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EPIDEMIOLOGY OF Schistosoma mansohi INFECTION IN A LOW-ENDEMIC
AREA IN BRAZIL: CLINICAL AND NUTRITIONAL CHARACTERISTICS
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Anna B. F. C. PROIETTI (4) & Carlos M. F. ANTUNES (2,3).

SUMMARY

A cross-sectional case-control study designed to evaluate the role of malnutrition in
the association between the intensity of Schistosoma mansoni infection and clinical
schistosomiasis, was conducted in an area with both low frequency of infection and low
morbidity of schistosomiasis in Brazil. Cases (256) were patients with a positive stool
examination for S. mansoni; their geometrical mean number of eggs/gram of feces was
90. Controls (256) were a random sample of the negative participants paired to the cases
by age, sex and length of residence in the area. The clinical signs and symptoms found to
be associated with S. mansoni infection, comparing cases and controls, were blpod in
stools and presence of a palpable liver. A linear trend in the relative odds of these signs
and symptoms with increasing levels of infection was detected. Adjusting by the level of
egg excretion, the existence of an interaction between palpable liver and ethnic group
(white) was suggested. No differences in the nutritional status of infected and non-in-
fected participants were found.

KEY WORDS: Schistosomiasis mansoni; Infection intensity; Clinical signs and symp-
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INTRODUCTION

Schistosoma mansoni infection is endemic in
Brazil. According to the Brazilian Ministry of
Health the number of infected persons in the coun-
try is about 12 million. In most of the endemic
areas the intensity of infection is considered to be
low to moderate®. A large proportion of infected
individuals remains clinically asymptomatic. There
are evidences that the infection’s intensity is the
main determinant of clinical manifestations in
schistosomiasis mansoni®®, Several studies had
shown an association between intensity of infec-
tion (estimated by the number of eggs/gram of fe-
ces) and more severe clinical forms of the disease
5.7,16,17,21,23,26, 33, 34,45 Qther investigators, however,
had not reported the same relationship & - 13.14.19. 2%
32,31, 46 Recently it was shown the intensity of S.

mansoni infection to be associated only to the
presence of blood in stools and to a palpable and
hardened liver*'.

The importance of the human host nutritional
status and its possible association with
schistosomiasis clinical manifestations is contro-
versial. Some studies have described such relation-
ship, while in other investigations no association
was found. However, the anthropometric measures
and clinical signs of malnutrition used were not
always similar, which prevented meaningful com-
parisons”-8.14.24.48,

The objective of the present investigation, a
cross-sectional case-control study was to evaluate,
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in the human host, the role of protein-caloric malnu-
trition (estimated by clinical, laboratory and
anthropometric methods) in the relationship be-
tween the intensity of S. mansoni infection (esti-
mated by the number of eggs/gram of feces as a
surrogate of the worm burden) and clinical manifes-
tations of schistosomiasis. The study was carried out
in an area presenting a low to moderate endemicity
level of this infection in Minas Gerais State, Brazil.

MATERIAL AND METHODS

This investigation was conducted in Ribeirdo
das Neves, a small city of about 14,000 people
living in its urban area, belonging to the Metro-
politan Region of Belo Horizonte, the capital of
Minas Gerais State, Brazil. No cases of malaria or
kalazar were ever reported from this area.

The minimum sample size needed to detect a
relative risk of 2, estimated by the relative odds
(RO), for clinical schistosomiasis, assuming 20
percent of the local population to be malnourished
(below the 5 percent of Brazilian standards?), with
an o =.05 and B8 = .10, was estimated to be 229
participants in each group®.

The frequency of S. mansoni infection among
schoolchildren in this area was 22.5%". The distri-
bution of the infection typical of most Brazilian
endemic areas shows a sharp decline of infection
rates with increasing age®?. In order to obtain the
necessary number of infected participants, a stool
examination survey including approximately 4,000
inhabitants had to be carried out.

Cases were defined as subjects with a positive
stool test for S. mansoni. Controls were selected
from the pool of negatives and paired to the cases
by age (within 3 years), by sex and by length of
residence in the area (within one year). A detailed
description of the procedures used in selecting par-
ticipants, in conducting the stool examination sur-
vey, in selecting and matching controls can be seen
in a previous publication*,

Cases and controls were examined and inter-
viewed following a pre-coded standard clinical and
nutritional form, for signs and symptoms which
occurred in the last 30 days, specially those related
to the gastrointestinal system. One clinical exami-
nation was carried out. The interview included
questions about alcohol intake and history of schis-
tosomiasis mansoni treatment. A 10 ml blood
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sample was collected. The clinical classification
adopted and the methods of liver and spleen palpa-
tion were already described®'.

The malnutrition signs recorded were those
classsified as Group 1. The anthropometric mea-
sures taken were weight, height, arm circumfer-
ence and triceps skinfolds using a Harpenden Cali-
per .41 The total area, muscular and fatty sec-
tions of the arm were also calculated'?,

In all participants, skin tests in the volar sur-
face of the left arm were done: schistosomin (LE/
BH strain, adult worm antigen), oligomycin, strep-
tokinase and PPD-5TU; the readings were consid-
ered positive if the induration was equal or greater
than 5 mm for oligomycin and streptokinase, equal
or greater than 10 mm for PPD-5TU* and equal or
greater than 1.0 cm? for schistosomin®,

The laboratory tests carried out were: erythro-
cyte count, hemoglobin, hematocrit, mean corpus-
cular volume (MCV), mean corpuscular hemoglo-
bin concentration (MCHC), leukocyte count (glo-
bal and differential), blood group and Rh factor
typing. In a random subsample, immunoglobulin
G, M and A (IgG, IgM, IgA) and complement
component 3 (C,) were also measured using the ra-
dial immunodiffusion technique.

During the clinical and nutritional examina-
tions, neither the examiner nor the patients was
informed about the results of any laboratory tests.
The laboratory personnel was also not aware of the
patients’ status as cases or controls.

Frequency distributions and statistical tests
were done using the SPSS Statistical Package for
the Social Sciences® software. The RO and its
confidence intervals were obtained using a
Hewllet-Packard model 67 calculator®?. Bivariate
(Mantel-Haenszel) and multivariate comparisons
(multivariate logistic analysis, conditional
method), were accomplished using the Epilnfo®
and the MULTLR Microcomputer Program for
Multiple Logistic Regression by Unconditional
and Conditional Maximum Likelihood Methods*
software, respectively. In both analysis, two mod-
els were used: (1) S. mansoni infection as the out-
come variable, blood in stools as the primary pre-
dictor variable (yes/no) and (2) S.mansoni infec-
tion as the outcome variable, palpable liver (yes/
no) as the primary predictor variable. Secondary
predictor variables included in the multivariate
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models were: previous schistosomiasis mansoni
treatment (yes/no), malnutrition signs (hair and
face, yes/no), and ethnic groups (white/nonwhite).
S. mansoni infection in the multivariate logistic
models was stratified as controls (reference), less
or equal 100 eggs/gram of feces and more than 100
eggs/gram of feces.

RESULTS

The characteristics of the study population are
presented in Table 1; of the 4,141 persons identi-
fied in the study census, only 2,503 had stool
samples examined for S. mansoni eggs (in study
number order), as the proportion of infected sub-
jects (14%) was higher than initially expected,
yielding the necessary number of cases to be in-
cluded in the study. From the 357 ascertained
cases, 256 (72%) were included in the matched
analysis and 282 (79%) in the stratified (un-
matched) analysis; the remaining were excluded
for various reasons.

Table 1
Epidemiology of Schistosoma mansoni infection.
Identification of the study population. Ribeirdo das
Neves, MG.

Urban Area Population (1980 Census) 14,036
Identified (Study Census) 4,141
Stool examination survey 2,503
Positive for S. mansoni 357 (14%)
Excluded: Volunteers 16

Migrants 9

No controls® 26

Refusals 50
Cases included in the matched analysis 256 (72%)
Matched® Controls from pool of negatives 256
Cases included in the unmatched analysis 282 (79%)
Controls from pool of negatives 275

Wexcluded from the matched analysis
@age within 3 years; sex; length of residence within 1 year

The atributes of the cases, in relation to S.
mansoni burden (estimated by the number of eggs/
gram of feces ) and the clinical classification of the
disease, can be seen in Table 2. The geometrical
mean number of eggs/gram of feces was 90;
among those with low (12-99 epg), moderate (100-
499epg) and heavy (= 500 epg) infection was 33,
221 and 1,212 respectively. The observed results
(86% of cases shedding < 500 eggs/gram of feces
and 89% classified as Type I clinical form) charac-
terize Ribeirdo da Neves as an area with both low
frequency of infection and low morbidity for

schistosomiasis mansoni'®. Similar results were ob-
tained for cases included in the unmatched analysis.

Table 2
Classification of schistosomiasis mansoni cases ac-
cording to the number of eggs per gram of feces
and the clinical form of the disease. Ribeirdo das
Neves, MG.

Cases of schistosomiasis mansoni

Characteristic = Matched Analysis Unmatched Analysis
Number % Number %
Eggs per gram
of feces
12-99 147 574 167 59.2
100 - 499 74 289 80 284
> 500 35 13.7 35 124
Total 256 100.0 282 100.0
Clinical form®
Typel 226 89.0 251 89.7
Type I 23 9.0 23 82
Type III 5 20 6 21
Total 254 100.0 280 100.0

™1in 2 cases the liver palpation was not done

The association of geometrical mean number
of eggs/gram of feces and the clinical disease clas-
sification is shown in Table 3. The analysis of gra-
dient in proportions for samples quantitatively or-
dered'®, when Type II and Type III patients where
pooled together, showed a statistically significant
trend. This finding suggests a linear increase in the
proportion of patients presenting more severe
forms of the disease with heavier infections (Fig-
ure 1). However, only 18% of the patients with
heavier infection were classified as having Type 1I/
III clinical disease.

Table 3
Clinical forms of schistosomiasis mansoni accord-
ing to the intensity of infection (eggs/gram of feces).
Ribeirdo das Neves, MG.

Intensity of infection
Clinical Forms  Low Moderate Heavy
(12-99 epg) (100-499 epg) (=500 epg)
Type I 153 70 28
Type II/HI 13 10 6
prop Type I/ 0.08 0.13 0.18
In mean epg 35 54 7.1

rend analysis: b = 0.0282
X2, slope =3.94 p<.05
X7, lincarity = 0.03 NS
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Tables 4 to 8 present the results of the basic case-
control comparisons (matched analysis). Among the
demographic characteristics studied, cases showed a
lower proportion of whites and a higher proportion of
mulattoes. Pertaining to clinical signs and symptoms,
a higher proportion of cases reported having blood

Table 4
Comparison of demographic and anthropometric
variables between schistosomiasis mansoni cases
and controls (matched analysis). Ribeirdo das
Neves, MG.

Cases Controls
Anthropometric
Characteristics® N) %  (N) %
Ethnic Group: White 97) 38 (134) 52
Mulatto  (137) 54 (103) 40
Black (21) 8 (19) 7
Other (6] - ©) -
Weight kg (mean) (252) 49.8 (252) 483
Height cm (mean) (250) 155.8 (250) 1524
Arm circumference
cm (mean) (253) 24.8 (253) 245
Triceps skinfold
mm (mean) 45) 113 (245) 116
Arm: Total area
mm? (mean) (244) 5086 (244) 5019
Muscular section
mm? (mean) (244) 3759 (244) 3712
Fatty section
mm? (mean) (244) 1389 (244) 1426

® refusals and not stated removed from Table
® significant at .0S level: means paired “t” test
proportions X% o Yates correction
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stools and presented a palpable and hardened liver;
hardened liver was only present among cases present-
ing a palpable liver. No differences in protein-caloric
malnutrition clinical signs and anthropometric mea-
sures were found. Regarding laboratory tests, cases
presented a higher mean value of IgG and a lower
mean value of erythrocyte count; a higher proportion
of cases also had more than 4% of eosinophil.

A similar proportion of cases and controls re-

Table 5
Comparison of the proportions of clinical signs and
symptoms between schistosomiasis mansoni cases and
controls (matched analysis). Ribeirdo das Neves, MG.

Cases . Controls

Clinical Signs and

Symptoms ¢ N) % N) %
Headache 26) 10 (16) 6
Abdominal pain B3 21 42) 16
Diarrhea (19) 7 9 4
Constipation 3) 1 6) 2
Blood in stools 42) 16 (1) 49
Enteralgia 3) 1 3) 1
Melena (V)] - (V)] -
Hematemesis () - ©) -
Dizziness (14) 5 (14) 6
Weakness ¢)) - 1 -
Palpable liver 28) 11 ) 4™
Hardened liver @) 3 (®) -
Other a7 7 (16) 6
Asymptomatic (125) 49 (163) 64"

® refusals and not stated removed from Table
© significant at .05 level: X2, o With Yates correction
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Table 6
Comparison of protein-caloric malnutrition clinical
signs between schistosomiasis mansoni cases and
controls according to anatomical site (matched
analysis). Ribeirfio das Neves, MG.

Cases Controls
Anatomical Site®

™~ % N %
Hair an 17 a8y 7
Face (46) 18 (38) 15
Eyes m 3 ® 3
Lips ® 3 ® 4
Tongue © - @ -
Teeth 3 1 5y 2
Gums @ - @ -
Thyroid @ - a -
Parathyroid © - © -
Skin 1 - © -
Nails 0 - 0 -
Subcutaneous edema 2 - o -
Muscular-skeletal system () - o -

O refusals and not stated removed from Table
Osignificant at .05 level: X? o With Yates correction

Table 7
Comparison of selected laboratory tests between
schistosomiasis mansoni cases and controls
(matched analysis). Ribeirdo das Neves, MG.

Cases Controls

Laboratory Tests
™ % N %o
Blood Groups A (75) 32 (78) 33
B “43) 18 (32) 14
AB (6) 3 (6) 3
(0] (114) 48 (117) 50
Rh Positive (219) 92 (207) 90
Skin Tests: Olygomicym (130) 62 (141) 65
Streptokinase G0y 24 (54) 25
PPD-5TU 35 17 (40) 18
1gG mg% (mean) (54) 1,623 (54)1,380¢
1gA mg% (mean) (46) 220 (46) 216
1gM mg% (mean) 46) 254 (46) 220
C, mg% (mean) 40) 133 40y 122

Mrefusals and not stated removed from Table
© significant at .05 level: means paired “t” test
proportions X? | Yates correction

Table 8
Comparison of selected laboratory tests between schistosomiasis mansoni cases and controls (matched

analysis). Ribeirdo das Neves, MG.

Cases Controls

Laboratory Tests®

™) % ™ %
Erythrocytes mm? (mean) (230) 4.6x10° 230 4.7x10%"
Hematocrit % (mean) (218) 413 (218) 419
Hemoglobin g% (mean) (230) 13.8 (230) 14.0
MCV mm? (mean) (218) 91.7 (218) 88.1
MCHC % (mean) (218) 334 (218) 336
Leukocytes mm? (mean) (230) 6.5x103 (230) 6.2x10°
Juvenile neutrophils > 4% {65) 23 (52) 19
Segmented neutrophils > 57% 54 22 44) 18
Lymphocytes > 35% (239) 99 (244) 100
Monocytes >5% 59) 25 ©7n 27
Eosinophils > 4% (196) 82 171) 700
Basophils > 0.2% (20) 8 (0) 12

Orefusals and not stated removed from Table
Osignificant at .05 level: means paired “t” test
proportions X2, o Yates correction

ported use of alcohol (19.2 and 21.5% respec-
tively), without specification of quantity and fre-
quency. In regard to receiving therapy against
schistosomiasis mansoni, 14.5% of the cases and
14.8% of the controls related being previously
treated, but were unable to recall specific details.

The assessment of the association between se-
lected clinical signs and symptoms and S. mansoni
infection can be seen in Table 9; only the RO for
the presence of blood in stools and a palpable liver
were statistically significant. Cases, classified by
the infection’s intensity (eggs/gram of feces) were
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Table 9
Schistosoma mansoni infection and clinical signs and symptoms of schistosomiasis mansoni {(matched

analysis). Ribeirdo das Neves, MG.

Clinical Signs S. mansoni infection

and Cases + Cases - Relative Odds 95% CI
Symptoms Controls - Controls +
Headache 23 13 1.8 0.8-39
Abdominal pain 40 28 14 08-2.5
Diarrhea 18 8 22 09-63
Constipation 0 6 0.5 -
Blood in stools 40 9 44 2.0-10.8
Enteralgia 3 3 1.0 -
Dizziness 13 13 1.0 -
Weakness 1 1 1.0 -
Palpable liver 26 7 3.7 14 -10.6

compared with the control group as reference. Sig-
nificant trends (Figure 2) in the estimated RO were
observed for blood in stools (X%, = 31.5, p <.001)
and palpable liver (X* 4 = 12.3, p < .01), showing
a linear increase in the proportion of cases present-
ing these signs and symptoms with heavier infec-
tions.

The comparison of serum mean values (in
mg%) of IgG by egg excretion levels showed sig-
nificant differences (controls, 1380; 12-99 epg,
1539; 100-499 epg, 1700 and = 500 epg, 1822);
the multiple comparison test (Scheffé) revealed the
discriminating level to be < 100 and > 100 eggs/
gram of feces.

Stratified analysis (unmatched) did not detect
confounding; some of the studied risk factors were

associated to both exposure and disease under the
two models studied, but the estimated adjusted and
crude RO did not differ.

The estimates stratum specific RO for ethnic
groups (white and non-white) and previous
schistosomiasis treatment (yes/no) suggested the
presence of effect modification (interaction), spe-
cially for the palpable liver model among whites;
however the X? of heterogeneity was not signifi-
cant. Results for the ethnic group analysis can be
seen in Figure 3. This suggestion of effect modifi-
cation was more evident stratifying by egg excre-
tion levels (Figure 4), but again, no statistical sig-
nificance was attained. It can be seen that the ROs
were always higher among whites when compared
to non-whites; for the blood in stools model, the

Figure 2 - Relative Odds
of blood in stools and pal-
pable liver by egg excre-
tion
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increase in the ROs according to egg excretion was
the same for both ethnic groups (paral lellines)
whereas for the palpable liver model, the increase
in the ROs was not equal, suggesting the existence
of a positive interaction between ethnic group
(whites) and heavier S, mansoni infection. Signifi-
cant trends in the estimated RO were observed for
blood in stools among whites (X2, = 15.5, p<.001)
and non-whites (X?,4 = 11.4, p<.001) and for pal-
pable liver among whites (X2, = 13.3, p<.001);
among non-whites, the trend in the estimated RO
for palpable liver was not significant (X%, = 3.3,
NS). This finding also points out in the direction of
an existing interaction between ethnic group
(white) and heavier S.mansoni infections.

Similar results were obtained using condi-
tional logistic and multivariate logistic methods
(matched analysis); the interaction terms with eth-
nic groups and previous schistosomiasis treatment
induced changes in the estimated RO of both blood
in stools and palpable liver models, but were not
statistically significant.

DISCUSSION

‘Cases and controls included in this study, be-
cause of the selection process used, are likely to
represent Ribeirfio das Neves’ urban population.
The reasons why the investigation was restricted to
urban inhabitants were (1) the existence of street
maps of the central area of Ribeirio das Neves,
which allowed the identification of a sampling
frame and (2) the presence of a more stable popu-
lation (only 2.5% of losses due to migration),

As age, sex and length of residence in endemic
areas have been shown to be associated to both S.
mansoni infection and clinical manifestations of
schistosomiasis %+ ?7, matching on these factors as-
sured control of any possible confounding.

The diagnostic test used to identify S.
mansoni infected cases is routinely utilized as the
technique of choice in Brazil. Although the ideal
procedure would be to do stool examinations in
two different occasions ¥, the possible gain in va-
lidity would be diminished by increased costs and
decreased compliance. The  possible
misclassification due to the inclusion of false-
negative participants in the control group would
have biased the risks estimates towards the null
value. The calculated RO may be, therefore, a con-
servative estimate of the associations detected.
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The clinical and physical examinations, as
well as the interviews, were carried out blindly by
one observer; the laboratory tests were done in a
similar manner. Thus, the possibility of a differen-
tial misclassification can be ruled out.

In this investigation, nutritional condition
seemed not to play an important role in the rela-
tionship S. mansoni infection-severity of clini-
cal schistosomiasis. None of the methods used in
measuring nutritional indicators, either
anthropometrical, clinical or laboratorial, although
adequate to field work's, suggested the existence of
a different nutritional status between cases and
controls. Similar results were obtained ordering
cases by egg excretion levels and by clinical dis-
ease. Different results, showing an association be-
tween nutritional anthropometric indicators with
splenomegaly and sociocconomic variables as well
as between heavy egg excretion and height were
reported from another endemic area in Minas
Gerais State®, Splenomegaly was practically non-
existent in the present investigation. Socioeco-
nomic variables were not measured, but the restric-
tion to an urban population together with the selec-
tion process used, probably guaranteed homogene-
ity in relation to these factors.

The previous suggestions of different host-
parasite relationship according to ethnic
groups'?2233%4 were confirmed in this study (Fig-
urc 3). In addition, a differential increase in the
risk of clinical schistosomiasis (estimated by pal-
pable liver) was found, after adjusting by the level
of egg excretion, among white subjects (Figure 4).
The plausibility of this interaction is strengthened
by (1) the control of possible confounders in the
design and analysis, (2) a “dose-response” effect,
(3) the magnitude of the estimated ROs and (4)
similar results obtained using either the unmaiched
bivariate or the conditional (matched) multivariate
methods of data analysis. The possible
misclassification due to the subjective use of skin
color as a surrogate for ethnic groups was shown
to be small in Brazil??, Until a better understanding
of the mechanisms involved in this association -
either biological, environmental, sociocultural or
behavioral - ethnic group should be regarded as a
potential effect modifier and/or confounder in epi-
demiological and clinical investigations conducted
in areas with similar racial composition.

In summary, the results obtained in this inves-
tigation have revealed that (1) S. mansoni infec-
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tion is associated only to blood in stools and pal-
pable liver as its clinical manifestations; (2) the
proportions of patients with clinical
schistosomiasis increase with the infection’s inten-
sity but only 18% of those with heavier infection
are classified as having severe disease; (3) the pro-
portion of participants with clinical manifestations
and the increase in the risk of developing clinical
schistosomiasis according to infection’s intensity,
differed according to their ethnic characteristics,
suggesting the existence of an interaction between
whites and heavier S. mansoni infection and (4)
nutritional indicators, as assessed, did not differ
between infected and non-infected subjects, even
when adjusting by egg excretion levels and clinical
signs and symptoms. These results, conceivably,
can be only generalized to areas with similar char-
acteristics (low to moderate endemicity level and
morbidity), but nevertheless, these are the charac-
teristics of most of the Brazilian endemic regions.

RESUMO

Epidemiologia da infecgio pelo Schistosoma
mansoni em area de baixa endemicidade no
Brasil: Caracteristicas clinicas e nutricionais

Um estudo epidemiolégico seccional, tipo
caso-controle, planejado para avaliar o papel de-
sempenhado pelo estado nutricional do paciente na
associagfio entre a intensidade da infecgdo pelo
Schistosoma mansoni e as manifesta¢des clinicas
da esquistossomose, foi conduzido em uma é4rea do
Estado de Minas Gerais que apresentava uma bai-
xa freqiiéncia desta parasitose ¢ uma baixa
morbidade devido a esta infecgdo. Casos (256) fo-
ram definidos como participantes que apresenta-
vam exame de fezes positivo para S. mansoni,
com uma média geométrica de 90 ovos/grama de
fezes. Controles (256) foram definidos como uma
amostra aleatéria dos pacientes com exames de fe-
zes negativo, pareados aos casos por idade, sexo e
tempo de residéncia na 4rea. Os sinais ¢ sintomas
clinicos assinalados como associados a infecg¢do
pelo S. mansoni, comparando-se casos e controles,
foram a presenga de sangue nas fezes e de figado
palpdvel. Foi detectada uma tendéncia linear nas
odds relativas destes sinais ¢ sintomas e niveis
crescentes de infecgdo. Ajustando pelo nimero de
ovos de S. mansoni excretados, a existéncia de
uma interagfo entre grupo étnico (brancos) ¢ figa-
do palpével foi sugerida. Nao foram encontradas
diferengas significativas no estado nutricional dos
casos e dos controles.

ACKNOWLEDGEMENTS

The authors are indebted to Dr. Naftale
Katz, to the staff of Ribeirdo das Neves Health
Center, to SUCAM-MG (Superintendéncia de
Campanhas do Ministério da Saide -
Coordenadoria Regional de Minas Gerais) and
to the staff of the Clinical Laboratory, School
of Medicine, Federal University of Minas
Gerais State, for their invaluable participation
in this study.

REFERENCES

1. BINA, J. C.; TAVARES-NETO, J.; PRATA, A, &
AZEVEDQ, E. S. - Greater resistance to development of
severe schistosomiasis in Brazilian negroes. Hum. Biol.,
50:41-49, 1978.

2. BRASIL. - Consumo alimentar; antropometria. In: Estudo
Nacional da Despeza Familiar. Rio de Janeiro,
Fundagio Instituto de Geografia e Estatistica, 1977.

3. BRENER, Z. & MOURAO, O. G. - Inquéritos clinicos-
epidemil6gicos em focos endémicos da esquistossomose
mansoni em Minas Gerais. Rev. bras. Malar,, 8: 519-
526, 1956.

4. CAMPOS-FILHO, N. & FRANCO, E. L. - A microcom-
puter program for multiple logistic regression by uncondi-
tional and conditional maximum likelihood methods.
Amer. J. Epidem., 129:439-444, 1989.

5. CHEEVER, A. W. A. - Quantitative post-mortem study of
schistosomiasis mansoni in man. Amer. J. trop. Med.
Hyg., 17:38-75, 1968.

6. CLINE, B. L.; RYMZO, W. T.; HIATT, W. B.; KNIGHT,
W. B. & BERRIOS-DURAN, L. A. - Morbidity from
Schistosoma mansoni in a Puerto Rican community: a
population based study. Amer, J. trop. Med. Hyg., 26:
109-117, 19717.

7. COOK, J. A.; BAKER, S. T.; WARREN, K. S. & JOR-
DAN, P. A. - A controlled study of morbidity of
schistosomiasis mansoni in Santa Lucia children, based on
quantitative egg excretion. Amer. J. trop. Med. Hyg.,
23:625-633, 1974.

8. COUTINHO, E.; BARBOSA, F. S.; BARBOSA, 1.
M.; PESSOA, D.; PINTO, R. F.; OLIVEIRA, P. A,
& RODRIGUES, B. A. - Inquérito clinico-
nutricional e antropométrico preliminar, em 4reas
endémicas de esquistossomose mansoni, no
nordeste do Brasil. Rev. Soc. bras. Med.
trop.,6:211-236, 1972.

9. DEAN,J. A.; DEAN A. G.; BURTON A. & DICKER,

R. - Epilnfo Version 5. A Word Processing, Data-
base, and Statistics System for Epidemiology on
Microcomputer. Georgia, USD Inc, Stone Mountain,
1990.

417



PROIETTL, F.A.; PAULINO, U.H.M.; CHIARI, C.A,; PROIETT], A.B.F.C. & ANTUNES, C.M.F. - Epidemiology of Schistosoma
mansoni infection in a low-endemic area in Brazil: clinical and nutritional characteristics. Rev. Inst. Med. trop. S. Paulo, 34
(5): 409-419, 1992.

10.

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

418

FLEISS, J. L. - Statistical Methods for Rates and Pro-
portions. 2. ed. New York, John Wiley and Sons, 1981.
(Wiley Series in Probability and Mathematical Statistics).

GUIMARAES, M. D. C.; BARROS, H. L. & KATZ, N. -
A clinical epidemiological study in a schistosomiasis
mansoni endemic area (Tuparece, Minas Gerais). Rev.
Inst. Med. trop. S. Paulo, 27:123-131, 198S.

GURNEY, J. M. & JELLIFFE, D. B. - Am anthropometry
in nutritional assessment: normogram for rapid calculation
of muscle circumference and cross sectional muscle and
fat areas. Amer. J. clin. Nutr.,,26:912-915, 1973.

HIATT, R. A. - Morbidity from Schistosoma mansoni
infections: an epidemiological study based on quantitative
analysis of egg excretion in two highlands Ethiopian vil-
lages. Amer J. trop. Med. Hyg., 25:808-817, 1976.

HIATT, R. A. & GEBRE-MEDHIN, M. - Morbidity from
Schistosoma mansoni infections: an epidemiological study
based on quantitative analysis of egg excretion in Ethiopian
children. Amer. J. trop. Med. Hyg., 26:473-481, 1977.

JELLIFFE, D. B. - The assessment of nutritional status of
the community. Geneva, World Health Organization,
1963. (World Health Organization Monograph Series n® 53)

JORDAN, P. - Epidemiology and control of
schistosomiasis. Brit. med. Bull.,, 28:55-59, 1972.

KAMEL, 1. A.; ELWI, A, M,; CHEEVER, A. W.;
MOSIMANN, J. E. & DANNER, R. - Schistosoma
mansoni and Schistosoma hematobium infections in

ypt. IV. Hepatic lesions. Amer J. trop. Med. Hyg.,
27:931-938, 1978.

KATZ, N.; MOTTA, E.; OLIVEIRA, V.B. &
CARVALHO, E. F. - Prevaléncia da esquistossomose em
escolares no Estado de Minas Gerais. In: CONGRESSO
DA SOCIEDADE BRASILEIRA DE MEDICINA
TROPICAL, 14. Jodo Pessoa, PB, 1978. Resumos. p. 102,

KATZ, N. & ZICKER, F. - Correlation between
symptomatology and intensity of Schistosoma mansoni
infection in inhabitants from endemic areas in Minas
Gerais State Brazil. Bras. méd., 11:55-59, 1975.

KEYS, A. - Recommendations conceming body measure-
ment for the characterization of nutritional status. Hum.
Biol., 28:111-123, 1956.

KLOETZEL, K. - Splenomegaly in schistosomiasis
mansoni. Amer. J. trop. Med. Hyg., 11:472-476, 1962.

KRIEGER, H.; MORTON, N. E.; MI, M. P.; AZEVEDO,
E. S.; FREIRE MATA, A. & YASUDA, N. - Racial ad-
mixture in Northeastern Brazil. Ann. hum. Genet.,
29:113-128, 1965.

LEHMAN, J. S.; MOTT, K. E.; MORROW, R. II.;
MUNIZ, T. M. & BOYER, M. H. - The intensity and
effects of infection with Schistosoma mansonli in a rural
community Northeast Brazil. Amer. J. trop. Med. Hyg.,
25:285-294, 1976.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

3s.

LIMA E COSTA, M. F. F. de; LEITE, M.L.C.; ROCHA,
R. S.; MAGALHAES, M. H. A, & KATZ, N. -
Anthropometric measures in relation 10 schistosomiasis
mansoni and socioeconomic variables. Int. J. Epidem.,
17:880-886, 1988.

LIMA E COSTA, M. F. F. de; MAGALHAES, M. H. A ;
ROCHA, R. S.; ANTUNES, C. M. F. & KATZ, N.- Wa-
ter-contact patterns and socioeconomic variables in the
epidemiology of schistosomiasis mansoni in an endemic
area in Brazil. Bull. Wid. Hith. Org., 65:57-66, 1987.

LIMA E COSTA, M. F. F. de; ROCHA, R. S. & KATZ,
N. - Morbidade da esquistossomose e sua relagio com a
contagem de ovos de Schistosoma mansoni em uma zona
hiperendemica do Estado de Minas Gerais. Rev. Inst.
Med. trop. S. Paule,27:66-75, 198S.

LIMA E COSTA, M. F. F. de; ROCHA, R. S.;
MAGALHAES, M. H. A. & KATZ, N. - A clinico-
epidemiological survey of schistosomiasis mansoni in
a hyperendemic area in Minas Gerais State
(Comercinho, Brazil). 1. Differences in manifestations
of schistosomiasis in the town center and in the envi-
rons. Trans. roy. Soc. trop. Med. Hyg., 79:539-545
1985.

[

McMAHON, J. E. - A study of some clinico-pathological
manifestations in Schistosoma mansoni infection in Tan-
zania. Ann. trop. Med. Parasit.,61:302-309, 1967.

MENEZES, A. P. & COURA, JI. R. - Estudo seccional
sobre esquistossomose mansonica no municipio de
Riachuelo, Estado de Sergipe. Rev. Soc. bras. Med.
trop.,13: 1-15. 1976/80.

NAKAMURA, R. M. - Immunopathology Clinical
Laboratory Concepts and Methods. Boston, Liule
Brown and Company, 1974.

NIE, N. H.; HULL, C. H.; JENKINS, J. G.;
STEINBRENNER, K. & BENT, D. H. - SPSS Statistical
Package for the Social Sciences. 2. ed. New York, Mc
Graw-Hill, 1975.

OMER, A. H. S.; HAMILTON, . J. S.; MARSHALL, T.
F. C. & DRAPER, C. C. - Infection with Schistosoma
mansoni in the Gezira area of the Sudan. J. trop. Med.
Hyg.,79:151-157, 1976.

ONGON, V. L. & BRADLEY, D. I. - The epidemiology
and consequences of Schistosoma mansoni infection in
West Nile, Uganda. I. Field studies of a community at
Panayagoro. Trans. roy. Soc. trop. Med. Hyg.,66:835-
851, 1972.

PESSOA, S. B. & AMORIM, J. P. - Contribuigio para
historia natural da esquistossomose mansonica no nordeste
brasileiro e sugestdes para sua profilaxia. Rev. bras. Ma-
lar.,9:5-18, 1957.

PESSOA, S. B. & COUTINHO, J. O. - Nota sobre
incidencia de parasitoses intestinais em Aracaju-Sergipe,
com especial referencia a esquistosomose. Rev. clin. S.
Paulo, 28:11-22,1952.



PROIETTI, F.A,; PAULINO, U.HM.; CHIARI, C.A,; PROIETTI, A.B.F.C. & ANTUNES, CM.F. - Epidémiology of Schistosoma

mansoni infection in a low-endemic area in Brazil: clinical and nutritional characteristics. Rev. Inst. Med. trop. S. Paulo, 34
(5): 409-419, 1992.

36. PESSOA, S. B. & MARTINS, A. V. - Parasitologia 43. RUIZ, L.; COLLEY, J. R. T. & HAMILTON, P. J. S. -
Médica. 11* ed. Rio de Janeiro, Guanabara Koogan, 1982. Measurement of triceps skinfold thickness. An investiga-
tion of sources of variation. Brit. J. prev. soc.
37. POPE, R. T.; KLINE, B. L. & EL ALAMY, M. A. - Med.,25:165-167, 1971.
Evaluations of schistosomal morbidity in subjects with
high intensities infections in Qalyub, Egypt. Amer. J. 44, SCHLESSELMAN, J. J. - Case Control Studies. Design,
trop. Med. Hyg.,29:416-425, 1980. Conduct, Analysis. New York, Oxford University Press,
1982,
38. PRATA, A. - Esquistossomose mansoni. In: VERONESI, ,
R. Doengas Infecciosas e Parasitarias. 7* ed. Rio de  45. SIONGOK, T. K. A.: MAHAMOUD, A. A. F.; OUMA, J.
Janeiro, Guanabara Koogan S.A., 1982. Cap. 94, p.884. H.; WARREN, K. S.; MULLER, A. S.; HANDA,A.K. &
HQOUSER, H. B. - Morbidity in schistosomiasis mansoni
39. PRATA, A. & SCHROEDER, S. A. - Comparison of in relation to intensity of infection: study of a community
whites and negroes infected with Schistosoma mansoni in in Machakos, Kenya. Amer. J. trop. Med. Hyg.,25:273-
a hyperendemic area. Gaz. méd. Bahia, 67:93-98, 1967. 284, 1976.
40. PRATA, A. & TAVARES NETO, J. - Forma 46. SMITH, D. H,; WARREN, K. S. & MAHAMOUD, A. A.
hepatosplénica da esquistossomose mansonica, em relagdo F. - Morbidity in schistosomiasis mansoni in relation to
4 composigio racial e ao nivel sécio-econdmico, em intensity of infection: study of a community in Kisumu,
Catolandia, Bahia. Rev. Soc. bras. Med. trop.,23:37- Kenya. Amer. J. trop. Med. Hyg.,28: 220-229, 1979,
42,1990.
47. TANNER, J. M. - The measurement of body fat in man.
41. PROIETTI, F. A. & ANTUNES, C. M. F. - Sensitivity, Proc. Nutr, Soc.,18: 148-155, 1959.

42.

specificity and positive predictive value of selected clini-
cal signs and symptoms associated with schistosomiasis
mansoni. Int. J. Epidem.,18:680-683, 1989.

ROTHMAN, K. J. & BOICE Ir, J. D. - Epidemiologic
Analysis with a Programmable Calculator. Washington,
US Department of Health, Education and Welfare, 1975.
(National Institute of Health. NIH Publication n® 79-1649).

48.

WALKER, A. R. P.; WALKER, B. F. & RICHARDSON,
B. D. - Studies on schistosomiasis in a South African
Bantu school children population. Amer. J. trop. Med.
Hyg.,19:792-814, 1970.

Recebido para publicagio em 22/1/1992
Aceito para publicagio em 14/4/1992

419



