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Abstract.

Most Schistosoma mansoni infections are egg-negative after a single dose of oxamniquine. A cohort of 661

infected children was treated at 6-month intervals and assessed for nutritional and parasitological status. Initial bio-
chemical and immunologic markers were measured in a subset of 84 children. All were treated at the start of therapy
and at 6 months. Immunoglobulins only served as markers for active infection. No markers were predictive of cure or
reinfection, except initial infection intensity and serum low-density lipoprotein. Ten percent were persistently infected
and had no change in infection intensity at any time-point. Several factors suggest that this group was biologically
different. In addition to failing to reduce their worm burden, they had significantly higher initial intensity of infection
(100 versus 65 eggs/g, P = 0.001) and significantly lower initial serum low-density lipoprotein (72 versus 104 mg/dL,
P = 0.045). The biologic plausibility of this observation is discussed.

INTRODUCTION

Control of schistosomiasis at present depends on repeated
rounds of chemotherapy at intervals of 1 or 2 years. On a
national scale, such as the programs in Brazil or Egypt, fol-
low-up stool surveys at 6 weeks after treatment are costly and
not usually performed. Therefore, in practical terms, the ef-
ficacy of annual or biennial chemotherapy for control of schis-
tosomiasis is the combined effects of the drug, the intensity of
transmission, and the rapidity of reinfection. The two drugs
most recently used in the treatment of Schistosoma mansoni,
oxamniquine and praziquantel, have similar profiles for effi-
cacy as single-dose therapies.! A consistent finding for both is
that 10-20% of those treated fail to clear their infection, al-
though nearly 100% experience a reduction in the intensity of
infection.!* The factors associated with this fairly constant
level of treatment “failure” have been primarily associated
with very heavy infection and intense transmission,** as well
as some level of noncompliance with taking these drugs. Be-
cause the drug does not affect immature stages of the parasite,
drug efficacy may seem to be lower where many individuals
have experienced a new infection within 4-6 weeks of treat-
ment. Reinfection after treatment also has some well-
described associations. In addition to the intensity of trans-
mission, age < 14> and sexual immaturity in humans have
been associated with increased reinfection with S. mansoni.®™®
Male sex has also been associated with increased susceptibil-
ity and severity of schistosomiasis, both in laboratory ani-
mals,” and population studies conducted in endemic areas.'®
To study whether other host factors, such as immune respon-
siveness or nutritional status, might be related to treatment
outcome, we conducted a prospective cohort study of 106
infected children. We analyzed initial parasite burden, socio-
economic status, age, sex, anthropometric indices, a panel of
biochemical markers, and immunoglobulin isotypes and as-
sessed their ability to predict parasitological outcome in the
treated children at 6 months and 1 year.
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MATERIALS AND METHODS

Study site and population. The study was performed in the
Brazilian town of Jequié, which is situated in a semi-arid re-
gion of the State of Bahia. There are ~ 135,000 inhabitants
some of whom rely on a major river that borders the town for
washing, sanitation, fishing, and recreation. A total of 13,771
children 7.0-17.9 years of age were surveyed for infection by
school-based and house-to-house examinations in neighbor-
hoods previously identified as at risk for schistosomiasis by
the Brazilian National Foundation of Health (Fundacdo Na-
cional de Saude [FNS]). Of the 1,766 children infected, we
elected to include all of those from the most heavily infected
neighborhoods (661) in a prospective cohort study of deter-
minants of response to oxamniquine. Some 19.3% of children
were excluded for stool egg counts > 400/g of stool (400 epg).
Those included were further evaluated for anthropometrics,
dietary intake, hemoglobin level, and socio-economic status.
Serum was collected for measurement of biochemical mark-
ers of nutrition, tumor necrosis factor (TNF), and immuno-
globulins. This number was determined by the resources
available for this part of the study. Complete data were ob-
tained on 84 of those selected for serologic and biochemical
studies. Informed consent was obtained for all study subjects
before clinical and parasitological study and blood collection.
This study was approved by the Human Investigation Com-
mittees of University Hospitals and the Oswaldo Cruz Foun-
dation, Salvador, Bahia, Brazil.

Parasitology and treatment. Stools were collected in pre-
labeled plastic containers delivered to the children’s homes.
Two stool samples obtained on different days were examined
for each participant. For each stool sample, two slides were
made and examined using the quantitative method of Katz
and others."" The slides were prepared and read within the
first 2 hours, and every 10th slide was re-examined by an
independent technician for quality control. Even three con-
secutive Kato-Katz thick smears may fail to detect up to 7%
of infections'?; thus, those in whom no eggs were detected in
feces will be referred to as “egg-negative” rather than “cured”
or “uninfected.”

Oxamniquine (20 mg/kg) was administered to all partici-
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pants under direct observation at the start of the study and
again 6 months later. Only those still found to have schisto-
some eggs in stool were treated at 1 year.

Anthropometric studies. All measurements were carried
out using standard anthropometric methods as described pre-
viously.!*'* For each child measurement of weight, height,
skinfold thicknesses, and arm circumference were made. In-
dices were calculated and converted to Z-scores for analysis.

Socioeconomic survey. To control for the effects of other
covariates such as environmental factors, an index was con-
structed from data collected by questionnaire during home
visits. To construct the index for environmental conditions, all
of the variables were dichotomized and coded as 1 (poor) or
0 (good). Variables were selected to make up the index ac-
cording to their association with anemia by a logistic regres-
sion model, because this is a significant morbidity associated
with helminthic infection.'” Sex, age, and degree of education
of the head of household were used as covariates to adjust the
regression model. Variables that remained in the model were
source of water, regularity of water availability, place where
water is kept, care taken with drinking water, presence and
location of toilet, frequency of garbage collection, presence of
trash around the house, the presence of an open sewer, type
of flooring in the home, and composition of the house. The
included variables were summed and classified as adequate
(0-6) or inadequate (7-13) based on Reichenheim and Har-
pham.*®

Biochemical assays. Morning blood was collected in min-
eral-free tube from all participants by venipuncture. Hemo-
globin concentration was measured with a portable hemoglo-
binometer (HemoCue, Lagoon Hills, CA) from a drop of
finger stick blood. All other analyses were made in Pediatric
Gastroenterology Laboratory of the Paulista School of Medi-
cine, Federal University of Sdo Paulo using commercial kits
for clinical laboratories. Assays performed were serum iron,
total iron binding capacity (TIBC), transferrin saturation,
zinc, albumin, and total protein. Total plasma cholesterol and
triglycerides were measured using standardized kits that use
enzymatic techniques (Synermed, Quebec, Canada).'”"'®
High-density lipoprotein (HDL)-cholesterol was similarly
measured after heparin manganese precipitation of very-low-
density lipoprotein (VLDL) and low-density lipoprotein
(LDL)-cholesterol.'® LDL-cholesterol was calculated using
the formula of Friedewald and others.?®

Measurement of TNFa and immunoglobulins. Free TNFa
was determined in serum by enzyme-linked-immunosorbent
assay (ELISA), according to the manufacturer’s directions
(R&D Systems, Minneapolis, MN). Specific levels of IgM,
IgA, IgE, IgGl1, IgG2, 1gG3, and IgG4 against soluble egg
antigen (SEA) from S. mansoni were analyzed by ELISA, as
described?! with minor modifications. Normal human serum
was obtained from individuals from a non-endemic area of
Brazil with no history of helminth infection. Cut-off values
were calculated using the mean for the endemic normal con-
trols plus 3 SD.

Analytic approach. Statistical tests for intensity of infection
were performed on log-transformed egg counts. Demo-
graphic and socio-economic differences of the study popula-
tion and subsample were compared by x? tests. ANACOVA
was used to test the association between treatment outcome
and baseline values for nutritional, biochemical, and immu-
nologic indicators. In the final model, these parameters were

adjusted for the confounders sex, age, and socio-economic
status. ANACOVA was selected for this analysis, because
there are both continuous and categorical independent vari-
ables. Student’s ¢ test was used to compare intensities of in-
fection at 6 and 12 months with baseline. A significance level
of 0.05 was used throughout. Statistical calculations were per-
formed with the program SPSS (version 10.0).

RESULTS

Study population. Within the city as a whole the prevalence
of infection among school children was 18.9% and the geo-
metric mean intensity of infection was 109.5 eggs/g of feces
(epg). Because one of the criteria was an epg < 400, 19.3% of
children were excluded from the study on this basis. There
were a total of 661 children between the ages of 7.0 and 17.9
entered in the study. Of these, serum was collected from 106
for measurement of immunologic and biochemical indicators.
Slightly less than one half of the children were male, their
mean age was 11.7 = 2.7, and one half were considered to live
in inadequate economic and environmental conditions (Table
1). There were no significant differences in sex, age, or socio-
economic status between the total study group and those for
whom biochemical and immunologic studies were performed.
In the first 6 months, 4.4% were lost to follow-up and an
additional 16.2% were lost in the final 6 months of the study.
Similar losses were observed in the subsample. In all, 79.4%
(525) of the total and 77.4% (84) of the subsample had com-
plete parasitological follow-up. The characteristics of those
lost to follow-up for repeat anthropometrics, stool examina-
tion, and/or blood studies did not differ significantly from the
remaining population (data not shown).

Reinfection rates and characteristics of children. Of the to-
tal number of children examined, the prevalence of S. man-
soni infection was 18.9%. All children were infected with S.
mansoni at the start of the study. Six months after treatment,
27.5% (172/625) were still positive for S. mansoni eggs in their
stool (Table 2). All children were treated again at that time
and at 12 months. The proportion of those who were again
egg-positive at the end of the study decreased to 21.1% (113/
525, P < 0.187 by x? compared with 6 months). The reinfec-
tion rate between 6 and 12 months was 15.6%. This rate was
not significantly different for those included in the subsample.

Pretreatment factors associated with resistance to reinfec-
tion. For the whole sample, 10% were egg positive at both the

TABLE 1
Demographic of study population and subsample

Study Subsample*
N Percent N Percent P
Sex
Male 389 58.9 56 52.8 0.269
Female 272 41.1 50 47.2
Age (years)
7-10 152 23.0 25 23.6 0.852
10-14 388 58.7 64 60.4
14-18 121 18.3 17 16.0
Socio-economic conditions
Adequatef 299 49.0 43 43.0 0.264
Inadequate 31 51.0 57 57.0

* Blood collection group for biochemical and immunoglobulin studies.
+ According to a socio-economic and environmental index (see Methods).
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TABLE 2
Infection characteristics of study and subsample

Study (n = 512) Subsample* (n = 84)

Infection characteristics Stool egg + Percent Stool egg + Percent
Positive at 6 months 172 27.5 27 26.5
Positive at 12 months 113 21.5 20 23.3

Reinfected at 12 months 57 15.67 10 16.91
Persistently infectedi 51 10.0 8 9.5

* Blood collection group for biochemical and immunoglobulin studies.

+ Egg negative at 6 months and positive at 12 months.

+ Egg positive at 6 and 12 months. Persistently egg negative at 6 and 12 months. Study
group: 308 negative/512 total; subsample: 49 negative/84 total. Between-group comparison
for all infection characteristics, P > 0.05.

6- and 12-month periods. The initial intensity of infection was
a strong factor in treatment outcome. Those still infected at 6
months had significantly higher mean geometric egg counts
than those who were egg negative (Figure 1). Furthermore,
the initial egg counts of those who became egg-negative after
the second treatment were significantly lower than those per-
sistently positive (Figure 2), but no different than those who
were negative at 6 months. In those persistently positive, the
intensity of infection was not significantly different at any
time period before or after the initial treatment. A relatively
higher initial egg count (in this case > 10 SD), therefore, was
predictive only of those who would not respond despite only
moderate intensities of infection.

Before treatment we measured immunoglobulin class, iso-
type, HDL, triglycerides, VLDL, LDL, cholesterol, total pro-
tein, albumin, globin, and hemoglobin. We evaluated how
each was associated with outcome of treatment at 12 months
in the 84 children with complete data. Variables that most
closely correlate with nutritional status, such as total protein,
albumin, and hemoglobin, did not differ between groups
(Table 3). However, baseline cholesterol and LDL were sig-
nificantly associated with negative stool examinations for S.
mansoni at the end of 1 year (P = 0.011 and P = 0.008,
respectively). Higher cholesterol and LDL were associated

Months of study

66.8

Geo mean (epg) /9.4 0 52.7 0
Infected:6m/2m  +/+ +/- -1+ -I-

FIGURE 1. Informed consent was obtained for all study subjects
before clinical and parasitological study and blood collection. This
study was approved by the Human Investigation Committees of Uni-
versity Hospitals and the Oswaldo Cruz Foundation, Salvador, Bahia,
Brazil. Geometric mean egg counts (epg) according to infection status
at the 6- and 12-month interventions. The study population was ret-
rospectively stratified according to their infection status at 6 and 12
months and the geometric mean epg of each group calculated. Thus,
those infected still infected at 6 months started the study with a
statistically higher epg (77.9) than those who were egg negative (64.4)
at 6 months (P = 0.023).

779 Months of study
0

79.4 0
Infected:6m/12m  +f+ +f-

Geo mean (epg)

FIGURE 2. Geometric mean egg counts (epg) according to infec-
tion status comparing the 12-month intervention only. The study
population was retrospectively stratified according to their infection
status at 12 months and the geometric mean of each group calculated.
Thus, the starting epg of those who would eventually be egg negative
at the end of 12 months (99.8) were well separated from than those
who were egg negative (69.0) at 12 months (P = 0.020).

with a better outcome at 1 year. Comparing the cholesterol
and LDL levels of those with the best response (negative at 6
months and 1 year) with the worst (positive at 6 months and
1 year), the difference between the cholesterol and LDL mea-
surements remained significant or borderline significant (cho-
lesterol, 150.6 + 34.9 versus 118.0 = 118.00; P = 0.052; LDL.:
104.0 + 32.4 versus 72.0 = 27.2, P = 0.045). There were no
differences between those who were positive at only 6 months
or only 12 months. By Pearson’s correlation, there was no
significant correlation between LDL and initial or 6-month
intensity of infection, but LDL was significantly negatively
correlated with intensity of infection at 12 months (r = —0.30,
P = 0.029). No differences in socio-economic, anthropomet-
rics, or lipid intake were noted between those persistently
egg-positive and the other groups.

Changes in S. mansoni-specific immunoglobulins and re-
sistance to reinfection. Most immunoglobulin isotypes show
no pre-treatment differences between those who were egg-
negative and those still positive at 6 or 12 months. The change
in immunoglobulin class and IgG isotype between 0 and 12
months was consistent only with the presence of detectable
eggs in the stool (Table 4). Parasite-specific IgG4, IgG3, and
IgM at each time-point were elevated in those who were in-
fected and not in those who were egg negative. A direct mea-
surement of TNFa as well as VLDL concentration, an indi-
rect measure of TNFa activity,?>?* failed to show an associa-
tion with cure at any time-point (Table 3).

DISCUSSION

In this study, ~ 10% of the cohort either failed treatment or
were rapidly reinfected. Considering those that were negative
at 6 months and became positive at 12 months, we know that
the reinfection rate for some of the children is ~ 16% over a
6-month period. Because the percent of positives at 6 months
was 27-26%, the drug “failure-to-cure” rate was ~ 10%. This
is expected and only confirms that this group and this treat-
ment were not extreme in any way. There were several find-
ings, however, that suggest that the group that failed to cure
despite two rounds of treatment were not merely unlucky, but
differed significantly in their behavior or their biology. This
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TABLE 3
Mean pre-treatment values for egg negative and egg positive individuals at 12 months

Egg negative Egg positive
Mean + SD n Mean + SD n P* Pt
Total protein (g/dL) 7.39 + 0.64 45% 738 +0.63 8 0.996 0.848
Albumin (g/dL) 4.38 +0.57 45 417 +0.48 8 0.348 0.295
Total cholesterol (mg/dL) 156.31 + 41.50 49 123.90 + 21.52 9 0.027 0.011
LDL (mg/dL) 108.05 + 41.44 41 72.89 +23.68 9 0.018 0.008
VLDL (mg/dL) 17.55 £9.08 49 19.33 £ 12.81 9 0.614 0.374
TNFa§ (mg/dL) 8.34 +£2.85 62 7.86 +2.60 16 0.546 0.763

* Unadjusted P values.
+ P values adjusted for sex, age, and socio-economic status.
+ Measurements of some variables was limited by quantities of serum available.

§ No differences were observed for immunoglobulin isotypes, globulin, hemoglobulin, HDL, or triglycerides, and anthropometric status.

group had a significantly higher intensity of infection from all
other groups at the start of the study, at 6 months after one
round of chemotherapy, and at 12 months after two rounds of
chemotherapy. Whereas most infections, even when the mean
intensity of infection is > 1,000 epg, will respond with nearly
a 90% reduction in intensity,>* there was no significant dif-
ference between the starting intensity and the final intensity
for the persistently positive individuals.

In addition, while all nutritional parameters and markers
including anthropometrics and measurement of macro- and
micronutrients showed no differences between outcome
groups, the lowest mean total cholesterol and LDL were as-
sociated with those who failed to clear their infection or even
reduce its intensity at any time. This effect was essentially
isolated to LDL and was not merely a marker for the ad-
equacy of nutrition. Other and better markers of nutritional
status showed no differences, and the concentrations of other
types of cholesterol were similar for those egg-negative com-
pared with those egg-positive at 1 year. Furthermore, LDL
was not a marker for the initial intensity of infection, the
other factor associated with drug efficacy, because there was
no correlation between these variables. For the ages studied
here, the normal range for LDL cholesterol is 50-170 mg/dL.
No values were above the upper limit, and only two individu-
als were below the lower limit; therefore, the difference be-
tween the groups was not the result of pathologic lipid con-
centrations.

The trivial explanation for persistence in this group would
be that these children consistently failed to take the oxam-
niquine. This is highly unlikely because the medicine was ad-
ministered under direct observation as a suspension and not a
pill. Resistance to oxamniquine might also explain persis-
tence, but true resistance is not common and rarely clinically
relevant at the scale of mass treatment or public health. In the
Robert Toll outbreak in Senegal, “pseudo” resistance was
observed because of the high level of transmission.* In this
outbreak, many people probably presented with recent infec-
tions at the time of treatment. Because the parasite is only
susceptible praziquantel at 4-6 weeks after infection, these
individuals seemed not to respond. Furthermore, transmis-
sion was alarmingly intense when the mean infection intensity
was near 1,000 epg and the prevalence was 91%. Thus, rapid
reinfection was probably the rule. Neither of these factors
would seem to have been operative in Jequié. First, the mean
intensity of infection of all of those infected was relatively low
as was the prevalence, which suggests a low rate of transmis-
sion. Second, oxamniquine in contrast to praziquantel seems
to be able to affect immature stages of S. mansoni.*>

Differences in host immune response or host behavior
could also account for differences in apparent drug efficacy.
The only immunologic markers tested (immunoglobulins and
TNFa) did not show any differences between outcome
groups. Although behavior cannot be entirely ruled out as a
factor in the persistence of the infection, it should be noted
that the prevalence and intensity of infection in this commu-
nity suggests a relatively low level of transmission. True ex-
tremes in behavior such as occupational exposure to contami-
nated waters would be expected to observe such a constant
high level of infection, and there is no direct evidence for such
behavior among children attending school.

While multiple factors were tested, many of them were
correlated or mutually dependent. The problem of multiple
testing is usually addressed by correcting. While it is difficult
to say exactly what value should be used for adjustment, we
estimate that 12 factors were independent (height, weight,
albumin/total protein, LDL, HDL, IgM, IgG1, IgG2, 1gG3,
IgG4/IgE, and IgA). Using the Bonferroni correction, P <
0.004 would be considered significant under these conditions.
This correction is known to be very stringent and was taken as
a guideline for significance. The P value obtained for differ-
ences in initial LDL concentration for those who remained
negative compared with those who did not respond or became
reinfected was highly significant before correction (P =
0.009), and there are multiple biologic mechanisms by which
LDL could be associated with drug efficacy and/or resistance
to reinfection.

Two potential mechanisms by which even normal LDL lev-
els might affect drug efficacy are by LDL’s influence on im-
mune responses and by modification of drug metabolism and
delivery. The immune response is an important component of
the mechanism of action for praziquantel.**=° Immunosup-
pression is associated with decreased efficacy of oxamniquine

TABLE 4
Immunoglobulins at 12 months post-treatment

Immunoglobulin Egg negative Egg positive
class/isotype (n =52) (n = 14) P* Pti
IgM 0.45+0.32 0.62 + 0.25 0.070 0.013
IgA 0.06 + 0.063 0.05 +0.03 0.416 0.532
IgE 0.010 = 0.020 0.01 +£0.02 0.862 0.935
1gG1 0.61 = 0.61 0.88 + 0.65 0.231 0.257
1gG2 0.01 = 0.04 0.09 = 0.01 0.423 0.386
1gG3 0.05 = 0.01 0.05 = 0.05 0.951 0.780
IgG4 0.07 £ 0.15 0.38 £ 0.35 <0.001 < 0.001

Values are mean + SD.

* Unadjusted P value.

+ P value adjusted for sex, age, and socio-economic level.

1 No differences were observed between the groups at the start of the study.
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in experimental mice, but reconstitution of these animals with
immune serum fully restores effectiveness. While much has
been written about the deleterious effect of immune re-
sponses to LDL-cholesterol,* the pro-inflammatory proper-
ties of this form of lipid might be responsible for the effects
we see here by altering the immune response to interluminal
tissues including those of the parasite.

Because LDL is a major carrier of lipid-soluble or lipid-
associated drugs, a second major possibility is that LDL levels
correlate with the availability of this carrier in the blood
stream. Oxamniquine is a weak amphipathic base that incor-
porates into liposomes with high efficiency (> 85%),*! and the
liposomal preparation of the drug has a higher experimental
efficacy than the unmodified form. The incorporation of the
drug into liposomes or its association with LDL may protect
it from metabolism and earlier elimination leading to higher
levels and or a longer half-life. Lipid-associated drug may also
tend to be targeted to the liver or parasite membranes.

Because schistosomes are completely dependent on the
host for cholesterol and fatty acids, they require a transport
system for lipids. Multiple studies have shown the ability of
parasite membranes to bind host LDL.?**?? This is mediated
at least in part by an abundant and efficient VLDL/LDL-
binding protein.** The requirement for host lipids obligates
transport of the drug as well. This may explain a mechanism
by which the lipid status of the host influences this process.
For trypanosomes, a lipid-associated protein, apolipoprotein-
1, is responsible for parasite lysis.>> It is possible that some
component of the human lipid profile is also responsible for
natural resistance to schistosomes or cooperates with oxam-
niquine in parasite killing. Such a component might be low,
defective, or less efficient in those with lower LDL concen-
tration.

Ancestry, diet, and metabolic diseases, such as diabetes
mellitus, are the major determinants of lipid status in this
population and this age group. Severely malnourished chil-
dren were excluded from the study, and no differences in
socio-economic status, anthropometrics, or lipid intake were
noted between those persistently egg-positive and the other
groups, so that diet is unlikely to explain differences in LDL.
Diabetes in this age group in Brazil is very uncommon. The
differences in LDL concentrations we observed here are most
likely do to intrinsic biologic differences, perhaps genetics.

Several authors have correlated susceptibility to reinfection
or response to chemotherapy to pre-treatment, parasite-
specific antibody levels.®® In this study, however, immuno-
globulin levels were clearly correlated with actual infection
status and were not predictive of response. Thus, IgM and
IgG4 serve as markers of ongoing infection but do not par-
ticipate in resistance or efficacy of drug treatment.
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