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ARTICLE INFO ABSTRACT

Article history: The Brazilian Amazon rainforest region has a significant prevalence of malarial and intestinal parasitic
Received 10 October 2022 infections in indigenous populations, accounting for a disproportionate burden. Thus, a cross-sectional
Received in revised form 13 January 2023 study was conducted to assess the prevalence and association between malarial and intestinal protozoan

Accepted 12 February 2023 and helminth infections in four remote indigenous villages in the Brazilian Amazon Forest. A total of 430

individuals participated in the study, and Plasmodium infections were diagnosed by examination of thick
Malaria blood smears and PCR. Stool samples 295 individuals (69%) were examined by direct smear and the
Protozoan Kato-Katz technique. The overall prevalence of malaria, intestinal protozoan infection, and intestinal hel-
Helminths minth infection was 14.2%, 100%, and 39.3%, respectively. Polyparasitism was predominant (83.7%), and
Intestinal parasites most infected individuals had at least two or more different species of intestinal protozoan and/or helminth
Co-infection parasites. The prevalence of co-infection was 49.5%, and in individuals with intestinal protozoa and hel-
minth infections (34%), Entamoeba. coli, Entamoeba histolytica, and Ascaris lumbricoides were the most
common parasites. In individuals with malaria and protozoa infections (10.2%), P. vivax, E. coli, and E. his-
tolytica predominated, and in individuals with malaria, protozoa, and helminth infections (5.4%). P. vivax, E.
coli, E. histolytica, and A. lumbricoides predominated. Intestinal polyparasitism was common in the study
population, and the presence of helminths was associated with an increased number of intestinal parasitic
species. However, Plasmodium infections were neither a risk nor a protective factor for helminth infections;
the same was true for helminth infections in relation to Plasmodium. The high prevalence of intestinal
polyparasitism with Plasmodium co-infections highlights the need for combining strategies that may help
control both malaria and intestinal parasite and generate a health approach aligned with indigenous per-

spectives.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Keywords:

Introduction in various regions of the world [1,2]. According to the World Health
Organization, 241 million cases of malaria and 627,000 deaths

Malaria and intestinal parasitic infections are among the most worldwide were estimated in 2020 and approximately 1.5 billion
common infections worldwide and share the same geographical area people worldwide are infected with at least one species of soil-
transmitted helminths [3,4]. Co-infection is common in most ma-

laria-endemic countries because of the overlapping distribution of

I malaria and intestinal parasites [5,6].
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The implications of concomitant infection in humans have been
previously evaluated, mainly regarding the effects of intestinal hel-
minth infections on Plasmodium falciparum malaria [7-9], but ex-
isting studies have reported conflicting findings. Some studies have
reported an increase in malaria parasite prevalence, parasite density,
and the risk of severe disease in children [10-12]. However, some
helminths species were reported to provide protection against ma-
laria severity and related clinical outcomes of co-infected patients |7,
13, 14]. Additionally, some studies could not identify any effect of
helminth and P. falciparum co-infection [15,16]. Data on the pre-
valence of intestinal protozoa co-infection are scarce, and the effect
of intestinal protozoa on malaria is still unknown [17].

In Brazil, malarial and intestinal parasites and helminth infec-
tions are highly prevalent in the Amazon rainforest region, and in-
digenous communities are particularly vulnerable to these infections
[18-20]. In 2021, the Amazon basin accounted for 99.6% of the
139,211 malaria cases reported in the country; 45,642 of these cases
were reported from the indigenous areas of the Amazon, and the
Yanomami community accounted for 56% (27,087) of the indigenous
cases [21]. The prevalence of intestinal parasitic infections in Brazil is
estimated to reach over 60%, and these infections can occur
throughout the national territory, mainly in areas with low eco-
nomic development and poor sanitation, as well as poor access to
health services [22]. However, the lack of a mandatory reporting
system may underestimate the true burden and impact of intestinal
parasitic diseases in Brazil. Most studies on different indigenous
ethnic groups in the Amazon have reported a high prevalence of
intestinal parasites in more than half of the population [20, 22, 23].
However, the actual epidemiological situation in these communities
remains unknown because of the lack of an active surveillance
program throughout the national territory. Although malarial and
intestinal parasites have been reported from indigenous populations,
data on the prevalence of malarial and intestinal parasite co-infec-
tion have not been documented. Therefore, the present study de-
termined the prevalence and impact of malarial parasite, helminth,
and protozoa co-infection in four indigenous Yanomami villages in
the Brazilian Amazon rainforest, a region where malaria is endemic.

Methods
Study area and design

A cross-sectional study was conducted in March 2015 in four
remote indigenous villages of the Yanomami community of Marari
and one of the basic health units in the Yanomami indigenous ter-
ritory in Brazil, located in the Amazon rainforest, Amazonas. This
health unit provides primary health care to four geographically close
villages: Alapusi (1°11'31.8" N 64°51'30.2" W), Castanha/Ahima
(1°11'39.3" N 64°48'39.2" W), Gasolina (1°08'58.4" N 64°48'40.3"
W), and Taibrapa (1°10'46.8" N 64°47'52.1" W). A complete de-
scription of these areas has been reported previously [24,25]. The
study area can be reached only by boats or small planes, and natives
still maintain traditional modes of subsistence and are seminomadic
hunter-gatherers and rural agriculturalists. The houses in the Ya-
nomami villages, called shabonos, consist of circular wooden con-
structions, which can accommodate up to 300 people. The villages
lack toilets, and river water is used for bathing, drinking, and
cooking.

Blood sample collection and malaria diagnosis

Blood samples were collected by venipuncture using vacuum
blood systems in 5 mL tubes containing EDTA anticoagulant (BD
Vacutainer®). Thick blood smears (TBS) were prepared and stained
with 10% Giemsa solution in a phosphate buffer solution (pH 7.2).
TBS were examined using light microscopy at a health facilities in
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Marari by two skilled microscopists according to the malaria diag-
nosis guidelines of the Brazilian Ministry of Health [26]. A few drops
of blood were placed on a Whatman FTA™ classic card (GE Health-
care Life Sciences) for dried blood spots (DBS). Then, the DBS were
stored in zip-lock plastic bags with desiccants and transported to
FIOCRUZ for malaria diagnosis using PCR. Parasite genomic DNA was
extracted from the DBS of field samples on filter paper using a
commercial extraction kit (QJAamp DNABlood Mini Kit; Qiagen).
Screening for Plasmodium spp. infection was carried out using con-
ventional and real-time PCRs with genus- and species-specific pri-
mers, as previously described [18, 27, 28]. Malaria diagnosis was
evaluated in all the samples (n = 430) by TBS and PCR. Subjects were
considered positive for malaria if the TBS and/or PCR results were
positive. All positive cases were treated for malaria according to the
treatment guidelines of the Brazilian Ministry of Health [29].

Stool sample collection and determination of intestinal parasitic
infection

All individuals were provided wide mouth screw-capped con-
tainers. Parasitological examination of stool samples was performed
using spontaneous sedimentation and Kato-Katz methods for the
diagnosis of helminths and the direct method for the diagnosis of
protozoa [30,31]. The stool samples were examined under a micro-
scope, and two experienced professionals performed all examina-
tions. All the patients diagnosed with intestinal parasites were
subjected to treatment.

Statistical analysis

We used absolute and relative frequencies, means, and standard
deviations to describe the demographic, clinical, and laboratory
characteristics of the population. A comparison of the means of
quantitative variables according to categorical variables was per-
formed using the non-parametric Mann-Whitney test. Pearson’s
chi-square test or Fisher’s exact test was used whenever necessary to
verify the association between qualitative variables. We used logistic
regressions to assess the association between malaria occurrence
and the independent variables Ascaris lumbricoides (yes/no),
Ancylostoma spp. (hookworms) (yes/no), or helminth (yes/no), with
age, sex, and location as the adjustment variables. The adjusted odds
ratio (aOR) with a confidence interval of 95% was estimated. P < 0.05
was considered statistically significant. Data were compiled in Excel
spreadsheets, and statistical analysis was conducted, and graphs
were generated using SPSS software (IBM-SPSS Inc., Chicago, IL,
USA), the statistical software R version 4.0.2, and Graph Pad PRISM®
version 8.0.

Results

Study population characteristics and prevalence of malaria and
intestinal parasites

A total of 430 individuals were included in the study from four
villages of the Yanomami community of Marari: 78 from Alapusi, 126
from Castanha/Ahima, 105 from Gasolina, and 121 from Taibrapa.
The mean age of the participants was 31 + 17 years, and more than
75% of the individuals were younger than 45 years. However, no
differences were observed in age and sex between the villages
(Table 1).

All TBS positive samples were also PCR positive; however, only 10
out of 61 PCR positive samples were TBS positive, and all mixed
infections were only detected by PCR. The prevalence of malaria was
2.3% according to TBS and 14.2% according to PCR. The detection rate
of Plasmodium using PCR was six times higher than that using TBS.
The prevalence of malaria in the villages was low, except for Taibrapa
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Demographic, epidemiological, clinical, and parasitological data of individuals from the Yanomami villages of the Marari community, Amazonas, Brazil.

Yanomami villages

Alapusi Castanha/Ahima Gasolina Taibrapa Total
n=78 n =126 n =105 n =121 n =430
n (%) n (%) n (%) n (%) n (%)
Sex Male 31(39.7) 62 (49.2) 39 (37.1) 48 (39.7) 180 (41.9)
Female 47 (60.3) 64 (50.8) 66 (62.9) 73 (60.3) 250 (58.1)
Mean age (Mean+ SD) 31 174 32 + 16.7 31 £ 175 30 + 175 31 £ 17.2
Age group <15 (24 4) 17 (13.5) 24 (22.9) 34 (28.1) 94 (21.9)
>15<30 7 (34.6) 51 (40.5) 6 (34.3) 36 (29.8) 150 (34.9)
> 30 <45 (19 2) 6 (20.6) 21 (20.0) 28 (23.1) 90 (20.9)
> 45 <60 0(12.8) 0(15.9) 16 (15.2) 13 (10.7) 59 (13.7)
> 60 (77) 8 (6.3) 8 (7.6) 10 (8.3) 32(74)
Missing 1(1.3) 4(3.2) 0 (0.0) 0(0.0) 5(1.2)
Symptoms Headaches 7 (8.9) 2 (1.6) 6(5.7) 6 (4.9) 21 (4.9)
Abdominal pain 22 (28.2) 56 (44.4) 39 (37.1) 36 (29.7) 153 (35.6)
Diarrhea 0 3(24) 15 (14.3) 6 (4.9) 24 (5.6)
Hepatomegaly 0 1(0.8) 1(0.9) 2 (1.6) 4 (0.9)
Splenomegaly 0 1(0.8) 3(2.8) 1(0.8) 5(1.2)
Asymptomatic 50 (64.1) 68 (53.9) 54 (51.4) 76 (62.8) 248 (57.7)
Malaria diagnosis TBS 1(1.3) 3(24) 2(1.9) 4(3.3) 10 (2.3)
PCR 5(6.4) 10 (7.9) 10 (9.5) 36 (29.7) 61 (14.2)
Plasmodium species Pf 0 3(30.0) 5 (50.0) 6 (16.6) 14 (23.0)
Pv 4 (80.0) 3(30.0) 4 (40.0) 17 (47.2) 28 (45.9)
Pm 1(20.0) 0 0 1(2.9) 2(33)
P 0 1(10.0) 0 0 1(1.6)
Mixed (Pfv, Pfm, Pvm) 0 3(30.0) 1 (10.0) 12 (33.3) 16 (26.2)
Stool samples n=>54 n =60 n =90 n=91 n =295
IP Protozoa only 30 (55.6) 28 (46.7) 67 (74.4) 54 (59.3) 179 (60.7)
Protozoa + helminth 24 (44.4) 32 (53.3) 23 (25.6) 37 (40.7) 116 (39.3)

(n): absolute numbers; %: relative frequencies; TBS: thick blood smear; PCR: polymerase chain reaction; Plasmodium species: positives by TBS and/or PCR; Pf: P. falciparum; Pv: P.
vivax; Pfv: P. falciparum and P. vivax; Pvm: P. vivax and P. malariae; P: infections that could only be diagnosed as Plasmodium genus positive; IP: intestinal parasites.

(29.7%), this village concentrated more than half of all malaria cases
(59%). Among those with malaria, 63.9% were female, and the mean
age was 34 years (Table 1).

Most infections were caused by P. vivax (45.9%), followed by P.
falciparum (23.0%); mixed infections (26.2%) and infections in which
only the genus Plasmodium could be detected (1.6%). Thus, 49.2% of
the population had either P. falciparum or mixed infections. P. falci-
parum was prevalent in all villages, except Alapusi, and P. malariae
was detected for the first time from this area in Ahima/Castanha,
Gasolina, and Taibrapa in mono or mixed infections. Taibrapa also
had the highest proportion of mixed infections (12/16) (Table 1).
Most individuals were asymptomatic (57.7%), and among those with
symptoms, abdominal pain (35.6%) was the main complaint. The
prevalence of malaria among symptomatic (n = 182) and asympto-
matic (n = 248) individuals was similar, 11% and 16.5% (p = 0.09),
respectively. In individuals with symptomatic malaria (n = 20), 44%
had at least one of the symptoms associated with malaria and the
most prevalent symptom was headache (9.8%) while abdominal pain
was the most frequent symptom among the individuals negative for
malaria. Three subjects had fever, but none of them were diagnosed
with malaria and the fever was attributed to other causes such as
tonsillitis and pneumonia.

Intestinal parasites were evaluated in stool samples of 295 in-
dividuals. Overall, 100% of the population had intestinal protozoa
infection, and 39.3% had co-infections of protozoa and helminths.
The distribution of the intestinal parasitic species detected from
each village is shown in Fig. 1. In the 295 individuals with intestinal
parasitic infection, 11 parasitic species were detected: five protozoa
and six helminths. The most common species of protozoa detected
in all villages was Entamoeba coli (100%), followed by E. histolytica
(71.5%), lodamoeba biitschlii (33.2%), and Giardia intestinalis (6.4%).
Regarding the helminth species, hookworms and A. lumbricoides
(19.7%) were most prevalent (20.4%) in all villages. Trichuris trichiura
(3.7%) and Enterobius vermicularis (1.4%) were also present in all
villages except Taibrapa. Strongyloides stercoralis (0.7%) was present
only in Castanha/Ahima and Hymenolepis nana (2.0%), in Gasolina
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and Taibrapa. The prevalence of intestinal helminths was 53.3% in
Castanha/Ahima, 44.4% in Alapusi, 40.7% in Taibrapa, and 25.6% in
Gasolina. Symptoms associated with intestinal parasites, such as
abdominal pain and diarrhea, were present in 35.6% and 5.6%, re-
spectively. However, none of these symptoms were associated with
the presence of helminths (p > 0.05).

Malarial and intestinal parasites co-infections

The frequency of single and multiple parasitic infections was
analyzed in 295 individuals who underwent blood and stool ex-
aminations. As shown in Table 2, they were grouped according to
their infection status: P, individuals infected with intestinal protozoa
only (50.5%); P +H, individuals co-infected with intestinal protozoa
and helminths (33.9%); P+ M, individuals co-infected with intestinal
protozoa and malarial parasite (10.2%); and P + H+M, individuals co-
infected with intestinal protozoa, helminths, and malarial parasite
(5.4%). Polyparasitism was predominant in all villages, and most of
the infected individuals had two or more species of intestinal
parasites. However, the prevalence of M+P or M+P + H co-infections
was higher in Taibrapa than in other villages (p < 0.01).

Among the individuals with intestinal parasites, 16.3%, 33.2%,
30.1%, and 15.6% had single, double, triple, and quadruple parasite
species of protozoa and/or helminths, respectively (Table 2). Al-
though not statistically significant, individuals co-infected with
Plasmodium had fewer intestinal parasite species (2.33 versus 2.67
parasites, p > 0.05) than those without Plasmodium infection.
Among the individuals co-infected with M+P, 76.7% were female,
with a mean age of 34.1 years, whereas among the individuals with
M+P +H triple infection, 43.7% were female, with a mean age of 29.7
years.

Polyparasitism with helminths was significantly associated with
a greater number of intestinal parasite species (3.48 versus 2.03
parasites, p < 0.001), but no difference between males and females
was observed.
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Fig. 1. Distribution of intestinal protozoan and helminthic parasites in individuals from the Yanomami villages at Marari community, Amazonas, Brazil.

Table 2
Absolute (n) and relative (%) frequency of the infection status of individuals by village
and number of intestinal parasites at Marari community, Amazonas, Brazil.

Infection Status

P P+H P+M P+H+M Total
n=149 n=100 n=30 n=16 n=295
n (%) n (%) n (%) n (%) n (%)
Villages
Alapusi 28(18.8)  22(220) 2(6.7) 2(12.5) 54 (56.8)
Castanha/ 26 (175)  30(30.0 2(6.7) 2(12.5) 60 (20.3)
Ahima
Gasolina 61(40.9) 20(20.0) 6(20.0) 3(188) 90 (30.5)
Taibrapa 34(22.8) 28(28.0) 20(666) 9(56.2) 91(30.8)
Total 149 (50.5) 100 (33.9) 30(10.2) 16(5.4) 295 (100)
No of IP
species
1 40(26.8) O 8(26.7) 0 48 (16.3)
2 66 (443) 12(120) 17(56.7) 3(18.7) 98(33.2)
3 37(248) 39(39.0) 4(133) 9(563) 89(30.1)
4 6 (4.1) 35(35.0) 1(3.3) 4(25.0) 46 (15.6)
>5 0 14(140) 0 0 14 (4.8)

IP: intestinal parasites; P: only protozoa infection; P+H: intestinal protozoa and
helminth co-infection; P+ M: intestinal protozoa and malarial parasite co-infection;
P+ H+M: intestinal protozoa, helminth, and malaria co-infection.

The heatmap in Fig. 2 shows the distribution of intestinal para-
sitic and Plasmodium species in each village. Considering the infec-
tion status of the individuals, the highest number of parasitic species
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combinations was observed in the P+H group with 34 possible
combinations, followed by M+P+H (13 combinations), M+P (11
combinations), and P (7 combinations). Despite the low number of
different species combinations in the P group, protozoa accounted
for the highest number of cases observed in the population. In par-
ticular, infections caused by E. coli and E. coli +E. histolytica were the
most abundant parasitic infections in Alapusi, Taibrapa, and Gaso-
lina. Co-infection with E. coli +E. histolytica + 1. butschlii was parti-
cularly abundant in Ahima/Castanha, whereas E. coli +E. histolytica
+A. lumbricoides co-infection was observed in Taibrapa. Overall, the
prevalence of P+M and P +H+M confection was low in all villages,
except Taibrapa, where P +M and P + H+M malaria co-infection were
more frequent.

With respect to age distribution (Fig. 3), when we compared the
group of individuals with protozoan only (P) and the group with
protozoa and helminths, the mean age in this group was significantly
lower than the group with protozoa only (mean age: 28 versus 34
years old, p=0.03). However, no differences were observed with the
other groups, despite the higher mean age in the group
P+M (p > 0.05).

Logistic regression analysis was also performed to assess the as-
sociation between malaria occurrence and the independent variables,
such as helminths, A. lumbricoides, or Ancylostoma sp., with age, sex,
and villages as the adjustment variables. No association was observed
between malarial parasite and helminth, A. lumbricoides, or hookworm
co-infections. The results of the final model are summarized in Table 3.
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Fig. 2. Heatmap of intestinal and malarial parasite co-infections in individuals from Yanomami villages at Marari community, Amazonas, Brazil. M: malaria; P: protozoa; H:
helminth. Pf: P. falciparum; Pv: P. vivax; Pfv: P. falciparum and P. vivax; Pvm: P. vivax and P. malariae; Ec: E. coli; Eh: E. histolytica; Ib: I biitschlii; Gi: G. intestinalis; En: E. nana; Al: A.
lumbricoides; Tt: T. trichiura; Hn: H. nana; Ev: E. vermicularis; Ss: S. stercoralis; Ancy: Ancylostoma (hookworms).

Discussion

Although malarial and intestinal parasites share the same geo-
graphical area in Brazil and are common in many indigenous com-
munities in the Amazon, few studies have reported the association
between the diseases caused by them. Thus, we performed a cross-
sectional study and surveyed malarial and intestinal parasitic in-
fections. The results demonstrated that the likelihood of malaria
infection was significantly higher in individuals infected with in-
testinal parasites in the study villages, since all individuals were
infected with intestinal protozoa and 83.7% were infected with at
least two species of protozoa and/or helminths.

We found that 15.6% of the individuals were infected with
Plasmodium, 37% with one or more species of helminths, and 100%
with at least one protozoan. The high prevalence of intestinal
parasites in all villages indicated a great diversity of parasitic species,
high infection rates, and mixed parasitosis, suggesting that the in-
dividuals were frequently exposed to human fecal contamination.

Most of the subjects with malaria were asymptomatic, and ma-
laria infection was not associated with fever in any individual, even
in the younger age groups, which was probably because of low
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parasitemia. In fact, malaria infection was diagnosed by TBS in only
2.3% of the individuals, in contrast to PCR, which diagnosed 13.5%.
Using PCR, which is more sensitive than TBS, approximately 86% of
infections were found to be submicroscopic in this semi-isolated
group and diagnosed only by PCR. Similar results were observed in
our previous 4-month follow-up study in the same villages [32].
These results are relevant, as asymptomatic carriers remain un-
treated and are sources of infection for Anopheles, which maintains
the life cycle and transmission chain of the parasite in Yanomami
villages [36]. Our findings highlight the importance of molecular
diagnosis in estimating the prevalence of malaria in indigenous
endemic areas of the Amazon.

The prevalence of protozoa infections, such as those caused by G.
intestinalis and Entamoeba spp., in the indigenous populations of
Brazil is generally high, varying according to the indigenous ethnic
groups, such as 66.5% in the Terena [33], 70.7% in the Surui [34],
89,5% in the Maxakali [35] and 65% in the Parakana [24]. However, to
the best of our knowledge, not all intestinal protozoan infections
have been described yet. In the present study, E. histolytica and E. coli
were found in 71.0% and 100% of the individuals, respectively. In-
testinal protozoa may affect hundreds of millions of people annually.
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Fig. 3. Malaria and intestinal parasites by age. Mean age of individuals infected with intestinal protozoa monoinfection (P) or co-infected with helminths (P + H) or malaria and/or
helminths (P +H+M and P + M). A statistically significant difference was observed between monoinfected protozoan and co-infected protozoan and helminth groups (p = 0.03). All

p values are shown in the figure and p > 0.05 was not considered significant.

Table 3

Results of the adjusted logistic models to assess the association of the occurrence of
malarial and intestinal parasites in individuals from Yanomami villages at the Marari
community, Amazonas, Brazil.

Malaria
Intestinal parasites No (n=249) Yes (n=46) aO0R [95%CI] p
Helminth
No 149 (59.8) 30 (65.2) 0.81[0.3;1.6] 0.56
Yes 100 (40.2) 16 (34.8)
Ascaris lumbricoides
No 198 (79.5) 39 (84.8) 0.58 [0.2;1.4] 025
Yes 51 (20.5) 7 (15.2)
Hookworm
No 200 (80.3) 35 (76.1) 1.89[0.8;42] 013
Yes 49 (19.7) 11 (23.9)

However, there are no reliable estimates of the global burden of
intestinal protozoan diseases, and until now, the interaction be-
tween malarial and intestinal protozoa had not been adequately
described. The prevalence of helminths (39.3%) in our study in-
dividuals was low compared with that of other indigenous popula-
tions in the Brazilian Amazon, in which A. lumbricoides and
hookworms (45-95%), as well as protozoa such as Entamoeba spp.
and G. intestinalis, are predominant [20, 36-38]. Although more se-
vere forms of amoebiasis and giardiasis are rare, both E. histolytica
and G. duodenalis can cause acute and persistent diarrhea and may
be implicated in nutrient malabsorption, leading to malnutrition,
growth and development retardation [39-41].

The prevalence of malarial and intestinal parasitic co-infection
(15.6%) in our study was higher than that observed in a rural area of
Rondonia, Brazil [25] but lower than that observed in Oiapoque,
Amapa [42] and some African and Asian regions [10-14]. In the in-
dividuals co-infected with malarial and intestinal protozoa, the
prevalence of co-infection with P. vivax, E. coli, and E. histolytica
predominated, whereas in individuals co-infected with malarial and
intestinal protozoa and helminths, P. vivax, E. coli, E. histolytica, and
A. lumbricoides were predominant. To the best of our knowledge, the
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present study is the first to report malarial and intestinal parasitic
co-infection in an indigenous community of the Brazilian Amazon.

In our study we did not show a significant association between
malarial and intestinal parasitic infections, contrary to studies from
the endemic regions of Africa and Asia [6, 7, 9-11, 20, 43]. This dif-
ference may be related to the Plasmodium species, intestinal parasitic
infections, and the age of the study population. While most of the
co-infection studies in malaria endemic areas of Africa are with P.
falciparum and helminths in children, in our study, P. vivax co-in-
fection was predominant and all individuals co-infected with hel-
minths were also co-infected with protozoa and the age of the
participants was above 9 years. In addition, our data were analyzed
after combining different Plasmodium, protozoan, and helminth
species into a single group, since the large variety of Plasmodium and
intestinal parasitic species did not form groups with large sample
sizes to evaluate the effect of coinfection. Additionally, for logistic
reasons, a single stool sample was collected from each individual in
the present study, which may have caused an underestimation of the
prevalence of intestinal helminth infections.

A study in Thailand showed that the incidence of malaria was
positively associated with hookworm infections but negatively as-
sociated with A. lumbricoides when helminths were stratified by
species [44]. However, this relationship was not maintained when
the data were analyzed after pooling different helminth species into
a single group [44].

In the Brazilian Amazon region one study reported the associa-
tion of intestinal helminthiases with protection against reduced
hemoglobin levels during P. vivax malaria episodes in a population of
children in the city of Manaus [45]. However, in Rond6nia, co-in-
fection with enteroparasites did not affect the immune response
pattern to P. vivax malaria [25,46], but differences were observed
between the hemoglobin levels of malaria patients and individuals
who were not infected by enteroparasites on the Brazil and French
Guiana border [42].

In our study, we did not observe a significant association be-
tween malarial and intestinal parasitic infections. However, the high
prevalence of intestinal parasites and co-infection by 1-5 species of
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parasites in indigenous population, are especially important due to
negative effects in nutrient digestion and absorption, threatening
not only growth potential, but also raising the risk of death in in-
digenous children [47]. The critical nutritional status of the Yano-
mami children living in Brazil and Venezuela has been denounced
for at least three decades [40, 48-50].

The precarious housing conditions, inadequate sanitation, en-
vironmental contamination, and contaminated food and water in the
Yanomami villages are factors that may contribute to the year-round
transmission of intestinal parasites and may help to understand not
only the elevated exposure of these population to infectious and
parasitic diseases, but the severity of the nutritional situation in
children. Data from anthropometric surveys in more than 50 coun-
tries worldwide suggest that, to reduce undernutrition, deworming
programs should be implemented before 24 months of age [51].
However, drug mass therapy may reduce morbidity in the short run
but it does not ensure sustained control of intestinal parasitism. This
can only be achieved by reducing both fecal contamination of the
environment and human exposure to potentially contaminated
sources.

Conclusion

Intestinal parasitic infections are highly prevalent, along with
malaria, in Yanomami villages, but we could not find an association
between malarial and intestinal parasites. However, the high pre-
valence of intestinal polyparasitism identified in this study indicates
that environmental contamination with infective parasite forms is
critical to the epidemiology of intestinal parasitism. For this reason,
housing and sanitation play a key role in control strategies.
Educational interventions to promote better hygiene and periodic
de-worming aimed are considered important supplementary mea-
sures. A sustainable program for the control of intestinal parasites in
the Yanomami villages should consider alternative ways for en-
vironmental sanitation that consider indigenous perceptions about
gastrointestinal disease, housing, personal hygiene, and environ-
mental health.
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