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ABSTRACT - Background — Periportal fibrosis is the major pathological consequence of the Schistosoma mansoni infection. Objective — To evaluate the

accuracy of serum markers and to construct an index to assess fibrosis. Methods — Patients (n=116) with schistosomiasis were evaluated by ultrasound

scan and measurements of serum levels of aminotransferases, y-glutamyl transferase, alkaline phosphatase, hyaluronic acid, cytokines and platelets.

Ultrasound images were used to evaluate the fibrosis using Niamey’s classification and identified 19 patients without periportal fibrosis (patterns A

and B), 48 with mild to moderate fibrosis (C and D) and 49 with advanced fibrosis (E and F). Results — Using multivariate analysis, a model was

created, which involved alkaline phosphatase and platelets and could separate patients with different patterns of fibrosis. This index showed a better

performance in separating patients without fibrosis from with advanced periportal fibrosis. The biological index showed an area under the ROC

curve of 1.000. Using values below the lowest or above the highest cut-off point, the presence or absence of advanced fibrosis could be predicted

in all patients. Conclusion — The index constructed can be used to separate patients with different patterns of periportal fibrosis, specially to predict

advanced fibrosis in schistosomiasis patients.
HEADINGS - Schistosomiasis mansoni. Fibrosis. ROC curve analysis.

INTRODUCTION

In chronic infection by Schistosoma mansoni the liver is the
main organ affected, because soon after oviposition by females
worms in the mesenteric veins, the eggs are carried by the blood-
stream into the liver. Several eggs are trapped in small venules
of the liver, triggering a vigorous immune response with gran-
uloma formation?. Continuous oviposition and formation of
new granulomas around the eggs lead to excessive deposition of
collagen and other components of the extracellular matrix in the
intrahepatic branches of the portal vein, which causes periportal
fibrosis (PPF), a pathognomonic sign of Schistosomiasis mansoni
disease. Moreover, PPF induces the appearance of hemodynamic
alterations®@%3,

The accumulation of fibrotic tissue as a result of granuloma,
decreases the elasticity of the veins and contributes to the obstruc-
tion the portal blood flow, resulting in portal hypertension and its
consequences (esophageal varices), which leads to morbidity and
mortality associated with schistosomiasis?.

The diagnosis of PPF was undertaken using imaging methods
such as ultrasound (US), computed tomography and magnetic
resonance imaging. Of these, US is the most widely used in Bra-
zil, because of its low cost*!9, Furthermore, Homeida et al.("
demonstrated that US is as sensitive as liver wedge biopsy in diag-
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nosing PPF. Despite the widespread use of US for diagnosing and
monitoring changes caused by fibrosis, its use has some limitations,
such as its low sensitivity in the initial forms of the disease; the
need for a trained examiner, and the fact that it is not available at
all centers, especially not those located in rural areas!”.

As a result of these US limitations, studies are emerging in
an attempt to develop non-invasive methods that are capable of
identifying and evaluating PPF via serum markers©%1621:22830
Brazil, it is estimated that the Schistosomiasis mansoni affects about
2.5 to 6 million individuals, residing mainly in the Northeastern
region, and approximately 5% to 10% of whom will develop the
severe form of the disease (hepatosplenic)®. Therefore, the study
of new methods for diagnosing and evaluating PPF is important
so as to provide information for designing strategies to treat and
prevent the evolution of the disease.

Different biological markers have been associated with the
development and regulation of hepatic fibrosis in some chronic
liver diseases, especially those induced by the hepatitis C virus
(HCV)112 These serum markers have been used in combination to
improve their accuracy, as in the case of the FibroTest?”, APRI®?,
the Forns index™, Hepascore, and FIB-4¢2, However, only one
article found in their review of the literature uses the APRI index!”
and no articles were found that described a specific index for evalua-
ting PPF in patients with Schistosomiasis mansoni.
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This paper therefore set out to evaluate the accuracy of serum
markers and to construct a biological index to assess PPF in patients
with Schistosomiasis mansoni.

METHODS

Patients

Patients of both genders aged between 18 and 65 years old,
diagnosed as having Schistosomiasis mansoni were evaluated
between July 2009 and August 2010, at the Schistosomiasis outpa-
tient clinic of the Hospital das Clinicas (HC) at the at the Univer-
sidade Federal de Pernambuco (UFPE). The diagnosis was based
on their clinical history of contact with contaminated water and/or
reports of prior treatment for schistosomiasis and US examination
of the upper abdomen. Patients who reported no prior treatment
or whose parasitological stool test was positive for schistosomiasis
were treated and evaluated 6 months after this treatment.

During the period in which patients were selected at the Uni-
versity Hospital as subject to developing chronic forms of schisto-
somiasis, 892 ultrasound examinations of the upper abdomen were
conducted. Of these, 116 were included in the study and 776 were
excluded as per the following exclusion criteria: a clinical, laboratory
or US diagnosis compatible with hepatic diseases of other etiologies
(hepatitis B or C, hepatic cirrhosis or fatty liver disease), excessive
consumption of ethanol, use of immunosuppressive or hepatotoxic
drugs, liver transplant, chronic kidney disease and prior splenectomy.

Ethics statement

All clinical investigation was conducted according to the
principles expressed in the Declaration of Helsinki. All patients
signed a term of consent and the study was approved by the Ethics
Committee of CPqAM-FIOCRUZ, report N° 44/03.

Ultrasound

The pattern of PPF was evaluated by upper abdominal US
examination at the Keizo Asami Laboratory of Immunopathology
at HC-UFPE. A Siemens Acuson X 150® with a 3.5 MHz convex
transducer was used for all patients by the same researcher (ALCD),
following the Niamey classification®. This classification charac-
terizes the PPF in terms of six patterns: A (absent), B (doubtful),
C (peripheral), D (central), E (advanced) and F (very advanced).

Biomarkers

After the US evaluation, 10 mL of blood was collected from
each patient to determine the serum levels of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), y-glutamil trans-
ferase (y-GT) and alkaline phosphatase (AP) in the Biochemistry
Laboratory of the HC-UFPE using an automated ARCHITECT
— UV DiaSys by Siemens Automation — Dimension. The serum
levels of the markers were divided by the upper limit of normality
(ULN) and expressed as UI/mL/ULN. The platelet count (x10° cel/
mm?) was conducted using an automated counter (CELL DYN
3000) at the Hematology Laboratory of the HC-UFPE.

To measure hyaluronic acid (HA ng/mL), an aliquot (500 uL)
of serum from each patient was stored at -20°C and sent it was
sent to be measurement at the Molecular Biology Unit at the
Department of Biochemistry of the Universidade Federal de Sdo
Paulo (UNIFESP). HA was measured by an immunofluorometric
method which was non-competitive and ELISA-like, based on the
affinity of HA for specific proteins in the cartilage®”.
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The serum levels of TNF-a, TGF-f and IL-13 (pg/mL) were
measured using the R&D Systems Quantikine kit, as per the
supplier’s instructions, in the Laboratory of Immunology and
Molecular Biology, at the Department of Immunology of the
CPqAM-FIOCRUZ.

Statistical analysis

The patients were divided into four groups as per the PPF pat-
tern using Niamey’s classification. Group 1 consisted of patients
without PPF (patterns A and B). Group 2 of patients with PPF
(patterns C, D, E and F), group 3 of patients with mild to moderate
PPF (patterns C and D) and group 4 of patients with advanced
PPF (patterns E and F).

The SPSS for Windows, version 18.0 - Statistical Package for
The Social Science was used to perform statistical calculations.
Quantitative variables were expressed as the median, 25 percentile
and 75 percentile. To identify the predictor factors of fibrosis, an
univariate analysis of the variables of interest was performed using
the nonparametric Mann-Whitney test due to non-normality of
the variables quantitative. Subsequently, a multivariate analysis was
performed using logistic regression model with the dependent varia-
ble groups of fibrosis. The independent or explanatory variables
considered in the model were those with P<(.25 in the univariate
analysis, this probability was set for possible predictors of events
were not excluded from the analysis. In the model the forward
stepwise method for selection of variables in the model was used.

The diagnostic value was assessed using the ROC curve and
the sensitivity, specificity and the positive and negative predictive
values (PPV; NPV) were determined. The area under the curve was
used to represent the accuracy of the predictions.

RESULTS

Characteristics of the patients

Of the 116 patients included in the study, 19 (16.4%) were
classified with PPF patterns A and B; 48 (41.4%) with patterns
C and D; and 49 (42.2%) with patterns E and F. In the group
comprising the A and B patterns, 5 (26.3%) patients were male
and 14 (73.7%) were female. In the group consisting of the C and
D patterns, 14 (29.2%) were male and 34 (70.8%) female, and in
the group comprising the E and F patterns, 24 (49%) were male
and 25 (51%) were female. There was no significant difference
with regard to gender between the groups. The average age in the
three groups (A+B, C+D and E+F) was 43.3, 46.4 and 52.1 years
old respectively, with a statistical difference between the A+B and
E+F groups (P=0.026).

Relationship between the serum levels of markers with
the patterns of periportal fibrosis

Table 1 presents the univariate analysis of biomarker serum
levels of the 116 patients.

According to the results of univariate analysis, only TNF-a
and IL-13 markers showed no statistically significant difference
between groups. Thus, all other variables were considered in the
multivariate logistic regression model. In the model the forward
stepwise method for selection of variables was used. However, in
the final model only the AP (P=0.035) and number of platelets
(P=0.0004) were significant variables for prediction of periportal
fibrosis. A model was created to identify and differentiate the
groups of patients without fibrosis, with mild to moderate and
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TABLE 1. Univariate analysis of serum levels of biomarkers in 116 patients with schistosomiasis mansoni

Periportal fibrosis group

Biomarkers A+B (median) (m(i:lliz ) (m}Z::liFan) P value*
i= 0 n = 48 n = 49
Alanine aminotransferase (/ULN) (0.405'_601.71) (0‘4%_607.92) (0.601':717.12) 0.0052"
. 0.61 0.75 0.87 b
Aspartate aminotransferase (/ULN) (0.52-0.71) (0.58-1.05) 0.71-1.13) <0.001
v-Glutamyl transferase (/ULN) 036074 045 04) 0955 13) <0.001°
Alkaline phosphatase (/ULN) 0.06-0.08) 0.06010) ©0.16:0.13) < 0.0001% <0.001¢
. . 22.5 32.7 67.8 e
Hyaluronic acid (ng/mL) 1937.1) (207-50.6) (37.6.102.8) <0.001">
TNF-a (pg/mL) 1.5 (0-2.2) 0.8 (0-4.4) 1.5 (0-4.7) -
26.4 26.6 26.4
IL-13 (pg/mL) (20.4-42.8) (16.7-3524) (15-5-39-8) i
58.350 35.53 23.793 b
TGF-B (pg/mL) (40.698774.929) (14.085-56.575) (14.442-36.410) <0.001
Platelet count (x10? cel/mm?3) (2029%2779) (1251.;_62'22.8) (69—??3.5) < 0.0001%%; <0.001¢

A+B = without PPF; C+D = mild to moderate PPF; E+F = advanced PPF; ULN: upper limit of normality; *Mann-Whithey test; Median (P, -P_).* A+Bx C+D; " A+B x E+F; < C+D x E+F.

2577 75

advanced PPF. The index involved AP and platelet count. Ana-
lysing this model, a biological index was constructed and named
the Coutinho-index.

The name Coutinho-index was in honor of Professor Amaury
Domingues Coutinho, an example of a great research scientist and
driving force behind much research in the area of Schistosomiasis
mansoni in Brazil, principally in our region.

Risk score was determined using the following regression
formulae:

COutinhO-indeX risk score = e(l7.25 +0.067 x AP - 0.133 x platelet)

Since AP and platelet count were the most important predictors
for fibrosis and they are inversely proportional behavior towards
periportal fibrosis, this index was therefore constructed to assess
the absence of PPF (A+B) or the presence of advanced PPF (E+F)
using the following formulae:

Coutinho-index = AP (/ULN)/ platelet count (x10° cel/mm?) x 100

The Coutinho-index can predict the presence of PPF in the four
groups analysed in this study (Table 2). In addition, the index plays
a better accurate to differentiate patients without PPF (patterns A

TABLE 2. Performance of the Coutinho-index as predictors of the periportal fibrosis patterns in 116 schistosomiasis patients

wihy SR AUC Sensitivity ~ Specificity PPV NPV
n (%) n (%) 95% CI) 95% CI) (95% CI) (%) (%)
Coutinho-index 0.907
Cut off
< 0.043 18 (94.7) 16 (16.5) 83.5 94.7 98.8 52.9
>0.043 1(.3) 81 (83.5)
A+B C+D
(n=19) (n = 48) AUC Sensitivity Specificity PPV NPV
n (%) n (%) (95% CI) (95% CI) (95% CI) (%) (%)
Coutinho-index 0.750
Cut off
< 0.038 14 (73.7) 18 (37.5) 62.5 73.7 85.7 43.8
>0.038 5(26.3) 30 (62.5)
A+B E+F
(n=19) (n = 49) AUC Sensitivity Specificity PPV NPV
n (%) n (%) 95% CI) (95% CI) (95% CI) (%) (%)
Coutinho-index 1.000
Cut off
< 0.048 19 (100) 0 100 100 100 100
> 0.048 0 49 (100)
C+D E+F
(n = 48) (n = 49) AUC Sensitivity Specificity PPV NPV
n (%) n (%) (95% CI) (95% CI) (95% CI) (%) (%)
Coutinho-index 0.859
Cut off
< 0.060 29 (60.4) 0 93.9 64.6 72.1 100
> 0.060 19 (36.9) 49 (100)

Coutinho- index = AP (/ULN)/ Platelet count (x10? cel/mm?) x 100. A+B = without PPF; C+D+E+F = with PPF; C+D = mild to moderate PPF; E+F = advanced PPF. PPV: positive predictive

value; NPV: negative predictive value.
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and B) of the patients with advanced PPF (patterns E and F) in
compared to other groups. Based on the ROC curve, to predict the
absence of PPF (patterns A and B) was established a cut-off point
<0.048 and to predict the presence of advanced PPF (patterns E
and F) was establish a cut-off point >0.048. Of the 19 patients
who were diagnosis without fibrosis, all (100%) presented a result
at Coutinho-index <0.048, and all 49 patients (100%) who were
diagnosed with advanced PPF, showed results >0.048, in agreement
with the diagnosis through the ultrasound examination (Table 2).

The Coutinho-index in comparison with the isolates biological
markers revealed an area under the ROC curve a few better (AUC
index = 1.00; AP = 0.971; platelet count = 0.997), suggesting that
the use of markers as an index increases to predict the advanced
fibrosis in patients with Schistosomiasis mansoni.

As showing in Figure 1, the Coutinho-index presented higher
sensitivity and specificity value (100%, both) and a higher negative
and positive predictive value (100%, both) in separating patients
without PPF from those with advanced PPF.

ROC Curve A ROC Curve B

0.8 0.8

o
o
o
o

Sensivity

o
~

Sensivity

o
=

o
N}

0.2

o
=)

T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 00 02 04 06 08 10

1 - Specifity 1 - Specifity
ROC Curve C ROC Curve D
1.0 1.0
0.8 0.8
2 0.6 206
2z 2z
] 7}
G ©
n 04 ® 0.4
0.2 0.2
0.0 N 0.0 ———
00 02 04 06 08 10 00 02 04 06 08 1.0
1 - Specifity 1 - Specifity

FIGURE 1 - Coutinho-index ROC curves for groups of periportal fibrosis
in Schistosomiasis mansoni patients. A) A+B x C+D+E+FE AUC=0.907.
B)A+BxC+D. AUC=0.750.C) A+BxE+F. AUC=1.00. D) C+Dx E+FE
AUC=0.859. A+B= without PPF; C+D+E+F= with PPF; C+D= mild
to moderate PPF; E+F= advanced PPE.

DISCUSSION

In recent years, non-invasive markers have been used to draw
up biological indexes to diagnose hepatic fibrosis. However, these
indexes were developed and tested in patients with chronic liver
disease, usually induced by HCV, and some caution should be
exercised when considering extrapolating them to other hepatic
fibrogenic diseases'¥. The aim of the present study was thus to
evaluate serum markers and develop a biological index to assess
liver fibrosis in Schistosomiasis mansoni.

In the multivariate analysis, AP and Platelet count markers were
the independent variables which were used to develop a biological
index to distinguish patients with different pattern of periportal

54 e Arq Gastroenterol ® 2017. v.54 No.1 Jan/Mar

fibrosis, in which outperformed in separating patients without
PPF (pattern A+B) from those with advanced PPF (pattern E+F).

The serum levels of AP and Platelet count, in isolation, have
been associated with advanced PPF in previous studies. The AP
enzyme is a marker serum of cholestatic abnormalities and is useful
when seeking to diagnose chronic liver diseases. Morais et al.?
showed that this enzyme as an accurate marker to predict moderate
and severe fibrosis in patients with hepatitis C. With regard to schis-
tosomiasis, a study described by Leite et al.!'® with 55 hepatosplenic
patients, they found the prevalence of advanced fibrosis in 54.5%
of patients and compared them to healthy individuals, the levels of
AP presented significantly elevated (P<0.0001). Other studies with
hepatosplenic patients, they showed a significant increase in serum
levels of AP in relation to control groups**. In schistosomiasis,
the changes of the intrahepatic biliary tree, either by ductal injuries
caused by ovular reactions or arising from of PPF, could be the
anatomical substrate for the increase of this enzyme®39,

The platelet count in the blood has been an indicator of severity
in schistosomiasis by increasing the risk of bleeding, with its nume-
rical reduction related to the presence of portal hypertension®3!
and PPF?. Some schistosomiasis studies that evaluated platelets
and other serum markers have reported lower platelet levels in
patients with more advanced fibrosis®'>19,

Lambertucci et al.'” conducted a study involving 47 hepatos-
plenic patients and 13 with the hepatointestinal schistosomiasis.
The authors correlated the different degrees of PPF with the num-
ber of platelets and concluded that the use of platelet count as a
biomarker in the blood is promising to predict periportal fibrosis,
because it is a low-cost and non-invasive marker of fibrosis caused
by Schistosoma mansoni and can also help to define the degree of
liver involvement. Another study conducted with 122 patients with
schistosomiasis showed a significant negative correlation with the
different patterns of PPF. The more advanced stages of fibrosis
were associated with lower platelet count compared to the group
of patients without fibrosis®.

The Coutinho-index presented in this study showed significant
accuracy (AUC=1.000) since it distinguished schistosomiasis pa-
tients without advanced fibrosis from those with advanced fibrosis.
This suggests that the use of biological markers together, as an
index, provides greater accuracy in diagnosing PPF rather than
biomarkers isolated.

The results observed using the Coutinho-index to diagnose
advanced PPF were similar to those of other indexes designed to
assess advanced fibrosis in other liver diseases. The APRI index
showed an AUC of 0.80 with a PPV of 88% and a NPV of 86% to
predict and exclude the presence, respectively, of significant fibrosis
in patients with liver disease induced by HCV®. The same index was
also applied to a sample of schistosomiasis patients and presented
a ROC curve of 0.96 with 96% sensitive and 85% specific!!”. When
another index, Hepascore (bilirubin, y-GT, HA, a2-macroglobulin,
age and gender), was used, an AUC of 0.95 with a sensitivity and
specificity of 95% and 81%, respectively, which identified the presence
of advanced fibrosis, was observed in the training group®.

In addition, Countinho-index exhibited a sensitivity of 100%
and the same specificity (100%). The NPV and PPV of index were
higher also (100%), showing a higher accuracy in distinguishing
between patients without from those with advanced PPF.

Nonetheless, the patients evaluated in our study came from a
specialized hospital, where the most advanced cases of the disease
are found. To overcome these limitations, Coutinho-index is in
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a validated process using a large number of schistosomiasis pa-
tients of the endemic area. Therefore, further studies are needed
to confirm our findings.

The index drawn up in the present study has a number of ad-
vantages, such as its simplicity of use and low cost in relation to
the structure needed to conduct the US examination, especially in
small centers in endemic areas, and could well be included among
the exams used for evaluating PPF. The evaluation of advanced
PPF using the biological index proposed should be less expensive
and more convenient than the use of US, since serum levels of
AP and platelet count are routine tests in patients infected with
S. mansoni to analyze liver involvement.

CONCLUSION

This study developed an index, deemed the Coutinho-index,
which could be used to distinguish patients with different pattern

of PPF with a better performance in predict the presence of ad-
vanced fibrosis in schistosomiasis patients.
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RESUMO - Contexto — A fibrose periportal ¢ a maior consequéncia patologica da infec¢do pelo Schistosoma mansoni. Objetivo — Avaliar a acuracia

de marcadores séricos e construir um indice para avaliar a fibrose. Métodos — Pacientes (n=116) com esquistossomose foram avaliados pela ultras-

sonografia e dosados os niveis de aminotransferases, y-glutamil transferase, fosfatase alcalina, acido hialuronico, citocinas e plaquetas. Imagens de

ultrasom foram utilizadas para avaliar a fibrose através de classificagdo de Niamey e identificados 19 pacientes sem fibrose periportal (padrao A e B),

48 com fibrose média a moderada (C e D) ¢ 49 com fibrose avangada (E ¢ F). Resultados — Através de analise multivariada, um modelo foi criado,

que envolveu a fosfatase alcalina e plaquetas e conseguiu separar pacientes com diferentes padroes de fibrose periportal. Este indice mostrou um

melhor desempenho em separar pacientes sem fibrose dos pacientes com fibrose avangada. O indice bioldgico mostrou uma area sob a curva ROC

de 1,000. Usando valores infereiores e acima do ponto de corte, a presenga ou auséncia de fibrose avangada pode ser prevista em todos os pacientes.

Conclusio — O indice construido pode ser usado para separar os pacientes com diferentes padroes de fibrose periportal, especialmente para prever

fibrose avangada em pacientes com esquistossomose.
DESCRITORES - Esquistossomose mansoni. Fibrose. Curva ROC.
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