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Abstract

A prospective study was performed in 200 paracoccidioidomycosis (PCM) patients, 51
presenting the acute/subacute form (AF) and 149 the chronic form (CF), submitted to the
evaluation of the hepatobiliary system at admission and during the follow-up treatment
with cotrimoxazole (CMX) or itraconazole (ITC). This study aimed to better evaluate
the involvement of the hepatobiliary system in PCM and the effect of these antifungal
compounds on this system. Serum levels of direct bilirubin (DB), total bilirubin (TB),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), and gamma-glutamyl transferase (GGT) were evaluated. At admission, all the
variables showed changes with elevated values ranging from 6.2% for TB to 32.6% for
GGT. After treatment, the incidence of elevated serum levels ranged from 3.6% for DB
to 27.5% for ALT. The course of the alterations during the treatment showed regression
to normal values in CMX-treated patients and persistence in ITC-treated patients but
without the need to discontinue the therapy. Our findings contribute to the knowledge
of the hepatobiliary involvement by Paracoccidioides sp. and to a safe follow-up of PCM
patients under treatment.

Key words: paracoccidioidomycosis, hepatobiliary, system, cotrimoxazole, itraconazole.

Introduction

Paracoccidioidomycosis (PCM) is a systemic disease caused
by dimorphic fungi Paracoccidioides brasiliensis and Para-
coccididies lutzii.1,2 PCM is the most prevalent systemic

mycosis in Latin America. P. brasiliensis is heterogeneously
distributed; Brazil, Colombia and Venezuela have reported
the highest incidence.3

A Brazilian study on death certificates from 1980 to 1995
revealed a mortality rate from PCM of 1.45 per million

C© The Author 2017. Published by Oxford University Press on behalf of The International Society for Human and Animal Mycology.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

1

Downloaded from https://academic.oup.com/mmy/article-abstract/doi/10.1093/mmy/myx080/4372447/Evaluation-of-the-hepatobiliary-system-in-patients
by guest
on 10 October 2017

mailto:adrielelevorato@yahoo.com.br
mailto:journals.permissions@oup.com


2 Medical Mycology, 2017, Vol. 00, No. 00

Table 1. Changes in serum biochemistry of the hepatobiliary system at admission and after treatment with itraconazole or

cotrimoxazole.

Disease Clinical n Increased values Increased values Reference
form at admission (%) with ITC∗ number

PCM AF+CF 121 AST (16.5), TB (8.5),
CB (8.5) and ALP (46.3)

. . . 14

PCM AF 24 Bilirubins (25),
aminotransferases (25)

and GGT (61.9)

. . . 15

PCM AF+CF 14 . . . ALP 9
PCM AF+CF 25 . . . AST, ALT, and ALP 8
Other mycosis . . . 189 . . . AST, ALT, ALP, TB, and DB 16

AF, acute/subacute form; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CF, chronic form; CMX, cotrimoxazole;
DB, direct bilirubin; GGT, gamma glutamyl transferase; ITC, itraconazole; n, number of patients; Other mycosis: coccidioidomycosis, cryptococcosis, aspergillosis,
blastomyces, histoplasmosis; PCM, paracoccidioidomycosis; TB, total bilirubin; () prevalence in percentage.
∗There is no study with CMX.

inhabitants and identifies this mycosis as the eighth leading
cause of death by predominantly chronic or recurrent in-
fectious and parasitic diseases.3 A study performed in São
Paulo State (Brazil) between 1985 and 2005 reported a
PCM mortality rate of 2.66 per million inhabitants, 1.58
of which from the disease itself and 1.08 from associated
causes, and in Botucatu region (São Paulo State), these num-
bers reached 8.73, 4.89, and 3.84, respectively, demonstrat-
ing the hyperendemic status of this area, which registers,4

on average, 15 new cases per year in the Infectious Dis-
eases Service of the University Hospital of Botucatu Medical
School.

Active PCM presents two main clinical forms—the
acute/subacute form (AF) and the chronic form (CF).
The AF predominates in children, adolescents, and young
adults, presents a shorter duration of symptomatology, af-
fects both genders (male to female ratio of 1.7:1.0), and
the clinical manifestation are related to the involvement of
the phagocytic-mono-nuclear system (lymph nodes, liver,
spleen and bone marrow). The pulmonary involvement is
rare in the AF (∼5%) and that of the oral mucous mem-
branes is few observed (∼17%). The CF predominates in
adult patients over 30-years old presents a longer dura-
tion of symptomatology, usually higher than 4 months,
sometimes higher than 6 months, predominates in males
(male to female ratio of 22.2:1.0), and the clinical mani-
festations show high prevalence of pulmonary (∼90%) and
mucous membranes (∼60%) involvement. The involvement
of lymph nodes is usually limited to the cervical chains.5

Itraconazole (ITC) and the sulfamethoxazole-trimetho-
prim (cotrimoxazole, CMX) are the main antifungal com-
pounds used in PCM treatment, which should be main-
tained for a long time.6–13

In order to better evaluate every PCM patient and to
monitor the treatment, several laboratory tests are neces-

sary: acute phase reactions, erythrocyte sedimentation rate,
blood chemistry evaluating the hepatobiliary and kidney
system, and metabolic alterations. However, few studies
have evaluated the hepatobiliary system of PCM patients
which are limited by few patients and short follow-up peri-
ods (Table 1).

Thus, this study aimed to better evaluate the hepatobil-
iary system of PCM- patients at admission; before introduc-
tion of the treatment as well as to evaluate the effects of the
antifungal compounds ITC and CMX on these functional
parameters.

Methods

This study was performed at the Infectious Diseases Service
of the University Hospital of the Faculdade de Medicina
de Botucatu, São Paulo State University (UNESP, Botucatu,
SP, Brazil).

Study design

A prospective and quasi experimental study was conducted
in 200 PCM- patients submitted to the evaluation of hepato-
biliary system at admission at our institution and during the
treatment follow-up with the CMX or ITC. One hundred
forty-nine patients presented with the chronic form (CF),
and 51 presented the acute/subacute form (AF). Thirty-one
patients were treated with ITC, and 169 were treated with
CMX. ITC was orally administered in capsule formulation
once a day at a dose of 200 mg, and CMX was administered
with 400 mg of sulfamethoxazole and 80 mg of trimetho-
prim using 3 tablets twice each day throughout the study
period.

Clinical and blood chemistry evaluations were per-
formed before starting the treatment, defined as moment
0 (M0), and periodically until the patients exhibited clinical
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cure and regression of the erythrocyte sedimentation rate
(ESR) to normal values, called the final moment- M3 (18–
23 weeks). Clinical cure was defined as the disappearance
of the symptomatology previously exhibited by the patient.
Between these two moments, the patients were evaluated at
intervals defined in relationship to the number of weeks of
treatment: M1: 4 to 6; M2: 7 to 10.

Research Ethics Committee

The study protocol was reviewed and approved by the in-
stitutional ethics committee the Faculdade de Medicina de
Botucatu – São Paulo State University (UNESP), Faculdade
de Medicina de Botucatu, Campus Botucatu, Brazil. Writ-
ten informed consent for participation was provided by the
patient or their parents.

Study population

The criteria for enrollment in the study included an age of
12 years or more and PCM confirmed by both a suggestive
clinical picture and the identification of typical P. brasilien-
sis yeast forms in clinical materials (confirmed cases) or a
suggestive clinical picture associated with serum antibodies
determined by the double agar gel immunodiffusion (DID)
test (probable cases). The patients included in the study
were admitted between 1988 and 2011 and were treated
with CMX or ITC. Patients were excluded if they had other
systemic diseases of infectious, inflammatory or neoplastic
etiology, if they were pregnant or lactating, if they had a
previous history of hypersensitivity or severe side effects to
azoles or CMX, or if they were taking medications that af-
fect the pharmacokinetics of these antifungal compounds
or that can interact with them.

Classification of clinical forms

The classification of the clinical forms was carried out ac-
cording to Mendes5 and was done by the infectious diseases
medical doctor responsible for attending the patients.

Outcomes

The prevalence, incidence, intensity, and evolution of the
hepatobiliary alterations were evaluated for patients treated
with each antifungal compound. Comparisons between the
groups were also performed.

Methods

The clinical and laboratory information of each patient was
obtained from the attending physician from the patients’

clinical records, and the patients were always supervised by
the same professor leading the study.

Serum levels of direct bilirubin (DB), total bilirubin (TB),
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), and gamma-
glutamyl transferase (GGT) were evaluated at the Central
Laboratory of the University Hospital.

Prevalence and incidence

The prevalence indicates the percentage of patients with al-
tered variables at admission and incidence the percentage
of patients who developed alterations during the period of
study, that is, variables initially normal but altered after in-
troduction of the antifungal compound or variables initially
altered which increased the alterations after treatment.

Criteria of drug-induced liver injury

The criteria of drug-induced disorders used in the present
study were proposed in an international consensus with a
small modification and has been briefly presented.17

All of the liver tests were expressed as a ratio between the
value measured and the upper limit of the normal range (N).
In the evaluation of its intensity the highest value observed
after introduction of the antifungal compound was used.
When the increase in the liver test results was between N
and 2N, the finding was considered an “abnormality”, as
it was suggested by the consensus17 or a mild injury.

Liver injury was classified as hepatocellular, cholestatic,
or mixed according to the biochemical profile. Hepatocel-
lular injury was defined as an: increase of ALT alone or
R ≥ 5, where R is the ratio between the serum activity of
ALT and the serum activity of ALP, measured at the same
time and expressed as multiple of N. Cholestatic injury was
defined as the: increase of ALP above 2N alone or R ≤ 2.
Mixed injury was diagnosed: when both ALT (above 2N)
and ALP were increased and when R was between 2 and
5 (2 < R < 5). Mild mixed injury was diagnosed: when
both ALT and FA were between 1.1 and 1.9 and when R
< 2N. An AST/ALT ratio ≥2 was considered suggestive of
alcohol-induced liver injury.

De Ritis ratio

The ratio of AST to ALT, also called De Ritis quotient,
which normally is 1.0 or slightly more, was also evaluated.
De Ritis quotient >1.5 is suggestive of hepatitis caused by
alcohol intake.18

The erythrocyte sedimentation rate (ESR) was deter-
mined by the Westergreen method employing blood an-
ticoagulated with EDTA. The results were measured as
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millimeters in the first hour, and the upper limits of the
reference values for men and women, respectively, are as
follows: (a) below age 50 years: 15 and 20; (b) between
ages 50 and 85 years: 20 and 30; and (c) above 85 years:
30 and 42.19–20

Statistical analysis

The ordinal measurements were compared by the Kruskal–
Wallis test; the analyses of paired samples were performed
by the Wilcoxon test, while the unpaired samples were an-
alyzed by the t test. The categorical variables were ana-
lyzed by the χ2 test or Fisher exact test. Comparison of
moments regarding to the clinical forms and the treatment
were performed by the Friedman and the Mann–Whitney
test. Significance was set at P ≤ .05. The risk for hepatotox-
icity was evaluated by the relative risk and the odds ratio.
All the analyses were performed using the program SAS
version 9.2.

Results

Homogeneity of the groups. The patients treated with ITC
did not differ from those who received CMX as to age (ITC:
Md = 42.6; CMX: Md = 43.0; P = .19), sex (male: ITC:
Md = 84.3%; CMX: Md = 88.7%; P = .49), clinical form
(ITC: AF = 34.3%, CF = 65.7%; CMX: AF = 24.0%, CF
= 76.0%; P = .10) and severity (ITC: Mild CF = 6.2%,
moderate CF = 53.2%, severe CF = 6.2%, moderate AF
= 28.2%, severe AF = 65.7%; CMX: mild CF = 3.6%,
moderate CF = 56.9%, severe CF = 15.6%, severe AF =
21.6%; P = .41).

The results will be presented using tables with the num-
ber of individuals evaluated for every variable since not all
tests were carried out on all patients.

The evaluation of the hepatobiliary system upon admis-
sion to service (M0). The prevalence of lab tests with el-
evated values ranged from 6.2% for TB serum levels to
32.6% for GGT serum levels (Table 2A). In addition, the
prevalence of evaluated serum levels of DB, ALP and GGT
was higher in AF patients than in CF patients (Table 2A).

A comparison of the intensity of the elevated variables
between the two PCM clinical forms revealed that the ALP
and GGT values were higher in AF patients than in CF
patients (Table 2B).

Furthermore, comparison variables, two by two, showed
that ALT elevations were higher than those of AST, GGT
than ALP, and finally, ALP than ALT (Table 3).

The evaluation of De Ritis quotient in 181 patients re-
vealed no difference between clinical forms- CF:135 pa-
tients, Md = 1.07 [IQR 0.78;1.48]; AF: 46 patients, Md
= 1.14 [IQR 0.67; 1.63]; P = .59. In addition, the evalua-

tion of 42 patients with increased serum aminotransferases
levels, showed no difference between clinical forms- CF:
28 patients, Md = 0.63 [IQR 0.44, 1.39]; AF: 14 patients,
Md = 0.83 [IQR 0.57, 1.27]; P = .61.

Progress of variables evaluating the hepatobiliary sys-
tem in patients with previously increased variables. CMX-
treated patients exhibited reduction of AST, TB, DB, GGT
to normal values, and decreased ALT and ALP serum lev-
els, but they did not reach normal values (Table 4). On the
contrary, ITC-treated patients showed a decrease of all the
variables, but never reached normal values (Table 4).

Incidence of laboratory side effects. The study of patients
that presented increase in the serum levels of variables eval-
uating the hepatobiliary system showed alterations in all
of them, ranging from 3.6% for DB to 27.5% for ALT
(Table 5). The incidence of increased variables did not vary
as to clinical form. Nevertheless, the incidence of DB and
TB was higher in ITC-treated patients than CMX-treated
patients (Table 5). The intensity of the elevated serum lev-
els was higher in the AF for DB than those with the CF.
Nevertheless, the incidences of elevations did not vary as to
antifungal compound (Table 5).

The relative risk and the odds ratio for hepatotoxicity
were higher for ITC than for CMX, mainly for DB, TB
and ALP (Table 6). In addition, the risk of hepatotoxicity
was higher for patients with the AF than those with the CF
(Table 6).

The predominant alteration in the pattern of the hep-
atobiliary system differed depending on the treatment
used – hepatocellular for CMX (64.7% of the cases) and
mixed/mild for ITC (60.0%).

Discussion

Several autopsy studies have demonstrated the paracoccid-
ioidal involvement of the hepatobiliary system.21–28 Taken
together, 44.6% of the 314 autopsied PCM patients exhib-
ited hepatic and/or bile duct injury.

This study aimed to evaluate the hepatobiliary system of
PCM patients before and during treatment with CMX or
ITC, routinely performed.

Few studies have addressed the changes in the hepa-
tobiliary system of PCM patients before treatment. Some
authors have presented a case report,27 and others have
focused on histopathological examination in biopsied tis-
sue. Therefore, our findings related to the influence of the
disease on the hepatobiliary system will be compared with
only two previous studies.14–15

Our study identified increases in all the parameters eval-
uating the hepatobiliary system, with prevalences ranging
from 6.2% in TB to 32.6% in GGT and intensities from
1.15 for AST to 14.95 for DB.
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Table 2A. Analysis of increased serum levels of tests evaluating the hepatobiliary system of patients with active paracoccid-

ioidomycosis before treatment (moment M0).

Evaluation of the prevalence as to clinical form

Patients with increased values altered/total (%)

Variables Patients (total) Global prevalence (%) Acute/subacute form Chronic form P value

DB 175 12.0BC 10/46 (21.7) 11/129 (8.5) <.05
TB 178 6.2C 4/46 (8.7) 7/132 (5.3) .20
AST 181 12.7BC 10/46 (21.7) 13/135 (9.6) .05< P < .10
ALT 181 18.2BC 11/46 (23.9) 22/135 (16.3) >0.10
ALP 181 26.0AB 23/46 (50.0) 34/135 (17.8) <0.001
GGT 181 32.6A 22/46 (47.8) 27/135 (24.7) <.02

Teste de Cochran (P = .00001). Capital letters compare frequencies in the same column; frequencies with the same letter do not differ (P > .05); frequencies
with different letters indicate statistically significant difference (P ≤ .05); Comparison between clinical forms was performed by using the χ2 test. ALP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct bilirrubin; GGT, gamma-glutamyl transferase; n, number of patients.
(), prevalence in percentage; TB, total bilirrubin.

Table 2B. Median, 1st and 3rd quartiles of the increased serum levels of tests which evaluate the hepatobiliary system of patients

with active paracoccidioidomycosis before treatment (moment M0). Comparison of intensity as to clinical form.

Clinical Form

Variable Acute/ subacute Patients (n) Chronic Patients (n) P value

DB 4.75[2.00; 14.95] 10 2.00 [1.30; 9.50] 11 .22
TB 6.02 [3.51; 9.27] 4 1.28 [1.13; 1.73] 7 .07
AST 2.40 [1.15; 3.25] 10 1.25 [1.19; 1.77] 13 .13
ALT 2.17 [1.47; 4.58] 11 1.64 [1.17; 1.83] 22 .06
ALP 1.97 [1.35; 3.52] 23 1.31 [1.08; 1.70] 24 .001
GGT 3.02 [1.61; 4.86] 22 1.75 [1.15; 2.45] 37 .02

[], 1st and 3rd quartiles. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct bilirubin; GGT, gamma-glutamyl
transferase; n, number of patients; TB, total bilirubin. Mann–Whitney U test.

Table 3. Comparative study of the intensity of the altered variables of the hepatobiliary system of patients with active paracoc-

cidioidomycosis before treatment (moment M0).

Comparison 1st versus 2nd Patients (n) 1st variable 2nd variable P value

AST vs ALT 41 1.05 [0.74; 1.56] 1.50 [1.06; 2.08] .02
ALP vs GGT 81 1.07 [0.66; 1.64] 1.38 [0.96; 3.01] < .001
ALP vs ALT 67 1.18 [0.80; 1.96] 1.06 [1.42; 1.71] .05

Comparison of 2 × 2 variables, when both were increased. Data presented as median, 1st and 3rd quartiles. Paired-sample testing of continuous data (Wilcoxon
test). ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; n, number of patients.

Our findings confirm previous studies as to variables
altered and its prevalence. Nevertheless, the intensity of the
alterations was evaluated only in our study.

Increased serum levels of aminotransferases, at admis-
sion, may be explained by hepatocellular injury caused by
the fungus of the Paracoccidioides genus. 21–29

Elevated DB and ALP are the result of intra-hepatic
cholestasis caused by paracoccidioidal injuries to the liver
parenchyma, including granulomas, or by the extrinsic
compression of extra-hepatic bile ducts .21–25

The increase of GGT serum levels may be explained by
injuries to the canaliculi of liver cells and to the epithelial
cells of the bile ducts caused by PCM.21,23,24,25,26,27,28

The prevalence of elevated ALP, DB, and GGT serum
levels in AF patients was higher than in CF patients, sug-
gesting that the predominance of cholestatic injury as well
as damage to the cell membrane could be related to the
involvement of organs rich in the mononuclear phagocytic
system, such as in the liver of patients with the juvenile
form.5
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Table 4. Influence of the treatment on the courses of hepatic enzymes of paracoccidioidomycosis-patients treated with itra-

conazole (ITC) or cotrimoxazole (CMX) as to moment and clinical form. Evaluation of patients with increased serum levels at

admission to the Service (M0). Data presented as median, 1st and 3rd quartiles. Friedman test.

Moments of evaluation

Clinical form (n) M0 M1 M2 M3 P value

AST CMX (19) 1.35 [1.20; 0.75]a 0.60 [0.54; 1.19]ab 0.90 [0.67; 1.62]ab 0.90 [0.46; 1.19]b .01
ITC (06) 1.30 [1.15; 2.75]a 1.20 [0.90; 1.40]ab 1.05 [0.61; 2.71]ab 1.05 [0.35; 1.05]b .04
AF (11) 1.35 [1.19; 2.65]a 0.80 [0.55; 1.36]b 0.90 [0.67; 1.56]ab 0.97 [0.43; 1.16]b <.001
CF (14) 1.25 [1.2; 1.76]a 0.55 [0.50; 0.61]b 0.83 [0.55; 1.20]ab 0.78 [0.36; 1.05]b <.001

ALT CMX (28) 1.69 [1.29; 2.25]a 0.78 [0.61; 1.33]ab 0.89 [0.41; 1.39]b 1.06 [0.67; 1.44]ab .005
ITC (06) 1.78 [1.56; 2.17] 1.50 [1.11; 2.13] 1,11 [0.92; 3.16] 1.28 [0.61; 1.50] .32
AF (12) 2.06 [1.50; 4.28] 2.14 [1.17; 4.04] 1.11 [0.64; 2.39] 1.24 [0.67; 2.68] .18
CF (22) 1.64 [1.17; 1.83]a 0.72 [0.61; 0.83]b 0,78 [0.41; 1.33]b 0.97[0.61; 1.28]b .007

TB CMX (08) 1.39 [1.05; 3.05]a 0.65 [0.40; 2.80]ab 1.00 [0.90; 1.08]ab 0.55 [0.40; 1.15]b .04
ITC (04) 3.51 [1.21; 9.05] 0.82 [0.58; 1.18] 0.50 [0.50; 0.80] 1.19 [0.60; 1.67] .15
AF (05) 5.80 [1.16; 7.76]a 1.06 [0.61; 3.00]ab 0.70 [0.50; 1.00]ab 0.50 [0.28; 1.52]b .019
CF (07) 1.28 [1.12; 1.73] 0.65 [0.50; 1.30] 1.00 [0.75; 1.93] 1.00 [0.52; 1.23] .19

DB CMX (17) 2.33 [1.3; 11.96]a 0.80 [0.50; 7.25]b 0.80 [0.35; 2.45]b 0.60 [0.04; 2.13]b <.001
ITC (07) 3.00 [1.48; 9.23] 3,25 [2.00; 4.00] 1.00 [0.65; 2.55] 2.35 [1.48; 4.75] .51
AF (11) 3.00 [2.00; 14.04] 1.67 [0.61; 5.81] 1.67 [0.46; 2.46] 2.00 [0.46; 7.45] .14
CF (13) 2.00 [1.28;5.50]a 1.50 [0.50; 6.25]ab 0.80 [0.50; 6.67]b 1.00 [0.00; 1.88]b .004

ALP CMX (44) 1.53 [1.16;2.26]a 1.25 [0.98; 1.84]ab 1.13 [0.81; 1.37]bc 1.05 [0.71; 1.61]c <.001
ITC (08) 1.30 [1.10;2.24] 1.30 [1.10; 2.24] 1.30 [1.10; 2.24] 1.30 [1.10; 2.24] .65
AF (29) 2.18 [1.33;3.68]a 1.75 [1.24; 3.13]ab 1.27 [0.81; 1.47]b 1.09 [0.74; 2.05]b <.001
CF (26) 1.22 [1.08; 1.68]a 1.09 [0.95; 1.33]b 1.10 [0.91; 1.26]b 0.87 [0.72; 1.21]b .001

GGT CMX (55) 1.79 [1.19; 3.44]a 1.20 [0.72; 2.15]b 0.96 [0.58; 1.46]b 0.86 [0.54; 1.37]b <.001
ITC (11) 2.21 [1.21; 6.31] 2.04 [0.93; 5.01] 1.57 [0.70; 1.81] 1.14 [0.70; 3.85] .30
AF (26) 3.02 [1.56; 4.86]ab 1.88 [0.82; 4.26]b 1.00 [0.46; 2.23]bc 0.80 [0.53; 2.11]c <.001
CF (40) 1.57 [1.12; 2.11]a 1.07 [0.72; 1.73]b 0.93 [0.60; 1.47]b 0.99 [0.65; 1.63]b <.001

[], 1st and 3rd quartiles. Small letters compare frequencies in the same line; frequencies with the same letter do no differ (P > .05); frequencies with different
letters indicate statistically significant difference (P ≤ .05). ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CMX,
cotrimoxazole; DB, direct bilirubin; GGT, gamma-glutamyl transferase; ITC, itraconazole; Moment (M): M0: before treatment, M1: 4 to 6, M2: 7 to 10; and
M3: clinical cure and regression of the erythrocyte sedimentation rate to normal values (18–23) weeks after beginning treatment. n, number of patients; TB, total
bilirubin.

Few studies are known to have addressed the follow-up
of the hepatobiliary system in PCM patients after the in-
troduction of antifungal therapy. Some authors reported
that the treatment with CMX or ITC did not increase
the serum levels of variables evaluating the hepatobiliary
sytem6,7,10,11,12. Only three studies reported alterations of
variables evaluating the hepatobiliary system, but with no
information as to incidence or intensity.8,9,16

In the current study, all parameters used to evaluate the
hepatobiliary system after the introduction of antifungal
treatment showed different degrees of increase. The inci-
dence varied from 8.5% for TB serum levels to 33.0% for
ALT serum levels.

The antifungal compound did not influence the incidence
of elevated variables. Nevertheless, the incidence of elevated
serum levels of DB was higher in AF patients than in CF
patients.

The evaluation of ITC in 189 patients suffering from
different systemic mycoses revealed an overall incidence of

elevated levels of 1.0% for bilirubin, 5.0% for aminotrans-
ferases, and 2.0% for ALP after the use of daily doses of
400 mg ITC in 167 patients and 50 to 200 mg ITC for the
remaining patients; for 88.4% of such patients, the mean
treatment time was 5 months.16 The incidence of changes in
this study was much smaller than with should in the current
study.

The changing behavior of the study parameters varied
depending on the clinical form of the patients. In CF, all
of the parameters that evaluated the hepatobiliary system
normalized by the end of initial treatment, except for DB,
whereas in AF, the DB, ALT, and ALP levels remained
high at the end of treatment. Such findings suggest that
hepatic injury is more intense and/or more persistent in AF
than in CF and should be taken into account during patient
follow-up.

In the current study, the course of the parameters used
to evaluate the hepatobiliary system during the initial treat-
ment also varied according to the antifungal agent used.

Downloaded from https://academic.oup.com/mmy/article-abstract/doi/10.1093/mmy/myx080/4372447/Evaluation-of-the-hepatobiliary-system-in-patients
by guest
on 10 October 2017



Levorato et al. 7

Table 5. Incidence and intensity of increased blood chemistry tests evaluating the hepatobiliary system of paracoccidioidomy-

cosis patients after introduction of antifungal treatment. Evaluations as to clinical form and antifungal compound. Incidence

presented as percentage and intensity as median, 1st and 3rd quartiles. χ2 test and Mann–Whitney test.

Clinical form Treatment

Acute subacute/form Chronic form CMX ITC

Variable Incidence Intensity Incidence Intensity Incidence Intensity Incidence Intensity

DB (12.0) 7.00[2.70;18.50] (11.1) 1.90[1.45;4.0] (7.4) 3.00[1.75;12.58] (32.3) 2.35[1.67;4.00]
TB (5.9) 1.73[1.35;3.38] (2.8) 1.37[1.25;1.77] (1.8) 1.90[1.45;4.0] (12.9) 1.39[1.29;1.73]
ALP (9.8) 2.37[1.22;6.36] (9.5) 1.28[1.12;1.42] (10.2) 1.36[1.22;1.65] (6.3) 1.08[1.03;1.12]
AST (21.6) 1.43[1.15;1.63] (13.4) 1.42[1.17;1.56] (17.3) 1.42[1.15;1.58] (6.3) 4.03[1.25;6.80]
ALT (29.4) 1.67[1.28;2.42] (26.8) 2.06[1.29;3.21] (28.6) 1.67[1.28;2.81] (21.9) 1.83[1.50;2.83]
GGT (20.0) 1.71[1.15;2.63] (12.8) 2.63[1.22;6.62] (14.3) 1.59[1.14;3.82] (16.1) 2.21[1.75;8.19]

Variable AF vs CF CMX vs ITC Variable AF vs CF CMX vs ITC

Incidence Intensity Incidence Intensity Incidence Intensity Incidence Intensity

DB 0.86 0.03 <0.001 0.64 AST 0.16 1.00 0.11 0.40
TB 0.30 0.40 0.002 0.63 ALT 0.72 0.38 0.44 0.56
ALP 0.48 0.13 0.48 0.06 GGT 0.21 0.42 0.79 0.17

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CMX, cotrimoxazol; DB, direct bilirubin; GGT, gamma- glutamyl
transferase; ITC, itraconazole; TB, total bilirubin; (), incidence in percentage; [], 1st and 3rd quartiles.
Statistical analysis: P values obtained in different comparisons.

Table 6. Evaluation of risk and chance of hepatotoxicity induced by CMX and ITC, in 39 patients with paracoccidioidomycosis

and liver biochemistry normal initially.

Antifungal compounds Clinical form

RA-ITC RA-CMX RR OR RA-AF RA-CF RR OR

DB 0.33 0.03 8.4 12.2 [2.30; 64.33] 0,09 0,91 0,1 0,009 [0.001; 0.0086]
TB 0.08 0.01 6.3 6.80 [0.39; 117.06] 0,09 0,01 6,8 7,40 [0.42; 127.85]
ALP 0.16 0.09 1.8 2.00 [0.35; 10.85] 0,18 0,09 2,0 2,22 [0.39; 12.38]
GGT 0.08 0,08 1.0 1.04 [0.11; 9.56] 0,27 0,05 5.4 6,84 [1.30; 36.20]
AST 0.08 0.17 2.1 2.30 [0.26; 19.41] 0,27 0,14 1,9 2,25 [0.51; 9.81]
ALT 0.08 0.20 2.4 2.79 [0.33; 23.39] 0,09 0,19 2,1 2,41 [1.26; 36.2]
Global Evaluation 0.58 0.30 1.9 3,20 [0.94; 10.82] 0,54 0,42 1,3 1,60 [0.44; 5.69]

Comparison of 32 patients treated with CMX and seven with ITC.
AF, acute/subacute form; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CF, chronic form; CMX, cotrimoxazole;
DB, direct bilirubin; GGT, gamma-glutamyltransferase; ITC, itraconazole; OR, odds ratio; RA, absolut rate; RR, risk ratio; TB, total bilirubin.

Patients treated with CMX exhibited regression in the
serum levels of AST, TB, DB, and GGT to the normal
values; the levels of ALT and ALP regressed from their
peak but continued to be higher than normal. In contrast,
patients who received ITC did not exhibit changes in the
serum levels of ALT, TB, DB, ALP, or GGT but did exhibit
a wild decrease in AST. These findings suggest the relatively
higher safety of CMX. Additionally, the knowledge of the
behavior of each antifungal compound is essential to patient
follow-up.

The results of De Ritis ratio showed that the alterations
of the aminotransferases were not caused by alcohol intake,
when this ratio should be higher than 1.5. In addition, it
is important to consider that alcoholism is frequent among
our PCM patients, and that they usually withhold this in-
formation from the physician.

CMX is widely used to treat bacterial infections,30

Pneumocistis jirovecci pneumonia,31 and PCM11–13 and is
usually well-tolerated after oral and intravenous admin-
istration, although hepatic injury has been reported.32–34
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Evaluation of the CMX-induced hepatotoxicity in PCM
patients is relevant due to the wide use of this compound
and the long treatment length.

Hepatocellular injury has been the most frequent type
of hepatic lesion caused by CMX,33,35,36 although the de-
velopment of a cholestatic pattern has frequently been re-
ported.34,37,38,39 Our results, evaluated by blood chemistry
variables, indicated a strong predominance of the hepato-
cellular injury, some cases with mixed injury and few cases
of cholestatic reaction, which is consistent with the litera-
ture. Cholestatic injury could be related to older patients,
as a study reported that 9 out of 10 patients were older than
48 years.34

The histopathologic findings in patients with hepato-
cellular lesions are characterized by multiple disseminated
focal areas of necrosis or massive necrosis in fatal cases.40

The histopathologic findings in patients with cholestatic
liver injury include centrilobular cholestasis (perivenular,
zone III), mild-to-moderate portal inflammation and feath-
ery degeneration.34 The ultrastructural demonstration of
characteristic lysosomal changes in the liver further sug-
gests drug-related hepatic injury.34 Hepatic phospholipido-
sis, defined as the accumulation of characteristic lamellated,
membranous deposits in newly formed lysosomes, can also
be observed in patients receiving CMX therapy.34

The biochemical mechanisms of CMX liver injury are
not completely known. Sulfamethoxazole (SMZ) is con-
jugated by hepatic N-acetyltransferases, forming predom-
inantly the water-soluble N4-acetylsulfamethoxazole and,
to a lesser degree, the highly lipid-soluble N1-acetylSMZ.41

Thus, patients with increased N1-acetylSMZ formation
could exhibit cholestasis and phospholipidosis by injury to
cell membranes and accumulation in lysosomes.35 Genetic
polymorphism in the acetylation of sulfanilamide drugs is
well known and could lead to increased formation of the
highly lipid-soluble N1-acetylSMZ.35,43,44 Phospholipido-
sis could also be caused by inhibition of lysosomal en-
zyme phospholipase A1, as was demonstrated with other
drugs.44,45 Although sulfamethoxazole has been considered
responsible for liver injury induced by CMX, the recur-
rence of jaundice after challenge with trimethoprim alone
has been reported.46

Both types of hepatic toxicity, cholestatic and hepato-
cellular, could be ascribed to acquired hypersensitivity, as
is suggested by the past history of previous contact with
sulfonamide compounds. A patient with a previous history
of long contact with sulfa compounds that he mixed daily
into hog feed presented with cholestatic hepatitis after in-
gestion of CMX for 7 days.37 Another patient, a 70-year-old
man, developed two episodes of skin rash after CMX in-
take and recurrence of these signs, in addition to jaundice,
one day after taking two pills of this medication.36 Upon

hospitalization, the patient was deeply icteric, with very
high aminotransferases serum levels, and his condition pro-
gressed to hepatic failure and death. The autopsy revealed a
cut surface with a diffuse mottled pattern of patchy necro-
sis. Microscopic examination revealed, in some areas, mas-
sive hepatic necrosis with the disappearance of lobules, col-
lapsed reticulum framework, inflammatory cells, and prolif-
erating bile ducts. Lymphocytes, monocytes and a notable
number of eosinophils constituted the inflammatory infil-
trate.36 The metabolic pathway through CyP450 leads to
the formation of reactive metabolites, which, after covalent
binding, is transformed into a substance which functions
as a haptene.42 A latent period between the start of drug
intake and the onset of clinical manifestations ranges from
5 to 14 days,40 but in subsequent administrations it may
be less than one day.36 A poorer prognosis of the acute
hepatocellular disease in the elderly could be explained
by the sluggish regenerative potential of the liver in these
patients.36

CMX-induced hepatotoxicity in PCM patients is not
rare, frequently is not intense, is predominated by the hep-
atocellular type and is reversible while this antifungal com-
pound is maintained. However, its mechanism remains un-
clear and must be investigated.

The mechanism of ITC-induced liver damage is not well
known, but ketoconazole-induced hepatotoxicity may be
due to metabolic idiosyncrasy.47

Considering that phenobarbital, an inducer of cy-
tochrome P450 (CyP450), prevents ITC hepatotoxicity and
that SKF525A, an inhibitor of CyP450, increases ITC hep-
atotoxicity, we can conclude that this enzymatic system
plays a role in the detoxification of ITC and/or its reac-
tive metabolites.48,49 However, it remains unclear which
molecule is responsible for the hepatotoxicity observed clin-
ically and laboratorially in patients treated with ITC.

The decrease of ATP was observed with low concentra-
tions of ITC and was shown to be dose-dependent. It is
possible that lower doses of ITC could cause inhibition of
mitochondrial respiration, whereas the higher ones could be
responsible for the disruption of the whole hepatocyte.49

The prolonged use of ITC in rats’ results in histopatho-
logical alterations in the liver, typically necrosis, bile duct
hyperplasia, and biliary cirrhosis, accompanied by liver en-
largement and increased AST and ALT activities.50

Thus, it is possible that ITC can cause an auto-inhibition
of its metabolism, thereby inducing hepatotoxicity.49 Inhi-
bition of CyP450 could lead to the use of an alternative
route for metabolism of ITC, such as the flavin-containing
monooxygenase (FMO), as has been suggested for
ketoconazole.47 The cytochrome P450-mediated monooxy-
genases are known to metabolize many compounds and are
genetically regulated.51
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ITC-induced hepatotoxicity in PCM patients is not rare,
frequently is not intense, is predominantly the mixed mild
type and is not reversible while this antifungal compound
is maintained. However, its mechanism remains unclear,
although some evidence exists that CyP450 plays a key
role. The CyP450 isoenzyme involved in the hepatotoxic-
ity observed in human patients treated with ITC must be
investigated.

Our study showed that hepatotoxicity caused by CMX
and ITC is not rare but not intense, and present different
patterns; however, CMX-induced alterations are reversible
during the treatment, while those caused by ITC are not. In
addition, in any case the treatment had to be discontinued
due to the side effects caused by ITC. These findings should
be considered in the choice of the antifungal compound to
treat PCM patients.
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