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a b s t r a c t 

Objectives: Chagas disease (CD) is an infectious disease that predominantly affects poor and vulnerable popula- 

tions. The last estimate conducted by the World Health Organization in Latin America regarding the prevalence 

of CD occurred more than 10 years ago. However, there is a scarcity of data assessing the magnitude of CD in 

populations residing in considered high-risk regions. Therefore, this study aimed to assess the seroprevalence of 

CD in an endemic region in Northern Minas Gerais through serologic screening. 

Methods: This is a prevalence study conducted in the municipalities of Catuti, Mato Verde, Mirabela, Montes Azul, 

and São Francisco, Minas Gerais, Brazil. Data collection occurred between December 2021 and December 2022, 

involving a questionnaire with closed-ended questions. The variables analyzed included serologic test results, 

stratified age groups, health indicators, and housing conditions. 

Results: Of the 2978 participants, 272 individuals (9.1%) tested positive for CD serology. In the age group 

of 4 to 14 years, 15 to 49 years, and 50 years or older, the prevalence of positive serology was 0.8% (95% 

confidence interval [CI] 0.16-1.43), 5.5% (95% CI 4.20-6.83), and 18.8% (95% CI 16.48-21.11), respectively. 

Among the participating municipalities, Mato Verde had the highest prevalence of positive serology for CD (17%). 

For participants aged 4 to 14 years with positive serology for CD, first-degree relatives were invited to undergo 

serologic testing. It was possible to collect samples from relatives of all participants in this age group. However, 

none of the relatives tested positive. 

Conclusion: This study identified a 9.1% prevalence of individuals affected by CD who were unaware of their 

condition. In addition, having infected children in the 4 to 14 age group with mothers with negative serology 

would rule out congenital transmission of the disease. 
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Chagas disease (CD) is a parasitic, neglected tropical disease that

redominantly affects poor and vulnerable populations. This infection

s endemic in Latin America; however, due to migratory movements, it

s considered an increasing challenge for global public health [ 1 ]. It is

stimated that worldwide, about 6 to 7 million people are infected with

rypanosoma cruzi , the causative agent of the disease of CD [ 2 ]. It is
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oteworthy that the last estimate by the World Health Organization in

atin America regarding the prevalence of CD was more than 10 years

go and was based on data available up to the year 2010 [ 3 ]. It is im-

ortant to mention that this estimate was based on the population at

isk at that time. 

In 2014, a meta-analysis of prevalence studies conducted in Brazil

evealed an average prevalence rate of 4.2% (95% confidence interval

CI] 3.1-5.7) [ 4 ], with a notable variation that decreased from 4.4%
24 
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95% CI 2.3-8.3) in the 1980s to 2.4% (95% CI 1.5-3.8) after the year

000. Interestingly, according only to this meta-analysis, Brazil alone

as approximately 4.6 million people with CD (95% CI 2.9-7.2). In the

ountry, the northeast (95% CI 3.1-8.1) and southeast (95% CI 2.4-9.9)

egions stand out for having the highest disease prevalence [ 5 ]. 

As it is considered a silent disease, given that the vast majority of

arriers are in an indeterminate chronic phase and with no clinical ex-

ressiveness, there is no reliable data on the real burden of the disease

 6 ]. 

In addition to the scarcity of data that evaluates the magnitude of

D, there is an underrepresentation of populations residing in regions

onsidered highly endemic, which makes it even difficult to correctly

stimate the real burden of the disease and therefore hinders the im-

lementation of public health policies to the care of patients with CD

 7 ]. Therefore, this study aimed to evaluate the seroprevalence of CD

n an endemic region in Northern Minas Gerais state through serologic

creening. 

ethods 

tudy design and setting 

A cross-sectional survey of CD was conducted between the months of

ecember 2021 and December 2022 in five municipalities in the North-

rn Minas Gerais State: Catuti, Mato Verde, Mirabela, Monte Azul, and

ão Francisco under the scope of the Centro de Pesquisas em Medicina

ropical de São Paulo-Minas Gerais (SaMi-Trop) ( Figure 1 ) [ 8 ]. 

Northern Minas Gerais State is considered a high endemic region and

ith an elevate risk of vectorial transmission [ 9 ]. 

In the studied region, the species Trypanosoma sordida is found in

bundance in both wild and domestic environments [ 10 ]. 
Figure 1. Map of the stu

2

ample size calculation 

The selection of participants considered a sample calculation by age

roup (children between 4 to 15, 15 and 49, and 50 years old or older)

ecause each group has a different risk of being infected with T. cruzi

nd diverse public health implications. 

The sample size was determined based on the estimated population

f 26,300 individuals aged between 15 and 49 years old and 16,300

ndividuals aged 50 years old and older, with an estimated CD preva-

ence of 12.1%. In addition, 10,000 children aged 4 to 15 years were

onsidered, with a CD prevalence of 2.1% [ 4 ]. Taking into account a

5% confidence level, 1% precision, and a 10% anticipated loss, the

alculated sample size was 2,525 individuals to be screened, consisting

f 579 children aged 4 to 14 years old, 984 individuals aged 15 to 49

ears old, and 962 individuals aged 50 years old or older. 

articipant recruitment 

Individuals residing in the coverage area of the Family Health Strat-

gy (Primary Health Care System) were invited to participate in the

tudy. Among participants aged 4 to 14 years old who tested positive

or CD in serology, mothers and siblings were also invited to undergo

erologic testing. The exclusion criterion was having a previous diagno-

is of CD. 

ata collect 

Data collection occurred between December 2021 and December

022 through a questionnaire comprising closed-ended questions and

enous blood collection. The questionnaire included sociodemographic

uestions and criteria for CD infection risk as described in the Clini-

al Protocol and Therapeutic Guidelines (CPTG) for CD published by
dy municipalities. 
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Table 1 

Positive serology for Chagas disease according to age groups and municipality of residence. 

Municipalities Age group Total 

4 to 14 years old (n = 751) 15 to 49 years old (n = 1130) 50 years old or older (n = 1097) 

Mato Verde - 13 (6.4%) 72 (24.2%) 85 (17%) 

Catuti 1 (0.3%) 22 (5.9%) 64 (27.7%) 88 (9.8%) 

Mirabela - 2 (1%) 7 (2.5%) 9 (1.9%) 

Monte Azul 1 (0.6%) 21 (9.2%) 59 (21.4%) 81 (12.3%) 

São Francisco 4 (1.3%) 1 (0.9%) 4 (23.5%) 9 (2.1%) 

Total 6 (0.85%) 59 (5.5%) 206 (18.8%) 272 (9.1%) 

Figure 2. Proportion of individuals with posi- 

tive serology for CD according to the age group, 

stratified every 5 years. 

CD, Chagas disease. 
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he Brazilian Ministry of Health [ 11 ]. These criteria include residing or

aving resided in an area endemic for “barbeiro, ” the triatomine bug,

iving or having lived in a wattle and daub house, having been bitten by

 barbeiro, having received blood transfusions before 1992, or having a

amily member with CD. Age was stratified into groups (4 to 14, 15 to

9, and 50 years old) with the aim of identifying the period of female

ertility. 

hagas serology 

The collected venous blood samples were sent to the Central Lab-

ratory of Public Health of the State of Minas Gerais (Lacen-MG) at

he Ezequiel Dias Foundation (Funed). The techniques used for sam-

le analysis included ELISA (BIOLISA CHAGAS, Bioclin, Belo Horizonte

razil) and an indirect hemagglutination assay, Chagatest (Wiener Lab,

osario, Argentina). In cases where there was a disagreement between

he results, a third different technique from the initial ones (such as IFI

r Western Blot) was performed. An individual was considered to have

 positive serology for CD if they tested positive with two different re-

ctive techniques. If only one technique was positive, it was considered

iscordant. 

tatistical analysis 

Absolute and relative frequencies were estimated. Subsequently, a

ivariate analysis was conducted using the Pearson chi-square test, in-

olving individual questions and questions related to the criteria for CD

nfection risk recommended by the Clinical CPTG for CD [ 11 ]. The anal-

ses were performed using Predictive Analytics Software (PASW/SPSS)

ersion 18.0 for Windows. 

thics committee 

Ethical approval was obtained through the ethics committee of the

tate University of Montes Claros (CEP/UNIMONTES: 3.502.440/2018).

ll adult and child participants were informed about the study and

igned the Free and Informed Consent Form (TCLE). The children were
3

nformed about the study and signed the Free and Informed Assent Form

TALE), and their parents or guardians signed the TCLE and TALE. 

esults 

A total of 2,978 individuals participated in this study. Among all

articipants, the mean age was 38.43 ( ± 21.5), and the majority were

emale (59.9%). Of these, 272 individuals (9.1%, 95% CI 7.04-11,15)

ested positive for CD, with 55.9% of them being female. 

In the age group of 4 to 14 years old, six out of 750 individuals tested

ositive (0.8%, 95% CI 0.16-1.43). In the age group of 15 to 49 years

ld, 1,130 individuals participated, and among them, 59 (5.5%, 95%

I 4.20-6.83) tested positive. In the age group of 50 years old, 206 out

f 1,097 individuals tested positive, resulting in a prevalence of 18.8%

95% CI 16.48-21.11) ( Table 1 and Figure 2 ). 

Among the participating municipalities, Mato Verde had the highest

revalence of positive serology for CD with 17% ( Table 1 ). 

For participants aged 4 to 14 years old with positive serology for

D, first-degree relatives were invited to undergo serologic testing. It

as possible to collect samples from relatives of all participants in this

ge group. However, none of the relatives tested positive ( Table 2 ). 

In the bivariate analysis, it was observed that risk factors statistically

ssociated with positive serology for CD were living or having lived in

n area where there are kissing bugs or near locations where they exist,

iving or having lived in a wattle and daub house, having been bitten by

 barber, and having a family member with CD ( Table 3 ). 

iscussion 

A total of 2978 individuals participated in this study, and it was

ossible to estimate an overall prevalence for CD of 9.1% (95% CI 7.04-

1.15). Mato Verde was the municipality with the highest disease preva-

ence (17%). According to the age groups from the sample size calcula-

ion, the observed prevalence of positive serology for CD, from youngest

o oldest, was 0.8%, 5.5%, and 18.8%, respectively. 

This study was conducted in various municipalities within the North-

rn mesoregion of Minas, an area of approximately 130,000 km2 located
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Table 2 

Descriptive table of participants included in the age group of 4 to 14 years with positive serology for CD, their municipality of residence, and their respective 

relatives with serology results. 

Participant aged 4 to 14 years old with 

positive serology for CD 

Municipality Relationship Age (years) CD serology result 

1 São Francisco 
Mother 29 Negative 

Brother 10 Negative 

2 São Francisco Mother 36 Negative 

3 São Francisco 
Mother 28 Negative 

Sister 10 Negative 

4 São Francisco Sister 7 Negative 

5 Catuti 
Mother 35 Negative 

Brother 15 Negative 

6 Catuti 
Mother 33 Negative 

Sister 5 Negative 

7 Monte Azul Mother 27 Negative 

CD, Chagas disease. 

Table 3 

Descriptive and bivariate analysis of questions related to risk factors for CD vs serology for CD. 

Characteristics P -value Risk (95% confidence interval) 

Serology for CD 

Negative/Inconclusive n (%) Positive n (%) 

n = 2706 n = 272 

Risk factors recommended by the Clinical Protocol and Therapeutic Guidelines 

Living in an area with triatomine a 

Yes 2794 (95.9%) 2526 (95.5%) 268 (100%) < 0.001 1.10 ( 1.09-1.12 ) 

Living in a wattle and daub house a 

Yes 1850 (63.6%) 1608 (60.9%) 242 (90.3%) < 0.001 5.97 ( 3.96-9.02 ) 

Bitten by the triatomine a 

Yes 323 (22.5) 252 (19.1%) 71 (59.2%) < 0.001 6.12 ( 4.15-9.04 ) 

Blood transfusion before 1992? a 

Yes 42 (1.5%) 38 (1.5%) 4 (1.5%) 0.092 1.05 (0.37-2.96) 

Family member with CD a 

Yes 1041 (46%) 909 (44.5%) 132 (60%) < 0.001 1.87 ( 1.40-2.48 ) 

a Variation of the n = 2978 because of missing informationCD, Chagas disease. 
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n the northern part of the state of Minas Gerais, with an estimated pop-

lation of 1,779,701 inhabitants [ 12 ]. This region has traditionally been

onsidered hyperendemic for CD [ 13 ]. Data from a national survey con-

ucted between 1975 and 1980 showed a prevalence in this area (8.8%)

imilar to the current findings and much higher than the overall country

revalence (1-2.4%) [ 14 ]. 

According to the defined age groups, the prevalence of CD among

ndividuals older than 50 years is 18.8%. This prevalence harks back to

alues observed about 40 to 50 years ago when this same region had the

ighest infection rates for the disease [ 14 ]. The high prevalence in this

egion specifically reflects the social stratum that coexisted with more

ctive vector-borne transmission of the disease at that time. 

It is noteworthy that, even after 50 years and observable social im-

rovements, the numbers for the overall prevalence of CD remain un-

hanged. In contrast, the epidemiological profile of the population with

D is getting older. Age is widely recognized as an independent fac-

or associated with cardiovascular risk, health comorbidities (such as

ypertension, diabetes, obesity, and dyslipidemia, among others), and

ortality [ 15 ]. In addition, older individuals with CD have a higher

hance of experiencing cardiovascular events [ 16 ]. Therefore, under-

tanding these prevalence patterns and their impact on morbidity and

ortality is necessary for the proper planning of control and care strate-

ies tailored to specific populations, such as older patients. 

The prevalence of CD among young individuals and young adults

n the age group of 15 to 49 years old was 5.5%. Such prevalence in

his age range was higher than expected. According to the national sur-

ey between 2001 and 2008, conducted among children younger than

 years, showed a prevalence in Minas Gerais of 0.02% [ 17 ]. The par-
4

icipants included in this study correspond to the same age group as the

resent study. Assuming the impact of the elimination of the main CD

ector, Trypanosoma infestans in Brazil, and therefore an important drop

n new cases of infection, a similar prevalence in this age group would

e presumed. The fact that prevalence rates are almost 250 times higher

ould suggest the existence of other active forms of transmission that

epresent a source of new cases and do not allow a correct control of

D in the region. Furthermore, this age group is especially relevant as it

oncentrates on the population of childbearing age because women are

onsidered susceptible to transmitting the disease congenitally [ 18 ]. 

Reinforcing this information, a prevalence of 0.8% of positive serol-

gy for CD was observed in the analyzed age group of 4 to 14 years. This

ata is similar to the results of a systematic review covering the period

rom 1980 to 2012, which indicated a national prevalence of 1.1% in

he age group of 0 to 9 years [ 5 ]. However, it is higher than the last na-

ional survey (2001-2008), which reported a prevalence of only 0.03%

f positive serology in children up to 5 years of age [ 17 ]. Our data differ

rom national estimates, but it is also important to point out that the age

roups studied are also different, which makes comparisons difficult. 

First-degree relatives of participants aged 4 to 14 years with positive

erology for CD had negative serology for the disease, which would rule

ut congenital transmission among those whose mother was tested (only

he mother of a participating child did not have serology conducted). A

imilar study conducted in Piauí in 2019 tested children up to 10 years

nd their family members, observing a prevalence of 0.8% in children,

nd none of the family members tested positive for CD as well [ 19 ]. This

nformation suggests that active transmission of CD through the vector

ay still exist. 
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The success in eliminating the main vector of CD, T. infestans , in

razil, celebrated in 2006, incorporated the idea of eradication or effec-

ive control of CD, overlooking the epidemiological importance of other

ransmission routes or other native vector species with transmission po-

ential [ 10 ]. Knowing the epidemiology of the area where oral transmis-

ion is not highly represented, it would seem plausible that vector-borne

ransmission is still an active route to justify new cases. Several reasons

ould explain the potential persistence of vector-borne transmission. On

he other hand, irregularity or even interruption in surveillance cam-

aigns because of a lack of prioritization by health managers in the face

f other public health issues [ 20 ], as well as disturbances in the wild en-

ironment, may lead to the migration of triatomines to areas near human

wellings, thereby increasing the risk of exposure to this vector [ 10 ]. 

One limitation of this study is that participants were recruited based

n the risk factors described in the CPTG for CD. However, it is note-

orthy that most of the people residing in the region present at least

ne risk factor for the disease, which is why we consider the selected

ample to be representative of the general population. Beyond that, the

revalence of the disease could also be underestimated due to the study

esign since already having been diagnosed with CD was considered an

xclusion criterion. 

onclusion 

This study identified an overall prevalence of 9.1% of individuals

ffected by CD who were unaware of their condition in the Northern

esoregion of Minas Gerais. 

Among patients aged 50 years or older, a prevalence of 18.8% was

bserved, whereas those aged 15 to 49 years had a prevalence of 5.5%,

nd individuals aged 4 to 14 years had a prevalence of 0.8%, with moth-

rs tested negative. These findings would suggest, once other forms of

ransmission are ruled out, the persistence of active vector-borne trans-

ission of the disease in the region. 

CD is a public health problem, and there are no recent data demon-

trating its magnitude. Therefore, in addition to quantifying the actual

isease burden, it is necessary to elucidate active transmission routes

o implement appropriate surveillance and control measures for the dis-

ase in each region. 
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