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Abstract. The Louisiana red swamp crayfish, Procambarus clarkii, which was introduced into east Africa in the
1950s or 1960s, has since widely dispersed. Previous work by our group has shown that P. clarkii can reduce
populations of the molluscan intermediate hosts of human schistosomes through predatory and competitive interac-
tions. Here, we investigate whether crayfish can reduce populations of Bulinus africanus and consequently, Schisto-
soma haematobium prevalence in school children. Children from 6 primary schools in the Machakos and Kitui
Districts of Kenya were selected for study. Schools were divided into 3 experimental-control pairs. At experimental
schools, crayfish were introduced into nearby aquatic habitats harboring Bulinus africanus snails and serving as S.
haematobium transmission sites. Snail habitats near control schools did not receive crayfish. Six months after crayfish
introduction, all infected children were treated with praziquantel. Children were then monitored quarterly for 2 years,
at which time infection and reinfection rates were compared statistically between the paired schools. In one such pair,
crayfish failed to establish, resulting in neither snail control nor a reduction in transmission. At the second pair of
schools, the numbers of snails were decreased by the presence of crayfish, but a clear difference in infection rates in
children could not be detected, primarily because drought conditions kept overall transmission rates low. At the third
school pair, crayfish established well in experimental habitats, snail numbers decreased precipitously, and children at
the experimental school were significantly less likely to acquire S. haematobium infections than children at the control
school. Our results indicate that under certain environmental circumstances, P. clarkii exerts a significant impact on
the transmission of human schistosomiasis in Kenya. Important questions remain regarding the impact of P. clarkii
on Kenyan freshwater ecosystems, not the least of which is its potential to significantly influence the epidemiology

of schistosomiasis in east Africa.

Human schistosomiasis remains an intractable problem in
much of the developing world.! In Kenya, both the intestinal
and urinary forms of the disease, caused by Schistosoma
mansoni and S. haematobium, respectively, affect an esti-
mated 3.5 million individuals, with 12 million more at risk
for infection (Ministry of Health, Kenya, unpublished data).
Traditionally, control efforts have relied heavily on anthel-
minthics such as praziquantel and/or the use of molluscicides
to control the gastropod intermediate hosts of the schisto-
some. Such strategies, however, require sustained effort to
prevent a rapid return to pre-intervention infection rates.
Chemotherapy, for instance, must be repeated regularly and
by itself cannot prevent reinfection.? Likewise, mollusci-
cides, inevitably short term in their effects, must be reapplied
frequently to maintain effective control and pose obvious
environmental concerns.®#

As an alternative to chemical intervention, the use of nat-
ural enemies of snails has frequently been mentioned as a
sustainable means of schistosomiasis control.>” Over the
past decade we have investigated the potential of several
such putative control agents in Kenya.® Our results indicate
that of the organisms evaluated, the Louisiana red swamp
crayfish, Procambarus clarkii, was the most effective in
terms of controlling snail populations.

Procambarus clarkii was initially introduced into Kenya
for aquacultural purposes, probably in the 1960s,°%*° but pos-
sibly as early as the late 1950s.** Since that time, this exotic
crustacean has dispersed widely, and is now present within
al major drainage basins in the country.!® As part of a snail
survey in Kenya, we observed that P. clarkii rarely if ever
coexisted with known molluscan intermediate hosts of hu-
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man schistosomes.’? Consequently, we examined the ability
of this crayfish to affect pulmonate snails in the genera
Biomphalaria and Bulinus, known to transmit S. mansoni
and S haematobium, respectively. Crayfish eradicated or
greatly reduced snail populations in both laboratory and in
field enclosures,*314 as well as in small-scale field trials.s> In
addition to being voracious snail predators, crayfish also
compete with snails by consuming aquatic plants used by
snails as refuge, oviposition sites, and food.*?

Although we believe that P. clarkii can significantly re-
duce or eliminate populations of medically important pul-
monate snails, this does not necessarily translate into re-
duced human infection rates. In this report, we investigate
whether or not crayfish introduced into natural foci of S
haematobium transmission significantly reduced such trans-
mission. Our results indicate that under certain conditions,
the presence of P. clarkii can dramatically reduce S hae-
matobium prevalence in primary school children. Although
important questions exist regarding the impact of P. clarkii
on Kenyan freshwater ecosystems, this introduced speciesis
likely to remain well-established in Kenya. Consequently,
the epidemiology of schistosomiasis in east Africa may be
significantly altered by the presence of P. clarkii.

MATERIALS AND METHODS

Study area and site selection. The study was conducted
in the Machakos-Kitui area of Kenya, within the Athi River
drainage basin. Both S mansoni and S. haematobium are
endemic to this area, 618 with members of the Bulinus afri-
canus species group serving as intermediate hosts for S. hae-
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Ficure 1. Map of Kenya showing the location of the paired
study sites. A refers to Ikotamwithe and Nzangathi in the Kitui dis-
trict. In the Machakos district, B refers to Kataluni and Matuu and
C refers to Kwandoo and Kisukioni.

matobium. Except where noted, all further references to
snails refer to B. africanus. The area lies within the known
geographic range of P. clarkii in Kenya,* but crayfish had
never been introduced into the snail habitats used for the
present study.

To be considered, a potentia study site needed to have 1)
alocal school, 2) high enough disease prevalence for a cray-
fish effect to be detected, 3) at least one human-made water
impoundment harboring snails, 4) no other ongoing schis-
tosomiasis study, and 5) agreement of local people and au-
thorities. Ultimately, the 6 sites with the highest prevalence
that met the above criteria were selected for study. |mpound-
ments were selected as study habitats because they are usu-
aly isolated and, once introduced, crayfish would remain
confined within the habitats. Also, crayfish in Kenya appear
to be well-adapted to such habitats. The study schools se-
lected were allocated to experimental or control treatments
on a parwise basis, based, as far as possible, on similar
initial S haematobium prevalences and geographic proxim-
ity (see Figure 1 for general school locations). Thus, Katal-
uni (experimental, approximately 10 km north of Tala town-
ship) with an initial prevalence of 61% was paired with Ma-
tuu (control, about 45 km east of Nairobi) with a prevalence
62%. Kwandoo (experimental, approximately 70 km east of
Nairobi) was paired with Kisukioni (control, approximately
50 km east of Nairobi), where prevalences were 27% and
37%, respectively. |kotamwithe (experimental, located about
35 km south of Kitui town) with a prevalence of 65% was
paired with Nzangathi (control, 20 km south of Kitui) with
a prevalence of 33%. The study was discussed with local

administrators, teachers, and residents in a series of village
meetings. Approval from villagers was granted in all cases.

Study subjects. The subjects at each school were children
7-16 years old. Since all schools included in the study were
located in a part of Kenya inhabited by the Kamba people,
these children were relatively homogeneous in terms of eth-
nicity and cultural practices. Ethical approval for the study
was granted by the Ethical Review Committee of the Kenya
Medical Research Institute and the Human Research Review
Committee of the University of New Mexico (Approva #
HRRC 92-163). A signed informed consent form was ob-
tained from al participating children and their parents or
guardians. At each school, 150—200 children were selected
at random to participate. This followed an initial screening
of a single urine sample from each child in January 1994 to
determine his or her infection status.

Snail and crayfish sampling. After identifying study sites
and selecting study children, monthly snail sampling began
in March 1994 at all snail habitats in the 6 localities. Per-
manent sampling stations, each 10 meters long, were estab-
lished along the shoreline of each snail habitat at both ex-
perimental and control study sites. At monthly intervals, a
standard snail scoop was used to sample along the length of
each sampling station for 5 min. Total snail counts for each
species per habitat per sampling period were then recorded.
Immediately after collection, snails of the B. africanus group
were isolated in small vials and screened for schistosome
cercariae. Snails releasing mammalian schistosome cercariae
were noted. All snails were returned to the site from which
they had been originally collected. Snail collections contin-
ued in this manner until the study was terminated in January
1997.

Between June and July 1994, approximately 4 months af-
ter initiation of snail sampling, crayfish collected from adam
near Thika, approximately 25 km northeast of Nairobi, were
introduced into the snail habitats of localities designated as
experimental sites. Permission for this activity was granted
by Kenya's Department of Fisheries. No crayfish were re-
leased into control snail habitats. Stocking density was a
low-end density for standard aquacultural stocking between
1 and 2 crayfish/m?. After stocking, experimental habitats
were sampled monthly for crayfish until the study ended in
January 1997. During each sampling session, 20 meat-baited
traps were placed in the water body for 1 hr. The traps,
constructed of wire and covered with nylon mesh (mesh size
1 X 1 cm), were 45 cm long with a diameter of 20 cm. Traps
were checked after 15, 30, and 60 min. Captured crayfish
were sized, sexed, and counted, and the total number caught
during the 1-hr trapping session period was recorded. All
captured crayfish were returned to the habitat. In some cases
the habitats received crayfish after the June—July 1994 cray-
fish introduction period because some habitats dried up
shortly after the initial crayfish introduction, and others were
dry at the time of the first crayfish introduction. Furthermore,
at Ikotamwithe, we did not discover some small ephemeral
water bodies until March 1995, at which time crayfish were
introduced.

Examination of urine samples. In January 1995, 6
months after crayfish introductions, sampling of study chil-
dren began. Each child was examined by a physician, and a
urine sample was obtained on 2 consecutive days. Samples
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were processed using standard filtration techniques.*® For
each urine sample, two 10-ml volumes were stirred and fil-
tered through a polycarbonate membrane (pore size = 12
wm; Poretics Corp., Livermore, CA), and the filters were
placed on a numbered glass microscope slide. Each slide was
examined for S. haematobium ova at 100X magnification by
2 independent microscopists, with eggs counted on each en-
tire filter. A 10% sample of the slides was also examined by
a third microscopist for quality control. The average number
of eggs for the 2 consecutive days of sampling was recorded.

Children previously found to be infected with S haema-
tobium or those found to be infected on examination in Jan-
uary 1995 received a curative dose (40 mg/kg of body
weight) of praziquantel. Thereafter, urine samples were tak-
en at 3-month intervals until January 1997. In July 1996,
another dose of praziquantel was issued to children who had
become reinfected or those who had acquired first time in-
fections during the course of the study.

Statistical analysis. Initial probabilities of infection, prior
to praziquantel treatment in January 1995 (referred to below
as the before period), were calculated for the study population
in each school by dividing the number of children passing S
haematobium eggs by the total number of children. These
probabilities were initially compared for each experimental-
control school pair using chi-square analysis. Several factors
affected the choice of the experimental school in each school
pair. It was necessary that we felt confident of knowing all,
or at least the vast mgjority of the local transmission sites
near the experimental school. We believe that we were largely
successful in this regard, owing to the substantial effort di-
rected toward the identification of transmission sites, includ-
ing the involvement of the local populace. However, we can-
not say with absolute certainty that no transmission sites were
overlooked. Such careful identification of transmission foci
was not essential at the control school. This principle was
used to designate both Kwandoo and Kataluni as experimental
schools. Also, if 1 site had significantly higher prevalence
than the other, it was chosen for treatment, on the principle
that any bias should be against our hypothesis. This led to the
selection of Ikotamwithe as an experimental school and Nzan-
gathi as the corresponding control.

Following administration of praziquantel, each child at a
particular school was classified as either infected if he or she
acquired a patent S. haematobium infection at any time in
the post-praziquantel treatment period (referred to below as
the after period, lasting from March 1995 to January 1997),
or non-infected if they did not acquire such infections. A
post-treatment probability of infection was then calculated
for the study population of each school by dividing the num-
ber of infected children by the total number of children for
which data were available. Infection status of some children
in each study population could not be determined because
they were absent from school. These children were not in-
cluded in this calculation.

Two different methods of comparing S haematobium
prevalence in control and experimental schools were used.
Method A treated the 4 samples (experimental before praz-
iquantel, experimental after praziquantel, control before
praziquantel, and control after praziquantel), as independent.
Since the experimental and control schools should experi-
ence the same effects over the time period, the differences

between the change in experimental schools and the change
in control schools should be due to crayfish introduction.
Method A estimated this difference, with its standard error,
using the normal approximation to calculate P values with
95% confidence intervals.

It could be argued that the samples from the same school
in different time periods are not independent because the
same children were usually involved. To allow for the pos-
sibility that this dependence might affect the inference,
method B was used, which included only children whose
infection status was known in both periods. The change in
infection rate at a school can be estimated by scoring each
of these children as +1 (infected in the before period but
not the after period), —1 (not infected in the before period
but infected in the after period), or as O (infected in the
before period and again in the after period or uninfected
during both periods). Method B calculates this estimated
change, with its standard error, for each school. Then, for
each experimental-control pair of schools, it estimates the
difference between the changes and its standard error, and
uses the t-approximation to calculate P values and 95% con-
fidence intervals.

Other reasons could explain differential acquisition of
schistosome infections such as frequency of water contact or
differences in inherent susceptibility. Thus, each child en-
tering the study in January 1995 was classified as either
previously infected (group 1) or previously uninfected
(group 2). Group 1 children had 1 or more S. haematobium
eggs in their urine and were treated at the start of the study.
At the completion of the study, for each school, the proba-
bility that an infection had been acquired was compared for
these 2 groups using chi-square analysis.

As a separate test of any protective effect of crayfish, chil-
dren who had entered either grades 1 or 2 during the study
were examined at the end of the study. None of these chil-
dren were enrolled in school when the study began. Proba-
bilities of infection for these children were determined, and
chi-square analysis was used to compare these probabilities
at experimental and control school pairs.

Intensity of infection, defined as the mean number of eggs
observed in four 10-ml urine samples (2 samples taken on
each of 2 successive days), was determined for each child
known to be infected in January 1995 (the before period).
We also determined the maximum intensity of infection for
each child that acquired an infection from March 1995 to
January 1997 (the after period). Box plots summarizing the
intensity data were prepared for each pair of schools, and an
analysis of variance of log-transformed intensity data was
performed. We note that our intensity data in the after period
are biased by the fact that any child found to become in-
fected during our study was, for ethical reasons, re-treated
with praziquantel. This had the effect of lowering intensity
in the after period.

RESULTS

Nzangathi/lkotamwithe. A summary of the data for snail
and crayfish populations and for reinfection of school chil-
dren in the paired Kitui district schools, Nzangathi (control)
and Ikotamwithe (experimental), is provided in Figure 2. In
transmission sites near Nzangathi, snails remained abundant
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FiIGure 2. Summary of cumulative prevalence of infection with Schistosoma haematobium (upper 2 graphs) shown for Nzangathi (control)
and I kotamwithe (experimental) schools. N refers to the number of participating children. The starting prevalence (before praziquantel treatment
in January 1995) and ending prevalence (indicating the cumulative prevalence of infection acquired among all children in the after treatment
period of March 1995 to January 1997) is also indicated. For each school, cumulative prevalence is shown separately for children known to
be infected (group 1) or uninfected (group 2) in the before period, and for both groups together. Shown below each prevalence graph is another
graph indicating abundance of S. haematobium-transmitting Bulinus africanus snails in the water bodies located around each school. For the
experimental school, the abundance of crayfish recorded from these water bodies is also noted.

throughout the study. At Ikotamwithe, there were 2 impor-
tant transmission sites. In 1, crayfish established well and
snail populations decreased sharply, with no snails recovered
after December 1994. Crayfish failed to establish at the sec-
ond site and snails remained present in substantial numbers
throughout the study.

The pretreatment prevalence at Nzangathi and |kotam-
withe schools was approximately 33% and 65%, respective-
ly. The significantly higher pretreatment prevalence at Iko-
tamwithe (P < 0.004), resulted in this school’s designation
as the experimental site in this pair. The final prevalence at
the 2 schools was not significantly different. Likewise, a
comparison of the change in probability of infection in the
pre-praziquantel and post-praziquantel periods between

schools was not significant (Table 1). The probability of in-
fection for grade 1 and 2 students was significantly lower at
Nzangathi (Table 2). At Nzangathi, the rate at which children
reacquired infection following treatment was significantly
higher for group 1 than group 2 children (P < 0.05); this
difference was not significant at Ikotamwithe (P > 0.5; Fig-
ure 2). Regarding intensity of infection (Figure 3 and Table
3), not surprisingly, both main effects (school and time pe-
riod) were significant, but the interaction term between these
2 was not, indicating that the experimental treatment (pres-
ence of crayfish) did not affect intensity of infection for this
pair of schools.

Kisukioni/Kwandoo. At the single transmission site near
Kisukioni (control), snails remained numerous throughout

TaABLE 1

Before-after analyses of the probability of infection with Schistosoma haematobium at each of the 3 pairs of schools

Difference SE P 95% Cl*
Method A
Nzangathi-lkotamwithe 0.112 0.136 0.409 —0.154-0.378
Kisukioni-Kwandoo —-0.128 0.103 0.215 —0.331-0.075
Matuu-K ataluni 0.402 0.087 <0.001 0.231-0.573
Method B
Nzangathi-lkotamwithe —0.0071 0.1325 0.9572 —0.272-0.258
Kisukioni-Kwandoo —0.0942 0.1033 0.3641 —0.299-0.111
Matuu-K ataluni 0.3415 0.0988 0.007 0.147-0.536

* Cl = confidence interval.
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TABLE 2

Comparisons of the probabilities of infection of grade one and two
children at each of the pairs of schools

Probability of
infection SE P

Nzangathi-I kotamwithe

Treatment 0.259 0.057

Control 0.035 0.024

Difference 0.224 0.062 0.002
Kisukioni-Kwandoo

Treatment 0.060 0.034

Control 0.071 0.034

Difference -0.011 0.048 0.87

Matuu-Kataluni

Treatment 0.079 0.034

Control 0.423 0.069

Difference —-0.344 0.077 <0.001

the study (Figure 4). At Kwandoo (experimental), snails
were initially abundant at 1 transmission site but disappeared
following the successful introduction of P. clarkii (Figure
4). Crayfish did not establish well at a second transmission
site, and snails continued to be recovered sporadically. Pre-
chemotherapy prevalence rates of 37% and 27% at Kisukioni
and Kwandoo, respectively, were not significantly different
(P > 0.05). Likewise, neither final prevalence nor the change
in the probability of infection was significantly different for
this pair of schools (Table 1). The probability of infection
for grade 1 and 2 students was not significantly different at
the 2 schools (P > 0.8; Table 2). At either school, the prob-
ability of infection for group 1 and 2 children did not differ
(P > 0.8, Figure 4). Intensity of infection decreased signif-
icantly more at Kwandoo than at Kisukioni (P < 0.03; Fig-
ure 3 and Table 3) during the course of the study, indicative
of an effect of crayfish on infection intensity.
Matuu/Kataluni. At Matuu (control), the primary trans-
mission site was not discovered until January 1996. Snails
were abundant at that time, and remained so (Figure 5). Ap-
proximately 1% of the snails recovered were actively shed-
ding S. haematobium cercariae. A second possible transmis-
sion site was monitored throughout the study, but no schis-
tosome-transmitting snails were found there. At Kataluni
(experimental), P. clarkii established well at both identified
transmission sites. Snails were particularly abundant in 1
site, and initially more than 7% of those snails recovered
were infected. Following the successful establishment of
crayfish, snails disappeared from this habitat (Figure 5). At
a second site, snails were never numerous, but once again,
no snails were recovered once P. clarkii became well estab-
lished. The prevalence of infection at Matuu and Kataluni
was 62% and 61%, respectively (Figure 5), prior to the ad-
ministration of praziquantel. Final prevalence, however, was
more than 3 times higher at Matuu (42%) than it was at
Kataluni (12%). This highly significant difference (P <
0.001) was aso reflected in a comparison of the change in
the probability of infection, which was significantly greater
at Kataluni, when calculated by either method A or B (P <
0.01; Table 1). The apparently greater transmission rate at
Matuu relative to Kataluni was confirmed when the proba-
bility of infection for previously unexamined first- and sec-
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FiGure 3. Log mean intensity of infection for all 6 schools both
before praziquantel treatment (January 1995) and after treatment
(March 1995 to January 1997). The box runs from the 25th percen-
tile to the 75th percentile. The line in the middle of the box is the
median. The brackets some distance from the boxes are the extent
of non-unusual data. Lines beyond the brackets represent outliers
(extreme values).

ond-year children was determined at the end of study. This
probability was significantly greater at Matuu than it was at
Kataluni (42.3% versus 7.9%, respectively; P < 0.001; Table
2). At Matuu, both group 1 and 2 children either reacquired
or acquired infections at a high rate, with no significant dif-
ference (P > 0.8) between the 2 groups. At Kataluni, group
2 children became infected more readily than group 1 chil-
dren, but the difference was not significant (P > 0.1; Figure
5). Regarding intensity of infection, it decreased significantly
more at Kataluni than at Matuu (P < 0.04; Figure 3 and
Table 3) during the course of the study, indicative of an
effect of crayfish on infection intensity.

DISCUSSION

Previous studies have demonstrated that P. clarkii intro-
duced into natural foci of schistosome transmission can re-
duce the abundance of, or even eradicate, the molluscan
intermediate hosts of schistosomes.2 The purpose of this
current study was to determine if such crayfish-related ef-
fects on snails can translate into reduced transmission to,
and consequently lower prevalence and intensity in, school-
age children living in areas where crayfish have been in-
troduced.

In this present study we assessed the impact of P. clarkii
introductions on S. haematobium transmission. Our under-
lying motivation was to introduce crayfish only into human-
made water impoundments within the known geographic
range of P. clarkii in Kenya. These impoundments are used
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TABLE 3

Summary of analysis of variance for intensity of infection in each of the 3 pairs of schools*

Source df Sum of squares Mean square F Pr (F)
Nzangathi-I kotamwithe
Period 1 236.3457 236.3457 92.98095 0.0000000
School 1 22.5207 22.5207 8.85989 0.0036890
Period: school 1 2.0907 2.0907 0.82252 0.3667148
Residuals 96 244.0198 2.5419
Kisukioni-Kwandoo
Period 1 139.6891 139.6891 4491054 0.0000000
School 1 1.6736 1.6736 0.53807 0.4652042
Period : school 1 15.5405 15.5405 4.99631 0.0279621
Residuals 87 270.6035 3.1104
Matuu-K ataluni
Period 1 393.6010 393.6010 138.2887 0.0000000
School 1 2.2123 2.2123 0.7773 0.3788889
Period: school 1 13.3326 13.3326 4.6843 0.0314601
Residuals 232 660.3245 2.8462

* Intensity data were log-transformed. Significance in the interaction term is indicative of a significant difference between experimental and control schools over the interval of the study

(a crayfish effect). df = degrees of freedom.

by local residents to meet domestic and livestock water
needs and because Bulinus snails are well-adapted to such
stationary water bodies,?® they are often important sources
of S haematobium infection. Because the full ecologic im-
pact of P. clarkii on African ecosystems has not yet been
assessed, we avoided introductions into river or stream sys-
tems that might allow crayfish to spread to new areas outside
their current Kenyan geographic range. The sites selected
were also deliberately far-removed from the study sites for
other ongoing schistosomiasis projects.?+2

An additional consideration was the fact that P. clarkii is
well-adapted to ponds,?*?> increasing the likelihood of suc-
cessful crayfish establishment. However, the types of habi-
tats in which we introduced crayfish are often subject to
prolonged periods of drying, and although P. clarkii is able
to burrow into the substrate and survive periods of
drought,*>?* extremely dry conditions would certainly dimin-
ish the ability of crayfish to establish and affect snails. Bu-
linus snails are able to estivate, and rapidly re-colonize
aquatic habitats, even following periods of prolonged
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drought.?6 Thus, by studying the capacity of crayfish to re-
duce snail numbers and schistosome transmission under such
conditions, we set up a worst case scenario for P. clarkii,
biasing the study against our hypothesis.

At the paired Kitui district schools, crayfish introduction
did not result in either lower prevalence or intensity of in-
fection. However, because crayfish failed to establish in 3 of
the 4 identified transmission sites, little can be concluded
here about their ability to reduce schistosome transmission.
Indeed, at the 1 experimental transmission site where cray-
fish did establish, snails were rapidly eradicated. We attribute
the failure of crayfish to establish to the severe drought con-
ditions that were prevalent at the time of crayfish introduc-
tions.

At the second pair of schools, Kisukioni and Kwandoo,
we were again unable to demonstrate an effect of crayfish
in lowering prevalence. Procambarus clarkii did not estab-
lish at 1 of the 2 identified transmission sites. At the second
transmission site, snails were initially abundant, but disap-
peared following the successful introduction of P. clarkii.
However, in spite of the fact that prevalence decreased at
Kwandoo over the course of the study (from approximately
30% to 10%), reinfection rates at both schools were low
throughout the study, and final prevalence at the Kisukioni
control school was similarly low. The low rates at which
children became infected at either school is probably be-
cause snail habitats at both sites were dry during long
stretches of the study, and such low rates make it difficult
to show a crayfish effect. The significantly lower intensity
rate at Kwandoo, however, is indicative of a crayfish effect,
suggesting that even if snails are not eradicated at all trans-

mission sites, crayfish may reduce schistosome transmission
when overall rates of infection are low.

At the third school pair, Matuu and Kataluni, a strong
effect of crayfish was evident. Any effects of drought, which
may have impacted crayfish introductions and transmission
at other sites, were not apparent here since snail habitats near
these schools retained water throughout the study. At the
control school, snails persisted in transmission sites through-
out the study, and this was reflected in both measures of
prevalence as well as intensity in the post-praziquantel pe-
riod. At the experimental school, crayfish established well at
both transmission sites, and snails which were initially abun-
dant, essentially disappeared following crayfish introduction.
Children at the experimental school were more than 3 times
less likely to acquire infections in the post-chemotherapy
period, and those that were infected had significantly lower
intensities. We further note the reduced prevalence evident
in young, first-, and second-year students at Kataluni that
were not part of the original study design. It will be of in-
terest to revisit the Kataluni school in the future to determine
how long crayfish might keep transmission below pre-inter-
vention rates.

It is interesting to note that a stream running adjacent to
Kataluni school harbors Biomphalaria pfeifferi snails that
serve as intermediate hosts for S mansoni. When children
at this school were initially screened for S. haematobium, we
also performed fecal examinations on these children and
found that the prevalence of S mansoni infection was ap-
proximately 25%. No crayfish were placed in this stream,
but all children harboring patent S. mansoni infections were
treated in January 1995, at the same time children infected
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with S, haematobium were treated. At the conclusion of the
study, in January 1997, approximately 12% of the children
at Kataluni had either acquired or reacquired S. mansoni in-
fections. Thus, following chemotherapy, S. mansoni preva-
lence increased to almost 50% of its pretreatment level. In
contrast, in the case of S haematobium, the post-chemo-
therapeutic prevalence increased to only 20% of its pretreat-
ment level over the same time period (Figure 5). These re-
sults provide additional independent confirmation of our
conclusion that crayfish introductions into water bodies near
Kataluni school did in fact reduce S haematobium trans-
mission.

Thus, at 1 of the 3 school pairs, the data suggest that the
introduction of P. clarkii resulted in a significant and dra-
matic decrease in S. haematobium transmission. A second
school pair can essentially be considered a failed introduc-
tion, about which no conclusions regarding the effects of
crayfish can be deduced. At the third pair of schools, al-
though snails were reduced by the presence of crayfish at
the experimental school, the overall low transmission at ei-
ther school makes it difficult to identify a crayfish effect.
Intensity data, however, do suggest such an effect at Kwan-
doo school.

Based on these results, it appears that under some con-
ditions, crayfish have a significant impact on schistosome-
transmitting snails, and consequently on prevalence and in-
tensity levels in children. In our study, this effect was most
assured in those habitats least prone to drying. The design
of our study required us to introduce crayfish at a time that
happened to be when habitats were already drying, and were
probably among the least favorable times for initiating and
establishing crayfish populations. It is in permanent station-
ary habitats where the greatest impact of crayfish on snail
populations might be expected since the impact of aquatic
predators on prey is often directly related to degree of eco-
logic stability.?”

One factor to consider with respect to the interactions be-
tween crayfish and African snails is the possibility that in
time, African snails will evolve measures to avoid crayfish
predation. Such mechanisms have been detected in North
American snails commonly preyed upon by crayfish.?® Like-
wise, the only gastropod to be found regularly in Kenyan
water bodies with P. clarkii is the North American exotic
Physa acuta, which has coevolved with crayfish.?® In Kenya,
we have observed repeatedly that although freshwater crabs
of the genus Potomonautes are voracious snail predators,
such crabs are frequently found coexisting with snails, sug-
gesting that African snails have adapted to this indigenous
predator.*? Whether such adaptation will occur in response
to P. clarkii remains to be seen.

Finally, because P. clarkii is an introduced species in Af-
rica, obvious concerns exist regarding its ecologic impacts,
including its possible impact on other aguatic species.’® One
of the realities regarding crayfish in Africa is that they are
likely to continue to spread, either naturally or assisted by
human activities. As crayfish colonize new habitats, it is
likely that schistosome-transmitting snails may be reduced
in abundance or even eliminated from some habitats. This
phenomenon may be already under way. For example, a
strong negative correlation between the presence of P. clar-
kii and schistosome-transmitting snails has been documented

in Kenyan water bodies.** Similar outcomes may be likely
in places like the irrigation canals of the Nile Delta where
crayfish have also been introduced. Thus, the epidemiology
of schistosomiasis may be modified considerably by the con-
tinued spread of crayfish. Further study of crayfish in Afri-
can freshwater habitats is clearly warranted to better assess
both the overall ecologic impact of this decapod, as well as
its specific effects on freshwater snails transmitting schisto-
somes and other parasites of medical or veterinary signifi-
cance.
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