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Graphical abstract 
 

 

Abstract 
 

Dengue is the most important human viral disease transmitted by arthropod vectors and over 

half of the world's populations live in areas at risk of infection. The severity of the infection 

depends on the form of the disease, which can be symptomatic or asymptomatic. Currently 

there is neither specific treatment nor vaccine to tackle this emerging disease. Metabolomics 

applied in this study, aimed to provide a global snapshot of all small-molecule metabolites in 

urine as biological sample of choice to more focused studies of metabolism to distinguish 

between healthy and dengue infected subjects. Fifty-two patients diagnosed with dengue 

fever at Penang General Hospital and fourty-three healthy individuals were recruited in this 

study. 1H-nuclear magnetic resonance (NMR) spectroscopy combined with multivariate 

analysis (MVA) methods such as principal component analysis (PCA), partial least square 

discriminant analysis (PLS-DA) and orthogonal PLS-DA (OPLS-DA) were employed for 

statistical data exploration. The model score plot results showed that all three MVAs showed 

very good spatial distributions with clear clusters/grouping between healthy individuals and 

dengue infected individuals. Also, statistically, the PLS-DA and OPLS-DA models had high 

reproducibility and predictivity values, > 0.5. In conclusion, this study established the potential 

of using a combination of 1H NMR spectroscopy and multivariate data analyses in 

differentiating healthy and non-healthy individuals, based on obtained score plots reflecting 

the metabolites pertubation, where spectral features contributing most to variation or 

separation are identified for further analysis. 

 

Keywords: Dengue; NMR spectroscopy; multivariate analysis; metabolomics 

 

-0.5

0.0

0.5

1.0

-1.3 -1.2 -1.1 -1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

t[
2
]

t[1]

normalized-1 190912.M2 (PCA-X)

t[Comp. 1]/t[Comp. 2]

R2X[1] = 0.220979            R2X[2] = 0.152161            

Ellipse: Hotelling T2 (0.95) 

Pmc

Pmc

Pmc

Pmc

Pmc
Pmc

Pmc
Pmc

Pmc

Pmi

Pmi

Pmi

Pmi

Pmi
Pmi

Pmm

Pmm

Pmm

Pmm

Pmm
Pmm

Pmm

Pmm

Pmm

Pmm
Pmm

PmmPmm
Pmm Pmm

Pmm

Pmm

PmmPmm

Pmm

Pmm

Pmm

Pmm

Pmm

Pfc

Pfc
Pfc

Pfc
Pfc

Pfi
Pfi Pfm

Pfm

Pfm

PfmPfm

Pfm

CFCF CFCMCM
CMCMCMCM

CMCMCMCM
CMCM

CMCM
CM
CMCM

CM
CMCMCM

CMCM CMCM
CM

CM
CMCM CMCMCMCMCMCM CMCMCM CMCM

SIMCA-P+ 12.0.1 - 2012-09-20 01:27:31 (UTC+8) 

 

 



28                                         Nurul Shahfiza et al. / Jurnal Teknologi (Sciences & Engineering) 77:33 (2015) 27–32 

 

 

Abstrak 
 

Denggi adalah penyakit virus manusia yang paling penting disebarkan oleh vektor Artropod 

dan lebih separuh daripada penduduk dunia tinggal di kawasan berisiko dijangkiti. 

Keterukan jangkitan bergantung kepada bentuk penyakit, yang boleh menjadi gejala atau 

asimptomatik. Pada masa ini tiada rawatan khusus atau vaksin untuk menangani penyakit 

ini. Metabolomik digunakan dalam kajian ini, bertujuan untuk memberi gambaran global 

semua metabolit molekul kecil dalam air kencing sebagai sampel biologi pilihan untuk kajian 

yang lebih terperinci terhadap metabolisme untuk membezakan antara subjek yang sihat 

dan dijangkiti denggi. Lima puluh dua pesakit disahkan menghidap demam denggi di 

Hospital Besar Pulau Pinang dan empat puluh tiga individu yang sihat telah diambil dalam 

kajian ini. 1H-nuklear resonans magnetik (NMR) spektroskopi digabungkan dengan analisis 

multivariat (MVA) seperti ‘principal component analysis (PCA)’, ‘partial least square 

discriminant analysis (PLS-DA)’ dan ‘orthogonal PLS-DA (OPLS-DA)’ telah digunakan untuk 

statistik penerokaan data. Keputusan plot skor model menunjukkan bahawa ketiga-tiga 

MVA menunjukkan taburan spatial yang sangat baik dengan kelompok jelas / kumpulan 

antara individu yang sihat dan dijangkiti denggi. Juga, statistik, PLS-DA dan OPLS-DA model 

mempunyai kebolehulangan yang tinggi dan nilai-nilai predictivity,> 0.5. Kesimpulannya, 

gabungan 1H NMR spektroskopi dan multivariat analisis data dalam kajian ini berpotensi 

untuk membezakan individu yang sihat dan tidak sihat, berdasarkan skor plot yang 

diperoleh, mencerminkan perubahan pada metabolit, di mana ciri-ciri spektrum 

menyumbang paling banyak kepada perubahan atau pemisahan dikenal pasti untuk 

analisis selanjutnya. 

 

Kata kunci: Denggi; NMR spektroskopi; analisis multivariat; metabolomik 
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1.0  INTRODUCTION 
 

In Malaysia, dengue was first documented in 1902 

and made reportable in 1971 [1]. After the first 

outbreak of dengue hemorrhagic fever (DHF) in 1962 

[2], major dengue outbreaks occurred every four 

years until 1992; since then the disease became 

endemic with yearly and frequent outbreaks [3]. 

Malaysia’s reported incidence of dengue has 

remained high, with an average of 125 to 150 per 

100,000 people annually from 2002 to 2006. In 2010, 

the number of reported dengue cases rose by 12 

percent to 45,901 and the number of recorded 

dengue fever show an increment of 54 percent from 

2009 made the total number of fatalities to 134 cases 

[4]. However this is probably an underestimate since 

notification is not compulsory and due to lack of 

awareness. The histories of the disease are traced 

over the years and changes of clinical presentation 

have been noticed, means the diagnosis is often not 

confirmed or delayed. Therefore, the actual 

magnitude of dengue infection in Malaysia might be 

larger than expected [5] has urge for an early 

identification for dengue is need. 

Taking into consideration the steadily increasing 

rate of dengue infection in Malaysia, metabolomics 

technologies are expected to be a powerful tool for 

identifying any disturbances of metabolic processes 

caused by dengue infection that can reveal a 

variety of health and disease traits than either 

genetic or proteomics information. The perturbation 

of the biological pathway that vary according to the 

physiological, developmental or pathologic state of 

the cell, tissue, organ or organism [6] can be used to 

elucidate changes of the metabotype associated to 

disease-related biochemical reactions to improve 

diagnostic, prognostication and therapy of dengue 

disease.  

NMR metabolomics is currently being used to 

search for disease biomarkers for infectious diseases 

like tuberculosis dengue [7; 8], tuberculosis [9], 

pneumonia [10], malaria [11] and numerous other 

human diseases. NMR metabolomics is being used to 

understand the underlying causes of these diseases, 

and to identify chemical markers to quickly and 

readily diagnose the disease. Recently, mass 

spectrometry (MS), nuclear magnetic resonance 

spectroscopy (NMR), particularly, and multivariate 

statistical techniques have been incorporated into a 

multidisciplinary approach to profile changes in small 

molecules associated with the onset and progression 

of human diseases [12]. Moreover, metabolomics 

data are essentially multivariate [13]. 

The chemometric multivariate analysis techniques 

are used for analyzing and interpreting the complex 

spectral data sets and able to provide a clear 

interpretation of the global alteration in the 

metabolome [12].  Multivariate statistical methods 

are categorized as either supervised or unsupervised. 

Unsupervised methods like a Principle Component 

Analysis (PCA) are based strictly on inherent 

variations in the data while supervised methods 

including Partial Least Square Discriminant Analysis 

(PLS-DA) and Orthogonal Partial Least Square 

Discriminant Analysis (OPLS-DA) are used to introduce 

sample classes. OPLS-DA has been a popular choice 

among researchers as an approach to interpret NMR 

spectra in metabolomics investigation.  
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Urine is a favourable biological fluid among 

metabolomics researchers. Urine is sterile, easy-to-

obtain in large volumes, largely free from interfering 

proteins or lipids and chemically complex [14]. As a 

biological waste material, urine typically contains 

metabolic breakdown products resulted from the 

various metabolism including from the metabolism of 

the infected cells. These changes would appear 

quickly, much faster than antibodies [15] as the 

metabolome is dynamic, able to change from 

second to second.  

In the present study, we applied a combination of 

NMR spectrometry and multivariate chemometric 

analysis as a proof of principle to distinguish subjects 

with different healthy state. 

 

 

2.0  EXPERIMENTAL 
 

In our study, we have analyzed urine samples from 

healthy and dengue-infected subjects using proton 

NMR. The samples were collected from Penang 

General Hospital under non-controlled conditions to 

ensure the samples collected were fit with the actual 

practices. The urines were centrifuged at 1500 × g for 

10 min to remove any cellular debris and the aliquots 

of the supernatants were kept deep frozen. A volume 

of 0.9 ml of thawed urine samples was added with 

0.1 ml of potassium phosphate buffer (pH7.4) in D2O 

containing 0.1 % of TSP and 0.6 ml of the mixture was 

transferred to 5 mm NMR tube. All one-dimensional 1H 

NMR spectra of the urine samples was acquired on 

AVANCE III 500 MHz Bruker spectrometer with BBO 

broadband probe using TSP (δ 0.00ppm) as an 

internal standard and D2O as the frequency lock at 

300 K. The pulse sequence used included an 

excitation sculpting routine for the suppression of the 

water signal [16]. The resulting spectra were manually 

phased and baseline corrected and reduced to 

ASCII file using Chenomx software (version 5.1, 

Alberta, Canada). For each spectrum, the spectral 

region δ 0.52-10.00 was binned into regions of 0.04 

ppm width giving a total of 238 integrated regions 

per NMR spectrum. The signals of δ 4.69 ppm- 4.97 

ppm were excised from the analysis, mainly to 

eliminate variation in water suppression efficiency 

peaks. The averaged signals of binned 1H NMR data 

from each sub-sample group were subjected to 

Principle Component Analysis (PCA), Partial Least 

Square Discriminant Analysis (PLS-DA) and 

Orthogonal PLS-DA (OPLS-DA), performed by SIMCA-

P+ version 12.0.1.0 (Umetrics AB, Umeå, Sweden. 

 

 

3.0  RESULTS AND DISCUSSION 

 
3.1  1H NMR Spectra 

 

Proton NMR spectra of urine samples from the 

subjects were recorded followed by chemometric 

multivariate analysis. These spectra were extracted 

from δ 0.00 to δ 10.00 and expanded to aliphatic 

region from δ 0.00 to δ 4.70 as most of the 

metabolites in this study were found within these 

regions (Figure 1). Collectively, normalized data 

matrix contained n=102 (healthy individuals, n=50 

and dengue patients, n=52) were applied for data 

clustering in Principal Component Analysis (PCA). 

Consequently, out of fifty urine samples obtained 

from healthy individuals, only forty-three urine 

samples were valid to be used for further analysis. 

There were precipitations and turbidity observed in 

the other seven urine which might be caused by 

excessive cellular material present in the urine. This 

was the reason of the exclusion of seven urine 

samples to avoid any other unnoticed diseases that 

might mask the urine metabolome of the healthy 

persons. 

 

3.2  Multivariate Analysis 
 

The NMR spectral were binned into 0.04 ppm, 

exported and used in SIMCA-P+ as the variables for 

the multivariate analysis and series of pattern 

recognition analysis were applied. Prior to bulk 

analysis of the data, the Pareto scaling method was 

used to assess the optimum scaling method in NMR 

spectral.  

Initially, PCA was performed to the spectral data to 

visualize inherent clustering between healthy control 

and dengue patient groups [17]. The score plot was 

obtained with the first two PCs presenting 15 and 22% 

variance, respectively (Figure 2). On the contrary, 

earlier data analysis by PCA of the 1H NMR spectra 

from dengue infected EA.hy 926 cell line showed an 

inherent segregation between the two classes; 

dengue-infected and non-dengue infected cell line 

[8]. This might be due to the influences of extraneous 

factors in the subjects compared to the study done 

by Birungi’s group which is done in a controlled 

environment. 

Due to the inconsistency and poor separation 

obtained by unsupervised PCA, supervised analysis 

were then used, including Partial Least Squares 

Discriminant Analysis (PLS-DA) and Orthogonal Partial 

Least Square Discriminant Analysis (OPLS-DA) which 

can maximize differences among groups.  

On the basis of the PLS-DA model, dengue patients 

and control subjects were discriminated with R2X = 

0.56, R2Y = 0.81, and Q2 = 0.69. The validation plot 

clearly demonstrated that the PLS-DA model was 

efficient, as the Q2 regression line was < 0.05 and all 

permuted R2 values on the left were < 0.3 (Figure 3). 

The OPLS-DA was built to visualize the class specific 

segregation and to obtain the significant bins 

contributing to the variation across the classes, i.e 

dengue infected patient versus healthy individuals. 

The application of this chemometric model shows a 

clear separation between the samples of the two 

classes as shown in Figure 4. 
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(a)  

(b)  

(c)  

 
 

  

 
 

 

 
 

Figure 1 Aliphatic region of 1D 1H NMR spectra of the urine 

samples (a) healthy individual (b) male patient infected with 

dengue disease (c) female patient infected with dengue 

disease.  

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2 PCA score plot showing the variation between 

urinary metabolic profiles of dengue-infected individuals 

and healthy individuals. This PCA model was constructed 

from 1H NMR of fifty-two patients with dengue infection and 

fourty-three healthy individuals, regardless their gender 

differences. R2X for the model = 0.3731. 

This model showed segregation of classes with R2X= 

0.9081 and Q2 (cum) = 0.7880. Very narrow grouping 

are observed for the healthy (control) samples. 

Whereas, another group classify with dengue disease 

was spreading in the score plot highlighting their 

inhomogeneity of their metabolic profiles. Moreover, 

the spread is typical in human samples since there is 

enormous variation in genetic backgrounds as well 

as influences from the extraneous environment that 

may perturb the metabolome. In spite of all these 

factors, the Q2 >0.5, was found to be significantly 

high, implicated a considerable differences in the 

urinary metabolic profiles of dengue patients and 

healthy individuals. In the OPLS-DA score plots, a 

significant biochemical distinction between the 

dengue cases and healthy control will be further 

evaluated. 
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Figure 3 (a) PLS-DA scores plot showing the variation 

between urinary metabolic profiles of the dengue-infected 

patients and healthy individuals. This model was 

constructed from 1H NMR data of urine from fifty-two 

patients with dengue infection and fourty-three healthy 

individuals, regardless their gender differences. Black square 

= dengue infected individuals and red circle = healthy 

individuals. The statistical parameters of the model were as 

follows R2Y= 0.8119 and Q2 (cum) = 0.920. The ellipse is a 95% 

Hotelling’s T2 ellipse. (b) PLS-DA loading column plot of 

patient-infected with dengue versus healthy control. (c) 

Plots of permutation tests of PLS-DA for urine profiles of 

dengue (black ■) and control (red dot ●) groups. It 

demonstrated clear metabolic difference between the two 

groups. Q2 regression line was < 0.05 and permuted R2 

values on the left were < 0.3. 

 

Based on the data documented in Table 1, the 

PCA model showed the lowest reproducibility (R2) 

and predictivity (Q2) values in comparison with PLS-

DA and OPLS-DA. The R2 and Q2 values were 
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especially poor (<0.5) in the PCA model. OPLS-DA 

showed to be the best MVA type with Q2 was 0.79, 

and the R2 value was just nearly 1 in comparison with 

PLS-DA, implicated a considerable differences in the 

urinary metabolic profiles of dengue patients and 

healthy individuals. 

 
Table 1 Statistical comparison of different MVA types 

 

Scaling MVA type R2X R2Y Q2 

Pareto PCA 0.37 - 0.25 

 PLS-DA 0.56 0.81 0.69 

 OPLS-DA 0.55 0.91 0.79 
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Figure 4 (a) OPLS-DA scores plot showing the variation 

between urinary metabolic profiles of the dengue-infected 

patients and healthy individuals. This model was 

constructed from 1H NMR data of urine from fifty-two 

patients with dengue infection and fourty-three healthy 

individuals, regardless their gender differences. Black square 

= dengue infected individuals and red circle = healthy 

individuals. The statistical parameters of the model were as 

follows R2Y= 0.9081 and Q2 (cum) = 0.7880. The ellipse is a 

95% Hotelling’s T2 ellipse. (b) OPLS-DA loading column plot 

of patient-infected with dengue versus healthy control. 

 

 

4.0  CONCLUSION 

 
The results from this study illustrated the successful 

application of 1H NMR spectroscopy integrated with 

MVAs in discriminating the dengue patients and 

healthy control via metabolomics urinalysis. We 

suggest that using urine for dengue determination is 

a better prescreen to other forms of more invasive or 

uncomfortable screening.  The data in our test set 

was small, but primary aim was to develop a good 

model to examine whether urinalysis with NMR 

spectroscopic integrated with chemometrics 

techniques could be used to discriminate subjects of 

interest. As the model we develop here was not a 

definitive model, a larger prospective cohort is 

needed to develop a more accurate model in the 

future.  
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