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ABSTRACT
Introduction: Few studies have described the risk factors of intestinal parasitic infections in the Amazon.  Methods: A cross-
sectional survey was performed in a City of the State of Amazonas (Brazil) to estimate the prevalence of intestinal parasites 
and determine the risk factors for helminth infections. Results: Ascaris lumbricoides was the most prevalent parasite. The main 
risk factors determined were: not having a latrine for A. lumbricoides infection; being male and having earth or wood fl oors for 
hookworm infection; and being male for multiple helminth infections.  Conclusions: We reported a high prevalence of intestinal 
parasites and determined some poverty-related risk factors.
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Soil-transmitted helminth infections are considered among 
the most common infections in humans and account for a 
substantial disease burden in the poor populations living in 
remote or rural areas, urban slums, or in confl ict zones(1). In 
addition, some protozoan infections, such as giardiasis and 
amoebiasis, are also associated with considerable morbidity.

The Northern region of Brazil presents remote areas 
in which inappropriate living conditions are an important 
public health issue. The Amazon is situated in this region and 
presents environmental characteristics that are favorable for the 
development of stages of soil-transmitted helminths (STH)(2). 
A high prevalence of intestinal parasites has been reported in 
rural communities and in small urbanized cities of the Brazilian 
Amazon presenting limited sanitation and hygiene practices(3) (4). 
Nevertheless, few studies concerning the risk factors related to 
infections by intestinal parasites in amazonian populations have 
been published to date(5) (6), with none of these studies being 
performed in remote areas.  

At present little is known about the determinants of patterns 
of infection by multiple helminth species within communities(7) 

and to date no study has addressed the risk factors for 
multiparasitism in Amazonian populations. The aim of this 
study was to determine the prevalence of helminth and intestinal 
protozoa and the risk factors for specifi c and multiple helminth 
infections in a remote city of the Amazon region of Brazil.

This study was performed in Barcelos City (0°58′S; 
62°56′W), located in the municipality of Barcelos, in the state 
of Amazonas, Northern Brazil. This remote city is situated in 
the middle of an extensive area of preserved tropical rainforest, 
on the right bank of the Negro River, and had a total of 4.022 
inhabitants distributed in 727 households(8).

A cross-sectional coproparasitologic study was performed in the 
city in July 1997. The sample size of the prevalence study, calculated 
from an estimation of 50% for intestinal parasites with a confi dence 
level of 95% and precision of 5%, was determined to be 351 
subjects. Through systematic sampling by familiar conglomerates, 
one in four inhabited households was selected for the study, 
which consisted in a total of 194 households with 996 inhabitants. 

Demographic data and the characteristics of the households 
were collected using a questionnaire. All the inhabitants of the 
selected households were invited to participate in the study and 
to provide one fresh stool sample. Stool samples were evaluated 
using the spontaneous sedimentation technique(9) and the Rugai, 
Mattos, and Brisola technique(10) in a local laboratory.

In the statistical analyses, the confi dence intervals were 
computed using normal or Poisson distribution. The relationship 
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between infection by intestinal parasites and the variables sex, age 
group, and neighborhood was assessed using the Chi-squared or 
the Fisher exact tests. In order to evaluate the association between 
the presence of helminth infection (A. lumbricoides, hookworm, 
and Trichuris trichiura) and the studied factors,  univariable and a 
multivariable logistic regression analyses with random effects were 
used, taking into account that the members of the same household 
are not independent. To evaluate the relationship between the 
multi-categorical variable multiple helminth infections and the 
independent variables, univariable and multivariable multinomial 
regression analyses with household clustering as random effects 
were considered. Statistical signifi cance was assumed at a p-value 
<0.05. The statistical analyses were performed using IBM SPSS 
statistics 20 software and SAS software (version 9.3).

Subjects infected with pathogenic intestinal parasites 
received appropriate treatment during the fi eldwork. This study 
was approved by the Ethics Committee in Investigation of 
the Instituto de Pesquisa Clínica Evandro Chagas, Fundação 
Oswaldo Cruz (Protocol CAAE 0030.0.009.000-08).

Of the 194 households selected, 137 participated in the study. 
In these households, 594 (74.1%) out of a total of 801 inhabitants 
submitted a stool sample for the diagnosis of helminth 
and intestinal protozoa. On comparing the neighborhoods, 
the no-returning of samples by the households was similar 
among all the neighborhoods, constituting a random loss 
(Kruskal Wallis = 2.790, p = 0.732). All the samples were 
submitted to the spontaneous sedimentation technique, but 
only 27.3% were processed by the Rugai, Mattos, and Brisola 
technique owing to the lack of suffi cient fecal sample. 

Overall, 77.9% (463/594) of the population was infected with 
at least one species of helminth or intestinal protozoan. Infections 
by helminths predominated (65.3%). Ascaris lumbricoides, 
hookworm, and T. trichiura were the most common helminths. 
Amoebas from the Entamoeba histolytica complex and Giardia 
lamblia were the most prevalent potential pathogenic protozoa. 
The commensals Entamoeba coli (11.3%), Endolimax nana 
(11.3%), and Iodamoeba butschlii (6.4%) were also found.

The overall prevalence of infection was equal between 
the sexes (p = 0.789). However, infections by Strongyloides 
stercoralis and hookworms were higher in men. Signifi cant 
associations were reported with the age group in Ascaris 
lumbricoides, hookworm, T. trichiura, and G. lamblia infections. 
There was signifi cant variation between the neighborhoods 
in relation to infection by A. lumbricoides, hookworm, and 
T. trichiura. Almost half of the population presented multiple 
infections by helminth and/or intestinal protozoa and 24.6% 
presented multiple helminth infections. Infection by single or 
multiple helminth species differed between the sexes. Both 
types of multiple infections considered were associated with 
age groups and neighborhoods (Table 1). 

The risk factors associated with Ascaris lumbricoides 
infections were age groups, not having a latrine and not having 
a means of transport. All the age groups had a greater risk of 
infection than the children less than 5 years old.

Regarding hookworm infections, all the age groups 
presented a higher risk of infection than the 0-5 year age group. 

Moreover, being male and having earth or wood fl oors in the 
household showed a greater risk of hookworm infection. With 
respect to the neighborhood of Centro, the neighborhoods of 
Nazaré, São Lázaro, and São Sebastião presented a higher risk 
of hookworm infections.

The risk factors found for Trichuris trichiura infections 
were being 6-14 years of age and living in Aparecida (Table 2).

Males were more likely to be multi-infected than females. 
All age groups had a greater risk of having single and 
multiple infection by helminths than the 0-5 years age group. 
People living in the neighborhoods of Aparecida, Nazaré and 
São Lázaro had a high risk of having multiple infections by 
helminths and those who did not have any means of transport 
were more likely to be multiparasitized (Table 3).

The high overall prevalence of infections with helminth and 
intestinal protozoa observed in our study corroborates previous 
studies from the micro-region of the Negro River in the State 
of Amazonas, which reported prevalence between 69.3% and 
87.6%(3) (4) (11). In these studies, A. lumbricoides was almost 
always the most prevalent in comparison with other intestinal 
pathogenic parasites, with the prevalence ranging from 19.3% in 
the municipality of São Gabriel da Cachoeira (Iauaretê) to 51% 
in the City of Barcelos(3) (12). The E. histolytica complex was the 
next in most frequent, with prevalence of 7.3% to 34%(11) (13). The 
prevalence of other helminths, such as S. stercoralis, hookworm, 
and T. trichiura also varied in several studies. In the Amazon, 
regional differences in prevalence could be due to variations 
in human exposure in different epidemiological scenarios that 
could be dependent on local environmental conditions (such as 
soil type - sandy or clayed soil, shading of soil, and humidity), 
climatic conditions (e.g. temperature and rainfall), work-related 
activities (such as agricultural work associated with the practice 
of open defecation) and sanitation(2). 

The lack of a latrine was a risk factor for Ascaris lumbricoides 
infection. One possible explanation for the fact that only infection 
by A. lumbricoides was associated with the lack of a latrine may 
be owing to its high prevalence in our study, and thus, the data 
related to this helminth has greater statistical power to detect 
associations. 

After the development of the present study, our research 
group performed a bacteriological analysis of water from the 
8 public artesian wells that supply almost the entire city. All 
the wells had water suitable for human consumption (data not 
published). Since 90.8% of the studied households consumed 
water from public wells, we can therefore suppose that they 
consumed water of good quality. In our study, the use of water 
from a private well or stream by a few households did not appear 
as a risk factor. This result added to the lack of latrines in 49.6% 
of the households evaluated and the presence of open sewage 
ditches throughout the city suggests that the transmission of 
intestinal parasites in the city could mainly be caused by soil 
contamination by human feces. 

Concerning the risk factors found to be related to hookworm 
infection, we observed that the frequency of infection was 
higher in men than in women, corroborating previous studies(14). 
We also observed that people living in households with earth 
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or wood fl oors were more frequently infected by hookworm. 
Previous studies have reported a signifi cant association between 
housing characteristics and infections with STH(15). On the other 
hand, Pullan et al.(7) found that fl ooring material as a variable was 
no longer associated with co-infection with Necator americanus 
and Schistosoma mansoni when the socio-economic status was 
considered in the analysis, thus constituting a problem of co-
linearity between these variables. We found that the variable of 
fl ooring material was not associated with the variable used as a 
socio-economic indicator (having a means of transport), thereby 
indicating that fl ooring as a variable in our study is probably 
related to the transmission of hookworm. 

TABLE 2 - Results of multivariable logistic regression models for risk factors of specifi c helminth infections in Barcelos City, State of 
Amazonas.

                                             Ascaris lumbricoides                                Hookworm                        Trichuris trichiura

Indicators OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Sex   NS   <0.001   NS
female (n= 334)    1     
male (n= 260)    2.42 (1.57,3.72)    

Age group   <0.001   <0.001   0.019
0-5 (n= 105) 1   1   1.26 (0.43,3.76) 
6-14 (n= 167) 4.70 (2.53,8.73)  3.91 (1.87,8.18)  3.49 (1.54,7.89) 
15-59 (n= 268) 2.43 (1.39,4.23)  4.21 (2.05,8.63)  1  
>60 (n= 54) 4.95 (2.10,11.65)  7.09 (2.78,18.08)  1.81 (0.45,7.34) 

Latrine   0.031   NS   NS
yes (n= 64) 1        
no (n= 63) 1.70 (1.05,2.76)       

Floor   NS   0.030   NS
concrete/ceramic (n= 69)    1     
earth/wood (n= 68)    1.76 (1.06,2.92)    

Water supply   NS   NS   NS
public system (n= 119)         
well/stream (n= 12)         

Crowdinga   NS   NS   NS
< 1 (n= 38)         
> 1 (n= 80)         

Neighborhood   NS   0.003   0.044
Centro (n= 238)    1   1  
Aparecida (n= 26)    2.32 (0.74,7.28)  8.36 (2.17,32.23)
Nazaré (n= 39)    3.92 (1.49,10.30)  1.22 (0.22,6.79) 
São Francisco (n= 93)    1.85 (0.87,3.93)  3.05 (0.99,9.28) 
São Lázaro (n= 114)    3.59 (1.83,7.05)  2.46 (0.87,6.96) 
São Sebastião (n= 84)    2.82 (1.33,5.98)  1.51 (0.44,5.16) 

Transportb   0.001   NS   NS
any (n= 42) 1        
none (n= 95) 2.39 (1.44,3.96)              

n: number of subjects or houses; CI: confi dence interval; NS: not signifi cant; OR: odds ratio; aroom/person; bbicycle, motorcycle or car.

We considered the possession of a means of transport 
as a socio-economic indicator because our population was 
homogenous with respect to having typical household assets 
such as a television and refrigerator, making it diffi cult to 
construct a socio-economic indicator based on this parameter. 
The variable of having a means of transport was considered 
to be a valid socio-economic indicator in our study because 
on descriptive analysis we observed that this variable showed 
a different distribution among the neighborhoods. The 
multivariable model demonstrated that people without any kind 
of transport, precisely the poorest people in the city, presented a 
higher risk of A. lumbricoides and multiple helminth infections.

Gonçalves AQ et al. - Risk factors for helminth infections in Amazon
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TABLE 3 - Results of multivariable multinomial regression model for risk factors of single and multiple helminth infections in Barcelos 
City, State of Amazonas.

             Single infection                           Multiple infection 

Indicators  OR (95% CI) OR (95% CI)  p-value

Sex     0.016
female (n= 334) 1  1  
male (n= 260) 1.40 (0.91,2.15) 2.26 (1.30,3.91) 

Age group     <0.001
0-5 (n= 105) 1  1  
6-14 (n= 167) 3.69 (1.92,7.12) 13.60 (5.24,35.28) 
15-59 (n= 268) 2.00 (1.13,3.54) 4.25 (1.74,10.39) 
>60 (n= 54) 4.86 (1.77,13.37) 24.86 (6.69,92.35) 

Latrine     NS
yes (n= 64)     
no (n= 63)     

Floor     NS
concrete/ceramic (n=69)     
earth/wood (n= 68)     

Water supply     NS
public system (n= 119)     
well/stream (n= 12)     

Crowdinga     NS
< 1 (n= 38)     
> 1 (n= 80)     

Neighborhood     0.036
Centro (n= 238) 1  1  
Aparecida (n= 26) 2.29 (0.72,7.30) 6.58 (1.55,27.98) 
Nazaré (n= 39) 1.92 (0.71,5.21) 7.01 (1.91,25.70) 
São Francisco (n= 93) 1.24 (0.64,2.38) 2.34 (0.87,6.30) 
São Lázaro (n= 114) 1.43 (0.77,2.67) 3.81 (1.58,9.18) 
São Sebastião (n= 84) 0.72 (0.38,1.37) 2.11 (0.84,5.29) 

Transportb     0.030
any (n= 42) 1    
none (n= 95) 1.34 (0.84,2.13) 2.66 (1.29,5.48)  

n: number of subjects or houses; CI: confi dence interval; NS: not signifi cant; OR: odds ratio; aroom/person; bbicycle, motorcycle or car.

The risk of helminth infection varied among the neighborhoods 
and we identifi ed four neighborhoods presenting a high risk 
of infection (by multiple helminth species, hookworm, or 
T. trichiura). However, the risk of A. lumbricoides infection was 
not associated with neighborhood, thereby suggesting widespread 
dispersion of this highly prevalent helminth in the city. 

In the present study we report a high prevalence of intestinal 
parasites. To our knowledge, this is the fi rst study to determine 
the risk factors related to intestinal infection by A. lumbricoides, 
hookworm, T. trichiura, and multiple helminth species in a 

city of the Brazilian Amazon. It is important to note that to date 
local sanitation programs and periodic deworming campaigns 
have not been implemented in the city. In addition to sanitation, 
improvement of environmental hygiene, periodic chemotherapy, 
and health education must be implemented.
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