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Piassaba palm extractivism as an associated factor with
Chagas disease: seroprevalence and immunological profile
in native inhabitants of the Central Amazonia, Brazil

O extrativismo da piacaba como um fator associado & doenca de Chagas: soroprevaléncia e perfil
imunolégico em habitantes da Amazénia Central, Brasil
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ABSTRACT

In the Brazilian Amazon, Chagas disease is considered a zoonosis with low virulence and pathogenicity that primarily
appears in chronic latent infections. To examine the seroprevalence, epidemiological and immunological profiles
of Chagas disease in the microregion of the Negro river (Central Amazonia), an observational and cross-sectional
study was conducted on native people from the Municipality of Barcelos, the most important piassaba (Leopoldinia
piassaba) fibre extractivism site in the Amazonas State. Serology tests were performed using both ELISA and indirect
immunofluorescence tests. Immunophenotyping and profiles of Th1, Th2 and Th17 cytokines were determined. The
seroprevalence in native inhabitants ranged from 2.6 to 6.5%. The low level of circulating INF-y was associated to the
low percentage of T-helper CD3* CD4" lymphocytes. As INF-y is an important factor associated with the development
of severe cardiomyopathy, the low levels INF-y in seropositive individuals from the Central Amazonia suggests the
downregulation of the Th1 immune response, which might explain the long and latent asymptomatic phase of
Trypanosoma cruzi infections.
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INTRODUCTION

The epidemiological, immunological, and clinical
aspects of Chagas disease in the Brazilian Amazon
differ from those in other Brazilian regions in several
aspects. Firstly, the main triatomine vector in the Brazilian
Amazon belongs to the genus Rhodnius', whereas
Triatoma is prevalent in other regions?. Secondly, as
disease transmission does not typically occur in dwellings
in the Brazilian Amazon, Chagas disease is sometimes
considered an occupational disease in this region*.
However, acute outbreaks due to contaminated food have
being commonly reported in endemic areas of the Western
Amazon®. Thirdly, the chronic phase is characterised by
low morbidity?, with the exception of some fatal cases

resulting from dilated cardiomyopathy in autochthonous
patients from the Middle Negro river basiné”.

Chagas  disease is caused by the protozoan
Trypanosoma cruzi and is naturally transmitted through
triatomine haematophagous bugs'. Rhodnius brethesi is
a sylvatic triatomine originating from the native palm tree
piassaba Leopoldinia piassaba in the Barcelos region,
Amazonas State, Brazil*®. The epidemiological aspects
of Chagas disease transmission are characterised by
the absence of vector domiciliation, suggesting that
this condition is an occupational disease®. However,
uncontrolled deforestation in the Amazon tends to increase
the house invasion by sylvatic triatomines and the risk of
T cruzi infection transmission’. Despite the high
prevalence, some clinical studies have reported that the
acute phase is marked with high morbidity, including
some fatal cases of dilated cardiomyopathy®. However,
the results of several studies based on clinical and
electrocardiographic analyses of seropositive Chagas
disease patients from the Amazon basin suggest low
morbidity, likely reflecting circulating T. cruzi strains and
low parasitaemia’/ 10111213,
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Many immunoregulatory mechanisms have been
proposed for T cruzi infections, including those that
involve regulatory T cells and regulatory cytokines'.
Patients with cardiac Chagas disease develop a strong
immune response against the parasite, showing
high levels of inferferon gamma and low levels of
interleukin-10'°. With this background, it is important to
examine whether low morbidity of the Chagas disease
in the Brazilian Amazon is due to downregulation of
the Th1 immune response, which maintain the infected
individual in a long asymptomatic period.

MATERIALS AND METHODS

STUDY AREA

The Municipality of Barcelos (5S00°42'/W62°58')
covers an area of 122,476.123 km?, located at 490 km
from Manaus, Amazonas State (Figure 1). In 2010,
according to the Brazilian Institute for Geography and
Statistics (IBGE)'¢, this region contains a population
of 25,718 individuals, with 14,561 residents in the
rural area (56.6%) and 11,157 (43.4%) residents in
the Municipality. The economy of Barcelos is based on
extractivism activities, fishing, subsistence agriculture,
and tourism. Piassaba (Leopoldinia piassaba) fibres
obtained through the extractivism activity are important
for rural populations as a source of economic income.
The fibres of this palm are used in the manufacture of
handicrafts, baskets and brooms.
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Figure 1 — Map of the Municipality of Barcelos in Amazonas
State, Brazil

SAMPLING POPULATION

The present study was conducted in the residential
district of the Barcelos as an
observational and  cross-sectional 155
native inhabitants and their households. A survey of the

Municipality  of
analysis  of

epidemiological and socioeconomic aspects, such as
occupation, recognition of triatomines, and other risk
factors associated with Chagas disease, was conducted.
The study was approved by the Ethical Review Board
of the Universidode Federal do Amazonas (approval

number CAAE#0139.0.115.000-10) on June 16, 2010.
BLOOD COLLECTION AND SEROLOGY

After obtaining written consent, blood sample was
collected from each participant through venipuncture
into heparinised vacuum tubes. An aliquot of total blood
was used for flow cytometric analysis based on the
expression of surface markers. Subsequently, the blood
samples were centrifuged for 10 min at 3,000 rpm.
The plasma samples were analysed for the presence of
IgG antibodies using an immunoenzymatic assay (ELISA)
and the indirect immunofluorescence method (IIF). For
ELISA, the Chagas test ELISA Il kit (Abbott Laboratérios
do Brasil LTDA, Séo Paulo, Brazil) was used. All assay
procedures were automated, and the ELISA reactions
were measured at 450 nm using an Asys Expert Plus
microplate reader. The reactive, inconclusive and
undetermined samples were subjected to IIF analysis.
These analyses were conducted using anti-human
globulin  anti-lgG  (Imuno-CON  Chagas®;  Wana
Diagnéstica, S@o Carlos, Brozil) at a 1:40 dilution.
Individuals seropositive for both methods (ELISA and IIF
test) were considered as positive for chagasic infection.

MEASUREMENTS OF CYTOKINES

Serum  cytokines-related ~ Th1/Th2/Th17  were
measured using a Cytometric Bead Array Kit (CBA,
BD Pharmingen, San Diego, CA, USA) according
to the manufacturer's instructions. Briefly, samples
and standards were incubated with capture beads
for 1 h at room temperature, followed by incubation
with  phycoerythrobilin-labelled  IL-2, IL-4, IL-10,
IL-17, IFN-y and TNF-o detection antibodies for 2 h
at room temperature to achieve complex formation.
Subsequently, the samples were washed, and the mean
fluorescence intensity was detected using flow cytometry
(FACSCalibur™, Becton Dickinson, CA, USA). The data
were analysed using BD Cytometric Bead Array analysis
software.

FLOW CYTOMETRY

The blood samples were stained with anti-CD8,
anti-CD4, anti-CD3, anti-CD69 and anti-CD25
antibodies labelled with phycoerythrin  or fluoresce
in isothiocyanate at concentrations titrated
for optimal staining. The cell suspensions and
fluorochrome-conjugated antibodies were incubated

for 15 min at room temperature in the dark. After
incubation, the cell suspensions were incubated
with a fixative in lysing solution for 10 min, followed
by centrifugation for 7 min at 1,300 rpm. The
immunophenotyping was analysed by the fluorescence-
activated cell sorting (FACSCalibur™, Becton Dickinson,
CA, USA) according to fluorescence intensity.



STATISTICS ANALYSES

The values were tested for normality and equal
variance (Kolmogorov-Smirnov and F-test, respectively).
Based on serological reactivity (ELISA and IIF tests),
the comparison between positive and negative groups
was assessed using the Mann-Whitney U test. Principal
Component Analysis (PCA) was used for the analysis of
each data group (e.g., seroepidemiology, cytokines or
immunophenotyping). The first and second components
were used to obtain information from the PCA matrix data.
However, the relationship among serology, epidemiology,
cytokine profiles, and cellular phenotypic patterns were
examined using a redundancy analysis (RDA). Specifically,
a matrix of predictor variables (seroepidemiological data)
was used to quantify the variation in a matrix of response
variables (cytokine and cellular phenotypic profiles). Monte
Carlo permutation fests (499 times) were performed to
determine the statistical validity of the association between
seroepidemiological data and immunological patterns.
All statistical analysis were considered significant at
p < 0.05. The PCA and RDA were performed using the
software package for multivariate data analysis Canoco
for Windows v.4.5.

RESULTS

SEROLOGY AND CHARACTERISTICS OF THE STUDIED
POPULATION

In the present study, ten (6.5%) of the 155 samples
were reactive to the ELISA test (Table 1). The IIF
method was applied to these ten samples, only four
samples were reactive for chagasic infection, and 2.6%
seroprevalence was calculated. One of the individuals
(female) showing chagasic infection was a 12-year-old
student (non-piassaba extractor), while other three
individuals has been working almost exclusively in
piassaba extractivism. The positivity rate of non-piassaba
gatherer was 0.7% (1/137). Among the 18 who
worked as piassaba gatherers, seven were seropositive
according to ELISA (~39%) and three individuals were
seropositive according to lIF (16.7%), and all of these
individuals were male. Regarding seropositivity according
to the IIF test, all individuals were considered native to
the region and worked at the Aracd river, an important
piassaba extractivism region in the Middle Negro river.
Moreover, all individuals with reactivity to chagasic
infection identified triatomes as kissing bugs. However,
only two individuals reported being bitten by these bugs.

In the PCA model, which included occupation, marital
status, gender, surgical procedures, blood donation,
recognition of the reduviid bugs, triatomine bug bites,
and serology, the first component explained 75.1%
(Eigenvalue = 2.8) and the second component explained
11.2% (Eigenvalue = 0.4) of the total variance. The
extraction of piassaba explained 94.3% of component
1, and this variable was also associated with male
individuals with high levels of anti-T. cruzi IgG, who
reported being bitten by triatomine bugs.

PLASMA CYTOKINES

The levels of all cytokines did not differ between
seropositive and seronegative individuals (Table 2),
except the levels IFN-y, which were significantly lower
(Mann-Whitney Rank test, p < 0.05) in seropositive than
in seronegative individuals. The Principal Component
Analysis (PCA), based on the variance and covariance
matrix of the Th1/Th2/Th17 cytokines, revealed that
the first component explained 64.6% and the second
component explained 16.4% of the total variance.
Component 1 primarily reflected individuals with high
levels of TNF-o. and IL-6, while component 2 was
associated with individuals with high values of IL-2, L-17,
and IFN-y (Table 3).

IMMUNOPHENOTYPING

The percentage of lymphocytes (CD3TCD8*
and CD69%), neutrophils (CD69%), and monocytes
(CD69%) was not significantly different between
seronegative and seropositive groups (Table 2).
However, the percentage of CD3*CD4" lymphocytes
was significantly (p < 0.001) lower in seropositive
individuals compared with individuals seronegative for
chagasic infection. In the PCA model, component 1
explained 69.9% of the variance, while component 2
explained 18.4%. Neutrophils and lymphocytes were
most important variables contributing to axis 1, while
CD3"CD8" and CD3*CD4" lymphocytes contributed
to axis 2.

SEROEPIDEMIOLOGICAL
RELATIONSHIPS

A diagram of the redundancy analysis is shown
in figure 2. This ordination method is an extension
of the regression analysis for the simultaneous
examination of several variables. In this model,
the explanatory variables (e.g., serology, piassaba
extractivism, blood donation, gender, marital status,
and surgical procedure) were coded as dummy
variables, while the response variables (e.g., cytokines
and immunophenotyping) were used as a primary data
set. When both cytokines and immunophenotyping
as response variables, the sum of all canonical
eigenvalues showed that 57.8% of the total variation
in the immunological response could be explained
by explanatory variables (seroepidemiological data).
However, when variations were partitioned (cytokines
or immunophenotyping), the seroepidemiological
variables contributed to 36.3% of the total variation
when the cytokines were considered as response
variables and immunophenotyping was considered as
a covariable. The ordination diagram indicates that
individuals with high levels of antigens to chagasic
infection showed low percentages of lymphocytes and
monocytes and low levels of Th1 cytokines (INF-y and
IL-2). However, the percentage of neutrophils was
increased according to the ELISA data for Chagas
disease serology.

AND  IMMUNOLOGICAL
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Table 1 - Serology, demographic and socioeconomic characteristics of the studied populations from Barcelos, Amazonas
State, Brazil

Category N % ELISA % lF % confirmed

Age (years)

0-19 36 23.2 1 2.8 1 2.8

20-39 58 37.4 2 3.4 - -

40-59 44 28.4 6 13.6 2 4.5

> 60 17 11.0 2 11.8 1 5.9
Gender

Male 103 66.5 8 5.2 3 2.9

Female 52 33.5 2 1.3 1 1.9
Occupation

Student 36 23.2 1 2.9 1 2.8

Piassaba extractivism 18 11.6 7 38.9 3 16.7

Fisherman 17 11.0 1 5.9 - -

Subsistence agriculture 12 7.7 1 8.3 - -

Other 72 46.5 - - - -
Marital status

Single 91 58.7 8 8.8 1 1.1

Married 64 41.3 2 3.1 3 4.7
Blood donation

Yes 18 11.6 2 11.1 - -

No 137 88.4 8 5.8 4 2.9
Surgery

Yes 107 69.0 2 1.7 1 0.9

No 48 31.0 8 16.7 3 7.9
High frequency of acai consumption

Yes 147 94.8 7 4.8 3 2.0

No 8 5.2 3 37.5 1 12.5
Recognises the kissing bug

Yes 115 74.2 10 8.7 4 3.5

No 40 25.8 - - - -
Bitten by reduviid bugs

Yes 79 51.0 7 8.9 2 2.5

No 76 49.0 3 3.9 2 2.6

Conventional sign used: — Numeric data not equal to zero due to rounding.

Table 2 — Immunophenotyping leukocyte subsets among seronegative and seropositive individuals from the Barcelos
region to chagasic infection according to ELISA and IIF tests (N = 155)

Chagas' disease serology

Cell type Markers
Seronegative (%) Seropositive (%)
T-helper CD3"CD4* 35.4+0.7 (21.0-50.7) 29.3+2.0 (19.1-37.8)*
T-cytotoxic CD3*CD8* 24.7+0.6 (11.4-39.7) 23.4+2.1 (15.8-27.4)
Lymphocyte CD69* 3.3+0.1 (1.9-4.2) 3.3+0.2 (2.0-4.4)
Neutrophil CD69* 2.2+0.1 (1.1-2.7) 2.0+0.2 (1.0-3.0)
Monocyte CDé69* 2.2+0.1 (0.9-3.5) 2.1+0.2 (1.0-3.4)
Neutrophils - 48.8=1.0 (7.6-52.6) 43.1+3.2 (30.4-59.6)
Lymphocytes - 25.0+0.7 (19.0-50.8) 25.5+2.5(14.3-34.8)
Monocytes - 3.3+0.1 (2.0-6.6) 3.320.4 (1.2-4.7)

*p < 0.001, Mann-Whitney Rank test.
Data are expressed as mean=standard error mean and minimum-maximum.
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Table 3 - Levels of plasma Th1, Th2 and Th17 cytokines (pg/ml) in individuals from Barcelos (Brazilian Amazon)

identified as seronegative and seropositive to chagasic infection according to ELISA and IIF tests.

Cytokines

Seronegativity

Levels of Cytokines

Seropositivity

TNF-a. 7.99+3.02 (0.00-25.4)
INF-y 0.520.14 (0.02-1.20)
IL-2 0.63+0.43 (0.00-3,17)
IL-4 0.26+017 (0.00-1.21)
-6 11.11+1.78 (4.00-19.90)
IL-10 0.99+0.42 (0.00-3.29)
IL-12 0.66=0.01 (0.62-0.68)
IL-17 0.53+0.36 (0.00-2.97)

4.86+1.56 (0.32-13.67)*
0.03+0.02 (0.00-0.20)

0.54+0.32 (0.00-2.06)

0.06+0.06 (0.00-0.49)

7.47+2.19 (0.00-17.30)
0.39+0.16 (0.00-1.31)

0.75+0.17 (0.46-1.92)

0.26+0.10 (0.00-0.57)

*p < 0.001, Mann-Whitney Rank test.
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Figure 2 — Ordination diagram showing the data for axes
1 and 2 from the redundancy analyses. The
seroepidemiological data  were considered as
explanatory variables and the immunological
(cytokines and immunophenotyping) data  were
considered as response variables. The null
hypothesis of the independence between the
seroepidemiological and immunological data matrix
was tested using the Monte-Carlo permutation test
for significance (p < 0.05) of correlation.

Surgery Neutrophils

DISCUSSION

Since the early 80's when the first autochthonous
case of Chagas disease was reported in the Western
Brazilian Amazon (Municipality of Sdo Paulo de Olivenca,
State of Amazonas)'/, several studies were conducted
to describe the prevalence®’, acute outbreaks®'®
cardiomyopathies®'*'? associated with infection by T. cruzi.

and

Except acute outbreaks through oral transmission,
Chagas disease in the microregion of Rio Negro
(Municipality of Barcelos) typically occurs in individuals
who work in subsistence
agriculture near piassaba areas’. Approximately 14% of
Barcelos population participated in the extraction and

extractivism  activity or

trade of piassaba?. In the present study, the proportion
of workers involved in the piassaba extraction was
11.6%, consistent with previous reports. The risk of
transmission enhance by the presence of piassaba
palm near households, in which specimens of Rhodnius
robustus and R. pictipes inside houses have been
found?'.The amount of piassaba gatherers increases
as well as several fishermen have migrated to piassaba
extraction due to the drastic decline of the ornamental
fish trade in this area, as a consequence the number of
chagasic infections cases might increase in the future.

The four (both ELISA and IIF methods) or ten (only
to ELISA test) cases identified as reactive for chagasic
infection among 155 autochthonous people from
the Municipality of Barcelos suggested 2.6 to 6.5%
prevalence, respectively. This result is consistent with
previous studies conducted in the population of the
studied area, showing a prevalence of 1.9 to 6.8%%**.
Herein, among the four positive cases confirmed through
ELISA and IIF analyses, a single case involving an
autochthonous 12-year-old female individual (student)
and three cases of male piassaba gatherers, over 50
years old. Consistent with other finding*, clearly, the
piassaba extractivism in the Barcelos region constitutes a
risk factor for Chagas disease.

Despite the high prevalence, several clinical studies
have reported that the acute phase is marked with
high morbidity, including some fatal cases of dilated
cardiomyopathy®'. It has been reported that Chagas
disease in the Middle Negro river has a clinical profile
of low morbidity and mortality in the chronic phase'.
The biological diversity of circulating T cruzi has an
important role in the clinical, immunological and
epidemiological features of Chagas disease in the
Amazon basin'?'318 |t has been suggested that the low
parasite load and low levels of serum IgG anti-T. cruzi
might reflect the discrete typing units of T cruzi in this
case Tcl prevalent in the Brazilian Amazon, instead
of the Tcll, TcV and TcVI genotypes predominant in
the domestic transmission cycle of the South Cone
in the South America, where chagasic patients are
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characterised by higher parasitaemia, virulence and
pathogenicity'?. The outbreaks of acute Chagas disease
in the Amazon region have been associated with Tcl™.
However, recent studies suggest an emergency of a new
epidemiological profile in Central Amazonia based on
isolates from the outbreaks typed as TclV'e. It is likely
that infection by particular T. cruzi strains may result in
different immunological profiles.

Many immunoregulatory mechanisms have been
proposed for T cruzi infection, including those that
involve regulatory T cells and regulatory cytokines??22.
Cytokines play a major key in the control of the immune
response fo T. cruzi infection?*?°. It has been suggested
that during the chronic phase cardiac Chagas disease
patients show uncontrolled INF-y production in the heart,
promoting the cytolytic destruction of the myocardium?.
However, during the acute phase of Chagas disease, this
cytokine acts to eliminate the parasite’*'®. In the present
study, INFy secretion was down-regulated in seropositive
individuals from the Barcelos region. The low levels of
circulating INF-y might reflect the reduced percentage of
T-helper CD3*CD4* lymphocytes. This profile is consistent
with the idea that in chagasic infection, the majority of
INF-y producers were CD3"CD4" cells’. As INF-y is a
key factor associated with the development of severe
cardiomyopathy, the phenotypic and cytokines profiles of
seropositive individuals from the Barcelos region suggests
the downregulation of the Thl immune response,
maintaining infected individuals in a long asymptomatic
period of occasionally more than 20 years.

Several cases of dilated cardiomyopathy were
reported in autochthonous patients with chronic
chagasic infection from the municipalities of Barcelos
and Santa Isabel do Rio Negro®?¢. Furthermore, it was
reported that the frequency of chronic cardiomyopathy
associated with Chagas disease in autochthonous

individuals from Amazon basin was 8.1%'?. With this
background, it is important to examine whether the
exacerbated Th1 immune response against T cruzi
antigens, characterised by high levels of INF-y secreted
from CD3*CD4* cells and low levels of IL-10 are
demonstrated in individuals with cardiac Chagos
disease in the Brazilian Amazon.

CONCLUSION

Chagas disease in the Central Amazonia is clearly
associated with piassaba extractivism. The major
alterations observed in the seropositive individuals were
lower INF-y cytokines, consistent with low percentages
of CD3*CD4" cells. This mechanism might modulate
Th1-like immune responses, maintaining a balance
between parasitism control and cardiac integrity during a
long asymptomatic chronic period of this disease.
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O extrativismo da piacaba como um fator associado a doenca de Chagas:
soroprevaléncia e perfil imunolégico em habitantes da Amazénia Central, Brasil

RESUMO

Na Amazénia brasileira, a doenca de Chagas é considerada uma zoonose com baixa viruléncia e patogenicidade que
aparece principalmente em infeccoes latentes crénicas. Para examinar a soroprevaléncia e os perfis epidemiolégicos
e imunoldgicos da doenca de Chagas na microrregido do Rio Negro (Amazénia Central), um estudo observacional
e transversal foi realizado em nativos do Municipio de Barcelos, local mais importante de extrativismo da piacaba no
Estado do Amazonas. Testes sorolégicos foram realizados utilizando tanto os métodos ELISA e de imunofluorescéncia
indireta. Imunofenotipagem e os perfis das citocinas Th1, Th2 e Th17 foram determinados. A soroprevaléncia em
habitantes nativos variou de 2,6 a 6,5%. O baixo nivel de circulacéo de INF-y foi associado & baixa percentagem de
linfécitos de T-helper CD4* CD3*. Como INF-y é um fator importante associado ao desenvolvimento de cardiomiopatia
grave, os baixos niveis de IFN-y em individuos soropositivos da Amazénia Central sugerem a infrarregulacéo da resposta
imune do tipo Th1, que poderia explicar a longa e latente fase assinftomética de infeccdes de Trypanosoma cruzi.

Palavras-chave: Infeccdo Chagdsica; Leopoldinia piassaba; Sorologia; Imunofenotipagem.



La extraccion de la piasaba como un factor asociado a la enfermedad de Chagas:

seroprevalencia y perfil inmunolégico en habitantes de la Amazonia Central, Brasil
RESUMEN

En la Amazonia brasilefia, la enfermedad de Chagas estd considerada una zoonosis con baja virulencia y patogenicidad
que aparece principalmente en infecciones latentes crénicas. Para examinar la seroprevalencia y los perfiles
epidemiolégicos e inmunolégicos de la enfermedad de Chagas en la microrregién del Rio Negro (Amazonia Central),
un estudio de observacién y transversal fue realizado en nativos del Municipio de Barcelos, local mds importante de
extracciéon de piasaba en el Estado de Amazonas. Se realizaron pruebas serolégicas utilizando tanto los métodos
ELISA y de inmunofluorescencia indirecta. Se determiné el inmunofenotipo y los perfiles de las citocinas Th1, Th2 y
Th17. La seroprevalencia en habitantes nativos varié de 2,6 a 6,5%. El bajo nivel de circulacién de INF-y se asocié
al bajo porcentaje de linfocitos de T-helper CD4* CD3*. Como INF-y es un factor importante asociado al desarrollo
de cardiomiopatia grave, los bajos niveles de IFN-y en individuos seropositivos de la Amazonia Central sugieren
la infrarregulaciéon de la respuesta inmune de tipo Th1, que podria explicar la larga y latente fase asintomdtica de

infecciones de Trypanosoma cruzi.

Palabras clave: Infeccién Chagdsica; Leopoldinia piassaba; Serologia; Inmunofenotipificacion.
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