Hepatology

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Jaishideng®

Contents Monthly Volume 14 Number 4 April 27, 2022

FRONTIER

647 Revolution in the diagnosis and management of hepatitis C virus infection in current era
Hanif FM, Majid Z, Luck NH, Tasneem AA, Laeeq SM, Mubarak M
EVIDENCE REVIEW

670 Evidence-based approach to management of hepatic encephalopathy in adults
Hoilat GJ, Suhail FK, Adhami T, John S
MINIREVIEWS

682 Direct oral anticoagulant administration in cirrhotic patients with portal vein thrombosis: What is the
evidence?
Biolato M, Paratore M, Di Gialleonardo L, Marrone G, Grieco A

696 Noninvasive diagnosis of periportal fibrosis in schistosomiasis mansoni: A comprehensive review
Santos JC, Pereira CLD, Domingues ALC, Lopes EP

708 Review on hepatitis B virus precore/core promoter mutations and their correlation with genotypes and
liver disease severity
Kumar R
ORIGINAL ARTICLE
Basic Study

719 Assessment of periportal fibrosis in Schistosomiasis mansoni patients by proton nuclear magnetic resonance-
based metabonomics models
Rodrigues ML, da Luz TPSR, Pereira CLD, Batista AD, Domingues ALC, Silva RO, Lopes EP

729 Baicalin provides protection against fluoxetine-induced hepatotoxicity by modulation of oxidative stress
and inflammation
Ganguly R, Kumar R, Pandey AK
Clinical and Translational Research

744 Correlation between Fibroscan and laboratory tests in non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis patients for assessing liver fibrosis
Al Danaf L, Hussein Kamareddine M, Fayad E, Hussain A, Farhat S
Retrospective Study

754 Testosterone therapy reduces hepatic steatosis in men with type 2 diabetes and low serum testosterone
concentrations
Apostolov R, Gianatti E, Wong D, Kutaiba N, Gow P, Grossmann M, Sinclair M

WJH | https://www.wjgnet.com I April 27,2022 | Volume14 | Issue4



World Journal of Hepatology
Contents
Monthly Volume 14 Number 4 April 27, 2022
766 Impact of liver cirrhosis on ST-elevation myocardial infarction related shock and interventional
management, a nationwide analysis
Dar SH, Rahim M, Hosseini DK, Sarfraz K
Observational Study
778 Gravity assistance enables liver stiffness measurements to detect liver fibrosis under congestive
circumstances
Suda T, Sugimoto A, Kanefuji T, Abe A, Yokoo T, Hoshi T, Abe S, Morita S, Yagi K, Takahashi M, Terai S
791 Total cholesterol to high-density lipoprotein ratio and nonalcoholic fatty liver disease in a population with
chronic hepatitis B
Zhou YG, Tian N, Xie WN
802 Assessment of resting energy expenditure in patients with cirrhosis
Ferreira S, Marroni CA, Stein JT, Rayn R, Henz AC, Schmidt NP, Carteri RB, Fernandes SA
Prospective Study
812 Prognostic value of von-Willebrand factor in patients with liver cirrhosis and its relation to other
prognostic indicators
Curakova Ristovska E, Genadieva-Dimitrova M
META-ANALYSIS
827 Effects and safety of natriuretic peptides as treatment of cirrhotic ascites: A systematic review and meta-
analysis
Gantzel RH, Kjeer MB, Jepsen P, Aagaard NK, Watson H, Gluud LL, Gronbeek H
CASE REPORT
846 Late polymicrobial transjugular intrahepatic portosystemic shunt infection in a liver transplant patient: A
case report
Perez IC, Haskal ZJ, Hogan JI, Argo CK
854 Angiotensin converting enzyme inhibitor associated spontaneous herniation of liver mimicking a pleural
mass: A case report
Tebha SS, Zaidi ZA, Sethar S, Virk MAA, Yousaf MN
860 Not all liver tumors are alike — an accidentally discovered primary hepatic leiomyosarcoma: A case report
Garrido I, Andrade P, Pacheco J, Rios E, Macedo G
Gishidengs WIH | https://www.wjgnet.com I April 27,2022 | Volume14 | Issue4



World Journal of Hepatology

Contents

Monthly Volume 14 Number 4 April 27, 2022

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Salvatore Sutti, MSc, PhD, Assistant Professor, Departement
of Health Sciences, University of East Piedmont, Novara 28100, Italy. salvatore.sutti@med.uniupo.it

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites
the 2020 Journal Citation Indicator (JCI) for WJH as 0.61. The WJH's CiteScore for 2020 is 5.6 and Scopus CiteScore
rank 2020: Hepatology is 24/62.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y7-Xuan Cai; Production Department Director: Xiang I.i; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5182 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1948-5182/editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
April 27,2022 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJH | https://www.wjgnet.com 111 April 27,2022 | Volume14 | Issue4


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

#

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4254 / wjh.v14.i4.719

World Journal of
Hepatology

World | Hepatol 2022 April 27; 14(4): 719-728

ISSN 1948-5182 (online)

Basic Study

ORIGINAL ARTICLE

Assessment of periportal fibrosis in Schistosomiasis mansoni
patients by proton nuclear magnetic resonance-based
metabonomics models

Milena Lima Rodrigues, Tatiane Priscila Santos Rodrigues da Luz, Caroline Louise Diniz Pereira, Andrea Ddria
Batista, Ana Lucia Coutinho Domingues, Ricardo Oliveira Silva, Edmundo Pessoa Lopes

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Invited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Mocan T, Romania

Received: May 18, 2021
Peer-review started: May 18, 2021
First decision: July 8, 2021
Revised: July 20, 2021

Accepted: March 25, 2022

Article in press: March 25, 2022
Published online: April 27, 2022

Jaishideng®

WJH | https://www.wjgnet.com 719

Milena Lima Rodrigues, Caroline Louise Diniz Pereira, Ana Licia Coutinho Domingues, Edmundo
Pessoa Lopes, Programa de Pos-Graduagdo em Medicina Tropical, Centro de Ciéncias Mé
dicas, Universidade Federal de Pernambuco, Recife 50670-901, Pernambuco, Brazil

Tatiane Priscila Santos Rodrigues da Luz, Ricardo Oliveira Silva, Programa de Pos-Graduagdo em
Quimica, Centro de Ciéncias Exatas e da Natureza, Universidade Federal de Pernambuco,
Recife 50670-740, Pernambuco, Brazil

Andrea Déria Batista, Ana Licia Coutinho Domingues, Edmundo Pessoa Lopes, Hospital das Cli
nicas, Departamento de Medicina Clinica, Universidade Federal de Pernambuco, Recife 50670-
901, Pernambuco, Brazil

Corresponding author: Edmundo Pessoa Lopes, MD, PhD, Professor, Staff Physician, Programa
de Pds-Graduagdo em Medicina Tropical, Centro de Ciéncias Médicas, Universidade Federal de
Pernambuco, Estrada das Ubaias, 311, apto. 901-A, Recife 50670-901, Pernambuco, Brazil.
epalopes@uol.com.br

Abstract

BACKGROUND
The evaluation of periportal fibrosis (PPF) is essential for a prognostic assessment
of patients with Schistosomiasis mansoni. The WHO Niamey Protocol defines
patterns of fibrosis from abdominal ultrasonography, 'H-nuclear magnetic
resonance (NMR)-based metabonomics has been employed to assess liver fibrosis
in some diseases.

AIM
To build 'H-NMR-based metabonomics models (MM) to discriminate mild from
significant periportal PPF and identify differences in the metabolite profiles.

METHODS

A prospective cross-sectional study was performed on schistosomiasis patients at
a University Hospital in Northeastern Brazil. We evaluated 41 serum samples
from 10 patients with mild PPF (C Niamey pattern) and 31 patients with
significant PPF (D/E/F Niamey patterns). MM were built using partial least
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squares-discriminant analysis (PLS-DA) and orthogonal projections to latent structures
discriminant analysis (OPLS-DA) formalisms.

RESULTS

PLS-DA and OPLS-DA resulted in discrimination between mild and significant PPF groups with
R2 and Q2 values of 0.80 and 0.38 and 0.72 and 0.42 for each model, respectively. The OPLS-DA
model presented accuracy, sensitivity, and specificity values of 92.7%, 90.3%, and 100% to
discriminate significant PPF. The metabolites identified as responsible by discrimination were: N-
acetylglucosamines, alanine, glycolaldehyde, carbohydrates, and valine.

CONCLUSION
MMs discriminated mild from significant PPF patterns in patients with Schistosomiasis mansoni
through identification of differences in serum metabolites profiles.

Key Words: Metabolomics; Portal hypertension; Schistosoma mansoni; Biomarkers; Neglected disease;
Nuclear magnetic resonance

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we demonstrated a metabolic signatures and metabolic pathway disturbances that
allowed to discriminate mild from significant periportal fibrosis in 41 patients with Schistosomiasis
mansoni. Partial least squares-discriminant analysis (PLS-DA) and OPLS metabonomics models provided
a clear separation between the groups. PLS-DA model presented accuracy, R2 and Q2 values equal to
0.85, 0.80 and 0.38, respectively, while OPLS model had R2 and Q2 values equal to 0.717 and 0.417,
respectively. We also identified some metabolites responsible by discrimination which are associated with
changes related to liver function and amino acids metabolism.

Citation: Rodrigues ML, da Luz TPSR, Pereira CLD, Batista AD, Domingues ALC, Silva RO, Lopes EP.
Assessment of periportal fibrosis in Schistosomiasis mansoni patients by proton nuclear magnetic resonance-based
metabonomics models. World J Hepatol 2022; 14(4): 719-728

URL: https://www.wjgnet.com/1948-5182/full/v14/i4/719.htm

DOI: https://dx.doi.org/10.4254/wjh.v14.i14.719

INTRODUCTION

Schistosomiasis is a neglected disease that still occurs around the world and affects about 240 million
people in 78 countries[1]. In Brazil, it is caused by Schistosoma mansoni. It has been considered an
endemic disease in the state of Pernambuco, with cases reported in 102 of 185 cities[2,3].

Periportal fibrosis (PPF), known as Symmers’ fibrosis, is induced by helminth eggs deposition in the
portal vein and its branches. This fibrosis can extend to the peripheral intrahepatic branches without
promoting hepatocyte necrosis, making it one of the causes of non-cirrhotic portal hypertension[4].

Ultrasonography (US) scan is used for diagnosis and assessment of PPF by the Niamey-Belo
Horizonte Protocol, the WHO Standard Protocol. This protocol classifies 6 PPF patterns from A (no-
fibrosis) up F (very advanced fibrosis), plus mixed patterns, such as the D/C or E/C patterns[4-6].

Although the US exam enables PPF diagnosis and measurement, there are limitations for its use,
including the inter-observer variation and the low sensitivity to the diagnosis of initial forms of the
disease, especially if the examiner has no experience in applying the Niamey-Belo Horizonte protocol.
Additionally, the device can be difficult to access in some poor regions. Due to these difficulties,
alternative strategies are being studied. Some serum biomarkers, alone or in association (indexes), have
been used for this purpose. Some authors reported an inversely proportional relationship between
platelet count and PPF pattern, as well as a directly proportional relationship between liver enzymes
serum levels and PPF patterns[5,6].

Metabonomics is an area of knowledge that uses multivariate statistical formalisms applied to spectra
data of biofluids to obtain a multiparametric response to external stimuli, such as pathogens[7,8]. The
biofluid, properly stored, can be analyzed at a center distant from the collection site. Batista et al[9] used
'H-nuclear magnetic resonance (NMR)-based metabonomics for liver fibrosis assessment in patients
with chronic hepatitis C. The method proved to be useful in the diagnosis of significant and advanced
fibrosis in these patients. Gardini et al[10] developed the profile of the serum metabolome of patients
with hepatocellular carcinoma in early and advanced stages. They found that "H-NMR metabolomics
profiling could discriminate early from advanced hepatocellular carcinoma. The multivariate statistical
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formalisms most commonly used in metabonomics assays are: principal components analysis (PCA) for
exploratory analyses, since it does not depend on class information and investigates if there are outlier
samples; and partial least square-discriminant analyses (PLS-DA) or orthogonal PLS-DA (OPLS-DA).
which use the class information to build metabonomics models (MM) that discriminate among samples
from different groups[11]. In the present study, we aimed to build 'H-NMR-based MM to discriminate
mild from significant PPF in patients with Schistosomiasis mansoni and identify differences in the profiles
of the endogenous metabolites.

MATERIALS AND METHODS
Study design

This is a phase II diagnostic validation test, a cross-sectional study performed with adult patients who
were diagnosed with Schistosomiasis mansoni, aiming to assess PPF patterns by 'H-NMR-based metabo-
nomics.

Patients

Patients aged 18 years or over diagnosed with Schistosomiasis mansoni were included from the Schistoso-
miasis Clinic of the Gastroenterology Service of the Hospital das Clinicas, Universidade Federal de
Pernambuco (Recife, Pernambuco, Brazil), between March and December 2019. Schistosomiasis
diagnosis was based on the clinical history of contact with water sources in endemic areas, report of
previous treatment with praziquantel, and associated with finding of PPF by US scan. Exclusion clinical
criteria were: presence of fatty liver disease, cirrhosis or hepatocellular carcinoma, portal vein
thrombosis, HIV, hepatitis B or C virus coinfection, or history of drug-induced liver injury or alcohol
abuse.

Abdominal ultrasonography scan

All patients were submitted to US scan after overnight fasting of about 8 h, by the same examiner.
According to the Niamey-Belo Horizonte Protocol, PPF pattern was defined as follows: C (peripherical
fibrosis), D (central fibrosis), E (advanced fibrosis) and F (very advanced fibrosis) patterns. Patients
without or with a doubtful PPF (A and B pattern) were excluded of the study. All US exams were
performed using a US Siemens Acuson S2000 instrument equipped with a 6C1 Ultrasound probe
(Siemens Medical Solutions, Mountain View, CA, United States).

Liver function tests

Blood samples were collected from a peripherical vein after US scan. Serum was obtained after centrifu-
gation (3500 rpm) using a Centurion-Laborline equipment. Liver function tests, including alanine
aminotransferase and aspartate aminotransferase, gamma-glutamyl transferase (GGT), alkaline
phosphatase (ALP), lipid profile (total cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, and triglycerides), and glycemia, were carried out using Wiener Lab®(Wiener
Lab Group, Santa Fé¢, Argentina) kits in a Wiener Lab®autoanalyzer (Wiener Lab Group, Santa Fé¢,
Argentina). Part of the samples were stored at minus 40 °C until the NMR analysis.

Statistical analyses

To investigate the distribution of demographic and clinical or laboratory data between groups,
univariate tests were performed using GraphPad Prism 6 software (GraphPad Software, Inc., La Jolla,
CA, United States) with unpaired Student's ¢-test, Mann-Whitney, and Fisher’s exact as appropriate. A P
value < 0.05 was set as the level of statistical significance.

'H-NMR spectra and Metabonomics modelling

All "TH-NMR spectra were recorded using a VNMRSYS400 spectrometer operating at 400 MHz. After
thawing, serum samples were prepared by mixing 400 pL of serum and 200 pL of D,0 and placing in
NMR tubes of 5 mm id. "H-NMR spectra were performed using a sequence of radiofrequency pulses
with presaturation of the water signal hyphenated to the Carr-Purcell-Meiboom-Gill pulse sequence,
which was employed as a T2 filter. The following parameters were used: spectral window of 6.4 kHz,
saturation delay of 2.0 s, acquisition time of 1.704 s, 90° RF pulse, temperature of 27 °C, 88 cycles, tau
equal to 0.0004 s, bigtau equal to 0.07 s, and 128 scans. The line broadening used was 0.3 Hz. Baseline
and phase distortions were corrected manually. The signal attributed to the methyl group of lactate (6
1.33 ppm) was used as a chemical shift reference. Using MestreNova 9.0 software, the region between 6
4.004 and 0.772 ppm was binned into 808 bins (each 0.004 ppm-wide). The matrix was built with 41 rows
(cases) and 809 variables (bins of '"H-NMR spectra plus class variable), and then was submitted to
multivariate analysis. The models based on PCA, PLS-DA, and OPLS-DA were constructed using
MetaboAnalyst online platform 4.0[12,13]. In the preprocessing step, each sample was normalized by
sum (cumulative intensity of the spectrum). This was performed to compare the spectral data, avoiding
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problems with sample dilutions, for example[14]. In addition, data were pre-processed using
autoscaling. The validation of the PLS-DA and OPLS-DA models was based on two methods: (1) the
leave-one-out cross validation method (LOOCYV), where the optimal number of latent variables for the
PLS-DA model was determined, thus providing the basis for the computation of the predictive ability
(Q2), determination coefficient (R2), and the classification accuracy of the model; and (2) the
permutation test, which made 2000 permutations of the class label to verify the accuracy of metabo-
nomics models. PLS-DA and OPLS-DA models provided a quantitative measure of the discriminating
power of each spectral bin. Variable importance in the projection (VIP) score was used. VIP is a
weighted sum of squares of the PLS loadings. These weights are based on the amount of explained
variance of the dependent variable in each PLS dimension. A VIP score cut-off equal to 1 was used.
Discriminatory signals were attributed to metabolites using Human Metabolome Database platform and
also based on the literature[15-18]. Accuracy, sensitivity, and specificity values were obtained from a
confusion matrix that was constructed considering classification of OPLS-DA model.

RESULTS

Forty-four patients were selected, but three were excluded because their samples proved to be outliers.
Thus, 41 patients with PPF were included in the study: 10 patients with C, 12 patients with D, 17
patients with E, and 2 patients with F patterns, according to the Niamey-Belo Horizonte Protocol. These
patients were divided into two group: mild PPF (C pattern) and significant PPF (D/E/F patterns)[19].
Table 1 shows clinical and demographic data of the patients.

Figure 1 shows a typical 'TH-NMR spectrum of serum obtained in the study with assigned peaks.
Exploratory analyses by PCA failed to indicate separation between the groups (data not shown). Thus,
MM were developed using supervised methods: PLS-DA and OPLS-DA formalisms. Figure 2 shows a
score plot (A) and the performance of MM constructed using PLS-DA formalism (B). Regarding
accuracy, the best performance was achieved when four latent variables were used, resulting in
accuracy, R2 and Q2 values equal to 0.85, 0.80 and 0.38, respectively.

Figure 3 shows variables importance for projection (VIP) score plot (A) and the permutation test from
PLS-DA model which presented P value equal to 0.0245 after 2000 classes permutations (B). The spectral
region responsible for discrimination was between 6 1.975 and 6 2.011 ppm, which is attributed to the
methyl group of N-acetylglucosamines. The serum level of N-acetylglucosamines is higher in the group
with significant PPF (Significant PPF) than in the group with mild PPF (Mild PPF). In addition to this
region, three more discriminatory bins can be observed: 8 = 3.544, 3.692, and 3.808 ppm, which were
assigned to carbohydrates. According to the VIP score plot, the serum level of these carbohydrates is
higher in the Mild PPF group. The VIP score full table presents other discriminatory bins, such as 6
1.502 ppm (VIP score = 1.98) and 6 3.492 ppm (VIP score = 1.83), which were assigned to alanine and
glycolaldehyde, both higher in the Significant PPF group.

Figure 4 shows a score plot and the results of permutation test of metabonomics models using OPLS-
DA formalism (B). The OPLS-DA MM presented R2Y and Q2 values equal to 0.717 and 0.417,
respectively, with P values from permutation test less than 0.01. We identified four discriminatory bins,
as follows: 6 1.030 ppm, assigned to valine;  1.046 ppm (not assigned); 6 1.446 ppm attributed to
alanine; and & 3.692 ppm assigned to carbohydrates. The serum levels observed for valine,
carbohydrates, and the unidentified metabolite (signal at 8 1.046 ppm) were higher in the Mild PPF
group, while the alanine serum level was higher in the Significant PPF group.

Table 2 presents a summary of metabolites that differentiated the Mild PPF samples from the
Significant PPF samples, as well as the chemometric formalism employed, the chemical shift () of each
metabolite, and the group in which these metabolites had higher serum level.

Table 3 shows the confusion matrix obtained from the OPLS-DA MM. Accuracy, sensitivity,
specificity, positive predictive and negative predictive values are equal to 92.7%, 90.3%, 100%, 100% and
76.9%, respectively.

DISCUSSION

PPF is a mark of Schistosomiasis mansoni disease. Assessment of PPF intensity is crucial to determine
disease morbidity and prognosis. In addition, significant PPF is associated with non-cirrhotic portal
hypertension and its consequences. Generally, US scan and serum biomarkers have been used for PPF
assessment in schistosomiasis patients[2,20]. Among serum biomarkers for PPF assessment, liver
enzymes and platelet count alone or combined with ALP, as in the Coutinho-index, have been given
importance in the literature[2,6,7]. In agreement with these authors, laboratory data found in this study
indicate a higher serum level of GGT in particular, and lower platelet count in patients with significant
PPF. Kopke-Aguiar et al[21] also reported higher serum levels of GGT in the more severe cases. Pereira
et al[22] and Lambertucci[23] also reported lower platelets count, as well as increased spleen size in
more severe Schistosomiasis mansoni disease.
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Table 1 Demographic and laboratorial characteristic of 41 patients with Schistosomiasis mansoni, Pernambuco, Brazil, 2020

Characteristic Total Mild PPF (C pattern) Significant PPF (D/E/F pattern) P value
n 4 10 31 -

Age (yr) 57 (18-80) 48.1 (18-75) 57.2 (25-80) 0.0865"
Sex 0.4820°
Male 17 (41%) 5 (40%) 12 (39%)

Female 24 (59%) 5 (50%) 19 (61%)

AST (U/L) 29.0+2.6 243+19 30.0%2.9 0.3328°
ALT (U/L) 29.0+2.2 262145 30.0+3.2 0.4584°
ALP (U/L) 262 %33 3294113 238 +22 0.6379°
GGT (/LSN) 6212 3516 71.2£14.0 0.0013°
Platelets count (/mm?®) 131+12 218+15 102 +11 0.0001°
Total Cholesterol (mg/dL) 169.0 £4.6 174.0 £7.2 167.8 £5.6 0.4626°
HDL (mg/dL) 45720 4957 446120 0.4863°
LDL (mg/dL) 105.0 £3.8 108 £4.7 104+438 0.3760°
Glucose (mg/dL) 93.6£52 97 +14 92151 0.9451°

@Unpaired ¢ test.
PFisher’s exact test.
‘Mann-Whitney test.
Data presented as Me

an values + standard deviation. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:

Gamma-glutamyl transferase; HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol; PPF: Periportal fibrosis.

Table 2 Metabolites responsible for discrimination between mild from significant periportal fibrosis of 41 patients with Schistosomiasis

mansoni, Pernambuco, Brazil, 2020

Metabolite Chemical shift (8/ppm) Metabonomics formalism Higher serum level
Valine 1.030 OPLS-DA Mild PPF

No identified 1.046 OPLS-DA Mild PPF

Alanine 1.446 and 1.502 PLS-DA and OPLS-DA Significant PPF
N-acetylglucosamine 1.975 up to 2.011 PLS-DA Significant PPF
Glycolaldehyde 3.492 PLS-DA Significant PPF
Carbohydrates 3.544; 3.692; and 3.808 PLS-DA and OPLS-DA Mild PPF

OPLS-DA: Orthogonal projections to latent structures discriminant analysis; PLS-DA: Partial least squares-discriminant analysis; PPF: Periportal fibrosis.

WIH |

JBaishideng®

Significant PPF in the schistosomiasis patients is induced by increase in number of eggs in the
intrahepatic portal veins due repeated infections and by the host’s exacerbated immune response[24].
The presence of adult worms in mesenteric and portal vessels, as well as the presence of their eggs,
promotes immunological stimulation and induces primary splenomegaly by reticuloendothelial system
hyperplasia, which leads to pancytopenia by hypersplenism[19,22]. Splenomegaly also causes blood
hyperflow in the splenic vein, which contributes to presinusoidal portal hypertension[25]. In addition,
the changes in liver hemodynamics, triggered by portal hyperflow, could promote increase of GGT
serum level, as observed in our study[26].

Usually, metabonomics studies begin with exploratory analyses by PCA. However, this initial
analysis failed to discriminate between the groups. Therefore, discriminant analyses formalisms were
employed, resulting in efficient separation between mild PPF and significant PPF groups. Serum levels
of valine (6 1.030 ppm) and alanine (6 1.446 and 1.502 ppm) observed in the spectral data suggest that
the changes in portal vein flow could trigger disorders of amino acids metabolism in hepatocytes, as
reported by Li et al[27]. Changes in amino acid serum levels were important for discrimination in both
the PLS-DA and OPLS-DA MM. These findings are in agreement with studies that correlate changes in
serum levels of these amino acids in response to liver fibrogenesis caused by schistosomiasis in mice[15,
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Table 3 Confusion matrix-orthogonal projections to latent structures discriminant analysis metabonomics model (mild vs significant

periportal fibrosis) of 41 patients with Schistosomiasis mansoni, Pernambuco, Brazil, 2020

Classification from WHO Niamey Protocol

Significant PPF Mild PPF P value®
Metabonomics Model Significant PPF 28 0 <0.0001
Mild PPF 8 10

“Fisher’s exact test. 92.7% accuracy, 90.3% sensitivity, 100% specificity. PPV and NPV value equal to 100% and 76.9%, respectively.
PPF: Periportal fibrosis; WHO: World Health Organization.
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Figure 1 Typical 'H-nuclear magnetic resonance spectrum (400 MHz, D,0, presaturation-Carr-Purcell-Meiboom-Gill) of serum from a
patient with Schistosomiasis mansoni, Pernambuco, Brazil, 2020. Integration areas under the signal are associated with the concentration of
metabolites weighted by the number of hydrogen nuclei in each chemical environment. Some assignments are presented in the spectrum.

28]. Balog et al[29] also reported an association between valine and alanine serum levels with the disease
progression.

An increase of N-acetylglucosamines serum levels was observed in the significant PPF group, while
the carbohydrate serum level was higher in the mild PPF group. Glucosamines are products of glucose
metabolism, which are capable of suppressing the production of metalloproteinases. Therefore, the N-
acetylglucosamines and glucose serum levels observed could be associated with liver damage, which
requires glucose consumption and production of N-acetylglucosamines[30].

In clinical practice, the monitoring of patients with Schistosomiasis mansoni is done by US scan. Hence,
it is necessary to transfer patients from rural zone to hospital unit or to bring the device to the field. In
addition, an experienced examiner is necessary, since the US scan is operator-dependent.

The metabolic profile presented in this study can be strategic for monitoring the patients in endemic
regions through blood samples collected and transported to a reference laboratory. 'H-NMR-based
metabonomics produce a “metabolic fingerprint”, providing systemic metabolic information about
patients. It can help to identify those with more severe forms of schistosomiasis. The main limitation of
the study was the sample size and the disproportionate PPF pattern groups.

In the present study, we used 'H-NMR-based metabonomics from the serum of patients with Schisto-
somiasis mansoni to discriminate those with highest intensity of PPF. Moreover, the chemometric
formalisms used enabled the identification of some metabolites associated with the discrimination, such
as alanine, glycolaldehyde, and N-acetylglucosamines, which presented higher serum levels in the
significant PPF group, while valine and carbohydrates presented lower serum levels in the most severe
cases.

CONCLUSION

The "H-NMR-based metabonomics models were able to discriminate mild from significant PPF patterns
in patients with Schistosomiasis mansoni through identification of differences in serum metabolites
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Figure 2 Results of partial least squares-discriminant analysis modelling using 41 samples of patients with Schistosomiasis mansoni,
Pernambuco, Brazil, 2020. A: Score plot-significant (red) and mild (green) PPF patterns; B: Performance of metabonomics models (Red star: Best number of
components for modelling).
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Figure 3 Results of partial least squares-discriminant analysis modelling using 41 samples of patients with Schistosomiasis mansoni,
Pernambuco, Brazil, 2020. A: Variable importance in the projection score plot; B: Permutation test statistic at 2000 permutations with observed statistic of the

model prediction accuracy with P value = 0.0245.
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profile. We intend to expand the study in the coming years in order to confirm the results and best
understand the metabolic pathways associated to observed discrimination.
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Figure 4 Results of orthogonal projections to latent structures discriminant analysis modelling using 41 samples of patients with
Schistosomiasis mansoni, Pernambuco, Brazil, 2020. A: Score plot-Significant (red) and Mild (green) PPF patterns; B: Permutation test statistic at 2000
permutations with observed statistic of the model prediction accuracy with P value = 0.001.
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ARTICLE HIGHLIGHTS

Research background
Classification of the pattern of periportal fibrosis (PPF) is essential in the prognostic evaluation of
patients with Schistosomiasis mansoni.

Research motivation
There is a need for novel minimally invasive methods and new biomarkers for the diagnosis Schistoso-
miasis mansoni.

Research objectives
To develop metabolic models, based on "H-nuclear magnetic resonance spectra, that allow the classi-
fication of the pattern of PPF and its associated metabolites in patients with Schistosomiasis mansoni.

Research methods

Metabonomics models (MMs) were built to differentiate requirements with mild PPF and significant
PPF. An analysis of the performance of MMs was performed for the prediction of PPF, using ultrasono-
graphy as a reference standard and the description of the main metabolites present in each PPF group
and their relationship with serum markers.

Research results

The partial least squares-discriminant analysis (PLS-DA) and orthogonal projections to latent structures
discriminant analysis (OPLS-DA) formalisms discriminated spectral regions between the groups as
follows: carbohydrates and valine, more concentrated in those of the group with mild FPP; N-
Acetylglycosamines, Alanine, Glycolaldehyde more concentrated in the samples of the group with
significant PPF. OPLS-DA showed accuracy, sensitivity, and specificity, were equal to 92.7%, 90.3%, and
100% for the diagnosis of significant PPF.

Research conclusions
The constructed MMs were able to discriminate between mild and significant FPP in patients with
schistosomiasis with good accuracy.

Research perspectives

This technique will be able to detect even low-intensity infections, overcoming the limitations of current
diagnostic techniques, with the use of a single serum sample. These models can be inserted in the
propaedeutic arsenal in clinical practice for the measurement of PPF in remote areas.
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