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SUMMARY. Metabonomics based on nuclear magnetic reso-

nance (NMR) can reveal the profile of endogenous metabo-

lites of low molecular weight in biofluids related to disease.

The profile is identified a �metabolic fingerprint� like from the

pathological process, why this metabonomics has been used

as a diagnostic method. The aim of the present study was to

apply metabonomics to identify patients infected with the

hepatitis C virus (HCV) through an analysis of 1H NMR

spectra of urine samples associated with multivariate sta-

tistical methods. A pilot study was carried out for the diag-

nostic test evaluation, involving two groups: (i) 34 patients

positive for anti-HCV and HCV-RNA and negative for

anti-HBc (disease group); and (ii) 32 individuals positive for

anti-HBc and negative for HBsAg and anti-HCV. The urine

samples were analyzed through 1H NMR, applying principal

component analysis and discriminant analysis for classifi-

cation. The metabonomics model was capable of identifying

32 of the 34 patients in the disease group as positive and 31

of the 32 individuals in the control group as negative,

demonstrating 94% sensitivity and specificity of 97% as well

as positive and negative predictive values of 97% and 94%,

respectively, and 95% accuracy (P < 0.001). In conclusion,

the metabonomics model based on 1H NMR spectra of urine

samples in this preliminary study discriminated patients

with HCV infection with high sensitivity and specificity,

thereby demonstrating this model to be a potential tool for

use in medical practice in the near future.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a public health problem

in both developed as well as developing countries [1]. Recent

data indicate that HCV accounts for 70% of cases of chronic

hepatitis and 30% of liver transplants performed in the

developed countries [2,3].

In the majority of situations, it is difficult to establish the

natural history of HCV infection because of its silent onset

and its course with few symptoms. After contamination,

some patients progress toward a cure of the virus, but most

often, the infection evolves toward chronicity, with persis-

tence of the antibody (anti-HCV) and viremia (HCV-RNA)

[4–8].

Routinely used tests for both the screening and diagnostic

confirmation of HCV infection are divided into two groups:

enzyme immunoassay (EIA) for the detection of anti-HCV

and molecular tests for the identification of HCV-RNA. The

study of anti-HCV with third-generation EIA offers high

sensitivity and specificity, achieving a correct diagnosis in

approximately 97% of cases. The detection of HCV-RNA,

which reflects the infection in course, is routinely performed

using polymerase chain reaction (PCR) [9–12]. In practice,

both the study of anti-HCV and HCV-RNA are carried out

with blood samples, which requires the puncturing of a

peripheral vein. Furthermore, the more prolonged time for

PCR, the higher the potential risk of contamination and the

high cost of the procedure limit its application in daily

practice [13]. Thus, a simpler, faster, more inexpensive test

would be important for identifying and screening patients

infected with HCV.

In recent years, there has been increasing interest in

metabonomics technology, which offers the capability of

associating changes in the profile of metabolites in a given

organic biofluid with environmental, pathological or toxi-

cological aggression [14–17]. Nuclear magnetic resonance
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(NMR) spectroscopy has become one of the main tools for the

analysis of such changes, as the spectrum can accurately

demonstrate metabolites and their concentrations [18–23].

The profile of NMR spectra is complex, containing hun-

dreds of information. For an efficient interpretation, the use

of statistical tools is necessary, such as principal components

analysis (PCA), partial least squares (PLS), discriminant

analysis (DA) and simple classification analysis (SIMCA).

The statistical chemometric treatment of spectral data allows

analysis in a simple, fast, reliable manner [24–26].

Metabonomics can reveal organic alterations through

NMR spectral patterns in biofluids, such as blood and urine

or even tissues. Such patterns serve a �metabolic fingerprint�
like from the pathological process [27–30]. Therefore, clin-

ical studies seek to identify biomarkers that undergo altera-

tions when unbalance occurs. Papers on experiments and

clinical trials that employ metabonomics to assess infections

by Schistosoma mansoni and HIV, for example, have been

recently published, thereby placing this tool in propaedeutic

practice [30,31].

The aim of the present study was to identify patients with

HCV infection through an analysis of the1H NMR spectra of

urine samples associated with multivariate statistical data

reduction tools.

MATERIALS AND METHODS

Study population

A pilot study was carried out for the assessment of the

diagnostic test and was made up of two groups:

(a) patients positive for anti-HCV and HCV-RNA, and

negative for anti-HBc (disease group),

(b) individuals positive for anti-HBc, and negative for

HBsAg and anti-HCV (control group).

Between January and December 2007, patients with HCV

infection who fulfilled the eligibility criteria were evaluated

consecutively based on demand at the Hepatitis Outpatient

Clinic at the Hospital from Universidade Federal de Per-

nambuco (UFPE). The individuals in the control group were

sent from the blood bank to the clinic in question. The study

received approval from the Ethics Committee of the UFPE

Health Sciences Center.

Individuals in treatment for hepatitis C include those with

chronic alcohol use in the previous 15 days, those with HCV

infection with extrahepatic manifestations, such as diabetes

mellitus, thyroiditis; arthritis or glomerulonephritis, and

those with other illnesses, such as schistosomiasis, HIV/

AIDS, auto-immune disease or malignant tumour were

excluded from the study.

Eighty individuals were included, 48 were anti-HCV

positive and 32 made up the control group. Among the 48

patients who were anti-HCV positive, 14 (29%) were excluded

(in 10, the HCV-RNA study resulted as negative, and in four

the anti-HBc was positive). Thus, 66 individuals were eval-

uated – 34 in the disease group and 32 in the control group.

Sample analysis

At the Central Laboratory of the Hospital (UFPE), 10 mL of

peripheral vein blood and 50 mL of urine were collected

from each participant. In the blood, serum levels of the

following components were determined: alanine amino-

transferase (ALT), aspartate aminotransferase (AST) and

gamma-glutamyl transferase (GGT) – all by the automatic

kinetic method (Abbott�). HBsAg, anti-HBs, anti-HBc and

anti-HCV were determined using EIA (Abbott�). HCV-RNA

in patients who were anti-HCV positive was determined

using the PCR method.

The urine samples were analyzed using reagent strips for

urine (Labstix�) at the Central Laboratory of the Hospital

(UFPE) and sent to the Analytical Facilities of the Depart-

ment of Fundamental Chemistry (UFPE) for NMR evaluation.

1H NMR spectroscopy

The 1H NMR spectra were acquired by the Varian Unit Plus

spectrometer operating at 300 MHz, using NMR tubes of

5 mm. To 400 lL of in natura urine, was added 200 lL of

buffer solution (Na2HPO4/NaH2PO4 – 0.2 mol/L). After

homogenization, the 1H NMR spectrum was acquired, using

a sequence of pulses with presaturation of the water signal.

The following parameters were employed: spectral win-

dow of 5 kHz, acquisition time of 6.4 s, 90� pulse, saturation

delay of 3.0 s and 32 scans. All spectra were processed using

line broadening of 0.3 Hz, and the signal at d 3.06 ppm,

attributed to the methyl group of creatinine, was used as a

reference for chemical shift. Distortions from the baseline

and phase were corrected manually.
1H NMR spectra (d 0.0–10.0 ppm) were automatically

reduced to 154 regions of equal width (d 0.05 ppm),

excluding the region between d 4.2 and 6.4 ppm, to

eliminate the water and urea signals. The spectrum was

normalized, based on the intensity of each region using the

VNMR6.1C software program (Varian, Inc.).

Statistical analysis and reduction of the 1H NMR spectrum
data

The chi-square test of Fisher�s exact test was used for the

frequency analysis between groups. The Student�s t-test was

used for comparisons between mean values. The level for the

rejection of the null hypothesis was equal to or less than 1%

(P £ 0.01).

Principal component analysis was performed for the

evaluation of the spectra, which resulted in 65 (n)1) prin-

cipal components (PCs). This analysis was unable to separate

the two groups, but the matrix produced by the PCs, and

contributions from each sample were used for the DA.
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The forward stepwise procedure was used for the selection

of the variables (P £ 0.05). Sixteen of the 65 PCs were

selected, as these PCs had a significant association with the

problem in question (disease and control groups). Two

functions were constructed: P and N to classify the samples

as positive and negative, respectively. The F test for the

function was performed on 16 variables and with 49 (n)17)

degrees of freedom. An F value of 9.632 was found, which

means that the model achieved statistical significance

(P < 0.001), as the F16.49 value for the 95% confidence

interval was 0.470.

The number of samples used (66) did not allow the sepa-

ration of the calibration and test groups, as this would greatly

reduce the number of degrees of freedom. Thus, the decision

was made to perform a cross-validation of the metabonomics

model. As such, 66 different models were constructed with

the same 16 PCs. One sample was removed from the model at

a time; a model was generated without it; and, finally, the

removed sample was predicted from such a model.

The original data were standardized by calculating the

mean and standard deviation per sample, subtracting

the mean of the amplitude for each sample and dividing the

result by the standard deviation. As 66 samples were eval-

uated, the matrix had 66 lines (cases) and 155 columns (154

of the NMR spectrum plus one, referring to the diagnosis).

RESULTS

Forty-seven per cent of the patients in the disease group and

78% of the individuals in the control group were men

(P = 0.02). Mean age was 48 ± 14 years in the disease

group and 41 ± 12 years in the control group (P = 0.035).

Mean body mass index was 26.8 ± 3.1 kg/m)2 in the dis-

ease group and 26.5 ± 5.9 kg/m)2 in the control group

(P = 0.769).

Table 1 displays the mean values of serum AST, ALT and

GGT divided by the maximal normality value (MNV) of the

patients. The mean enzyme values were significantly higher

in the disease group.

Among the 34 urine samples from the disease group, the

metabonomics model obtained from the NMR spectra iden-

tified 32 as positive (94%) and two as negative (6%). In

addition, among the 32 samples from the control group, the

model identified 31 as negative (97%). Table 2 demonstrates

that the sensitivity of the test was 94% and specificity was

97%; the positive and negative predictive values were 97%

and 94%, respectively; and accuracy was 95% (P < 0.001).

In the cross-validation of the metabonomics model,

removing one sample at a time and reconstructing 66

models to test the sample excluded, the same results obtained

in the model were found among the 34 samples of the dis-

ease group. Among the 32 samples in the control group,

there was agreement in 28 from the 31 samples considered

negative and the one sample considered positive in the me-

tabonomics model. Accuracy of the cross-validation was

91%.

Figure 1 illustrates the classification of the urine samples

based on the P function score of the metabonomics model of

the 34 patients in the disease group and the 32 patients in

the control group. There was a distinction between the

groups, with the samples from the disease group achieving

higher values for the P function, whereas the control group

achieves lower values. The overlap region (grey zone) re-

veals two samples that should have been classified as positive

and four that should have been classified as negative.

Among the latter, the metabolic model classified three from

the four correctly as negative, but the cross-validation did

not achieve the same result.

DISCUSSION

Alterations in homeostasis trigger responses in the organ-

ism, which are reflected in endogenous metabolites in biofl-

uids and consequent changes in NMR spectra [27,32].

Table 1 Mean values of serum levels divided by the maximal

normality value (MNV) of the hepatic enzymes for 66

individuals – 34 patients with hepatitis C virus (HCV)

infection (disease) and 32 with positive anti-HBc (control)

Enzymes Mean ± SD

Groups

PDisease Control

N 66 34 32

AST per MNV 1.2 ± 1.3 1.6 ± 1.6 0.7 ± 0.2 0.002

ALT per MNV 1.3 ± 1.5 1.7 ± 1.8 0.6 ± 0.2 0.001

GGT per MNV 1.3 ± 1.1 1.5 ± 1.2 0.8 ± 0.9 0.010

AST, aspartate aminotransferase; ALT, alanine amino-

transferase; GGT, gamma-glutamyl transferase; MNV,

maximal normality value.

Table 2 Results of urine samples based on scores obtained

through the metabonomics analysis of the 1H NMR spectra

model of 66 individuals – 34 patients with hepatitis C virus

(HCV) infection (disease) and 32 individuals with positive

anti-HBc (control)

Model

Groups

TotalDisease (%) Control (%)

Positive 32 (94) 1 (3) 33

Negative 2 (6) 31 (97) 33

Total 34 32 66

Sensitivity = 94%, Positive predictive value = 97%.

Specificity = 97%, Negative predictive value = 94%.

Accuracy = 95%, P = 0.001.
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Metabonomics has been used in experiments with animal

samples, whereas few studies have used tissues or biofluids

from human beings so far. This occurs because of the greater

facility in diet control, climatic conditions and age with

animals, resulting in minimal variation [33,34]. Although

variations are greater in human samples, metabonomics has

been used in drug toxicity assessment and the illnesses

diagnosis [35].

In the present study, demographic differences were found

between the two groups, such as a lower frequency of men

and greater mean age of the patients in the disease group.

These findings may be related to the fact that control indi-

viduals came from the blood bank and were healthy young

men. These differences, however, were nonsignificant

(P > 0.01) and possibly did not affect the profile of the urine

metabolites.

The findings of this pilot study reveal the potential of

metabonomics for the fast, noninvasive diagnosis of HCV

infection using a urine sample. All the patients in the disease

group exhibited anti-HCV and progressed with viremia.

However, the metabonomic model obtained from the NMR

spectra must not have detected the antibody or the viral

RNA. It was not the antibody, as the control group also

exhibited IgG serum protein – anti-HBc. Further, it was not

the RNA, because of its high molecular weight. The tests

have registered alterations in the metabolic profile related to

the hepatic aggression caused by the HCV. Indeed, the serum

levels of the AST, ALT and GGT enzymes were greater in the

disease group (Table 1), as the patients in this group were

infected with a hepatotropic virus. Moreover, studies

involving patients with HCV infection with normal liver

function tests are underway.

Although the majority of studies are carried out with

equipments that have large magnetic fields, such as NMR

spectrometers operating at 600 MHz, the present study used

a 300 MHz NMR, which was capable of discriminating the

two groups with high sensitivity and specificity. A study

evaluating patients with HIV/AIDS also used 300 MHz

equipments [31]. Subsequent studies employing spectrome-

ters with larger magnetic fields could provide greater reso-

lutions and will be able to generate even better results when

compared to these preliminary data.

Due to the complexity and amount of information ob-

tained from the urine analysis, statistical methods were

used for the interpretation of NMR spectroscopic data.

Principal component analysis was unsuccessful in discrim-

inating the two groups (control and disease). However, the

results of the principal component analysis were used in the

DA, with the selection of the 16 PCs that best classified

the samples.

In conclusion, the present pilot study involving NMR

spectrometry on urine samples for the diagnosis of HCV

infection demonstrated its potential for application in clinical

practice, having achieved 95% accuracy. In the cross-vali-

dation employed to check the metabonomics model, the test

still continued to have a good performance. Further studies

with larger numbers of patients, as well as with patients with

hepatitis B and C and other noninfectious liver diseases, are

underway. Moreover, the chemical structures of substances

that produce differences in urine spectra of the two groups

are being analyzed and should be revealed in upcoming

studies.

This study was funded in part by the following Brazilian

agencies: CNPq, FACEPE, FINEP.
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12 Pawlotsky JM, Lonjon I, Hézode C et al. What strategy

should be used for diagnosis of hepatitis C virus infection in

clinical laboratories? Hepatology 1998; 27: 1700–1702.

13 Zaaijer HL, Cuypers HT, Reesink HW, Winkel IN, Gerken

G, Lelie PN. Reliability of polymerase chain reaction for

detection of hepatitis C virus. Lancet 1993; 341: 722–

724.

14 Robertson DG. Metabonomics in toxicology: a review.

Toxicol Sci 2005; 85: 809–822.

15 Lindon JC, Nicholson JK, Holmes E, Everett JR. Metabo-

nomics: metabolic processes studied by NMR spectroscopy of

biofluids. Concepts Magn Reson 2000; 12: 289–320.

16 Robertson DG, Reily MD, Singler RE, Wells DF, Paterson DA,

Braden TK. Metabonomics: evaluation of NMR and pattern

recognition technology for rapid in vivo screening of liver

and kidney toxicants. Toxicol Sci 2000; 57: 326–337.

17 Nicholson JK, Connelly J, Lindon JC, Holmes E. Metabo-

nomics: a platform for studying drug toxicity and gene

function. Nat Rev Drug Discover 2002; 1: 153–161.

18 Moyec LL, Racine S, Toumelin PL et al. Aminoglycoside and

glycopeptide renal toxicity in intensive care patients studied

by proton magnetic resonance spectroscopy of urine. Crit

Care Med 2002; 6: 1242–1245.

19 Brindle JT, Nicholson JK, Schofield PM, Grainger DJ, Holmes

E. Application of chemometrics in 1H NMR spectroscopic

data to investigate a relationship between human serum

metabolic profiles and hypertension. Analyst 2003; 128:

32–36.
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