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Schistosoma mansoni infection and nutritional status in
schoolchildren: a randomized, double-blind trial in northeastern
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ABSTRACT Brazilian schoolchildren with mild- to moder- hypertension, and epilepsy. The most widespread schistosome
ate-intensity schistosome infections (<486histosoma man- parasite, however, iS. mansoniThis parasite is responsible for
soni eggs/g stool) were randomly allocated to a treatmentisease throughout Africa and the Arabian Peninsula and it is the
(oxamniquine) or placebo group in a double-blind fashion.only human schistosome transmitted in the Americas. More peo-
Anthropometric measurements were made at baseline, 6 mgle are infected witls. mansonihan with any other species. The
and 1y for 353 students. At baseline, the groups were not signinost common severe pathologies causedSbymansoniare
ficantly different with respect to nutritional status or selectedhepatosplenomegaly, portal hypertension, and esophageal bleed-
socioeconomic and biological characteristics, including anthroing. In Egypt, bleeding from intestinal lesions accounts for some
pometric measures. One year later, significant differences wereases of severe anemia. In northeastern Brazil, severe morbidity
noted only in the nutritional status of boys treated for schistogenerally correlates with the intensity of infection in adults (4)
some infection. Treated boys had greater measurements fand in school-age children (5, 6). Only16% of those infected,
weight, triceps skinfold thickness, midarm circumference, armhowever, will develop clinically apparent pathology and will
muscle area, and body mass index than untreated boys. Thegnefit from treatment on this basis. Most people infected carry
also showed significant increases over the year in weightjght- and moderate-intensity infections, the effects of which are
height, midarm circumference, and body mass index. The ratefiought to be minimal or ill defined.
of improvement in weight and height were more accelerated in A few cross-sectional studies indicate tBatmansonis asso-
the first 6 mo after therapy than the last. These results indicatgated with nutritional deficiencies in adults (7) and children
that, at least in boys, chron®& mansoninfection at any inten- (8-10). In a previous cross-sectional study in the northeastern
sity is detrimental to short-term growth and developmentBrazilian town of Nazaré, Bahia (10), we compared anthropo-
Am J Clin Nutr1998;68:1247-53. metric indexes between infected schoolchildren and those who
were uninfected. The nutritional status of the overall population
KEY WORDS Schistosoma mansgngrowth, sex, oxam- studied showed a deficit relative to the US National Center for
niquine, morbidity, therapy, anthropometry, parasitic infection,Health Statistics (NCHS) reference population. Children infected
schoolchildren with S. mansonivere significantly more malnourished than chil-
dren with a negative stool sample for several anthropometric vari-
ables. When the groups were analyzed according to sex, only the
INTRODUCTION anthropometric differences between infected and uninfected girls
Chronic infectious diseases, repeated episodes of acute infe@mained significant. According toscores, boys suffered signi-
tions, conditions of poverty, and inadequate dietary intakes arécantly greater deficits than girls in all measures of growth and
all associated with compromised growth and development obody composition, but no differences were observed between
children<5 y of age in developing countries. In addition to con-infected and uninfected boys except for smaller subscapular skin-
ditions of poverty and deficient dietary intakes, older children infold thicknesses in those infected. The failure to observe effects
developing countries are frequently subject to infection with
helminthic parasites that may further restrict their recovery fromr
infant malnutrition (1). Estimates indicate that one-third of fail- From the Department of Nutrition Sciences and Institute of Public
ure to reach optimal growth can be attributed to illness, eSpEHealth, Federal University of Bahia, Bahia, Srazil; the Gongalq Moniz
cially diarrhea and parasitic infections, even when these infecResearch Center of .the Oswa'ldlo.Cruz Foundatlo.n, Salyagor, Brazil; and the
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of schistosome infection on growth in boys was thought to be dui@ndomization and treatment

to their relatively greater degree of malnutrition. All eligible children infected witt5. mansonivere randomly
Only 2 prospective studies have examined the relation oéssigned to treatment (oxamniquine) or placebo groups. Each
schistosome infection to nutritional status by comparing growtfchild in the oxamniquine group received the medication in the
of infected children randomly assigned to specific treatment oform of a syrup (20 mg/kg). The placebo, prepared by a local
placebo groups. These studies investigated infections Sith pharmacist, consisted of a glucose-based syrup used in pharma-
haematobium(11) and Sjaponicum(12), parasites that cause ceutical preparations to which coloring had been added to mimic
disease syndromes distinct from those Sf mansoni No the color and consistency of the oxamniquine preparation. The
prospective, intervention study has thus far examined the nutrplacebo was placed in thoroughly washed bottles identical to
tional consequences &. mansoninfection. This study exam- those used for oxamniquine and both series of bottles were
ined how treatment of light and moder&emansoninfections  labeled with single letters by an individual not involved in the
affected growth in school-age children in a South American popstudy. The placebo was administered in the same amounts as the
ulation because there is now no clinical, epidemiologic, or ethioxamniquine. As is customary, the drug was distributed by offi-
cal basis for not treating heavily infected children to preventials of the NHF. None of the NHF officials, the investigators, or
severe morbidity. the children knew the identity of the treatments until the code
was revealed at the end of the study. At the end of the 1-y follow-
up, all infected children received a therapeutic dose of oxam-
SUBJECTS AND METHODS niquine.

Study design and population sample Anthropometric evaluation

A randomized, placebo-controlled trial was conducted in The anthropometric measurements were carried out according to
schoolchildren (7-14 y old) from the town of Nazaré, state olM/einer and Lourie (16), except that arm measurements were made
Bahia, in northeastern Brazil. According to census data, the pomn the right arm rather than the left because reference data are based
ulation of Nazaré was 25000 in 1991, of whom 27% were aged on the right arm (17). All measurements were made at baseline and
7-14 y (13). A campaign for the control of schistosomiasis by6 and 12 mo after treatment. Measurements were taken in duplicate
mass chemotherapy was conducted in 1988 when the prevalenaed the mean of 2 measurements was analyzed.
of infection was =30%. Since then there have been no further Weight was measured with electric scales (Filizola ID-1500 dig-
mass treatments for this parasi®&.mansoninfection has been ital battery/electric scale; Industria Filizola S/A, Séo Paulo, Brazil)
hyperendemic in the region around Nazaré for decades (14). donated by the National Institute of Nutrition of Brazil with 150-

The study population was described in detail in an earlier pubkg capacities, accurate to 100 g. All children were weighed in a
lication (10). Exclusion criteria were as followl9:>400 S. man- standard hospital gown whose weight (200 g) was subtracted for
soni eggs/g stool2) hematocrit <0.333) weight-for-age <3 the final net value. For measurement of height, a stadiometer (Ross
SDs of the NCHS standards, drathistory of convulsions. Chil- Laboratories, Columbus, OH) was taped to a wall at the same loca-
dren excluded under any of these criteria were not enrolled in th#&on for each measurement. Triceps and subscapular skinfold-thick-
study but were referred to local health authorities for evaluatiomess measurements were obtained with Lange calipers (Beta Tech-
and treatment. In addition, those for whom a date of birth coulshology, Cambridge, MA). Midupper arm circumference was taken
not be confirmed were also excluded. The study period extendeglith a nonexpandable tape measure (Ross Laboratories). Scales
from November 1992 to December 1993. The protocol for thisand calipers were professionally calibrated before each measure-
study was approved by the human research committees of tmeent period.

Federal University of Bahia School of Medicine and Case West- Measurement technique was standardized to evaluate inter- and
ern Reserve University School of Medicine. After hearing an oraintraexaminer precision and reliability (18). Each examiner made 2
presentation by the investigators on the etiology and healtbets of measurements of 10 children who were not part of the study
implications ofS. mansoninfection as well as the objectives of population. For the second set of measurements, the examiner was
the study, each parent or guardian was asked to allow his or hblind to the result from the first set and sufficient time had lapsed
children to participate, and, if they agreed, to sign or mark arso that the second measurement was not influenced by the first.
informed consent form. These 2 sets of measurements were compared for reproducibility.
For reference, the measurements made by the examiners were com-
pared against the measurements made by one of the authors (IP).

Capped plastic containers were labeled, numbered, and digthe measurement precision ranged from 80% for triceps skinfold
tributed to the schoolchildren by officials of the National Healththickness to 100% for weight before data collection and 80% for
Foundation (NHF). The NHF provided instruction on stool col-triceps skinfold thickness to 98% for midupper arm circumference
lection, collected the samples, and performed the parasitologiat the end of data collection. The measurements by the examiners
examinations. The Kato-Katz technique (15) was used to countere highly correlated; coefficients of correlatiopranged from
the number ofS. mansoneggs/g stool and to identify the pres- 0.94 to 1.00 before data collection and from 0.80 to 1.00 after.
ence of other helminth eggs (principalyscaris lumbricoides
andTrichuris trichiura). Those children who were found to have
S. mansonéggs in their first stool sample were asked for 2 addi- Source of drinking water, sewage and garbage disposal, and
tional stool samples to confirm the intensity of infection. Thethe possession of selected appliances were used as indicators of
identification of parasites and counting®f mansoneggs were  socioeconomic status for the study population. The socioeco-
checked in a sample of 10% of the slides by 2 senior laboratomyomic survey was conducted on a subsample of 44.4% of
technicians not involved with the study. schoolchildren selected randomly. The information was obtained

Parasitologic examination

Socioeconomic survey
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by observation or interview of the child’s parent or guardian dur-TABLE 1
ing a home visit by the authors. Biological and socioeconomic characteristicsSohistosoma
mansoni—infected children by treatment group

Data analysis

Oxamniquine Placebo

Only the results from children with a complete data set wer¢Characteristic (n=168) (n=185)
used for all analyses. In this study, the anthropometric variables ‘Age (yF
interest were the measurements of weight (kg), height (cm), tri 7_g 31 26
ceps and subscapular skinfold thicknesses (mm), and midupp 10-14 69 74
arm circumference (cm). In addition to these direct measurementsex
the following indexes were calculated: height-for-age (expresse Male 50 45
as az score), body mass index (weight/hefyhirm muscle area Female 50 55
calculated as recommended by the World Health OrganizatioMean schistosome egg coint 98* 87
(19), and body fat reserves using the sum of both skinfold-thick Tricharis trichiura-infected children 4 7
ness measurements. The computed anthropometric indexes w*SCaris lumbricoidesinfected children w &
compared with those of the NCHS reference population (20). Nuzn:ger of household members 36 34

Because the working hypothesis presumed a positive effect « 6-9 52 56
treatment, a one-taile value<0.05 was used to determine sta- g 12 10
tistical significance. For the terms of interaction and determinapresent in the household
tion of significant differences between groups, a two-tafed Electricity 96 95
value was used. Sex-specific analyses of variance (ANOVAs Stove 92 92
controlling for age were performed to compare the age-adjuste Refrigerator 63 57
means of anthropometric variables. A nonparametric Mann Television 71 68
Whitney U test was used in cases in which the variances were n¢_ Indoor toilet 80 7
homogeneous. The anthropometric indexes were constructed |S€Wage disposal
using EPINFO (21) and a program developed by one of thi Eil:bl'c system 524 523
authors (IP) to calculate weight-for-height percentiles and None 20 23
scores for children >10 y of age. The other analyses were pester source
formed by using SPSS/PC+ (22). Piped 51 38

To assess the magnitude and duration of the effects of trez Cistern 41 55
ment for the time periods from 0 to 6 mo and from 7 to 12 mo Other 9 8
the percentage increase for a given measure was calculated  1There were no significant differences between the groups by chi-
follows: square test.

2Mean age of both groups was 11.2 y.
100 X [(mean measurement at time-Amean measurement 3Geometric mean number of eggs/g stool.
at time B)/mean measurement at time B] Q)

variables remained similar between the groups at 1 y. They dif-
where A is greater than B. The magnitude of change was calctiered significantly, however, with respect to prevalence and
lated only for measurements that were found to differ signifi-intensity of S. mansoninfection and anthropometric measure-
cantly between treatment and placebo groups. ments. At 1y after treatment, 62% of the oxamniquine group was
negative forS. mansonas compared with 30% of the placebo
group. Of those infected, geometric mean egg counts were
RESULTS 93.7+ 2.8 and 90.% 2.8/g stool, respectively, for those in the
The results of the parasitologic examination of the wholeoxamniquine group and those receiving placebo.
community were reviewed in detail elsewhere (10). Baseline A strong interaction was identified between treatment group
anthropometric measurements were obtained for 539 infectegnd sex for several anthropometric indexes: triceps skinfold
children. There were 50 (9.3%) children excluded from the ranthickness P = 0.01), subscapular skinfold thickne$s< 0.01),
domization. Forty-nine had egg counts >400/g stool and one haatm muscle areaP(= 0.01), and body fat reserv® & 0.01).
a history of convulsions. No children were excluded because dfhus, the analyses of changes in growth were stratified by sex.
a hematocrit value <0.33 or weight-for-age-3 SDs of the  Girls, who at the start of the study showed higher mean values
NCHS standard. Thus, 489 infected schoolchildren were ranthan boys for most anthropometric indexes (10), did not show
domly assigned to treatment or placebo groups, and completeeatment-related differences in growth.
measurements at baseline, 6 mo, and 1 y were obtained for 353Within each sex, there were no significant differences in
(168 boys and 185 girls). Subjects were lost mainly because @nthropometric measurements between the placebo and treat-
migration to more economically advanced urban centers. ment groups at baselin€able 2). After 1y, the treated boys had
At the start of the study, the oxamniquine and placebo groupgreater measurements for weiglt £ 0.02), triceps skinfold
were not significantly different with respect to several socioecothickness P = 0.04), midupper arm circumferencE € 0.01),
nomic characteristics as well as mean numbefS.omansoni arm muscle are@(= 0.05), and body mass indeR £ 0.02) than
eggs/g stool and the presence of A. lumbricoaekT. trichiura  the untreated boys. Furthermore, the 1-y increases in wélght (
eggs in stool (Table 1). They were also not significantly differ-0.01), height® = 0.05), midupper arm circumferende#£ 0.05),
ent with respect to anthropometric measurements and indexesnd body mass indeR & 0.02) were significantly greater for the
Despite losses during follow-up periods, all the socioeconomidreated boys.
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TABLE 2
Changes in age-adjusted growth variables in schoolchildren treated and untreStddstosoma mansoinifection
Baseline ly 1-y increment
Variable Treated Placebo Treated Placebo Pt Treated Placebo P
Weight (kg)
Boys 30.6+ 7.9 30.1+ 7.5 34.2+8.7 33.0£8.4 0.02 3. A 37 3.0+t19 <0.01
Girls 30.8+ 7.8 304+ 7.9 35.0+9.1 34.6+9.1 0.40 4.3 2.3 4.2+ 2.0 0.47
Height (cm)
Boys 137.0+ 12.9 136.5:11.7 142.4+ 13.6 141.4+12.2 0.07 5419 5.0£1.7 0.0%
Girls 136.1+12.3 136.5+11.3 141.7# 12.0 142.0+11.0 0.28 5.6t 2.2 5.6+ 2.0 0.44
Triceps skinfold thickness (mm)
Boys 6.8+ 1.7 6.5+ 1.6 7.3£23 6.8+ 2.0 0.04 0.6£1.3 0.3+1.1 0.07
Girls 8.5+2.3 8.3t2.1 9.9+3.3 9.7+ 2.9 0.33 1419 14+1.8 0.44
Subscapular skinfold thickness (mm)
Boys 52+1.1 5.1+1.13 5.4+ 1.0 5.4+1.3 0.36 0.3 0.7 0.3+ 0.7 0.25
Girls 6.3+1.8 6.1+ 1.83 7.2+25 6.9+ 2.5 0.26 0.8 1.3 0.8+ 1.3 0.46
Midupper arm circumference (mm)
Boys 19.1+ 2.0 18.8+ 2.0 20.0£ 2.2 19.3+ 3.0 0.01 0.9+ 0.9 0.5+£0.7 0.05
Girls 19.3+2.2 19.1+ 2.1 20.5+ 2.6 20.1+ 2.5 0.12 1.2:0.8 1.1+ 0.7 0.11
Body fat reserve (mm)
Boys 11.9+2.6 11.5+ 25 12.8+ 3.0 12.2+ 3.0 0.08 0.81.8 0.6+1.5 0.22
Girls 14.8+ 3.8 14.4+ 3.6 17.0+ 5.6 16.6+ 5.1 0.29 2229 2.2+2.8 0.48
Arm muscle area (cfp
Boys 23.2+ 5.7 22.8+5.5 252+ 6.4 243+ 7.1 0.05 1.9:2.8 15+3.1 0.16
Girls 22.4+5.0 21.9+4.8 24.4+5.4 23.6+5.6 0.12 2.1+2.0 1.7£1.9 0.09
Body mass index (kg/fh
Boys 16.1+ 1.8 159+ 15 16.6+ 1.5 16.2+ 1.7 0.02 0.6t 0.6 0.3+ 0.6 0.02
Girls 16.3+1.8 16.0+ 2.1 17.1+£ 2.3 16.9+ 2.5 0.22 0.8: 0.9 0.8+ 0.8 0.42
IANOVA.
2X+ SD;n=89.
Sn=79.
4n=89.
5n=96.

6Mann-Whitney nonparametrid test.

At 6 mo, the boys treated with oxamniquine had greater increthere was little change in the percentage increase in the treatment
ments for most of the anthropometric indicators than boys givegroup, whereas the placebo group showed 66% of the net 12-mo
placebo, but the differences were not significant. To determinéncrease in the first 6 mo.
how the improvement in growth was distributed over the 12-mo
period, increases in weight, height, and midupper arm circum-
ference were compared for the intervals from 0 to 6 mo and fror?/SCUSSION
7 to 12 mo. For weight and height in the treated group, the mag- This study is the first to show by means of a double-blind,
nitude of growth during the first 6 mo represented 64% and 62%placebo-controlled trial the. mansoninfection contributes to
respectively, of the total net growth in 1igure 1). The mag- the high prevalence of malnutrition in children in the developing
nitude of growth was nearly equal in the placebo group for thevorld. In addition, the results presented here show that treatment
first and last 6 mo of the year. For midupper arm circumferencef light- to moderate-intensit$. mansoninfection has a posi-

Height (cm)

Treatment Placebo Treatment Placebo < - Treatment Placebo
Mo-6mo [ ]7-12mo

FIGURE 1. Age-adjusted increment in boys’ growth during the first and second 6-mo interval after oxamniquine treatment for schistosome infec-
tion (n= 89) or placebor(= 79). The percentage of total growth attained in the first 6 mo is sti®igmificant difference between the first and sec-
ond 6-mo increment in growt, = 0.04 (ANOVA).
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tive effect on weight, height, midupper arm circumference, andlacebo. In a comparison of the magnitudes of change over time,
body mass index in school-age boys. Thus, the infection is itself appears that although the treatment group was maintaining
an obstacle to optimal growth. The improvement in nutritionaltheir level of growth in arm circumference, the rate of increase
status due to treatment occurred in 1 y. Because schistosorfmr the placebo group actually declined. When differences in
infection is chronic, its effect on growth is likely to be much composition that influence arm circumference were compared,
greater when extended over what is often a 10-y period frorboth measurements of fat (triceps skinfold thickness) and protein
infection to maturity. (arm muscle area) were significant at 1 y. Improvement in these
Clear sex differences in the response to treatment weridependent factors with treatment may explain the difference in
observed. In the previous cross-sectional study of the same pothe rate and magnitude of increase in arm circumference over
ulation, a correlation between nutritional status and intensity ofime compared with measurements of weight and height.
S. mansoninfection was observed for girls but not for boys Note that the population studied here differed in several
(10). In contrast, treatment exerted a more pronounced effect aespects from those examined prospectively for the nutritional
the growth of boys than girls. This finding may be related to thempact ofS. haematobiurtill) andS. japonicuninfections (12).
initially poorer nutritional status of boys compared with girls in The Brazilian population in this region is a mixture of descen-
this population. In a similar study on the relationSofhaema- dents of African, European, and indigenous peoples. Addition-
tobium infection to growth, Stephenson et al (11) reported aally, the study population contained only lightly and moderately
more positive effect of treatment on those Kenyan studentmfected children, unlike the study by McGarvey et al (12) in
whose initial nutritional status was most compromised. A morevhich some heavily infected children were included. At base-
rapid recovery of those most malnourished in response tbtine, the Brazilian population had greater deficits in height-for-
improved economic or environmental conditions has also beeage (21%) and weight-for-age (13%), but had normal weight-for-
observed in other settings (23, 24). height, indicating predominantly linear stunting due to chronic
We did not measure an effect of treatment on height for the halnutrition. Anthropometric indexes for height and weight as
groups of boys at 1 yP(= 0.07), although the increment in well as gross measurements of midupper arm circumference and
height was greater for the treatment groBp=(0.05). By con-  subscapular skinfold thickness were significantly lower for boys
trast, both the mean weight and the 1-y increase were greater than for girls (10).
the treatment group (2 0.02 and < 0.01, respectively). The bet- The severe forms of morbidity in schistosomiasis mansoni
ter response of weight than height to treatment that we observddg, hepatic fibrosis and portal hypertension) result from the
is consistent with the findings of Stephenson et al (11) aftehost’'s response to increasing numbers of eggs that lodge in tis-
treatment of S. haematobiuimfection. Although these authors sues over a period of months or years. Therefore, the numbers of
found that treatment produced significant improvement in vari€ggs in tissue (intensity of infection) and duration of infection
ous anthropometric measurements of subjects compared with tigenerally correlate with severity of disease. For this reason, there

placebo group, no effect was observed for height. This may suds no consensus that all schistosome infections should be treated.

gest the following: One acceptable strategy for schistosomiasis control is to treat
1) It is physiologically more demanding to recover height (25),only the most heavily infected children, because they are respon-
and these children consumed diets with low energy densitiesible for most of the morbidity as well as transmission in a com-

(MS Prado, unpublished observations, 1997). munity, and to ignore light infections (33, 34). There are increas-
2) Recovery of height depends on a prerequisite, adequateg indications, however, that even low- to moderate-intensity
weight-for-age, as suggested by Golden (25). infections have deleterious effects on childhood nutritional sta-

3) Recovery of height is dependent on other risk factors not anaus (9, 10, 35).
lyzed here, such as adequate intake of vitamin A (26, 27), These early studies, however, were all based on a cross-sec-
zinc (28), or iron (29, 30). tional design. Double-blind, placebo-controlled treatment inter-
The percentage increase in weight, height, and arm circumvention allows the establishment of a cause and effect relation
ference over time indicates a major benefit of treatment for boybetween infection and nutritional status (36). Stephenson et al
in the first 6 mo and a smaller degree of improvement thereafte¢l1) used this approach to show a causal relation between mild
For weight and height, 64% and 62%, respectively, of the neS. haematobiunminfection and impaired growth in Kenyan
increase at 1 y occurred in the first 6 mo after treatment (Figurechoolchildren. Anthropometric measurements were compared
1). The placebo group obtained 46% of their total increase ibetween groups of school-age children 8 mo after they were ran-
weight and height in the first 6 mo. It is likely that the decline indomly assigned to receive specific therapy or a placebo. The
the rate of improvement in part represents an accumulation of theeatment group showed a 4% increase in the indexes of weight-
confounding effects of reinfection on the treatment groupfor-age and weight-for-height, a 13% increase in percentage tri-
Although we were not able to examine the children’s stools a feweps skinfold thickness per age, and a 20% increase in sub-
weeks after treatment, it is well documented that oxamniquinscapular skinfold thickness per age. A similar design was used
has a cure rate of 85% in Brazil (31). The 1-y reinfection rateby McGarvey et al (12) to show a link between malnutrition and
therefore, can be estimated at 15-20%. The absence of an adjaponicuminfection. In the treated group, they found a greater
guate sewage system, the presence of susceptible snail speciesprovement in hemoglobin concentrations and in the sum of the
and the use of contaminated bodies of water for fishing, recreskinfold thicknesses. There has been no similar stud$g.foran-
ation, and domestic activities produce high rates of reinfectiorsoniinfection.
(32) and would tend to decrease the effect of treatment over the Praziquantel is the drug of choice for the treatmer8.ahan-
1-y follow-up period. soni, although its efficacy does not differ from that of oxam-
For midupper arm circumference, the increment at 1 y wasiquine in Brazil (37, 38). Treatment in this study was with
greater for boys receiving treatment than for those receivingxamniquine because it is the drug used by the Brazilian Min-
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istry of Health, and the results with oxamniquine were those typ- 8.
ically expected. An advantage of oxamniquine for this study was
that it does not affect parasites other than S. mar{86ni40).
Because praziquantel has become cheaper than oxamniquine, the
Brazilian government is now considering using praziquantel in =
their schistosome control program (ML Barreto, personal com-
munication, 1997).

The analysis of the prevalence of the geohelmiathisimbri- 10.

coidesandT. trichiura and their relation to nutritional status in
this population was reported as part of a cross-sectional study

(10). In this study, 67% of the population hAdlumbricoides  11.

infection, 64% had.. trichiurainfection, and 79% had one infec-
tion or the other on examination of a single stool sample. A two-
way ANOVA analyzing the effect of geohelminth infection on
nutritional status showed that these infections were not indepen-
dently associated with malnutrition. Although these geo-
helminths have been associated with growth deficits, recent stud-

ies have indicated no effect (41) or improved growth afterqg

treatment only in children <10 y of age (42). These findings are
consistent with our previous observations in children aged 7-14

y. In this study, there were no significant differences in thel4.

prevalence of geohelminths between the groups after random
assignment, and oxamniquine does not affect these parasites. No
children were excluded for anemia; therefore, hookworm infec-
tions were not likely to be important in this population.
Achieving optimal growth is a worthwhile objective because
growth serves as an accessible marker for the optimal develop-

ment of multiple systems in the body. A failure to reach optimalq7

growth is taken as an indicator of the presence of some stress on
the organism and the potential for functional, behavioral, or bio-
logical impairment (43, 44). The findings in this study indicate 18.
thatS. mansoninfection in schoolchildren even at low and mod-
erate levels contributes to the burden of disease and is an obsth&?:

cle to full development. ¢ 20
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