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Abstract
Early diagnosis and patient stratification may improve sepsis outcome by a timely start of

the proper specific treatment. We aimed to identify metabolomic biomarkers of sepsis in

urine by 1H-NMR spectroscopy to assess the severity and to predict outcomes. Urine sam-

ples were collected from 64 patients with severe sepsis or septic shock in the ICU for a 1H

NMR spectra acquisition. A supervised analysis was performed on the processed spectra,

and a predictive model for prognosis (30-days mortality/survival) of sepsis was constructed

using partial least-squares discriminant analysis (PLS-DA). In addition, we compared the

prediction power of metabolomics data respect the Sequential Organ Failure Assessment

(SOFA) score. Supervised multivariate analysis afforded a good predictive model to distin-

guish the patient groups and detect specific metabolic patterns. Negative prognosis patients

presented higher values of ethanol, glucose and hippurate, and on the contrary, lower levels

of methionine, glutamine, arginine and phenylalanine. These metabolites could be part of a

composite biopattern of the human metabolic response to sepsis shock and its mortality in

ICU patients. The internal cross-validation showed robustness of the metabolic predictive

model obtained and a better predictive ability in comparison with SOFA values. Our results

indicate that NMRmetabolic profiling might be helpful for determining the metabolomic phe-

notype of worst-prognosis septic patients in an early stage. A predictive model for the evolu-

tion of septic patients using these metabolites was able to classify cases with more

sensitivity and specificity than the well-established organ dysfunction score SOFA.
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Introduction
Sepsis is one of the most prevalent diseases and a main cause of death among hospitalized
patients in all around the world. In Europe, severe sepsis affects 90.4 cases per 100 000 adult
residents per year and an overall hospital mortality of 36% described in the last Sepsis Occur-
rence in Acutely ill Patients (SOAP) study [1].

Early diagnosis and patient stratification may improve sepsis outcome by a timely start of
the proper specific treatment. Sepsis resuscitation and management bundles implementation
within the first 24 hours demonstrated better chances of survival [2]. However, the early assess-
ment of severity in sepsis is complicated due to the highly variable and non-specific symptoms
and signs. One of the most accepted organic dysfunction scores in sepsis management is the
Sequential Organ Failure Assessment score (SOFA) [3]. Although the original design did not
include mortality prediction, SOFA has become a useful tool for this purpose. However, the
different studies on the subject do not provide sufficient evidence for supporting individual
decision-making [4]. Current research on sepsis is oriented on biomarkers for the assessment
of the severity of sepsis at an early stage. A recent review study of the subject showed that
although up to 178 different molecules have been proposed as potential sepsis biomarkers,
none had sufficient specificity or sensitivity to be routinely employed in clinical practice [5].
Combining information collected from several biomarkers, better than from a single molecule,
and adding information about the cellular response may be a further approach to help optimize
the current anti-infective strategies [6–7]. The application of Nuclear Magnetic Resonance
(NMR) metabolomics in critical septic patients would result in the simultaneous identification
of a vast array of potential new biomarkers. Moreover, the disease is described by a set of
metabolites levels that are involved in septic processes, obtaining a patient’s molecular pheno-
type “snapshot” of the multiparametric organic and cellular response in sepsis. Differential
metabolic signatures at early sepsis stages may be predictive of disease severity. Changes over
time of this metabolomic phenotype may be a useful tool for targeting therapy, monitoring
therapeutic response, and disease progression [8–11].

The aim of the present study was to identify metabolomic biomarkers of sepsis in urine by
1H NMR spectroscopy to assess the severity and to predict outcomes.

Material and Methods

Patient enrolment
A prospective observational cohort study was performed in the Intensive Care Unit (ICU) at
the Clinical University Hospital of Valencia (Spain). The study was approved by local Ethics
Committee, and informed consent forms were signed by all of the subjects prior to participa-
tion in this study. Patients were treated according to the rules of the Surviving Sepsis Campaign
2012 [12]. All patients admitted to the ICU who met the following criteria were eligible for the
study: diagnosis of severe sepsis or septic shock according to the criteria of Consensus Confer-
ence 2001 [13], age between 18 and 85 years-old, without cardiopulmonary resuscitation
(CPR), emergency origin, non-surgical, non-pregnant and non-chronic kidney disease.

Sample collection
Demographic variables related to course of illness and outcomes were collected as part of the
daily clinical routine for each patient. SOFA score at admission (SOFA-0h), at 24 hours
(SOFA-24h) and at 72 hours (SOFA-72h) after admission to the ICU were evaluated for each
patient according the protocol established in the ICU and published criteria for SOFA [3]. All
patients were followed up for 30 days after enrolment in the study in order to obtain data about
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30-days mortality. Urine-0h samples were collected from the first urine after catheterization
for each patient on the day of admission. Twenty-four hours after admission in the ICU, the
urinary catheter was blocked to collect the second urine sample (Urine-24h). Immediately after
collection, samples were frozen at—80°C until the NMRmeasurements.

1H NMR Spectroscopy and metabolite concentration profiling
Forty microliters of a phosphate buffer solution (0.06M Na2HPO4/ 0.04M NaH2PO4, pH 7)
and 40μl of sodium-3´-trimethylsilylpropionate-2,2,3,3-d4 (TSP, 0.5 mM) in deuterium oxide
were mixed with 420μl of urine and placed in a 5mm high-resolution NMR tube. NMR spectra
were acquired using a standard one-dimensional pulse sequence with water suppression in a
Bruker Avance DRX 600MHz spectrometer (Bruker Biospin GmbH, Rheinstetten, Germany).
A total of 64 FIDs (free induction decay) were collected into 64k data points with a spectral
width of 14 ppm at 310K.

Water pre-saturation for 1 s along the recycling delay was used for solvent signal suppres-
sion. The spectral width for all spectra was 14 ppm for 1H. Before Fourier transformation, the
free induction decay was multiplied by a 0.3 Hz exponential line broadening. All spectra were
phased, baseline corrected carefully and chemical shifts were adjusted with reference to TSP
signal using MestRenova 6.2 software (Mestrelab Research S.L., Santiago de Compostela,
Spain). The spectra were binned into 0.005 ppm buckets between 0.5–10 ppm and mean cen-
tered for multivariate analysis and normalized to total aliphatic spectral area (0.5–4.4 ppm) to
eliminate differences in metabolite total concentration. Data were imported into MATLAB
R2012a (The MathWorks Inc., Natick, MA 2012) for additional processing and further analy-
sis. Signals belonging to selected metabolites were integrated and quantified using semi-auto-
mated in-house MATLAB peak-fitting routines. Resonances were assigned according to the
previous literature [14] and the Human Metabolome Database (http://www.hmdb.ca).

Statistical Analysis
Chemometrics statistical analyses were performed using in-house MATLAB scripts and the
PLS Toolbox 6.7 (Eigenvector Research, Inc., Wenatchee, WA, USA). Metabolite levels were
expressed as mean ± SD (standard deviation). One-way-analysis of variance (ANOVA) was
used in order to determinate the statistical significance between the means in both survivor
and non-survivor groups. Principal component analysis (PCA) and projection to latent struc-
tures for discriminant analysis (PLS-DA) were applied to NMR spectral datasets. Results were
cross-validated using the leave-one-out to evaluate the accuracy of each classification model
[15]; in each run one sample of the data is left out of the training and used to test the model.
The whole cross validation process was run 10 times. The results of cross validation were evalu-
ated by the Q2 (R2CV) and RMSCV parameters. Q2 is the averaged correlation coefficient
between the dependent variable and the PLS-DA predictions and provides a measure of predic-
tion accuracy during the cross-validation process (higher values mean better prediction). Root
Mean Square Error of Cross-Validation (RMSCV) was calculated as an adequate measurement
of over fitting. Permutation test was done for testing for over-fit regression models (Random t-
test) as well as for providing a probability that the given model is significantly different from
one built under the same conditions but on random data. To compare performance in the mor-
tality prediction of metabolomic and SOFA scores a multi-step statistical analysis was per-
formed based on the study of Cabré et al [16]. Goodness of the diagnostic method was
evaluated using a ROC curve based on the logistic regression data and calculating the diagnos-
tic performance indexes. Additional detail about NMR data processing and the construction
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and validation of multivariable metabolomic models is provided in the Supporting Information
section.

Results
A total of 64 patients were enrolled during the study period. Clinical and demographic charac-
teristics of the patients are shown in Table 1. Half of the episodes were diagnosed as severe sep-
sis and half septic shock. The average age of patients was 60 (interquartile range, 47–73) of
which 65% were male, with an average ICU stay of 7 days (interquartile range, 4–11) and a
30-days mortality of 20% (interquartile range, 9.2–29.6). At the first day, the average APACHE
II (Acute Physisology and Chronic Health Evaluation II) and SOFA scores were 19.6 (± 6.03)
and 7.8 (± 3.6), respectively. The predominant sites of initial infection were lungs (66.7% of
cases), abdomen (13.3%), urinary tract (13.3%) and central nervous system (6.7%). Blood cul-
ture was positive in 22 patients (36.7%). Typical examples of 1H NMR urinary spectra from
survivor and non-survivor patients are shown in S1 Fig.

Table 1. Demographic and clinical characteristics of the subjects enrolled in the study.

Items All Survivor Non- survivor *p value
(n = 60) (n = 48) (n = 12)

Male sex, n (%); [IC] 39 (65%); [53.6–77.8] 32 (66.7%) 7 (58.3%) ns

Age, years, median (IQR); [IC] 60 (47–73); [55.3–62.8] 60 (24–80) 65 (37–79) ns

Severe sepsis, n (%); [IC] 30 (50%); [38–63.5] 27 (56.2%) 3 (25%) ns

Septic shock, n (%); [IC] 30 (50%); [36.5–62] 21 (43.8%) 9 (75%) ns

Days in the ICU, median (IQR); [IC] 7 (4–11); [5–9] 6.5 (4.7–11) 7 (3–22.5) ns

30-day mortality, n (%); [IC] 12 (20%); [9.2–29.6]

APACHE II, mean ± SD; [IC] 19.6 ± 6.0; [18.1–21.1] 19 ± 6 21 ± 5 ns

SOFA-0h, median (IQR) 8 (6.8–8.6) 7 (5–10) 11 (7–13.5) < 0.05

SOFA-24h, median (IQR) 5 (3–8) 5 (3–7) 8 (4.75–9.75) < 0.05

SOFA-72h, median (IQR) 3 (2–6) 3.5 (2–5) 6.5 (2–10.25) < 0.05

Origin of sepsis, n (%); [IC]:

Abdominal 7 (11.7%); [2.4–18] 6 (12.5%) 1 (8.3%) ns

Pulmonar 38 (63.3%); [52–76.4] 31 (64.6%) 7 (58.3%) ns

Urinary 8 (13.3%); [4.5–22.3] 7 (14.6%) 1 (8.3%) ns

CNS 4 (6.7%); [1.7–14.6] 4 (8.3%) 0 ns

Bacteremia, n (%); [IC] 22 (36.7%); [23.6–48] 14 (29.2%) 8 (66.7%) <0.05

Analytic results:

Hemoglobin (g/dl), mean ± SD; [IC] 11.1 ± 1.7; [10.6–11.5] 11.1 ± 1.8 9.8 ± 1.8 <0.05

Leukocytes (x109/l), mean ± SD; [IC] 14.8 ± 10.7; [10.3–17.5] 15.92 ± 11.8 10.2 ± 9.6 ns

Platelets (x109/l, mean ± SD; [IC] 193 ± 94; [169–230] 207 ± 105 135 ± 94 <0.05

Glucose (mg/dl), median (IQR); [IC] 140 (107–175); [127–151] 139 (107–168) 134 (109–212) ns

Bilirubin (mg/dl), median (IQR); [IC] 0.9 (0.5–1.4); [0.6–1.1] 1.2 ± 1.3 1.13 ± 5.1 ns

PCR (mg/l), mean ± SD; [IC] 172 ± 46; [134–182] 174 ± 87 162 ± 76 ns

PCT (ng/ml), median (IQR); [IC] 3.9 (0.6–20); [1.4–9.8] 2.5 (0.5–16.9) 5.7 (0.8–44.8) ns

Lactate (mmol/l), median (IQR); [IC] 2.6 (1.7–3.6); [2.3–3.1] 2.6 (2.0–3.5) 2.75 (1.6–7.8) ns

Creatinine (mg/dl), median (IQR); [IC] 1.6 (0.9–2.5); [1.2–2] 1.5 (0.9–2.2) 1.3 (0.8–2.6) ns

Urea (mg/dl), mean ± SD; [IC] 74 ± 46, [61.9–91.3] 70 ± 4 89 ± 55 ns

ICU intensive care unit, APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment, PCT procalcitonin,

PCR reactive C protein, CNS central nervous system, SD standard deviation, IQR interquartile range, IC confidence interval 95%;

*p values, survivor vs non-survivor; ns, no significant value (p � 0.05).

doi:10.1371/journal.pone.0140993.t001
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Based on the PCA analysis, four samples were identified as outliers and excluded for further
statistical analysis (one sample in the non-survivor group and three samples in the survivor
group). PLS-DA was performed to reveal specific metabolic changes in defined groups and
improve the separation between patients. Two independent discriminating models (based on
Urine-0h and -24h) were constructed. The score scatter plot of the PLS-DA model built from
Urine-0h and Urine-24h samples are presented in Fig 1. An excellent separation with minimal
overlapping was observed between positive and negative prognosis in the Urine-0h model. Sep-
aration in two groups resulted even more evident in the discriminating model based on the
Urine-24h samples. Furthermore, this separation is described with high values of area under
the ROC curve as 0.83 (CI 0.71–0.95) and 0.88 (CI 0.78–0.97) for Urine-0h and -24h models,
respectively. In addition, high values of the model’s goodness-of-fit metrics (R2Y = 0.84,

Fig 1. PLS-DA score plot for discrimination between survivor (open squares) and non-survivor patients (black circles). (A) PLS-DA score plot
constructed with Urine-0h samples obtained at the admission to the ICU. (B) PLS-DA score plot constructed with Urine-24h samples obtained at 24h after
admission to the ICU. (C) Loading plot of the PLS-DA score plot constructed with Urine-0h samples.

doi:10.1371/journal.pone.0140993.g001
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Q2 = 0.44 and R2Y = 0.81, Q2 = 0.43 for Urine-0h and -24h, respectively) indicated robustness
and reproducibility (S2 Fig).

Specific metabolites that had major contribution to this metabolic differential pattern were
identified from the PLS-DA analysis and subsequently, the area of these regions was integrated.
Mean and standard deviation of metabolites, at the day of admission and at the second day in
the ICU, with significant changes in concentration (p<0.05) were considered (S1 Table). The
assignation of the peak included in the region between 1.40–1.45 ppm remained inconclusive
to any known metabolite. Negative prognosis patients presented higher values of ethanol, glu-
cose, hippurate and an unknown compound, but lower levels of methionine, glutamine, argi-
nine and phenylalanine. Box-plots of those metabolites that set the differential profile pattern
at the day of admission and 24-hours later, respectively, are shown in Fig 2.

In order to make comparable the death prediction value of metabolomic model and SOFA
score a multi-step statistical analysis was performed. The logistic regression ROC curve

Fig 2. Box plots showing representative metabolite changes between survivor and non-survivor patients. (A) Box plots from Urine-0h (B) Box plots
from Urine-24h samples. Boxes denote interquartile ranges, lines denote medians, and whiskers denote 10th and 90th percentiles. Levels are expressed as
area of the metabolite of interest divided with respect total aliphatic spectral area.*p < 0.05; **p < 0.01;***p < 0.001.

doi:10.1371/journal.pone.0140993.g002
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obtained with the metabolomic values (Fig 3A) has an AUC of 0.85 (CI 0.69–1)). Whereas the
ROC curve obtained with the logistic regression SOFA values (Fig 3B) has an AUC of 0.78 (CI
0.70–0.95). Sensitivity, specificity, positive and negative predictive values and its corresponding
confidence interval of 95% for both ROC curves are summarized in Fig 3C. The urine-based
metabolomic score obtained from the logistic regression performed better discrimination
between positive and negative prognosis than with SOFA scale. As the number of samples in
the survivor and non-survivor groups was not well balanced, we performed a new model with a
subset of samples from survivals matched with respect gender, age, SOFA and Bacteremia of
the non-survival group (see S3 Fig). This model did not exhibit better discriminating results
than the obtained with non-matched samples.

An individualized analysis of cases where a significant disparity existed between the predic-
tion of SOFA scale and the metabolomic score confirmed the good results of the metabolomic

Fig 3. ROC curves constructed with the logistic regression model and frequency table for discrimination between survivor and non-survivor
patients in predicting 30-daysmortality. (A) ROC curve based on the metabolomics scores evolution values (AUC 0.85; p<0.05, 95% CI 0.68–1). (B) ROC
curve based on the SOFA evolution values (AUC 0.78; p<0.05, 95% CI 0.6–0.9). (C) Comparison of sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), accuracy (ACC) and area under (AUC) the ROC curve of SOFA and metabolomic predictive models. The numbers in
parenthesis represent the confidence interval in 95%.

doi:10.1371/journal.pone.0140993.g003
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predictive model. In two types of patients, metabolomics approach seems to be more efficient
than the SOFA scores in the early prognosis of death. Patient type 1, with SOFA values of equal
or less than 8 but with a high probability of worse prognosis based on its metabolomic scores,
had a final negative evolution in agreement with metabolomic prediction. Patient type 2, with
poor initial SOFA prognosis values that decreased quickly in the first 24h but metabolomics
scores predicting a high probability of death during the evolution, had a fatal outcome. In our
study no cases were found of deceased patients with an initial high SOFA value and an opposite
metabolomic evolution prediction. All available data for assessment of the prognosis of these
particular cases are summarized in the S2 Table.

Discussion
The daunting challenge that bedside critical care practitioners face daily is how to identify the
septic worse prognosis patients rapidly and with precision. Biomarkers use in critically ill
patients is recognized as essential adjuncts in this process. The complex pathophysiology of
sepsis suggests that a single biomarker approach cannot adequately describe and stratify the
septic syndrome. Probably this is one of the reasons why neither clinical nor biological bio-
markers have shown to be highly accurate to predict adverse outcomes. To our knowledge, this
is the first study in adults that describe a metabolic model prediction of mortality in septic
patients using 1H NMR spectroscopy in urine samples.

The metabolic profile differences at first 24 hours between survivor/non-survivor groups
allowed the selection of 8 metabolites (ethanol, glutamine, methionine, arginine, phenylala-
nine, glucose, hippurate and an unknown metabolite located at 1.40–1.45 ppm) that all
together constitute a biosignature with potential prognostic value. Identified metabolites are
involved in several biochemical alterations typically described in septic patients including pro-
tein levels, fatty acids synthesis, energy metabolism deregulation and even indicators of micro-
biota disruption. Arginine intervenes in the synthesis of acute phase proteins in severe
infection, as well as in the nitric oxide synthesis at the vascular level. A decrease of its levels in
patients with severe sepsis has been previously described [17–18]. Glutamine plays a role in the
fatty acid and protein synthesis, and it is a primary energy source for many cells such as the
intestinal epithelial, immune system and cardiac cells. Their values are diminished in severe
sepsis, which in turn is associated with an increased mortality [19]. Alterations in the energy
metabolism are reflected clearly in altered glucose levels. Stress hyperglycaemia is usually asso-
ciated with an injury, inflammation process or severe infections. It occurs because of glycogen-
olysis in muscle and liver, hepatic gluconeogenesis and insulin resistance by peripheral tissues.
In addition, hyperglycaemia in critically ill patients is a prognostic predictor of mortality dur-
ing the disease process [20]. Hippurate urinary levels are associated with the intestinal micro-
bial profile as an indirect indicator of microbiota alterations. The gut microbial activity is
contributing to the difference in the metabolic processing of polyphenolic compounds within
the colon, like the hippurate and, consequently, could explain the differences of the microbial-
derived urinary metabolites. The antibiotic administration induces the suppression of the gut
microbiota and it results in a reduction in the excretion of hippurate levels [21]. Our results
show that in patients with poor prognosis this reduction is not as pronounced as in patients
with good prognosis. The antibiotic therapy was confirmed to be the best suited for each
patient by expert microbiologists. Therefore, we may assume that the association between poor
prognosis and higher excretion of hippurate did not reflect a deficient empirical antibiotic
strategy. Phenylalanine is typically associated with increased muscle catabolism. As far as we
know, there is no published evidence of any relation between phenylalanine levels in urine and
sepsis process. However, elevated levels in plasma and cerebrospinal fluid have been found in
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patients with septic encephalopathy [22]. Finally, although changes in ethanol could have been
related to different dietary habits, these differences persisted after 24 hours of admission to the
hospital. At this moment, patients are fasting or have a standardized diet, thus suggesting an
endogenous alcohol-producing microbiota origin. In fact, it has been reported that members of
the genus Escherichia are associated with high blood ethanol concentrations, which in turn is
associated with an increase of gut permeability and inflammation [23]. In addition, elevated
ethanol production may suggest a switch of the glycolysis to a fermentative metabolism which
is maintained through the alcohol dehydrogenase activity (LDH). It has been reported the
essentiality of LDH in the virulence of fermentative microorganisms that causes bacteremia
like Streptococcus pneumoniae [24], Staphylococcus aureus [25] or Enterococcus faecalis [26].

Classical biomarkers have not been shown to be better than generic scores in predicting out-
come in septic patients [27]. Based on the results obtained in the first 24 hours, we have estab-
lished the characteristic metabolic phenotype of a septic patient with a good performance
against the worst prognosis as a combination of eight urine metabolite levels. Using these
metabolites, a predictive model of outcome has been constructed. From this model, we may
estimate a metabolomic score that could be interpreted as a probability of worse prognosis. We
considered that a combination of several molecules might be more effective than a single one
because a wide range of pathophysiological information is included.

We found that our metabolomic predictive model perform better than the commonly used
SOFA score in predicting short-term outcome in severe sepsis or septic shock. These results are
in accordance with a recently publication of paediatric septic patients serum study [28]. In this
study, a metabolomic non-survivor predictive model was compared to the Paediatric Risk of
Mortality III-Acute Physiology Score (PRISM III-APS). They concluded that their metabolo-
mic model was better in early identification of bad prognosis. The same research group con-
ducted a study with serum from adult patients diagnosed with septic shock compared with
systemic inflammatory response syndrome (SIRS) that allowed them to predict mortality better
than the APACHE II and SOFA scales [29]. In addition, we observed that our metabolomic
predictive model needs shorter evolution period (24h instead of 72h) than SOFA score to reach
predictive values. A similar conclusion was reached in an experimental sepsis model in rats
where authors found that changes in serum metabolic profiles occurred earlier than those of
organ dysfunction [30].

Septic patient studies have been usually performed on blood samples. The urinary metabo-
lites studies that use urine samples to measure metabolites related with infection are scarce
[31]. Given the high prevalence of anaemia in critically ill patients and the negative influence
of repeated blood sampling in clinical routine, we wanted to test urine samples to avoid this
secondary effect. Although metabolomic profile in urine may be more influenced, compared to
serum, by other factors not related to sepsis (diet, time of sampling, some drugs. . .), the use of
powerful multivariate Chemometrics techniques could overcome these limitations. Another
limitation is that a high percentage of severe septic patients show renal failure and oligoanuria.
This could be an obstacle for obtaining enough sample volume for metabolomic analysis. How-
ever, NMR measurements only require 0.5 ml of urine. On the other hand, the metabolite dif-
ferences observed in urine samples could be attributed precisely to the renal failure rather than
to the sepsis. However, no significant differences in creatinine and urea levels were observed
between the non-survivor and survivor groups. We developed a model with potential clinical
application using a type of sample easy to obtain in all clinical settings. Undoubtedly, the clini-
cal validation of the developed metabolic biosignature requires further studies including large
series of patients.

The future trend of Medicine is trying to get personalized treatments. An individualized ini-
tial metabolic profile and its evolution could play a major role for targeting appropriate drugs,
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doses and moment to initiate the therapy. Metabolomics could contribute significantly in the
desired process of implementation of personalized medicine due to metabolomic disorders
detected in urine precede organic failures that will be subsequently collected by SOFA scale.

Conclusion
In conclusion, urine NMRmetabolomics analysis can be a useful tool to describe and interpret
the pathophysiological processes that occur in sepsis. Metabonomics could contribute signifi-
cantly in the desired process of implementation of personalized medicine due to metabonomic
disorders detected in urine precede organic failures that will be subsequently collected by
SOFA scale. For these reasons, guided by judicious clinical assessment, NMR metabonomics
could be a complementary tool to classical methods used until now to stratify better the prog-
nosis in septic shock and severe sepsis. Promising results and its numerous advantages (non-
invasive, cheap, fast and low-cost measure), suggest that NMR metabonomics could be
included in the clinical routine in the near future.

Supporting Information
S1 Fig. Average 1H NMR spectrum of urine-0h samples obtained at the admission to the
ICU from septic patients. Comparison between survivor (green) and non-survivor (blue)
patients’metabolomic profile and assignation of different metabolites.
(TIF)

S2 Fig. ROC curves for discrimination between survivor and non-survivor patients con-
structed with A) Urine-0h and B) Urine-24h samples based on our PLS-DA model (blue
line, training data; green line, leave-one-out cross-validation).
(TIF)

S3 Fig. PLS-DA score plot for discrimination between survivor (green squares) and non-
survivor patients (blue circles) matched by age, gender, SOFA and bacteremia. A) PLS-DA
score plot constructed with Urine-0h samples obtained at the admission to the ICU and B)
PLS-DA score plot constructed with Urine-24h samples obtained at 24h after admission to the
ICU. ROC curves for discrimination between survivor and non-survivor patients constructed
with C) Urine-0h and D) Urine-24h samples based on the matched PLS-DA model (blue line,
training data; green line, leave-one-out cross-validation).
(TIF)
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