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NF-xB Plays a Protective role in Nitric Oxide-induced Neuronal Apoptosis

ZW Feng,'8 Med, M Med, PhD, V Tan,?piploma, KS Khoo,?Bsc, KJ Leck,*Bsc, PhD

Introduction

Thephysiological signallingmolecule, nitricoxide(NO), playsan
important role in numerous functions in cells. However, excessive
excitatory neurotransmission can result in its over-production, and
accumulating evidence suggestsarole of NO in neuronal apoptosis,
which contributesto many neurological disorders, including stroke,
seizure and Alzheimer’ s disease.

NF-kB is a ubiquitous transcription factor that participates in
many neuronal processes, including synaptic transmission, neural
development and neurodegenerative diseases. Recent datarevealed
that NF-xB can have anti-apoptotic or pro-apoptotic roles under
different circumstances. In NO-induced neuronal apoptosis, NF-xB
was activated, however, its significance was still unclear. Here, we
demonstrated that NF-kB playsaprotectiveroleagainst NO-induced
apoptosisin human neuroblastomacells. The protective mechanism
may involveeither adelay or inhibition of cytochromeCreleasefrom
the mitochondriainto the cytosol.

Materialsand Methods

Cell culture: Human SHEP-1 neuroblastomacel |sweremaintained
in Dulbecco’ s modified Eagles' s medium containing 10% fetal calf
serum, 100 units/mL penicillin, and 100 ug/mL streptomycin.
LipofectAMINEwasusedinall transfections, employing theprotocol
providedby LifeTechnologies, Inc. Transformed clonesweresel ected
and maintained with 500 ug/mL G418.

Cell death assay: Different concentrations of the NO donor,
sodium nitroprusside (SNP) was added to the medium for 16 to 24
hours. Cell death was measured by crystal violet staining.

Preparation of cytoslolic and mitochondrial proteins. Wildtype
and stably transformed SHEP-1 cellswere harvested and washed in
ice-cold phosphate-buffered saline. To isolate cytosolic proteins,
cells were homogenised in a dounce homogeniser in cold buffer-1
(10mM Tris-HCl pH =7.5,0.3M sucrose, compl eteproteaseinhibitor
cocktail). After centrifugation at 10,000xg for 60 minutesat 4°C, the
supernatant was collected and designated as the cytosolic protein
fraction. The cell pellet was resuspended in cold Buffer-2
(10 mM Tris-HCI pH = 7.5, 1% Triton X-100, 150 mM NaCl,
complete protease inhibitor cocktail) and sonicated using a Ultra
sonicator. Following centrifugation at 10,000xg for 30 minutes at
4°C, thesupernatant wascoll ected and designated asthemitochondrial
protein fraction.

Western blot: Twenty micrograms of cytosol and mitochondria
proteins were electrophoresed in 14% polyacrylamide gels and
transferred to nitrocellulose membranes. Immunoblotting was
performed with antibodies diluted in phosphate-buffered saline
(PBS) containing 0.2% Tween 20 and 5% bovine serum albumin
(BSA). After several washing steps, the membrane was probed with
ahorseradi sh peroxidase-conjugated secondary antiserum. Thiswas
followed by further washing and chemiluminenscence detection of
antibody binding.

Immunohistochemistry: SHEP-1 cells were seeded on chamber
slides and treated with insulin growth factor- | (IGF-1) for 1to 6
hours. This was followed by fixation of the cells with 1%

paraformaldehyde and blocking with 5% BSA. Fixed cells were
incubated with an antibody against NF-xB (P65) for 1 hour. After
several washeswith PBS, cellswereincubated with FITC conjugated
secondary antibody. The staining results were visualised using a
fluorescence microscope.

Results

NF-xB is activated by NO and plays a protective role in neuronal
apoptosis induced by NO

Thegenerationof NOincell scanbemimickedwith chemical donors
of NO. TheNOdonor, SNP, releasesNOintracel lularly, whichinduces
apoptosis of neuroblastoma cells partly via oxidative stress. Our
previous work has demonstrated that 0.5-2 mM SNP can effectively
kill neuroblastoma cells after 8 hours of treatment. The transcription
factor NF-xB is activated prior to cell death, a 1 to 4 hours post
treatment. To investigate the significance of NF-kB activation, we
generated SHEP-1 cell linesexpressing I-kBoM, adominant negative
mutant of I-xBa.. |-kBaM prevents the release of NF-xB from its
associated complex in the cytoplasm and therefore inhibits NF-xB
trangl ocation to the nucleus. With NF-xB activation blocked, I-kBaM
cellsshow markedly increased sensitivity to apoptosisinduced by SNP.
Similar resultswere obtained with another 1-xBaM expressing clone.
Therefore, our data indicates that NO stimulated NF-xB activation
protects SHEP-1 cells from apoptosis.

NF-xB may help to stablise the mitochondria

NO hasbeen demonstrated to induce cytochrome C release, which
inturntrigger aseriesof eventsthat ultimately leadsto apoptosis. To
analyse the mechanism by which NF-xB protects SHEP-1 cells
against NO-induced apoptosis, wemeasured therel easeof cytochrome
C from the mitochondria. Cytosolic proteins were isolated from
wildtypeandl-kBaM cellstreated with ImM SNP. Westernblot was
performed usingacytochromeC specificantibody. Interestingly, the
resultsreveal cytochrome C to be clearly present in the cytosol of |-
kBoM cells, but in significantly lesser amounts in wildtype cells.
This suggests NF-xB activation in wildtype cells can prevent
cytochrome C release from mitochondria. Since cytochrome C
release plays an important role in the execution phase of apoptosis,
NF-xB may, via blocking cytochrome C release, protects SHEP-1
cellsfrom cell death.

NF-xB is required for neuronal protection by insulin-like growth
factor |

To trandate our resultsinto therapeutic application, asearch was
done for factors with the potential of activating NF-xB and at the
sametime, protect neuronsfromapoptosis. | GF-1 hasbeen shownto
be capable of causing NF-xB activation, and to protect against cell
death induced by various apoptotic stimuli. To determine whether
IGF-1 can activate NF-xB and protect SHEP-1 cells from NO-
induced apoptosis, NF-xB activation was measured by nuclear
translocation of its p65 subunit. Consistent with our hypothesis,
IGF-1 prevented cell death caused by NO, and we observed p65
immunofluorescencein thenuclei of IGF-1 treated SHEP-1 cells. In
contrast, IGF-1lostsitsprotective effectsin [-xBoM cellswherethe
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activity of NF-kB wasblocked. Theseresultsdemonstrated that | GF-
1 can protect neurons from NO-induced apoptosis and this
neuroprotection is dependent on NF-xB activation.

Conclusion

Our study demonstrated a central role of NF-xB in protecting
neurons against the oxidative stressinitiated by NO. NF-xB isalso
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required for the neuroprotection mediated by | GF-1 application. The
mechanism probably involves NF-xB activation of a signalling
pathway that stabilises the mitochondria, and thus prevents
cytochrome C releaseinto the cytosol. Theresultswe obtain will be
useful in helping to design a therapeutic strategy for various
neurological disordersin the future.
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Introduction

Acute lymphoblastic leukaemia (ALL) isthe most common form
of childhood malignancy in Singapore. Despite cure rates of over
60%, rel apse remains the most important cause of death. Treatment
intensification reduces the risk of relapse but increases toxicity.
Further improvement in cure can only be achieved through careful
tailoring of theintensity of treatment tofit thepatient’ srisk of relapse
in order to achieve the optimal risk-benefit ratio.

To accomplish this, we need to accurately predict each patient’s
risk of relapse because the best chance for a cure is to deliver the
correct intensity of therapy at initia diagnosis. Unfortunately,
conventional risk stratification is based on presenting leukocyte
count and age, which are imperfect predictors of outcome, giving
risk-stratifiedtherapy alow successrate. Thepatient’ searly response
totherapy isthe best indicator of treatment outcome asit reflectsthe
intrinsic sensitivity of leukaemic blasts to therapy.>* Conventional
microscopy is subjective, with alow detection sensitivity of only 5
leukaemic cells in a background of 100 normal cells, below which
patientsaredeemed to bein completeclinical remission. Leukaemic
blastsbelow that limitaretermed‘ minimal residual disease’ (MRD).24
Using new mol ecular techniques, weareabl eto detect and accurately
quantitate MRD levels as low as 10°, a 3-log improvement over
conventional morphology.***8 Thisprovidesanunprecedented ability
to closely track a patient’ s response to therapy.

Weproved previously that early responsetotherapy, asdetermined
by MRD at 1 month of therapy, isastatistically significant predictive
factor (Fig. 1), using Southern blotting and immunoglobulin heavy
chain (IgH) rearrangements.” ALL arises from clones of a single
lymphoblast, thuswe utilised the uniquejunctional regionsresulting
from random insertion and deletion of nucleotides.®® Southern
blottingishampered by itslabour-intensiveness, and wewereableto
find an MRD marker for only 60% of precursor-B ALL patients,
severely limiting its widespread use.

Timeliness in delivery of a patient’s risk status for treatment
modification is necessary, and the ability to useit on the majority of
patientswill determinetheviability of MRD asanimportant prognostic
factor. This study reports our turnover time for MRD reports and
their applicability. The new real-time quantitative polymerase chain
reaction (RQ-PCR) technology measures the product formed asthe
reaction progresses, removing laboriouspost-PCR Southernbl otting.
This reduces the risk of contamination and eliminates the use of
radioactivereagents, making it amorerapid, moreaccurate and safer
platform.® To increase the number of informative MRD markers
obtained, we investigated the feasibility of using other antigen
receptors like immunoglobulin kappa deleting element (IgKde), T-
cell receptor (TCR) gammaand deltagenerearrangementsastargets
for MRD monitoring.

Materialsand Methods
Patients and Cell Samples

All newly diagnosed patients (n = 48) enrolled in the Maaysia-
Singapore (MA-SPORE) ALL-2002 clinical trial and 6 relapse
patientswereincluded in thisstudy (Tablel). Week 5 sampleswere
availablefrom 34 patients; week 12 sampleswere available from 16
patients.

Detection of Gene Rearrangements

PCR amplification for IgH, IgK and TCR was carried out using
primers and conditions as described previously.*® Eleven separate
PCRs and heteroduplex analysis were performed for each patient.
The PCR products were electrophoresed on a 6% non-denaturing
polyacrylamide gel. Distinct bands were excised, precipitated,
sequenced and compared against human germline sequences (http:/
/mww.ncbi.nim.gov/BLAST/).

RQ-PCR

Patient-specific primerswere designed from the uniquejunctional
regions and paired with a germline Tagman reverse probe.-23
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TABLEI: PATIENT CHARACTERISTICS

Total number 54
Denovo ALL 48
RelapseALL 6
Precursor-BALL 51
T-lineageALL 3
Mean age (range) 6 years 1 month

(7 monthsto 14 years 10 months)

TABLEII: FREQUENCY OF GENE REARRANGEMENTS

IgH TCRG TCRD IgK

PreBALL 80.8% (n=46)  77.5%(n=39) 63.2%(n=32)  61.2% (n=31)
(n=51)

Oligoclona 63.3% 53.1% NDP 40%
T-cell ALL ND? 66.7%(n=2)  100% (n=3) ND?
(n=3)

Overall 80.8% (46/51)  75.9% (41/54) 64.8% (35/54) 61.2% (31/51)

2ND, not done, as cross-lineage gene rearrangements are rare in IgH and 1gK >
>Monoclonality analysis not done as only one panel screened.

100% <10-; 85% (n=22/28)

10%; 56% (n=10/18)

2102 17% (n=1/8)

Timelyear

Fig. 1. MRD levels at 1 month of induction therapy is highly predictive of eventual
outcome (p <0.05).”
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Fig. 2. Atypical standard curve and week 5 sample of patient KL82. Standard curves
were constructed using 10-fold dilutions of the patient’s diagnostic marrow into
mononuclear cells.

Diagnostic DNA samples were seridly diluted 10-fold in pooled
norma MNC to simulate the conditions of a remission marrow and
standard curves constructed (Fig. 2). Water and MNC were used as
negative controls, and the quality and quantity of the patients’' DNA
normalised using the albumin gene.'2%3

End-point Measurements
Reportsfor provisional and final risk group stratificationsmust be
ready by weeks 10 and 14 respectively for marrows done on weeks
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5 and 12 to enable changes in treatment protocol. Our stratification
method requires at |east one marker of sensitivity of 10

Results
Gene Rearrangements

IgH gene rearrangements have the highest frequency but suffer
from the highest rate of oligoclonality, while IgK rearrangements
have the most monoclones (Table I1). All patients had at least one
generearrangement using our panel of markers, with 94.4% (51/54)
exhibiting 2 or more different gene rearrangements.

Asat least one marker of sensitivity 10 isrequired, 53 of the 54
patients(98.1%; 47/48 newly diagnosed, 6/6 rel apse) canbestratified
accordingtoour protocol. Thelevel sof sensitivity and reproducibility
achieved by markersfromdifferent generearrangements(chi-square
test) showed no significant difference (p >0.05). MRD reportswere
delivered in time for review of treatment for al patients who
completed week 5 and week 12 therapy.

Risk Group Stratification

MA-SPORE ALL-2002 protocol stratifies patients at week 5 and
week 12 (Fig. 3). Of the 34 remission marrows obtained at week 5,
18(52.9%) wereclassified asstandardrisk, 12 (35.3%) asintermediate
riskand4(11.8%) ashighrisk. All 4high-risk patientswerestratified
thus because of the presence of high-risk oncogenefusions. At week
12, no additional patients were upgraded to a higher risk group.

To study the concordance between MRD levels determined by 2
different markers, 32 marrows from 16 patients were compared.
90.6% (13/16) were stratified into the samerisk group, with only 3
discordants. Patient KL 32wasinitially stratified asintermediaterisk
based on the IgH marker which failed to reach a sensitivity of 10%,
but his TCRG marker showed clearance below 10, indicating
standard risk. For patient KL 76, the MRD between the two markers

| Diagnasis | ‘ WeekS | ‘ Week 12 ‘

Omcogens fusion,
ZTMLL

H922)
1)

MRDO* to 107

Fig. 3. Sratification of patients under MA-SPORE ALL-2003.
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Fig. 4. Oligoclonal IgH gene rearrangements for patient D212.
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TABLEIIl:  SENSITIVITY OF THE DIFFERENT TYPES OF GENE
REARRANGEMENTSUSING RQ-PCR

Typeof generearrangement Limit of detection Maximal sensitivity?

IgH (n=29) <10* 89.7% (26/29)

TCRG (n = 10) <10* 80% (8/10)

TCRD (n=6) <10* 100%

IgK (n=93) <10* 66.7%  (2/3)

@ Themaximal level of sensitivity was defined asthe maximal dilution with at |east
1 replicate amplifying.” When non-specific amplification was observed in
MNC, only amplification at least 3 cycles from that of MNC was considered.

differed by one-log, which is within the standard error for MRD,*
but this difference resulted in different risk group classifications.
Finaly, clonal evolution caused the IgH markers of patient D212 to
givefalse-negative results.

Discussion

Wepreviously reported that MRD using asinglelgH markerisan
exceptionally powerful predictor of clinical outcome (p = 0.03).”
However, only 60% of patients could be stratified, limiting its
applicability. By expanding our screening to include IgK and TCR
gene rearrangements, we were able to substantially increase the
percentage of patients for whom an informative marker could be
obtained, from 60%t0 98% (p<0.05), including previously excluded
T-cell ALL patients. The distribution of risk groups was similar to
our previous study (p >0.05).

This is an ongoing study where our protocol is to screen for a
marker from IgH first, followed by TCR and IgK. Hence, of the 48
markers used for stratification, 60% werefrom IgH, compared with
20% or lessfor the other generearrangements (Tablel11). However,
thehighest rate of oligoclonality wasalso observedinIgH (63.3%vs
53.1% vs 40% for IgH, TCRG and IgK, respectively). Oligoclonal
gene rearrangements are more unstable and prone to secondary
rearrangement, possibly leading to false-negative MRD results.??1
Thiswasillustrated by patient D212, who exhibited |gH oligoclonality
(Fig. 4), and clona evolution occurred where 2 IgH markers were
lost by week 5, giving afalse-negative MRD level. Confirmation by
aTCRG marker, however, detected MRD at intermediaterisk level.

TheAlIEOP-BFM-ALL 2000study requires2 markersof sensitivity
at least 10 for risk group stratification to avoid inaccurate results
due to clonal evolution. Unfortunately, this stringent regquirement
makesit possiblefor thegroupto deliver resultsontimefor only 67%
of patients. Our study differsfromthe AIEOP-BFM groupinthat we
require aminimum of 1 stable marker for MRD monitoring.

It has been widely reported that the stability of MRD targets is
inversely proportional tooligoclonality, particularly for IgH.*¢ Aswe
continue to screen for markers, we will prospectively explore if 1
marker is comparable to acombination of 2 markersaslong as care
istakento avoid clonal evolution. If we can provethevalidity of this
simplified method, whichisapplicableto 98% of patients compared
toonly 67% under the AIEOP-BFM protocol, it will greatly improve
the widespread application of our stratification protocol.

By using RQ-PCR, we were able to reach very high levels of
sensitivity of 10 or more for 98% of patients, a considerable
improvement over conventional techniques. Asthereisnosignificant
difference betweenthedifferent antigenreceptor markersintermsof
limit of detection and reproducibility, IgH, IgKde, TCR gammaand
delta gene rearrangements are al suitable targets for molecular
monitoring of MRD.

Conclusion

Conventional risk stratification uses presenting leukocyte count
and age which areimperfect risk factors, limiting itsusefulness. We
showed that molecular monitoring of MRD in childhood ALL is
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feasible and can be applied to 98% of patientsin atimely manner.
With its high predictive value, MRD measurement could replace
conventiona risk stratification methods. Using RQ-PCR, precise
quantitative monitoring of MRD with antigen receptor gene
rearrangements is both sensitive (up to 3-log improvement) and
highly reproducible. We have shown that in 98% of childhood ALL
patients, this method can be used to tailor therapy to each child,
enabling a reduction in both cost of therapy and treatment-related
toxicity while maintaining an optimal anti-leukaemic effect.
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Introduction

Severe acute respiratory syndrome (SARS) is a new disease
attributed to a novel coronavirus (SARS-CoV).? It began in
November 2002 in Guandong Province in southern China.® The
World Health Organisation (WHO) issued a global aert on this
contagious disease on 12 March 2003. In Singapore, the first index
case was hospitalised on 1 March 2003, which subsequently led to
an outbreak of 206 probable SARS patients.*

On22March 2003, theMinistry of Health (Singapore) designated
Tan Tock Seng Hospital (TTSH) as the only hospital for isolation
and management of all SARSpatients.® Inother countries, e.g., Hong
Kongand Canada, SARSpatientsweremanagedinseveral hospitals.®
9In TTSH, we have the unique opportunity of reviewing theclinical
features and outcomes of critically ill probable SARS patientsin a
national designated SARS intensive care unit (ICU).

Materialsand Methods

From 1 March to 9 June 2003, 206 probable SARS patients were
diagnosed in Singapore. Of the 7 probable SARS patients that were
not managedin TTSH, 21CU patientsweretooill for transfer, 2were
diagnosed by autopsy in out-of-hospital deaths, 1 died inthegeneral
wardin another hospital and 2 weredischarged fromathird hospital .
Forty-six (23.1%) of 199 patients treated in TTSH required ICU
admission. We retrospectively reviewed all the 46 probable SARS
patients admitted to TTSH's ICU during this study period.

Probable SARS patients were identified using WHO's criteria
current at that time.X® Patients were referred to the ICU if they
developed progressiverespiratory failureor required at least 50% O,
ininspired air to maintain SpO, > 92%. Patients were intubated if
they were deteriorating clinically and/or could not maintain SpO, >
90% while breathing 100% O, via aface mask.
Satistical Analysis

Survival timewas defined astheinterval between onset of illness
and death or censoring as of 9 June 2003. Thefollowing risk factors
for mortality werestudied: sex, age, race, co-morbidities, PaO,/FiO,
ratioonadmissiontol CU, lowest PaO,/FiO, ratio, Acute Physiol ogy
and Chronic Health Evaluation (APACHE) Il score, highest serum
lactate dehydrogenase (LDH), lowest serum sodium, lowest serum
potassium, lowest absolute lymphocyte count (ALC), highest total
white count (TWC), highest prothrombin time (PT) and highest
activated partial thromboplastin time (PTT).

It was observed that three-quarters of | CU deaths occurred on day
6 or later of ICU admission. Therefore, the relevant laboratory
measurementswithin thefirst 5 daysof admissionto ICU wereused
in the analysis for prognostic factors. Univariate Cox regression
models were fitted for each of the variables.

Starting from the most significant, variablesthat were significant
intheunivariate analysiswereincluded in the multivariate model in

turn. Thelog-likelihood ratio test was used to test whether inclusion
of anew covariate helped improvethefit of themodel. The adjusted
hazard ratios and their confidence intervals were provided for the
fina model.

The Nelson-Aaen cumulative hazard plot (on the log scale) was
used to graphically examine the proportional hazard assumption.
The Schoenfeld test wasused toformally ascertainif the assumption
of proportional hazards was violated for the final model. Data
analysiswasdonein Stata(V6.0) and level of significancewas set at
5%.

Results

The demographic and clinical characteristics of 46 critically ill
probable SARS patients are shown in Table I. All the patients
presented with fever; the other common symptomswere shortnessof
breath (89.1%) and cough (80.4%) (Table I1). The list of co-
morbiditiesistabulatedin Tablelll. Thelaboratory valueswithinthe
first 5 days of ICU admission are shown in Table V. Significant
morbidity (Table V) and in-1CU of 52.2% (24/46) were observed.

The survival experience of the entire SARS ICU cohort is shown
inFigurel. TableVI highlightstheunivariatepredictorsfor mortality.
The hazard ratio was 2.6 (95% CI: 1.1 to 6.2) among male as
comparedtofemale (p=0.027). Thehazard decreased by 0.98 (95%
Cl: 0.97 to 0.99) for every unit increase in PaO,/ FiO, ratio (p =
0.012). Lowest PaO,/FiO, ratio, APACHE Il score, presence of
congestiveheart failure (CCF), cerebrovascular accident (CVA) and
peptic ulcer were also found to be statistically significant.

In the multivariate analysis, only sex, APACHE Il score and
presence of CCFwerefound to beindependently related to mortality
(Table VII). Likelihood ratio tests indicated that none of the other
predictors that were significant at the univariate analysis were
significant, after adjustment for these covariates. The hazard ratio
was3.2(95%Cl: 1.2t08.4) among maleascomparedtofemal e, after
adjusting for APACHE Il score and presence of CCF. The hazard

Kaplan-Meier survival estimate
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Fig. 1. Kaplan-Meier survival experience.
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TABLEI: DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF ICU
PATIENTS (n = 46)

Variables
No. of males (%) 24 (52.2)
Age(y)

Mean (SD) 49.8 +16.4
Race [n (%)]

Chinese 34(73.9)

Malay 6(13.0)

Indian 3(6.5)

Others 3(6.5)
No. intubated (%) 39(84.8)
APACHEII

Mean + SD 19.2 +9.6
Length of ventilation (days)

Median (IQR) 12 (9-22)
PaO,/ FiO, ratio on ICU admission (mm Hg)

Median (IQR) 88 (60-128)
Lowest PaO,/ FiO, ratio (mm Hg)

Median (IQR) 59.5 (44-95)
Daysfrom symptom onset to hospitalisation

Median (IQR) 5 (2-6)
Daysfrom symptom onset to |CU admission

Median (IQR) 8(6-10)
Length of stay in hospital

Median (IQR) 23.5(15-36)
Length of stay inICU

Median (IQR) 145 (7-22)

TABLEIl: SYMPTOMS EXPERIENCED BY ICU COHORT

Symptom n (%)

Fever 46 (100.0)
Shortness of breath 41  (89.1)
Cough 37  (80.4)
Myagia 19 (413
Diarrhoea 16 (34.8)
Malaise 15 (32.6)
Nausea/vomiting 14 (30.4)
Headache 12 (26.1)
Sorethroat 9 (19.6)
Anorexia 6 (13.0

TABLEIII: LIST OF CO-MORBIDITIES

Co-morbidity n (%)
Asthma 2 (49
Diabetesmellitus 7 (15.2)
Ischaemic heart disease 6 (13.0)
Hypertension 14 (30.4)
Congestivecardiacfailure 3 (6.5)
Chronicrenal failure 3 (6.5)
Cerebrovascular accident 1 (22
Pepticulcer 4 (8.7
Others 22 (47.8)

ratioswere 5.6 (95% CI: 1.7 to 18.1) and 9.5 (95% CI: 2.0 to 46.4)
among thosewith APACHE |1 scores 15 to 30 and >30, ascompared
to those with a score of <15, after adjusting for sex and presence of
CCF. The hazard ratio among patientswith CCF was 21.7 (95% Cl:
1.7-274.7) ascompared to those without CCF, after adjusting for sex
and APACHE Il score. The Schoenfeld's test indicated that the
assumption of proportional hazards was not violated for the overall
model (p=0.627). The assumption was also not violated for each of
the covariate in the model.

Discussion

Thiscoronavirushasno gender or racia predilection. Critically ill
patients tend to be in their late middle age and required ICU
admission in the second week of illness. All the patients required
ICU admission because of respiratory failure, with median (inter-
quartile range, [IQR]) PaO,/FiO, of 88 (60 to 128) mm Hg. Eighty
five percent of our ICU patients required intubation for mechanical
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TABLEIV:LABORATORY VALUESWITHINFIRST5DAY SOFICU ADMISSION

Laboratory values Mean + SD

Highest serum LDH (U/L) 1429.4 + 515.9

L owest serum sodium (mmol/L) 131.20 £ 4.07

L owest serum potassium (mmol/L) 34+05

Lowest ALC (uL) 4459 + 186.0
Highest TWC (x 109L) 121+35

Highest PTT (s) 50.9 + 184
Highest PT (s) 149+ 22
TABLEV:LIST OF COMPLICATIONS

Complications n (%) 95% Cl
Septicaemia 12 (26.1) (14.3-41.1)
Secondary pneumonia 24 (52.2) (36.9-67.1)
Pneumothorax 8 (17.4) (7.8-31.4)
Pulmonary embolism 7 (15.2) (6.3-28.9)
Deep veinthrombosis 11 (23.9) (12.6-38.8)
Cerebrovascular accident 4 (87) (2.4-20.8)
Acuterenal failure 9 (19.6) (9.4-33.9)
Pneumomediastinum 1 (22 (0.06-11.5)

95% exact confidenceinterval from binomia distribution

TABLEVI: UNIVARIATE PREDICTORSOF MORTALITY

Covariates Hazard ratio 95% Cl pvalue
Sex (Male) 2.63 (1.12, 6.18) 0.027
Age(y) 1.02 (0.99, 1.05) 0.117
Race

Chinese 1

Malay 0.83 (0.24, 2.82) 0.762

Indian 1.02 (0.24, 4.39) 0.981

Others 0.47 (0.06, 3.52) 0.462
PaO,/ FiO, ratio on admissionto ICU 0.98 (0.97, 0.99) 0.012
Lowest PaO,/ FiO, ratio 0.99 (0.97, 0.99) 0.040
APACHE Il score

<15 1

15-30 3.83 (1.25, 11.72) 0.019

>30 18.18 (4.66, 71.00) <0.001
Highest serum LDH

Up to 1000 (U/L) 1

>1000 (U/L) 3.33 (0.98, 11.29) 0.053
L owest serum sodium

>136 (mmol/L) 1

Up to 136 (mmol/L) 0.80 (0.19, 3.41) 0.764
L owest serum potassium

>3.5(mmol/L) 1

Upto 3.5 (mmol/L) 0.73 (0.33, 1.63) 0.444
Lowest ALC (ul) 1.00 (0.99, 1.00) 0.625
Highest TWC (x10°L)

Upto 10 1

>10 2.25 (0.93, 5.45) 0.072
Highest PTT ()

Upto 43 1

>43 157 (0.62, 3.96) 0.339
Highest PT (s)

Upto 14.5 1

>14.5 183 (0.82, 4.09) 0.14
Ischaemic heart disease 240 (0.89, 6.46) 0.083
Hypertension 144 (0.63, 3.30) 0.385
Congestivecardiacfailure 79.75 (7.81, 813.9) <0.001
Diabetesmellitus 161 (0.60, 4.32) 0.346
Cerebrovascular accident 14.57 (1.52, 140.13) 0.020
Peptic ulcer 5.45 (1.82, 16.26) 0.002

TABLEVII: MULTIVARIATE PREDICTORSFORMORTALITY

Covariates Hazard ratio 95% ClI pvalue
Sex (Male) 3.18 (1.20, 8.40) 0.019
APACHE Il score
<15 1
15-30 5.60 (1.73, 18.07) 0.004
>30 9.52 (1.95, 46.44) 0.005
Congestivecardiacfailure 21.70 (1.71, 274.74) 0.017
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ventilation.

Reportsfrom Hong Kong,*+** Canada®® and Singapore 4 showed
that 19% to 32% of SARS patientsrequired |CU admission. About
13.8% to 25.3% of patients were mechanically ventilated. 69111315
Reported mortality ranges from 3.6% (at day 21 of outbreak)®? to
10.1% (at day 28 after symptom onset).™

In-ICU mortality ranges from 37% (at day 28 after symptom
onset) to 34.2% (at day 28 after ICU admission).® In the ICUsin
Toronto, mortality at 8weekswas52%for thoserequiring mechanical
ventilation,® which is consistent with the mortality rate of ARDS
patientsrequiring mechanical ventilation.® In our study, 61.5% (24/
39) of ventilated patients died.

The overall mortality for SARS patients was 13.2% for those
below 60 years and 43.3% for those aged 60 or older.** Data from
Hong Kong indicated that advanced age, peak LDH and an initial
elevated whitecell count may carry apoor prognosis.*? Unpublished
datafrom our local experience estimated that mortality for patients
below 60 years was 8.4%, and for those aged 60 or older was 50%.
Age and serum LDH values on admission were predictors for ICU
admission for our local SARS patients.

A paper from Toronto showed that diabetes and other co-morbid
conditions were independently associated with poor outcome, but
age of 60 years older was not.® Our study indicated that risk factors
for ICU mortality were male gender, APACHE Il score > 15 and
history of congestive cardiac failure.

Although mortality is higher in older patients particularly those
withpre-existing co-morbidillness, previously young healthy persons
have al so succumbed to the disease. Some authors postul ated thisto
higher viral loads or their host hyperimmune response.'” To control
the severe inflammatory damage, corticosteriods alone!®®® or in
combination withimmunoglobulin have been attempted, including
our centre. Such therapy, if proven to be effective, may be targeted
at patients with poor prognostic risk factors.

Comparison of mortality among different cohorts is difficult
because of different completeness of follow-up and case definition
of SARS.® Only 6 (3%) out of 199 in our TTSH cohort remained
hospitalised at theend of the study period, comparedto 45% and 23%
in Hong Kong*? and Canada® respectively. The case fatality rateis
approximately 3% to 12%, depending on whether the denominator
includes both suspect and probable cases (3%) or probable cases
alone (12%).781217

The WHO case definition for probable SARS was revised on 1
May 2003 to include polymerase chain reaction to detect the virus
and/or serology to detect the antibodies as criteria for defining a
probable SARS case.?’ Singaporewasdeclared SARS-free by WHO
on 31 May 2003. The last SARS patient was discharged from
hospital on 13 July 2003. Thefinal overall casefatality in Singapore
1513.7%(33/238), following recl assification of 32 out of 600 suspect
cases as probable on the basis of diagnostic |aboratory tests.?*? The
most recent WHO epidemiological record dated 27 June 2003
reported an overall case fatality of 15%.%

Conclusion

Criticalyill SARSpatientshad significant morbidity andmortality.
They aso consumed much ICU resources. Such information are
useful for the clinicians and health administrators in planning for
future outbreaks of SARS. Further studies are needed to elucidate
the poor prognostic factors so that novel therapy can be targeted in
such high-risk patients, to improve the outcomes and reduce the
burden of the disease on the health care service.

Acknowledgement

The authors would like to acknowledge the following:

TTSH SARSICU Group: SK Goh, KM Kwan, YR Chelliah, TK Kwek, K
Singh, YCLai, CFYim, T Umapathi, ACKor, WSY ap, KC Ong, PM Kong,

S36

WY Pek, M Khoo, HN Tan, Y Chan, JJSee, EIL Geh, G Loke, CH Yong, SC
Loke, CK Chia, HY Wong, L Pinheiro, JJY Tan, NS Tay, YC Kon, MKS
Leow, PHanda, YK Cheng, NPP Chua, BC Kwek, N Chua, SL Bek, D Woo,
KH Tay, U Pua, WL Yeo, SKW Wong, AST Liew, V Chandachan, K
Chandran, ST Choong, LY T Chiam, AWK Tan, TH Ng, TG Ng, JLoh, YW
Ooi, K Sujai, D Choy, CH Ho, YK Tan, A Gupta, B Wen, L Tan, CK Ooi,
WH Yong, D Lim, WT Loke, CM Ku, HN Ng, HL Chee.

Consulting Specialiststo SARSICU: CCLee(InfectiousDisease), PL Lim
(Infectious Disease), KS Ng (Cardiology), S Lim (Nephrology), P Kuperan
(Haematology), WJ Chng (Haematology), HC Lai (Haematology), D Wong
(Radiology), N Teo (Radiology), MT Chiu (Genera Surgery), TC Ong
(Psychiatry), TT Y eo (Neurosurgery)

Datacollection: HN Leong, HH Lim, LY Hsu, CF Chin, A Tan, Y C Por,
ME Puhaindran, CSH Tan, KWL Chua, SL Bek, N Chua, Y Chan.

We would also like to thank all the nurses, respiratory therapists,
physiotherapists, radiographers, medical socia workers, healthcareattendants
and clerks who worked in the TTSH's SARS ICU.

REFERENCES

1. Ksiazek TG, Erdman D, Goldsmith CS, et al. A novel coronavirus associated with
severe acute respiratory syndrome. N Engl JMed 2003; 348:1953-66.

2. Drosten C, Gunther S, Preiser W, et al. Identification of a novel coronavirus
in patients with severe acute respiratory syndrome. N Engl J Med
2003; 348:1967-76.

3. CheeYC. Severeacuterespiratory syndrome(SARS) —150dayson. AnnAcadMed
Singapore 2003; 32:278-80.

4. HsuLY, LeeCC, Green JA, et a. Severe acute respiratory syndrome (SARS) in
Singapore: clinical features of index patient and initial contacts. Emerg Infect
Dis 2003; 9:713-7.

5. Leo YS, Chen M, Heng BH, et a. Centers for Disease Control and
Prevention. Severe acute respiratory syndrome. MMWR Morb Mort WKkly Rep
2003; 52:405-11.

6. Booth CM, Matukas LM, Tomlinson GA, et al. Clinical features and short-term
outcomes of 144 patients with SARS in the Greater Toronto Area. JAMA
2003; 28 9:2801-9.

7. Poutanen SM, Low DE, Henry B, et al. Identification of severe acute respiratory
syndromein Canada. N Engl JMed 2003; 348:1995-2005.

8. Tsang KW, Ho PL, Ooi GC, et a. A cluster of cases of severe acute respiratory
syndromein Hong Kong. N Engl JMed 2003; 348:1977-85.

9. Fowler RA, Lapinsky SE, Hallett D, et al. Criticaly ill patients with severe acute
respiratory syndrome. JAMA 2003; 290:367-73.

10. World Health Organization. Case definitions for surveillance of severe acute
respiratory syndrome(SARS). (Assessed 20 April 2003, at http://www.who.int/crs/
sars/casedefinition/en/)

11. Donnelly CA, Ghani AC,Leung GM, etal. Epidemiological determinantsof spread
of causal agent of severe acute respiratory syndromein Hong Kong. Lancet 2003;
361:1761-6.

12. LeeN,Hui D, WuA, etal. A mgjor outbreak of severe acute respiratory syndrome
in Hong Kong. N Engl JMed 2003; 348:1986-94.

13. Peiris JSM, Chu CM, Cheng VCC, et . Clinical progression and viral load in a
community outbreak of coronavirus-associated SARS pneumonia: a prospective
study. Lancet 2003; 361:1767-72.

14. Lew TWK, Kwek TK, Tai DYH, et al. Acute respiratory distress syndrome in
critically ill SARS. JAMA 2003; 290:374-80.

15. VuTH, Cabau JF, Nguyen NT, et al. SARS in Northern Vietnam. N Engl JMed
2003; 348:2035.

16. EstebanA,AnzeutoA, FrutosF, etal. Characteristicsand outcomesin adult patients
receivingmechanical ventilation: a28-day internationa study. JAMA 2002; 287:345-
55.

17. Lapinsky SE, Hawryluck L..|CU management of severeacuterespiratory syndrome.
Intensive Care Med 2003; 29:870-5.

18. SoLKY,LauACW,YamLY C,ata. Development of astandard treatment protocol
for severe acute respiratory syndrome. Lancet 2003; 361:1615-7.

19. Lee N, Sung J. The use of corticosteriods in SARS. N Engl J Med
2003; 348:2034-5.

20. World Health Organization. Case definitions for surveillance of severe acute
respiratory syndrome (SARS). (Revised 1 May 2003.) (Accessed 16 Jul 2003, at:
http://www.who.int/csr/sars/casedefinition/en/)

21. Ministry of Health, Singapore. Singapore SARS-free for 66 days and clear of any
smoldering cases. Pressrelease 16 Jul 2003.

22. Khalik S. Hospitalsto lift restrictions; last patient out of SARS ward. The Straits
Times 17 Jul 2003: pg 1 (col 1-3).

23. World Health Organization. Severe acute respiratory syndrome (SARS): over 100
daysinto the outbreak. Wkly Epidemic Rec 2003; 78:2170-228.

Annals Academy of Medicine



