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Renal Hypouricemia Is an Ominous Sign in Patients With Severe
Acute Respiratory Syndrome

Vin-Cent Wu, MD, Jenq-Wen Huang, MD, Po-Ren Hsueh, MD, Ya-Fei Yang, MD,
Hung-Bin Tsai, MD, Wei-Chih Kan, MD, Hong-Wei Chang, MD, and Kwan-Dun Wu, MD, PhD, and

the SARS Research Group of National Taiwan University College of Medicine and National
Taiwan University Hospital

Background: The purpose of this study is to determine the incidence and significance of hypouricemia in patients
ith severe acute respiratory syndrome (SARS). Pulmonary lesions in patients with SARS are thought to result from
roinflammatory cytokine dysregulation. Acute renal failure has been reported in patients with SARS, but whether
ytokines can injure renal tubules is unknown. Methods: Sixty patients diagnosed with SARS in Taiwan in April 2003
ere studied. Patients were identified as hypouricemic when their serum uric acid (UA) level was less than 2.5 mg/dL

<149 �mol/L) within 15 days after fever onset. Urine UA and creatinine levels were available for 43 patients; the serum
ytokines interleukin-6 (IL-6), IL-8, and tumor necrosis factor-� (TNF-�) were measured in 16 patients. Results: Sixteen
atients (26.7%) had hypouricemia (UA, 1.68 � 0.52 mg/dL [100 � 31 �mol/L]). No differences in age, sex, symptoms,
ital signs, hemogram, or other biochemistry data existed between the hypouricemic and normouricemic groups.
ractional excretion (FE) of UA (FEUA) in 12 hypouricemic patients was 39.6% � 23.4%, significantly greater than that of
1 normouricemic patients (16.4% � 11.4%; P < 0.0001). After adjustments for age and sex, high FEUA was significantly
ssociated with the lowest blood oxygenation (P � 0.001; r � �0.624). The number of catastrophic outcomes
endotracheal intubation and/or death) adjusted for older age and sex showed that hypouremic patients had an odds
atio of 10.57 (confidence interval, 2.33 to 47.98; P � 0.002). Kaplan-Meier curves for catastrophic outcome–free results
howed significant differences between patients with normouricemia or hypouricemia (P � 0.01). Serum IL-8 levels
orrelated significantly with FEUA (P < 0.001; r � 0.785) and inversely with serum UA level (P � 0.044; r � �0.509); neither
L-6 nor TNF-� level showed such correlations. Conclusion: One fourth of patients with SARS developed hypouricemia,
hich might result from a defect in renal UA handling and was associated with a high serum IL-8 level. Renal
ypouricemia is an ominous sign in patients with SARS. Am J Kidney Dis 45:88–95.
2004 by the National Kidney Foundation, Inc.

NDEX WORDS : Hypouricemia; severe acute respiratory syndrome (SARS); uric acid (UA); fraction excretion (FE);

enal tubule.
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ATIENTS WITH severe acute respiratory
syndrome (SARS) caused by a new corona-

irus (CoV) present with fever and respiratory
ymptoms.1 Although the virus can be found in

From the Department of Internal Medicine, Far Eastern
emorial Hospital; and Departments of Internal Medicine

nd Laboratory Medicine, National Taiwan University Hos-
ital, Taipei, Taiwan.
Received June 16, 2004; accepted in revised form Septem-

er 9, 2004.
The SARS Research Group of National Taiwan University

ollege of Medicine and National Taiwan University Hospital
ncludes the following members: Ding-Shinn Chen, Yuan-Teh Lee,
he-Ming Teng, Pan-Chyr Yang, Hong-Nerng Ho, Pei-Jer Chen,
ing-Fu Chang, Jin-Town Wang, Shan-Chwen Chang, Chuan-

iang Kao, Wei-Kung Wang, Cheng-Hsiang Hsiao, and Po-Ren
sueh.
Supported in part by the Improving Dialysis Quality

esearch Funds and Ta-Tung Kidney Foundation.
Presented in part at the 20th Annual Meeting of the Taiwan

ociety of Nephrology, Taipei, Taiwan, December 13-14, 2003.
Address reprint requests to Kwan-Dun Wu, MD, PhD,

epartment of Internal Medicine, National Taiwan Univer-
ity Hospital, 7 Chung-Shan South Rd, Taipei, Taiwan.
-mail: kdw@ntumc.org
© 2004 by the National Kidney Foundation, Inc.
0272-6386/04/4501-0009$30.00/0
rdoi:10.1053/j.ajkd.2004.09.031

American Journal of8
rine from patients,2 renal function usually is
reserved and acute renal failure (ARF) is uncom-
on.3 Causes of ARF in the patients with SARS
e studied were multifactorial, eg, infections,

habdomyolysis, antiviral agents, and hypox-
mia. However, we observed that the elevation in
erum creatinine levels in patients with ARF was
receded by increased serum cytokine levels,
ndicating that proinflammatory cytokine-related
enal lesions may have an important role.4

Direct and indirect associations of viral in-
ections with human renal diseases have been
oted for years,5 and several pathogenic mecha-
isms have been postulated as contributing to
he renal diseases associated with viral infec-
ions.6 Most virus-related renal diseases mainly
nvolve glomeruli. However, lesions of the
enal tubules and interstitium have been re-
orted infrequently.7 We showed interstitial
nfiltrations of inflammatory cells in renal his-
ological specimens obtained at necropsy for 2
atients with SARS complicated by ARF.4

aking these observations together, we specu-
ate that significant elevations in proinflamma-
ory cytokine levels may have a pivotal role in

enal injury in patients with SARS.

Kidney Diseases, Vol 45, No 1 (January), 2005: pp 88–95
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HYPOURICEMIA AND SARS 89
Proximal tubular injury is observed com-
only in patients with interstitial inflammation

nd clinically manifested by defects in organic
cid and electrolyte transport. Hypouricemia
aused by uricosuria has been shown in patients
ith acute and chronic tubulointerstitial nephri-

is, but rarely has been reported in patients with
ystemic infections without frank renal dis-
ase.7,8 Although the mechanism is not eluci-
ated, renal hypouricemia in patients with sys-
emic infections has been shown to be a factor in
oor prognosis.7 In the present study, we exam-
ne the prevalence of hypouricemia in patients
ith SARS and its significance to the outcomes
f these patients.

METHODS

atients
Seventy-four patients with probable SARS were admitted

o this hospital from April 19 to May 16, 2003, when
ndemic SARS occurred on this island.9 The diagnosis of
robable SARS was made in the presence of fever greater
han 38°C, respiratory symptoms, contact history, and either
neumonic patch on chest film or positive test for CoV, a
efinition for probable SARS by the Centers for Disease
ontrol and Prevention and World Health Organization.2,10,11

even patients were excluded from this study because diuret-
cs were administered during blood sampling; another 7
atients were excluded because they had only 1 test of serum
ric acid (UA) within 15 days after the onset of fever.
SARS-CoV had been detected in 18 patients (30%) by
eans of reverse-transcriptase polymerase chain reaction of

hroat swabs. Another 36 patients who had negative throat
wab results for SARS-CoV had seroconversion detected by
eans of immunofluorescent assay in 26 patients (43.3%)

nd by means of enzyme-linked immunosorbent assay in 10
atients (16.7%). The other 6 patients (10%), who had no
irect microbiological or serological evidence of SARS-
oV infection by the end of the study, had clinical courses
ompatible with those of probable SARS. They had a clear
elationship, as well as exposure, to initial immigrant clus-
ers and later intrahospital outbreaks in Taiwan.12 The diag-
osis of SARS in these patients had been confirmed by a
ommittee of the Center for Disease Control (Taiwan).

efinition of Hypouricemia and
nappropriate Uricosuria

Serum UA was measured at least twice in all patients
ncluded in this study. However, because blood sampling
as not performed on a fixed schedule, data were clustered

n 3 periods after the onset of fever. If more than 2 measure-
ents were obtained in any period, the lowest level in that

eriod was used for analysis. When multiple daily measure-
ents were performed, data obtained closest to 8:00 AM was

nalyzed. Hypouricemia is defined when a serum UA level

ithin 15 days after onset of fever was less than 2.5 mg/dL p
�149 �mol/L), which is more than 2 SDs less than the
ean UA level measured in this hospital. A standard formula
as used to calculate fractional excretion (FE) of UA

FEUA);

EUA � urine UA

� serum creatinine ⁄ urine creatinine � serum UA

In hypouricemic patients, FEUA greater than 10% is
efined as inappropriate uricosuria.13,14

aboratory Measurements
Biochemical parameters were measured using the Toshiba

BA-200FR Clinical Chemistry analyzer (Toshiba, Tochigi-
en, Japan); UA was measured using the uricase method.15

erum levels of tumor necrosis factor-� (TNF-�), interleu-
in 6 (IL-6), and IL-8 were determined by using an immuno-
etric assay (Immulite; Diagnostic Products Corp, Los
ngeles, CA).
Blood oxygen saturation of hospitalized patients was

utomatically recorded 3 times every day by using pulse
ximetry (Agilent, Andover, MA). The lowest value on the
ay renal excretion of UA was studied was used for analysis.

tatistical Analysis
Results are expressed as mean � SD unless otherwise

pecified. Unpaired Student’s t-test was applied to analyze
ontinuous data, and either chi-square test or Fisher’s exact
est was applied to analyze categorical data. Statistical
nalyses were performed using SPSS for Windows, version
0.0 (SPSS Inc, Chicago, IL). Comparison of data between
roups was made using a t-test for random data. In addition,
epeated measurements of UA variables with hypouremic
nd normouremic patients were analyzed by using analysis
f variance. If results differed significantly, a post hoc
omparison was performed using a t-test for paired data and
cheffé test.
A catastrophic outcome is defined as death or need for
echanical ventilation.16 Time to discharge and time to

atastrophic outcome were examined by using survival anal-
sis, with follow-up for all patients starting at fever onset
nd ending after discharge. Data were censored if, at the end
f follow-up, patients were still in the hospital (for time to
ischarge), were still alive (from time to death), and did not
ave a catastrophic outcome. The Kaplan-Meier (product-
imit) method was used to estimate survival and plot time to
vent between the hypouricemia and normouricemia groups,
nd log-rank test, to compare differences between groups.13

P less than 0.05 is considered statistically significant.

RESULTS

atient Characteristics

Patient age was 47 � 17 years, and there were
0 women and 30 men. Thirty-five, 54, and 55
atients had serum UA levels measured at 1 to 5,

to 9, and 10 to 15 days after fever onset,
espectively. Sixteen patients (26.7%) were hy-

ouricemic, with a serum UA level of 1.68 �
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WU ET AL90
.59 mg/dL (100 � 35 �mol/L); the remainder
ad a serum UA level of 4.56 � 1.41 mg/dL
271 � 84 �mol/L). As shown in Fig 1, at each
eriod, hypouricemic patients had lower serum
A levels than normouricemic patients. In hy-
ouricemic patients, the lowest serum UA level
as observed 6 to 9 days after the onset of fever

P � 0.001 compared with days 1 to 5) and
eturned to baseline 10 to 15 days after fever
nset (P � 0.565 compared with days 1 to 5).
onversely, serum UA levels in normouricemic
atients were unchanged during this time (P �
.770). Eleven hypouricemic patients had serum

Fig 1. Serum UA levels in patients with SARS mea-
ured in different periods after fever: 1 to 5, 6 to 9, and
0 to 14 days. Sixteen patients were identified as
ypouricemic (dotted bar), and 44 patients, normouri-
emic (black bar). Numbers in parentheses indicate
he number of patients with serum UA measurements
n that period. *P � 0.001.

Table 1. Chara

Hypouric
(n �

ex (M/F) 7
ge (y) 50.2
ital signs at admission
Systolic blood pressure (mm Hg) 136.7
Diastolic blood pressure (mm Hg) 84.2
Heart rate (beats/min) 94.1
Temperature (°C) 38.4

ymptoms
Sore throat 1 (7
Cough 7 (4
Myalgia 8 (5
Diarrhea 8 (5
omorbidities
Hypertension 1 (6
Ischemic heart disease 0 (0
Diabetes 2 (1
NOTE. Results expressed as number (%) or mean � SD.
A levels return to normal (UA � 2.5 mg/dL)
fter fever onset (day 12.3 � 1.9).2 Four patients
emained hypouricemic after day 16, and 1 pa-
ient was without UA data after day 12. Patients
ith persistent hypouricemia showed a graver
rognosis than patients with corrected hypourice-
ia (intubated or dead, P � 0.016).
There were no differences in age, sex, symp-

oms (ie, sore throat, runny nose, cough, myal-
ia, and diarrhea), or vital signs on admission
etween the 2 groups (Table 1). Prevalences of
ypertension, diabetes, and ischemic heart dis-
ase were the same between the 2 groups (Table
).
Hemograms and biochemical parameter mea-

urements at admission are listed in Table 2.
here were no differences between the 2 groups

n white blood cell count, hematocrit value, plate-
et count, or levels of urea nitrogen, serum creat-
nine, creatine kinase, and electrolytes.

xcretion of Uric Acid

Forty-three patients (12 hypouricemic, 31
ormouricemic) had urine samples available to
alculate FEUA and electrolyte levels days 5 to
1 after fever onset. FEUA of the hypouricemic
roup was significantly greater than that of the
ormouricemic group (39.6% � 23.4% versus
6.4% � 11.4%; P � 0.0001). All hypourice-
ic patients had inappropriate uricosuria

FEUA � 10%). The inverse correlation of

ics of Patients

oup Normouricemic Group
(n � 44) P

23/21 0.386
46.3 � 17.5 0.448

133.9 � 25.9 0.732
77.02 � 12.2 0.098
97.7 � 15.5 0.477
37.9 � 0.97 0.152

7 (15.91) 0.287
18 (40.91) 0.459
23 (52.27) 0.487
14 (31.81) 0.193

5 (11.36) 0.655
2 (4.55) 0.547
7 (15.91) 0.551
cterist

emic Gr
16)

/9
� 16.7

� 23.4
� 16.7
� 15.1
� 1.0

.69)
3.75)
0.00)
0.00)

.25)
)
2.50)
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HYPOURICEMIA AND SARS 91
EUA with serum UA level was significant
r � �0.565; P � 0.001; Fig 2). Three hypouri-
emic patients had a positive urine glucose test
esult detected with Multistix (Bayer, Taiwan),
ncluding 2 patients with diabetes with plasma
lucose levels greater than 200 mg/dL (�11.1
mol/L).

Table 2. Hemogram and Biochemical Parameters i

Hyp
(n

owest count of
White blood cells (/�L) 3,90
Absolute neutrophils (/�L) 36

eak levels of
White blood cells (/�L) 12,68
Blood urea nitrogen (mg/dL) 33.
Serum creatinine (mg/dL) 1.
Creatinine kinase (U/L) 23,15
Aspartate aminotransferase (U/L) 8
Alanine aminotransferase (U/L) 12
Lactate dehydrogenase (U/L) 1,10
C-reactive protein (mg/dL) 6.

lectrolytes and FE
Sodium (mEq/L) 137.
Potassium (mEq/L) 4.
Calcium (mg/dL) 7.
Phosphate (mg/dL) 3.
FEUA (%) 40.1
FE of sodium (%) 0.6
FE of potassium (%) 9.2
Urine osmolarity (mOsmol/kgH2O) 43

NOTE. Data represent the lowest observed level of seru
rea nitrogen in mg/dL to mmol/L, multiply by 0.357; seru
otassium in mEq/L to mmol/L, multiply by 1; calcium in mg
ultiply by 0.3229.

Fig 2. The relationship between serum UA level and
EUA in 43 patients with SARS. Dashed lines indicate
EUA of 10% (horizontal) and serum UA level of 2.5
(
g/dL (149 �mol/L; vertical). To convert UA in mg/dL

o �mol/L, multiply by 59.48.
ffects of Uric Acid on Clinical Outcomes

Most patients were treated with ribavirin, 1,200
g/d; methylprednisolone, 2 mg/kg/d for 5 days;

nd, depending on the patient’s condition, intra-
enous immunoglobulin, 1 g/kg/d for 2 days.9

here was no difference in treatment regimens
etween the 2 groups (Table 3). Logistic regres-
ion analysis did not show a significant correla-
ion between serum UA levels and medication,
xcept for a modest correlation between ribavirin
reatment and FEUA (P � 0.074). There were no
ifferences between the 2 groups in duration of
ever, hospital stay, or incidence of ARF. How-
ver, more hypouricemic patients needed endotra-
heal intubation for ventilation support than nor-
ouricemic patients (P � 0.026; Table 3). Twenty

atients underwent endotracheal intubation for
echanical ventilation, and their FEUA was

reater than that of patients who did not undergo
echanical ventilation (P � 0.023; Fig 3).
Five hypouricemic patients and 9 normouri-

emic patients died. Twenty-three patients in
ur cohort (38.3%) had catastrophic outcomes

ouricemic and Hypouricemic Patients With SARS

ic Normouricemic
(n � 44) P

65 4,468 � 3,191 0.963
1 450 � 243 0.237

90 12,582 � 7,603 0.524
.6 33.7 � 33.1 0.992

1.5 � 1.6 0.617
,438 646 � 2,239 0.342

92 � 78 0.855
1 112 � 159 0.862
6 1,330 � 1,403 0.554

6.5 � 4.7 0.969

136.6 � 5.4 0.586
4.0 � 0.62 0.857
7.6 � 0.8 0.523
3.4 � 0.7 0.860

.60 16.11 � 11.38 0.005
5 0.65 � 0.94 0.895
0 8.04 � 5.30 0.472
8 457 � 211 0.710

Values are expressed as means � SD. To convert blood
tinine in mg/dL to �mol/L, multiply by 88.4; sodium and
mol/L, multiply by 0.2495; phosphate in mg/dL to mmol/L,
n Norm

ouricem
� 16)

9 � 2,2
7 � 19

1 � 6,1
8 � 23
3 � 1.1
9 � 85
8 � 76
1 � 15
4 � 64
6 � 4.3

5 � 4.6
0 � 0.4
6 � 0.4
3 � 0.4
4 � 23
8 � 0.5
0 � 4.5
1 � 16

m UA.
m crea

/dL to m
endotracheal intubation and/or death). The
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WU ET AL92
umber of catastrophic outcomes adjusted for
lder age and sex showed that hypouremic
atients had an odds ratio of 10.57 (confidence
nterval, 2.33 to 47.98; P � 0.002). Kaplan-

eier curves for catastrophic outcome–free
esults showed significant differences between
atients with normouricemia or hypouricemia
log rank P � 0.01; Fig 4).

actors Associated With Increased
ric Acid Excretion

FEUA correlated with peak creatine kinase
evel (P � 0.014; r � 0.376) measured within
he first 15 days and with need for endotracheal
ntubation for supportive ventilation (P � 0.003;
� 0.448), but correlated negatively with blood
xygen saturation (P � 0.001; r � �0.624).
fter adjustments for age and sex, FEUA re-
ained significantly associated with blood oxy-

en saturation (P � 0.001; r � �0.624; adjusted
2 � 0.389). Moreover, FEUA was greater in
atients who needed endotracheal intubation for
entilation support than in those who did not
P � 0.003; Fig 4).

Serum levels of the proinflammatory cyto-
ines IL-6, IL-8, and TNF-� were measured in
6 patients (6 hypouricemic, 10 normourice-
ic) during their UA excretion studies. IL-8

evels correlated significantly with FEUA (P �
.001; r � 0.785) and inversely with serum
A level (P � 0.044; r � �0.509; Fig 5).
owever, similar correlations were not ob-

Table 3. Treatmen

Hypouric
(n � 1

reatment
Ribavirin 12 (75
Methylprednisolone 15 (93
Intravenous immunoglobulin 11 (68
linical outcomes
Duration of fever (d) 8.1 �
Hospital stay (d) 35.9 �
ARF 3 (18
Death 5 (31
Endotracheal intubation 9 (56
Death and/or intubation 11 (69

NOTE. Results expressed as number (percent) or mean
erved for either IL-6 or TNF-� level.
e
f

DISCUSSION

In our study, more than one fourth of patients
ith SARS had hypouricemia, a clinical feature
ot reported previously. Considering that ribavi-
in treatment may increase serum UA levels,17

he incidence of hypouricemia in patients with
ARS may be underestimated. All hypouricemic
atients in the present study had inappropriate
ricosuria. The inverse correlation between se-
um UA level and FEUA indicates that the hy-
ouricemia in patients with SARS resulted from
n abnormal increase in UA excretion during
ARS-CoV infection. Although SARS-CoV
ould be detected in patients’ urine, most of the

Fig 3. FEUA of patients who did versus did not need

linical Outcomes

Normouricemia
(n � 44) P

41 (93.18) 0.074
39 (88.64) 0.488
25 (56.81) 0.299

9.6 � 3.8 0.224
26.2 � 24.7 0.261

8 (18.18) 0.614
9 (20.45) 0.292

11 (25) 0.026
12 (27.3) 0.005
t and C

emia
6)

)
.75)
.75)

4.7
31.4
.75)
.25)
.3)
.8)
ndotracheal intubation. Lines indicate mean values
or the 2 groups.



p
f
a
r
p
w
l

h
h

d
p
r
p
fi
h
a
c
a

t
c
(
w
n
u
d
o
s
F
c
m
e
e
h
c
s
1
s

w
m

HYPOURICEMIA AND SARS 93
atients with SARS we studied had normal renal
unction. Acute interstitial nephritis has been
ssociated with various viral infections, but not
eported in SARS-CoV infection. We had re-
orted 2 necropsy cases of patients with SARS
ith ARF and did not find glomerular or tubular

esions.4

Several diseases or factors may cause renal
ypouricemia, eg, obstructive jaundice, solid or
ematologic neoplasias, diabetes mellitus, and

Fig 4. Kaplan-Meier survival estimates of patients
ith SARS according to hypouricemic and normourice-
ic groups; P � 0.01 by log-rank test.
rugs affecting urate homeostasis.14 Renal hy-
ouricemia associated with infections has been
eported infrequently.18,19 Although a substantial
roportion of patients with acquired immunode-
ciency syndrome have presented with renal
ypouricemia, co-trimoxazole was thought to be
contributory factor.19,20 Causes of renal hypouri-
emia in patients with other systemic infections
re not known.

Four complementary DNAs that express pro-
eins transporting urate recently have been
loned.21 Mutational defects of URAT1
SLC22A12) have been identified in patients
ith renal hypouricemia,22,23 but the mecha-
isms of urate transport regulation are not fully
nderstood. Although proinflammatory cytokine
ata were obtained from a small proportion of
ur patients with SARS, it is interesting that
erum IL-8 level correlated significantly with
EUA. It has been shown that proinflammatory
ytokines can influence UA excretion24 and
odulate the activities of channels and transport-

rs by various mechanisms.25,26 To our knowl-
dge, the effect of cytokines on urate transport
as not been investigated. Previous reports indi-
ated that the mean time for immunoglobulin G
eroconversion of SARS-CoV occurs on day
0,2 accompanied by a decline in serum levels of
uch proinflammatory cytokines as IL-6, IL-8,

Fig 5. Relationships be-
tween FEUA and serum IL-6,

IL-8, and TNF-� levels in 16
patients with SARS.
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WU ET AL94
nd TNF-� in the convalescent stage.27 Our
tudy showed that the lowest serum UA level
ccurred days 7 to 9 after fever onset, when the
ytokine storm of patients with SARS usually
ccurred.27

Hypouricemia is a poor prognostic indicator in
atients with intra-abdominal sepsis18 or radiat-
ng pneumonitis.28 In patients with acquired im-
unodeficiency syndrome with infections of the

entral nervous system, renal hypouricemia also
s an ominous sign.19 The present study shows
hat hypouricemic patients with SARS had a
oor outcome, especially in terms of respiratory
ailure, compared with normouricemic patients.

oreover, Kaplan-Meier curves for catastrophic
utcome–free results showed significant differ-
nces between patients with normouricemia or
ypouricemia. In addition, FEUA correlated in-
ersely with blood oxygenation. UA is the main
etabolite of adenosine triphosphate degrada-

ion, and increased UA excretion has been ob-
erved in patients with respiratory failure.29 How-
ver, in such patients, serum UA levels were not
ecreased or changed by treatment,29 implicat-
ng increased UA production, rather than abnor-
al UA renal handling, in hypoxic patients. We

peculate that both hypoxia and hypouricemia in
atients with SARS indicate the severity of
ARS-CoV infection, which affects both ventila-

ion and UA excretion. In vivo and in vitro
tudies30,31 have shown UA to be an important
ntioxidant, contributing as much as 60% of
ree-radical scavenging in human serum.32 A
rospective, randomized, controlled clinical trial
howed that a nucleotide-supplemented diet could
ignificantly reduce complications and shorten
ospital stay after admission to an intensive care
nit,33 suggesting serum UA as a possible surro-
ate of antioxidant capacity.34 It is not clear
hether poor outcomes of hypouricemic patients
ith SARS are caused in part by a shortage of

ntioxidants.
In summary, hypouricemia resulting from

bnormal renal urate handling is not rare in
atients with SARS-CoV infection and may
eflect the severity of disease and predict poor
atient outcomes. The significance of the rela-
ionship between IL-8 level and FEUA needs

urther investigation. t
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