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Abstract. Where prevalence of geohelminths and schistosomes is high, co-infections with multiple parasite species
are common. Previous studies have shown that the presence of geohelminths either promotes or is a marker for greater
prevalence and intensity of Schistosoma mansoni infections. Some of this apparent synergy may simply represent shared
conditions for exposure, such as poor sanitation, and may not suggest a direct biologic interaction. We explored this
question in a study of 13,279 school children in Jequié, Bahia, Brazil, with a survey of demographic characteristics and
stool examinations. Cross-sectional analysis revealed a statistically significant increase in the prevalence and intensity of
S. mansoni infection with increasing numbers of geohelminth species (OR 2.5, 95% CI 1.38–3.64). Less than 20% of the
strength of this association was contributed by socioeconomic status or environmental conditions. Thus, polyparasitism
itself, as well as intrinsic host factors, appears to produce greater susceptibility to additional helminth infections.

INTRODUCTION

Among helminth infections, schistosomiasis is considered
one of the most important health problems, not only for its
high prevalence but also for its potential to develop into se-
vere clinical forms precisely at a time of greatest human pro-
ductivity.1 More than 200 million people are infected with
schistosomes according to the World Health Organization,
and 500–600 million are at risk because of inadequately pro-
tected water supplies and precarious sanitary conditions.2

In most areas, schistosomiasis is not the only chronic para-
sitic infection found. It is estimated that 26–68% of the indi-
viduals with schistosomiasis are carriers of an additional hel-
minthic infection, such as hookworms, Ascaris lumbricoides,
or Trichuris trichiura.3 These parasites can aggravate the mor-
bidity due to schistosome infection, especially in young chil-
dren.4

Various authors have demonstrated a synergism between
simultaneous infection with geohelminths and the burden of
schistosomiasis,5–8 but whether this effect was the result of
shared environments, host factors, intrinsic parasite biology,
or a combination of these factors is usually not explored. This
study will address the relative contribution of these different
factors by evaluating correlations between prevalence and in-
tensity of Schistosoma mansoni infection and co-infection
with hookworms, A. lumbricoides, and T. trichiura. We fur-
ther evaluated the influence of socioeconomic status and en-
vironmental conditions.

MATERIALS AND METHODS

Population and study area. The study was located in the
city of Jequié, a district center in the southern region of the
state of Bahia, Brazil. The total population of the municipal
district was 120,396 in 1991. This city is situated in one of the
most prosperous districts in the State, and it constitutes an

economic pole of regional attraction for surrounding cities
and rural areas. The Contas River flows through the district.
This river is highly polluted with raw sewage from homes and
businesses present along its banks. It is fed by equally pol-
luted streams flowing from the rest of the city.

In the course of 2 months, some 13,279 individuals 7–17
years of age were examined for intestinal helminths. This
corresponds to 40% of individuals in this age range who were
resident in the city.

Informed consent. Informed consent was obtained for all
study subjects before clinical and parasitologic studies. This
study was approved by the Human Investigation Committees
of University Hospitals of Cleveland and of the Oswaldo Cruz
Foundation, Salvador, Bahia, Brazil. Individuals infected with
intestinal helminths were treated with albendazole, and indi-
viduals infected with S. mansoni were treated with oxam-
niquine at WHO-recommended doses.

Stool examination. The collection of stool samples was car-
ried out by house-to-house distribution of lidded plastic con-
tainers that were collected on the following day. The Kato–
Katz quantitative stool exam,9 carried out by laboratory staff
trained by the National Health Foundation (FNS), was used
to determine parasite species and intensity of infection. Iden-
tification of hookworm eggs was performed 2 hours after pre-
paring the slides. Quality control for the stool examinations
was carried out by a technician hired independently for this
job who re-examined 10% of all slides.

Index of socioeconomic and environmental conditions. An
indicator of the environmental and household conditions was
constructed from demographic information obtained by inter-
views with childcare providers. A questionnaire was admin-
istered for a sample of 1,766 schoolchildren infected with a
low or moderate intensity of at least 1 species of helminth.
The sample was obtained in areas of the city with the highest
prevalence of S. mansoni infections. Variables describing
household conditions and sanitation were dichotomized as
favorable (0) or unfavorable (1) and tested for statistically
significant associations with the presence or absence of ane-
mia in a logistic regression model. Those that remained sig-
nificant (P < 0.05) were included in the index (Table 1). Thir-
teen variables were found to be significant, and the sum of
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values for each of these variables was used as the index of
socioeconomic status, environmental, and living conditions.10

The 50th percentile of the index for this community was used
to define those with better (score 0–6) or worse (score 7–13)
living conditions.

Statistical analysis. The prevalence and intensity of infec-
tion with S. mansoni were compared with the number of in-
fecting intestinal helminth species by �2 and t tests, respec-
tively. Multivariable logistic regression was used to evaluate
the effect of multiple intestinal helminth infections on the
prevalence of S. mansoni, where the infection with S. mansoni
was the dependent variable coded as not infected (0) or in-
fected (1). The independent variable was the number of in-
fecting geohelminth species consisting of a dummy variable (1
geohelminth) with two levels (2 and 3 geohelminths). This
model was adjusted for sex, age, socioeconomic index, and
environmental conditions. The magnitude of association was
estimated by calculating the odds ratio using the 95% CI as a
measure of precision, and all statistical analyses were two-
tailed. All data were analyzed with the computer program
SPSS/PC+, v. 10.0 (SPSS, Inc., Chicago, IL).

RESULTS

Among the 7- to 17-year-old students in the study, preva-
lence of S. mansoni was 18.9%, of A. lumbricoides 31.8%, of

T. trichiura 35.8%, and of hookworms 8.6%. The data reveal
a statistically significant trend of an increase in prevalence
(P < 0.001) and intensity (P < 0.001) of infection by S. man-
soni as the number of associated intestinal parasites in-
creased. In the absence of infection by these intestinal para-
sites, prevalence of infection by S. mansoni was 11.9%. This
value is not statistically different from that in the presence of
one species of intestinal helminth (22.1%), but in the pres-
ence of 2 (30.0%) or 3 species (33.2%), the prevalence is
nearly triple that where S. mansoni alone was found. The
parasite burden of S. mansoni infection varied from 97.5
eggs/g of feces (epg) when taken as isolated infection, increas-
ing, respectively, to 109.8, 120.5, and 122.0 epg when associ-
ated with 1, 2, or 3 species (P < 0.001). This effect was inde-
pendent of the combination of the additional infecting species
(Table 2).

Because these infections have been linked to poverty and
poor sanitation, the effects of economic and environmental
conditions were studied on a sample of 1,766 children. The
prevalence of schistosome infection increased with increasing
numbers of infecting geohelminths (Figure 1a). When strati-
fied for socioeconomic conditions, those with poor socioeco-
nomic and environmental conditions had significantly higher

TABLE 2
Prevalence of infection by S. mansoni by species of infecting

geohelminth

Geohelminth
species

Infection by S. mansoni
Individuals
examinedPositive Negative

N % N % N

None 785 11.9 5,815 88.1 6,600
A. lumbricoides* 311 20.0 1,243 80.0 1,554
T. trichiura 462 24.1 1,458 75.9 1,920
Hookworm 43 20.1 171 79.9 214
Hookworm + T. trichiura 596 29.2 1,447 70.8 2,043
Hookworm + A. lumbricoides 44 36.7 76 63.3 120
T. trichiura + A. lumbricoides 100 32.9 204 67.1 304
T. trichiura + A. lumbricoides

+ hookworm 174 33.2 350 66.8 524
* Only comparing the prevalence of A. lumbricoides with T. trichiura, P � 0.004.

FIGURE 1. Prevalence of S. mansoni by socioeconomic status and environmental conditions. (a) Percent (%) of children within each category
of good or poor socioeconomic status and environmental conditions who were infected with S. mansoni. *Differences between groups are
significant, P � 0.02 and P < 0.01, respectively. (b) Percent (%) of children living with a head of household, who is illiterate or literate, who were
infected with S. mansoni. There were no significant differences.

TABLE 1
Prevalence and intensity of S. mansoni infection by number of geo-

helminth species observed in schoolchildren

No. of
geohelminth

species

Infection by S. mansoni

Total no.
examined

Positive fecal exam
Negative

N %*
Average
(epg)† N %

0 785 11.9 97.5 5,815 88.1 6,600
1 816 22.1 109.8 2,872 77.9 3,688
2 740 30.0 120.5 1,727 70.0 2,467
3 174 33.2 122.0 350 66.8 524

Total 2,515 18.9 109.5 10,764 81.1 13,279
* �2 test for trend in prevalence, P < 0.001.
† Test for linearity, P < 0.001.
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prevalence of schistosome infection (1 species, P � 0.024; 2
species, P < 0.001), except those with 3 infecting species
(P � 0.875). The educational level of the head of household
was not significantly different for any category of infection
(Figure 1b).

To estimate the relative contribution of the host factors of
socioeconomic conditions, age, and sex, we carried out logis-
tic regression analysis adjusting for these factors (Table 3).
Only 16% of the unadjusted odds ratio could be attributed to
these variables, indicating that the majority of this effect was
due to some aspect of the intrinsic host biology or that poly-
parasitism itself is responsible for the apparent increased sus-
ceptibility to S. mansoni.

DISCUSSION

These studies reveal an increase in the prevalence and in-
tensity of infection by S. mansoni associated with an increase
in the number of species of intestinal parasites hosted. The
biologic basis for this phenomenon is of course a result of
factors both extrinsic and intrinsic to the host. The relative
weights of the individual’s socioeconomic status and environ-
mental conditions, however, in this study were minor com-
pared with other factors associated with the host–parasite in-
teraction. Studies of host genetics measuring variance of
worm burden have likewise demonstrated a low degree of
contribution from environmental factors to this variance.11

On the host side, it is possible to speculate that genetic
factors and/or certain behaviors result in a higher susceptibil-
ity to co-infection in certain population groups. This, too, has
been supported by recent genetic studies of parasite infection,
where up to 66% of the variation in S. mansoni worm burden
was attributed to a single or a few host genes.12 What has
been less widely discussed, perhaps, is the contribution of
multiple infecting species (polyparasitism) itself and its affects
on susceptibility.

From our results, polyparasitism is not merely a marker for
poor sanitation and economic conditions; the data presented
may also suggest that multiple infections in themselves may
increase susceptibility. There is evidence that the risk of an
individual presenting with greater morbidity from parasitic
infection could result from a combination of the number of
infecting helminth species as well as the intensity of each
infection.6 Clinical and epidemiologic studies from various
parts of the world have indicated a positive association be-
tween the intensity of several infection and morbidity by S.
mansoni.4 Other studies have shown that there are progres-
sively more negative effects of S. mansoni infection on hemo-
globin levels10 and cognitive functions13,14 when associated
with increasing numbers of infecting geohelminth species.

This additional morbidity is one of the most important aspects
of polyparasitism, and its control has become the focus for
global preventative programs in endemic areas.

Received September 6, 2006. Accepted for publication May 9, 2007.

Financial support: This work was supported by a grant from the
Nestle Foundation, by CNPq, and by Pronex.

Disclaimer: Informed consent was obtained for all study subjects be-
fore clinical and parasitologic studies. This study was approved by the
Human Investigation Committees of University Hospitals and the
Oswaldo Cruz Foundation, Salvador, Bahia, Brazil.

Authors’ addresses: Rita de Cássia Ribeiro Silva, Ana Marlúcia Ol-
iveira Assis, and Mônica Leila Portela de Santana, School of Nutri-
tion, Federal University of Bahia, Salvador, Bahia, Brazil. Maurício
Lima Barreto, Institute of Collective Health, Federal University of
Bahia, Salvador, Bahia, Brazil. Isabel M. Parraga, Department of
Nutrition, Case Western Reserve University, Cleveland, OH, USA.
Mitermayer Galvão Reis, Oswaldo Cruz Foundation, Fiocruz, Salva-
dor, Bahia, Brazil. Ronald E. Blanton, Center for Global Health and
Diseases, Case Western Reserve University, Cleveland, OH, USA,
Telephone: +1 (216) 368-4814, Fax: +1 (216) 368-4825, E-mail:
reb6@case.edu.

Reprint requests: Ronald E. Blanton, Center for Global Health and
Diseases, Case Western Reserve University, Cleveland, OH, USA,
Telephone: +1 (216) 368-4814, Fax: +1 (216) 368-4825, E-mail:
reb6@case.edu.

REFERENCE

1. World Health Organization, 1987. Prevention and Control of In-
testinal Parasitic Infections. Report of a WHO Expert Com-
mittee. WHO Technical Report Series, No. 749. Geneva:
WHO, 1–86.

2. World Health Organization, 1986. Parasitic Diseases Programme.
Major parasitic infections: a global review. World Health Stat
Q 39: 145–160.

3. Bundy DA, Chandiwana SK, Homeida MM, Yoon S, Mott KE,
1991. The epidemiological implications of a multiple-infection
approach to the control of human helminth infections. Trans R
Soc Trop Med Hyg 85: 274–276.

4. Barreto ML, Loureiro S, Melo AS, Anjos CF, 1985. The effect of
Schistosoma mansoni infection on child morbidity in the State
of Bahia, Brazil. II—Analysis at the individual level. Rev Inst
Med Trop Sao Paulo 27: 167–171.

5. Brooker S, Miguel EA, Moulin S, Luoba AI, Bundy DA, Kremer
M, 2000. Epidemiology of single and multiple species of hel-
minth infections among school children in Busia District,
Kenya. East Afr Med J 77: 157–161.

6. Chamone M, Marques CA, Atuncar GS, Pereira AL, Pereira LH,
1990. Are there interactions between schistosomes and in-
testinal nematodes? Trans R Soc Trop Med Hyg 84: 557–
558.

7. Fleming FM, Brooker S, Geiger SM, Caldas IR, Correa-Oliveira
R, Hotez PJ, Bethony JM, 2006. Synergistic associations be-
tween hookworm and other helminth species in a rural com-
munity in Brazil. Trop Med Int Health 11: 56–64.

8. Keiser J, N’Goran EK, Traore M, Lohourignon KL, Singer BH,
Lengeler C, Tanner M, Utzinger J, 2002. Polyparasitism with
Schistosoma mansoni, geohelminths, and intestinal protozoa in
rural Cote d’Ivoire. J Parasitol 88: 461–466.

9. Katz NL, Chaves A, Pelegrino J, 1972. A simple device for quan-
titative stool thick-smear technique in Schistosoma mansoni.
Rev Inst Med Trop Sao Paulo 14: 397–400.

10. Brito LL, Barreto ML, Silva R de C, Assis AM, Reis MG, Par-
raga I, Blanton RE, 2003. Risk factors for iron-deficiency ane-
mia in children and adolescents with intestinal helminthic in-
fections [in Portuguese]. Rev Panam Salud Publica 14: 422–
431.

TABLE 3
Contribution of sex, age, socioeconomic, and environmental condi-

tions to the association of geohelminth infection with S. mansoni
prevalence

No. of
infecting helminths

OR unadjusted
(95% CI)

OR adjusted*
(95% CI)

% Change
after adjustment

1 species 1 (reference) 1 (reference) –
2 species 1.32 (1.08–1.60) 1.33 (1.07–1.63) −0.8%
3 species 2.05 (1.38–3.64) 1.71 (1.12–2.61) 16.6%

* Adjusted for sex, age and socio-economic level, environmental conditions.

SILVA AND OTHERS674



11. Quinnell RJ, 2003. Genetics of susceptibility to human helminth
infection. Int J Parasitol 33: 1219–1231.

12. Abel L, Demenais F, Prata A, Souza AE, Dessein A, 1991. Evi-
dence for the segregation of a major gene in human suscepti-
bility/resistance to infection by Schistosoma mansoni. Am J
Hum Genet 48: 959–970.

13. Ezeamama AE, Friedman JF, Acosta LP, Bellinger DC, Langdon

GC, Manalo DL, Olveda RM, Kurtis JD, McGarvey ST, 2005.
Helminth infection and cognitive impairment among Filipino
children. Am J Trop Med Hyg 72: 540–548.

14. Nokes C, McGarvey ST, Shiue L, Wu G, Wu H, Bundy DA, Olds
GR, 1999. Evidence for an improvement in cognitive function
following treatment of Schistosoma japonicum infection in Chi-
nese primary schoolchildren. Am J Trop Med Hyg 60: 556–565.

INFLUENCE OF POLYPARASITISM ON S. MANSONI INFECTON 675




