in responding to the crisis in the beginning resulted
from the artificial separation of the Department of Health (responsible for disease control
and prevention) and the Hospital Authority (responsible for hospital medicine). The gulf
between these two institutions, both in administration and culture, prevented a rapid,
concerted response as the epidemic unfolded.

2) The Prince of Wales Hospital is outdated, dilapidated and ill equipped to deal with an
infectious disease outbreak such as SARS. The professionalism and dedication of health
care team (including the administrators) cannot compensate for the lack of isolation
facilities, poorly designed wards, antiquated air conditioning systems and overcrowding.
Our gallant doctors, nurses and health care assistants paid dearly for their selfless

sacrifice,

Best regards,

Yours sincerely,

Sibeflobey

SC Sydney Chung

Dean
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ORIGINAL ARTICLE

A Major Outbreak of Severe Acute Respiratory
Syndrome in Hong Kong

Nelson Lee, M.D., Bavid Hui, M.D., Alan W, M.D.. Paul Chan, M.[.,
Peter Cameron, M.D., Gavin M. Joynt, M.D., Anil 8huja, M D.,
Man Yee Yung, B.Sc, CB. Leung, M.D., K.F. To, M.D., S.F. Lui, M.D.,
C.C. Szeto, M.D., Sydney Chung, .0, and Joseph Y. Sung, M.D.

ABSTRACT

BACKGROUND

There has been an outbreak of the severe acute respiratory syndrome (SARS) world-
wide. We report the clinical, laboratory, and radiologic features of 138 cases of suspected
SARS during a hospital outbreak in Hong Kong.

METHODS

From March 11 to 25, 2003, all patients with suspected SARS after exposure to an index
patent or ward were admitted to the isolation wards of the Prince of Wales Hospital.
Their demographic, clinical, laboratory, and radiclogic characteristics were analyzed.
Clinical end points included the need for intensive care and death. Univariate and mul-
tivariate analyses were performed.

RESULTS
There were 66 male patients and 72 female padents in this cobort, 69 of whom were
health care workers. The most common symptoms included fever {in 100 percent of
the patients}; chills, rigors, or both (73.2 percent); and myalgia (60.9 percent). Cough
and headache were also reported in more than 50 percent of the patients. Other com-
mon findings were lymphopenia (in 69.6 percent), thromboeytopenia (44.8 percent),
and elevated lactate dehydrogenase and creatne kinase levels (71.0 percent and 32.1

- percent, respectively). Peripheral air-space consolidation was commonly observed on
thoracic computed tomographic scanning. A total of 32 patients (23.2 percent) were

admitted to the intensive care unit; 5 patients died, all of whom had coexisting condi-

tions. In a multivariate analysis, the independent predictors of an adverse outcome
were advanced age (odds ratio per decade of life, 1.80; 95 percent confidence interval,

1.16 to 2.81; P=0.009), a high peak lactate dehydrogenase level (odds ratio per 100 U

per liter, 2.09; 95 percent confidence interval, 1.28 to 3.42; P=0.003), 2nd an absolute

neutrophil count that exceeded the upper limit of the normal range on presentagon

(odds radio, 1.60; 95 percent confidence interval, 1.03 to 2.50; P=0.04),

CONCLUSIONS

SARS is a serious respiratory illness that led to significant morbidity and mortality in
our cohort.

Downloaded from www.nejm.org on May 05, 2003.
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Fram” the Departments of Medicine and
Therapeutics (N.L., D.H., AW, CB.L,
S.FL, CCs, )J)YS), Microbiology (P.
Chan), Emergency Medicine (P. Cameron),
Anesthesia and Intensive Care (G.M.].),
Diagnostic Radiology and Organ Imaging
{AAL), Surgery (M.XY,, 5.C), and Anatomi-
czl and Celiular Pathology (KF.T), Chinese
University of Hong Kong, Hong Kong,
China. Address reprint requests to Dr. Sung
at the Department of Medicine and Thera-
peutics, Prince of Wales Hospital, Shatin,
New Tervitories, Hong Keng, China, or at
joesung@cuhk.edu k.

This article was published at www.nejm.org

on April 7, 2003.
Copyright @ 2007 Mostachasetts Medicol Socicty.
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T BT MARCH 2003, THERE WAS AN OQOUTBREAK
of atypical pneumonia in Hong Kong. As of
4 March 27, there were 367 reported cases in
Hong Kong and more than 1400 cases worldwide. !
The disease may progress rapidly and often results
in the acute respiratory distress syndrome (ARDS).
As of this writdng, there have been 10 deaths in
Hong Kong related to the illness, which the World
Health Organization {WHQ) has named the severe
acute respiratory syndrome (SARS). Globally, there
bave been at least 53 deaths related to SARS.®
Schools have been closed in Hong Kong, and more
than 1000 people who had a history of contactwith
a patient with SARS were quarantined.

We describe the clinical, laboratory, and radio-
logic features of patients with SARS who were seen
at the Prince of Wales Hospital, Hong Kong. These
patients were either hezlth care workers in a medi-
cal ward of'the hospital or persons who had 2 histo-
¥ of contact with an index patient or exposure to
the same medical ward. We also included patents
who had contracted the disease through direct con-
tact with these cases.

METHODS

On March 10, 18 health care workers in 2 medical
ward of the Prince of Wales Hospital reported that
they were ill. Through telephone contact, more than
50 of the hospital’s health care workers were iden-
tified as having had a febrile illness over the previ-
ous few days. On March 11, 23 of them were admir-
ted to an isgladon ward in the hospital. A team of
“atypical prneumonia physicians” was foaned to
take responsibility for screening of suspected cases

and subsequent management. The team included

physicians from the Department of Medicine and
Therapeutics (infectious disease, respiratory medi-

..cine, and generzl medicine), the Department of

Emergency Medicine, and the intensive care unit
(ICU. Clinical findings and laboratory data were
documented prospectively.

Since the etiologic agent was not known at the
onset of the outbreak, the diagnosis was based on
clinical symptoms and the ruling our of common
bacterial and viral pathogens that cause pneumonia.
On the basis of the criteria for SARS that have been
established by the Centers for Disease Control and
Prevendon (CDC),2 our case definition was a fever
(temperature, »38°C), achestradiograph (a plain ra-
diograph, a computed tomographic [CT) image of
the thorax, or both) showing evidence of consoli-
dation with or without respiratory symptoms (e.g.,

cough and shormess of breath), and a history of ex-
pesure to an index patient suspected to have SARS
or direct contact with 2 person who became ill after
exposure to an index patient.

All padients were initally admitted w medical
wards with isolation facilides. Inidal investdgations
included a complete blood count (with a differential
eount), clottng profile (prothrombin time, activated
partial-thromboplastin time, international normal-
ized ratio, D-dimer) and serum biochemical meas-
urements {including electrolytes, renal-function
and liver-functon values, creatine kinase, and lac-
tate dehydrogenase). These studies and chestradi-
ography were performed daily until the fever had
subsided for three days. Nasopharyngeal-aspirate
samples obtained from all study patients were
screened for common viruses, including influen-
zavirus A and B, respiratory syncytial virus, adeno-
virus, and parainfluenzavirus types 1, 2, and 3, with
the use of commercial immunofiuorescence assays.
In addidon, virus culture was perfortned with the
use of various cell lines (LLC-MK2, MDCK, Hep2,
human embryonic lung fibroblast, Buffalo green-
monkey kidney, and Vero celis). In addition, mul-
dplex reverse-transcriptase—polymerase-chain-
reaction (RT-PCR) assays for influenzavirus A,
influenzavirus B, and respiratory syncytial virus
were performed in 65 randornly selected patients.
Electron microscopy was used to study nasepharyn-
geal aspirates in selected cases. Sputum cultures
and blood cultures were performed in all cases to
complete the microbiologic workup. PCR assays for
mycoplasma znd Chlamydia pneumeniae were per-
formed in 65 randomly selected patients. A legionel-
la urinary antigen assay was performed in the first
25 patients, .

Initial reatment included cefotaxime and clarith-
romyein (or levofloxacin) to target common patho-
gens causing community-acquired pneumnonia,
according to current recommendations.®# Osel-
tamivir (Tamiflu) was also given initially to treatpos-
sible influenza infection. If fever persisted for more
than 48 hours and the blood count showed leuko-
penia, thrombocytopenia, or both, oral ribavirin
(1.2 g three times a day) and corticosteroid therapy
(prednisolone at a dose of 1 mg per kilogram of
body weight per day) was given as a combined reg-
imen. Padents with persistent fever and worsening
lung opacities were given intavenous ribavirin (400
mg every eight hours) and cortcosteroid therapy {(an
additional two to three pulses of 0.5 g of methyl-
prednisolone daily). Padents in whom hypoxemia
developed were given oxygen through a nasal can-

Downloaded from www.nejm.org on May 05, 2003,
For personal use only, No other uses without permission. All rights reserved.
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nula. Patients were admitted to the ICU if respira-
tory failure developed, as evidenced by an arterial
oxygen saturagon of less than 90 percent while the
patient was receiving 50 percent supplemental oxy-
gen, 2 respiratory rate that exceeded 35 breaths per
minute, or both.

An epidemiologic study was conducted shortly
after the outbreak. We identified our index patient,
whose exposure history has been described else-
where.S He was a 2G-year-old ethnic Chinese man
who was admitted to the Prince of Wales Hospital
on March 4, 2003, with 2 high temperature, myalgiz,
and cough. His chest radiograph showed an ill-
defined air-space opacity in the periphery of the
right upper lobe. He was treated with amoxicillin—
clavulanate and clarithromycin. All bacteriologic
and virologic tests were unrevealing. The right lung
opacity progressed to bilateral consolidation. After
seven days of antibiotic therapy, his fever gradually
diminished, 2nd the lung opacities started to re-
solve. During this period, he was treated with al-
butero! (0.5 mg through a jet nebulizer, delivered by
oxygen at a flow rate of 6 liters per' minute, four
times daily for a tota! of seven days).

From our contact tracing, we found that the first
patients began to have symptoms two days after the
index patient’s admission. Moreover, all doctors
and nurses who participated in the care of the pa-
tent, all medical students who had examined him,
and the patients around him were the ones who first
reported febrile illness, on March 10, We therefore
defined all cases that developed in persons who had
bad directcontact with the index patient orwho had
been exposed to him in the medical ward as second-
ary eases. Cases in patients who contracted the dis-
ease from these patients (e.g., family members of
health care workers or of padents who had stayed
in this medical ward) were defined as tertiary cases.

STUDY POPULATION AND DATA ANALYSIS
Our study cohortincluded all secondary and tertiary
cases. Their demographic, clinical, laboratory, and
radiologic charactezistics were reported and ana-
lyzed. The clinical composite end point was the need
for care in the ICU, death, or both. Univariate and
multvariate analyses of clinical and laboratory data
were performed to identfy prognostic variables.
Stztistical analysis was performed with SYSTAT soft-
ware (version 7.0, SPSS, Chicago). Data are reported
as means £ SD unless otherwise specified. Univari-
ate analysis was performed to compare patients
who reached the end point and those who did not,

with the use of an Unpaired Student’s t-test or chi-
square test, as appropriate. Multivariate logistic-
regression apalysis was then performed, with back-
ward stepwise anzlysis, to identify independent
predictors of the end point. All comparisons of
clinical variables with a P value of less than 0.20 by
univarizte analysis were entezed into the model. A
P value of less than 0.05 was considered to indi-
cate statistical significance. All probabilities are
two-tailed.

RESULTS

Between March 11 and March 25, 2003, a wual of
156 patients were hospitalized with SARS, of whom
138 were identfied as having either secondary or
tertiary cases as a result of exposure to our index pa-
Hent, There were 112 patients with secondary cases
and 26 with terdary cases in this cohort, including
69 health care workers {20 doctors, 34 nurses, and
15 allied health workers) and 16 medical students
who had worked in the index ward, plus 53 patients
who were either in the same medical ward or had
visited their relatives there, There were 66 male pa-
Hients and 72 female patients; their mean age was
39.3+16.8 years. A total of 19 patients had coexist-
ing conditions: cardiovascular disease in 4, the my-
elodysplastic syndrome in 2, chronic liver disease
in 3, diabetes mellitus in 5, chronic renal failure in
2, and chronic pulmonary disease in 3. Most of the
health care workers were previously healthy. All pa-
tients were ethnic Chinese.

CLINICAL FEATURES
The interval between exposure to the index patient
or ward and the onset of fever ranged from 2 to 16
days. The median incubaton period was six days.
The mestcommon symptoms at presentation were
fever (in 100 percent of the patients); chills, rigor,
or both (73.2 percent); myalgia (60.9 percent);
cough (57.3 percent); headache (55.8 percent); and
dizziness (42.8 percent). Less common symptoms
included sputum producdon (in 29.0 percent), sore
throat (23.2 percent), coryza (22.5 percent), nausea
and vomiting (19.6 percent), and diarrhea (19.6 per-
cent)., Physical examination or admission revealed
2 high body temperature in most padents {median
temperature, 38.4°C; range, 35 10 40.3°C). Inspira-
tory crackles could be heard at the base of the lung.
Wheezing was absent excepr in one patient with 2
history of asthma. Rash, lymphadenopathy, and
purpura were not seen in this cohort

Down'oaded from www.nejm.org on May 05, 2003.
For personal use only. No other uses without permission. Al rights reserved.
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HEMATOLOGIC FINDINGS
The initial blood count showed leukopenta (total
white-cell count, <3.5x109 per liter) in 33.9 per-
cent of patients. Whereas the neutrophil count
(median, 3500 per cubic millimeter; range, 500 to
11,800) and the monocyte connt were normal in
most cases, 63.6 percent of the patients had mod-
erate lymphopenia (absolute Iymphocyte count,
<1000 per cubic millimeter). Thrombocytopenia
{platelet count, <150,000 per cubic millimeter)
was documented in 44.8 percent of the patients on
presentation. The lymphocyte count continued to
drop within the first few days after admissioa (Ta-
ble 1). A prolonged activated partial-thremboplas-
tin time (>38 seconds) was noted in 42.8 percentof
the patients, whereas the prothrombin tme re-
mained normal in most cases. In 45.0 percentof the
patients, the D-dimer level was also elevated. Reac-
tive [ymphocytes were detected in peripheral-blood
films in 15.2 percent of cases.

BIOCHEMICAL FINDINGS
Serum chemieal values were normal in the majority
ofcases. There were, however, several abnormalites
in a substantal proportion of patients. Serum ala-
nine aminotransferase levels were elevated (>45 IU

per milliliter) in 23.4 percent of patients (mean level,
60.4£150.4 TU per milliliter); only two patients had
a history of chronic liver disease. Creatine kinase
levels were elevated in 32.1 percent of patients {me-
dian level, 126 U per liter; range, 29 to 4644). None
of the padents with elevated creatine kinase levels
had abnormal values for creatne kinase MB or tro-
ponin T, indicating that the source of creatine ki-
nase was unlikely to be cardiac muscles. The lactate
dehydrogenase level was elevated in 71.0 percent of
patients. Hyponatremia (sodium level, <134 mmol
per liter) was documented in 20.3 percent of pa-
Hents, and hypolkalemia {potassium level, <3.5
mmol per liter) in 25.2 percent of patients. The re-
sults of laboratory tests performed during the first
week of hospitalization are listed in Table 3.

MICROBIOLOGIC AND VIROLOGIC FINDINGS

In our cohort of 138 patients, there were five posi-
tve sputum cultures; three were positive for Hae-
mophilus influenzae, one for Streptococcus pnewmoniae,
and one for Klebsiella pneumoniae. None of the blood
cultures were positive. Other bacteriologic invesd-
gations were unrevealing. Of all the nasopharyn-
geal aspirates collected, one was positive for influ-
enzavirus A, one was positive for influenzavirus B,

Tablet. Mean{£5B) LiboratoryResults'in I3 B:patients in Gur Study Cohom dutingthe First Seven Days -
ofHospitaliztion.

Variable® Dayl Day 3 Day 5§ Day 7
Hemoglobin (g/dl) 13.5+1.7 13117 13.0=16 12917
Platelets (x10?/liter) 150.2460.1 133.2+61.3 164.9x£70.7 206.3+£89.9
White ceils (x107%/liter) 5221 5.142.7 £.0:3.4 £.3:4.9
Neutrophils {x10-2/liter) 3.9+2.0 4.0+2.7 5.0+3.3 7.244.7 .
Lymphocytes (x10-/liter) 0.9:0.7 0.820.7 0.7+0.4 0.620.4
Prothrambin time (sec) 11.2+4.7 12.7+8.6 11.2+4.6 11.34.0
Activated partial-thromboplastin time (sec) 41.6+8.9 44.8x12.8 41.2x8.1 36.326.9
Sedium (mmol/liter) 135.613.4 1355435 137.0x4.4 139.2+4.9
Potassism {mmolfliter) 3.740.4 31.80.5 38204 3.9:0.4
Urea {mmol/liter) 4.7£5.1 45245 4.623.8 6.327.2
Creatinine {gmolfiiter) 99.0x111.8 94.3=1004 B2.8:23.8 82.7£27.2
Bilirubin (meol/liter) 10.0+19.4 1074178 12.5£18.3 14321563
Alanine aminotransferase (14 /liter) 50.4x150.4 67.42113.7 62.4:72.3 89.8x104.5

* To conven values for creatinine to milligrams per deciliter, divide by 88 4, and 1o convert vaiues for bilirzbinto milligrams

per deciliter, divide by 17.1.

Downloaded from www.nejm.org on May 05, 2003.
For personat use only. No other uses without permission. Al rights reserved.



-

120028

A MAJOR OUTBREAK OF §4£RS IN HONG KONG

and two were positive for respiratory syncytal virus.
Microscopical examinaton of nasopharyngeal as-
pirates from five patents showed paramyxovirus-
like viral particles in one and coronavirus-like viral
particies in another. The aspirates from the other
three patients were negative. Further virclogic stud-
ies are in progress,

FINDINGS ON CHEST RADIOGRAPHS
At the onset of fever, 108 of the 138 patients (78.3
percent) had abnormal chest radiographs, all of
which showed air-space consolidation. Of these
108 patients, 59 (54.6 percent) had unilateral focal
involvement (Fig. 1) and 49 (45.4 percent) had either
unilateral multifocal or bilateral involvement. Air-
space opacides developed in all patients eventually
during the course of the disease.

The iritial radiographic changes were indistin-
guishable from those associated with other causes
of bronchopneumonia. Interestingly, peripheral-
zone involvement was predominant. Pleural effu-
sion, cavitation, and hilar lymphadenopathy were
absent in our cohort. Among patients with clinical
deterioration, serial chest radiographs showed pro-
gression of pulmonary infilrates approximately 7 to
10 days after admission. Lung opacities enlarged,
and multiple areas of involvement were offen seen
(Fig. 24 and 2B). A successful response to therapy
couid be demonstrated by serial chest radiographs
showing the resolution of lung opacities (Fig. 2C).
In cases in which typical lung opacides could not
be found on the initial plain chest radiograph, con-
ventional and high-resolutdon CT images of the
thorax proved to be useful. The typical finding on
thoracic CT images, as shown in 25 cases, was ill-
defined, ground-glass opacificadon in the periph-
ery of the affected lung parenchyma, usually in a
subpleural location {Fig. 3). The characteristic pe-
ripheral alveolar opacities were very similar to
those found in bronchiolitis obliterans organizing
pneumonia &7 There was no obvious bronchial dit-
atation.

CLINICAL OUTCOMES

Ofthe 138 patients, 32 (23.2 percent) were admitted
to the ICU, all because of respiratory failure. Me-
chanical ventilatory support with positive end-expir-
atory pressure was reguired in 19 patients (13.8 per-
cent). Among the 32 patdents in the ICU, dramatic
increases in lung opacity, shormess of breath, and
hypoxemia occurred ata median of 6.5 days {rarge,
3 to 12) and led to their ICU admission. By day 21

Fipure 1. Frontal Chest-Radiog

Diéfined AivsSpace Shadowing {Arrows).

There isno 2ssaciated pleural cffusion ar hiter or mediastinal adenopathy.

raphin-a 25¥earOfd Woman Showingli-

of the outbreak, five patients had died (crude mor-
tality rate, 3.6 percent). All five had originally been
admitted because of major medical conditions. Two
patients had the myelodysplastic syndrome, one had
congestive heart failure, one had alcoholic liver cir-
thosis, and one had a reactivation of hepatitis B.
None of the health care workers or medical students
died. To date, a total of 76 padents (55.1 percent)
have been discharged, of whom 44 {31.9 percent)
were health care workers. Fitness for discharge was
based on defervescence foratleast 96 hours, with ra-
diographic evidence of improvernent in lung con-
solidation.

FACTORS PREDICTIVE OF ICU ADMISSION

AND DLCATH

Univariate analysis showed that advanced age, male
sex, a high peal: creatine kinase value, a high lactate

Downloaded from waww.nejm org an May 5, 2003,
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'Fig"izre 2. Frontal Chest-Radiogr’q‘phs"iﬁ 2 46-Yeur:Old Man.
“Panel Ashows an obviousiarea ;rlifa'lréspace:s'h:adowlng
‘{rrows) on the left side Afollow-up chestradiograph
showed progressian of thedisease; with'multigle; bilas-
¢rdl areas of invalvement {Panél BY: A subsequent chest
radiograph shows improvement of bilateral lung opzci-
ties after therapy (Panel C).

dehydrogenase level on presentation and z high
peakvalue, 2 high inidal absolute neutrophi count,
and a low serum sodium level were significant pre-
dictve factors for ICU admission and death (Ta-
ble 2). The presence of coexisting conditions (in 19
patients) did not appear to be associated with a
worse clinical outcome (P=0.14). On multivariate
analysis, the only factors thatwere predictive of an
adverse cutcome were advanced.age (odds ratio for
every 10 years of age, 1.80; 95 percent confidence
interval, 1.16 tc 2.81; P=0.009), a high peaklactate
dehydrogenase level (odds ratio for every 100 U per
liter, 2.09; 95 percent confidence interval, 1.28 to
3.42; P=0.003), and an absolute neutrophil count
that exceeded the upper limit of the normal range
on presentation (odds ratio, 1.60; 95 percent confi-
dence interval, 1.03 to 2.50; P=0.04}.

POSTMORTEM FINDINGS

Postmortem examination in two cases showed
gross consotidation of the lungs. Histologic features
varied from region to region. The early phase and
organizing phase of diffuse alveclar damage were
seen in different parts of the lung. The early phase
was characterized by pulmonary edema with hyaline
membrane formation suggestve of the early phase
of ARDS (Fig. 4). Cellular ibromyxoid organizing
exudates in air spaces indicated the organizing
phase of alveolar damage. There was a scanty lym-
phocytic inflammatory infilrate in the interstigum.

Downloaded from vaw nem.org on May 05, 2003,
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Figure 3. A'High-Resolution.CTScan Showingithe Char-
atteristic Ground“Glass'Abnormality in-a Siibpleizral Lo-
cition.

Thére is no*ca\iitation.-A—x'conveptionél-‘ET scan did not
show pleuril sfhission-orymphadendpathy.

Vacuolated and multinucleated pneumocytes were
also identfied. Viral inclusions were not detected,
There was no evidence of the involvement of other
organs.

DISCUSSION

We report an outbreak in our hospital of 2 deadly
preumonia, which caused rapid detericration of
pulmonary function requiring ICU admission in
23.2 percent of cases and mechanical ventilation
in 13.8 percent. Within 2 period of less than two
months, SARS has become a global health problem,
prompting the WHO to issue a global alert for the
first time in more than a decade.2

SARS developed in 69 health care workers and
16 medical students, all with unremardkcable medical
histories, after exposure at work in the medical
ward for men where our index patient was hospi-
talized. The high infectivity was also demonstrated
by the fact that there were 26 terdary cases, which
included family members of the infected health
care workers. We suspected that the infection was
trapsmitted by droplets and possibly by fomites,
and we therefore instituted both zirborne precau-
tions (e.g., use of the N-95 respirator) and contact
precautions (e.g., use of gowns and gloves), as rec-
ommended by the CDC.® However, the use of a jet
nebulizer to administer zerosolized albuterol in
the index pauent had probably aggravated the
spread of the disease by droplet infectons.

P Value

0.007
0.01
0.31
0.06
0.02
0.49
0.23

0.02
0.05
0.21
0.27

0.06
0.04

<0.001
<0.001

Table 2. tnivariate Analyses of Glinical and Laboratory Variables:Associated
with the Combined Outcome ofICU Gare orDeath.®
ICY Care or
Variable No ICU Care Death
Age (yr) 36.1=14.6 50.2x18.4
Male sex (%) 41.9 66.7
Peak p-dimer (ng/ml) 451.0+1197.9 1686.9x2132.3
Platelets {x10-5/liter) 156.8+61.2 131.7+64.9
Neutrophils (x10-#/liter) 3.7x1.9 4.6x2.1
Lymphocytes {x10-9/liter) 0.8+0.7 0.80.5
Activated partiakthromboplastin 41.0+7.5 43.6£31.7
time (sec)
Sodium {mmol/liter) 136.1227 134.0+4.6
Urea (mmol/liter) 3.8x11 7.328.6
Creatinine {(umol fliter)} 86.1x19.4 135.5+218.0
Alanine aminotransferase 46.5+81.4 99.4+262.0
{1U fliter)

Creatine kinase {U/iiter)

On peesentation 268.5:434.8 609.32973.2

Peak 352.7x544.0 697.4+971.1
Lactate dehydrogenase (U/liter)

On presentation 287.7x143.3 $38,0:258.0

Peak 310.0:i53.8 629.7+283.5

sk

Plus—minus values are means +SD.

T To convert values for creatinine to milligrams per deciliter, divide by 83.4.

The clinical presentation and radiologic features

of SARS bear some resemblance to the syndrome
commonly referred to as “atypical pneumonia”;
mycoplasma, chlamydia, and legionella are the usu-
al pathogens implicated in this syndrome. Fever,
chills, headache, myalgia, and dry cough are the
common features in patients presenting with the
syndrome, However, the clinical and radiographic
characteristics of atypical pneumonia are not use-
ful in differentiating these pathogens from usual
bacterial pathogens such as S. preumoniae 2nd H. in-
fluenzae. The exclusion of common extracellular
pathogens and a response to empirical therapywith
macrolides or quinolones are the usual strategy of
management. In our cohort, most of the common
bacterial pathogens were nuled our, in additon to vi-
ral diseases such as influenza and respiratory syn-
cydal virus infection. Moreover, lack of 2 response
to the inidal antimicrobial teatment we provided

Downloaded from www.hejm.org on May 05, 2003,
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led to the suspicion that we were dealing with a
novel virus that causes lower respiratory tractinfec-
tion. So far, there have been only preliminary data
reported on the causadve agent of SARS, and
metapneumovirus and coronavirus have been im-
plicated. The relevance of histologic features such
as vacuolated and multinucleated pneumocytes in
the pathogenesis of SARS remains to be deter-
mined. As of this writing, no reliable diagnostic

-testis available. In the first 138 cases, we have iden-

tified several cardinal symptoms of SARS. Besides
fever, chills, and rigor, which were presentin more
than 70 percent of cases, cough was present in
more than 50 percent and dizziness in more than
40 percent of cases. Rigor may represent the
viremic phase of the disease, which subsided grad-
ually as theillness progressed. In addidon, moder-
ate lvmphopenia and its subsequent progression,
thrombocytopenia, a prolonged acdvated partal-
thromboplastin time, elevared lactate dehydrogen-
ase and creatine kinase levels, and elevated alaaine
aminotransferase levels were prevalentin the eatly
phase of the iliness in our cohort; ali these findings
are quite different from those associated with

A At e A kT [ S ~l s wial ~
pOCUmMGHIE CaUsCd ¢y UsudL Ccaclenal patidge

Although these symptoms and laboratory findings
are nonspecific, the constellation of these features
should alert medical pracdtioners to the possibility
of SARS.9

We have also found that the chest radiograph
offers an important diagnostic clue to this condi-
don. Typically, our patients presented with unilat-
eral, predominantly peripheral areas of consolida-
ton. After approxinately one week, it progressed
rapidly to bilateral patchy consolidation, and the
extent of the lung opacities was correlated with the
deterioration in respiratory function, In cases in
which plain chestradiographs appeared normal in
the presence of a high spiking fever and lymphope-
nia, CT of the thorax was a sensidve imaging ap-
proach for the diagnosis. The characteristic finding
on CT was bilateral peripheral air-space ground-
glass consolidation mimicking thatin bronchiolids
obliterans organizing pneumonia. In fact, the sim-
ilarity of this radiographic picture to that of bron-
chiolitis obliterans organizing pneumoniz and the
similarity of the histologic features to those of early
ARDS in postmortern studies have prompred us to

#hnrmen s
s,
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use corticosteroid in combinadon witk ribavirin for
the treatment of SARS. In ARDS and particularly
in bronchiolitis obliterans organizing pneumonia,
corticosteroid therapy has been used with some
success.” The majority of our cohort appeared to
have a response to corticosteroid therapy, in addi-
tion to ribavirin, with resolution of fever and lung
opacities within two weeks,

In this study, we were able to idendfy some clin-
ical and laboratory features on presentation that
were associated with the adverse clinical outcome
of respiratory failure requiring care in the ICU or
death. Univarate analyses showed that advanced
age, male sex, a high neutrophil count, a high peak
creatine kinase level, high inidal and peak lactate
dehydrogenase levels, and a low serum sodium level
were associated with an adverse outcome. Only ad-
vanced age, a high neutrophil count, and a high
peak lactate dehydrogenase level were independent
predictors. Since high lactate dehydrogenase levels
are often seen in associaton with dssue damage,
we propose that this finding indicates more exten-
sive lung injury. The significant association between
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SARS: experience at Prince of Wales Hospital, Hong Kong

The Prince of Wales Hospital (PWH) has been at the
forefront of the outbreak of severe acure respiratory
syndrome (SARS) in Hong Kong.! We celate our
¢xperience at this hospital. A working definition of
SARS is important,® although clinical conditions rarely
remain within artificial boundaries. Some patients might
not have all featupes, others may present unusuaily.
Fever is a cardinal symptom but not always so, and is
somedmes absent in elderly pstients, Some patients
have presented with diarrhoea or, in at least two cases,
with severe acute abdominal pain requiring exploratory
laparotomy. All these patients developed rypical SARS.
Padents presenting with other respiratory infections
must now all be regarded as potential SARS cases until
proven otherwise. Contact with a2 known case is an
important discriminator but, if emphasised too strongly
in the diagnostic process, may lead to false positives or
negatves.

The difficulty of making a fitm diagnosis until chest
radiographic changes appear has important implications

" for health-care personnel and for surveillance. Three

major reasons for spread of infection to heaith-care
workers have been: failure to apply isolation precautions
o cases not yet identified as SARS, breaches of
procedure, and inadequate precautions. Every patient
must now be assumed 1o have SARS, which has major
long-term implications for the health-care system,
Another reason for spread among health-care workers is
infected workers continuing to work despite symptoms,
such as mild fever. Such individuals must now cease
working. However, staying at home can also have
disastrous consequences for exposed family members.
Potential cases therefore require early isolation from
both workplace and housechold. Extreme measures are
required to protect health-care workers, who account
for about 20% of cases.

Early dizgnosis by virus isolation or serclogical 1esting
is essentizl 1o halt the spread of SARS. Progress has
been made with the isolation of the coronavirus,™*
A metapneurnovirus was also identified in Canada* and
in many of the cases at PWH. Coronavirus appears 10 be
the main pathogen, but dual infections may be possible.
Such simations are uncommoen in human diszase, spart
from HIV-related infections, but in veterinary medicine
combined infections with coronavirus and other agents
have been described. &

The first cases probably occurred in Guangdong
Province in southern China in November, 2002.* The
term SARS appears to have been first used for a patient
in Hanoei who became ill on Feb 26, 2003, and was

evacuated back to Hong Kong where he died on
March 12. The physician who raised the alarm in
Haroi, Carlo Urbani, subsequently conrracted SARS
and died. The first case in Hanoi had stayed at a hotel
in Kowleon, Hong Kong, at the same time as a 64-year-
old doctor who had been treating pneumonia cases in
southern China, This doctor was admitted to hospital
on Feb 22, and died from respiratory failure soon
afterwards.” He was the first known case of SARS in
Hong Kong and appears to have been the source of
infection for most if not all cases in Hong Kong as well
as the coherts in Canada, Vietnam, Singapore, USA,
and Ireland, 2and subsequently Thailand and
Germany,

The index patient at PWH was admited on March 4,
2003, and had also visited this hotel. He had pneumonia
which progressed initially despite antibiotics, but after
7 days he improved without additional treatment.'
On March 10, 18 health-care workers at PWH were iii
and 50 potential cases among staff were identified later
that day. Further siaff, patients, and visitors became jll
over the next few days and there was subsequent spread
to their contacts. By March 25, 156 patients had been
admitted to PWH with SARS, all traceable 1o this index
case.! One important factor in the extensive
dissemination of infection appears to have been the use
of nebulised bronchodilatar, which increased the
droplet load surrounding the patient. Overcrowding in
the hospital ward and an outdated ventilation system’
may aiso have contributed.

The second major epicentre in Hong Kong,
accounting for over 300 cases, has been an apartment
block called Amoy Gardens. The source has been
attributed te a patient with renal failure receiving.
haemodialysis at PWH who stayed with his brother at
Amoy Gardens." He had diarthoea, and infection may
have spread to other residents by a leaking sewage drain
allowing an aerosol of virus-containing marerial to
escape into the narrow lightwell berween the buildings
and spread in rising  air-currents. Sewape also
backflowed into bathroom floor drains in some
apartments. Spread to people in nearby buildings also
cccurred, probatly by person-io-person contact and
contamination of public installations,

Although the rapid spread of the disease in some
situations may have been explained, many uncertainties
remain. Why the disease spread in the Kowloon hotel
has not been clarified, and there are many other
important issues. “Super-spreaders” may be prone to
carry a high viral load because of defects in their
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immune system, as could be the case in the patient with
end-stage renal failure implicated in the Amoy Gardens
outbreak and another with renal feilure at the cenwe of
an outbreak in Singapore. Subclinical infections may
zlsa occur and will not be recognisable untl reliable
diagnostic tests are available. Procedures causing high
fsk to medical personnel include nasopharyngeal
aspiration, bronchoscopy, endectracheal intubation,
airway suction, cardiopulmonary resuscitation, and
non-invasive ventilation procedures. Clezning the
petient and the bedding afier faecal incontinence also
appears to be a high-risk procedure.

Treatments have been empirical. Initial patients were
given broad-spectrum antibiotics but, after failing o
respond for 2 days, were given ribavirin and
corticosteroids. Patients who contnued to deteriorate
with progression of chest radiographic changes or
oxygen desaturation, or both, were given pulsed
methylprednisolone.! Steroids were used on the
raticnale that progression of the pulmonary disease
mdy be medisted by the bhost inflammatory response,
similar to that seen in acute respiratory distress
syndrome, and produced by a cytokine or chemokine
“storin”, The chnical impression is that pulsed steroids
sometimes produce a dramatic response. However,
apparent benefits of steroid treatment have proven to
be incorrect before, as in infection with respiratory
syncytial virus,™

Lack of knowledge of SARS’ narurzl history adds to
the difficulty of determining the effectiveness of
therapy. Some patients have a protracted clinical
course with potential for relapses contnuing into the
second or third week, or beyend. Long hospital stays,
even i less ill patents, are required, and the high
propertion of patients requiring lengthy intensive care,
with ot without ventlation (23% in the 138 cases from
PWH", and the gueceptibility of health-cars workers
bodes ill for the ability of health-care systems to cope.
Even when the acute illness has run its course,
unknowns remain. Continued viral shedding and the
possible development of long-term sequelae, such as
pulmonary fibrosis or late post-viral complications,
means that patients will require careful surveillance.

This Commentary is dedicated 1o the frondine health-care staff who
have shown courageous devotion ro dury throughout this epidemic.

*8rian Tomlinson, Clive Cockram

Department of Medicine and Therapeutics,

Chinese University of Hong Kong, Prince of Wales Hospital,
Hong Kong SAR, Peopie's Republic of China

(e-mail: btomlinson@cuhk.edu.hk)

1 Lee N, Hui D, Wu A, ct al. A major outbrezk of severe acute
respiratory syndrome in Hong Kong. N Engl F Med 2003;
hup:/icontent.nejm.org/cpi/reprint/NEJMoa030666v1
(aceessed April 7, 2003).

2 World Health Organization. Case definitions for surveillance of
scvere acute respiratory syndreme (SARS). hopr/fwww.who.int
fesr/sars/casedefinidon/en (accessed April 7, 2003).

3 Centers for Disease Cenwrol and Prevention. CDC lab analysis
sSugEests new coronavirus may cause SARS. March 24, 2003:
htp:/fwww.cde.gov/od/oc/media‘pressrel/r$30324 .hum
(accessed Aprl 7, 2003).

4 Poutznen SM, Low DE, Henry B, et al. Identification of severe
ecure respiratory syndrome in Canada. N Engl ¥ Med 2003:
hrip:/content.nejm.org/egi/content/abstract NE]Moa030634v].
{eccessed April 7, 2003}

5 Peiris JSM, Lai ST, Poon LLM, er al. Coronavirus as 2 possible
cause of severe acute respiratory syndrome. Lancer 2003; 361:
1319-25,

6 Storz], Lin X, Purdy CW, et al. Coronavirus and Pasteureila
infzetions in bovine shipping fever pneumonia and Evans'
crteria for causation. ¥ Chin Microbiol 2000, 38: 329398,

7 Yu M, Ismail MM, Qureshi MA, Dearth RN, Barhes HJ,

Saif YM. Viral agents associated with poulay eareritis and
mortalizy syndrome: the role of 2 small round virus and a turkey
coronavirus. Awvian Dis 2000; 44: 287-304.

8 World Health Organization. Severe atate respiratory syndrome
(SARS): multi—counuy cutbreak—update, March 16, 2003:
http:iffwrww, who.intiesr/don/2003_03_16/en_(accessed April 7,
2003).

9 Tsang KW, Ho PL, Qoi GC, et al. A cluster of cases of severe
acute respiratory syndrome in Hong Kong. N Engl 7 Med 2003:
hrtpf content.nejm.org/egicontent/abstract/NETMo2030666v1.
(accessed April 7, 2003).

10 Centers for Disease Control and Prevendon. CDC updare:
outbreak of severe acute respiratory syndrome—worldwide, 2003,
MMWR 2003; 52: 241-48.

11 Hong Kong Department of Health Report, Main findings of an
invesdgation into the outbreak of severe acute respiratory
syndraeme at Amoy Gardens, hup://fwww.info.gov.hiv/dh/ap.htm
{accessed Aprii 19, 2003},

{2 Buckingham SC, Jafri HS, Bush AJ, et al, A randomized,
double-blind, placzbo-controlied trial of dexamethasone in
severe respirztory syncydal virus (RSV) infecdon: effects on
RSV quantity and clinical cutcome. J fnfect Dis 2002; 1835:
1222-28.

The dietary fibre debate: more food for
thought

See pages 1481 and 1496

This issue of The Lancer contzains two Important papers
that associate high intake of dietary fibre with a
decreased risk of either colonic adenomas or colorectal
cancer. The USA-based study done by the Prostate,
Lung, Colorecizl, and Owvardan Cancer Screening
project team (FL.CQO) compared the dietary fibre intake
of 33 971 people who on sigmoidoscopy showed no
polyps with 3591 people who had at least one
histologically-verified adenoma in the distal large
bowel. The study involved tem different TUS centres,
with very different dietary practces. The European
Prospective Investigation into Cancer and NMNutrition
(EPIC) consortium used a different approach to reach
the same conclusion. They prospectively examined the
dietary-fibre intake and incidence of colen cancer in
519978 people recruited from ten European countries.
The findings of both research teams contrast with
those of at least three other studies that have been
published in the past 4 years,'? all of which found no
protective effect of dietary-fibre intake on the
development of either colonic adenomas or colorectal
cancer. The new results give fresh imperus 1o
fundamental research to determine the reasons for the
protective action of dietary fibre, or to establish the
definitive clinical trial.

The US Nurses Health Study' was based on
numbers of cases of c¢olorectal cancer as large as in
EPIC, and had a considerable impact on thinking.
After its publicatuon,’ doubts were expressed not only
about population recommendations for health but even
about the need for continued research. For example,
Santani-Rim and Dashwood* posed the gquestion about
whether it was “tme 1o discontinue antigenotoxicity
studies of dietary fibre”. Of equal! concern was the
downrurn in interest of commercial food companies 10
do applied rescarch in such areas as high-fibre foed
products,

Why did these two groups of swmdies give such
different results® Although this question is obviously
important, it is very difficult to answer., Random
variation is unlkely, given the pumbers in the
population groups involved. Conflicting studies would
be more difficult 1o explain if dietary fibre was a well-
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Research letters

(3 @ Clinical presentations and outcome of severe acute respiratory

syndrome in children

KL EHon CWleung, WTF Cheng, PK S Chan, WC W Chu, Y WKwan, AMLi, NC Ffong, PCNg, M C Chiu, CK L, /5 Tam, T F Fok

Hong Kong has been severely affecied by severe acute
respiratory syndrome {SARS). Contact in households and healh-
care settings is thought to be important for transmission, petting
children at particular risk. Most data so far, however, have been
for adults. We prospectively followed up the first ten children with
SARS managed during the early phase of the epidemic in Hong
Kong., All the chiidren had been in close contact with infected
adults. Persistent fever, cough, progressive radiographic changes
of chest and lymphopenia were noted In all patients. The chiidren
were treated with high-dose ribavirin, oral prednisolone, or
intravenous methylprednisolone, with no short-term adverse

effects. Four teenagers required oxygen therapy and two needed .

assisted ventilation. None of the younger chiidzen reguired
oxygen supplementation. Compared with adults and teenagers,
SARS seems to have a less aggressive clinical course in younger

children.

Published online Aprit 29, 2003
http:/ /image.thelancet.com/extras/03let4127web. pdf

Since late February, 2003, WIIO has received reports of
ouibreaks of 2 severe form of atypical pneumonia in Vietnam,
Hong Kong, and Singapore. Hong Kong is the most severely
affected city. WHO has referred to this unusual form of severe
pneumonia as severe acute respiratory syndrome (SARS).
The surveillance case definition of SARS is: history of high
fever (>38°C); one or more respizatory symptoms, including
cough, shortmess of breath, and difficulty breathing; and close
contact within 10 days before onset of symptoms with a
person who has been diagnosed with SARS, history of mavel
within 10 days before onset before symptoms 1o an arez with
reported foa of SARS transmission, or both,! Househaold
contact and contacts in health-care settings are believed 10 be
impertant routes of wansmission™ This transmission route
could put children at particular risk, but most data available so
far have been in adults. We therefore decided to report our
experence in weating children with SARS,

Berween March 13 and 28, 2003, ten children with
suspected SARS were admitted to and managed at the Prince
of Wales and Princess Margaret Hospitals, Hong Kong, We
prospectively  followed wup the clinical, laboratory, and
radiological profiles and treatment outcomes of these children.
Microbiotogical investigations were done to detect cormmon
bacterial and viral pathogens associated with community-
acquired pneumecnia.

We treated all patdents with combined corticosteroids,
antivirals, and antibacterial agents, Intravenous cefotaxime,
oral clarithromycein, and oral ribavirin (40 mg/kg daily, given
in two or three doses) were started if a diagnosis of SARS was
suspected on admission. Oral prednisolone (05 mg/kg daily at
Prince of Wales Hospital, and 2-0 mg/kg daily at Princess
Margaret Hospital) was added if fever persisted after 48 h. In
addiuon, we treated patients who had moderate symptoms of
high fluctuating fever and notable malaise with intravenous
rbavirin (20 mg/kg deily, given in three doses) and
hydrocertisone {2 mgkg every 6 h) immediately after

admission. For patents who had persistent fever and
progressive worsening clinically or radiologically, we used
pulse intravenous methylprednisolone (10-20 mg/kg).
Ribavirin was administered for 1-2 weeks and corticosteroid
dose was tapered over 2—4 weeks,

All children satisfied the WHQ case definition for SARS
and zll had been in close contact with infected adults. The
demographic, clinical, and laboratory data are shown in the
table. Fever was a consisient symptom in all children, and
lasted for a median duratdon of 6 days (range 3-11). There
was mno clinically significant drep in haemoglobin
concentrations during treatment with ribavirin. In eight
patients, corticosteroid was added to the regimen when
fever did not subside. Pulse methylprednisolone was given
10 one young child (ratient 2) and four teenagers (patients
6-9). Within 2 days of corticosteroid administration, all but
one patient {patient 9} became afebrile. The same four
teenagers developed respiratory distress and oxygen
desaturation on dey 5, 4, 6 and 7, respectively, after the
onset of fever., These children were placed under serict
isolation for 21 days and became asymptomatic before
discharge.

Nine children had abnormal chest radiographs on
presentation. The primary abnormality was air-space
opacification. Of the five children aged 12 years or younger
{patents 1-3), four presented with focal segmental
consolidation. Patient 2 had ill-defined patchy consol-
idation, but CT of the thorax showed multifocal air-space
consolidation. All these padents had mild progressive
conselidative change on serial chest radiographs but
complete resolution was achieved within 14 days. The
typical radiographic changes in one patient are shown in the
figure. Three of the five teenagers (patients 7-9) presented
with bilateral lower-lobe opacification at presentation,
which progressed rapidly within days. Despite clinical
improvement, these consolidative changes persisted into the
2nd week of the illness. Padent 10 showed no abnormality
on chest radiography at presentation, but high-resolution
CT confinned focal consolidation in the fght lower lobe. In
CT of the thorax in patients 2 and 6, the characreristic
features of peripheral and alveolar opacities simulated the
radiological appearances of bronchiolitis obliterans
organising  pneumonia. Four teenagers required
supplemental oxygen, one required bi-level positive airway
nressure  and intermirtent  nneirfve-presenre ventilatinn,
Respiratory distress developed 4—7 days after presentation.

Lymphopenia (0-3-3:0X10%L) was reported in all patients,
but the teenagers were generally more severely affecred than
the younger children. Lymphopenia mostly occurred between
days 3 and 7, after the onset of fever. No bacteria, fungi,
mycoplasma, chlamydiz, or common respiratory viruses were
detected by the laborotory invesdgations. Coronaviris was
isolated by viral culture from the nasopharyngeal aspirates of
patients 2 and 3. Reverse-trunscriptase PCR targetng the
novel coronavirus present in the nasopharyngeal aspirate
samples was positve in four of six children tested (patients 1,
7, 9, and 10).
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Patient number

1 2 3 4 5 [ 7 8 9 10
Age {years) 1-5 2-2 5-1 62 7-5 132 133 15-6 156 16-4
Sex [M/F) F M F F M F F F F F
Clinical features
Fever Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dyspnoea No No No No No Yes Yes Yes Yes No
Runny nose Yes Yes No Yes No No Yes Yes Yes Mo
Cough Yes Yes No Yes Yes Yes Yes No Yes Yes
Sore throat No No No No No Ng Yes Yes Yes Ng
Chills/rigors  No No No No No Yes Yes Yes Yes Yes
Myalgia No Ne No No No No Yes Yes Yes Yes
Headache No Ne Na Ne No No " Yes Yes Yes Yes
Other - Febrite - - Dizziness MNausea Abdominal Nausea
convulsion pain
Cantact Community Grandmother Grandmother Family doctor Parents Health-care  Cornmunity - Mother* Mather* Health-
history outbreak worker ocutbreak care
worker
iaboratory findings
Lowest 30 (day 3) 1-1(day3) 1-1{day4) 1:1(day3) 1-2{day3) O8BldayE) 0.7(dayd) O0-4{day6) 0-3(day1i)0-4 (day 7}
fymphocyte
count (X10%L)
Lowest platelet 345 216 143 196 131 178 147 136 131 209
count (X18%/L}
Highest serum 376 308 324 273 332 286 678 392 431 208
LDH (U/Lit+
Highest serum 28 35 25 12 ag 45 44 a5 €5 168
ALT (U/0))F
Radlological findings
Initlal chest Right lower- Right perihilar Left middle- Left upper. Right upper- Right lower-  |Left and teft lower- Left lower- Normal
radiograph zone focal zone Zone zone wone right fower - zone zong
consoiidation  consolidation consolidation consolidation zone cansolid- consolid-
consolidation ation ation
Progressive increased  Progress to  Increased left Increased left Increased Increased Increased  Diffuse Diffuse Normal
changes of right lower-  involve right  middle-zane upperzone  right upper right lower-  right and left confluence confluence
chest zone consol- upper zone  consolidation  consolidatlon zone consol zone tonsol-  upperzone  left and right right and
radiograph idation {day 8) {day 5) {day 4} idation idation consclidation lower zones left lower
{day 2) {day 5} {cay 5} (day 6} {day 9} zones
(day 11}
Findings on None Bilateral None None None None Mone None None Cansolid-
CT of thorax multifocal air ation at
space consol right basal
idations segments
Treatment and outcome
Oral ribavirin ~ Prescribed  Prescribed Prescribed Prescribed Prescribed  Prescribed Not Not Not - Prescribed
prescribed  prescribed preseribed
IV ribavirin Not Prescribed Not Not Not Prescribed Prescribed  Prescribed  Prescribed  Not
prescribed prescrihed prescribed prescribed prescribed
Oral prednis-  Not Prescribed Prescribed Not Prescribed  Prescribed Not Prescribed Prescribed Prescribed
olone/IV prescribed prescribed prescribed
hydrocortiscne
IV pulse methy Not Twice Neot Nat Not Once (day 6) Three times Once Once Not
prednisolone  prescribed  (day 10) prescribed prescribed prescribed (days 4-6) (day 6) (day 7) prescribed
Duration of 4 5} T 3 6 6 5 10 11 4
fever (days)
Ventilatory Not Nat Not. Not Not Nasal cannula Nasal Face mask Face mask Not
support prescribed  prescribed prescribed prescribed prescribed  (days 5-9) cannula (days 7-8; (days 7-10; prescribed
. (days 4-10) 12-15}, 13-19),
8iPAP PPV (days
’ (days 8-12) 10-13)
Maximum Air Air Air Air Air 2 L/min 3 L/min 50% 50% Alr
oxygen .

requirernent

LDH=factic dehydrogenase. ALT=alanine aminotransferase. IV=intraverous. BIPAP=biHevel positive airway pressure. IPPY=intermittent positive pressure ventilation.
*Mether of twin sisters (patients 8 and 9) Is healthcare assistant. tNormal range 110-230 U/L. $Normal range 140 U/L.

Clinical features and treatment outcomes among SARS chlildren

We noted two distinct patterns of clinical presentadon
among the children we studied. Teenage patients presented
with symptoms of malzise, myalgia, chill, and rigor similzr 1o
those of adults,> whereas the younger children presented
mainly with cough and runny nose, and none had chills, rgor,
or myalgia. The clinical course was much milder and shorter
among younger patients, and radiclogical changes were milder
and generally resolved more quickly than in the teenagers. All
paediatic patients had clinically important lymphopenia,® but

it was more severe among the teenage children. However,
since young children notmally have higher lymphocyte counts
than aduks, the interpretation of results must take into
account the patients’ ages.' Furthermore, lymphopenia
frequently resolves when the disease is improving.

We adopted a wearment regimen of ribavirin and steroids
similar 1o that used in adult SARS patients.™ Ribavirin is a
broad-spectrum andviral agent and has been used for

_treatment of severe respiratory syncytial virus infection in
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Serial chest radicgraphs of patient 5, who presented with fever

and cough

A=il-defined air-space consalidation in periphery of right upper lobg and
abutting hotizontal fissure. B=Ingcreased consolidation in right upper zone
on day 5.

children.” Among our patients, short-term use of high-dose
ribavirin was well tolerated and had no major short-term
adverse effects such as severe haemolytic anaemia. In addition,
high-dose corticosterold was used in combinaton with the
antiviral agent because severe immune-mediated damage of
lung tissue was reported in postmortem examinadon of SARS
patients.?

Eight of the ten children had been attending school at the
time of presentztion. There was no evidence that they had
spread the infection to their classmates. This finding is in
sharp contrast 1o the expenience reported among adults that
SARS camies 2 very high infectivity rate.*® At the time of our
study, 22 aduls had died in Hong Kong.? During the study
period, around 30 children were suspected as having SAKS in
Hong ¥ong. So far, no child has died. Our preliminary
findings suggest that voung children develop 2 milder form of
the disvase with a less-ageressive clinieal course than do
teenagers and adults

1 WHO Cuase deftion fur surveillance of severe acute respirstory
Anpwaww who.intesrfsars/casededinition

G, 2003,

T, Poor LLM, et al, and members of the SARS
oropavires as o possibie cause of severe acute

er 2003; 361: 1216-25.

syndrome SARS
{uccessed Ap
2 Peine J5AL L
study group.
resparatory syndrome. Lo
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Appendix 4

Evaluation of WHO criteria for identifying patients with
severe acute respiratory syndrome out of hospital:

prospective observational study

Timothy H Rainer, Peter A Cameron, DeVilliers Smit, Kim L. On g, Alex Ng Wing Hung,
David Chan Po Nin, Anil T Ahuja, Louis Chan Yik Si,Joseph J Y Sung

Abstract

Objectives To determine the clinical and radiological
features of severe acute respiratory syndrome (SARS)
and to evaluate the accuracy of the World Health
Organization’s guidelines on defining cases of SARS.
Design Prospective observational study.

Setting A newly set up SARS screening clinic in the
emergency department of a university hospital in
Hong Kong's New Territories.

Participants 556 hospital staff, patients, and relatives
who attended the screening clinic and who had had
contact with someone with SARS.

Main outcome measure Number of confirmed cases
of SARS.

Resuirs U1 the 5bb peopie, 141 were aarmtied 1o
hospital, and 97 had confirmed SARS. Fever, chills,
malaise, myalgia, rigor, loss of appetite, vomiting,
diarrhoea, and neck pain but not respiratory tract
symptoms were significantly more common among
the §7 patients than among the other patients. The
overall accuracy of the WHO guidelines for
identifying suspected SARS was 83% and their
negative predictive value was 86% (95% confidence
interval 83% to 89%). They had a sensitivity of 26%
{17% to 36%) and a spedificity of 96% (93% to 97%).
Conclusions Current WHO guidelines for diagnosing
suspected SARS may not be sufficiently sensitive in
assessing patients before admission to hospital Daily
follow up, evahuation of nen-respiratory, systemic
symptoms, and chest radiography would be better
screening tools.

Introductdon

Initial reports on severe acute Tespiratory syndrome
{SARS) described the clinical features of confirmed
cases. ™ Later reports have described the epidemiology
and progression of the illness in greater detail®® On
the basts of early findings in hospitals, the World
Health Organizadon and the Hospital Authority of
Hong Kong produced case definidons for suspected
and probable cases of SARS that may be used for
screening patients before admission to hospital and in
non-clinical contexts such as airports.” * The discovery
of the virus and the development of rapid serological

tests may improve case definition, but the tests are not
yet widely available.*"

In the frst two weeks of March 2003, 15 doctors,
15 nurses, 17 medical students, and five other staff
{avxiliary staff, a clerk, and cleaning staff) assodated
with ward 8A of the Prince of Wales Hospital were
infected with SARS. In response to this outbreak the
hospital set up an emergency screening clinic on 12
March to evaluate all staff and their immediate
contacts. The clinic gave us the opportunity to study
the clinical response to the virus in a high contact envi-
ronment We investigated the dlinical features of SARS
in the early stages of infection to evaluate the WHO
criteria for identifying suspected and probable cases of
SARS and 10 report the safetv of mur current strategies
to prevent the spread of SARS amont our staff.

Methods

The study was conducted from 12 March to 31 March
2003 in the newly opened SARS clinic in the
emergency department of the Prince of Wales
Hospital, 2 1400 bed university teaching hospital in the
New Territories of Hong Kong. Health advice was
given o all hospital staff, patients, and relatives who
attended. the clinic (see bimj.com for details).

Defining cases of SARS
As no diagnostc investigations for SARS were
available at the time the clinic opened, we based diag-
nosis on exclusion of other diseases and on the WHO
guidelines (box)” ™ For suspected cases, we look a
broad interpretadon of the respiratory syreptoms in
the WHO cTiteria to include upper and lower tract
clinical features. We confirmed a diagnosis of SARS
when a patient was known to have contact with some-
one with SARS, had documented persistent fever
(> 38°C), a consistent clinical course of the lness, and
evidence of pneumonia

We used plain radiography or computed tomogra-
phy to diagnose pneumonia. We diagnosed non-SARS
pneumonia if the patient responded well 10 antibiotics
within 48 hours. Final diagnoses were made by a team
of general medicul, respiratory, and infectious diseases
clinicians. The recent discovery of the virus and the
development of an imrmunofluorescence assay based
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. _ symptoms), were feverish (>38°C) on at least one
case definjtions for suspecred and oceasion, and had a normal or indeterminate chest
T I radiograph and if the results of investigations were
abnormal (such as leucopenia, lymphopenia, menocy-
tosis, or thrombocytosis). These patients were clinically
assessed and had anteroposterior chest radiography
daily. Patients were given hygiene advice and a follow
up appointment for the next day. Patients who were
followed up daily and who were clear of symptoms for
48 hours, with no documented fever and normal chest
radiographs and laboratory tests, were discharged.
Data collection and measurement
All patients completed a health questionnaire and saw
a doctor. Basic observations were recorded, including
pulse, systolic and diastolic blood pressure, respiratory
. . . . Tate, tympanic temperature, and oxygen saturation in
on vero cells mfected. with coronavirus .havc since  oom air. All patients had daily frontal, plain chest
al]o.wed us to confirm dla_gnose.s by measuring levels of radiography until either their symptoms subsided or a
ang-coronavirus IgG antibody in saved serum samples. 1oy monic change was seen. Patients whose fever and
Inclusion and exclusion criteria symptoms persisted for more than two days underwent
All hospital staff, patients, and relatives of staff or  standard and high resclution computed tomography,
patients had access to the clinic People attending the ~ €ven if their chest radiographs were normal, to confirm
dinic were inciuded in the study if they had had oFf exclude occult pneumonia. Chest radiographs were
contact with anyone with SARS. We excluded children  evaluated firstly by a spedialist emergency physician
aged less than 11 years because their laboratory results  with reference to clinical details and then by a radi-
and the clinical course of the disease are likely to differ ologist without reference to degails, The primary elini-
from those of adults. Patients adinitted to hospital with cal outcome was confirmmed cases of SARS.
neumonia but who had a diagnosis of non-SARS . .
gneumonia were not excluded ﬁ'og?n the analysis, Statistcal analysis
We used the unpaired Studemt’s ¢ test to analyse
Discharge and follow up criteria continuous data and the 3 test or Fisher's exact test for
Patients were discharged after their first attendance at  categorical data. Weused Stawview for Windows version
the clinic if they had vague or no symptoms, no fever, 5.0 (Abacus Concepts, SAS Institute, Cary, NC). All
and normal radiclogical and laboratory test results,  analyses were two tailed P values of < 0.05 were
These patients were given hygiene advice and told to  considered statistically significant.
return if they became feverish. Patients were followed
up daily after their first aticndance at the dinicif they  p . 1e
had had contact with someone with SARS, had one or
more symptoms (upper and lower respiratory mwact  Between 11 March and 31 March 2003 a total of 556
symptoms, gastrointestinal symptoms, or systemic  people with a history of contact with someone with
Table 1 Characieristics of patients presenting to the SARS screening clinic who hag previous contact with someone with SARS.
- Values are numbers (percentage) unless otherwise stated .
A patients Patients without SARS Patients with SARS
Characlerislic (n=556) {r=458) {n=57} P value*
Mean {30) age {years} 35.8 (14.0) 35.6 (1.7 37.0 {15.4) 0.73
No (%) of men . 168 (30) 131 {29) 37 (38) 0.06
Madian Mo of days (interquartile; range) between onset 3.0 (1.0t 5.0; 1 to 30} 3.0 (1.0 to 5.0: 1 o 30} 30 (1.75 16 4.25; 1 1o 15) 0.22
¢f sympioms and firsl presentaticn
Status:
Heatthcare worker 325 (59) 262 {57) 63 (65) 0.01
Other hospital stafl 82 (15) 730 5 (5}
Patienls and relatives of stal{ or patients 149 (27) 120 {26) 29 (30)
Presantation; )
Without symploms 417 41 (9 - 0.0022
With symploms ’ 515 (93} 418 (91) 97 (100)
Patients who mel WHG gefmitions for suspected SARS 46 {8) 21 (5) 25 (26) <0.0001
Dizposai
Follow up withoul admission 374 {67) 72 (81} 2(2) <0.0001
Admission, to hosphal 141 {25) 46 (10 95 (98)
Admission a! first presentation 758 {14) 3N 45 {47)
Admission aunng 1oflow wp e 62 (1) 13 {2) 49 (51}
Final diagnosis:
e e s e T T S
’ Uppes lcgfprrﬁry 1ract infection T B1 [15) B1 “s)___.‘._.._..____ - -
"Student's f1est or ¥ fesl.
{Typical pneumoria was diagnosed In 17 patients who recovered quickly stier ireatment with antibiotics alone.
BM] VOLUME 826 21 JUNE 200%  binjcom 1355
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Table 2 Clinical characteristics of people presenting 1o screening clinic with symptoms. Values are numbers (percentage) of patients

Characierislic Tetal (a=515) Patients without SARS (r=418} Patients with SARS (a=87) P valve*
Glinical leatures (No {%) o patients)

Fever 233 (45) 154 {37} 79 (81) <Q.0001
Chills 139 (27) 87 (21) 52 (54) <0000
Malaise 118 (23) 85 (20) 33 (34) 0.004
Myalgia 76 (15) 50 {12) 26 {27) 00002
Rigor 27 (5} 15 (4) [FXTE] 0.0005
Weck pain 4 (<f) 14{02) 303 0.004
Cough 363 {70) 301 {72} 62 (64) 0.12
Sputum 146 {28) 121 (29) 25 (26) 0.52 _
Soie st T s 161 (39) ey 053
Runny nose G 136 (33) ) 25 (26) 0.20
Chesl pain 5 (1) 4 (1) 1) 0.85
Shortness of breath 40 (8) 28 (N 12 (1) 0.04
Loss of appetile 9(2) 41 5 (3) £.005
Vomiting 15 (3) 9 {2) B (6} 0.03
Abdominal pain 14 {2) 7(2) 4 {4) 0.14
Diarrhoea 18 {4) 12 (3) 7 0.04
Night sweals 3 <1) 2 (0.5) 1{1) 0.52
Anorexia 5(1) 5 (1} 040 0.24
Headache 110 (21} B85 (20} 25 (26) a.24
Dizziness 28 (5) 22 (5} 6 (B) 072
Rash 0 0 0

Basiz observatisas {mean {SD))

Heart rate per minute 95.2 {17.4} 94.0 {17.0} 104.5 {16.8) <0.0001
Systolic blood pressure {mm Hg) 136.6 {19.5) 137.3 {19.0) 132.8 (20.8) 0.04
Diastalic blood pressure {mm Hy) 75.8 (12.7) 76.1 (12.8) 73.7{124) 0.1
Respiratory rate per minsle 18.6 {3.9) 87 (36} te.8 [2.0) 0.74
Highest temperature while at clinic 37.0 (C.5Y 36.8 (0.8) ar9 (0.8) <0.0001

*x* fest, Fisher's exact test, or Student's ftesl.

SARS attended the screening dinic (table 1). We
excluded 41 patients who had no symproms Table 2
shows the clinical featres and observations in the
other 515 patdents Symptoms that were more
common (though not significantly) among patients
who did not develop SARS than in patients with
confirmed SARS were cough (72% of patients),
sputum producton (29%), sore throat {39%), and
runny nose (33%). Clinical symptoms that were signifi-
cantly more common among patients with confirmed
SARS were fever, chills, malaise, myalgia, rigor, neck

pain, loss of appetite, shortness of breath, vomiting, .

and diarrhoea. Of the common upper and lower res-
piratory tract symptoms only shormess of breath was
significantly more common among patients with
SARS.

Only two patients with cbvious radiological
evidence of consolidation had chest signs that were
detectable on physical examination. Compared with
patients who did not develop SARS, patients with con-
armed SARS had a significandy higher heart ratg,
lower mean systolic blood pressure, and higher mean

Table 3 Accuracy of WHO criteria for identifying suspected severe acute respiratory
syndrome {SARS}

SARS confirmed (No of patiznts)

L] Yes Tatal
Suspected SARS according 1o WHO
criteria
No TamTTTTTTTTTRT T wie
e e e S g T e
Totat T sy §7 556

Sensitivity 25.8% [95% confidence interval 17.4% 10 35.7%). speciicity 85.4% [93.1% tp §7.1%), pusHive
prediclive value 54.3% (39.0% to 69.1%), negative predictive value 85.9% [82.6% 10 B2.8%)

1356

temperature. Respiratory rate did not differ between
the groups.

Predictive ability of the WHO criteria for
diagnoesing suspected SARS

Of the 97 patients with confirmed SARS, 25 met the
criteria for suspected SARS in the WHO guidelines
(table 3). The criteria had an overall accuracy of 83%
(463 of 556 cases correcily identified). They had a
negative predictive value of 86% (95% confidence
interval 83% to 89%), a positive predictive value of 54%
(39% 10 69%), a sensitivity of 26% (17% to 36%), and a
specificity of 95% (93% to 97%). Applying the WHO
criteria for suspected SARS in our group of patients
would have missed 72 cases (74%). The odds ratios of
predicting SARS for particular symptorms were 12.0
(6.8 to 21.0) for fever, 1.0 (0.6 to 1.7) for cough, and 1.5
(0.7 to 3.5) for shormess of breath.

Radiological changes

AW matients had chest radiography. Pneumonic change
was evident in 129 patients {23%): 72 (56%) on the first
presentation and 57 (44%) on follow up. Chest x may
changes were unifocal (figure 1), hifocal, or diffuse. The
odds ratio for radiological findings predicting SARS
was 32,1 (18.0 to 57.3).

High resolution computed tomography was
requested for 27 patients (5%) who had normal chest
radiographs but persistent fever and symptoms. Eight-
een of the 27 scans (67%) were positive and one was
indeterminate. Figure 2 shows two patients’ scans that
were taken on the same day: one with a retrocardiac
lesion and one with a retrodiapliragmatic lesion. The
median tme from onset of symptoms to identification
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Fig 1 Frontal chest radiograph showing an area of cpacification in
the right iower zone

of posidve radiological changes was four days and to
tdentificaton of changes in scans was seven days.

Secondary infections and serology

No healthcare workers in the clinic were indected once
it was fully operatonal, and no secondary infections
occurred among the padents with suspected SARS. A
preliminary sevological analysis of samples from 179
patients who have attended the clinic have shown that
98 samples from 99 people with confirmed SARS were
positive for coronavirus and that all the sarnples from
80 people who did not develop SARS were negative.

Discussion

The WHO guidelines on diagnosing SARS emphasise
respiratory mact symptormns such as cough, shortness of
breath, and breathing difficulty. However, these clinical
symptoms in the WHO case definidons do not feature
strongly in the early stages of the illness, when patients
are highly infectious but before they are hospitalised..
In screening patients for SARS systemic symptoms
such as fever, chills, malaise, myalgia, and rigors may be
better discriminators than the symptoms listed in the
WHO guidelines, which were based on smdy of
patents who were already in hospital. The absence of
clinical signs in all but a few of our patents when they
were screened—even in patients with obvious pneu-
monic changes in radiographs—means that chest
radiography ought 0 be mandatory for all patents
being screencd for SARS. Of all the predictors we
tested, chest radiological changes had the highest odds
vatio. Almost 75% of patients in our study with history
of contact with SARS and evidence of pneumenia on
radiography did not have a high fever.

One limuation of our study is that it took place ina
single centre with a high proportion of healthcare
workers and primary contacts, and thus the results may
not be generalisable to  the wider communiny.
Establishing whether patents have had contact with
someone with SARS is diflicult and sometimes
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Fig 2 High resolution cemputed tomagrams of two patienis whose
chest radiographs were normat: (above) ground glass opacification in
the posizrior segments of the lefi lower lobe (difficult to identify on a
frontal chest radiograph because of locatien behind the heart);
{beicw} pround glass opacification in the posterior sepments of the
right lower lobe (ditficult to identify on a frontal chest radiograph
because of location behing the diaphragm)

impractcal. However, one advantage of our group was
that contact was highly likely and was documnented.
Screening may be more difficult in situations where a
contact history is difficult to establish.

Preliminary blood testing for coronavius indicates
that our screening and diagnostic criteria are over 99%
accurate. Cur patients showed ne secondary infection
or severe secondary deterioration, prevention of which
was the rmain reason for setting up the screening cliniic,

respiratory symptoms such as cough or breathing difficlty -

WHO's case definitions, which are based on study of patienitsh.
hospital, have not been evaluated-in the context of screening.patients
before admission to hospital

In the early stages of SARS the main discriminating symptomns are not
cough and breathing difficulty but fever, chills, malaise, myalgia, rigors,
and, possibly, abdorminal pain and headache

Documented fever (3 38°C) is uncommoen in the carly stages, and
radiological evidence of pneumonic changes ofien precedes fever

WHO case definitions for suspected SARS have a negative predictive
value of $5% and a sensitivity of 26% for detecung SARS in patients
who have not been admited to hospital
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and thus our protocols seemm to be safe. No healtheare
workers in the clinic or close contacts of the patients
became infected.

As SARS contnues to spread worldwide, other
healthcare settings will need to screen staff and
patents who have symptoms and who have had close
contact with SARS patients after an outbreak ™ With a
sensitivity of 26% and a negative predictive value of
85, the WHO criteria should be refined to include
routine daily follow up, documentaion of non-
respiratory systemic symptoms, and daily chest
radiography until patients have passed at least 48
hours without symptoms,
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Haematological manifestations in patients with severe
acute respiratory syndrome: retrospective analysis

Raymond S M Wong, Alan Wy, K F o, Nelson Lee, Christopher W K Lam, C K Wong, Paul K S Chan,
Margaret H L Ng, L M Yu, David S Huji, John 8 Tam, Gregory Cheng, Joseph ] Y Sung

Abstract

Objectives To evaluate the hzematological findings
of patients with severe acute respiratory syndrome
(SARS).

Design Analysis of the dernographic, clinical, and
Iaboratory characteristics of patients with SARS.
Setting Prince of Wales Hospital, Hong Kong.
Subjects All patients with a diagnosis of SARS
between 11 March and 29 March 2003 who had no
pre-existing haematological disorders.

Main outcome measures Clinical end points
included the need for intensive care and death.
Univariate and multivariate analyses were performed
to examine factors associated with adverse outcome.
Results 64 male and 83 femzle patients were included
in this study. The most commeon findings included
lymphopenia in 153 (98%) of the 157 patients,
nearrophilia in 129 (82%), thrombocytopenia in 87
patients (55%), followed by thrombocytosis in 77
(49%), and isolated prolonged activated partial
thromboplastin ume in 96 patients (63%). The
haemoglobin count dropped by more than 20 g/1
from baseline in 95 (61%) patents. Four patients
{2.5%) developed disseminated intravascutar
coagulaton. Lymphopenia was shown in
haemato-lymphoid organs at postmortem

examinadon. Muldvariate analysis showed that
advanced age and a high concentration of lactate
dehydrogenase at presentation were independent
predictors of an adverse outcome. Subsets of
peripheral blood lymphocytes were analysed in 31
patents. The counts of CD4 positive and CD8 positive
T cells fel early in the course of illness. Low ¢ounts of
CD4 and CD8 cells at presentation were associated
with adverse outcomes.

Conclusions Abnormal haematological variables
were common aniong patients with SARS.
Lymphopenia and the depletion of T lyimphocyte
subsets may be associated with disease activity.

Introduction

An outbreak of severe acute respiratory syndrome
(SAR S} has recently been reported from Hong Kong,!
A novel coronavirus has been idendfied as the
actiological agent of the syndrome.”* Viral infection
may produce various haematological changes. Early
studies have shown that lymphopenia and thrombo-
cytopenia are common among patients with SARS."*
This study summarises the haematological findings in
patients with SARS who were treated at the Prince of
Wales Hospital, Hong Kong.

BM] VOLUME 326 21 JUNE 2003 bmycom



120043

Appendix 5

ARTICLES

(3 @ Epidemiological determinants of spread of causal agent of
severe acute respiratory syndrome in Hong Kong

Christl A Donnelly, Azra C Ghanl, Gabriel M Leung, Anthony J Hedley, Christophe Fraser, Steven Riley,
Laith J Abu-Raddad, Lai-Ming Ho, Thuan-Quoc Thach, Patsy Chau, King-Pan Chan, Tal-Hing Lam, Lai-Yin Tse, Thomas Tsang,
Shao-Haei Liu, James H B Kong, Edith M C Lau, Neil M Ferguson, Roy M Anderson

Summary

Background Health authorities worldwide, especially in the
Asla Pacific region, are seeking effective public-health
interventions in the continuing epidemic of severe acute
respiratory syndrome {SARS). We assessed the epidemiology
of SARS in Hong Kong.

Methods We included 1425 cases reported up to April 28,
2003, An integrated database was constructed frem Several
sources containing  information  on . epidemiological,
demographic, and clinical variables. We estimated the key
epidemiological distributions: infection to onset, onset to
admission, admission to death, and admission to discharge.
We measured associations between the estimated case
fatzlity rate and patients' age and the time from onset 1o
admission.

Findings After the initial phase of exponential growth, the
rate of cenfirmed cases fell to less than 20 per day by April
28. Public-health interventiens included encouragement to
report to hospital raepidly after the onset of clinical
symptoms, contact tracing for confirmed and suspected
cases, and quarantining, monitoring, and restricting the
travel of contacts. The mean incubation period of the disease
is estimated to be 6.4 days (95% Cl 5.2-7-7). The mean
time from onset of clinical symptoms to admissicn to
hospitai varied between 3 and 5 days, with longer times
earlier in the epidemic. The estimated case fatality rate was
13-2% (9-8-16-8) for patients younger than 60 years and
43-3% (35-2-52-4) for patients aged 60 years or older
assuming a parametric v distribution. A non-parametric
method yielded estimates of 6:8% (4-0-9:6) and 55-0%
(45-3-64-7), respectively. Case clusters have played an

) important part in the course of the epidemic,
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Interpretation Patients' age was strongly associated with
outcome. The time between onset of symptoms and admission
to hospital did not alter outcome, but shorter intervals will he
important to the wider population by restricting the infectious
period before patients are placed in guarantine.

Published cnline May 7, 2003
http://image.thelancet.com/extras/03art4453web. pdf

Introduction

The rapid worldwide spread of the corenavirus that canses
severe acute respiratory syndrome (SARS)'? has led to
28 counuies reporting cases as of May 5, 2003. The
evolution, spread, and persistence of infectious diseases are
facilitated by the mobility of contemporary society, for
example through air travel, the continued growth in the
world population, and the steady rise in the number of
densely populated urban areas, especially in Asia.

The Asia Pacific region, inciuding mainland China, has
been badly affected by SARS. The impact on the regional
economy and health-care systems led to a meeting of
health ministers from 14 Association of South East Asian
Nations on April 24-26. Health authontes are urgently
seeking guidance on the public-health measures most likely
to be effective in controlling the epidemic.

Key epidemiological determinants of the magnitude and
dmescale of the epidemic (figure 1) include the interval
between infection and onset of symptoms and between
onset and hospital admission, the degree and duration of
the infectiousness of the agent, and the extent of contact
and mixing between infectious and susceptible people
enabling transmission of the virus. Public-health inter-
ventions can affect many of these factors.

The Hong Kong authorites have taken several measures
10 combat the spread of SARS. Since formal recognition of
the outbreak in the Prince of Wales Hospital, Hong Xong,
on March 10, these measures have included: public-service
announcements about personal protection (March 17);
addition of SARS to the list of hotifiable diseases and
requests for close contacts of cases to attend designated
medical centres for screening (March 26) undl the Jater
introduction of mandatory home guarantine; a 2-week
suspension of schools’ (March 26) and universites’
(March 29) sessions; introduction of health declarations
for all incoming residents and wisitors (March 29);
isolation of residents of a building in the Amoy Gardens
estate, at the centre of a cluster of about 300 cases (March
30) and their subsequent move to rral isolation camps for
10 days (March 31); home quarantining of close contacts
and resuictions on their travel out of Hong Kong
{April 10); new public announcements urging symptomatic
people 1o seck medical attention (April 15); and body-
temperature checks for all air passengers (April 17).

In the global respense to SARS, there are three priority
tasks: the identification of the causaj agent and the
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Figure 1: Epidemiological description of SARS epidemic in Hong Kong -

Date of admission

A; Temporal patiem of SARS epidemic in Hong Kong by cluster of infection. B: Spatial distribution of population of Kong Kong and district-specific incic_ien:e
(per 15000 population) over course of epidemic to date. C: Age distribution of residents of Hang Kong and age-specific incidence (per 10000 population)
over course of epidemic to date. D: Detail of temporal pattemn for Amoy Gardens cluster, according to day of admission, and fitted v distribution,

development of tests to detect the virus and ailow rapid
confirmation of cases; the development and assessment of
weatment protocols; and the determinadon of the key
epidemiological processes and parameters that affect the
spread and persistence of infecdon 1o support the
formulation of appropriate public-health interventions,
We describe the epidemiology in Hong Kong in the first
9 weeks of the epidemic, during which 1425 cases were
confirmed, and 122 deaths from SARS occurred. We
focus on the key distobutions and parameters thar define
the observed pattermn of the spread of SARS, and their
change over time since the introduction of the virus into
Hong Kong.

Methods

Data sotirces

We analysed an integrated database, coordinated by the
Deparmzent of Community Medicine, University of Hong
Kong on behalf of the Health, Welfare and Food Bureau,
derived from the Hong Kong Hospital Authority ¢SARS
system, and the Department of Health’s Master List,
which contains details of all patients with confirmed or
suspected SARS admirred to hospitals in Hong Kong
since Feb 20, 2003. Prmary health care in Hong Kong is
provided by private practitioners (80%)} and general
outpatient departments operated by the public sector,
The Hospital Authority also currendy provides 95% of
total inpadent bed-days.® The Department of Health
provides the public-health function, including the
monitering and control of communicable diseases.® The
eSARS systemn is designed as a registry and monitoring

system. All patients admitted for investgation and
observation into the SARS cohort wards in all the
hospitals under the Hospital Authority of Hong Kong are
recruited on entrv, The patients on the registry are
progressively classified into: patient under cobservaton,
patient suspected of SARS, patient with confirmed SARS,
and not SARS. The criteria for inclusion in the eSARS
register as a patient confirmed with SARS are radio-
graphic evidence of infiltrates consistent with paneumonia,
and current fever higher than 38°C or history of such at
any time in the past 2 days, and at Jeast two of the
following: history of chills in the past 2 days, cough (new
or increased)} or breathing difficulty, general malaise or
myalgia, and known exposure. Patients are listed as
suspected of having SARS if they do not fulfil this
definition but are still thought to be likely cases of SARS
on the basis of the collecuve evidence and chinjcal
judgment. However, patients are excluded if an alternative
diagnosis can fully explain their illness.

A questionnaire was administered to all patients 24 h
after confirmation of SARS by the Department of Health,
initially by regional community-medicine teams and later
by a central interviewing team of nurses, to record
symploms atl presentation to hospital and to identfy
contacts and events of probable relevance to transmission.
When possible, patients are classified into infection
clusters by location (eg, housing estaies), occuparion (eg,
health-care workers), and workplace (eg, hospitals and
other buildings). In addidon, we used demographic data
on Hong Keng, which has 2 population size of 6:7 million
in 19 districts (figure 1).

2 ' THE LANCET + Published online May 7, 2003 « hnp./fimage thelancet.com/extras/03ert4453web pdf
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Statistical analysis

Time-delay distibutions (infection to onset, cnset to
admission, admission to death, and admission to
discharge) were fited to v diswibutions by maximum
likelihood estimanon methods, with allowance for
censoring for incomplete observation of the disease
process in all cases, Likelihood ratio statistics were used
for tests of significance when comparing distdbutional
parameters and for calculating CI,

While the epidemic is condnuing, the estumation of
the admission-to-death and  admission-to-discharge
distributdons must be undertaken joindy with the
estimation of the case fatality rate, because among
patients still recorded as being in hospital it is impessible
1o ascertain who will eventually die or be discharged. We
assume that no confirrned SARS padents who has been
discharged from hospital will go on to die of SARS-relared
causes. If F{} and G{ are the cumulartive dismibution
funcdons of the admossion-to-death and admission-to-
discharge disuibutions, respectvely, and 7, is the case
fatality rate—ie, the proportion of SARS patients who will
die of the disease—the following likelihood structure is
azssumed: if a pauent died t days after admission,
the likelihood is wX[F(t+1)-F()]; if 2 patient was
discharged t days after admission, the likelihood is
(1-w) X [G{t+1)-G(t)]; and if a patient remained in
hospital t days after admission, the likelihood is
TeX [1-F(O)]+{(1-m) X [1-G(1)]. The parameters of the
E() and G} distributions are thus jointly esumated along
with the case fatality rate.

To assess further the case fatality rate, we also used a
version of the Kaplan-Meier survival curve, adapted to
allow for two types of outcome (death and discharge).
Censoring was used to obtain non-parametric estimares of
the admission-to-death and admission-to-discharge
distributions and the case fatality rate.

Role of the funding source

The sponsors of the study had no role in the study design,
data collection, data analysis, data interpretation, or in the
wriung of the report.

Results

The development of the epidemic (fgure 1) features a
period of exponential growth, beginning on March 10,
after the formal announcement of the outbreak, followed
by a period of comparative stability throughout early 1o
mid April, with evidence of a slight decay over the week
April 21-28. The geographical and age distributions of
the cases are presented in figure 1. 57% of patients were
female and 43% male.

Clinical symptoms at presentation were fully recorded
for abour 90% of the cases confirmed by the Department
of Health. The frequency of self-reported symptoms is
similar 1o that noted in the early cases. The most
commeon reporied symptom was fever (94%), with
51-72% of patcnts reporung general influenza-like
symptoms, chills, malaise, loss of appetite, and myalgia.
Gasuointestinal symptoms were less common at
presentation, including diarrhoea {27%), vomiting (14%),
and abdominal pain {13%). 88% reported fever plus anv
one other symptom, and 79% fever plus one of the five
mMOost common sympeoms (table}.

Infection events cannot be observed, but for patients
with short and defined periods of exposure to known
SARS cases, datz on the dming and duration of exposure
can be used to estimate the distribution of the incubation
period, the ume from infecten to the onset of clinical
symptoms of SARS. The databasc contained 57 patents

with one exposure to SARS over a limited time scale with
recorded start and end dates. The maximum likelihood
estimate of the mean and variance of the tme from
infection to onset was 6-37 days (95 CI 5-29-7-75) and
16-69 days?, respectvely; therefore 5% of patients would
experience the onset of symptoms within 14-22 days of
infection. The estmated distribution is presented in
figure 2. However, this distribution is based on a limited
number of observations 1o date, and has ligh vanance and
may reflect biases In reporting, different routes of
transrmission, or varying infectious doses of the virus.

Onset and admission times are both observable events.
However, atlowance must be made in the analysis for
censoring due 1o incemplete observation. If censoring is
not taken into account, the distnbution will be biased
towards short cnser-to-admission tmes, because patients
are only eligible 10 be included in the hospital-based
database on admission to hospiral. Patiears with recent
onsets and long onset-to-admission times are less likely 10
have been admitted to hospital and thus be included.

In the analysis, patients were grouped by their week of
clinical onset, and seven weekly time periods were
analysed (Feb 26 to March 4, March 5-11, March 12-18,
March 19-25, March 26 to Apri 1, April 2-8, and April
9-15). There were 100 few patients with clinical onset
before Feb 26 for robust analysis and too lrde tme has
elapsed after onset to allow analysis of those with clinical
onset after April 15. We assume that the recorded data are
complete up to Aprl 15. Esumated mezn onset-to-
adinission times were obtained for each week, assuming
that the times were vy distributed: Feb 26 to March 4,
5-36; March 5-11, 3-21; March 12-18, 5:06;
March 19-25, 4-95; March 26 1o April 1, 3-83; April 2-8,
3:67; and Apdl 9-15, 3-46. The distdbutions differed
significantly over the 7-week perod (p<0-001) but not for
the first 4 weeks (p=0-053) or the last 2 weeks (p=0-459).
The maximum likelihood means and varances for the
resulting three time periods are: Feb 26 to March 25, 485
days (95% CI 4-49-5-24) and 12-19 daws’; March 26 to
Aprl 1, 3-83 (3-61—4-06) and 5-99 days?; and April 2-15,

Overall proportion with
specifled symptom (%)

Symptom

Fever 94:0
Influenza-like 72:3
Chills 65-4
Malaise . 64-3
Loss of appetite 54-6
Myalgia 50-8
Cough 50-4
Headache 501
Rigor 43-7
Dizziness . 30-7
Shortness of breath 30-6
Sputum 27-8
Night sweat 27-8
Diarrhoea 270
Coryza 24-8
Sore throat 231
MNausea 22:2
Vomiting 140
Abdominzl pain 12-6
Fever+at least 1 other B7-6
Fever+at least 2 other B0-3
Fever+at least 3 other 70-7

Fever+at leasl 1 of 5 most common* 785
Fever+at least 2 of 5 most common*  61.7
Fever+at least 3 of 5 most common™  42-9

*Five most common symptoms {except fever): influgnzalike, chills, matalse,
loss of appetite, and myalgia.

Prevalence of self-reported clinical symptoms in cases
confirmed by Department of Health
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Figure 2: Maximum likelihood estimates .

A: Infection-to-cnset distribution. B: Time-dependent onset-to-admission distribution as a function of time of onset of clinical symptoms. C: Admission-to-
death distribution by patients® age. D: Admissica-to-discharge distribution by patients' age. E: Observed and maximum likelitwod estimated onsetto-

admission intervals in presence of censaring,

3-67 days (3-31—4-11) and 10-71* days. The
corresponding distributions are presented in figure 2, as
well as the qualiratively good fit between the observed and
expected values in the presence of censoring.

The estimared mean and variance of the admission-to-
death time was 359 days and 572-9* days, respecdvely,
and the estimated mean and variance of the time
from admission to discharge was 235 days and
62:1 days, respectively (fgure 2). If vy disuribution is
assumed, the estimated distnibutions and case fatality rate
varied as a function of padents® age, but not the time from
onset to admission (fgure 2). The estmarted case fatality
rate for padents younger than 60 years was 13-2%
(9-8-16-8) and 43-3% (35-2-52-4) for patients aged 60
years and older. The adapted Kaplan-Meier-like non-
parametric method gave estimates of 6-8% (4:0-9:6) and
55:0% (45-3-64-7), respecdvely (hgure 3). The estimated
fatality rates are higher than the estimate obtained from

the current cumulative number of deaths divided by the
current curmnulative number of hospital admissions,
because of the incomplete follow-up on patients still in
hospital.

A key feature of this epidemic is the clustering of cases
in place and time linked to a particular individual (in some
cases in a particular seting such as a residence block or
health-care setting), where one primary case has led to
many secondary and tertiary cases. The Amoy Gardens
outbreak is particularly striking, with the onset times of
the cases identified as anising from this setung following a
v disributon (figure 1). Work on the clusters is still
evolving and will be reported in detail separately.

Discussion

Our findings underline the importance of estimating the
key epidemiological determinants of the epidemic, the
infection-to-onset and onset-to-admission  interval

4 THE LANCET - Published online Mey 7, 2003 « htp://image. thelancet com/extras/03ari44 53web.pdf
Fur personal gse, only repreduce with permission from The Lancet Publishing Grout
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distributions. The analysis of the onset-to-admission
interval shows that over dme there has been a progressive
shortening of the time from clinical onset of symptoms to
presentation at hospital. ,

The estumadon of case fatality rates in the situation of
an emerging epidemic is not straightforward. First, our
estimates are derived from data on clinical cases that have
been admimed to hospital and, hence, estimate the
mortality rate only in this population. Second, the
temporal evolution of the epidemic complicates analysis.
Finally, the esdmates of the case fatality may vary
dependent on the methods used and their underlying
assumptions, although the esumates we present have
statistical wvalidity. All these issues require further
investigation as the epidemic evolves, and explain partly
the wide range of mortality estimartes reported to date.

Shortening the time between onset of clinical symptoms
and admission to hospital does not seem to affect clinical
outcome. However, shortening the time from clinical
onset to admission expedites isolaton and reduces the
effective infectious peried and, thus, the risk of onward
transmission. Such changes were already evident in late
March and early Aprii, but any additicnal shortening of
the time that symptomatic individuals are in  the
community will icad to further benefits at the population
level. The extent to which this time needs to be shortened

to reduce the generation of secondary cases from each
primary case 1o less than one (the effective reproductive
number, R,) in Hong Kong is the subject of 2 continuing
analysis.

Given the likely benefits 1o the wider community from
early presentation at hospital after the onset of symproms,
there should now be an intensive assessment of the
different public-health interventons, including publicity
campaigns in various media, to assess their impact on the
early reporting of symptoms. The promoton of early
reporting of all symptoms will challenge the health-care
systemn In dealing with those caused by other pathogens
and the so-called worried well. However, given the high
need for intensive care of patients, the case fataliry rate,
and public alarm worldwide, use of stringent measures to
limit the effective infectious period of probable SARS
cases would seem prudent. This approzch alone may
contritute substandally to the eventual curtailing or even
eradicaticn of the epidemic.

The epidemic has shown the need for communication
of risk that will inform and warn the public, in a way that
will improve personal protection, without inducing raised
anxiety and fear, as an essential part of epidemic control.
A change in sk perception would potentzally lead 1o an
increase in early reporting of symptoms as well as
improvements in hygiene and prevention of transmissiorn.

Further data may reveal that the incubation period
depends on the route of wansmission and on the
infectious dose received by an individual. The duration of
the infectious period and its relation to the incubation
period is uncertain at present (for example, the onset of
infectiousness may precede the onset of clinical
symptoms), Continuing clinical  studies  involving
quantitative assays of viral load at known times after
exposure and after the onset of clinical symptoms should,
however, clarify this property of the SARS agent. Critical
questions relating to how long patents should remain in
isclation are whether and to what extent virus remains in
facces or in aspirate after overt clinical symptoms have
stopped. .

The occurrence of clusters of cases linked to particular
individuais in 2 pardcular spatal setting has been an
important determninant of the overall magmitude of the
epidemic to date. A WHO team has now joined the Hong
Kong Government in examining on-site factors that were
apparently associated with a possible point-source outbreak
in Amoy Gardens.* The assessment of whether there is
variation in the characteristics of the disease, including
presenting symptoms by different clusters, requires further
investigation as the definition of clusters improves. The
occurrence of clusters is not necessarily a feature that can
informa public-health intervenrions in advance, except
within health-care setungs in which swuingent isolation
procedures must be adopted in handling suspected and
confirmed cases. Clusters do, however, provide a focus for
contact-racing studies 1o assess incubation periods and the
nature of the contact that resulted in wansmission,

The reported cases to date in Hong Kong and elsewhere
may simply reflect people with the most severe clinical
symptoms of infection with the new SARS wvirus. We
estimated the case fatality rate based on cases in hospital
only. If zdditions! infemions in the comrmunity do not eud
to admission to hospital or death, the case fatality rate
based on all infections would bz lower. Community-based
serological surveys to assess infection and recovery rates are
a priority once 2 specific and sensitive serological test is
available.

Finally the warm season has begun in Hong Kong, with
daily temperatures now at 25-30°C. The seasonal risks of

THE LANCET - Publis.hcd otdine May 7, 2003 - hup/fimage.thelencet. com/extras/D3ard453web.pdfl 5
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dengue and influenza will increase, and if serious outbreaks
occur, they will compilicate the triage of patients with
possible symptoms of SARS. Thus, measures that can be
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Appendix 6

LETTER FROM HONG KONG.........oo

An outbreak of atypical pneumonia among healthcare workers

he recent outbreak of atypical pneumonia, better known

as severe acule respiratory syndrome (SARS) underscores

the importance of occupational health risk to healthcare
workers. Within one week, about 50 healthcare workers have
contracted the disease, all traced to one index patient. Nurses,
doctors, ward assistants, and medical students alike were
infected. Despite the general beliel of a person-te-person
mode of transmission by droplets, the shape of the epidemic
curve in the early phase resembled that of a commeon source
outbreak, From preliminary epidemiological evidence, a
suspected source of the infection was the nebuliser used on : ) et

) ; . . o - FREARERR

the patient, the culprit believed to have aerosolised infectious BT et e
droplets and thus facilitated the spread of the disease. After
the patient was isolated and the use of the nebuliser stopped,
the rate of infection among healthcare workers has declined
considerably. By now, the disease has spread to the
community, affecting over 400 victims and showing no signs
of abatemnent. Wherever the disease first originated, it is now
clear SARS has become a serious and challenging public
health probiem of global dimensions. Our virology colleagues
have been very efficient in identifying 2 metapneumaovirus {of
the paramyxoviridae family) from the nasopharyngeal aspi-
rate shortly after the starr of the outbreak, and great efforts
are being made to elucidate the aetiology of the disease.

What lessons have we learnt? The safety of certain clinical
procedures has to be re-evaluated. An apparently “routine”
treatment for a patient with respiratory illness might turn out
1o be a major health threat not only to healthcare workers, but’
to other patients and the hospital work environment as well
Infection control practices should be reinforced for all respira-
tory infections, ameong primary healthcare providers, hospital
warkers, and hospital visitors alike. This outhreak also
illustrates how easily it is, at a time when air travel is a norm,
for a respiratory disease to spread to other cities and develop
inte a global health threat.

Qur war is far from over. All healthcare workers in Hong

Kong are working hard to track down the disease contacts.
.Quarantine measures, not enforced for nearly 40 years, are
being implemented. Primary and secondary schools and the
universities are closed. Health education is stepped up, and the
community has responded by positive actions such as holding
community health forums, raising awareness of personal
hygiene, and practising personal protective measures, includ-
ing wearing masks in public places. For all its damages, the
outbreak is a sobering reminder to healthcare workers of the
importance of infectious diseases and occupational health,
and to the general public of the equally important, but some-
times unrecognised role of preventive medicine.

Photographs are of the Prince of Wales Hospital where the
outbreak first occurred.

Tze Wai Wong
Prafessor, Deoartment of Communily and Family Medicine, The Chinese
University of Hong hong, Shalin, INT, Hong hong; iwwong@cuhih.cdu.fin
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» ABSTRACT

4 Top
PURPOSE: To retrospectively analyze the thin- - ABSTRACT

+ INTRODUCTION
~+ MATERIALS AND METHODS

section computed tomographic (CT) features in

patients with severe acute respiratory syndrome

(SARS) at the authors’ institution. + RESULTS
~ DISCUSSION

~ REFERENCES

MATERIALS AND METHODS: From March 11,
2003, to April 2, 2003, 74 patients with symptoms and signs suggestive of SARS

underwent CT of the thorax; all underwent thin-section CT except for one patient who

http://radiology.rsnajnls.org/cgi/content/full/2283030541v1 23/6/2003
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underwent conventional CT. Group 1 (7 = 23) patients had symptoms of SARS in
keeping with criteria from the Centers for Disease Control and Prevention and a
positive chest radiograph. Group 2 (7= 17) patients had a high clinical suspicion of
SARS but a normal radiograph. Group 3 (7 = 34) patients had minor symptoms and a
normal chest radiograph. The thin-section CT images were analyzed for ground—giass
‘opacification or consolidation, lesion size in each lung segment, peripheral or central
location, interstitial thickening, and other abnormalities.

RESULTS: Thin-section CT scans were abnormal only for patients in groups 1 and 2.
The patient with only conventional CT scans was in group 3; scans for group 3
patients were normal. Affected segments were predominantly in the lower [obes (91
of 149 affected segments). Common findings included ground-glass opacification,
sometimes with consolidation, and interlobular septal and intralobular interstitial
thickening. The size of each lesion and the total number of segmehts involved were
smaller in group 2 patlents A majority of patients in group 1 (14 of 23) had mixed
central and peripheral lesions. In group 2 however, periphera!l lesions were more
common (10 of 17). In both groups, a purely central lesion was uncommon (one of

23 in group 1 and two of 17 in group 2).

CONCLUSION: Common thin-section CT features of SARS are ground-glass
opacification and lower lobe and peripheral distribution. '

© RSNA, 2003

~ Index terms: Lung, CT, 69.12118 - Pneumonia, acute interstitial, 69.21 - Severe
acute respiratory syndrome

» INTRODUCTION

- Top
Editor’s Note: Although 25 patients included in this 4 ABSTRACT
« INTRODUCTION

report were also included in a report pubfished online
~ MATERIALS AND METHODS

by the New England Journal of Medicine

(www.nejm.org; April 7, 2003), the analysis of the v RESULTS -
specific thin-section computed tomographic findings || 7 2ESCUSSION

~ REFERENCES
for these 25 patients and for all others included in the
Radiology report has been performed in much greater detail. —Anthony V. Proto, MD,
Editor
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In mid-March 2003, there was an outbreak of atypical pneumonia in one of the wards
at our institution in Hong Kong, China. The disease initially affected mainly medical
personnel, thus raising alarm that this might be an unusual form of infection. Within 1
week, the number of infected individuals soared and included inpatients and patient
relatives, in addition to medical personnel. Cases were beginning to appear in other
countries in the region, Europe, North America, and Australia. By the end of the 2nd
week, quarantine measures and international travel were substantially altered due to
the rapidly rising number of cases. This infection was termed severe acute respiratory
syndrome (SARS) and is of unknown etiology, although a coronavirus has been
implicated (1). Clinically, the syndrome is defined by the Centers for Disease Control
and Prevention (CDC) by three criteria (2): (&) a high fever of more than 38°C and
(b) one or more clinical findings of respiratory iliness (eg, cough, shortness of breath,
difficulty breathing, hypoxia, or radiographic findings of either pneumonia or acute
respiratory distress syndrome) and () travel within 10 days of onset of symptoms to
an area with documented or suspected community transmission of SARS, or close
contact within 10 days of onset of symptoms with either a person with a respiratory
iliness who traveled to a SARS area or a person known to be a suspect SARS case
(close contact is defined as having cared for, having lived with, or having had direct
contact with respiratory secretions and/or body fluids of a patient suspected of having
SARS).

Since there is no single test that can be used to diagnose the condition with a
reasonable degree of accuracy and reliability, the diagnosis must be based on clinical

appearance in combination with imaging features. Chest radiography is one of the
major diagnostic components according to World Health Organization and CDC
guidelines (3,4). The purpose of our study was to analyze retrospectively the thin-
section computed tomographic (CT) features in patients with SARS at our institution.

» MATERIALS AND METHODS

- . « Top
Patients and CT Imaging « ABSTRACT
Our institutional review board approved this a INTRODUCTION

. . . MATERIALS AND METHODS
retrospective study; informed consent was not M

required. ~ RESULTS
~ DISCUSSION

From March 11, 2003, to April 2, 2003, 74 patients ~ REFERENCES
underwent CT scanning (Highspeed Advantage; GE
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Medical Systems, Milwaukee, Wis) of the thorax. The average age of the 22 male and
52 female patients was 34.7 years (range, 2—-82 years). Initially, because we were
faced with an unknown disease affecting mainly medical personnel working in the
same ward, the first 50 patients underwent both conventional CT of the entire thorax
(7-mm section thickness, pitch of 1.5, 120 kV, 180 mA) and thin-section CT of the
thorax to better evaluate the lungs (1-mm section thickness with 6-mm gap, supine
position, scanning during inspiration, 1 second per scan, 120 kV, 140 mA). On the
basis of our findings in these first 50 patients, we performed only thin-section CT in
subsequent patients. In one patient (a 2-year-old boy), only conventional CT was
performed because the boy was unable to hold his breath.

The patients were sorted into three groups. Group 1 (n7 = 23) included patients who
had symptoms and signs consistent with what is now defined as SARS and
abnormalities on their chest radiographs consistent with pneumonia or acute
respiratory'distress syndrome. Because SARS is a new entity and thus we had no
previous literature to refer to for guidance, we performed CT in these patients—
despite their positive chest radiographs—to look for any additional findings. CT was
performed an average of 3.3 days (range, same day to 13 days) after admission in
this group. Group 2 (/7= 17) included patients in whom there was a strong suspicion
of SARS but who had a normal chest radiograph. All had a history of contact with a
person without a respiratory iliness who traveled to a SARS area or a person known
to be a suspect SARS case, high fever (higher than 38°C), respiratory symptom(s),
and leukopenia. CT was performed an average of 0.8 days (range, same day to 5
days) after admission in this group. Group 3 (7= 34) included medical personnel or
patients who had minor symptoms such as cough or low-grade fever, a normal chest
radiograph, and a low suspicion for SARS. They underwent CT because they had a
history of contact with other personnel or patients with a diagnosis of SARS. CT was
performed an average of 1.4 days (range, same day to 6 days) after admission in this
group.

Review of CT Imagés

All CT images were reviewed by three radiologists (A.T.A., KT.W., G.E.A.) using a
viewing console. Decisions were reached by consensus. Each segment of the lung
was reviewed for opacification, and the lesion size was described as small (diameter,
<1 cm), medium (diameter, 1 to <3 cm), large (diameter, 3 cm to <50% of the
segment), or segmental (50%-100% of the segment). The Eoca‘tion of the lesion was
defined as peripheral if it was in the outer one-third of the lung; otherwise, it was
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defined as central.

Ground-glass opacification was defined as increased lung parenchymal attenuation
that did not obscure the underlying vascular architecture (5). Consolidation was
defined as opacification in which the underlying vasculature was obscured (5). Each
lesion was magnified and examined for intralobular, interlobular septal, or peri-
bronchovascular interstitial thickening. Attention was also paid to the presence of
nodules or masses, cavitation or calcification, bronchiolar or bronchial dilatation, and
emphysema. Any other abnormalities seen were noted.

Follow-up Chest Radiography in Group 2
Follow-up chest radiographs, obtained daily in the patients in group 2 (all of whom
had normal initial radiographs), were reviewed by three radiologists (K.T.W., E.H.Y.Y.,

G.E.A.). Decisions were reached by consensus. The radiographs were reviewed
separately from the CT scans and were evaluated for development of areas of

opacification.
» RESULTS
|  ~ Top
The 40 patients in groups 1 and 2 (all of whom a ABSTRACT -

4 INTRODUCTION

underwent thin-section CT) consisted of 13 maie and
a MATERIALS AND METHODS

27 female patients. Their ages ranged from 2 to 82

years of age with a mean of 37.2 years (mean of 39.6 || - RESULTS
years for patients in group 1 and 33.9 years for v DISCUSSION

- : w REFERENCES
patients in group 2). The patients in groups 1 and 2

were considered to have SARS or were strongly suspected of having SARS on the
basis of CDC criteria. The 34 patients in group 3 were ultimately considered not to
have SARS, since they did not fulfill the CDC criteria. The CT scans in these patients
were normal, including the scans in one patient who underwent only conventional CT
and the 33 patients who underwent thin-section CT.

Sites Involved and Frequency

Although all segments of the fung can be involved, affected segments were
predominantly in the lower lobes (91 of 149 affected segments, 61.1%) (Table 1, Fig
1). The number of patients with lower lobe involvement (30 of 40 patients) was also
greater than the number with involvement in other lobes (14 of 40 had upper lobe
involvement) (Table 2). Patients in group 2 had a higher percentage of lower lobe
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involvement than did those in group 1.

View this table: TABLE 1. Number of Segments Affected by Abnormality
[in this window]
[in a new window]

Figure 1. Transverse thin-section CT scan of
lower lobes shows involvement in multiple
segments. Lesions show opacification, are of
various sizes, and are distributed in a peripheral
manner.

View larger version {110K):
[in this window]
[in a new window]

View this table: TABLE 2. Number of Patients with Affected Segments in
[in this window] Particular Lung Regions
[in a new window]

The average number of segments involved per patient was 5.0 for the patients in
group 1 (range, 1-15) and 2.0 for the patients in group 2 (range, 1-3) (Table 1).
Bilateral involvement was present in 14 (61%) of the 23 patients in group 1 and three
(18%) of the 17 patients in group 2 (Table 2).

Size of Lesions

There was a difference between the sizes of the lesions in group 1 and those in group
2 (Table 3). A higher proportion of large lesions (>3 cm) was seen in group 1 (68 of
115, 59%) compared with group 2 (eight of 34, 24%).

View this table: TABLE 3. Number of Segments with Lesions of Particular
[in this window] 5Sizes
fin a new window]
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Characteristics of Lesions at Thin-Section CT

In terms of location within a lung segment, the lesions tended to be peripheral
(71.8%) or both central and peripheral (19.5%) (Table 4). A purely central location
was uncommon (8.7%). The proportion of mixed central and peripheral lesions was
greater in group 1 (14 of 23} than it was in group 2 (five of 17); in group 2,
peripheral lesions were more common (10 of 17). In both groups, a purely central
lesion was uncommon (one of 23 in group 1 and two of 17 in group 2).

View this table: TABLF 4. Number of Patients with Particular Characteristics
[in this window] at Thin-Section CT
[in a new window]

The lesions most often showed ground-glass opacification (68.4%}) (Table 4, Fig 2) or

mixed ground-glass opacification and consolidation (14.8%) (Fig 3). Consolidation
without ground-glass opacification (16.8%) was less common. Ground-glass
opacification was present alone or in combination with consolidation in 20 of 23
patients in group 1 and in 16 of 17 patients in group 2. Consolidation alone was
uncommon, however, and was seen in only three of 23 patients in group 1 and one of
17 patients in group 2.

Figure 2. Transverse thin-section CT scan
shows ground-glass opacification of lesion.
Underlying vascular architecture (arrowhead) is
dlearly visible. The bronchi are dilated.

View larger version (166K):
[in this window]
[in a new window]

e b A AT A DA INNNTD
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Figure 3. Transverse thin-section CT scan
shows mixed ground-glass opacification and
consolidation. Air bronchogram (arrow) is
present in the center of the consolidation.

View larger version (158K):
[in this window]
[in a new window]

Other findings included thickening of interlobular septa (24.2%) and intralobular
interstitium (32.2%) (Table 4). These were only seen superimposed on ground-glass
opacification to produce a crazy-paving pattern (Fig 4). Bronchiectasis was present in
6.7% of lesions (Table 4) and affected the segmental bronchi supplying the area of
parenchymal opacification.

Figure 4. Transverse thin-section CT scan shows
ground-glass opacification and thickened
interlobular septa (arrow) and intralobular
interstitium (crazy-paving pattern).

: SRR, &
View larger version
(135K):

[in this window]
[in a new window]

Peri-bronchovascular interstitial thickening, masses or nodules, emphysema,
cavitation, or calcification was not present.

Two patients had apical fibrosis and a calcified nodule, findings that are suggestive of
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old tuberculosis infection. One patient (a 76-year-old man) had bilateral pleural
effusions and cardiomegaly, which are suggestive of congestive cardiac failure. One
patient (an 82-year-old woman) had enlarged lymph nodes, which appeared matted,
and another patient (a 60-year-old woman) had a 1.8-cm irregular nodule in the left
upper lobe and a 4-mm nodule in the right upper lobe. These two patients will
undergo further evaluation.

Follow-up Chest Radiography in Group 2

Follow-up chest radiography of patients in group 2 showed abnormalities (areas of
opacification) in 12 patients (71%) and normal findings in the other five (29%). The
radiographic abnormalities developed an average of 2.0 days (range, same day to 5
days) after CT. The five patients with no subsequent radiographic abnormalities were
followed up for an average of 3.4 days (range, 2-6 days) after CT.

» DISCUSSION

) . . . « Top
SARS is a newly described infection of unknown « ABSTRACT
« INTRODUCTION

etiology. A coronavirus has been implicated as the
a MATERIALS AND METHODS

causative agent (4). Our initial experience has shown

some frequent findings at thin-section CT. In terms of || ~ RESULTS
. DISCUSSION

distribution, the fower lobes are preferentially affected || | reperENCES

(average of 5.0 segments for group 1 and 2.0 for
group 2), especially in the early stages (assuming the group 2 patients to be in an
earlier stage of infection than the group 1 patients). The patients with more advanced
cases show more bilateral involvement (61% in group 1). The lesions tend to be
peripheral and smaller (76% were smaller than 3 cm in group 2) in the less severely

affected fungs, also suggesting that we are scanning patients with an earlier stage of
the disease. In patients with more advanced cases, there is involvement of the
central, perihilar regions by larger (>3 cm) lesions. The majority of the lesions
contained an area of ground-glass opacification with or without consolidation. Other
findings include intralobular thickening, interlobular septal thickening, a crazy-paving
pattern, and bronchiectasis. None of the CT features of this syndrome were
themselves specific or diagnostic. The crazy-paving pattern, once thought to be |
characteristic of alveolar proteinosis, has been shown to occur in many other
diseases, such as usual interstitial pneumonia, infection, pulmonary edema, adult
respiratory distress syndrome, bronchiolitis obliterans organizing pneumonia (BOOP),
and hemorrhage and as a result of irradiation (6). Some of these diagnoses could be
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excluded by correlating the clinical history with the distribution of opacification. Thus,
our differential diagnosis in terms of CT findings included other causes of atypical
pneumonia, BOOP, chronic eosinophilic pneumonia, and acute extrinsic allergic
alveolitis.

Atypical pneumonia is frequently caused by Mycoplasma species, influenza virus, or
Chlamydia species. Tanaka et al (7) described a central pattern of ground-glass
opacification and consolidation in these types of atypical pneumonia. This appearance
may then progress to centrilobular, acinar shadows and air-space consolidation with a
lobular distribution. We have not found these to be major features of SARS in our
series,

Bronchiolitis obliterans is an inflammatory disease of the bronchioles and alveolar
ducts that results in destruction of the airways and scarring. This condition combined
with an organizing pneumonia is termed BOOP. The CT findings of BOOP are well
recognized (8-10) and are similar to those of SARS. These similarities include the
lower lobe and peripheral distribution, a mixture of ground-glass opacification and
consolidation, interstitial or septal thickening, and bronchiectasis. Nodules were not
present in the patients with SARS in our series but are relatively common (31.6%) in
patients with BOOP (11). Patients with BOOP also demonstrate lymphadenopathy
(13%) (12) and pleural effusion (20%) (12), of which we saw only one case each in
our patients with SARS.

Chronic eosinophilic pneumonia shares many of the features of BOOP and thus SARS.
In a recent thin-section CT study of BOOP and chronic eosinophilic pneumonia (11),
both diseases showed a high prevalence of consolidation (86.8% and 74.4%,

respectively) aside from ground-glass opacification. In a report by Jederlinic et al
(13), chronic eosinophilic pneumonia has been shown to have middle and upper zone
predominance, which is different from the lower zone predominance in SARS.

Acute allergic extrinsic alveolitis is an abnormal immunologic reaction to inhaled
allergens, which produces an alveolar inflammation, ground-glass opacification, and
consolidation. However, its distribution is predominantly in the middle zone (sparing
the lower lobes), and centrilobular nodules may be present (14).

During this outbreak of SARS, our initial 50 patients underwent both conventional CT
(7-mm section thickness, pitch of 1.5) and thin-section CT (1-mm section thickness,
6-mm gap). Both examinations were performed because we were faced with an

httn'//radinlaav.rsnainle nra/cei/content/fuli/2 283030541 v1 : 23/6/2003
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unknown disease and we wanted to rule out other findings such as lymphadenopathy
and pleural effusion. Because we did not observe these findings in the initial 50
patients, we changed the protocol to include only thin-section CT of the thorax.

In retrospect, the 34 patients in group 3, who had minor symptoms and a normal
chest radiograph, would not have been scanned if we strictly adhered to the definition
subsequently released by the CDC. These patients—some of whom were inpatients
but most of whom were medical personnel and all of whom had a history of contact
with a person without a respiratory illness who traveled to a SARS area or a person
known to be a suspect SARS case—were scanned at a time when we were faced with
an unknown disease and were experiencing a high level of anxiety. Although we now
consider CT unnecessary for such patients, these CT findings did help us as we began

learning about this disease.

Our current imaging protocol is the following: (&) Patients with symptoms and signs
consistent with SARS and with abnormalities on chest radiographs are followed up
with serial radiography. CT scanning is not required for diagnosis. (4) Patients with
symptoms and signs consistent with SARS and with a normal chest radiograph
undergo thin-section CT to confirm the diagnosis. They subsequently undergo serial
radiography for follow-up. (¢) Patients with minor symptoms and signs that do not
match the definition of SARS do not undergo thin-section CT.

There are limitations to our study. First, on the basis of the number of patients
studied, the full range of disease distribution and appearance may not have been
demonstrated. Second, we have no proof; histologic or biochemical, that the patients
had been infected with the same causative agent. At this writing, the causative agent
has not been definitively isolated and a definitive test has not yet been developed for
diagnosis. |

In summary, the CT features of SARS are predominantly ground-glass opacification,
lower lobe predominance, and peripheral distribution.

» FOOTNOTES

See also the article by Wong et al in this issue.

Abbreviations: BOOP = bronchiolitis obliterans organizing pneumonia, CDC = Centers

.hf‘rn' Hradinlaav renzinls ara/cai/content/full/2783030541v1 23/6/2003
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for Disease Control and Prevention, SARS = severe acute respiratory syndrome
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obtained at clinical presentation and during treatment
in 138 patients with confirmed SARS (66 men, 72 women; mean age, 39 years; age
range, 20-83 years) were assessed. Radiographic appearances of puimonary
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parenchymal abnormality, distribution, and extent of involvement on initial chest
radiographs were documented. Recognizable patterns of radiogra phic progression
were determined by comparing the overall mean percentage of lung involvement for
each patient on serial radiographs.

RESULTS: Initial chest radiographs were abnorma! in 108 of 138 (78.3%) patients
and showed air-space opacity. Lower lung zone (70 of 108, 64.8%) and right lung (82
of 108, 75.9%) were more commonly involved. In most patients, peripheral lung
involvement was more common (81 of 108, 75.0%). Unifocal involvement (59 of 108,
54.6%) was more common than multifocal or bilateral involvement. No cavitation,
lymphadenopathy, or pleural effusion was demonstrated. Four patterns of
radiographic progression were recognized: type 1 (initial radiographic deterioration to
peak level followed by radiographic improvement) in 97 of 138 patients (70.3%), type
2 (fluctuating radiographic changes) in 24 patients (17.4%), type 3 (static
radiographic appearance) in 10 patients (7.3%), and type 4 (progressive radiographic
deterioration) in seven patients (5.1%). Initial focal air-space opacity in 44 of 59
patients (74.6%) progressed to unilateral multifocal or bilateral involvement during
treatment.

CONCLUSION: Predominant peripheral location; common progression pattern from
unilateral focal air-space opacity to unilateral multifocal or bilateral involvement
during treatment; and lack of cavitation, lymphadenopathy, and pleural effusion are
the more distinctive radiographic findings of SARS.

© RSNA, 2003

Index terms: Lung, radiography, 68.11 « Pneumonia, acute interstitial, 68.21 -
Severe acute respiratory syndrome

» INTRODUCTION

~ Top
Editor’s Note: Although the 138 patients described in || ~ ABSTRACT
this report were also included in & report published - INTRODUCTION
, - ~ MATERIALS AND METHODS
online by the New England Journal of Medicine +~ RESULTS
(www.neim.orq; April 7, 2003), the analysis of the v DISCUSSION

v REFERENCES

radiographiic findings for these patients in the
Radiology report has been performed in much greater detail.
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—Anthony V. Proto, MD, Editor

In early March 2003, there was an outbreak of atypical pneumonia in Hong Kong. The
World Health Organization (WHO) defined the illness as severe acute respiratory
syndrome (SARS). At the time of writing this article, there have been 1,059 reported
cases in Hong Kong and more than 2,890 cases worldwide (1), including 32 deaths in
Hong Kong related to the illness.

At our institution, over 200 confirmed cases of SARS have been treated (2). Imaging
plays a crucial role in diagnosis and in monitoring of disease progress during medical
treatment. From our experience, the radiographic appearances of SARS at the time of
initial presentation are variable, ranging from normal to widespread opacification. In
addition, patients show different radiologic progression during treatment.

Because the role of imaging is central to the diagnosis and the care of the patients,
radiographers and radiologists should be aware of the radiographic appearances of
this disease and the infection-control guidelines to prevent transmission of the
disease. The purpose of our study was to retrospectively evaluate the radiographic
appearances and patterns of progression in patients with SARS.

» MATERIALS AND METHODS

. - Top
Subjects 4 ABSTRACT
Between March 11 and 25, 2003, 138 subjects (66 « INTRODUCTION
‘ \ _— || = MATERIALS AND METHODS
men, 72 women; mean age, 39 years; age range 20 ~ RESULTS

83 years) were identified as being secondary (history {| ~ DISCUSSION
v REFERENCES

of direct contact with index case at our institution) or
tertiary (history of direct contact with secondary cases) cases of SARS at our
institution. There were 66 men and 72 women, with a mean age of 39 years, age

range of 20-83 years. Sixty-nine of the 138 were health care workers and an
additional 16 were medical students who were present for clinical teaching in the
index ward (Table 1). The remaining 53 were inpatients in the same medical ward or
those who had visited their relatives in that ward. The diagnosis of SARS was based
on WHO diagnostic criteria (3). This retrospective study was approved by our
Institutional Review Board; patient informed consent was not required.
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View this table: TABLE 1. Profile of 138 Subjects with SARS
[in this window] :
[in a new window]

Chest Radiography and Evaluation '

Frontal chest radiographs were obtained at initial ciinical presentation and during
treatment. The initial chest radiograph was obtained an average of 2.5 days (range,
0-10 days) after onset of fever. Only frontal chest radiographs were obtained
(posteroanterior for subjects who could stand, anteroposterior for those who could
not). All radiographic examinations were performed with computed radiography
equipment {Mobilett Plus; Siemens, Erlangen, Germany) by using a standardized
technique (75 kV, 4 mAs, 180-cm film-focus distance for posteroanterior; 70 kV, 4
mAs, 100-cm film-focus distance for anteroposterior; broad tube focus for both). The
images were assessed by using a picture archiving and communication system viewer
with a 2,048 x 2,048-pixel monitor (Magicview version VA22E; Siemens).

" The frontal chest radiographs obtained at clinical presentation and at follow-up during
treatment were retrospectively reviewed in consensus by three radiologists (K.T.W.,
G.E.A,, H.Y.Y.) who were unaware of the clinical progress of the subjects. Each lung
was divided into three zones: upper, middle, and lower. Each zone spanned one-third
of the craniocaudal distance of the lung on the frontal radiograph and was evaluated
separately.

The observers assessed the presence, appearances, distribution, and size of lung
parenchymal abnormalities on each chest radiograph in all subjects. The appearancés
were categorized as follows: air-space shadow, reticular shadow, nodular shadow, or
mass. The anatomic distribution was noted to be central if the abnormality
predominantly involved the medial half of the zone and peripheral if it predominantly
involved the lateral half. The size of the lesion was assessed by visually estimating the
percentage area occupied in each zone on each side to determine the overall mean
percentage of involvement by averaging the percentage involvement of the six lung
zones. Associated findings, in particular the presence of cavitation, lymphadenopathy,
and pleural effusion, were also assessed.

Serial frontal chest radiographs obtained during treatment were also retrospectively
reviewed by the same radiologists in consensus. All subjects included in this study
underwent serial foitow-up chest radiography for at least 14 days (unless deceased).
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For each follow-up radiograph, the extent of lung parenchymal involvement was
assessed by using the same method as for the radiograph obtained at initial clinical
presentation. Follow-up radiographs were obtained daily during the hospital stay. All
subjects were given a combination of ribavirin (Derbin BLC, United Kingdom) (an
antiviral agent, administered orally; initial dose of 2.4 g foliowed by 1.2 g three times
daily) and corticosteroid (prednisolone; Clonmel Healthcare, Ireland) (0.5~1.0 mg per
kilogram of body weight per day; ) for treatment. The steroid methylprednisolone
(Solu-medrol; Pharmacia Upjohn, Belgium) was administered intravenously in pulsed
fashion (0.5 g for three consecutive days) to 107 subjects whose clinical condition so

indicated.

Data Analysis

The radiogréphic patterns at the time of clinical presentation in all 138 subjects, as
assessed on initial chest radiographs, were analyzed and categorized as normal or
unifocal, unilateral multifocal, or bilateral multifocal abnormalities. The distribution of

lung parenchymal involvement in terms of central or peripheral involvement and the
sones involved were noted. We determined if there were recognizable patterns of
radiographic progression by comparing the overall percentage of lung involvement for
each subject on serial radiographs.

» RESULTS
« Top
Appearances of Abnormalities at Presentation a ABSTRACT
" Chest radiographs obtained at presentation were 4 INTRODUCTION

) . 4 MATERIALS AND METHODS
abnormal in 108 of 138 subjects (78.3%). The . RESULTS _

radiographic pattern observed in all 108 subjects was || + DISCUSSION
+ REFERENCES

air-space opacities with ill-defined margins. None of
these lesions showed a reticular or nodular pattern or a mass. There was no evidence
of cavitation in the area of air-space consolidation, lymphadenopathy, or pleural
effusion (except in one subject with concomitant congestive cardiac failure who had a
small pieural effusion) on any chest radiograph at initial presentation. Chest
radiographs obtained at presentation were normal in 30 of 138 subjects (21.7%).

Distribution of Abnormalities at Presentation

The location and appearance of lung opacities on initial radiographs are shown in
Tables 2 and 3, respectively, The right lung (82 of 108 subjects, 75.9%) was involved
in more subjects than the left (67 of 108, 62.0%). The disease showed a predilection
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for the lower zone (70 of 108, 64.8%). Involvement of peripheral lung parenchyma
(81 of 108, 75.0%) (Fig 1) was more common than a mixed peripheral and central
pattern (14 of 108, 13.0%) or a central pattern (13 of 108, 12.0%) at the time of
presentation. Unifocal involvement (59 of 108, 54.6%) was slightly more common
than multifocal involvement (49 of 108, 45.4%). Bilateral disease was present in 41
(38.0%) subjects. At presentation, the overall mean lung involvement was 4.7%
(range, 0.8%—63.3%).

View this table: TABLE 2. Location of Lung Opacities on Initial Radiographs in
[in this window] 108 Subjects
[in @ new window]

View this table: TABLE 3. Appearance of Lung Opacities on Initial
[in this window] Radiographs in 108 Subjects
[in @ new window}

Figure 1. Frontal chest radiograph in a 23-yeai-
old man with SARS shows a focal ill-defined air-
space opacity predominantly involving the
periphery of right lower zone. Note lack of
cavitation, lymphadenopathy, and pleural
effusion.

"3

View larger version (161K):
[in this window]
[in @ new window]

Radiographic Progression

Of the 30 subjects with an initial normal chest radiograph, 29 showed evidence of air-
space opacities on subsequent follow-up chest radiographs after an average of 3.1
days (range, 1-7 days). The remaining subject had normal-appearing follow-up
radiographs, but signs and symptoms were strongly suggestive of SARS and the

htto://radioloay.rsnajnls.org/cgi/content/full/2282030593v1 23/6/2003
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diagnosis was made with the aid of thin-section computed tomography (CT) of
thorax. Thus, of the total of 138 subjects, all but one showed air-space opacity, either
initially (77 = 108) or subsequently (7 = 29) on radiographs. '

At review of follow-up radiographs, we were able to identify four patterns of
radiographic progression (Table 4, Fig 2): type 1, initial radiographic deterioration to
peak level, followed by radiographic improvement, with maximum difference in overall
mean lung involvement greater than 25%; type 2, fluctuating radiographic changes
with at least two radiographic peaks and an intervening trough, which differed by
more than 25% for overall mean lung involvement; type 3, static radiographic
changes with no discernible radiographic peak or change in overall mean lung
involvement of less than 25% for more than 10 days; and type 4, progressive

radiographic deterioration.

View this table: TABLE 4. Patterns of Radiographic Progression of SARS in
[in this window] 138 Subjects
[in a new window]

Figure 2. Schematic depicts the four p;atterns of
radiographic progression determined from serial
chest radiographs. See Table 4 for time to peak(s).

e e e

Yok, -

View larger version
(22K):
[in this window]
[in a new window]

The type 1 pattern was the most commonly observed (97 of 138, 70.3%), with
radiographic deterioration to a peak (mean time from onset of fever to peak, 8.6 days
+ 3.1 [SD]; range, 2-17 days) followed by radiographic improvement (Fig 3). Twenty-
four of 138 subjects (17.4%) had the type 2 pattern, with two distinct radiographic
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peaks at 6.3 days £ 3.0 and 13.5 days £ 3.7. Ten subjects (7.3%) had the static type
3 radiographic appearances for most of the time during treatment. Among seven
subjects with Type 4 pattern, radiographs showed progressive deterioration until the
lungs became completely consolidated or the subject died. Six died during the study
period, and one remains critically ill at the time of this writing, requiring intensive care

and assisted ventilation.

View larger version
(162K):
[in this window}
[in a new window]

View larger version
{(149K);
[in this window]

[in a new window]

Figure 3a. Serial radiographic appearances in a
23-year-old woman with SARS, type 1 pattern.
(a) Frontal chest radiograph obtained at clinical
presentation shows unilateral focal air-space
opacity in the right middle zone. (b} Follow-up
frontal chest radiograph obtained 5 days later
shows progression of radiographic changes, with
multifocal bilateral air-space opacities in both
lungs. (c) Subsequent follow-up chest radiograph
obtained after another 7 days shows radiographic
improvement in extent of pulmonary parenchymal
air-space opacities after successful medical
therapy with a combination of oral ribavirin and
corticosteroids.

Figure 3b. Serial radiographic appearances in a
23-year-old woman with SARS, type 1 pattern.
(a) Frontal chest radiograph obtained at clinical
presentation shows unilateral focal air-space
opacity in the right middle zone. {(b) Follow-up
frontal chest radiograph obtained 5 days later
shows progression of radiographic changes, with
multifocal bilateral air-space opadities in both
lungs. (c) Subsequent follow-up chest radiograph
obtained after another 7 days shows radiographic
improvement in extent of pulmonary parenchymal
air-space opacities after successfui medical
therapy with a combination of oral ribavirin and
corticosteroids.
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Figure 3c. Serial radiographic appearances in a
23-year-old woman with SARS, type 1 pattern.
(a) Frontal chest radiograph obtained at clinical
presentation shows unilateral focal air-space
opacity in the right middle zone. (b) Follow-up
frontal chest radiograph obtained 5 days later
shows progression of radiographic changes, with
multifocal bilateral air-space opacities in both
lungs. (c) Subsequent follow-up chest radiograph
obtained after another 7 days shows radiographic

View larger version  jmprovement in extent of pulmonary parenchymat
(153K): air-space opacities after successful medical
fin this window] therapy with a combination of oral ribavirin and
[in a new window] corticosteroids.

Of the 59 subjects with unilateral focal air-space opacity on initial radiographs, 44
(74.6%) progressed to unilateral multifocal (77 = 10) or bilateral multifocai (7 = 34)
air-space opacities during hospitalization. In fifteen (25.4%), the opacity remained
unilateral focal in terms of lung involvement.

Confluent air-space opadities diffusely involving both lungs, compatible with acute
respiratory distress syndrome, were observed in 11 of 138 subjects (8.0%) during the
course of the disease (Fig 4); this occurred almost exclusively in subjects with poor
clinical outcome (six died and five required prolonged assisted ventilation at the end
of the study period).

g3y Figure 4. Frontal chest radiograph in a 76-year-
old man with SARS who was undergoing medical
treatment shows diffuse confluent air-space
opacities involving both lungs and normal heart
size. These findings are compatible with
radiologic features of acute respiratory distress
syndrome.

View larger version
(150K):
{in this window]
[in a new window]
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p DISCUSSION

- Top
SARS was recognized as a global health hazard in « ABSTRACT
March 2003. At our institution it initially affected « INTRODUCTION
~ MATERIALS AND METHODS
mainly health care professionals but soon spread to » RESULTS
involve inpatients, outpatients and their contacts. - DISCUSSION
_ _ _ - REFERENCES
With the convenience of air travel, the disease has

now spread to all parts of the world, with patients appearing in other parts of Asia,
Europe, North America, and Australia. In view of the worldwide increase in number of
confirmed cases, the WHO issued a global alert for the first time in more than a
decade (1). The disease is highly infectious and, at thé time of this writing, only
preliminary data have been reported on the causative agent of SARS. A coronavirus

has been implicated as the causative agént (4). It is suspected that infection is
transmitted by means of droplets and, possibly, fomites; hence, both respiratory and
contact infection-control precautions are important for the protection of health care
workers, as recommended by the Centers for Disease Control and Prevention (5).

On the basis of our results, air-space opacification is the pattern seen on chest
radiographs in patients with SARS. All but one of 138 subjects showed air-space
opacification of varying extent and distribution at some stage of the disease. In one

subject, the initial and early-progress radiographs were normal and the diagnosis was
made with the aid of thin-section CT of thorax. The CT scans in this subject showed a
small (approximately 2-cm) area of ground-glass opacification with intralobular
interstitial and interlobular septal thickening in the posterior costophrenic recess of
the right lung. We have recently reported the thin-section CT findings in patients with
SARS (6).

The peripheral location of air-space opacification was another common radiographic
feature of SARS in our study. The opacities occupied a peripheral or mixed peripheral
and central location in 88% of subjects. Important absent findings included the lack
of cavitation, lymphadenopathy, or pleural effusion.

The radiographic appearance of peripheral air-space opacities in SARS is
indistinguishable from other causes of atypical pneumonia, such as Mycop/asma,
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Chlamydia, and Legionella (7,8), and overlap with other types of viral pneumonia in
adults (9). Since imaging alone cannot help differentiate SARS from other diseases,
the clinical manifestation is indispensable for diagnosis. The presence of characteristic
clinical features, including high fever (temperature > 38°C), chills, rigor, myalgia, and
laboratory findings such as leukopenia and thrombocytopenia in patients with recent
exposure, are very suggestive of SARS. The presence of an air-space opacity on chest
radiographs has been as helpful in confirmation of the diagnosis.

Radiographic progression to unilateral multifocal or bilateral involvement occurred in
most subjects with unilateral focal air-space opacity on the initial chest radiograph
obtained during treatment with a combination of an antiviral agent and
corticosteroids. We found that only a small percentage (7.2%) of subjects with SARS
showed a static radiographic appearance (type 3 pattern) for most of the time during
treatment. On the other hand, progressive radiographic deterioration despite medical
treatment seems to be associated with poor prognosis, with all deaths in our series
6ccurring in patients with the type 4 pattern.

There are some limitations to our early study: (@) The subjects in this study were a
heterogeneous group, and we have not taken into account the severity of clinical
symptoms and ciinical outcome. (b) Visuai estimation of the percentage of lung
involvement may appear to be subjective; however, in our opinion this appears to be
the most practical method in real life, in an epidemic crisis in which it is not possible
to design detailed computer-based models at short notice. (¢ A frontal radiograph
alone may not be accurate in helping identify central versus peripheral lesions;
however, in patients who underwent thin-section CT, this localization proved to be
accurate (6). (a) This report does not deal with clinical and radiologic comparison,
particularly the timing and type of treatment regimen and the timing of the -
radiographic response. It also does not include evaluation of any outcome indicators.

Such an avaluation requires detailed clinical, immunologic, and statistical analyses,
which may be possible when more data and experience become available.

In conclusion, SARS has become a giobal health hazard and its high infectivity is
alarming. Imaging plays an important role in the diagnosis and monitoring of
response to therapy. The predominant peripheral location; common progression
pattern from unilateral focal air-space opacity to unilateral muttifocal or bilateral
involvement during treatment; and lack of cavitation, lymphadenopathy, and pleural
effusion are the more distinctive radiographic findings of this potentially lethal

http://radiology.rsnajnls.org/cgi/content/full/2282030593v1 23/6/2003
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disease.

» FOOTNOTES

See also the other article by Wong et al in this issue.

Abbreviations: SARS = severe acute respiratory syndrome, WHO = World Health
Organization
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» ABSTRACT

- Top
PURPOSE: To report the initial experience regarding . ABSTRACT
thin-section computed tomographic (CT) findings in v INTRODUCTION
_ ~ MATERIALS AND METHODS
patients with severe acute respiratory syndrome ~ RESULTS

(SARS) who improved clinically after treatment. v DISCUSSION
+ REFERENCES

MATERIALS AND METHODS: Twenty-four patients
(10 men, 14 women; mean age, 39 years; age range, 23-70 years) with confirmed
SARS underwent follow-up thin-section CT of the thorax. The scans were obtained on
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average 36.5 days after hospital admission and were analyzed for parenchymal
abnormality (ground-glass opacification, consolidation, or interstitial thickening) and
evidence of fibrosis (parenchymal band, traction bronchiectasis, irregular interfaces).
Patients were assigned to group 1 (with CT evidence of fibrosis) and group 2 (without
CT evidence of fibrosis) for analysis. Patient demographics, length of hospital stay,
rate of intensive care unit admission, peak lactate dehydrogenase level, pulsed
intravenous methylprednisolone therapy, and peak opacification on chest radiographs
were compared between the two groups.

RESULTS: Parenchymal abnormality was found in 96% (23 of 24) of patients and
ranged from residual ground-glass opacification and interstitial thickening in group 2
(nine of 24, 38%) to fibrosis in group 1 (15 of 24, 62%). Patients in group 1 were
older (mean age, 45 vs 30.3 years), had a higher rate of intensive care unit admission
(27% [four of 15] vs 11% [one of nine]), more requirement for pulsed intravenous
methylprednisolone (87%, [13 of 15] vs 67% [six of nine]), higher peak lactate
dehydrogenase level (438.9 vs 355.6 U/L), and higher peak opacification on chest
radiographs (estimated area, 14% vs 11%) than patients in group 2.

CONCLUSION: Pulmonary fibrosis may develop early in patients with SARS who
have been discharged after treatment. Patients who are older and have more severe
disease during treatment are more likely to develop thin-section CT findings of
fibrosis.

© RSNA, 2003

Index terms: Lung, CT, 69.12118 « Pneumonia, acute interstitial, 69.21 fSe\)ere
acute respiratory syndrome

» INTRODUCTION

« Top

Severe acute respiratory syndrome (SARS) is thought || .. ABSTRACT

. INTRODUCTION

. , , ] + MATERIALS AND METHODS
plays an important role in the diagnosis and treatment| . resuLTs

of patients with SARS. Chest radiography is one of the|| v DISCUSSION
~ REFERENCES

to be caused by a mutated coronavirus (1). Imaging

major diagnostic components according to the World

Health Organization and Centers for Disease Control and Prevention guidelines (2,3).
Chest radiography helps in the diagnosis by depicting lung opacities and also helps in

B A AT AT L L IV/ETINNT
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the evaluation of the progress of disease and response to treatment (4). The role of
thin-section computed tomography (CT) is particularly important in early diagnosis in
patients with a high clinical suspicion of disease and a negative chest radiograph (5).

In view of the role of imaging in the diagnosis and management of SARS, we were
interested in determining its role, if any, in the evaluation of patients after they have
responded to treatment and have been discharged from the hospital. We were
particularly interested in determining if thin-section CT demonstrates any residual
parenchymal abnormalities or scarring in the early postdischarge period, as this may
have implications for future treatment. Thus, the purpose of this study was to report
our initial experience regarding the thin-section CT findings in patients with SARS who
improved clinically after treatment.

» MATERIALS AND METHODS

- Top
This study and the use of patient case files were « ABSTRACT

» INTRODUCTION
= MATERIALS AND METHODS

approved by the review board of our institution.

Informed consent was waived by the review board. ~+ RESULTS
~ DISCUSSION
Patients and CT Imaging ~ REFERENCES

Our study extended from April 7, 2003, to May 6,
- 2003, and included 24 patients who had been discharged from the hospital after
treatment for SARS as inpatients at our institution. Their diagnosis was based on
World Health Organization criteria (2). All patients also met specified discharge
criteria that included (3) being afebrile for at least 96 hours after the last dose of
steroid, (B) resolving respiratory symptoms and oxygen independence, (¢) radiologic
improvement (based on serial chest radiographs) (4), and (@) improving laboratory
parameters. If the patients met the discharge criteria and the date of hospital
discharge was less than 21 days since the day of the onset of fever, they were
discharged from the SARS hospital ward to a step-down convalescent facility. If the
date of the hospital discharge was beyond 21 days since the day of the onset of
fever, the patients were discharged home. Infection control protection maneuvers to
be followed at home were explained to them. The 24 patients included 10 men and

14 women (age range, 23-70 years; mean age, 39 years).

Although these patients met the discharge criteria and were otherwise well enough to
perform their daily activities, they complained of exertional dyspnea and/or reduced

N R L W)
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exercise tolerance at clinical follow-up. Because this was a new entity with no
previous literature about disease progression for guidance, we performed follow-up
thin-section CT (in addition to conventional chest radiography) in the patients to
document any residual lung abnormalities. An additional 19 patients met our criteria
but were not included in our study since thin-section CT, which had been scheduled,

had not yet been performed.

Thin-section CT (HiSpeed Advantage; GE Medical Systems, Milwaukee, Wis) was
performed (1-mm section thickness with 6-mm gap, supine position, scanning during
inspiration, 1 second per scan, 120 kv, 140 mA). The scans were obtained on average
36.5 days (range, 16-56 days) after the initial hospital admission and 17.8 days after
discharge (range, 1-33 days).

Review of CT Images

All CT images were reviewed by three radiologists (A T.A.,, KT.W,, G.E.A.) using a
viewing console, and findings were established by consensus. Each segment of the
lung was reviewed for ground-glass opacification, airspace consolidation, interstitial
thickening, bronchiectasis, and architectural distortion. Ground-glass opacification was
defined as increased [ung parenchymal attenuation that did not obscure the
underlying vascular architecture (6). Consolidation was defined as opacification in
which the underlying vasculature was obscured (6). Abnormalities were magnified by
using a zoom function and were examined for intralobular interstitial, interlobular
septal, or peribronchovascular interstitial thickening. Attention was also paid to the
presence of nodules or masses, cavitation or calcification, and emphysema. The
presence of parenchymal bands, irregular interfaces (bronchovascular, pleural, or
mediastinal), and traction bronchiectasis were considered as evidence of fibrosis (7-
9). Thickened interstitium could not be used as evidence of fibrosis since it may also
be present during the acute iliness (5).

For patients who underwent an initial examination (conventional or thin-section CT)
for diagnosis, the abnormalities were compared with those seen on the follow-up
thin-section CT scans.

Chest Radiography and Evaluation

Frontal chest radiographs were obtained during the hospital stay, at discharge, and at
follow-up. All radiographic examinations were performed with CT equipment by using
standardized techniques, as previously reported (4). The images were assessed by
using a picture archiving and communication system viewer with a 2,048 x 2,048-pixel
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monitor (Magicview version VA22E; Siemens, Erlangen, Germany).

The chest radiographs were retrospectively reviewed by three radiologists (A.T.A.,
K.T.W., G.E.A.) in consensus by using a method identical to that used in a previous

study (4).

Clinical Comparison and Data Analysis
Patients with evidence of pulmonary fibrosis at thin-section CT were designated as
group 1, and patients without evidence of fibrosis at thin-section CT were designated

as group 2.

Patient age, sex, average hospital stay, rate of intensive care unit admission, peak
lactate dehydrogenase level, and the presence and number of doses of puised
intravenous methylprednisolone were compared between the two groups. The peak
opacification on chest radiographs during the hospital stay and the number of
abnormal lung segments (showing any form of opacification or evidence of fibrosis)
for each patient on follow-up thin-section CT scans were also compared between the

two groups.

» RESULTS

. » Top
Fifteen patients (eight men, seven women; mean age, || . ABSTRACT

45 years; age range, 23-70 years) were designated - INTRODUCTION
a MATERIALS AND METHODS

as group 1 (62%); nine patients {two men, seven . RESULTS
women; mean age, 30.3 years; age range, 23-50 ~ DISCUSSION

~ REFERENCES
years), as group 2 (38%). A —

Chest Radiography at Discharge and Follow-up

At discharge, 20 of the 24 patients still had residual abnormalities on the chest
radiographs. These abnormalities included patchy areas of opacification (20 of 24
patients) and signs of volume loss (five of 24 patients). At follow-up (in the review
clinic, average of 18 days after discharge), 15 of 24 patients had an abnormal chest
radiograph, and nine patients had a normal chest radiograph. Of the 15 patients, 10
showed improvement in the air-space opacification between discharge and follow-up,
whereas abnormalities (airspace opacification or volume loss) on the chest
radiographs remained static in the other five patients.

Thin-Section CT Abnormalities
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The thin-section CT scan was abnormal in 23 (96%) of 24 patients. In all 23 patients,
the images showed areas of ground-glass opacification of various sizes, along with
thickening of interlobular septa and intralobular interstitium. The mean number of
segments showing these abnormalities was 8.7 (range, 1-17). The thin-section CT
scan was normal in one patient. There were no masses or nodules, emphysema,
cavitation, or calcification.

In nine patients (eight underwent thin-section CT; one, conventional CT) who
underwent CT at initial presentation, there was improvement in all patients, with
residual ground-glass opac'iﬂcation and thickened interiobular septa in eight of the
nine patients (Fig 1). The mean interval between the two CT scans was 23.3 days

(range, 1441 days). In one of the nine patients, there was complete resolution of
the lung abnormalities.

Figure 1a. (a) Transverse thin-section CT scan
of right lower lobe in a 25-year-old woman with
SARS (obtained at day 3 after admission) shows
two areas of ground-glass opacification, with
thickened interlobular septa giving crazy-paving
appearance. (b) Follow-up CT scan after
discharge (obtained at day 27 aftet admission)
shows almost complete resolution of lung
abnormalities. Small patches of residual
ground-glass opacification and septal thickening
are still present.

A e s i
View larger version (132K):
[in this window]
[in a new window]

Figure 1b. (@) Transverse thin-section CT scan
of right lower lobe in a 25-year-old woman with
SARS (obtained at day 3 after admission) shows
two areas of ground-glass opacification, with
thickened interlobular septa giving crazy-paving
appearance. (b) Follow-up CT scan after
discharge (obtained at day 27 after admission)
: shows almost complete resolution of lung

View larger version (116K): appormalities. Small patches of residual

[in this window] ground-glass opacification and septal thickening
[in_a new window] are still present.

T ]
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There were signs of fibrosis (parenchymal band, irregular interfaces, and traction
bronchiectasis) and peribronchovascular interstitial thickening (Figs 2, 3) in 15 (62%)
of 24 patients. These were associated with architectural distortion that resulted in
movement of the fissures and bronchovascular bundles. The ground-glass
opacification in these 15 patients surrounded the areas of fibrosis. There were also
small patches of consolidation in the center of the fibrotic areas, adjacent to the
bronchi.

Figure 2a. (a) Transverse conventional CT scan
in 33-year-old man with SARS (obtained at day 4
after admission) shows ground-glass opacification.
(b) Follow-up thin-section CT scan (obtained at
day 46 after admission, 29 days since discharge)
of the corresponding area shows evidence of
fibrosis, such as parenchymal bands, irregular
interface, and traction bronchiectasis.

View larger version
(118K):
[in this window]
[in a new window]

Figure 2b. (a) Transverse conventional CT scan in
33-year-old man with SARS (obtained at day 4 after
admission) shows ground-glass opacification. (b)
Follow-up thin-section CT scan (obtained at day 46
after admission, 29 days since discharge) of the
corresponding area shows evidence of fibrosis, such
as parenchymal bands, irregular interface, and
traction bronchiectasis.

View larger version
(123K):
[in this window]
[in a new window]
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Figure 3. Transverse thin-section CT scan in
36-year-old man at follow-up (obtained at day
43 after admission, 26 days since discharge)
shows evidence of fibrosis. Large areas of
ground-glass opacification are still present, both
surrounding the areas of fibrosis and in other

- ———— regions.
View larger version (47K):

fin this window]
[in a new window]

Comparison between Groups
Patients in group 1 were older than those in group 2 (mean age, 45 vs 30.3 years).

The majority of male patients (eight of 10) were in group 1 (Table).

View this table: Comparison between SARS Patients with and Those without
[in this window] Evidence of Fibrosis
[in a new window]

Group 1 patients stayed in the hospital for a slightly fonger period of tﬁne than did
patients in group 2 (22.3 vs 16.4 days). The intensive care unit admission rate was
higher in group 1 patients (27% [four of 15] vs 11% [one of nine]) than in group 2
patients. The peak lactate dehydrogenase level was also higher in group 1 (438.9 vs

' 355.6 U/L) than in group 2 patients. The normal range of lactate dehydrogenase level
at our institution is 87-213 U/L.

~ During their hospital stay, more patients in group 1 had received pulsed intravenous
methylprednisdlone (in addition to oral ribavirin and oral corticosteroid) than did
patients in group 2 (87% [13 of 15] vs 67% [six of nine]). Group 1 patients also
received a higher number of doses of pulsed intravenous methylprednisolone
(average dose, 3.9; range, 1-8) than did group 2 patients (average dose, 3.0; range,
2-4).

The peak opacification on chest radiographs was slightly worse in group 1 patients,
showing an average of 14% (range, 1.7%—33%) of the total area of opacification
compared with that in group 2 patients (11%; range, 1.7%—-28%). More lung
segments were abnormal on the follow-up thin-section CT scans in group 1 patients



120084

) Antonio et al., 10.1148/radiol.2283030726 Page 9 of 13

(mean, 10.8; range, three to 17) than in group 2 patients (4.7; range, zero to 11).

» DISCUSSION

» Top
To date, 317 patients have been treated at our . ABSTRACT

hospital for SARS (SARS diagnosis based on World ~ INTRODUCTION
. a MATERIALS AND METHODS

Health Organization criteria). Of these, 55 patients are|l . RESULTS
still in the hospital, 35 have died, and 227 have been || * DISCUSSION

_ + REFERENCES
discharged. Patient follow-up has only just begun,
and 94 patients have been seen at the follow-up clinic. Of these, 43 patients have
exertional dyspnea or reduced exercise folerance. Our study population of 24 of these
43 patients represented those patients in whom thin-section CT had already been
performed. The other 19 patients had been scheduled to undergo thin-section CT, but

it had not yet been performed.

In our study, follow-up thin-section CT scans obtained in discharged patients have
shown that fibrosis occurred in more than half (62%) of the patients. Findings of this
study have also revealed how rapidly (mean follow-up, 36.5 days after hospital
admission and 17.8 days after discharge) fibrosis may begin in patients with SARS.
Viral pneumonia usually resoives without any clinical and radiclogic seguelae (10).
There have been reports of influenza pneumonia causing pulmonary fibrosis (11) and
adenovirus pneumonia causing bronchiolitis obliterans (12). SARS may more
TR commonly cause severe parenchymal damage, with imaging changes appearing early.
- How many of these changes will resolve in the future is unknown, although it is
unlikely that the areas of severe architectural distortion will resolve, This damage may
be related to the proposed pathogenesis of lung damage by exaggerated cell-
mediated host immune response elicited by a viral antigen (13). We believe the
presence of pulmonary fibrosis would at least partially account for the patients’
symptoms.

Of the nine patients with both predischarge and follow-up thin-section CT scans, all
showed improvement after a mean of 23 days, with residual ground-glass
opacification and thickened septa in eight patients and a complete resolution in one
patient. Although the number of patients is small, this observation suggests that initial
lung parenchymal changes are of an inflammatory nature and improve after
successful therapy. In patients with evidence of fibrosis at thin-section CT, the

bbb e diml ey memminie Arafeniicantant /6017722820307 26v1 23/6/2003
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importance of concomitant presence of ground-glass opacification is not clear. If
bronchiolitis obliterans organizing pneumonia, or BOOP, or forms of idiopathic
interstitial pneumonia are used as a frame of reference (14,15), these changes may
represent persistent inflammation that is potentially reversible at treatment. Currently,
treatment with corticosteroids or other steroid-sparing immunomodulating agents
(such as cyclophosphamide) has been used in BOOP (16,17). These are being tried in
our institution for SARS-induced fibrosis. Hence, we believe the role of thin-section CT
in follow-up of patients with SARS is to assess the extent of long-term lung
parenchyma! injury and/or fibrosis and to identify these potentially reversible
components early so that appropriate treatment may be instituted to prevent further
lung damage. |

Comparison of the foilow-up thin-section CT findings with clinical data has revealed
differences between patients with thin-section CT evidence of fibrosis and those
without in terms of age, sex distribution, intensive care unit admission rate, peak
lactate dehydrogenase level, doses of pulsed intravenous methylprednisolone, and
peak opacification on chest radiographs during treatment. There is a predominance of
men and older patients with evidence of fibrosis. The higher intensive care unit
admission rate and the peak extent of changes on chest radiographs during treatment
in patients with evidence of fibrosis are most likely a reflection of the severity of
disease experienced by these patients. '

Patients with evidence of fibrosis at thin-section CT also had a higher requirement of
pulsed intravenous methylprednisolone during treatment. Nearly all patients with a
clinical diagnosis of SARS were treated initially with a combination of orally
administered ribavirin and corticosteroid. In patients not responsive to initial
treatment, high-dose corticosteroid in the form of pulsed therapy was administered.
In our initial cohort, 107 of 138 patients had received pulsed steroid therapy (13).
The need for pulsed steroid therapy may reflect the magnitude of the cytokine

"storm" elicited by the viral antigen, which in fact may be the underlying
pathogenesis of lung damage and subsequent development of fibrosis.

The peak lactate dehydrogenase level is higher in patients with evidence of fibrosis.
Lactate dehydrogenase is an indicator of tissue destruction (presumably tung tissue in
SARS) and has been shown to be a good independent predictor of worse clinical
outcome (13). This parameter may be helpful in predicting which patients have a
higher risk of developing pulmonary fibrosis after discharge so that early appropriate

httne flradininav renainle ara/cai/content/full/? 283030726v1 23/6/2003
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therapy and the follow-up protocol can be tailored accordingly. As this is a new entity,
much is still to be learned about this potentially fatal, highly infectious disease.

There are limitations to our study. First, on the basis of the number of patients and
the relatively short follow-up period, the full spectrum of disease appearance has
likely not been demonstrated. These patients have not been followed up for a long
period of time, and it is possible that many of the clinical and thin-section CT findings
may still be reversible. Second, there is no histologic confirmation of fibrosis in any of
the patients, although the signs on thin-section CT scans are convincing. Third, there
is no comparison with clinical information, such as results from lung function tests
and objective assessment of exercise tolerance. Fourth, no thin-section CT was
performed in treated patients who were asymptomatic, and, thus, residual -

abnormalities in these patients cannot be excluded.

In conclusion, on thin-section CT scans, fibrosis was seen in 62% of the 24
symptomatic patients with SARS after treatment, with symptoms of exertional
shortness of breath and reduced exercise tolerance. There is a difference between
patients with evidence of fibrosis at thin-section CT and those without in terms of
intensive care unit admission rate, peak lactate dehydrogenase level, number of
doses of pulsed intravenous methylprednisolone, and peak opacification on chest
radiographs during treatment, which suggests that fibrosis is more Iikeiy to develop in
patients with more severe disease. However, we wish to clearly state that our findings
are only preliminary, and larger studies with longer follow-up will be necessary to |

better determine the long-term outcome for patients with SARS.

» FOOTNOTES

Abbreviation: SARS = severe acute respiratory syndrome
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CLO/0303/09

19" March 2003

Dr. Margaret Chan, JP
Director of Health

21/F, Wu Chung House
213 Queen's Road East
Wan Chai

Hong Kong

ED
g;—é: >§Q s R Ie03

’ KPLM put @ sofif 03

Dear Dr. Chan,
Re: SARS

Amongst the more than 100 cases admitted } am particularly worried
that we are seeing the infection in contacts that have never been to the

hospital. For example:

Wpt ntff S
1. %had symptoms but stayed at home from 11-3-03 to

19-3-03. Both his mother and
brother were admitted with pneumonia

on 19-3-03- was admitted on 19-3-03 as well and was
STerrédto the ICU straight away.

a five year old girl developed fever on

2.
13-3-03, attended school for 2 days before admission on 16-3-03.
There were fypical chest x-ray changes. Both parents have been
admitted with pneumonia, the mother is in the ICU.

3. ' is the nephew of the index case.

He has consolidation on CT scan. Five other members of the

family are admitted with pneumonia.
This condition is posing a severe threat to our community. | urge

you to urgently consider all possible measures including quarantine of
patients and contacts to contain this outbreak before it is too late.

Yours sincerely,

Wug,

SC Sydney Chung
Dean

SClem
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THE CHINESE UNIVERSITY OF HONG KONG

FACULTY OF MEDICINE

Executive Committee

Minutes of the Special Meeting (through video conferencing) of the Faculty Executive Commiitee held on
Friday, 21 March 2003 at 10:15 am. in the Multi-function Room, 1/F, Postgraduate Education Centre,
PWH and concurrently in Room 103, 1/F, Basic Medical Sciences Building, CUHK

Posteraduate Education Centre
Present . Professor S.C. Sydney Chung  (Chairman)

Professor T.F. Fok
Professor Joseph Sung
Professor Tony Chung
Professor Dennis Lo
Professor Anil Ahnja
Professor P.A. Cameron
Professor Anthony Chan
Professor Augustine Cheng
Professor Helen Chiu
Professor Tony Gin
Professor Christopher Lam
Professor Dennis Lam
Professor K.S. Leung
Professor HK. Ng
Professor C. A. van Hasselt
Professor Jean Woo

By invitation : Dr. Fung Hong
Dr. SF Lu
Professor T.W. Wong

‘In Attendance  : Ms Jenny Jiang
Ms Louisa Lam

Basic Medical Sciences Building
Present : Professor C.Y. Lee

Professor Moses Chow
Professor Walter K. K. Ho
Professor John Yeung (vice Professor R.L. Jones)
Professor Michael S.C. Tam
Professor D.R. Thompson
Professor Patricia Chow (vice Professor David T. Yew for the first hour)
Professor David T. Yew

Joint Secretaries :  Mrs. Alison Lee
Mr. Andrew Chan

In Attendance : Ms Janet Chow
Ms Senia Ho
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Purpose of the Special Meeting

The Dean welcomed Dr. Fung Hong, NTE Cluster Chief Executive of the HA, Dr. S.F. L,
Co-ordinator of Clinical Services of the PWEH, and Professor TW. Wong of our Department of
Community and Family Medicine to this Special Meeting of the Executive Committee. He
explained that this Special Meeting had to be called at short notice because the situation regarding
SARS infection in Hong Kong had become very serious. Dr. Fung and Dr. Lui would be able to
provide an update on the outbreak and in return they would have an opportunity to hear and share the
Faculty’s concern in this connection. Professor Wong had been invited to attend this meeting
because he was among the handful of qualified epidemiologists in the territory.  The purpose of the
meeting was to ascertain (i) whether there was common understanding among the Faculty regarding
the severity of the outbreak; and (ii) if it were generally recognized by Faculty members that the
situation was indeed alarming, how best the Faculty should move forward to keep the public
informed without at the same time giving rise to panic within the community or to other undesirable

repercussions.

Sttuation Update

An update on the SARS situation was given by the Dean and Dr. Lui, as follows:

(i) Figures released by the Government were:

Infected 165 (96 health workers, including medical students, and 69 others)
Deaths 6

(1) The patient who first brought SARS to Hong Kong was, as reported by the Department of

Heaith, F from the Sun Yat-sen University of Medical Sciences, Guangzhou, who
died in Kwong Wah Hospital on 4 March.

(11i) The index patient who contracted the virus and spread the first layer of SARS infection to
PWH hospital staff and our own medical students, was identified as a 26-year-old who visited
the Guangzhou professor during the latter’s stay at the hotel in Mongkok.‘ His mother and
other relatives were also infected.

(iv) SARS was a very virulent and highly contagious disease. Anyone who came into close
contact with the mfected would get it quite easily. In all, 7 cardiologists, 10 MED 3 and 7
MED 35 students and 18 out of the 20 nurses who tended Ward 8A at PWH or visited there had
been infected.  Of the 100 or so cases admitted to PWH, 2 who had had other chronic illnesses

passed away.

(v)  As some of those infected had at some ttme attended the clinics of general practitiopers outside
of the hospital setting, some private doctors also contracted the disease. It was known that 4
GP’s had been admitted to hospital for treatment of SARS.

(vi) Tt was most probable that the disease had spread to the community, judging from hospital
admission statistics. Infection had not been restricted to the health workers at PWH who
tended Ward 8A, but had spread to include lay persons of all walks of life and residing in
different Jocalities. This was probably due to the fact that the incubation period of SARS was
long, lasting between 3 to 7 davs; and people who were infected were not aware of it or did not
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show any symptoms or suffer significant discomfort to warrant investigation or treatment, but
continued to go about their everyday activity, thus further spreading the disease. Also, there
were some cases where the patients’ circumstances of infection could not be traced, Ths
suggested that there could be more than one index patient or one source of origin of infection.

Treatment for SARS

Professor Sung reported on the SARS cases under the care of his team at FPWH. He informed the
meeting on the trauma and frustration experienced by the patients and on their chest x-ray findings
generally.  Although there was still no known or effective drug or medication for management or
treatment of the disease, a very high percentage of the cases showed improvement on being given
both Ribavirin and steroids.. Some patients were already well on the path to recovery.

The General Concern

The Dean expressed his grave concern about the situation of SARS in Hong Kong. In his view, the
disease had broken out to the community and if the public were not alerted of this, the battle to
combat the disease in the community could be long drawn out and difficult as there was no quick
method of detection of SARS and no easy cure as yet. The cost could be tremendous.

The meeting generally shared the Dean’s concem and some members echozd the Dean’s fzar over
the public being misled by recent official statements to the effect that the SARS situation could be
contained within two weeks. Professor Jean Woo believed the disease was still quite prevalent in
Guangdong where the first case was first reported in November 2002.  So far, a report of 306 cases
with 5 deaths had been made officially by the central government, but these figures could well be an
understatement. Professor TW. Wong also expressed the view that SARS seemed to be still going
on in Guangzhou after two or three rounds. It was therefore most unlikely that SARS could be
cleaned up in Hong Kong in two weeks.

An Epidemiologist’s View

Professor T.W. Wong further explained to the meeting why in his view the situation was really bad.
He said that if no proper advice was given and the public was left to draw its own conclusions,
further and rapid transmission within the community was very likely. To protect the public, strict
measures needed to be taken, such as:

(1)  Quarantine

To restrict the contact of those infected with the general healthy public.  This would be a very
drastic measure. Hong Kong’s only experiences of quarantine had been during the plague in
the 1910°s and the cholera outbreak in 1960°s.

(1) Vervvirilant surveillance of the disease

Public health staff to monitor cases on a daily basis and take appropriate action.

(i} Passive surveillance

Public health staff to give advice and ask people 1o come forward if anything wrong were
detected.  This was what the Government Department of Health was doing at the moment,

-
2
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which in his view, was not sufficient.

Professor C.Y. Lee was concerned about the free and busy traffic between China and Hong Kong.
There could easily be new index cases from across the open border unless the flow could be curbed at
an early stage. He would be inclined to quarantine families with known infected cases. He further
remarked that when one student in a United College hostel became infected, the Student Union asked

for the entire College premises to be stenilized against infection.

Actions Taken by the Dean

Contrary to assertions made by health officials in the past several days, the Dean was convinced that
SARS had spread through the first layer. Through attendance at private clinics, infected patients had
unwittingly carried the virus to the community. He deeply believed that the health of Hong Kong

people was in danger.

The Dean called the Director of Health two nights before the date of this meeting and inttmated to her
his worst worries. He had also sent a letter to her by fax and matl to convey his concems. Ina TV
appearance on 17 March, he also hinted at the possibility of an outbreak and informed the public of his
fears. But it seemed that his efforts had been futile, and that none of the official actions in the past
two davs showed any sign of the Administration heeding his advice. He remarked that being a
surgeon and not an epidemiologist, he could not claim to be an authority on public health or the
outbreak of diseasss. 'When the Director said that there was no outbreal in the community, he had no
reason not to believe her, although deep down 1uside, he strongly suspected that she was wrong.

At a meeting held the day before, the Dean took the opportunity of voicing his view and warries,
which were shared and supported by the senior clinicians attending. He therefore considered it
necessary to bring his thoughts to the collective wisdom of the Faculty Executive Committee. Hence

this Special Mecting.

The Faculty’s View on Qutbreak

Having heard the update of the SARS situation by the Dean and Dr. Lui, the Dean’s account of the
senies of events which led to the Special Meeting, Professor TW. Wong’s view as an epidemiologist,
and the report by Professor Sung and other clinicians who were in or close to the frontline combating
the disease, members of the Faculty Executive Committee present at the meeting supported the Dean’s
view that an outbreak of SARS to the community was at the doorsteps, if not already there. As a

- medical school, the Faculty would have the responsibility of informing the profession and the

community of this imminent disaster.

Expressing his strong support for the Faculty’s view, Professor Sung proposed the following for the
meeting’s consideration:

(1) It was indeed obligatory to tell all professionals, via all available channels, what the conditions
looked like and ask them to protect themselves and their patients.

(1) Even if the Department of Health was not seen to be doing its work properly or fast enough, it
might be counter-productive to contradict the Department or slight its work. Recognition must
be given for the good intentions behind the actions.
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According to Professor Yuen Kwok Yung of HKU who was also working on the microbiology
of the virus and in some ways collaborated with the Faculty on this, the Secretary for Health
and Welfare, Dr. EK. Yeoh, had discussed with him the Government’s sensitivity on the 1ssue
of a possible community outbreak. However, any message or information from PWH would
take at least 48 hours before it could be validated and passed on to Dr. Yeoh. This was the
way the Government handled things. The Faculty might have to organize its data and wait for
the Government to react, which would take time.

In connection with (iii) above, the Dean reported that he understood that the HA Chief Executive, Dr.

William Ho, had also spoken to Dr. CH, Leong, Chairman of HA, who agreed to keep the matter
under close scrutiny and to increase places in Princess Margaret Hospital to accommodate infected

patients.

(Dr. S.E Lui and Dr. Fung Hong left the meeting at this juncture.)

The Facultv’s View on Action

Members then aired their views on the course of action to be taken, the gist of which were

summarized as follows;

®

(i)

(iii)

)

4]

Professor T.W. Wong proposed the following:

(a) As experts and responsible doctors, the Faculty could issue serious waming to the
community.

(b) To warn the medical profession.
() To suggest to the Department of Health to step up control measures and surveillance.

Professor Dennis Lam asked if Dr. EK. Yeoh could not see the imminent danger to the
community, what other channels the Faculty could take to warn the public. One possibility
was to work through the Honourable C.H. Tung, the Chief Executive of HKSAR, which would .
be the final try to reach the Administration. If this failed, the Faculty could then approach the
community but a timeframe would be needed. If the Government could be convinced, the
course of action could follow a different route.

Professor Walter Ho and Professor T.F. Fok considered that the Faculty needed more time and
should not seem to be riding on its moral high horse if the Faculty wanted to get things done,
and done properly. The Faculty had to understand why China had not taken action. What if
the Faculty’s action resulted in a big panic in the community? What if the Government would
not heed the Faculty’s advice but tum its back to discredit us? How could the public and the
Chinese University be protected in the best way?

Professor Andrew van Hasselt would like to see a common, crystallized presentation with
information which would be the Faculty’s prioritized and easy to understand. The
presentation should be for shorter than 15 minutes for the public to easily comprehend.

Mr. Andrew Chan urged the Faculty not to take any action which could be looked upon by the
HA and the Department of Health as being hostile. The Faculty could send emails with hard
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data to all GP’s to show the Faculty’s concern. The Faculty nseded to educate patients and
the GP’s to take precautions without offending Dr. EX. Yeoh and Dr. Margaret Chan as far as

possible.

Members mn general agreed on the need for a strategy to talk to the Administration and convince
them, and not to antagonize them, to do something o contain the sutbreak.

The Dean would talk with the Vice Chancellor and draft a statement listing out the concrete steps.
Dr. C.H. Leong would be approached for a joint statement with HA as necessary.

The Dean agreed with Professor Peter Cameron that he should act fast; if not, he would be negligent.
However, Professor Tony Chung advised that perhaps the Faculty should proceed with prudence for
the purpose of doing well, rather than rushing into issuing a statement and then facing total

confusion.

9. Conclusion

After deliberation, the meeting agreed on the following:

(1)  To get data from infection control personnel for Professor T.W. Wong to check.

(it} To inform the GP’s and professional bodies of the necessary precantions to take.

(iii) Professor T.F. Fok, Professor Tony Chung and Professor Peter Cameron to request a mesting
with Dr. CH. Leong (if possible by 3:00 pm) and to present to him the Faculty’s concern and
advice. If the advice was not heeded, the Faculty would then proceed to discuss further action

at a meeting to be held on the next day.

(Post meeting note: Professor Fok and company reported of a very satisfactory meeting with Dr.
Leong. Dr. Leong was very receptive and shared his concern for an outbreak of the disease to the
community, He agresd to issue warnings to the public in general and the medical profession in
particular, with advice and instruction on how best to protect against infection.)

There being no other business, the meeting was adjourned at 11:30 a.m.

Minutes confirmed on Aprid 16. 2003,

Professor S.C. Sydney Chung
Chairman

16.4.2003
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21 March 2003

Dear Colleagues,

The dreaded SARS is causing an unprecedented threat to our community. It is
heartbreaking to see our fellow colleagues, in private practice as well as in
public hospitals, falling ill one by one. It is particularly distressing to see their
family members also coming down with the disease.

I would like to share with you some lessons we learned at the Prince of Wales
Hospital in the last few days. I'hope these points are useful to you.

1. The disease is highly infectious, please be VERY VIGILENT AND
METICULOUS in your infsction control procedures.

2. Available data suggest the mode of spread is by dr’oﬁ;lcts and possibly
formites.

3. Five doctors and 2 infection control nurses at the Prince of Wales Hospital
took nasopharyngeal aspirates from some 75 patients on 10® March when
the outbreak was first detected, They wore surgical masks and gloves.’
All 7 staff remain asymptomatic up to now.

4. N95 masks need to be worn close to the face with no leak. It is quite
uncomfortable if womn for a long time. Some colleagues wear a paper
mask undemeath. This completely destroys the purpose of the mask as air

can leak through.

5. RSV, which is a similar virus, can survive for up to 6 hours on surfaces.

To avoid possible spread via formites disposable gloves should be worn and
changed between patients.

6. Hand washing before and after examining patients.

7. Surfaces should be cleaned daily with 1000ppm hypochlorite solution or
70% alcoho! for metallic surfaces.

8. I would suggest you to offer surgical masks to your patients in your clinic
for the protection of your staff and other patients.

Stay well, live long and prosper!

oy By

Sydney Chung
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