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ABSTRACT
	Background: Mortality linked to Chagas disease is higher than other parasitic diseases. It is estimated that 10,000 deaths per year are related to it, and more than 25 million people are exposed to the risk of contracting the infection. Between 2016 and 2020, 1200 cases of the pathology were reported in Pará.
Aims: identify the profile and spatial aspect of seroconversion for Chagas disease in donors from a blood bank in the state of Pará from 2016 to 2022.
Methodology: A study was carried by quantitative, ecological and descriptive research with a cartographic approach by the analysis of the municipalities that are part of the blood networks from Hemotherapy and Hematology Foundation of Pará (HEMOPA).
Results: The results revealed that during the period, the number of donors throughout the state of Pará had a prevalence of 0.02%, totaling 170 cases. Most of these cases occurred in the capital, Belém, where the main blood center is located. The data revealed a predominance of seroconversion in men (74.12%). The age of these donors ranged from 21 to 71 years with a mean of 43.28± 11.55 years.
Conclusion: The use of geoprocessing is essential for analyzing the distribution of cases between municipalities, guiding public policies and investments in hemotherapy.
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1. INTRODUCTION

Chagas disease is an anthropozoonosis with high prevalence and significant morbidity and mortality. It presents a biphasic clinical course, consisting of an acute phase (clinically apparent or not) and a chronic phase, which can manifest in indeterminate, cardiac, digestive, or cardiodigestive forms.1
According to the World Health Organization,2 Chagas disease has affected between 6 and 7 million people worldwide, mainly in Latin America, where, in most cases, the parasite is transmitted to humans through contact with the feces and urine of the triatomine bug.
In Brazil, according to the Notifiable Diseases Information System (SINAN), 1,510 cases of acute Chagas disease (ACD) were reported between 2010 and 2016, with 1,426 (94.4%) from the North region and 1,220 (80.8%) from the northern region of the state of Pará. Of this total, 191 cases (12.6%) reported in the municipality of Abaetetuba stand out due to their significance, while the others are dispersed in other municipalities in Pará.
Trypanosoma cruzi is a protozoan whose life cycle occurs in both vertebrate (mammals) and invertebrate (Triatominae) hosts. The protozoa present three distinct evolutionary forms in humans and insect vectors: amastigotes, epimastigotes, and trypomastigotes.3
Acute Chagas disease primarily affects populations with low purchasing power and limited access to health services, especially in the northern regions of Brazil.4 Globally, blood transfusion safety interventions primarily target the detection of diseases transmitted by viruses such as HIV, HBV, and HCV. Despite the significant risk to blood recipients, parasitological screening has actually received less priority and only gained greater visibility with the mitigation of transmissible viral cases.5
The management of seropositive donors should also be implemented correctly, as it ensures continuity of care. Therefore, blood transfusion services must have qualified professionals and strategies that guarantee timely access of the donor to the health service. Currently, the Unified Health System has a health network designed to receive and manage infected patients from primary care, as well as for secondary prevention and treatment of complications.6
Ordinance No. 158, of February 4, 2016, from the Ministry of Health, considers a donor ineligible if they have had household contact with triatomines in an endemic area, and those with a clinical or laboratory diagnosis of Chagas disease. Furthermore, Article 130 of the same ordinance considers it mandatory to perform a high-sensitivity serological test for Chagas disease in each donation.7 Thus, the objective of this work is to perform a spatial analysis of seroconversion for Chagas disease in donors at a public blood bank.

2. material and methods

2.1 Type of study
This study was conducted using a quantitative, ecological, and descriptive research approach with a cartographic methodology.
2.2 Population
The study population consisted of sporadic and repeat blood donors recruited by the four regional blood centers and blood banks of the Hemotherapy and Hematology Foundation of Pará (HEMOPA) who tested positive for Chagas disease in the state of Pará between 2016 and 2022. Sporadic donors are those who have made at least one donation and return after an interval of more than 12 (twelve) months since their last donation. Repeat donors are those who make 2 (two) or more donations within a 12 (twelve) month period.
The Hemopa Foundation coordinates the national blood policy, comprising a coordinating blood center in Belém, three regional blood centers (in Castanhal, Santarém, and Marabá), five blood centers in Capanema, Altamira, Tucuruí, Abaetetuba, and Santarém, and blood transfusion agencies. These units form the State Blood Network, guaranteeing the provision of medical services to residents of the state of Pará.
2.3 Data collection
The data contained and selected in the Blood Bank System – SBS, software developed for the management of blood centers, blood banks, and transfusion agencies, which is also available in a web version. SBS is a fully modular system that meets the specific functions of a hemotherapy unit whose headquarters are located in Belém, and it was launched in July 2016. Previously, the system used by the blood center was called PROGRESS. This system is still used today in other municipalities where the blood networks are located; this system generates tables in PDF format in a more raw way.
2.4 Data analysis
The statistical data were digitized in a Microsoft Excel spreadsheet, and a proprietary epidemiological database was created. Descriptive statistical tests were applied using estimates of absolute and relative frequencies to evaluate the distribution of cases. In addition, the means and standard deviations of the participants' ages were obtained.
The binomial and goodness-of-fit chi-square tests were used to compare the distribution of the proportions of the variables evaluated in this study (sex, age, seropositive for Chagas, neighborhood and address, education level, and occupation). In addition, the chi-square test was used to compare categorical variables, with p-values < 0.05 considered significant.
Microsoft Excel software was used for formatting graphs, tables, and text. The Statistical Package for Social Science (SPSS) Version 29 Inc., Chicago, IL, USA, software was used for statistical analyses. Finally, the spatial distribution of cases was analyzed using QGIS software version 3.32.3.
2.5 ethical aspects
This study was approved by the Research Ethics Committee of the Evandro Chagas Institute (CEP/IEC/SVSA/MS) under opinion number 6,257,687, CAAE: 70118623.0.0000.0019, which was judged in accordance with the regulations governing research with human beings of the National Health Council (CNS Resolution 466/12).

 

3. results

During the period from January 2016 to December 2022, a total of 728,624 residents of the State of Pará made one or more blood donations. Of these donors, 58.16% (423,759/728,624) were men and 41.84% (304,865/728,624) were women. Of the total, 265,009 (36.37%) resided in the capital, Belém, while 463,615 (63.62%) resided in other municipalities. (Table 1).
The coordinating blood center, located in Belém, stands out as the main contributor to blood donor recruitment, representing 36.37% (265,009/728,624) of the total collections. Following this, the Ananindeua Blood Center, although not a regional center, occupies the second position in the number of donors, corresponding to 19.2% (140,149/728,624) of the state's donations. The regional blood centers of Santarém and Marabá contribute 9.15% (66,679/728,624) and 8.92% (65,000/728,624) of the donations, respectively. (Table 1).
Table 1. Number of donors per year studied and the total per municipality. State of Pará, 2016-2022.

	Municipalities
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	TOTAL
	%

	Belém
	19039
	43056
	38861
	37501
	52814
	37204
	36534
	265009
	36,37

	Ananindeua
	7708
	18950
	18224
	17144
	47108
	14052
	16963
	140149
	19,23

	Santarém
	7582
	8170
	8896
	9864
	9389
	11056
	11722
	66679
	9,15

	Marabá
	8700
	9123
	8693
	9135
	8507
	9831
	11011
	65000
	8,92

	Castanhal
	7507
	8442
	8685
	8753
	7977
	9351
	9244
	59959
	8,22

	Abaetetuba
	3787
	4169
	4524
	3595
	3809
	4392
	4764
	29040
	3,98

	Redenção
	4556
	4229
	3903
	4232
	3578
	3468
	4361
	28327
	3,88

	Altamira
	4401
	4238
	4041
	4123
	3725
	3854
	3426
	27808
	3,81

	Capanema
	3148
	3073
	3198
	3386
	3109
	3465
	4586
	23965
	3,28

	Tucuruí
	2843
	2918
	3344
	3515
	2998
	3325
	3745
	22688
	3,11

	TOTAL
	69271
	106368
	102369
	101248
	143014
	99998
	106356
	728624
	100,0




During the period from 2016 to 2022, analyzing the incidence data by Regional Blood Center, it was observed that the average rates varied from 0.392 to 2.2590 per 100,000 inhabitants, with an average of 1.432 ± 0.6528. The index of 2.2590 reached by the Capanema Blood Center stands out, as it has consistently detected the seroprevalence of Chagas disease among donors over the years. Other Blood Centers have also identified high levels of anti-Trypanosoma cruzi antibodies in their donors, as evidenced in the units of Capanema, Abaetetuba, Altamira, and Redenção, which registered values of 2.259, 1.805, 1.695, and 1.690 per 100,000 donors, respectively. These rates are 7.95, 6.35, 5.97, and 5.95 times higher than the index estimated in this study for the State of Pará (Table 2).
It is important to mention that the year 2020 was marked by hotspots due to the high seroconversion rates detected in all Blood Centers in the State of Pará. In some cases, these indices reached values 13.28 times higher than the estimated rate for the State of Pará, as evidenced in the Abaetetuba Blood Center, where a seroconversion rate of 3.772 per 100,000 donors was recorded. On the other hand, the Belém Blood Center was the unit that detected the lowest incidence of seroconversion (i = 0.392) compared to the other units. (Table 2).
Table 2. Blood donation centers by municipality, frequency and incidence rate of donors who seroconverted for Chagas disease in blood banks of the State of Pará during the period from 2016 to 2022.

	REGIONAL BLOOD CENTER
	Estimates
	Year of registration
	Total

	
	
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	

	Abaetetura
	N
	2
	1
	
	1
	6
	7
	3
	20

	
	%
	10.00
	5.00
	
	5.00
	30.00
	35.00
	15.00
	100

	
	I
	1.316
	0.652
	
	0.634
	3.772
	4.363
	1.896
	1.805

	Altamira
	N
	
	2
	1
	1
	3
	3
	4
	14

	
	%
	
	14.29
	7.14
	7.14
	21.43
	21.43
	28.57
	100

	
	I
	
	1.795
	0.883
	0.873
	2.587
	2.557
	3.168
	1.695

	Ananindeua
	N
	1
	
	
	
	7
	2
	2
	12

	
	%
	8,33
	
	
	
	58,33
	16,67
	16,67
	100

	
	I
	0.195
	
	
	
	1.307
	0.370
	0.388
	0,323

	Belém
	N
	7
	
	
	
	16
	18
	
	41

	
	%
	17.07
	
	
	
	39.02
	43.90
	
	100

	
	I
	0.484
	
	
	
	1.067
	1.195
	
	0.392

	Capanema
	N
	
	1
	1
	1
	2
	1
	5
	11

	
	%
	
	9.09
	9.09
	9.09
	18.18
	9.09
	45.45
	100

	
	I
	
	1.489
	1.457
	1.449
	2.881
	1.432
	7.103
	2.259

	Castanhal
	N
	1
	1
	1
	2
	4
	5
	5
	19

	
	%
	5,26
	5,26
	5,26
	10,53
	21,05
	26,31
	26,31
	100

	
	I
	0.519
	0.512
	0.504
	0.996
	1.968
	2.431
	2.499
	1.347

	Marabá
	N
	3
	1
	1
	3
	3
	6
	2
	19

	
	%
	15.79
	5.26
	5.26
	15.79
	15.79
	31.58
	10.53
	100

	
	I
	1.124
	0.368
	0.364
	1.074
	1.058
	2.086
	0.750
	0.975

	Redenção
	N
	1
	2
	
	2
	2
	2
	1
	10

	
	%
	10.00
	20.00
	
	20.00
	20.00
	20.00
	10.00
	100

	
	I
	1.225
	2.425
	
	2.359
	2.337
	2.317
	1.168
	1.690

	Santarém
	N
	5
	1
	1
	3
	1
	4
	3
	18

	
	%
	27.78
	5.56
	5.56
	16.67
	5.56
	22.22
	16.67
	100

	
	I
	1.698
	0.337
	0.330
	2.639
	0.326
	1.297
	0.904
	1.076

	Tucuruí
	N
	1
	
	
	
	4
	
	1
	6

	
	%
	16.67
	
	
	
	66.67
	
	16.67
	100

	
	I
	0.918
	
	
	
	3.474
	
	1.095
	0.784

	Total Geral
	N
	21
	9
	5
	13
	48
	48
	26
	170

	
	%
	12.35
	5.29
	2.94
	7.65
	28.24
	28.24
	15.29
	100

	
	I
	
	0.867
	0.842
	0.393
	1.114
	2.546
	2.072
	2.192


Source: Own authorship.

Of the donors who seroconverted to Chagas disease, 74.12% (126/170) were male and 25.88% (44/170) were female. The age of these donors ranged from 21 to 71 years, with an average of 43.28 ± 11.55 years. The distribution of these donors by age group and sex is shown in Figure 1. 
Figure 1. Distribution of blood donors who seroconverted to Chagas disease according to age group and sex, registered at the HEMOPA Foundation from 2016 to 2022.







 

Considering the Regional Health Coordination Centers (CRS) of SESPA and the origin of the donors, it was observed that the 1st CRS was responsible for detecting the highest incidence of seroconversion of donors for Chagas disease, reaching a frequency of 28.24% (48/170). Next, the 6th CRS registered 23/170 cases, corresponding to 13.53%, while the 11th CRS presented 21/170 cases, totaling 12.35%. Regarding the origin of the donors, most, 20.59% (35/170), were residents of the municipality of Belém; 11.17% (19/170) were from Abaetetuba, and 10.59% (18/170) resided in Santarém. (Table 3).
Despite the highest number of registrations occurring in the Metropolitan region of Belém, the highest risk for seroconversion, according to the incidence of detection of anti-Trypanosoma cruzi antibodies, which estimated the chance of occurrence of one case per 100,000 inhabitants, was observed in Peixe Boi, Brasil Novo, Medicilândia and Curuçá. Table 3 shows the respective incidence estimates based on the origin of the blood donors. Obtained by the mean (μ = 0.284) and three standard deviations (SD = 0.201), a confidence interval was established that ranged from 0.083 to 0.888, which allowed the categorization of municipalities, regarding the risk of seroconversion, as follows: Low risk (μ < 0.284), Medium risk (0.284 ≤ μ < 0.485), High risk (μ ≥ 0.485) for Chagas disease.
Table 3. Frequency and incidence rates by municipality and Regional Health Center (CRS) based on the residence of donors who seroconverted for Chagas disease in the State of Pará during the period from 2016 to 2022.

	CRS and Municipality
	Estimative

	
	N (170)
	% (100%)
	Average Incidence (0,284)

	1º CRS
	48
	28.24
	0.286

	Ananindeua
	9
	5.29
	0.241

	Belém
	35
	20.59
	0.336

	Benevides
	1
	0.59
	0.224

	Marituba
	3
	1.76
	0.319

	2º CRS
	2
	1.18
	0.077

	Bujaru
	2
	1.18
	0.966

	3ª CRS
	19
	11.18
	0.643

	Castanhal
	15
	8.82
	1.066

	Curuçá
	2
	1.18
	0.704

	Inhangapi
	1
	0.59
	1.382

	Marapanim
	1
	0.59
	0.500

	4º CRS
	9
	5.29
	0.243

	Bonito
	1
	0.59
	0.877

	Bragança
	3
	1.76
	0.344

	Capanema 
	1
	0.59
	0.203

	Peixe boi
	1
	0.59
	1.818

	Primavera
	2
	1.18
	2.659

	Salinopolis
	1
	0.59
	0.349

	5º CRS
	3
	1.76
	0.076

	Capitão poço
	2
	1.18
	0.516

	Garrafão do norte
	1
	0.59
	0.546

	6º CRS
	23
	13.53
	0.614

	Abaetetuba
	19
	11.18
	1.716

	Barcarena
	2
	1.18
	0.223

	Moju
	1
	0.59
	0.182

	Tailandia
	1
	0.59
	0.128

	9º CRS
	19
	11.18
	0.268

	Placas
	1
	0.59
	0.451

	Santarém
	18
	10.59
	0.833

	10º CRS
	13
	7.65
	0.511

	Altamira 
	7
	4.12
	0.842

	Anapu
	1
	0.59
	0.426

	Brasil novo 
	3
	1.76
	2.386

	Medicilândia
	2
	1.18
	0.883

	11º CRS
	21
	12.35
	0.258

	Eldorado
	1
	0.59
	0.421

	Jacundá
	2
	1.18
	0.639

	Maraba
	11
	6.47
	0.562

	Rondon do Pará
	2
	1.18
	0.554

	Tucurui
	5
	2.94
	0.662

	12º CRS
	11
	6.47
	0.748

	Redenção
	8
	4.71
	1.561

	São felix do Xingu
	3
	1.76
	0.387

	13º CRS
	1
	0.59
	0.071

	Cameta
	1
	0.59
	0.103

	Outro Estado
	1
	0.59
	0.00

	Maranhão 
	1
	0.59
	0.00




Figure 2 illustrates the spatial dimension of the State of Pará, highlighting the blood donation centers studied during the period from 2016 to 2022, along with the location and spatial distribution of Chagas disease (CD) cases by municipalities of the donors who seroconverted at the Hemotherapy and Hematology Foundation (HEMOPA). This map provides a basis for understanding the geographical concentrations of confirmed CD cases, totaling 170 confirmed donors in the institution's database.
The color legend corresponds to the estimated average incidence rates based on the annual incidences from 2016 to 2022, which were distributed according to the risk intervals for seroconversion. More intense colors are associated with higher incidences, while areas without color represent regions not analyzed or that did not show seroconversion.
Figure 2 - Spatial distribution of blood donors who seroconverted for Chagas disease among blood donation centers (2016 to 022).
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Source: LABGEO/SAEP/IEC/SVSA/MS/2024.

4. discussion

During the years 2016 to 2022, the spatial analysis of blood donors who seroconverted to Chagas disease (CD) among the blood banks revealed a heterogeneous distribution of cases, with areas without cases and others hyperendemic, represented by the municipalities of Primavera, Brasil Novo, and Redenção. It is important to emphasize that the municipality of Belém presented the highest concentration of cases, 36.37%, influenced by specific epidemiological factors, such as population density and the fact that the HEMOPA headquarters is located in Belém. This contributes to a higher probability of case detection in this region.
According to the National System of Information on Hemotherapy Production (Hemoprod); in 2020, a total of 2,723 donors seroconverted to CD throughout the country. In the State of Pará, the municipalities of Castanhal and Marabá show epidemiological similarities, indicating similar patterns of Chagas disease (CD) incidence. On the other hand, the low incidence observed in the municipality of Tucuruí suggests that prevention practices or awareness may be effective in this region. However, it is important to consider that there may be specific challenges that warrant a more detailed investigation (BRASIL, 2022).8
The epidemiological study of blood banks, combined with the analysis of the Regional Health Coordination, provides a detailed understanding of the distribution of blood donation estimates in different municipalities, as well as their respective incidences. It is observed that the 1st Regional Health Coordination (CRS) was the one that identified the most seroconversions of donors to Chagas disease, with a significant prevalence of 28.24%, with Belém and Ananindeua being the municipalities in this region with the highest number of cases. In the 6th Regional, the prevalence of cases was 13.53%, with emphasis on the municipalities of Abaetetuba, Barcarena, Moju, and Tailândia. Furthermore, the 11th Regional Health Center (CRS) recorded a seroconversion rate of 12.35%, affecting municipalities such as Eldorado, Jacundá, Marabá, Rondon do Pará, and Tucuruí. This data highlights the need for specific preventive and control measures in each region, aiming to mitigate the spread of the disease. In a study by Madeira (2018)9, several mini-epidemics occurred in the North and Northeast regions, especially in Rio Grande do Norte, Pará, Ceará, and Roraima.
The difficulty in monitoring these donors, due to the lack of an efficient notification system for blood donors who test positive for Chagas disease and the non-mandatory notification of Chagas disease, contributes to the lack of knowledge about the real situation of Chagas disease in the state of Pará, or even the disinterest of donors in their own health, since they do not yet present the clinical manifestations of Chagas disease. The addition of persistent manifestations as mandatory notifiable diseases allows for a more accurate recording of data, enabling the creation and implementation of more effective preventive and control actions10.
Given the significant difference between the sexes, it is crucial to direct awareness efforts and prevention programs specifically to men. This may include educational campaigns, regular medical examinations, and risk reduction strategies adapted to the characteristics of this population. These results are corroborated by the fact that during the study the number of women was lower than the number of men. The reason for this lower proportion of female candidates may be attributed to some women not reaching the minimum weight for blood donation, or women of childbearing age and in the post-menstrual period, who may develop anemia, thus affecting the rate of visits to blood centers (Azevedo, 2015)11.
Spatial analysis proves to be a crucial tool for understanding the incidence of cases among the different health regions and blood networks. In this study, spatial analysis allowed for the stratification of municipalities within health regions, classifying them into different levels of risk for Chagas disease: Low risk (μ < 0.284), Medium risk (0.284 ≤ μ < 0.485), and High risk (μ ≥ 0.485). Based on this classification, it was possible to observe the characteristics of the mesoregions of Pará. In the Marajó Mesoregion, no significant data was identified due to the absence of a blood bank in the municipality. In the Lower Amazon Mesoregion, a medium risk for seroconversion was observed. In Northeast Pará, the study indicated a risk between medium and high for Chagas disease.
In Southeast Pará, some municipalities presented a medium risk for seroconversion, while in the Southwest, there was a medium and high incidence of positive cases for the disease, indicating a significant risk. In the metropolitan region of Belém, which encompasses the state capital, a medium and high incidence of cases was observed, as evidenced by the choropleth map, where more intense and lighter shades of blue represent the different levels of incidence. 
Given this scenario, according to guidelines from the Ministry of Health, it is imperative to reorganize local epidemiological surveillance with expanded objectives, prioritizing objectivity and agility in preventive and diagnostic activities for disease control, in addition to establishing a clear treatment flow in the healthcare network.
Corroborating with the present study, Nogueira (2019)12 highlights that the epidemiology of Chagas disease (CD) in the Brazilian Amazon region, especially in the northeast of the state of Pará, presents distinct characteristics from other regions of Brazil, especially the municipalities near the capital Belém, where endemic annual incidence rates are observed. Cases of CD are mainly associated with oral transmission, probably occurring through this route, and are concentrated in family units. One of the difficulties of this study is related to the use of secondary data, which are susceptible to underreporting of cases. Another aspect to consider is that the system was modified in July 2016, in which municipalities still use the PROGRESS system for data use with raw reports and the capital uses the SBS system.

5. Conclusion

During the analyzed period, the prevalence of seroconversion throughout the state of Pará was 0.02%, totaling 170 cases, making them ineligible for donation during screening, demonstrating the need for the development of increasingly specific laboratory tests for the detection of Chagas disease that guarantee transfusion safety without compromising blood component stocks due to indeterminate results.
The highest number of seroconversion cases occurred in men, with a prevalence of 74.12%. Donors included in the study showed a wide range of ages, with ages ranging from 21 to 71 years, and an average of 43.28 ± years.
The distribution of cases was uneven, indicating that some blood banks have a higher burden of seroconversion for Chagas disease than others. The localities with a high risk for the detection of antibodies for Chagas disease were the cities of Primavera, Brasil Novo, Peixe Boi, Redenção, Abaetetuba, and Inhangapi. These disparities may be the result of different factors, such as environmental conditions, the presence of vectors, or cultural practices.
Spatial analysis proved to be an essential tool for understanding the geographical distribution of Chagas disease cases in the different health regions and blood banks. The stratification of municipalities into different risk levels allowed a clear view of the characteristics of the mesoregions of Pará. In the absence of a blood bank in the municipality, as in the case of the Marajó Mesoregion, the analysis became limited, highlighting the importance of local health infrastructure. In contrast, areas such as Southwest Pará showed a significant incidence of the disease, indicating a constant need for intervention.
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