Journal of Helminthology (1994) 68, 187—195

187

Effect of ivermectin on infection with gastro-intestinal

nematodes in Sierra Leone

JM. Behnke!, D.I. Pritchard!, D. Wakelin?, J.R. Park?,
A.M. McNicholas? and F.S. Gilbert?

'MRC Experimental Parasitology Research Group and °Behaviour and
Ecology Research Group, Department of Life Science, University of
Nottingham, University Park, Nottingham NG7 2RD, UK
*MRC Laboratories, P.O. Box 81, Bo, Sierra Leone

Abstract

Levels of intestinal nematode infections were assessed six months after a two
year trial of ivermectin for efficacy against onchocerciasis had ended. In the trial
the inhabitants of six villages in Sierra Leone were offered treatment with
ivermectin or placebo at six monthly intervals for four rounds in total. Quantitative
faecal egg counts were carried out on stool samples provided by 202 subjects, all
of whom had received all four rounds of treatment, in two of the villages (Dodo
and Mogibisi). These data were analysed by a novel procedure in which a 3-way
ANOVA with negative binomial errors enabled village and host gender influences
on the outcome of treatment to be identified. Necator americanus was the most
common species showing an overall prevalence of 90% but a higher intensity in
Mogibisi relative to Dodo, particularly among male subjects. Neither prevalence
nor intensity of infection were altered in ivermectin-treated compared with
placebo-treated subjects. Trichuris trichiura was the least common species with a
prevalence of 15%. It was concluded that there was no significant protection from
infection with this species among the ivermectin relative to the placebo-treated
subjects. Ascaris lumbricoides, with an overall prevalence of 39%, was more common
among female (50%) compared with male (27%) villagers. Prevalence was not
significantly affected by ivermectin but the intensity of infection declined by 91.3%
in Dodo whilst in Mogibisi intensity was only reduced by 14.6%. The results
indicate that the long-term benefits of treatment of necatoriasis and trichuriasis with
ivermectin are likely to be minimal whilst those of ascariasis will depend on the
individual characteristics of local communities and may differ quite markedly within
a limited geographical area. Possible explanations for the discrepancy in efficacy
between villages are considered.

Introduction

The anthelmintic ivermectin has a broad spectrum of
activity against parasitic nematodes, and is widely used for
the control of gastrointestinal species in domestic animals
(Benz et al., 1989). Although it is currently used in man only
against Onchocerca volvulus, a number of reports have
confirmed that the drug is also active against intestinal
nematodes (Campbell, 1985; Whitworth ef al., 1991). The

regular use of ivermectin in onchocerciasis control pro-
grammes may therefore confer the additional benefit of
reducing burdens of intestinal nematode infections. How-
ever, ivermectin is not equally effective against the major
gastrointestinal nematodes Ascaris, hookworms and
Trichuris (Richard-Lenoble ef al, 1988; Whitworth et al,
1991; Behnke ef al, 1993), and it is well established that
infections with these species in the community can show
considerable resilience during and post chemotherapy,
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intensities retumning to pretreatment values relatively
rapidly (Seo ef al,, 1980; Bundy et al, 1985; Quinnell et al,
1993).

The implementation of a long-term, placebo-controlled
programme of ivermectin treatment in the Bo region of
Sierra Leone has provided the opportunity to monitor long
term effects of treatment on the levels of gastrointestinal
nematode infection in the population. Preliminary, semi-
quantitative analyses of these infections have been reported
by Whitworth et al. (1991). The data described here are
based on detailed quantitative analyses of infections with
Ascaris lumbricoides, Necator americanus and Trichuris richivra
in 202 individuals from two villages. However, in contrast
to earlier studies, rather than merely compare placebo and
treated groups directly as is often the case in chemotherapy
trials of this type, we considered it possible that the
outcome of treatment might differ between the villages and
host genders. In order to facilitate appropriate statistical
analysis, a novel procedure is described, in which a 3-way
ANOVA with negative binomial errors allowed the influ-
ences of village and host gender on the outcome of
treatment to be identified. This procedure is given in detail
since it is likely to prove useful for the analysis of
overdispersed data-sets from other surveys.

Materials and methods
Study site and design

A double-blind placebo-controlled trial of ivermectin
was initiated in 1987 in six villages with hyperendemic
onchocerciasis along the Tabe river in southeastern central
Sierra Lecne near the city of Bo. Individuals were random-
ized to receive ivermectin (150 pg/kg body weight) or
identical placebo. Children under 5 years, pregnant women,
lactating women with babies less than 1 month old, villagers
with neurological disease or severe systemic illness were
excluded from treatment with ivermectin in accordance with
the manufacturer’s guide lines. The original design for this
study did not include an assessment of the effects of
ivermectin against GI nematodes, since the principal objec-
tive was to assess the value of ivermectin in the treatment
of onchocerciasis and therefore background data were not
collected on the intensity of infections among the participat-
ing subjects prior to treatment. However, the need to
quantify the effects of ivermectin arose when it became
apparent, after the first rounds of treatment, that some
individuals continued to pass ascarids in large numbers with
each successive round indicating that long-term protection
was unlikely to be afforded by this anthelmintic. The study
design and initial observations on changes in GI nematodes
following treatment as well as reinfection rates were re-
ported by Whitworth ef al. (1991). The present study is
based on the inhabitants of two of the participating villages
{Dodo and Mogibisi) and included all available individuals
in these villages who had received all four rounds of earlier
treatment with ivermectin or placebo.

Collection of stools and qualification of GI infections

Samples of overnight stools were collected from 202
individuals (143 from Dodo and 59 from Mogibisi) in March
1990 and each sample was classified into one of five

categories; hard-formed, formed, soft-formed, mushy or
diarrhoeic, according to WHO (1963) guidelines. Eggs
were counted by the formol-ether technique on samples
of known weight in which the sediment containing eggs
was resuspended in a known volume of formalin (1.25 ml).
Three 10 pl samples were counted under a microscope
and all negative samples were recounted at least a further
three times, as were samples in which initial counts varied
excessively. Egg counts were then expressed as eggs per
gram of faeces (EPG).

Fifty two individuals from Dodo were treated with
Combantrin (Pfizer Ltd, Sandwich, Kent) at the rec-
ommended dose for age (approximately 10 mg/kg body
weight; Pritchard ef al, 1990). Stool sampies from these
individuals were collected 24 and 48 h after treatment and
worms were isolated after washing faecal material through
a combination of two sieves (mesh sizes I mm and 300 pm)
with local river water, at a site specially prepared for this
task at some distance from the village. Worms were isolated,
fixed in formalin and identified. All the hookworms recov-
ered were N. americanus. Subsequently all the remaining
individuals participating in the study were offered free
treatment with Combantrin.

Statistical analysis of results

Prevalence data were examined using log-linear models
(Sokal & Rohlf, 1981) implemented by Statgraphics v. 2.6,
command Loglin. These models fit the cell frequencies to an
explicit model: in our case the model was

Ln(fy)=p+o+p+y, +8+apf,+ay, . .. apyd,,

where £, is the expected frequency in village i, sex j,
treatment k and prevalence 1. Because there were more
individuals sampled from one village (Dodo), there should
always be significant coefficients for the village effect (c).
Similarly, prevalence is never 50% and so significant co-
efficients for the overall effect of prevalence (3) should be
expected. For each variable the highest order effect from
the full 4-way interaction (infected/uninfected % genderx
village % treatment) down to the simple main effects was
tested using the option ‘test order’. The appropriate model
was then fitted and checked for its adequacy, deleting
components successively to arrive at a minimal adequate
model. Values quoted in the text are for the log-likelihood
ratio, distributed as %?, for the difference between the fitted
model and the actual data.

Data for faecal egg counts were analysed as raw values
for eggs per gram of faeces or after adjustment using WHO
(1963) guidelines as follows: formed x 1, hard-formed % 0.5,
soft-formed X 1.5, mushy x 2, diarrhoeic X 3. Mean EPG were
then calculated on unadjusted and adjusted data for each
species of parasite by treatment, and by village, gender, and
village and gender. Data were analysed by the statistical
package GLIM (Numerical Algorithms Group) on the Uni-
versity of Nottingham Mainframe 1CL computer. Worm
burdens are known to be distributed according to the
negative binomial distribution (Keymer & Pagel, 1990). The
data were overdispersed since the negative binomial con-
stant k, calculatedp for the adjusted values in the entire
data-set (n=202) was 0.392 for N. americanus, 0.091 for A.
lumbricoides and 0.068 for T. trichiura. The design of the
analysis was a three-way ANOVA (village, sex, treatment)
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with negative binomial errors. This was analysed for each
species using GLIM with a log-link function (see appendix),
kindly supplied by Dr C. West (Department of Public
Health, University of Liverpool). For each parasite, the
adjusted EPG values were used in the full factorial model,
and then terms were deleted successively, starting with the
highest order interaction, to obtain the changes in deviance
and degrees of freedom. The change in deviance divided by
the scale parameter represents the log-likelihood ratio for
that component in the model and is distributed as %2

1, most ivermectin and placebo-treated groups were numeri-
cally balanced, with the exception of three groups; males in
Dodo (41:29), males in Mogibisi (11:15) and females in
Mogibisi (21:12).

Necator americanus
Prevalence in the combined placebo groups (table 1) was
90%. It was numerically higher in Mogibisi than in Dodo
and slightly higher in males than in females. The largest

APPENDIX
Calculating an ANOVA with negative binomial errors. The foliowing is a GLIM macro that
implements negative binomial errors, kindly supplied by Dr. Chris West (Liverpool University).
The data were overdispersed, and therefore we used a log-link function, as follows:

WIAET A .

$MAC NB1 $CAL %FV =%EXP(%LP) $ENDM
$MAC NB2 $CAL %DR=1/%FV $ENDM
$SMAC NB3 $CAL %V A=%FV+%C*%FV*%FV $ENDM
$MAC NB4 $CAL %DI=2*%YV*%LOG(%YV/%FV)-{%YV-%FV)) $ENDM
$MAC NBAW $CAL  %DI=2"%PW*%YV*%LOG(%YV/%FV)-(%YV-%FV)) $ENDM
$MAC INIT $CAL %LP=%LOG(%YV+0.5) $ENDM
$MAC CHK

$CAL %V =%CU[(%YV-%FV)*™*2/%VA]

PRINT SUM (SCALED RESIDUALS)*2="%V

'df="%DF$

$ENDM
$OWN NB1 NB2 NB3 NB4

Then we used $ SCALE 1, fitted the full factorial model, and used $CAL %C=a range of values
until the sum of the scaled residuals (obtained using $USE CHK) was approximately equal to the
degrees of freedom. When this is true, the SEM.s of the parameters are approximately correct.

Having obtained the full factorial model, we then removed single components and all others
containing it, and noted down the changes in deviance and degrees of freedom (df). The change
in deviance was divided by the scale parameter to give the log-likelihood ratio, measuring the extent
to which that removed component accounted for the variation in the data.

Results

Effect of ivermectin on the prevalence of infection

Possible changes in the prevalence of infection after
treatment with ivermectin were examined at the levels of
(a) the combined populations, (b) the populations in each
village, (c) males and females in the combined populations
and (d) males and females in each village. In each case
the ivermectin-treated group was compared directly to its
equivalent placebo-treated group, As can be seen from table

discrepancy between placebo and treated groups was
among the male population of Dodo (ivermectin 81% versus
placebo 90%). However, log-linear analysis (table 2)
suggested that there were no interactions between factors,
and that a simple model including only the effects of village
and prevalence was sufficient to account for the data
(L=16.413, 13d.f, P=0.23). The actual coefficients could
not be estimated because there were empty cells as a
consequence of 100% prevalence of hookworms among the
male subjects in Mogibisi.

Table 2. Statistical analysis of the factors affecting prevalence of infections with N. americanus, A, lumbricoides and T, trichiura

among male and female, ivermectin and placebo-treated villagers in two communities in Sierra Leone.

Variable Sufficient model’ Difference between model and data®
Log-likelihood df* P
ratio %*
N. americanus Main effects only: infection®, village 16.4 13 0.23
A. lumbricoides Main effects: infection’, village, gender
2-way interactions: infection X gender 12.2 11 0.35
T. trichiura Main effects only: infection’, village 11.21 13 0.59

*Degrees of freedom.
!Significant components of the factorial ANOVA.

Test of whether the sufficient model in Column 2 accounts for the data. A non-significant probability indicates that no
other factors apart from those specified contribute significantly to the observed pattern of the data.

*Prevalence of infection.
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Table 3. Statistical analysis of the factors affecting the intensity of infections with N. americanus, A. lumbricoides and T. trichiura among
male and female, ivermectin-treated and placebo-treated villagers in two communities in Sierra Leone.

Source of variation Degrees N. americanus A. lumbricoides T. trichiura
of freedom Scaled Scaled Scaled
deviance* £ deviance P deviance P

Gender 4 14.82 <0.01 16.9 <0.01 10.56 NS
Village 4 20.49 <0.001 32.02 <0.001 13.29 <0.01
Treatment 4 5.05 NS 22,04 <0.001 11.35 <0.05
Gender X treatment 2 1.81 NS 0.65 NS 6.21 <0.05
Gender X village 2 11.58 <0.01 11.00 <0.01 7.03 <0.05
Village X treatment 2 1.21 NS 10.08 <0.01 7.74 <0.05
Gender X village X treatment 1 1.09 NS 0.60 NS 4.68 NS

NS=Not significant.

*Scaled deviance is a measure of the contribution of the factor specified under the column labelled ‘source of variation’ to explaining
the variation in the data. It is calculated by fitting an analysis of variance with negative binomal errors through GLIM and is distributed
as y*. For full details see Materials and Methods and Appendix 1.

Ascaris lumbricoides

Ascaris infections were less common than hookworms
(table 1), with an overall prevalence in the placebo group
of 39%. There was little difference between the two villages
(Dodo, 40% versus Mogibisi, 37%). However, there was a
marked difference between the sexes (males 27%, females
50%), and this was similar in both villages (Dodo males 28%,
females 50%; Mogibisi, males 27%, females 50%). Treatment

with ivermectin had a relatively small effect on overall

revalence (8% reduction, combined sexes; males 6% and
Fema]es 11%). The overall prevalence of A. lumbricoides was
16% lower in the treated group in Dodo (males by 8%,
females by 21%), but 10% higher among treated persons in
Mogibisi. However, the log-linear analysis (table 2) showed
that there was no significant treatment X village interaction,
and a model containing prevalence, gender, village and the
interaction, prevalenceXgender, accounted for the data.

Necator americanus

1200_: A. Total population

1000-;
800 4
—
0
200

0-

Placebo

Ivermectin

140 C. By gender O Placebo
1200 B Ivermectin

1000
800
600
400
200

Mean + S.E.M eggs per gram of faeces

Males Females

14003 B, By village
1200
O Placebo

1000 W Ivermectin

800

600

400

200

0 t T

Dodo Mogibisi
3000 .
D. By village and gender
2500
O Males placebo
2000 I Males ivermectin
Females placebo
1500 Pl Females ivermectin
1000
500
04 . .
Dodo Mogibisi

Fig. 1. Intensity of infections with Necator americanus in ivermectin-treated and placebo-treated subjects in the total population, by village
and gender.
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Thus treatment with ivermectin did not have a significant
effect on prevalence, but prevalence was influenced by
gender.

Trichuris trichiura

This was the rarest of the three GI nematodes monitored
(table 1). Overall prevalence was 15% in the combined
placebo group, slightly higher in Mogibisi compared with
Dodo, and similar between the sexes. Log-linear analysis
(table 2) showed that a model including only prevalence and
village as main effects was adequate to account for the data.
Thus ivermectin did not influence the prevalence of infection
and prevalence was not dependent on host gender. Curi-
ously, the data for the outcome of treatment on prevalence
in Mogibisi were consistent with the remaining categories
in that, when tabulated by gender and treatment (table 1),
prevalence was 18% lower among males and 16% higher
among females, thus cancelling each other out when con-
sidered at the total village level (placebo and ivermectin
both 19% prevalence). However, these changes were based
on small sample sizes and were not statistically significant.

Effect of ivermectin on the mean intensity of infection

The intensity of infection was assessed by faecal egg
counts and the data were analysed as raw counts (EPGs) and

after adjustment of individual raw data, for stool consist-
ency. The statistical analysis in table 3 is based only on
adjusted values. Of the 202 subjects 146 (72.3%) had formed
stools and their EPG values were therefore not changed.
Five subjects had diarrhoeic stools, 27 subjects had mushy
stools, 17 had soft-formed stools and 7 had hard-formed
stools.

Both raw and adjusted EPGs for each species, whether
treated with ivermectin or placebo were distributed accord-
ing to a negative binomial distribution. As expected, the
species showing the lowest prevalence and placebo-treated
subjects (T. frichiura) had the most aggregated distri-
bution with the lowest value of k (0.12). N. americanus had
the highest k value (0.41) and accordingly the highest
prevalence.

Necator americanus

The mean intensity of infection with N. americanus
(fig. 1), as reflected in adjusted eggs per gram of faeces
(EPG), was almost twice as high in Mogibisi compared with
Dodo (fig. 1B, 986 vs 506 respectively). Overall, the mean
values among placebo males and females were similar
(fig. 1C) but there was a significant gender X village inter-
action (table 3, P <0.01). EPGs among placebo-treated
female subjects were very similar in the two villages (Dodo
625; Mogibisi, 451) but there was a pronounced difference

Ascaris lumbricoides
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Fig. 2. Intensity of infections with Ascaris lumbricoides in ivermectin-treated and placebo-treated subjects in the total population, and by
village and gender.
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among males (Dodo, 350; Mogibis, 1410), who had a lower
mean EPG than females in Dodo but a markedly higher
mean EPG in Mogibisi (Fig. 1D). Although there was no
significant effect of ivermectin on mean EPG values, these
were higher among ivermectin-treated subjects in all nine
comparisons with placebo treated control groups illustrated
in fig. 1.

Ascaris lumbricoides

In contrast to hookworms, the mean overall intensity of
infection with A. lumbricoides among the placebo groups was
similar in both villages (fig. 2B). However, there was a
pronounced influence of gender in the combined data-set,
mainly because of the high EPGs among female relative to
male subjects in Dodo (the genderXvillage interaction in
table 3, P < 0.01). The mean EPGs for male and female
placebo-treated subjects in Dodo were 136 and 1060
respectively (fig. 2D). Overall, treatment with ivermectin
reduced the mean EPG by 63.2% (fig. 2A). However, there
was a discrepancy in the efficacy of treatment between the
villages as reflected in the interaction between village and
treatment (table 3, P < 0.01). Whereas in Dodo mean
Ascaris EPGs were reduced by 91.3%, in Mogibisi the
reduction was only 14.6%. The reduction in mean EPGs in
Dodo was mainly attributable to the effect of ivermectin on
female subjects in which mean EPGs were reduced by 92.1%

relative to the placebo group (fig. 2D). The mean EPG
among male subjects in Dodo was reduced by 74.1%
compared with placebo treated males, but as stated earlier
the mean EPGs among the latter were much lower than
among females.

Trichuris trichiura

The intensity of infection with T. trichiura was very low
compared with the other species. There was a significant
difference between the villages (fig. 3B) in the intensity of
infection, but not between the sexes, mainly because males
in Mogibisi had proportionally infections of higher intensity
than any of the placebo-treated groups (the genderx
village interaction of table 3). Overall, treatment with
ivermectin had a statistically significant effect despite the
similar mean EPGs among ivermectin- and placebo-treated
groups (fig. 3A, EPGs=12.7 and 11.3, respectively), but the
effect was not simple because of the complex interactions
of treatmentxhost gender and treatment X village, Thus in
Mogibisi, EPGs were lower among the ivermectin-versus
placebo-treated group whereas in Dodo the reverse proved
to be the case. Similarly ivermectin-treated males had lower
EPGs than placebo-treated males (fig. 3C) whereas among
female subjects, the opposite trend was observed. Over-
all there was no convincing significant reduction in mean
T. trichiura EPGs: among the nine comparisons illustrated in

Trichuris trichiura
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Fig. 3. Intensity of infections with Trichuris trichiura in ivermectin-treated and placebo-treated subjects in the total population, and by village
and gender.
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fig. 3, six gave higher mean EPGs among ivermectin-treated
subjects compared with the relevant placebo-treated control

groups.

Discussion

The study reported in this paper was conducted at the
end of a two year double-blind, placebo-controlled, trial of
ivermectin for efficacy against onchocerciasis and, because
it was not originally planned as part of the main study, it
was necessarify retrospective with the placebo-treated
groups providing control background information on the
prevalence and intensity of infection with GI nematodes in
the community. The inhabitants of six villages were offered
treatment with ivermectin or placebo at six monthly inter-
vals for four rounds in total. However, we examined the GI
worm burdens 6 months after the last round of treatment
only in those subjects in the two most accessible villages
which had received all four rounds of treatment. Our survey
was limited to these villages because of the need to
complete collection of faecal samples and their laboratory
analysis before all subjects, including those who had earlier
received placebo treatment, were offered a final dose of
ivermectin. Our sample size was also constrained by the
number of inhabitants in these two villages who were
interested in participating in our study although all willing
subjects were examined.

In addition to comparing placebo-treated with iver-
mectin-treated groups directly, we chose to take village and
host gender into account in the final analysis of data because
the study group came from two villages of varying popu-
lation size and comprised both male and female subjects.
Because of the number of variables involved, we analysed
the data by a novel procedure, based on the statistical
package GLIM, in which the binomial distribution of the
data-sets was taken into account. If, at the dose regimen
used for onchocerciasis, there is to be a beneficial long-term
consequence of treatment with ivermectin against GI
nematodiases, it should have been clearly apparent from our
data because of the sensitivity of the analytical procedures
which we adopted. Instead, a complex picture was revealed
with implications for other surveys of this type.

The dominant GI species in this area was N. americanus,
with an overall prevalence of 90% among the placebo-
treated group and a mean adjusted EPG of 644. Among the
various placebo-treated subsets in table 1, the lowest
prevalence recorded was 87% among females in Dodo.
Ivermectin clearly had no significant effect upon either
prevalence or intensity of necatoriasis. Firstly, although the
prevalence was marginally lower in five of the nine com-
parisons between ivermectin- and placebo-treated groups
in table 1, the maximum reduction was only 8%, and
higher prevalence was recorded among three with no
change in one case. Secondly, the mean EPGs were higher
in all groups relative to controls following treatment
with ivermectin, although this was not statistically signifi-
cant (fig. 1). The resistance of N. americanus to treatment
with ivermectin has been reported previously in these
communities (Whitworth ef al,, 1991) and has been clearly
demonstrated in experimental model systems (Behnke ef ai.,
1993).

Similarly, treatment with ivermectin had no effect on the
prevalence of trichuriasis; although this infection was the
rarest of three GI nematodes recorded, with a maximum

prevalence of 27% among the male subjects in Mogibisi but
an overall prevalence among the placebo-treated subjects of
15%. Our analysis yielded a significant effect of treatment
on intensity of infection but this was complicated by the
significant interactions between treatmentXgender, treat-
ment X village and gender X village. Essentially these inter-
actions arose through an apparent reduction in EPG values
among male subjects in Mogibisi. In all other groups
ivermectin-treated subjects had higher mean EPG values
relative to placebo-treated subjects (fig. 3D).

The onfy species which was consistently affected by
ivermectin was A. Iumbricoides. While there was little
change in prevalence rates relative to the control group,
there were marked changes in intensities of infections as
reflected in mean EPGs (fig. 2). The group which benefited
most from ivermectin were the female subjects in Dodo,
where prevalence declined by 21% (table 1) and mean
EPGs by 92.1% (fig. 2D). Males in Dodo appeared to have
a lower baseline prevalence and mean EPG compared with
females but nevertheless benefited significantly from treat-
ment with a lower prevalence (8%, table 1) and a reduction
of mean EPGs by 74.1% (fig. 2D).

In marked contrast, ivermectin seems to have had
little effect on ascariasis in Mogibisi (table 1 and fig. 2B).
Initially the prevalence in the two villages was gender
dependent and almost identical (males, 28, 27%; females
50, 50%, Dodo and Mogibisi respectively), but unlike
Dodo the prevalence among ivermectin-treated individuals
in Mogibisi was either una&ected (males) or increased (7%
females). Moreover, the mean EPGs in ivermectin- and
placebo-treated groups in Mogibisi were very similar (figs
3B & 3D). Quite clearly, ivermectin failed to show efficacy
against ascariasis in Mogibisi, as assessed 6 months after
four six-monthly rounds of treatment, and it is pertinent to
consider likely explanations. Firstly, it is conceivable that a
failure of subjects to comply with treatment might have
resulted in these observations, but we think this is unlikely
since all subjects took treatment in the presence of the team
and were observed to swallow all doses offered. Secondly,
it could have been possible for reinfection rates to be higher
among a younger compared with an older population since
age-intensity profiles for ascariasis in different communities
show peaks in age groups around 10 (Bundy, 1990) and this
has been associal'et? with higher levels of soil-derived silica
in the stools of this age group suggesting greater exposure
to infection (Bundy & Blumenthal, 1990). However, we
consider differences in age to be an unlikely explanation
of the higher worm burdens among males in Mogibisi
because, in our study, there was little overall difference
in age between the male sectors of the two villages and,
in fact, the males in Mogibisi were on average older than
those of Dodo (mean ages were 45.7 +4.9 and 38.1+3.2,
respectively).

An alternative explanation may be that reinfection rates
were higher in Mogibisi because of generally higher con-
tamination of the environment with Asearis eggs, and hence
worm burdens rose more rapidly in Mogibisi relative to
Dodo. Thus, while prevalence with Ascaris was similar
among the male placebo-treated populations of the two
villages, those from Mogibisi had mean EPGs 7.8 times
higher. In contrast, female subjects showed uniformly higher
prevalence with Ascaris in both villages and very similar
mean EPGs to the males in Mogibisi. The only real con-
trast therefore lies in the difference in mean intensities of
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infection among male subjects. It is also worth pointing out
that males in Mogibisi had the highest intensities of
infection with T. #richiura, which were 7.1 times higher than
those among males in Dodo. It has been emphasized in the
past that the distribution of T. trichiura and A. lumbricoides
is often linked in communities which have both species
because of their very similar modes of transmission based
on long-lived eggs (Bundy, 1990) and our data support this
idea. Perhaps not unexpectedly, males in Mogibisi also had
the highest prevalence (100%) and intensity of infection
with N. americanus. Although this species is transmitted by
larvae which would not survive well in the dry dusty
village, they could be acquired in latrine sites in the bush
on the village periphery. Collectively therefore, these data
suggest that the presence of high infection intensities among
male subjects in Mogibisi may have contributed to environ-
mental contamination, and hence to higher rates of trans-
mission relative to Dodo with all three species of GI
nematodes. This may have reflected the arrangement of
latrine sites and their proximity to the villages.

The results of this study confirm those of others which
have shown that the wide scale use of ivermectin for the
treatment of onchocerciasis, and possibly also Bancroftian
Blariasis in the near future, is likely to have beneficial as
well as unexpected consequences for the levels of infections
with GI nematodes (Whitworth ef al, 1991). Whilst N,
americanys and T. frichiura are unlikely to be affected by
ivermectin chemotherapy, ascariasis may be reduced but
only in the short-term. The long-term benefits of ivermectin
against ascariasis will depend on the individual character-
istics of local communities at the village level, with inter-
vals between treatment and local reinfections rates (from
environmental contamination by eggs) playing decisive
roles in determining the outcome of treatment for particular
communities.
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