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Abstract.

One small previous study found that praziquantel reduced hookworm infection. In this study, 607 sub-

jects were enrolled in a longitudinal study. At enrollment and every 3 months for 18 months, three stool samples were
collected, and the intensity of infection with Schistosoma japonicum and soil-transmitted helminths (STHs) was quan-
tified. All subjects were treated with 60 mg/kg praziquantel at baseline. Three months post-treatment, the percent of
subjects who were hookworm-infected decreased to 46.5% from 61% at baseline. The putative cure rate was 23.7%.
The 95% confidence interval around the change in hookworm egg counts from baseline to 6 and 12 months post-
treatment was negative and did not include zero. The percent reduction in hookworm egg counts from baseline to
3 months post-treatment was 40.8%. Praziquantel treatment did not decrease the infection intensity of STHs. Control
programs using praziquantel may have the added benefit of reducing hookworm infection and anemia in areas of

coendemnicity.

INTRODUCTION

Hookworm infection is a leading cause of iron-deficiency
anemia that afflicts an estimated 576 million people through-
out developing nations of the tropics, with highest prevalence
in East Asia/Pacific Islands and sub-Saharan Africa.! The
global burden of hookworm is an estimated 1.5-22.1 million
disability-adjusted life years annually.> Albendazole is cur-
rently accepted as the most effective treatment of hookworm
infection, with a single dose providing egg reduction rates of
64.2-100% and cure rates of about 78.4%.

Praziquantel is known to be effective in treating schistoso-
miasis in humans as well as a wide range of trematodes and
human and veterinary cestodes.* After oral administration,
praziquantel is quantitatively and rapidly absorbed, metabo-
lized, and excreted as a variety of metabolites, predominantly
through the kidneys.’ Although the mechanism of action of
praziquantel is not entirely clear, it is thought that the drug
acts on the muscle fibers of schistosomes, inducing paralysis.®
Other work suggests that praziquantel leads to unmasking
of antigens on the worm surface, making them more acces-
sible to host immune cells.” To our knowledge, no studies
have assessed the in vitro activity of praziquantel against soil-
transmitted helminths (STHs), specifically Ascaris lumbri-
coides, Trichuris trichuira, and hookworm.

One population-based study, conducted in an area of
the Ivory Coast highly endemic for Schistosoma mansoni
and hookworm, examined the in vivo effect of praziquantel
against hookworm infection.* In that study conducted among
96 school children, a significant reduction in the prevalence
and intensity of hookworm infection was found 4 weeks after
treatment with praziquantel. To our knowledge, this is the only
population study to have examined the efficacy of praziquan-
tel against hookworm.
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Praziquantel has become increasingly available, with an
average cost of US $0.40 per dose, and a worldwide initiative
is underway to provide annual mass treatment in high-risk
communities.®

In areas of the developing world endemic for helminths,
polyparasitic infections are normal, with most children har-
boring two or more helminths rather than a single infection.*'*
STHs and schistosomes are the most common helminth infec-
tions. Of these infections, hookworm and schistosome infec-
tions have been most clearly implicated as causes of anemia,
particularly among children.!5

This study was conducted among 607 S. japonicum infected
7- to 30-year-old males and non-pregnant females in Leyte, the
Philippines. The objectives of this study were to investigate the
efficacy of praziquantel against hookworm in a different eco-
logical setting and to extend previous findings by examining
praziquantel’s efficacy using longitudinal data, a larger sam-
ple, and a larger dose of praziquantel.

METHODS

Study population. This longitudinal study was conducted in
three rice-farming villages in Leyte, the Philippines (Macanip,
Buri, and Pitogo), where both S. japonicum and STHs are
endemic. Three to six months before the start of enrollment, a
census was completed in each village. Study staff went door to
door accompanied by a resident of the village, mapping each
household with global positioning satellite devices. The census
enumerated number of individuals in the household, their
gender, and dates of birth. At that time, all individuals in the
household ages 8-30 were asked to provide informed consent
for the stool-screening procedures for a study investigating
immune correlates of reinfection, the original objective of
this work. Subjects were eligible for participation if they were
infected with S. japonicum, lived primarily in a study village,
were 7- to 30-years-old, were not pregnant or lactating, and
provided both child assent and parental consent or adult
consent. Subjects with severe hepatomegaly or grade II or
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higher hepatic fibrosis on ultrasound examination, as well as
subjects with severe anemia (hemoglobin < 7.0 g/dL) or severe
wasting (weight for height Z score < —3.0), were excluded from
participation and referred for medical treatment. This group
was treated for S. japonicum and STHs, and iron was provided
for anemic subjects. The group of subjects with grade II or
higher hepatic fibrosis was also placed on a 2-year praziquantel
treatment protocol, with stool screening and treatment every 3
months. Finally, hepatic fibrosis was reassessed by ultrasound
at 12 months post-treatment for all enrolled subjects. Subjects
who had newly developed grade II or higher fibrosis at this
time were withdrawn from the study and placed on the
aforementioned treatment protocol.

All eligible subjects were treated with a split dose of prazi-
quantel (60 mg/kg). Enrolled subjects were not treated for
STHs at baseline. This was because of the fact that treatment
of STHs could modify immune responses to S. japonicum
and limit interpretability of baseline responses to S. japonicum
antigens and their relationship toreinfection risk. Subsequently,
participants were followed at 3, 6, 9, 12, 15, and 18 months
post-treatment. At each time point, stool samples were col-
lected, and a physical examination was performed. All par-
ticipants were transported to the study clinic by study staff
for enrollment and follow-up visits. All subjects infected with
STHs or S. japonicum were treated at the end of the study
with albendazole and/or praziquantel, respectively. Subjects
could not be treated for S. japonicum earlier, given that the
main objective of this work was to identify immune correlates
of reinfection, and sufficient time was needed to allow vari-
ability in this outcome. Brown University and The Philippines
Research Institute of Tropical Medicine institutional review
boards approved this study.

Stool examination. Two weeks before each follow-up
visit, an attempt was made to collect three consecutive stool
samples from each participant at their home. Parasite egg
counts were determined by examination of consecutive stool
specimens obtained from each study participant on separate
days. Each of the stool specimens was examined in duplicate
for S. japonicum, A. lumbricoides, T. trichiura, and hookworm
eggs within 24 hours of collection by the Kato—Katz method.
Egg counts were enumerated within 1 hour of preparation
for hookworm, and this protocol was followed throughout
the study. The mean eggs per gram (epg) of stool was used
as the quantitative measure of infection status for each worm
based on the average egg count for each duplicate specimen.
Then, the mean egg count was taken across the stool samples
provided, including samples with 0 epg enumerated. World
Health Organization criteria were used to classify each
infection as uninfected or low, moderate, or high intensity
as follows: hookworm: low = 1-1,999 epg, moderate = 2,000—
3,999 epg, high > 4,000 epg; S. japonicum: low = 1-99 epg,
moderate = 100-399 epg, high > 400 epg; A. lumbricoides:1ow =
1-4,999 epg, moderate = 5,000-49,999 epg, high > 50,000 epg;
T trichiura:low = 1-999 epg, moderate = 1,000-9,999 epg, high
> 10,000 epg.”” Ten hookworm larvae, obtained by culturing
stool samples?! from 203 study participants, were speciated by
polymerase chain reaction (PCR); only Necator americanus
was detected, and Ancylostoma duodenale species were not
detected.

Statistical analyses. For all covariates, initial assessment of
normality was performed using standard normality diagnostics
including skewness, kurtosis, and the Shapiro-Wilks test. Cure

rate was calculated as percent infected at baseline minus
percent infected at follow-up divided by percent infected at
baseline. S. japonicum and STH egg counts were right skewed
and not normally distributed. Egg counts were, therefore, log,
transformed [In (n + 1)] to produce a geometric mean egg
count.

Proc mixed in SAS version 9.1 was used to calculate mean
geometric egg count at each time point for each STH while
adjusting for lack of independence of responses because of
both (1) repeated measures within individuals and (2) individ-
uals living in the same household. The least-square means pro-
cedure was used to derive the mean geometric egg count with
95% confidence intervals at each time point for each STH
while adjusting for other covariates and clustering by house-
hold. We also assessed interaction effects by gender and age
strata (both age < 13 years and age < 18 years) by creating a
time x gender (or time x age strata) covariate.

Given that the proc mixed approach uses available data
from each subject at each time point but assumes any miss-
ing data is missing at random, we did one further analysis to
guard against bias in loss to follow-up, which could violate
the assumption of missing data at random. This could, in turn,
affect the sample mean egg counts over time. Within-person
change scores were created for each STH per time point of
measurement relative to baseline using the geometric mean
epg. This change from baseline, therefore, only includes indi-
viduals who provided stool at baseline and the specific follow-
up time point. We then evaluated whether 95% confidence
intervals around the change at each time point did or did not
include zero, with inclusion of zero implying a non-signifi-
cant change from baseline. This analysis was also adjusted
for clustering of responses by individuals from the same
household.

RES ULTS

Overall, 74.3% (1,262/1,699) of individuals between the
ages of 7 and 30 years residing in study villages were screened
for the presence of S. japonicum, hookworm, A. lumbicoides,
and T. trichiura. Of these, 60% were infected with S. japoni-
cum and eligible for further screening. In total, 607 individu-
als ultimately met all eligibility criteria, with most exclusions
caused by lack of S. japonicum infection. These individu-
als were enrolled and treated with praziquantel. At baseline,
39.0% had no hookworm infection, 58.0% had low-intensity
infection, 2.31% had moderate-intensity infection, and 0.66%
had high-intensity infection. Other baseline characteristics of
the cohort are presented in Table 1.

Between 79.4% and 86.8% of subjects were present at each
time point. Given that the sensitivity of the Kato—Katz method
is affected by the number of stools examined®>* and the con-
cern that the sample prevalence of infection would appear to
decline if subjects provided fewer stools over time, we quan-
tified the number of stools provided at each time point. This
was calculated for those who provided stool, because the prev-
alence of infection after treatment is only evaluated among
those who provided at least one stool. A larger percentage
of subjects provided three stools at later time points com-
pared with baseline: 3 months post-treatment compared with
baseline (82.2% versus 58.0%, respectively; y2, P = 0.06) and
6 months post-treatment compared with baseline (78.1%
versus 58.0%, respectively; y2, P < 0.05).
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TABLE 1
Baseline characteristics of the study cohort

Characteristic Value

15.0 (6.18)
383/607 (63.1)

Age (years; mean [standard deviation])
Sex (number of males/total subjects; %)

Hookworm prevalence (%) 61.0
Hookworm infection intensity*
No infection (%) 39.0
Low intensity (%) 58.0
Moderate intensity (%) 2.30
High intensity (%) 0.70
Hookworm median eggs per gram of stool 60.0
S. japonicum prevalence (%) 100
S. japonicum infection intensity*
No infection (%) 0
Low intensity (%) 71.7
Moderate intensity (%) 22.7
High intensity (%) 5.6
S. japonicum median eggs per gram of stool 40.0
A. lumbricoides prevalence (%) 76.0
A. lumbricoides infection intensity*
No infection (%) 24.0
Low intensity (%) 25.7
Moderate intensity (%) 38.6
High intensity (%) 11.7
A. lumbricoides median eggs per gram of stool 5,133.3
T. trichuria prevalence (%) 922
T. trichuria infection intensity*
No infection (%) 7.8
Low intensity (%) 50.2
Moderate intensity (%) 38.1
High intensity (%) 3.9
T. trichuria median eggs per gram of stool 800

Hemoglobin g/dL (mean [standard deviation]) 12.5 (1.8)

Hookworm: low = 1-1,999 eggs per gram of stool (epg), moderate = 2,000-3,999 epg, high
>4,000 epg. S. japonicum: low = 1-99 epg, moderate = 100-399 epg, high > 400 epg. A. lumbri-
coides: low = 1-4,999 epg, moderate = 5,000-49,999 epg, high > 50,000 epg. 7. trichuria: low =
1-999 epg, moderate = 1,000-9,999 epg, high > 10,000 epg.

* Infection intensities based World Health Organization criteria.?

Three months post-treatment, the percent of subjects who
were hookworm-infected (any level of intensity) decreased
to 46.5% from 61% at baseline (Figure 1). The cure rate was
23.7%. Comparing percentage of subjects in specific hook-
worm-intensity groups at baseline with both 3 and 6 months
post-treatment groups, there was a significant increase in the
percent of subjects in lower intensity groups at follow-up time
points (% P <0.0001 for both comparisons). The median abso-
lute hookworm egg counts were 60 epg at baseline and 0 epg
at both 3 and 6 months post-treatment (Wilcoxon signed rank,
P <0.0001 for both comparisons).

Figure 2 presents the least-square mean geometric mean
egg count for each STH at baseline (just before treatment)
and subsequent time points. Geometric mean hookworm egg
counts dropped significantly from baseline to each subsequent
time point (least-square means difference, P < 0.0001 for all
comparisons). For A. lumbicoides and T. trichiura, the only sig-
nificant difference in geometric mean egg counts compared
with baseline was for 7. trichiura at 18 months post-treatment
(least-square means difference, P < 0.001).

Figure 3 presents the mean within-person change in geomet-
ric mean egg counts from baseline to successive time points.
Each of these changes for hookworm is negative, suggesting
a decrease from baseline that reaches a maximum decrease at
6 months and then begins to increase by 18 months, possibly
because of newly acquired infections. Of note, the 95% confi-
dence intervals for this change do not include zero for any of
the hookworm changes in egg counts, implying that the change

from baseline intensity was significantly greater than zero. The
percent reduction in geometric mean egg count from baseline
to 6 months, including those uninfected at baseline, was 40.8%
(34.7-47.0%; 95% confidence interval). All of the 95% confi-
dence intervals for the mean change in geometric mean egg
count for A. lumbicoides and T. trichiura include zero, with
the exception of 7. trichiura at 18 months post-treatment. This
implies that the egg counts for these two STHs were not sig-
nificantly different from baseline.

Finally, we examined interactions between change in hook-
worm-infection intensity and both age (< 13 and < 18 years in
separate analyses) and gender, and we did not find significant
interaction effects.

DISCUSSION

In this cohort of 607 S. japonicum-infected 7- to 30-year-olds
in Leyte, the Philippines, treatment with praziquantel was fol-
lowed by a reduction in hookworm prevalence and intensity
of infection for up to 12 months, with prevalence and intensity
at consistently lower levels than baseline for 12 months after
treatment. Of note, the dose of praziquantel used in this study
was the standard dose for S. japonicum (60 mg/kg), which is
higher than the standard dose used for S. mansoni or S. haema-
tobium (40 mg/kg). At 18 months post-treatment, hookworm
prevalence and infection intensity began to rise again, likely
because of reinfection. No effects of praziquantel treatment at
baseline were seen for 7. trichiura or A. lumbicoides.

Praziquantel’s mechanism of action against schistosomes is
not fully understood, and to our knowledge, there has been no
research examining its in vitro efficacy against hookworm or
other STHs. Blair and others® found that praziquantel acts on
the muscle fibers of schistosomes, inducing paralysis thought
to be related to calcium-channel activity. If this is the primary
mechanism through which praziquantel affects hookworms,
it could act during the migratory or blood stage of infection
as praziquantel is rapidly absorbed into the bloodstream.
Alternatively, unabsorbed praziquantel may have some activ-
ity against adult worms in the gut lumen. If this is the mecha-
nism, it is likely that praziquantel acts against muscle proteins
shared by schistosomes and hookworms but not A. lumbi-
coides or T. trichuris. Given the rapid fall in egg counts by
3 months, some activity against the adult worm is likely,
because the time from larval stage to patent infection with
ovo-deposition is over 40 days for hookworms. In addition, a
recent study from Brazil showed a synergistic effect of hook-
worm and S. mansoni. Specifically, a significant positive asso-
ciation for coinfection with hookworm and S. mansoni was
shown. A change in the cytokine profile after treatment with
praziquantel that would favor the host immune response to
hookworm infections could potentially explain the decrease in
hookworm prevalence.

Previous studies have noted improvements in hemoglobin
after treatment with praziquantel, particularly in children.
Given the rapid increase after treatment without provision
of iron in most studies, much of that improvement is likely
caused by amelioration of S. japonicum-related anemia of
inflammation.'®? It is possible, however, that some of the sus-
tained improvement in hemoglobin found in other studies may
be caused by reduction in hookworm burden. Interestingly, a
previous study conducted in Leyte, The Philippines, showed
that coinfection with S. japonicum and hookworm had a
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FiGure 1. Prevalence of hookworm infection by intensity and time point.

synergistic effect on anemia burden in children, meaning that
the effect of having both infections was greater than would
be expected if their effects were purely additive."* If praziqu-
antel does have some efficacy against hookworm, its impact
on anemia may be greater than anticipated if it has some
impact on two helminths with synergistic effects on anemia.
Furthermore, although most studies have shown that the risk
of anemia is much greater among children with moderate- to
high-intensity hookworm infections, the presence of multiple
low-intensity infections with helminths also increases the risk
for anemia.?® Given the very high prevalence of low-intensity
helminth infections globally, praziquantel may further limit
anemia-related morbidity by reducing the number of children
coinfected with multiple helminths at low intensity.

The World Health Organization (WHO) has endorsed regu-
lar administration of anti-helminthic drugs to control morbid-
ity related to STHs. In high-risk communities (prevalence of
any STH among school-aged children > 50%), current treat-
ment guidelines call for twice yearly treatment of all school-
aged children as well as treatment of pre-school-aged children,
pregnant women in second or third trimester, and adults in
high-risk groups.® In areas where hookworm and schistosomia-
sis are coendemic, joint therapy of albendzole and praziquantel
is recommended, with schedules related to community preva-
lence.! In many lesser developed countries (LDCs) however,
even provision of one drug annually is difficult to achieve. Until
treatment targets are met for both STHs and schistosomia-
sis, communities with coendemnicity that are benefiting from
current schistosomiasis-control programs? but still have sub-
optimal coverage for STHs may accrue additional benefits by
limiting the intensity of hookworm infection with praziquantel.

The most important limitation of this study is the lack of an
untreated control group. In a previous four-arm randomized

controlled trial of albendazole and praziquantel, there was a
fall in the prevalence of hookworm infection 45 days post-
treatment in the placebo group, which did not reach statistical
significance.”® No data were provided with respect to change
in intensity of hookworm infection in that time. Thus, it is pos-
sible that the observed decreases in hookworm infection were
caused by changes in the ecology of transmission, improve-
ments of sanitation and hygiene, or unmeasured treatment
with albendazole. These are unlikely. During the time course
of the study, there were no major changes in climate or natural
disasters such as floods or typhoons that might disrupt trans-
mission. In addition, no large-scale improvements in sanitation
were made during the study, and such improvements would be
expected to impact the transmission of ascaris and Trichuris,
both of which are also related to poor sanitation and hygiene.
Participants’ health was monitored for 18 months after prazi-
quantel treatment as part of the clinical and ethical obligations
of the study, with active assessments every 3 months. We had
no systematic evidence or anecdotal reports of participants
seeking or receiving care for the STHs.

An additional limitation is the use of egg counts as a proxy
measure for worm burden and expected morbidity. It is pos-
sible that praziquantel impacted adult worm fecundity rather
than survival. If this is the case, praziquantel’s expected impact
on morbidity caused by hookworm is likely to be smaller than
expected. Small numbers of subjects with moderate- and high-
intensity infection limit the inferences one can make on prazi-
quantel’s efficacy in the context of higher-intensity hookworm
infections. Finally, all stool exams for worm eggs have some
degree of measurement error, although for hookworm, accu-
racy improves with number of stool specimens.?>*3* We think
this is less of a problem, because a large proportion of the
sampled population provided three stool specimens at most
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follow-up visits, the number of stools provided at each time
point was greater than at baseline, and we used the same pro-
cedure for collecting, preparing, and reading stool samples
throughout the course of the study.

Ongoing and upcoming operational research studies such
as Schistosomiasis Control Initiative (SCI), Schistosomiasis
Consortium for Operational Research and Evaluation
(SCORE), and the multidisciplinary alliance, CONTRAST,
which aim to inform the best approaches to praziquantel deliv-
ery, including frequency of treatment, target populations, and
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treatment locations (e.g., school- versus community-based),
may continue to increase the number of doses of praziquantel
provided in sub-Saharan Africa.”’ These and other future stud-
ies should examine this issue with a randomized controlled
design across other settings, including areas with Ancylostoma
duodenale. Quantification of praziquantel’s ability to limit
hookworm-related anemia conducted in areas without schis-
tosomiasis would help elucidate its potential contribution to
control of this important morbidity. If other studies support
the ability of praziquantel to limit the prevalence and inten-
sity of hookworm infection, the drug may limit morbidity and
be more cost-effective than anticipated, based on expected
efficacy against schistosomiasis alone.
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