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

Vin-Cent Wu, MD, Jeng-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
with severe acute respiratory syndrome (SARS). Pulmonary lesions in patients with SARS are thought to result from
proinflammatory cytokine dysregulation. Acute renal failure has been reported in patients with SARS, but whether
cytokines can injure renal tubules is unknown. Methods: Sixty patients diagnosed with SARS in Taiwan in April 2003
were studied. Patients were identified as hypouricemic when their serum uric acid (UA) level was less than 2.5 mg/dL
(<149 pmol/L) within 15 days after fever onset. Urine UA and creatinine levels were available for 43 patients; the serum
cytokines interleukin-6 (IL-6), IL-8, and tumor necrosis factor-a (TNF-«)) were measured in 16 patients. Results: Sixteen
patients (26.7%) had hypouricemia (UA, 1.68 = 0.52 mg/dL [100 + 31 umol/L]). No differences in age, sex, symptoms,
vital signs, hemogram, or other biochemistry data existed between the hypouricemic and normouricemic groups.
Fractional excretion (FE) of UA (FE,) in 12 hypouricemic patients was 39.6% = 23.4%, significantly greater than that of
31 normouricemic patients (16.4% = 11.4%; P < 0.0001). After adjustments for age and sex, high FE, was significantly
associated 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
ratio of 10.57 (confidence interval, 2.33 to 47.98; P = 0.002). Kaplan-Meier curves for catastrophic outcome—free results
showed significant differences between patients with normouricemia or hypouricemia (P = 0.01). Serum IL-8 levels
correlated significantly with FE, (P < 0.001; r = 0.785) and inversely with serum UA level (P = 0.044; r = —0.509); neither
IL-6 nor TNF-« level showed such correlations. Conclusion: One fourth of patients with SARS developed hypouricemia,
which might result from a defect in renal UA handling and was associated with a high serum IL-8 level. Renal
hypouricemia is an ominous sign in patients with SARS. Am J Kidney Dis 45:88-95.
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ATIENTS WITH severe acute respiratory
syndrome (SARS) caused by a new corona-
virus (CoV) present with fever and respiratory
symptoms.' Although the virus can be found in
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urine from patients,” renal function usually is
preserved and acute renal failure (ARF) is uncom-
mon.” Causes of ARF in the patients with SARS
we studied were multifactorial, eg, infections,
rhabdomyolysis, antiviral agents, and hypox-
emia. However, we observed that the elevation in
serum creatinine levels in patients with ARF was
preceded by increased serum cytokine levels,
indicating that proinflammatory cytokine-related
renal lesions may have an important role.*

Direct and indirect associations of viral in-
fections with human renal diseases have been
noted for years,” and several pathogenic mecha-
nisms have been postulated as contributing to
the renal diseases associated with viral infec-
tions.® Most virus-related renal diseases mainly
involve glomeruli. However, lesions of the
renal tubules and interstitium have been re-
ported infrequently.” We showed interstitial
infiltrations of inflammatory cells in renal his-
tological specimens obtained at necropsy for 2
patients with SARS complicated by ARF.*
Taking these observations together, we specu-
late that significant elevations in proinflamma-
tory cytokine levels may have a pivotal role in
renal injury in patients with SARS.
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Proximal tubular injury is observed com-
monly in patients with interstitial inflammation
and clinically manifested by defects in organic
acid and electrolyte transport. Hypouricemia
caused by uricosuria has been shown in patients
with acute and chronic tubulointerstitial nephri-
tis, but rarely has been reported in patients with
systemic infections without frank renal dis-
ease.””® Although the mechanism is not eluci-
dated, renal hypouricemia in patients with sys-
temic infections has been shown to be a factor in
poor prognosis.’ In the present study, we exam-
ine the prevalence of hypouricemia in patients
with SARS and its significance to the outcomes
of these patients.

METHODS

Patients

Seventy-four patients with probable SARS were admitted
to this hospital from April 19 to May 16, 2003, when
endemic SARS occurred on this island.” The diagnosis of
probable SARS was made in the presence of fever greater
than 38°C, respiratory symptoms, contact history, and either
pneumonic patch on chest film or positive test for CoV, a
definition for probable SARS by the Centers for Disease
Control and Prevention and World Health Organization.>'%!!
Seven patients were excluded from this study because diuret-
ics were administered during blood sampling; another 7
patients were excluded because they had only 1 test of serum
uric acid (UA) within 15 days after the onset of fever.

SARS-CoV had been detected in 18 patients (30%) by
means of reverse-transcriptase polymerase chain reaction of
throat swabs. Another 36 patients who had negative throat
swab results for SARS-CoV had seroconversion detected by
means of immunofluorescent assay in 26 patients (43.3%)
and by means of enzyme-linked immunosorbent assay in 10
patients (16.7%). The other 6 patients (10%), who had no
direct microbiological or serological evidence of SARS-
CoV infection by the end of the study, had clinical courses
compatible with those of probable SARS. They had a clear
relationship, as well as exposure, to initial immigrant clus-
ters and later intrahospital outbreaks in Taiwan.'? The diag-
nosis of SARS in these patients had been confirmed by a
committee of the Center for Disease Control (Taiwan).

Definition of Hypouricemia and
Inappropriate Uricosuria

Serum UA was measured at least twice in all patients
included in this study. However, because blood sampling
was not performed on a fixed schedule, data were clustered
in 3 periods after the onset of fever. If more than 2 measure-
ments were obtained in any period, the lowest level in that
period was used for analysis. When multiple daily measure-
ments were performed, data obtained closest to 8:00 AM was
analyzed. Hypouricemia is defined when a serum UA level
within 15 days after onset of fever was less than 2.5 mg/dL

89

(<149 pmol/L), which is more than 2 SDs less than the
mean UA level measured in this hospital. A standard formula
was used to calculate fractional excretion (FE) of UA
(FEyA);

FEy, = urine UA
X serum creatinine/urine creatinine X serum UA

In hypouricemic patients, FE;, greater than 10% is
defined as inappropriate uricosuria.'>'#

Laboratory Measurements

Biochemical parameters were measured using the Toshiba
TBA-200FR Clinical Chemistry analyzer (Toshiba, Tochigi-
ken, Japan); UA was measured using the uricase method.'?
Serum levels of tumor necrosis factor-a (TNF-«), interleu-
kin 6 (IL-6), and IL-8 were determined by using an immuno-
metric assay (Immulite; Diagnostic Products Corp, Los
Angeles, CA).

Blood oxygen saturation of hospitalized patients was
automatically recorded 3 times every day by using pulse
oximetry (Agilent, Andover, MA). The lowest value on the
day renal excretion of UA was studied was used for analysis.

Statistical Analysis

Results are expressed as mean * SD unless otherwise
specified. Unpaired Student’s f-test was applied to analyze
continuous data, and either chi-square test or Fisher’s exact
test was applied to analyze categorical data. Statistical
analyses were performed using SPSS for Windows, version
10.0 (SPSS Inc, Chicago, IL). Comparison of data between
groups was made using a #-test for random data. In addition,
repeated measurements of UA variables with hypouremic
and normouremic patients were analyzed by using analysis
of variance. If results differed significantly, a post hoc
comparison was performed using a #-test for paired data and
Scheffé test.

A catastrophic outcome is defined as death or need for
mechanical ventilation.'® Time to discharge and time to
catastrophic outcome were examined by using survival anal-
ysis, with follow-up for all patients starting at fever onset
and ending after discharge. Data were censored if, at the end
of follow-up, patients were still in the hospital (for time to
discharge), were still alive (from time to death), and did not
have a catastrophic outcome. The Kaplan-Meier (product-
limit) method was used to estimate survival and plot time to
event between the hypouricemia and normouricemia groups,
and log-rank test, to compare differences between groups.'?

P less than 0.05 is considered statistically significant.

RESULTS

Patient Characteristics

Patient age was 47 £ 17 years, and there were
30 women and 30 men. Thirty-five, 54, and 55
patients had serum UA levels measured at 1 to 5,
6 to 9, and 10 to 15 days after fever onset,
respectively. Sixteen patients (26.7%) were hy-
pouricemic, with a serum UA level of 1.68 =
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g— (M (28) (16) (38) (15) (40) - UA levels return to normal (UA > 2.5 mg/dL)
£ Hypouricemia 5 .
~ o after fever onset (day 12.3 = 1.9).” Four patients
J B Normouricemia . . .
g 5 remained hypouricemic after day 16, and 1 pa-
£ tient was without UA data after day 12. Patients
g 4 with persistent hypouricemia showed a graver
€ prognosis than patients with corrected hypourice-
§ mia (intubated or dead, P = 0.016).
@ 2+ There were no differences in age, sex, symp-
toms (ie, sore throat, runny nose, cough, myal-
0- gia, and diarrhea), or vital signs on admission

D1-5 D6-9

D10-14

Fig1. Serum UA levels in patients with SARS mea-
sured in different periods after fever: 1 to 5, 6 to 9, and
10 to 14 days. Sixteen patients were identified as
hypouricemic (dotted bar), and 44 patients, normouri-
cemic (black bar). Numbers in parentheses indicate
the number of patients with serum UA measurements
in that period. *P = 0.001.

0.59 mg/dL (100 £ 35 pmol/L); the remainder
had a serum UA level of 4.56 = 1.41 mg/dL
(271 = 84 pmol/L). As shown in Fig 1, at each
period, hypouricemic patients had lower serum
UA levels than normouricemic patients. In hy-
pouricemic patients, the lowest serum UA level
was observed 6 to 9 days after the onset of fever
(P = 0.001 compared with days 1 to 5) and
returned to baseline 10 to 15 days after fever
onset (P = 0.565 compared with days 1 to 5).
Conversely, serum UA levels in normouricemic
patients were unchanged during this time (P =
0.770). Eleven hypouricemic patients had serum

between the 2 groups (Table 1). Prevalences of
hypertension, diabetes, and ischemic heart dis-
ease were the same between the 2 groups (Table
D).

Hemograms and biochemical parameter mea-
surements at admission are listed in Table 2.
There were no differences between the 2 groups
in white blood cell count, hematocrit value, plate-
let count, or levels of urea nitrogen, serum creat-
inine, creatine kinase, and electrolytes.

Excretion of Uric Acid

Forty-three patients (12 hypouricemic, 31
normouricemic) had urine samples available to
calculate FE, , and electrolyte levels days 5 to
11 after fever onset. FE;, of the hypouricemic
group was significantly greater than that of the
normouricemic group (39.6% * 23.4% versus
16.4% = 11.4%; P < 0.0001). All hypourice-
mic patients had inappropriate uricosuria
(FEys > 10%). The inverse correlation of

Table 1. Characteristics of Patients

Hypouricemic Group

Normouricemic Group

(n=16) (n = 44) P

Sex (M/F) 7/9 23/21 0.386
Age (y) 50.2 = 16.7 46.3 =17.5 0.448
Vital signs at admission

Systolic blood pressure (mm Hg) 136.7 = 23.4 133.9 = 25.9 0.732

Diastolic blood pressure (mm Hg) 84.2 +16.7 77.02 = 12.2 0.098

Heart rate (beats/min) 94.1 =151 97.7 =155 0.477

Temperature (°C) 38.4 1.0 37.9 £ 0.97 0.152
Symptoms

Sore throat 1(7.69) 7 (15.91) 0.287

Cough 7 (43.75) 18 (40.91) 0.459

Myalgia 8 (50.00) 23 (52.27) 0.487

Diarrhea 8 (50.00) 14 (31.81) 0.193
Comorbidities

Hypertension 1(6.25) 5(11.36) 0.655

Ischemic heart disease 0(0) 2 (4.55) 0.547

Diabetes 2 (12.50) 7 (15.91) 0.551

NOTE. Results expressed as number (%) or mean = SD.
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Table 2. Hemogram and Biochemical Parameters in Normouricemic and Hypouricemic Patients With SARS
Hypouricemic Normouricemic
(n=16) (n = 44) P
Lowest count of
White blood cells (/uL) 3,909 *+ 2,265 4,468 = 3,191 0.963
Absolute neutrophils (/uL) 367 = 191 450 *+ 243 0.237
Peak levels of
White blood cells (/uL) 12,681 = 6,190 12,582 * 7,603 0.524
Blood urea nitrogen (mg/dL) 33.8 = 23.6 33.7 = 33.1 0.992
Serum creatinine (mg/dL) 1.3+x141 15+1.6 0.617
Creatinine kinase (U/L) 23,159 + 85,438 646 = 2,239 0.342
Aspartate aminotransferase (U/L) 88 + 76 92 +78 0.855
Alanine aminotransferase (U/L) 121 = 151 112 = 159 0.862
Lactate dehydrogenase (U/L) 1,104 = 646 1,330 = 1,403 0.554
C-reactive protein (mg/dL) 6.6 = 4.3 6.5+47 0.969
Electrolytes and FE
Sodium (mEg/L) 1375+ 4.6 136.6 + 5.4 0.586
Potassium (mEg/L) 40=*x04 4.0 +£0.62 0.857
Calcium (mg/dL) 7604 76*0.8 0.523
Phosphate (mg/dL) 3.3+04 3.4+07 0.860
FEua (%) 40.14 = 23.60 16.11 = 11.38 0.005
FE of sodium (%) 0.68 + 0.55 0.65 = 0.94 0.895
FE of potassium (%) 9.20 = 4.50 8.04 = 5.30 0.472
Urine osmolarity (mOsmol/kgH,O) 431 = 168 457 + 211 0.710

NOTE. Data represent the lowest observed level of serum UA. Values are expressed as means = SD. To convert blood
urea nitrogen in mg/dL to mmol/L, multiply by 0.357; serum creatinine in mg/dL to umol/L, multiply by 88.4; sodium and
potassium in mEg/L to mmol/L, multiply by 1; calcium in mg/dL to mmol/L, multiply by 0.2495; phosphate in mg/dL to mmol/L,

multiply by 0.3229.

FE, . with serum UA level was significant
(r=—0.565; P <0.001; Fig 2). Three hypouri-
cemic patients had a positive urine glucose test
result detected with Multistix (Bayer, Taiwan),
including 2 patients with diabetes with plasma
glucose levels greater than 200 mg/dL (>11.1
mmol/L).

11

1l & r=-0.565
‘: p<0.001

Serum UA (mg/dL)

0 10 20 30 40 50 60 70 80 90
FEya (%)

Fig2. Therelationship between serum UA level and
FEy, in 43 patients with SARS. Dashed lines indicate
FE . of 10% (horizontal) and serum UA level of 2.5
mg/dL (149 umol/L; vertical). To convert UA in mg/dL
to umol/L, multiply by 59.48.

Effects of Uric Acid on Clinical Outcomes

Most patients were treated with ribavirin, 1,200
mg/d; methylprednisolone, 2 mg/kg/d for 5 days;
and, depending on the patient’s condition, intra-
venous immunoglobulin, 1 g/kg/d for 2 days.’
There was no difference in treatment regimens
between the 2 groups (Table 3). Logistic regres-
sion analysis did not show a significant correla-
tion between serum UA levels and medication,
except for a modest correlation between ribavirin
treatment and FE;, (P = 0.074). There were no
differences between the 2 groups in duration of
fever, hospital stay, or incidence of ARF. How-
ever, more hypouricemic patients needed endotra-
cheal intubation for ventilation support than nor-
mouricemic patients (P = 0.026; Table 3). Twenty
patients underwent endotracheal intubation for
mechanical ventilation, and their FE;, was
greater than that of patients who did not undergo
mechanical ventilation (P = 0.023; Fig 3).

Five hypouricemic patients and 9 normouri-
cemic patients died. Twenty-three patients in
our cohort (38.3%) had catastrophic outcomes
(endotracheal intubation and/or death). The
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Table 3. Treatment and Clinical Outcomes
Hypouricemia Normouricemia
(n=16) (n = 44) P
Treatment
Ribavirin 12 (75) 41 (93.18) 0.074
Methylprednisolone 15 (93.75) 39 (88.64) 0.488
Intravenous immunoglobulin 11 (68.75) 25 (56.81) 0.299
Clinical outcomes
Duration of fever (d) 8147 9.6 = 3.8 0.224
Hospital stay (d) 359+31.4 26.2 +24.7 0.261
ARF 3(18.75) 8(18.18) 0.614
Death 5(31.25) 9 (20.45) 0.292
Endotracheal intubation 9 (56.3) 11 (25) 0.026
Death and/or intubation 11 (69.8) 12 (27.3) 0.005

NOTE. Results expressed as number (percent) or mean = SD.

number of catastrophic outcomes adjusted for
older age and sex showed that hypouremic
patients had an odds ratio of 10.57 (confidence
interval, 2.33 to 47.98; P = 0.002). Kaplan-
Meier curves for catastrophic outcome—free
results showed significant differences between
patients with normouricemia or hypouricemia
(log rank P = 0.01; Fig 4).

Factors Associated With Increased
Uric Acid Excretion

FE, correlated with peak creatine kinase
level (P = 0.014; r = 0.376) measured within
the first 15 days and with need for endotracheal
intubation for supportive ventilation (P = 0.003;
r = 0.448), but correlated negatively with blood
oxygen saturation (P = 0.001; r = —0.624).
After adjustments for age and sex, FE., re-
mained significantly associated with blood oxy-
gen saturation (P = 0.001; r = —0.624; adjusted
r* = 0.389). Moreover, FE;;, was greater in
patients who needed endotracheal intubation for
ventilation support than in those who did not
(P = 0.003; Fig 4).

Serum levels of the proinflammatory cyto-
kines IL-6, IL-8, and TNF-a were measured in
16 patients (6 hypouricemic, 10 normourice-
mic) during their UA excretion studies. IL-8
levels correlated significantly with FE, (P <
0.001; r = 0.785) and inversely with serum
UA level (P = 0.044; r = —0.509; Fig 5).
However, similar correlations were not ob-
served for either IL-6 or TNF-« level.

DISCUSSION

In our study, more than one fourth of patients
with SARS had hypouricemia, a clinical feature
not reported previously. Considering that ribavi-
rin treatment may increase serum UA levels,'”
the incidence of hypouricemia in patients with
SARS may be underestimated. All hypouricemic
patients in the present study had inappropriate
uricosuria. The inverse correlation between se-
rum UA level and FE, indicates that the hy-
pouricemia in patients with SARS resulted from
an abnormal increase in UA excretion during
SARS-CoV infection. Although SARS-CoV
could be detected in patients’ urine, most of the

100
p=0.023
80 :
;\a 60
= .
L
w40
i .
A
0 : .

non-intubation Intubation

Fig 3. FEy, of patients who did versus did not need
endotracheal intubation. Lines indicate mean values
for the 2 groups.
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6 Normouricemia

2 Hypouricemia

0.0

0 10 20 30 40 50 (Day)

Proportion without catastrophic outcomes

Days from fever onset
Patients remaining on treatment

Normouricemia 44 37 28 5 3
Hypouricemia 16 10 5 1 1

Fig 4. Kaplan-Meier survival estimates of patients
with SARS according to hypouricemic and normourice-
mic groups; P = 0.01 by log-rank test.

patients with SARS we studied had normal renal
function. Acute interstitial nephritis has been
associated with various viral infections, but not
reported in SARS-CoV infection. We had re-
ported 2 necropsy cases of patients with SARS
with ARF and did not find glomerular or tubular
lesions.*

Several diseases or factors may cause renal
hypouricemia, eg, obstructive jaundice, solid or
hematologic neoplasias, diabetes mellitus, and
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drugs affecting urate homeostasis.'* Renal hy-
pouricemia associated with infections has been
reported infrequently.'®'® Although a substantial
proportion of patients with acquired immunode-
ficiency syndrome have presented with renal
hypouricemia, co-trimoxazole was thought to be
a contributory factor.'*° Causes of renal hypouri-
cemia in patients with other systemic infections
are not known.

Four complementary DNAs that express pro-
teins transporting urate recently have been
cloned.”’ Mutational defects of URATI
(SLC22A12) have been identified in patients
with renal hypouricemia,”>** but the mecha-
nisms of urate transport regulation are not fully
understood. Although proinflammatory cytokine
data were obtained from a small proportion of
our patients with SARS, it is interesting that
serum IL-8 level correlated significantly with
FE( 5. It has been shown that proinflammatory
cytokines can influence UA excretion®* and
modulate the activities of channels and transport-
ers by various mechanisms.?>*° To our knowl-
edge, the effect of cytokines on urate transport
has not been investigated. Previous reports indi-
cated that the mean time for immunoglobulin G
seroconversion of SARS-CoV occurs on day
10, accompanied by a decline in serum levels of
such proinflammatory cytokines as IL-6, IL-8,

IL6 IL8 TNFa
1.0_ Y =0.3 - 8.29E-4 * X; r=0.10 Y=0.111+0.001 * X; r=0.785 Y=0.297-0.002 * X; r=0.10
0.8 . o - . . . .
g 0.6 B
ul J R
W 044 R :. : o°
e ———— |
0.2 ’.o . s ° » ° o :f....\‘~¢
0 I ° )| L L 1 L L i ° ¢

] ¥=3.128+0.015"* X;r=10.21
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D
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Fig 5. Relationships be-

tween FE,, and serum IL-6,
IL-8, and TNF-« levels in 16
patients with SARS.

pg/ml
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and TNF-a in the convalescent stage.>’” Our
study showed that the lowest serum UA level
occurred days 7 to 9 after fever onset, when the
cytokine storm of patients with SARS usually
occurred.”’

Hypouricemia is a poor prognostic indicator in
patients with intra-abdominal sepsis'® or radiat-
ing pneumonitis.”® In patients with acquired im-
munodeficiency syndrome with infections of the
central nervous system, renal hypouricemia also
is an ominous sign.'® The present study shows
that hypouricemic patients with SARS had a
poor outcome, especially in terms of respiratory
failure, compared with normouricemic patients.
Moreover, Kaplan-Meier curves for catastrophic
outcome—free results showed significant differ-
ences between patients with normouricemia or
hypouricemia. In addition, FE;, correlated in-
versely with blood oxygenation. UA is the main
metabolite of adenosine triphosphate degrada-
tion, and increased UA excretion has been ob-
served in patients with respiratory failure.>” How-
ever, in such patients, serum UA levels were not
decreased or changed by treatment,?® implicat-
ing increased UA production, rather than abnor-
mal UA renal handling, in hypoxic patients. We
speculate that both hypoxia and hypouricemia in
patients with SARS indicate the severity of
SARS-CoV infection, which affects both ventila-
tion and UA excretion. In vivo and in vitro
studies®”*! have shown UA to be an important
antioxidant, contributing as much as 60% of
free-radical scavenging in human serum.’> A
prospective, randomized, controlled clinical trial
showed that a nucleotide-supplemented diet could
significantly reduce complications and shorten
hospital stay after admission to an intensive care
unit,”* suggesting serum UA as a possible surro-
gate of antioxidant capacity.*® It is not clear
whether poor outcomes of hypouricemic patients
with SARS are caused in part by a shortage of
antioxidants.

In summary, hypouricemia resulting from
abnormal renal urate handling is not rare in
patients with SARS-CoV infection and may
reflect the severity of disease and predict poor
patient outcomes. The significance of the rela-
tionship between IL-8 level and FE;, needs
further investigation.
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