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ABSTRACT

Introduction: A seroepidemiological survey was carried out to evaluate Trypanosoma cruzi
infection in an endemic area of the State of Rio Grande do Norte, Brazil, involving rural residents.
Methods: Sixteen municipalities were randomly selected, 15 from the west mesoregion and one
from the central, with an estimated population of 83,852 individuals. A total of 1,950 blood samples
were collected in the west mesoregion and 390 in Caicé. Anti-T. cruzi antibodies were detected
using the Chagatest® ELISA HAI-hemagglutination kits and indirect immunofluorescence.
As sera presented indeterminate results, TESAcruzi® western blot was performed to confirm
reactivity. Results: An estimated seroprevalence of 6.5% was determined for the west mesoregion
and 3.3% for Caic. Seropositivity rises progressively with the age of individuals, up to 40 years in
Caico and up to S0 years in the west mesoregion. Only educational level and knowledge regarding
the triatomine were associated with seropositivity. No seroreactive individuals under 18 years
of age were identified. Conclusions: Infection by T. cruzi remains high and is concentrated in
municipalities in the central western area of the west mesoregion; however, evidence suggests a
decline in vector transmission in this mesoregion and in Caicé. Epidemiological variables appear
not to influence seropositivity, with the exception of education and knowledge concerning the
triatomine, among seroreactive individuals from the west mesoregion.
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RESUMO

Introducio: A infecgao pelo Trypanosoma cruzi foi avaliada em uma 4rea endémica do Estado
do Rio Grande do Norte, Brasil, por inquérito soroepidemiolégico amostral em moradores da
zona rural. Métodos: Dezesseis municipios foram sorteados, 15 da mesorregido oeste e um da
central, com populagao estimada em 83.852 individuos. Foram coletadas 1.950 amostras de
sangue no oeste e 390 em Caicd. A detecgao de anticorpos anti-T. cruzi foi realizada usando os
kits Chagatest® ELISA, HAI-hemaglutinagio e a reagao de imunofluorescéncia indireta. Nos
soros com resultados indeterminados foi realizado o western blot TESAcruzi® para confirmagao
da reatividade. Resultados: A estimativa da soroprevaléncia revelou 6,5% para a mesorregiao
oeste e 3,3% em Caicd. A soropositividade eleva-se progressivamente com aidade dos individuos
até a quinta década de vida em Caic6 e na sexta década na mesorregiao oeste. Apenas o grau de
escolaridade e o conhecimento do triatomineo evidenciaram associagao a soropositividade. Nao
foram identificados individuos sororreativos com idade inferiora 18 anos. Conclusdes: A infec¢ao
pelo T. cruzi persiste mais elevada e concentrada em municipios da drea central da mesorregiao
oeste, mas evidéncias sugerem o declinio da transmissao vetorial nessa mesorregiao e em Caico.
As varidveis epidemioldgicas parecem nao exercer influéncia na soropositividade, a excegao da
escolaridade e conhecimento do triatomineo entre individuos sororreativos da mesorregiao oeste.

Palavras-chaves: Trypanosoma cruzi. Doenca de Chagas. Soroprevaléncia. Varidveis
epidemioldgicas.
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INTRODUCTION

More than a century after its discovery,
Trypanosoma cruzi' infection still represents a
significant public health problem, with 7.7 million
infected people in Latin America and more than
10,000 deaths in 2008%3. The annual number of new
cases of infection by vector transmission diminished
from 700,000 in 1990 to 41,200 in 2006, and the
number of deaths from Chagas disease decreased
from approximately 50,000 per year in 1990 to
12,500 per year in 2006*.

In Brazil, the first national serological survey
(1975-1980) estimated a prevalence of infection
by T. cruzi of 4.2% in the general rural population®.
In the Northeastern region, prevalence was 3.1%,
with the highest rates in the States of Sergipe (6%)
and Bahia (5.4%) and lowest in Cear4 (0.8%) and
Maranhio (0.1%), while in the State of Rio Grande
do Norte (RN), it was 1.8%?.

Asecond serological survey, conducted between
1989 and 1997 among schoolchildren 7 to 14 years of
age, analyzed 226,138 samples in 842 municipalities
in 18 states and found a positivity of 0.1%. In the
Northeastern region, the prevalence of T. cruzi
infection was 0.9%, with the highest prevalence of
0.2% for RN".

The latest survey of seroprevalence for T. cruzi,
conducted between 2001 and 2008 among 104,954
children up to five years of age in rural Brazil,
except for the State of Rio de Janeiro, determined
a positivity of 0.03%. In RN, among a total of
1,750 samples analyzed, one newborn child was
identified as seropositive even though the mother
was seronegative, indicating probable active vector
transmission®. The control of triatomines in the
Northeastern region is a current and future problem.
This region has a high concentration of Triatoma
brasiliensis, and in Brazil, it is the center of vector
dispersion that is reportedly difficult to control'°.
Moreover, it still possesses factors of concern,
since the region remains socially depressed and
has residences that may be suitable for triatomine
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colonization; it also presents a predominance of vectors that are
difficult to control and a low level of operational coverage of the
Chagas Disease Control Program (Programa de Controle da Doenga
de Chagas, PCDCh)%!..

Considering that in RN, the existence of autochthon species and
T. cruzi transmitters has been proven, demonstrated by the constant
presence of Tr. brasiliensis and Tr. pseudomaculata, together with
the emergence of species like Panstrongylus lutzi, the probability
of an individual being included in an area of transmission risk is
reasonable. Following control programs directed toward the vector,
no epidemiological data have been collected regarding the real
situation of human infection by T. cruzi in the municipalities included
in the endemic area for Chagas disease in this state. This study aimed
to conduct a seroepidemiological survey to estimate the prevalence
of infection among rural residents of municipalities in the west
mesoregion and Caicd, and to evaluate possible factors associated
with Chagas disease infection.

METHODS

Area studied

The State of Rio Grande do Norte (RN) islocated in Northeastern
Brazil between 4°49’53”S and 6°58”757”S, and 35°58’03”W and
38°36’12”W. The population is 3,168,133 inhabitants, with 702,694
(22.2%) living in rural areas'?. The state has an area of 52,796.79km?
(approx. 20,385mi?) and is bordered to the north and the east by the
Atlantic Ocean, to the south by the State of Paraiba, and to the west
by the State of Ceara. Politically, it is divided into 167 municipalities
grouped into four mesoregions: west, central, agreste, and east'>"?
(Figure 1). The west mesoregion includes 62 municipalities and is

the most populous and second most important from an economic
viewpoint, while the central mesoregion consists of 37 municipalities
and is less populated. The predominant vegetation is Brazilian
savanna (Caatinga); neosol soil types are fairly frequent, with the
constant appearance of stony and rocky surfaces, and outcrops of
rocks are common.

Sampling plan

The design for sampling individuals was performed individually
for each mesoregion involved. For the west mesoregion, this design
was defined in two stages. First, the municipalities were classified
into strata according to the rural population and using the cumulative
square root of the frequency method. During this stage, three strata
of municipalities were defined: those with less than 2,000 residents
inrural areas, those having between 2,000 and 6,000 rural residents,
and those with over 6,000 rural residents. For each of the strata, five
municipalities were randomly selected, resulting in a total of 77,203
rural residents in 15 municipalities, using the census database of the
Brazilian Institute of Geography and Statistics (Instituto Brasileiro de
Geografia e Estatistica - IBGE)'*. From within the total sample, a simple
random sampling was performed in the second stage. To calculate
the sample size the variable p was considered, i.e., the proportion of
subjects reactive for T. cruziinfection in the west mesoregion. Based
ona previous study involving 515 rural residents in the municipality
of Caraubas in the west mesoregion®, a preliminary estimate of
p = 0.09 was obtained.

For the municipality of Caic6, the sample design for the
serological survey was based on simple random sampling. To calculate
the sample size the variable p was considered, i.e., the proportion of
individuals with positive serology, which was p = 0.037, according
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FIGURE 1 - Map of Rio Grande do Norte, Brazil, divided by mesoregions, with the municipalities evaluated in the seroepidemiological survey (2007-2009) in white.
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to the preliminary estimate'. The rural population involved totaled
6,960 individuals'*.

Thus, calculation of sample size was determined by:
__ Np(1-p)
(N-1)D+p(1-p)
where, n = sample size, N = total number of residents, and
D =¢€? /4, with € as a limit for an estimated error of p, which satisfies
P(|p—p <€) =095, and p as the estimator of the proportion of

individuals presenting positive serology in the west mesoregion or
the municipality of Caicé.

Thus, considering the west mesoregion, € = 0.015, N = 77,204,
and substituting p for p = 0.09, the minimum sample size obtained
was n = 1,429. For the municipality of Caicé, considering € = 0.02,
N = 6,960, and substituting p for p = 0.037, the minimum sample
size obtained was n = 339.

Sample collection

Following the randomized selection of the municipalities and
calculation of minimum sample sizes, the rural communities were
randomly selected. Between 2007 and 2009, blood samples were
collected by venipuncture from 1,950 individuals resident in the
west mesoregion and 390 individuals from the municipality of Caicd,
between 7 and 90 years of age, of both sexes. The sera were separated
by centrifugation at 2,500rpm for 10min at room temperature
(Centrifuge Fanem Excelsa®, model 206, Sio Paulo, Brazil), aliquoted,
and stored at 20°C until use. A questionnaire developed specifically
for the study was validated'* and used to collect data from participants
to identify epidemiological variables for risk of infection, such as sex,
age, birthplace, education, knowledge of triatomines, the presence of
triatomines inside the domicile, blood transfusion, and the length of
time the individual had resided in the rural or urban zone.

Seroprevalence

Detection of anti-T. cruzi antibodies was performed using the
following: Chagatest® recombinant ELISA v. 3.0 kit, with sensitivity
0f 98.8% and specificity of 99.6%'; Chagatest® hemmaglutination
inhibition (HAI), screening A-V kit (Wiener Lab®, Rosario,
Argentina), with sensitivity of 100% and specificity of 98.7%¢,
according to the manufacturer, with titers of 1:40 considered the
cutoffpoint for this method; and indirect immunofluorescence (IIF),
using as antigen the epimastigotes of T. cruzi Y strain maintained
in culture and fixed with 20% formaldehyde. Anti-human IgG
immunoglobulin labeled with fluorescein isothiocyanate (Sigma
Chemical Company®, Missouri, USA) was used as conjugate, with
titers of 1:40 considered the cutoft point'”. The result for each serum
was considered positive for infection by T. cruzi when two methods
with different principles were reactive, indeterminate when only
one method was reactive, and negative when these methods were
nonreactive, in accordance with the recommendations of the World
Health Organization'®'. In sera presenting indeterminate results, the
Western blot test (TESAcruzi, bioMérieux Brazil) was performed to
confirm anti-T. cruzi reactivity™.

Statistical analysis

The database containing demographic and socio-environmental
variables was analyzed using the software Excel and the Statistical
Package for the Social Sciences (SPSS), version 17. Descriptive
analysis, the Chi-square test for association, multivariate analysis of

clusters, and the comparison test of proportions were performed.
The results were considered significant when the p value was less
than 0.05 (p<0.05).

Ethical considerations

The ethical principles in the guidelines of resolution 196/96 of
the Brazilian National Health Council (Conselho Nacional de Satide)
concerning research involving human subjects were complied with
in this work. Rural residents 7 years of age or over and of both sexes
were freely and spontaneously invited to participate in the survey
and were included after signing a term of free, informed consent
(Comité de Etica em Pesquisa da Universidade Federal de Minas
Gerais- COEP/UFMG No. 312.2006). In the case of minors, parents
or guardians signed the term of consent. All seropositive individuals
were referred for clinical follow-up with the closest Family Health
Strategy (FHS) team.

RESULTS

From 2007 to 2009, 2,340 individuals from 16 municipalities in
RN were investigated, 15 from the west mesoregion and one from
the central mesoregion. The estimated seroprevalence for T. cruzi
infection was 6.5% (126/1950) positivity for the west mesoregion,
corresponding to 14,151 individuals currently infected, based on data
from the last census for the rural population in this mesoregion'.
In the municipality of Caicé, seroprevalence was 3.3% (13/390),
corresponding to 175 individuals currently infected, also based
on the last census for the rural population in this municipality'*
(Figure 2 and Table 1).

The mean age of the entire population was 38 years, with a
median of 37 years [standard deviation (SD) = 19 years; range, 7 to
90 years). For seropositive individuals from the west mesoregion, the
mean age was 48 years, with a median of 50 years (SD = 14 years;
range, 18 to 84 years). Among the individuals from the municipality
of Caicé, the mean age was 47 years, with a median of 43 years
(SD = 13 years; range, 22 to 70 years). Seropositivity rose
progressively with age up to 50 years in the west mesoregion
(p <0.001) and up to 40 years in the municipality of Caicé, decreasing
thereafter in both groups; however, no evidence of association with
age was observed (p = 0.401). No seropositive individuals under
the age of 18 years were registered. Regarding sex, no evidence of
an association with seropositivity was observed (p = 0.107 for the

west mesoregion, p = 0.880 for Caicé).

Cluster analysis of the west mesoregion municipalities according
to seropositivity revealed the existence of three groups of prevalence
in this area: the first involving those with the lowest prevalence,
between 0% and 2.4%; the second with prevalence ranging from
2.5% to 4.9%, represented by Mossord, Sao Miguel, and Riacho de
Santana; and the third with higher prevalence rates between 8%
and 10.4%, represented by Apodi, Caraubas, Gov. Dix-Sept Rosado,
Lucrécia, and Severiano Melo, confirming significant differences
between groups (p <0.001).

The epidemiological variables related to the risk of acquiring
T. cruzi infection were investigated. In relation to education, the

majority of seropositive individuals had not completed primary
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school, although a significant association with prevalence was only  as the presence of triatomines inside the domicile, individuals who
verified for the west mesoregion (Table 2). Regarding knowledge  received blood transfusions, and length of residence in the rural or
of the triatomine, evidence of an association with seropositivitywas ~ urban zone, showed no evidence of an association with seropositivity
verified for the west mesoregion (p=0.007), but was not observed for  in any of the areas studied (Table 2).

the municipality of Caicé (p = 0.407). The remaining variables, such

TABLE 1 - Anti-Trypanosoma cruzi seropositivity among rural zone residents of the west mesoregion and the municipality of Caicd, State of Rio Grande do
Norte, Brazil, from 2007 to 2009

Positive Negative Total
Municipalities n % n % n
Apodi 31 9.3 304 90.7 335
Caratibas 49 10.3 429 89.7 478
Francisco Dantas 0 0.0 36 100.0 36
Frutuoso Gomes 0 0.0 94 100.0 94
Gov. Dix-Sept Rosado 9 8.0 103 92.0 112
Lucrécia 3 8.8 31 91.2 34
Luis Gomes 0 0.0 84 100.0 84
Mossord 10 3.7 258 96.3 268
Rafael Fernandes 0 0.0 48 100.0 48
Riacho de Santana 3 4.9 58 95.1 61
Sao Miguel 4 2.5 159 97.5 163
Serra do Mel 0 0.0 19 100.0 19
Serrinha dos Pintos 0 0.0 46 100.0 46
Severiano Melo 17 10.4 146 89.6 163
Tibau 0 0.0 09 100.0 09
Total 126 6.5 1,824 93.5 1,950
Caicod 13 33 377 96.7 390

n: number of individuals; Gov. Dix-Sept Rosado: Governador Dix-Sept Rosado.

TABLE 2 - Anti-Trypanosoma cruzi seropositivity among rural zone residents of the west mesoregion and the municipality of Caicd, State of Rio Grande do
Norte, Brazil, in relation to the epidemiological variables.

‘West mesoregion Municipality of Caicé
Variables n % p value n % p value
Educational level L 21 16.7 0.022 4 30.8 0.609
PMI 80 63.5 7 53.8
PMC 2 1.6 0 0.0
HSI 6 4.8 0 0.0
HSC 10 7.9 2 154
CUI 0 0.0 0 0.0
CuC 7 5.5 0 0.0
Knowledge of the triatomine Yes 116 92.1 0.007 13 100.0 0.407
No 10 7.9 0 0.0
Triatomines inside the domicile Yes 65 S1.6 0.439 11 84.6 0.399
No 61 48.4 2 15.4
Blood transfusion Yes 4 32 0.819 0 0.0 0.242
No 122 96.8 13 100.0
Zone of longest residential duration Urban 3 2.4 0.071 0 0.0 0.383
Rural 123 97.6 13 100.0

n: number of individuals; IL: illiterate; PMI: primary/middle school incomplete; PMC: primary/middle school complete; HSI: high school incomplete; HSC: high
school complete; CUI: college/university incomplete; CUC: college/university complete.
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FIGURE 2 - Fluxogram of anti-Trypanosoma cruzi serum reactivity among rural zone residents of the west mesoregion and Caicé municipality, State of Rio

Grande do Norte, Brazil, (2007-2009) by ELISA (enzyme-linked immunosorbent assay), IIF (indirect immunofluorescence), IHA (indirect hemagglutination),

and indeterminate samples confirmed by western blot.

DISCUSSION

American trypanosomiasis or Chagas disease is an endemic
infection, with an essentially chronic evolution caused by the
etiological agent, the protozoan T. cruzi', and results in a long
association between the host and the parasite. Currently, there remain
rural populations residing in environments where the vectors of the
parasite can be found in both the peridomicile and intradomicile
spaces, in different geographical regions in several Latin American
countries, including Brazil.

The prevalence of T. cruzi infection determined in this study
was 6.5% for the west mesoregion and 3.3% for the municipality
of Caicd, exceeding the rates obtained in the first national survey®
and highlighting a state with present and future problems, since
even following the implementation of control measures directed at
the vector throughout the Brazilian territory, these prevalence rates
remain high.

The literature reports wide variability in seroprevalence rates for
T. cruzi in different states of the Northeastern region®'*, ratifying the
importance of surveys that demonstrate the current epidemiological
situation of this infection. The lower percentage of positivity determined
for Caic6 compared with the west mesoregion can be attributed to the
fact that vector control campaigns, initiated in RN around 1972, were
more organized in the central mesoregion where this municipality is
situated and remain so to this day. The fact that this municipality houses
one of two regional headquarters of the National Health Foundation
(Fundacao Nacional de Satide, FUNASA) that exist in the state also
contributes to greater control in this region. On the other hand, the
greater prevalence in the west mesoregion could be related to the fact
that of the 115 municipalities in an area considered endemic for Chagas
disease in RN, where control actions are discontinuous due to lack of
human resources, supplies and insecticides'’, only 12 municipalities
have consolidated the phase of entomological surveillance. Allied to
this, predominant vectors, such as Tr. brasiliensis and Tr. pseudomaculata,

remain endemic and difficult to control and are a major operational
challenge®. These vectors, particularly Tr. brasiliensis, although not
domiciled, are capable of maintaining the parasite transmission cycle
among the rural population.

The last national serological survey warned that active transmission
of T cruzi could be occurring in RN, based on the case of a seropositive
child and his/her seronegative mother. The data reveal, however, that
this finding could be even higher, since the number of samples tested
corresponded to 55.4% of those referred for collection®, confirming the
need for surveys based on primary and/or secondary data that clarify
the current epidemiological situation of this infection.

Regarding age, seropositive individuals presented a higher mean
age than the general population, suggesting a direct relation between
prevalence and advancing age. In fact, this behavior is expected, since
due to the interruption of T. cruzi vectorial transmission, contact with
vectors among these individuals occurred no later than the 1980s,
when the program to control Chagas disease was prioritized by the
Ministry of Health. Similar findings were also reported in other
studies in Brazil, in the States of Mato Grosso do Sul, Minas Gerais,

Piaui, and Sao Paulo®*%,

This survey detected no association between seroprevalence for
T. cruzi infection and sex, in agreement with similar studies?*?%*32,
Of the 126 seropositive individuals in the west mesoregion, 62 were
female and 64 were male. In Caic¢, seven of the 13 seropositive
individuals were female and six were male. Few studies have reported
sex as a variable that interferes in the behavior of parasite vector
transmission, given the equiprobability of acquiring the infection
for both sexes in the home environment®*. However, certain studies
report an association between these variables, with a predilection for
females®®, or related to the professional activity of the individual®,
raising questions regarding sex and susceptibility to infection by
T. cruzi.

The profile of seropositive individuals regarding education level
revealed a predominance of individuals with low levels of education,
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suggesting that infection is closely related to the development of the
population, generally affecting the poorest individuals and those with
less education. Several authors have reported similar findings®2%3>3,
including one study characterizing illiteracy as the principal social
marker of Chagas infection®.

The large number of seropositive individuals with prior knowledge
and contact with triatomines suggests that the main means of infection
in thisarea is vectorial, supported by the fact that there was no evidence
ofassociation with blood transfusion, which highlights the importance
of continuous entomological surveillance. In the latest survey
concerning Chagas disease, intradomicile presence of the triatomine
presented a threshold value for significance®, while the present study
determined no evidence of an association.

The percentage of samples initially considered indeterminate
in this survey can be explained by the variability among T. cruzi
isolates associated with immunogenetic factors of the human host,
which can influence the performance of serological assays®, since the
parasite presents wide genetic diversity*’. Other factors involve the
range of antigens activated during the host immune response. These
modifications also involve morphological changes in the biological
cycle, which involve numerous antigens in different phases®. T. cruzi
can also produce several variants of surface proteins that prevent
certain antibodies from binding to the parasite’*. Moreover, it is
possible that cross-reactions with anti-Leishmania antibodies may
occur, which can be minimized with the use of enzyme-linked
immunoabsorbent assay (ELISA) with recombinant antigens,
improving the specificity of the assay®. Another valid hypothesis is
that these indeterminate cases could be associated with the presence
of different T. cruzi genotypes in the mesoregions evaluated®,
suggesting that differences in seropositivity could be related to the
genotype of the parasite.

Despite the considerable problems related to its control, Chagas
disease is a low political priority in Brazil, principally because it
has a long clinical evolution and its social repercussion is very low
among populations atrisk*. Clearly the definitive solution of T. cruzi
transmission depends on improving the living conditions of much
of the population, particularly in rural areas, but it is equally certain
that sufficient accumulated techniques exist to prevent new cases
of the disease®. Further improvement requires the consolidation
of policies that recognize the need for periodic surveys to generate
information that cannot be obtained from continuous records
and that are essential for planning and the evaluation of policies
to promote health and for the prevention and control of disease®.

Considering the data obtained in this study, analysis verified
that the prevalence of human infection by T. cruzi remains high.
It is concentrated in some municipalities in the central area of the
west mesoregion and continues to be an important public health
problem for the State of Rio Grande do Norte. However, the decline
of vector transmission in this mesoregion and Caicé highlights
the effectiveness of control measures in the prevention of Chagas
disease in this population, promoting a better quality of life for many
individuals. The epidemiological variables assessed do not appear to
influence seropositivity, with the exception of educational level and
knowledge regarding the triatomine among seroreactive individuals
in the west mesoregion. Further studies are being conducted in
the areas involved to assess the clinical evolution of seroreactive
individuals, as well as the immunological profile and morbidities
associated with T. cruzi infection.
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