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Abstract

Introduction: Enteroparasites represent a considerable proportion
of infectious parasitic diseases worldwide. This study evaluated the
frequency of enteroparasites and the correlation of enteroparasites with
hemoglobin levels. This study evaluated the frequency of enteroparasites
and the correlation of themwith hemoglobin levels.

Methods: A cross-sectional study was performed in the municipality of
Oiapoque in the state of Amapa in northern Brazil, which is located at
the western border of the Amazon region. Fecal samples collected over a
one-year period (2014/2015) were analyzed using direct methods and
spontaneous sedimentation.

Results: The study included 446 individuals ranging in age from 7 to
61 years. Among the investigated individuals, 58.6% (261/446) were
infected with some type of enteroparasites. Of these infected individuals,
45.2% (118/261) were infected only by helminth, 40.9% (107/261)
were infected with protozoa, and 13.8% (36/261) had combined
infections. Ascaris lumbricoides (19.9%, 52 /261) was the most commonly
detected helminth, followed by Entamoeba coli and Endolimax nana
that were the most frequent protozoan (17.2%, 45/261). The study
showed an inversely proportional correlation between the hemoglobin
level and the presence of detected parasites. Conclusions: In Oiapoque,
enteroparasitosis diseases may be one of the causes of anemia in the
population. The high frequency of enteroparasites is a clear reflection of
the lack of sanitation in the studied region, indicating an epidemiological
state of concern.

Keywords: Intestinal diseases; Parasitic; Hemoglobins; Anemia;
Protozoan infections; Helminthiasis.

Introduction

Intestinal parasites represent a considerable segment of
infectious parasitic diseases worldwide, although the prevalence
may vary depending on the characteristics of each region [1]. Most
enteroparasitosis are transmitted by the oral route via the ingestion of
water or food infected with parasitic structures. A high number of these
parasitosis is associated with places with poor sanitary hygiene and a
lack of treated water and sewage, which facilitate the dissemination of
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eggs, cysts and larvae [2]. Additionally, the lack of public
policies aimed at promoting changes in cultural habits and
improving the socioeconomic conditions of the population
favor the establishment of this disease class [3]. Intestinal
infections caused by protozoa and helminth are estimated
to afflict 3.5 billion people worldwide and cause illnesses
in approximately 450 million people, with risks of serious
public health problems in several countries, especially
underdeveloped countries [4].

In Latin American countries such as Brazil, 55.3% of the
population is estimated to be infected with enteroparasitas
[5]. Additionally, 10.9 million people in the country are
infected with soil-transmitted helminths (geohelminths),
with the highest risk of transmission occurring in the
northern region of Brazil [6]. However, because no public
policy requires notification of enteroparasitosis, data are
restricted to some scientific publications and cannot truly
address the prevalence and incidence of these infections
in the different regions of this country [7]. This lack of
epidemiological data is more evident in the northern region
of Brazil. Sinceepidemiological studies addressing the
occurrence of intestinal parasites in populations in the State
of Amapa are scarce, the responsible authorities cannot
design and implement effective control measures. Notably,
the border areas between countries contain international
political boundaries and are often characterized by an
intense population flow, which creates a unique environment
with effects on the incidence of diseases and the availability
of healthcare services [8]. This scenario is closely related to
the local social determinants of health.

In addition to the unique symptomatology of these
parasites, infections also affect nutritional status, growth
and cognitive function. Moreover, environmental and
socioeconomic factors and hygiene habits considerably
affect morbidity and mortality [9]. Anemia is a relevant
problem for individuals living in areas with limited
resources and a significant burden of enteroparasitoses
[10]. Although helminth infections affect nutritional status,
their impact on anemia is unclear [11]. Some studies have
indicated that moderate or high intensity infections with
the hookworm Ancylostoma cause anemia in men. Cases
of Trichuris trichiura enteroparasitosis are also associated
with this clinical condition [12]. This study evaluated
the frequency of enteroparasites in a population in the
municipality of Oiapoque in the state of Amap4, Brazil,
and correlated infection with the hemoglobin level of each
individual to produce information in support of the planning
and evaluation of interventions aimed at the prevention and
control of these infections.

Methods

A cross-sectional study was performed from November
2014 to November 2015 in the municipality of Oiapoquen
the State of Amap4, which is located in the western border of
the Brazilian Amazon region. With an altitude of 10 meters,
it has the following geographical coordinates: Latitude:
3° 50 ‘33’ ‘North, Longitude: 51° 50’ 6 * West. Oiapoque
is a municipality of the Cape Orange National Park, with a
geographical area of 22,625 km?, equatorial climate, with

average relative humidity of 82%. The annual precipitation
varies between 2,700 and 3,300 mm, with average
temperature is 27°C, ranging between 26 and 33°C. Higher
temperatures coincide with the driest months of the year
from September to November. This municipality is located
in the northernmost part of the state and borders French
Guiana to the north and the Atlantic Ocean to the east. In
2010, this region had a population of 20,509 inhabitants
according to the Brazilian Institute of Geography and
Statistics [13].

The present work is an integral part of the project
“Coinfection of intestinal helminthiasis and susceptibility to
infection by Plasmodium vivax and Plasmodium falciparum
on the Franco-Brazilian border”, which was certified by
the Research Ethics Committee of the Federal University
of Amapa - CEP/UNIFAP, on December 20, 2013, protocol
n° 18740413.7.0000.0003, as being in accordance with the
Ethical Principles in Human Experimentation, adopted by
the National Committee of Ethics in Research-CONEP. The
research subjects were invited to participate by Free and
Informed Consent signature while the inclusion of those
under 18 years of age was conditioned to their parents
or guardians signature of a Free and Clarified Consent.
Fingerprinting was used to group non-literates. All positive
cases were referred for medical treatment according to
protocols of the Brazilian Ministry of Health.

After a detailed explanation of the project and the signing
of the free and informed consent form, a questionnaire
was filled out with socio-epidemiological data and blood
collection was performed. Blood samples were collected by
venipuncture in a tube containing EDTA (ethylenediamine
tetraacetic acid) (Beckton & Dickson, USA) for hematological
analysis. The haemoglobin concentration was measured in
venous blood using the Oiapoque Hospital's automated
equipment (Mindray-BC-3000plus). Anemia was defined
with haemoglobin reference values. The haematological
parameters evaluated haemoglobin (Hb; males = 13 g/dL,
females = 12 g/dLand children = 11 g/dL). Individuals were
considered anaemic when their haemoglobin levels were
< 13 g/dL of blood for males and < 12 g/dL of blood for
femalesand children = 11 g/dL.

All individuals were asked to provide faecal samples in
the morning, two plastic containers were provided. One with
apreservative solution (10% formaldehyde) and one without
any preservative solution. For the negative cases three fecal
samples were requested on alternate days to increase the
detection sensitivity and to verify the negative slides. Fecal
samples were prepared using the technique and/or methods
of Hoffman-Pons-Janer and Faust. For each faecal sample,
two slides were examined for detection of parasites by two
investigators with identification experience, using optical
microscopy (Nikon, Japan) with magnifications of 100X
and 400X. All fecal analyzes were performed in a private
laboratory in the municipality of Oiapoque/AP.

The results were presented as descriptive and inferential
statistics in tables to indicate the respective frequencies
corresponding to the detected enteroparasites. The
contingency coefficient, Chi-square (x?) tests and teste
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G were used to assess the combined proportions and to
evaluate the significance of the greatest contribution among
age groups, genders and parasitic species to the hemoglobin
level. P-values equal to or lower than 5% (p < 0.05) were
considered significant.

Results

A total of 446 subjects were included in the study, as
summarized in table 1. The participants were classified into
the following age groups: 7 to 14 years old (5.9%, 26/446);
15 to 18 years old (27.8%, 124/446); 19 to 25 years
(19.7%, 88/446) and = 26 years old (46.6%, 208/446).
The highest parasitosis positivity rate was observed among
individuals = 26 years of age (31.31%, 140/446), followed
by individuals aged 15 to 18 years (13%, 58/446), 19-25
years (9.41%, 42/446) and 7 to 14 years (4.71%, 21/446).
The majority of the individuals included in the study were
male (54.48%, 243/446), however, the highest prevalence
of enteroparasites was identified in women (65.6%). The
Chi-square test (x?) revealed a significant (p = 0.0082)
association between gender and the presence of intestinal
parasites.

All age groups contributed to the presence of intestinal
parasites. The non-parametric Chi-square test (x?) revealed
a significant association between the 7 to 14 year old (p =
0.0302), 15 to 18 year old (p = 0.0026), 19 to 25 year old
(p = 0.0298) and = 26 year old age groups (p = 0.0006). A
meta-analysis test (several combined proportions) was
performed to assess the significance of the factor that had
the greatest contribution among the age groups. The results
were significant between the 7 to 14 year old (p = <0.0001)
and = 26 year old (p = <0.0001) age groups.

Among the individuals investigated, 58.6% (261/446)
were infected with some type of intestinal parasite. Of these,
45.2% (118/161) were infected only by helminths, 40.9%
(107/261) were infected with protozoa, and only 13.8%
(36/261) of these individuals had combined infections
with these intestinal parasites. Ascaris lumbricoides (19.9%,
52/261) was the most detected helminth, followed by
Ancylostomidae duodenale. (7.7%, 20/261), Strongyloides
stercoralis (3.8%, 10/261) and Trichuris trichiura (2.3%,
6/261). Entamoeba coli and Endolimax nana were the most
frequent protozoans (17.2%, 45/261). Giardia intestinalis
and Entamoeba histolystica were detected in 3.1% (8/261)
and 5% (13/261) of individuals, respectively (Table 2).

The hemoglobin level in the study population ranged from
7.7 to 18.2 g/dL (mean = 13.2 + 1.5). Among the individuals
positive for intestinal parasitoses, the hemoglobin level
ranged from 7.7 to 18.2 g/dL (mean = 12.8 + 1.5). Table 3
shows a significant correlation between hemoglobin level
and the presence of detected parasitoses (contingency
coefficient (C) test = 0.2195 and p < 0.0001). Analysis of the
hemoglobin levels in the parasitized and non-parasitized
groups revealed a significant correlation for helminths (p =
<0.0001), monoparasitism (p = <0.0001) and polyparasitism
(p =0.0121), being performed by the G test.

Discussion

Due to the great diversity in socioeconomic and
geographical characteristics among Brazilian municipalities,
enteroparasitic infections are endemic in various areas of
the country and thus constitute a basic and relevant public
health problem [14]. Currently, the prevalence of intestinal
parasites in the municipality of Oiapoque, which is an area
bordering French Guiana, is underestimated due to the
lack of records in the municipality, which prevents the
development of specific and well-targeted control measures
for this population. These issues indicate the relevance and
importance of discussing the behavior of these diseases in
the municipality and the health care of border populations
and highlight their particularities and geographical aspects
related to the main constraints and determinants of health
in border areas.

Variations in the frequencies of diseases between
men and women may result from physiological, intrinsic
or behavioral differences and distributions based on
influences of the population structure [15]. The majority
of the individuals included in the study were male
(54.48%, 243/446), however, the highest prevalence of
enteroparasites was identified in women (65.6%). Table 1
which might be related to work activities that have contact
with the soil, such as illegal gold mining and agriculture
(the predominant activities in the region), given the large
percentage of geohelminths detected.

The data presented here indicate that individuals
from all age groups are affected by intestinal parasitoses.
Additionally, a greater contribution was observed for the 7
to 14 year old and = 26 year old age groups (meta-analysis:
several combined proportions p = 0.0001) (Table 1). Factors
such as differences in hygiene habits and the resistance of
individuals to seeking health centers due to cultural and
social issues may influence this process[16].

Table 1: Distributionof helminths and protozoa detected in the study population in Oiapoque (n = 446), Amapa state, Brazil,

according to gender and age (years).

Male 56 (23.0) 46 (19.0) 26 (11.0) 128 (52,6) 115 (47.0) 0.0082"
Female 51(25.1) 72 (35.5) 10 (5.0) 133 (65,5) 70 (34.4)
Age group (%)
7-14" 8(30.8) 10 (38.5) 3(1L.5) 21 (80,7) 5(19.2) 0.0302"
15-18 20 (16.1) 34 (27.4) 432 58 (46,7) 66 (53.2) 0.0026"
19-25 20(22.7) 16 (18.2) 6(6.8) 42 (47,7) 46 (52.3) 0.0298"
>26" 59 (28.4) 58 (27.9) 23 (11.0) 140 (67,3) 68 (32.7) 0.0006"
*Chi-square test with significant results (p-value < 0.05). ""Meta-analysis test: Several combined proportions with statistical
significance of a higher contribution between the 7 to 14 year old (p = <0.0001) and > 26 year old (p = <0.0001) age groups.
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Table 2: Frequency of intestinal parasites in the studied population of Oiapoque (n = 446), Amapa state, Brazil,

from 2014 to 2015.

Protozoa 107 41

Entamoeba histolytica 13 5
Entamoeba coli + Endolimax nana 45 17.2

Entamoeba histolytica + Entamoeba coli 11 4.2

Entamoeba histolytica + Endolimax nana 1 0.4

Entamoeba histolytica + Edolimax nana + Entamoeba coli 12 4.6
Entamoeba coli 8 3.1

Entamoeba coli + Giardia intestinalis 3 1.1

Giardia intestinalis + Endolimax nana + Entamoeba coli 5 1.9

Giardia intestinalis 8 3.1

Entamoeba histolytica + Endolimax nana + Entamoeba coli + Giardia intestinalis 1 0.4
Helminths 118 452
Ascaris lumbricoides 52 19.9

Ancylostoma duodenale 20 7.7

Strongyloides stercoralis 10 3.8

Trichuris trichiura 6 23

Ascaris lumbricoides + Trichuris trichiura 25 9.6

Ancylostoma duodenale. + Trichuris trichiura 2 0.8

Hymenolepis nana 2 0.8

Ascaris lumbricoides + Trichuris trichiura + Ancylostoma duodenale. 1 0.4
Protozoa + helminthes 36 13.8

Entamoeba coli + Ascaris lumbricoides 4 1.5

Entamoeba coli + Ascaris lumbricoides + Trichuris. trichiura + Ancylostoma duodenale 1 0.4
Entamoeba histolytica + Ascaris lumbricoides 2 0.8

Entamoeba coli + Endolimax nana + Ascaris lumbricoides 11 42

Giardia intestinalis + Ascaris lumbricoides 5 1.9

Entamoeba coli + Endolimax nana + Trichuris trichiura 5 1.9
Entamoeba coli + Endolimax nana + Strongyloides stercoralis 1 0.4
Entamoeba coli + Endolimax nana + Ancylostoma duodenale. 1 0.4

Giardia intestinalis + Trichuris trichiura 2 0.8

Giardia intestinalis + Ancylostoma duodenale. 1 0.4

Entamoeba coli + Ascaris lumbricoides + Trichuris trichiura 1 0.4
Entamoeba coli + Endolimax nana + Ascaris lumbricoides + Trichuris trichiura 2 0.8
Positive 261 58.6
Negative 185 41.4

Source: Study data collection instrument

In this study, a predominance of polyparasitized
individuals was observed (54.4%, 142/261) (Table 3).
This finding may be associated with the high frequency
with which the host comes into contact with the medium
contaminated with different species or may be related to
the degree of host immunocompetence [2]. The frequent
finding of polyparasitism is due to similarities in life cycles
given the elimination of large numbers of eggs and/or cysts
and their resistance in the environment, which act as an
important focus for the maintenance and transmission of
these pathogens[14]. Therefore, in this locality, intervention
and control measures for these parasites in soil and water
are necessary to break this chain of transmission.

The prevalence of enteroparasites was 58.6% (261/446)
in the study population (Table 2). Studies in other regions
of Brazil with geographic and socioeconomic characteristics
different from the municipality of Oiapoque indicate
variation in positivity between 7.4% in the state of Santa
Catarina in the southern region of Brazil [17]. to 42.9%
in the interior of the state of Bahia in northeast Brazil
[18]. Although the prevalence is usually lower in urban
populations in the country, where there is usually a better
quality of sanitation and hygienic sanitary conditions, the
results are still worrying. In the municipality of Oiapoque,
the precarious socioeconomic and sanitary conditions favor
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Table 3: Correlation between intestinal parasite group, parasitism modality and hemoglobin level in a population from

Oiapoque, Amapa state, Brazil, from 2014 to 2015.

<10.0 | 10.0-13.0 | >13.0
Protozoan (n = 107) 1 45 61 0.1274™
Helminth (n=118) 5 81 32 <0.0001™
Protozoa and helminth association (n = 36) 1 15 20 0.2909™
Monoparasitized (n = 119) 2 81 36 <0.0001""
Polyparasitized (n = 142) 5 61 76 0.0121™
Non-parasitized (n = 185) 2 56 127 --
“There is a strong association between the hemoglobin level and the detected parasitoses: (Contingency Coefficient C =
0.2195 and p < 0.0001).”G test

the transmission of enteroparasitoses. The location of this
area on the border with French Guiana, where the migratory
flow related to illegal mining is intense, is also a factor that
may influence the results.

Our study showed that Ascaris lumbricoides (19.9%,
52/261) was the most detected helminth, but other
geohelminths were detected at low frequencies, including
Ancylostoma duodenale (7.7%, 20/261), Strongyloides
stercoralis (3.8, 10/261) and Trichuris trichiura (2.3%,
6/261). Regarding the protozoa, Entamoeba histolytica (5%,
13/261) was observed in the investigated individuals, but
combined infections with non-pathogenic amoebas, such as
Entamoeba coli and Endolimax nana, were the most frequent
(17.2% 45/261). Additionally, Giardia lamblia (3.1%,8/261)
was detected at a reduced frequency (Table 2). Several
factors may explain these findings. First, the helminths
detected can be transmitted by waterborne routes, such as
A. lumbricoides and Trichuris trichiura. Thus, consumption
of raw food and contaminated water may be a common
practice among this population.

Additionally, geohelminths known to actively penetrate
skin (Strongyloides stercoralis and Ancylostoma spp.)
were detected, which suggests that habits such as walking
barefoot or handling soil without hand protection (i.e.,
agriculture and illegal mining, the predominant activities in
the region) may be important factors in the transmission of
these parasites in the population. Second, the absence of a
population treatment policy and the lack of treatment plans
for parasitized individuals (after therapeutic treatment) may
stimulate the maintenance of the transmission chain. Finally,
the lack of soil and water research and decontamination
for these parasitoses complements the characteristics of
maintenance of these helminths in the municipality.

Among the different ameba species, E. histolytica is the
only species considered invasive, especially in tropical
regions and communities living in inadequate sanitary
conditions[19]. Although many individuals are contaminated
by commensal amoebae, most infections are asymptomatic
[20,21]. The results show low numbers of this parasite, which
indicates that the parasite may not be endemic in the region.
However, the detection of commensal amoebae as evidenced
by helminth infections indicates that the population ingests
water or food contaminated with fecal waste and therefore
is at high risk of contamination by this pathogenic amoeba.

We must emphasize the importance of the diagnosis
and description of these commensals for the planning of

preventive measures and avoidance of infection due to
oro-fecal contamination with pathogenic amoebas [22,23].
Another important protozoan pathogen infection found
was giardiasis. The decrease in the rate of giardiasis usually
increases with the age group because successive contact
with the parasite increases host immunity [19-24]. This
parasite is often found in collective environments because
transmission occurs where direct person-person contact
is habitual. However, in the municipality of Oiapoque, the
analysis ofthe samplesrevealed alow frequency of giardiasis,
which may be related to host factors, such as immune
defense mechanisms, and the biological characteristics of
the parasite, whose elimination is intermittent. At least
three alternate examinations are required for each patient
to obtain an accurate evaluation of this parasite.

Another important factor in the drastic reduction of
helminthoses and protozooses is adequate drug treatments
in conjunction with the establishment of health education
programs, personal hygiene, early treatment of symptomatic
and asymptomatic infected individuals, food storage care,
water treatment and footwear use; these measures are key
for health promotion and disease prevention [25]. When
some form of intestinal parasite is identified, the awareness
of the infected individual /population is of great importance
in addition to specific drug treatment for the avoidance of
reinfection [26]. The infected individual is treated with
polyvalent antiparasitic agents. At least two therapeutic
schemes should be performed, and the soil should be treated
to break the chain of transmission.

Another important finding was the association between
anemia and intestinal parasitoses, which represented
a serious public health problem. The presence of some
parasites usually determines the onset of anemia, and clinical
manifestations are usually proportional to the parasitic
load of the individual. The study showed an inversely
proportional association between hemoglobin level and
detected parasitoses (Contingency Coefficient C=0.2195 and
p <0.0001) (Table 3). However, the development of anemia
in parasitized individuals is multifactorial, and factors such
as nutritional status, parasite species and load, duration of
infection, body iron store, iron intake and bioavailability and
physiological iron requirements are complicating factors of
this clinical picture [27,28]. Among the geohelminthiases
detected in this study, ancylostomiasis had a marked
relationship with anemia. Despite this close relationship,
our results did not support this finding, probably due to the
low circulation of this parasite or its non-endemic profile in
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the region 7,7% (20/261) (Table 2). Thus, new studies are
necessary to determine the prevalence of this helminthiasis
in the municipality.

There is a gap in the literature regarding the risk of
anemia development in individuals infected with multiple
helminth species but at low numbers. This low-intensity
polyparasitism may be related to the increased possibility
of anemia. A recent study demonstrated that polyparasitic
infections were associated with a 5 to 8-fold increased risk of
developing anemia [27]. Epidemiological studies evaluating
polyparasitism (co-infections with intestinal parasites) in
humans are important for the knowledge of the local reality
and the dimension that these interactions can achieve in the
host’s immune system [28].

Investigations of the Th1/Th2 response patterns
are of great relevance for understanding host defense
against infectious/parasitic diseases. The implications of
coinfections in humans evaluated in relation to the effects
of intestinal helminth infections on falciparum malaria
represent a temporal trend of continuity with variability
and epidemiological complexity of each parasite in non -
Brazilian endemic areas with conflicting results. In Brazil,
studies with patients from the state of Ronddnia coinfected
with P. vivax and intestinal parasites did not find a direct
relationship with anemia [29,30]. Although prevalent
coinfection of malaria-intestinal parasites in tropical regions
of the planet, little is known about this interaction and its
impact on the immune response. Some studies report that
individuals coinfected with malaria-intestinal parasites are
vulnerable to Plasmodium infection, causing an increase in
circulating gametocytes, reduced levels of hemoglobin, and
suppression of acute clinical manifestations, and thus an
increased risk of malaria[11,12]. An increased incidence and
prevalence of malaria can affect the development of mixed P.
vivax and P. falciparum infections.

Additionally, parasite diversity may be higher in
helminth-infected patients [31]. Malaria is an endemic
disease in the municipality of Oiapoque, and almost half
of the cases are from French Guiana. This association may
be relevant for the establishment of the anemic status in
this population. The municipality of Oiapoque is in an area
bordering French Guiana, and several diseases in addition
to malaria, such as AIDS, tuberculosis and leishmaniasis, are
important public health problems in the region. New studies
need to be carried out to clarify the influence of intestinal
parasitoses on coinfected individuals to understand the
transmission dynamics of these diseases. These studies
will produce information that can support the planning and
evaluation of interventions aimed at the prevention and
control of these infections.

Conclusion

The frequency of intestinal parasitoses is high in the
municipality of Oiapoque, and an effective model of primary
healthcare adapted to the region has been suggested to
combat these adverse conditions and to promote the
implementation and success of public policies supporting
the universalization of access to education and sanitation
and health services. Many challenges will be faced given the

peculiarities of the region. Improvement of the care model
emphasizing preventive health education and community
participation conducted by local health authorities and
municipal managers aims at better health care for the
population living in the state of Amapa.
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