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ABSTRACT

We carried out a cross-sectional study from January to December 2015 on 1,425 

inhabitants from a floating population in the Brazilian Amazon (Murinin district, Pará State) 

to describe the population-based prevalence of tuberculosis (TB) from 2011 to 2014, recent 

TB contacts (rCts) latently infected with Mycobacterium tuberculosis (LTBI), the coverage 

of the local health network, socio-environmental factors, and frequency of intestinal parasitic 

infection (IPI). We found that the sanitary structure was inadequate, with latrines being shared 

with other rooms within the same accommodation; well water was the main source of water, 

and 48% of families had low incomes. The average rate of TB was 105/100, 000 inhabitants per 

year; one third of TB patients had been household contacts of infected individuals in the past, 

and 23% of rCts were LTBI. More than half (65%) of 44% of the stools examined (representing 

76% of the housing) had IPIs; the highest prevalence was of fecal-oral transmitted protozoa 

(40%, Giardia intestinalis), followed by soil-transmitted helminths (23%). TB transmission 

may be related to insufficient disease control of rCts, frequent relocation, and underreporting. 

Education, adopting hygienic habits, improving sanitation, provision of a treated water supply 

and efficient sewage system, further comprehensive epidemiological surveillance of those 

who enter and leave the community and resources for basic treatment of IPIs are crucial in 

combating the transmission of these neglected diseases. 

KEYWORDS: Intestinal parasites. Mycobacterium tuberculosis. Tuberculosis. LTBI. 

Amazon. Neglected communities.

INTRODUCTION

According to the World Health Organization (WHO), unsanitary living 
conditions are associated with the increase in the incidence of tuberculosis (TB) 
and intestinal infections in low-income populations. Without improvements to the 
environment, sanitation, housing, education and health services, inequalities will 
be perpetuated and are likely to increase the risk factors as well as the incidence 
and the prevalence of preventable diseases. The target areas for improvement are 
among those included in the 17 sustainable development goals (SDGs) adopted 
by all United Nations member States in the September 2015 Assembly. The SDGs 
and the End TB Strategy share the common aim of ending the global TB epidemic 
by the end of 20351. The WHO Stop TB Strategy, developed from 2006 to 2015, 
targets TB control through healthcare and economic partnerships, including curative 
and preventive approaches to reduce TB prevalence and deaths1. In addition 
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to minimizing the inequalities between countries and 
communities with a higher incidence of TB to achieve the 
WHO Stop TB goals, the early identification of patients, 
follow-up of household contacts, control of individuals 
latently infected with Mycobacterium tuberculosis (LTBI) 
who are at higher risk of developing TB and treatment to 
reduce mortality from TB2 have also been included.

According to the natural history of TB, 5% of infected 
individuals will develop active disease during the first 
years after infection and another 5% may remain latently 
infected and may develop active TB at some point later 
in life3. Therefore, disease control in individuals recently 
exposed to a TB index case (IC) is an important strategy to 
help TB control and prevent the onset of LTBI, especially 
among household and immunosuppressed contacts4,5; 
however, according to the WHO4, fewer than 50% of cases 
are assessed and treated preventively. 

Unlike TB, intestinal parasitic infections (IPIs) 
are not reportable; the frequency of IPIs in Brazil is 
variable in different geographic areas and there is a lack 
of statistical data showing the real prevalence6,7. In one 
study, the frequency of TB in indigenous communities of 
Northern Brazil was 14%, and intestinal parasites such 
as hookworms and Entamoeba histolytica were prevalent 
(75%)8. In another study of HIV-seropositive individuals 
suffering from persistent diarrhea in the same geographic 
area, Isospora belli was the most detected protozoan 
(32.3%). In Northeastern Brazil, the most prevalent 
pathogenic intestinal parasite in children with cancer was 
Blastocystis hominis (11.4%) and in nursery children it was 
Giardia intestinalis (27%)9. In studies of school children 
in Belém, the State capital of Pará, the most frequently 
found helminths were Trichuris trichiura (57.6%), 
Ascaris lumbricoides (36.4%), and hookworms (24.3%)10. 
In contrast, a higher prevalence (65.3%) of helminth 
infections, mainly from A. lumbricoides, hookworms, and 
T. trichiura, has been reported in rural communities and in 
small urbanized settlements with limited sanitation in the 
Brazilian Amazon11. The prevalence of polyparasitism is 
also high in neglected populations; a prevalence of 12.2% 
was reported in Ethiopia12 and is higher (56%) in Brazilian 
indigenous populations13. Moreover, studies show that 
parasitic infections can influence vulnerability to TB in 
populations at risk14,15.

Maintaining a healthy population is a goal of every 
government. However, sometimes simple control measures 
and cost-effective strategies are implemented in large urban 
centers, small areas can be marginalized, condemning their 
inhabitants to survive in conditions that are not suitable for 
social and educational growth, and thereby impoverishing 
public health6,16.

The State of Pará in Northern Brazil, ranks third in the 
region in the incidence coefficient of TB cases (30/100,000 
inhabitants)17, but while there are socio-epidemiological 
data on the major cities, there are little data on the smaller 
districts. In a previous interdisciplinary study carried out 
in the municipality of Benevides by a private university, 
community health workers and community leaders from 
different districts, the Murinin district was found to be 
the most vulnerable and neglected in terms of disease 
prevention and quality of life18. Thus, the aim of this study 
was to describe the population-based prevalence of TB from 
2011 to 2014, the frequency of LTBI, the coverage of the 
local health network, the socio-environmental factors and 
the frequency of IPIs in this remote area of the metropolitan 
region of the Brazilian Amazon. 

MATERIALS AND METHODS

Study area

The Murinin district is located in the North of Benevides 
municipality, a metropolitan area of Belém, State capital 
of Pará. It lies 28 m above sea level, has an equatorial 
climate, a geographic area of 32.5 km², and is accessed by 
the BR‑316 highway and then by the PA-404 State road19.

The district has about 5,000 inhabitants, distributed in 
approximately 1,20018 dwellings and is served by two basic 
healthcare services, the Family Health Unit (FHU) and the 
Paraíso Health Center (PHC), both of which also provide 
urgent/emergency care. These services cover four Family 
Health Strategy (FHS) areas that provide primary care: 
Murinin 1, Murinin 2, Paraíso 1 and Paraíso 2. According 
to the National Register of Healthcare Establishments/
Department of Health, the FHU is served by 19 community 
health agents, two nurses, seven nursing technicians, four 
family health medical doctors, two agents employed to 
combat endemic diseases, three dentists, and two dental 
hygienists. The PHC comprises 16 community health 
agents, three nurses, 11 nursing technicians, two family 
health doctors, three general clinical doctors, two agents 
employed to combat endemic diseases, two dentists, two 
assistants in oral care, two dietitians, one social worker, 
one physiotherapist, one occupational therapist, and one 
psychologist.

The district includes urban and rural areas of occupation, 
has low socio-economic indicators and poor sanitation 
and is becoming a dormitory district for the State capital, 
Belém, where most of the population works. The district’s 
economic activity is centered on the construction, sawmill, 
and agricultural industries. There are four private and six 
public schools, three of which are maintained by the State 
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and the other three by the municipality. The schools offer 
primary, intermediate and high school education18.

Study population 

The inclusion criteria used to select the sample were 
diagnosed cases of TB in the Murinin district, according 
to the mandatory register of the National Notifiable 
Diseases Information System (SINAN). The criteria for TB 
diagnosis and treatment were in accordance with those of 
the Brazilian Ministry of Health20. Treatment was free of 
charge (National Tuberculosis Control Program – PNCT) 
and administered under direct supervision of qualified 
local healthcare workers. To assess clinical outcomes of 
treatment, TB patients diagnosed between 2011 and 2014 
were followed up with periodic visits to the patient’s homes 
after being registered in this study (2015/2016). To detect 
the frequency of LTBIs, recent TB household contacts (rCt) 
were invited to have a specific blood test for TB infection. 
The rCt of a TB index case (IC) was deemed eligible for the 
study if the contact currently resided in the same dwelling 
as the IC, or had spent more than 6 h/day in the company 
of the IC for two consecutive months prior to diagnosis, 
or had had at least 200 hours of exposure to bacilli21. To 
assess the frequency of IPIs, the inclusion criteria were all 
TB households; neighboring households in the same and 
in surrounding streets were also invited to participate in 
the study. Finally, to characterize the socio-environmental 
profile, only the lead householder was interviewed however, 
all residents were registered, without distinction of sex and 
age. Subjects with neurological problems and with other 
infectious diseases were excluded.

Georeferencing

To assess the spatial distribution of TB patients, parasite-
infected individuals, and the extent of FHS coverage in 
the Murinin area, georeferencing was performed using 
observations about participants and municipal health 
documents. The map of the area was built using the open 
map data sites from Google Maps, United States Geological 
Survey, Scripps Institution of Oceanography, Landsat, 
Digital Globe, and TerraMetrics.

Data collection on the socio-economic profile

To assess the living conditions in Murinin between 
January and December 2015, we conducted a descriptive 
cross-sectional survey using selected individuals from the 
community and non-probabilistic sampling for convenience. 
From a total of 1,200 households, a non-probabilistic sample 

of 300 houses was generated22; however, we registered 360 
households for the study. Data collection was performed by 
two trained researchers using a structured questionnaire for 
each householder which was completed by an interviewer. 
The questionnaire included questions on sex, age, 
educational level, family income, physical characteristics 
of the house, sanitation structure, water supply and type 
of sewage system. Quality assurance procedures included 
pilot data collection, analyzing the operational strategy used 
identifying the bottleneck and correcting the method used; 
additionally, the principal investigator checked the data for 
completeness soon after collection, as well as for accuracy, 
clarity, and consistency.

Laboratory procedures 

During the study, after diagnosis of the TB IC, the 
eligible rCts were recruited for LTBI immunological testing. 
QuantiFERON®-TB Gold In-Tube (QFT-G) assays were 
performed, using whole blood of each contact, as described 
by the manufacturer (Cellestis Ltd., Melbourne, Australia), 
at the Leprosy Laboratory, Department of Bacteriology and 
Mycology, Instituto Evandro Chagas, Ananindeua, Pará. 
The following day, after centrifugation (Vision – Micro 
High Speed Refrigerated Centrifuge – VS-15000CFN 
II), the supernatants were collected and stored at -20 °C 
for detection of interferon gamma (IFN-γ) produced by 
white blood cells. ELISA testing was performed at the 
Cellular Microbiology Laboratory, Instituto Oswaldo 
Cruz, Fundação Oswaldo Cruz, using a DuoSet® ELISA 
kit (R&D Systems, Abingdon, UK), according to the 
manufacturer’s manual.

Universal stool collectors were identified with the 
name of the registered participants and delivered to the 
head of each house, who received a routine explanation 
about collection and procedure for storage of specimens. 
The collectors were fetched from the houses within three 
days after delivery and were transported to the Clinical 
Laboratory, Hospital Municipal de Mosqueiro, Belém, Pará 
for processing on the day of arrival at the laboratory. The 
spontaneous sedimentation method described by Lutz23 and 
Kato-Katz et al.24 was used to assess parasitic forms, in 
accordance with the routine procedure of the public health 
system in Brazil. Positive cases were referred to the health 
service for treatment. 

Statistical analysis

Data from questionnaires were entered on Microsoft 
Excel® (Microsoft Corporation, Redmond, WA, USA) 
spreadsheets and a descriptive analysis was subsequently 
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undertaken. Data were represented as means ± standard 
deviations and percentages. The G-test (Grip) and the 
Chi‑square test were used to measure the strength of 
associations between morbidity and risk factors. We 
analyzed our results using the GraphPad Prism 5 program 
(GraphPad Software Inc., San Diego, CA, USA). A p-value 
≤ 0.05 was considered statistical significant. Georeferencing 
was performed using the QGIS software and a Garmin 
Dakota® 20 GPS system (Garmin Ltd., Chicago, USA), 
which was marked with 360 points representing the houses 
registered.

Ethical statement

The study complied with the ethical requirements 
recommended by Resolution 466/12 from the Brazilian 
National Commission of Ethics in Research (CONEP) 
and was approved by the Ethics Committee of the Amazon 
Research University (Protocol Nº 766.312). Informed 
written consent was obtained from all adult participants 
and from the parents or legal guardians of minors; the 
confidentiality of all participants was assured.

RESULTS

Sociodemographic data

Data were collected from 360 houses (30% of all 
housing in the district), which included 13 houses in which 
a resident had TB and 347 surrounding houses, comprising 
1,425 registered individuals (29% of all inhabitants). Over 
half the participants were female (52%, 746/1,425) and 
in productive adulthood (730/1,425, 51%; range 20-59 
years); 22% (308/1,425) were young children (0-9 years) 

and 21% (296/1,425) were older children (10-19 years). It 
is worth noting the low number of elderly participants (over 
60 years) (6%, 91/1,425). The majority of participants (70%, 
993/1,425) were of mixed ethnicity, and 16% (233/1,425) 
were African descents. 

Socioeconomic data

From a total of 1,117 participants, about one third of 
those aged 20-59 years had not completed elementary 
school, compared with 67% of older children (10-19 years), 
of which 49% were older teenagers (14-19 years), and 58% 
were elderly (≥ 60 years). Illiteracy was found in 21% of 
the elderly (Table 1). The total family income of almost 
half of the families was equivalent to the minimum wage 
or less (48%, 172/360). Of all the families that fulfilled the 
criteria to receive the government social benefit or “family 
allowance” (those with dependent children up to 17 years), 
only 21% (115/535) claimed these benefits; 57% of the 
elderly (52/91) received retirement benefits. Among the 
economically active population, only 7.5% (08/106) worked 
as junior apprentices (14-17 years) and 63.5% (521/820) 
had paid work (18-64 years), as defined by the Institute of 
Applied Economic Research25.

Environmental sanitation

As shown in Table 2, there was no difference between 
physical characteristics of houses of TB patients and other 
houses. The majority of the houses had ceramic/cement/
wood floors (92%), and wooden (38%) or masonry (62%) 
walls. All had some sanitation, but this often seemed to be 
inadequate, because, although there were some flushing 
latrines, they were shared with other rooms in the same house. 

Table 1 - Distribution by educational level of the study participants (n = 1,117), living in the Murinin District, Benevides, Pará, 
Brazil, in 2015

School level

Older children 
(10-19 years)

Adults 
(20-59 years)

Elderly 
(≥60 years)

N % N % N %

Illiterate 03 02 30 04 19 21

Incomplete elementary 208 67 235 33 53 58

Elementary 03 02 77 11 03 03

Incomplete high school 62 21 124 18 04 04

High school 19 07 201 28 06 07

Incomplete higher education 01 01 22 02 00 00

Higher education 00 00 24 03 01 01

Not known 00 00 17 01 05 06

TOTAL 296 100 730 100 91 100
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In non-TB housing, pit latrines were the main form of sewage 
disposal, but 25% of the families did not even have these, 
and therefore bathrooms outside the home were surrounding 
sources of contamination. The number of rooms per house 
was 3.60±1.64 and the number of individuals per house was 
2.98±1.99. The source of water for domestic consumption for 
most TB families (62%) was piped water, while, for non-TB 
families, it was well water (55%). 

Frequency of TB patients and contacts with LTBI

From 2011 to 2014, 21 TB cases were notified reflecting 
an average of 5.25 cases per year and an average incidence 
rate of 105/100,000 inhabitants. Of these, 62% (n=13), and 
their rCts, participated in the study and were followed up 
for 2 years. Although eight new cases were recorded in 
2015 and 10 in 2016, these individuals did not participate 
in the study because it was already in progress. All 
participants with TB had pulmonary TB, except one with 
extrapulmonary TB; most were male (10/13, 77%) and the 
mean age was 32.23±16.01 years (range, 5-62 years). After 
six months of treatment, the majority (10/13 patients) were 
cured and one left the district. The remaining two patients 
abandoned the treatment (15%), one, after being arrested, 

remained without specific treatment while the other was an 
alcoholic patient who died due to multiple organ failure. Of 
the 13 patients, 11 (85%) were contacts of family members 
with TB and 45% (5/11 patients) were household contacts 
during the active phase of past TB family member; at that 
time, however, none was clinically evaluated or received 
preventive treatment for LTBI.	

A total of 48 individuals fulfilled the criteria for recent 
close TB contacts, and they underwent LTBI immune 
investigation; there was an average of 3.69±2.05 individuals 
per family, a mean age of 26.95±20.14 years (1 to 80 years), 
and most contacts were female (29/48, 60%). On testing for 
LTBI, 11 individuals (23%) had positive results but none 
developed active TB during the follow-up period. The local 
healthcare service, although notified, did not offer clinical 
evaluation or preventive treatment for these patients because 
this is not routine practice. It would be helpful if the local 
health service evaluates the possibility to improve LTBI 
control in the Murinin District.

Intestinal parasitic infections

A total of 44% (621/1,425) of the participants, from 
217/360 (60%) houses, returned stool samples and 65% 

Table 2 - Physical characteristics of houses of tuberculosis (TB) patients (n=13) and non-TB (n=347) families, living in Murinin, 
Benevides, Pará, Brazil, in 2015

Variables
TB Non-TB

n % n %

Floors

Ceramic/cement/wood 12 92 324 93

Rammed earth 01 08 23 07

Wall

Wood 05 38 82 24

Masonry 08 62 265 76

Toilets

None 01 08 19 05

Outside the house without a latrine 02 15 40 12

Outside the house with a latrine 01 08 16 05

Inside the house without a latrine 04 31 39 11

Inside the house with a latrine 05 38 233 66

Pit latrine

Yes 13 100 261 75

No 00 00 86 25

Source of water

Well water 05 38 191 55

Piped water 08 62 149 43

Other sources (mineral and rain) 00 00 07 02
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(402/621), living in 76% (165/217) of the houses, were 
parasitized. A significant higher number of individuals in all 
age groups were found to have more fecal samples infected 
with intestinal parasites than fecal samples with negative 
results (p< 0.03) (Figure 1). Polyparasitism was found in 
36% (145/402) of the subjects with intestinal parasites, three 
of whom had four species of parasites and 22 had three 
species; the other multiple infections comprised mainly 
two species (120/420).

The frequency of soil-transmitted helminths was 23% 
and comprised A. lumbricoides (14%), Ancylostomidae 
(4%), T. trichiura (2.5%), and Strongyloides stercoralis 
(1%). However, among IPIs caused by protozoa transmitted 
via the fecal-oral route, Giardia intestinalis was the most 

prevalent (40%), followed by E. histolytica (21%) and 
B. hominis (14%). The non-pathogenic helminth Endolimax 
nana represented 32% of positive cases and was associated 
with most multiple infections. G. intestinalis, E. nana, and 
E. histolytica were the most frequently found intestinal 
parasites (Figure 2). Unfortunately, 90.3% of infected 
individuals (363/402) were not treated because of the lack 
of medicines in the local healthcare system. Therefore, 
it is necessary to improve public health, focusing more 
attention on this issue as these drugs are considered basic 
pharmacy items.

Among TB and LTBI cases, only 6/13 and 6/11 
individuals, respectively, returned stools for examination; 
most samples tested positive (n=4 and 5, respectively). Only 
8% of the elderly were infected.

There was no significant association between parasite 
species and demographic characteristics of the participants 
or physical characteristics of the houses.

Georeferencing

In order to map the distribution of the primary healthcare 
service in the Murinin district, georeferencing was 
performed. Of the study area, 37% was covered by FHS 
areas Murinin 1, Murinin 2, and Paraíso 1 and 28% was 
covered by Paraíso 2; however, 35% of the study area was 
not covered by any FHS area (Figure 3). The highest number 
of TB cases occurred in Murinin 1 (5/13 cases, 39%). Of 
note, two cases of TB were not officially notified, although 
they were diagnosed and under treatment. According to the 
community health agent, these individuals were registered at 
the local health center so that they could receive medication, 
but were not registered in the SINAN. 

Figure 2 - Distribution of intestinal infections caused by soil-transmitted helminths (gray bar) and fecal-oral transmitted protozoa 
(black bar) in stools collected in 2015 from the 402 participants’ houses in the Murinin District, Benevides, Pará, Brazil

Figure 1 - Distribution of the participants (n=402), infected 
(black bars) and not infected (white bars) with intestinal 
parasites, stratified by age. They lived in the Murinin District, 
Benevides, Pará, Brazil, in 2015. *Chi-square test, p≤0.05
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The distribution of IPIs in the FHS areas was significant, 
as follows: Murinin 1 and Paraíso 2 (p<0.0001), and Paraíso 
1 (p=0.0004); the highest frequency was in Paraíso 2 (56/76 
cases, 73%) (Table 3). Among the parasitized individuals, 
the most common species was G. intestinalis in Murinin 1 
(62/136 cases, 45.5%), Paraíso 2 (20/56 cases, 35.7%), and 
Paraíso 1 (54/165 cases, 32.7%), followed by B. hominis in 
Paraíso 2 (20/58 cases, 34.4%), Murinin 1 (17/58, 29.3%), 
and Paraíso 1 (15/58, 25.8%).

DISCUSSION

The process of accelerated and disordered urban 
growth and poor sanitation in developing countries may 

result in serious housing and environmental problems, 
and spread of infectious and parasitic diseases26,27. In this 
study, it was observed that the prevalence of IPIs may be 
associated with basic sanitation, infrastructure, and housing 
conditions, factors that also increase the probability of TB 
infection, as other studies have also found28,29. However, 
environmental interventions are, in general poorly carried 
out, insufficiently financed by public authorities, generating 
disagreements and difficulties with other organizations30. 

The environmental situation in the the Murinin district 
uncovered in the present study may reflect other similar 
neglected areas in Brazil6. Although 43% of surveyed 
households were connected to the public water network, 
there was often no specific treatment station, with water 

Figure 3 - Location of the Murinin district, Benevides, Pará State, Brazil and schematic representation of the Family Health Strategy 
(FHS) coverage areas and location of tuberculosis (TB) patients’ houses (red circles), District Murinin, Benevides, Pará, Brazil. 
Dark green: FHS Murinin 1. Light Green: FHS Murinin 2. Orange: FHS Paraíso 1. Blue: FHS Paraíso 2. Red lines: Area inhabited 
but not covered by any FHS. Black circles: TB cases that were not officially notified

Table 3 - Distribution of IPIs according to areas covered by Family Health Unit (FHU), Murinin District, Benevides, Pará, Brazil 

FHS 
Parasitized Non-parasitized

p-value
N % N %

Murinin 1 (n=197) 136 69 61 31 <0.0001*

Murinin 2 (n=77) 45 58 32 42 0.17

Paraíso 1 (n=271) 165 60 106 40 0.0004*

Paraíso 2 (n=76) 56 73 20 27 <0.0001*

*Chi-squared test, p≤0.05.
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being drawn from collective wells built by the city; 
moreover, the water supply was not constant. Because of 
the intermittent supply, residents had to use individual wells. 
This may have favored the high frequency of IPIs in the area, 
where Giardia intestinalis is an important contaminant. 
However, the high prevalence of G. intestinalis may even 
be underestimated, since we examined only a single stool 
sample per participant; the examination of a series of three 
stools on alternate days has been shown to improve cyst 
detection due to intermittent elimination of cysts31. Although 
there is a bias regarding the spontaneous sedimentation 
method, which is not highly sensitive for larvae detection, 
Strongyloides stercoralis and Ancylostomidae were found 
in our population (>5%). 

The distribution of intestinal parasites in all age groups 
was significant (Figure 1). This may be explained by the 
habit of people walking barefoot on contaminated soil 
and using the pit latrine for bathing especially of children, 
since most of the time it is the only cemented place near the 
house. As reported by others, drinking contaminated water, 
contaminated bath water, lack of personal hygiene and 
contaminated food have all played a part in contamination 
by intestinal parasites6. Residents in the Murinin district 
were reported to have toilets inside the house with or 
without latrines, and some rooms were shared, usually 
the kitchen and bedrooms; the high frequency of IPIs, 
including the one caused by the non-pathogenic commensal 
E. nana, can therefore be attributed to retrocontamination. 
This interpretation is also supported by the data on the 
prevalence of B. hominis in the parts of the Murinin district 
covered by the FHS (Figure 3, Table 3). Although the mode 
of transmission of this protozoan remains unknown, it is 
quite possible that it is fecal-oral, which is usually related 
to other pathogens; polyparasitism occurred mainly with 
G. intestinalis. Therefore, the most plausible explanation 
is the link between regular consumption and use of 
unprocessed water. In general, communities tend to focus 
on chemotherapy for controlling IPIs, but environmental 
measures, such as the improvement of sanitation and the 
provision of better sources of water supply, must be the 
main sustainable public health actions32. However, these 
measures cannot be separated from the adoption of higher 
standards hygienic practices; therefore, studies to assess the 
community’s knowledge of these issues are needed. Given 
the prevalence of IPIs and the range of pathogens, we also 
recommend that, as well as supply basic anti-helminth for 
the IP-infected population of the Murinin district.

In the Murinin district, 66% of adults (20-59 years) 
had low educational levels and 49% of older children 
(14-19 years) had not completed the elementary school, 
all this reflected in the low income of this population. 

Thus, improvements in socio-environmental predictors 
are necessary, but they must also be combined with 
improvements in the levels of education. It will be very 
difficult to provide better opportunities to this population, 
or to any other similar community, without politico-socio-
educational measures33,34.

The present study corroborates previous assessments of 
the Murinin district as an area of urban and rural occupation 
still harboring a community with low socioeconomic 
indicators and poor sanitation. Moreover, in addition to the 
high burden of IPIs, we also revealed the continued incidence 
of TB cases during the study period, despite the fact that 
the area was provided with healthcare facilities to help TB 
control. The current strategy of passive detection of already 
sick individuals by community health agents does not seem 
adequate. In this small community, our study identified 
situations that must be avoided, such as the abandonment 
of treatment, underreporting, areas not officially covered 
by the FHS, absence of LTBI control, and possible high  
TB/IPI co‑infection, although we could not test all TB patients 
diagnosed in the study period. Other studies have reported 
similar data; in one study, only 28.4% of health professionals 
assessed TB contacts35. There is evidence for IPI-infected 
individuals co-infected with TB in the Amazonian indigenous 
population, as well in an urban area in Ethiopia; however, 
in hospitalized patients in Rio de Janeiro, co-infection was 
not found8,36,37. In a survey carried out in Juiz de Fora, 
Minas Gerais State, 11.9% of individuals receiving TB 
treatment discontinued the treatment, while in our study, 
the treatment drop-out rate was 15% (2/13), extrapolating 
the rate recommended by the World Health Organization38. 

Underreporting of cases to the SINAN exceeds 40% in the 
State of Rio de Janeiro39; we found two unreported cases from 
the small population of Murinin. Studies on the coverage of 
the FHS areas indicated that the highest proportion of people 
living in registered households was found in Tocantins State 
(93.6%), followed by Paraíba (81.0%) and Piauí (80.3%), 
and the lowest in the Federal District, which had a coverage of 
14.3%. When the analysis was made by regions, the Southeast 
and North have contributed with the lowest proportions40. 
Therefore, there is still a need for discussion with health 
services in some areas, including the Murinin district, on 
how to improve the quality of information on TB. 

The findings of our study provide the Municipal Health 
Secretary of Murinin, Pará State with evidence to improve 
measures to better control TB. Achieving maximum 
healthcare coverage is critical in this location, where there 
is a high population turnover because residents leave their 
homes to seek job opportunities in other districts, and new 
residents migrate to the area due to adverse economic 
conditions in their home districts. New arrivals may have 
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come to the area with LTBI, and as the areas adjacent to 
the Murinin district are also endemic for TB and have 
poor socio-sanitation conditions therefore favoring the 
development of active TB. On the other hand, residents 
also leave the community with the disease favoring the 
transmission taking place in other locations. 

Unhealthy areas with inadequate sanitary conditions 
favor the proliferation of IPs and studies suggest that these 
infections may be risk factors for TB development, requiring 
the simultaneous control of IPIs and LTBI41. In a previous 
study where the ethnic origin of infected individuals was 
compared, the rate of illness was high in African descents 
(57.5%)42, as was the prevalence of LTBIs among the 
indigenous population (76.1%)36,37. Clearly, LTBI control 
is another approach that must be considered in the Murinin 
district, as one third of the TB patients diagnosed in the 
study period were household contacts of TB cases. Thus, 
improving the detection of LTBI among close TB contacts 
and providing preventive treatment would help to minimize 
transmission3,17. Additionally, it is important to mention that 
active TB/LTBI and IP co-infection can lead to an imbalance 
of the protective immune response to these infections. 
The characteristic immune response to chronic helminth 
infection is mediated by type 2 T helper cells43. It is possible 
that this immune response can have a positive impact on 
the host by modifying the susceptibility to other diseases. 
Therefore, decreasing the response of type 1 T helper cell 
(Th1) to helminth infections regulates the immune response, 
restricting both, the allergic and the inflammatory processes. 
However, decreasing the response of Th2 cells could make 
the host more susceptible to other clinically important 
pathologies. The modulation of the immune response to a 
Th2-type response may negatively influence the response of 
the Th1 cells, inhibiting the immune protection of the host 
against pathogens, such as the causative agent of TB, whose 
protective immune response is Th1-dependent15,16,44. All this 
indicates the need to improve the control of both infections. 

This study has some limitations. Not all individuals 
diagnosed with TB and their contacts agreed to participate; 
participants were only followed up for a short period 
of time; we were not able to screen the entire study 
population for IPIs; and we were unable to obtain detailed 
data on the hygiene habits of the population. However, 
our study emphasizes the need for growing communities, 
such as those belonging to the Murinin District, to have 
public policies that could minimize the risk factors for 
the development of active TB and IPIs. Basic sanitation, 
provision of a treated water supply and efficient sewage 
system, continued education, more comprehensive 
epidemiological surveillance for better control of TB 
patients and LTBIs, and provision of basic treatment for 

IPIs are crucial. However, governments must understand the 
importance of the efficient management of public resources 
and policies to avoid hindering this process. 
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