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Summary

Two surveys of hookworm (Necator americanus) infections, conducted three years apart (December 1994

and January 1998) in a village in the Sikasso region of Mali, revealed that overall prevalence of infection was

68.7% and 53 %, respectively. In both years there was a highly significant difference between the sexes in the

prevalence and abundance of infection, with male subjects carrying heavier infections than females. Both

prevalence and abundance of infection increased with age, although in 1998 there was a strong interaction

between sex and age, arising from the declining egg counts among 16-20-year-old females and the continuing

increase among males, reinforced by the subsequent reduction among the older males (= 61 years) and

concomitant increase among females. After controlling for the effects of age, sex and their interaction, a

highly significant positive relationship was detected between faecal egg counts of individuals who were
examined in both 1994 and 1998 (n = 134), indicating predisposition to infection. This relationship remained
significant in each of 4 age classes spanning 7—79 years. The members of some family compounds were

shown to carry heavier infections than expected whilst others were less infected, suggesting compound-

related clustering of hookworm infections. The use of footwear increased with age but there was no

significant relationship between the extent of use of footwear and the abundance of hookworm infection.

Eyesight deteriorated with age and impaired vision was particularly prominent among the older sectors of

the community, a legacy from the time when onchocerciasis was widely prevalent in the region. Although

men with partially damaged eyes carried lower infections than expected for their age, no overall significant

relationship was found between quality of vision and hookworm infections. These results are discussed in

relation to hookworm epidemiology in general and in Mali in particular.
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Introduction

Human hookworm infections are widespread in the tropics
and collectively the two anthropophilic species of hookworms
are second only to Ascaris lumbricoides in respect of the
number of people infected throughout the world (Bundy 1997;
Chan 1997). The dominant species in Africa is Necator
americanus, a species whose epidemiology has been
investigated in many countries in Africa (Bradley et al. 1992;
Palmer & Bundy 1995; Brooker et al. 1999) and elsewhere
(Miller 1979; Schad & Warren 1990; Ye et al. 1994; Humphries
et al. 1997), but for which there is little comparable data in
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respect of communities living in the Sahel region of sub-
Saharan West Africa (Kilama 1990).

Although N. americanus is generally confined to locations
where the climate is warm and moist (Udonsi et al. 1980; Schad
et al. 1983), the parasite also occurs locally in more arid
regions of Africa. In Mali, this species has been recorded in six
of the seven regions into which the country is divided and in
the district of Bamako (De Clercq et al. 1995). The only region
where no hookworms were found was in the extremely arid,
northern 6th region of Tombouctou, which reaches deep into
the Saharan Desert. As expected, the relationship between the
prevalence of hookworms and mean annual rainfall was
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positive and highly significant, and the highest prevalence of
infection was recorded in the region of Sikasso (Region 4) in
the humid south of the country (De Clercq et al. 1995).

The prevalence of N. americanus in the Sikasso Region has
been found to be as high as 70% in some villages (De Clercq
et al. 1997), but little is known about the factors which
influence its transmission locally and how the worms are
distributed among host populations. In this paper we present
data from two surveys in a village in the Sikasso region of Mali
conducted 3 years apart. We provide data on the age-
prevalence and age-abundance profiles of N. americanus in a
community in Mali. We also sought evidence of predisposition
to infection as well as familial clustering of infections and we
examined relationships between abundance of infection and
the extent to which people use footwear. Lastly we examined
the idea that deteriorating eyesight might increase the risk of
infection because the village was situated in a region where
onchocerciasis was once highly endemic.

Materials and methods
Study site and subjects

The study was conducted in a village in the district of
Bougouni (South-east Mali) in the Sikasso region (3rd Region).
The village comprised 24 family groups and an estimated total
population of 352419 subjects (352 in an official census
conducted in 1987 and 419 from our records in 1998). Each
family group occupied a family compound, comprising a circle
of huts arranged around a communal open central area. Most
of these were clustered around the larger space in the middle of
the village, although some were located on the periphery of the
village and some were more distant. The village elders
comprised the heads of each family group. The main activities
in the village are cultivation of millet, cotton and some
livestock husbandry. The first survey took place in mid-
December 1994, when 247 subjects (70.2% of the population)
were enrolled for the study but 182 (106 males and 76 females)
provided stools for examination. Most of the population were
treated with mebendazole after participating in a
chemotherapy trial in January 1995. The second survey was
conducted in January 1998, when 323 subjects (77.1%) were
initially registered and 285 provided stools for analysis (136
males, 149 females).

Ethical approval

The surveys were approved by the Directorate of the National
Institute for Research in Public Health (INRSP), in Bamako,
Mali. The background and the purpose of the work were
explained at a meeting with village elders and heads of
families and their approval was obtained. Participation in the
surveys was subject to informed, voluntary consent of each
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individual or parents and/or head of family in the case of
children. Free medical examinations were available to all
villagers at both surveys.

Quantification of hookworm infections

Fresh overnight stools were obtained from individuals who
participated in the study and two slides were prepared from
each specimen and examined on the same day and within

50 min of preparation by the Kato-Katz technique (Katz ef al.
1972). Hookworm eggs were identified, the intensity of
infection was calculated as eggs per gram of faeces (EPG) and
then adjusted for stool consistency and host age using WHO
(1963) guidelines. The same procedure was used in both
surveys. Faecal cultures revealed only larvae of N. americanus.

Assessment of eyesight, footwear and other relevant
information

In 1998 one of the authors (DBO) examined and interviewed
most villagers (n = 260), to assess eyesight and the extent to
which footwear was worn, and to obtain additional
information relevant to transmission of hookworms in the
region. Eyesight was assessed on a semiquantitative scale of
1-3, where 1 = eyesight severely compromised; 2 = some
evidence of impaired eyesight and 3 = eyesight apparently
normal. Each respondent was also asked to state whether they
wore footwear always (score = 4), often but not always (3),
rarely — sometimes (2) or never (1).

Statistical analysis

Prevalence of infection was analysed by maximum likelihood
techniques based on log linear analysis of contingency tables
implemented by the software package Statgraphics V. 7.
Beginning with the most complex model involving all possible
main effects and interactions, those combinations which did
not contribute significantly to explaining variation in the data
were eliminated stepwise beginning with the highest—level
interaction. A minimum sufficient model was then obtained,
for which the likelihood ratio of x* was not significant,
indicating that the model was sufficient in explaining the data.
Quantitative faecal egg counts were expressed as geometric
means * 95% confidence limits (CL) of the adjusted EPGs
because the data were highly overdispersed (Elliott 1977; Dash
et al. 1988). In some cases arithmetic mean and standard errors
of the means are also provided. These means reflect the
abundance of infection as defined by Margolis et al. (1982) and
include all subjects within the specified group, infected and not
infected, for whom relevant data were available. The degree of
aggregation in the data was calculated by the Index of
Discrepancy (D) as described by Poulin (1993) (a value of 0
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indicates an even distribution of counts across all hosts and a
value of 1 indicates all parasites aggregated in a single host).
Distributions were tested for goodness of fit to the negative
binomial distribution through x* and the negative binomial
exponent k is given as appropriate(Elliott 1977).

The quantitative faecal egg count (FEC) data from each
survey were analysed by GLIM (A statistical system for
generalized linear interactive modelling; GLIM 4, PC version,
Royal Statistical Society 1993) as described previously, using
models with negative binomial or normal errors as appropriate
(Crawley 1993; De Clercq et al. 1997). Host sex (2 levels) was
entered as a factor. Age was also entered as a factor (In 1994 at
7 levels; age classes corresponding to 3-5, 6-10, 11-20, 21-30,
3140, 41-60 and = 61 years. In 1998, the 11-20 years class was
divided into two classes of 11-15 and 16-20 years age groups).
For models employing negative binomial errors the change in
deviance is divided by the scale parameter and the resulting
scaled deviance is distributed as x2. For models with normal
errors the change in deviance is divided by the scale parameter
and the result divided by the change in degrees of freedom
(dof) following each deletion, to give a variance ratio, F.

For analysis of correlation in EPGs between 1994 and 1998,
we initially examined the relationship between EPGs in both
years by Spearman’s Rank-order correlation test with and
without subjects who did not pass hookworm eggs. In a second
approach, we first used 2-way ANOVA (Type III sums of squares
in Statgraphics Version 7) with sex and age as factors on log10
(x + 1) transformed EPGs to remove variation arising from
these factors and then correlated the residuals from each
ANOVA against each other.

Differences in infection intensities between the members of
family compounds in the village (familial predisposition to
infection) were illustrated with data after standardization
which took into account sex and age effects (The arithmetic
mean EPG of each single-sex and age class was subtracted
from the EPG of each individual in that class and the
difference was divided by the standard deviation for that class
(SD)). The mean departure from zero in SD units of each
family compound was then calculated, where values above zero
indicated higher than expected EPGs and negative values
corresponded to lower ones). A similar approach was used to
illustrate the effect of vision score on EPGs. However, in both
cases statistical analyses were based on full ANOvAs in Glim
with relevant factors (age and sex, and family or eye score,
respectively) taken into account as described above.

Results

1994 Survey

In December 1994, 182 subjects (106 males, 76 females)
provided stools for examination. The age structure of this
subset of the population is illustrated in Figure 1a, which

© 2000 Blackwell Science Ltd

shows that there were relatively few 16-20 years-olds of both
sexes and females aged 60+. For this reason subsequent
analysis of the data by age class was based on the age
categories illustrated in the figure with the exception of the
11-15 and 16-20 age groups, which were collapsed into a
single class. For the purpose of illustration of the data, but
not data analysis, the 3 females aged > 60 were combined
with the 41-60 year female class.

The frequency distribution of the faecal egg counts is
shown in Figure 2a. Fifty-seven individuals did not pass
hookworm eggs, and the remaining 125 had EPGs in the
range 12-4656. However, most infections were low-intensity
with EPGs < 1000 (116 subjects) and only 9 subjects had
EPGs > 1000. The data were aggregated with D = 0.572 but
the tail of heavily infected individuals and the lower than
expected number showing EPGs in the 1-30 and 151-180
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Figure | Age structure of the population sampled for hookworm
infections in (a) 1994 and (b) 1998. M Males; [] Females.
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Figure 2 Frequency distribution of subjects by faecal egg count
class, in (a) 1994 and (b) 1998. Columns show the observed
frequencies and the line graph expected frequencies from the fitted
negative binomial distribution.

ranges generated sufficient discrepancy for the distribution to
differ significantly from the negative binomial
(k =0.73 £ 0.11, x* = 59.53, dof = 9, P < 0.0001).

The overall prevalence of infection was 68.7% (males,
76.4%; females, 57.9%) and the age prevalence profile,
illustrated in Figure 3a, shows that whilst prevalence among
young males increased with age to peak in the 31-40 age
class, prevalence in females peaked in the 11-20 age class and
declined only slightly in successive older age groups. Log-
linear analysis yielded a model with the following term:
sex X age, sex X infection and age X infection (likelihood
ratio of x> = 8.63 d.f. = 6, P = 0.195), confirming that there
was no interaction between age and sex in determining
prevalence, but that there were significant independent effects
of both age and sex on the prevalence of infection.

The mean abundance of infection by age is illustrated in
Figure 4a and the statistical analysis is given in Table 1. The
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Figure 3 Age-prevalence profiles in (a) 1994 and (b) 1998. @ Males;
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overall geometric mean EPG was 26.8 (95% CL of 18.3-38.9
and an arithmetic mean EPG of 220.3 = 38.9). There was no
significant interaction between sex and age (Table 1), but
there was a significant effect of age and a much stronger
effect of sex (Geometric mean EPGs in males = 44.3 (95%
CL 27.5-71.1), females = 13.1 (95% CL 7.0-23.7)).

1998 Survey

In January 1998, 285 subjects (136 males, 149 females)
provided stools for examination. The age structure of this
subset is illustrated in Figure 1b and again shows relatively
few subjects in the 16-20 age group, but they were sufficient
this time to merit statistical analysis by 8 age classes.
However, for the purpose of illustration, and for comparison
with the 1994 data, the 5 females aged > 60 were combined
with the 41-60 age range class.

The frequency distribution of the faecal egg counts is
illustrated in Figure 2b. 134 individuals did not pass
hookworm eggs, and the EPGs ranged from 6 to 2340 among
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infected subjects. Again, most infections were low-intensity
with EPGs < 1000 and only 4 subjects yielding EPGs > 1000.
The data showed a greater aggregation than in 1994 with

D = 0.691, but again the tail of high EPGs generated
sufficient discrepancy for the distribution to differ

significantly from the negative binomial (k = 0.422 + 0.052,
X2 = 44.41, dof = 8, P < 0.0001).

The overall prevalence of infection in the village was 53 %
but the age-prevalence profile was complex. The log-linear
model could not be simplified from the full three way
interaction (age X sex X infection). Prevalence was higher
among male (63.2%) compared with female (43.6%) subjects
but this sex difference was compounded by age. This can be
seen in Figure 3b which shows that prevalence of infection
rose to peak among the 15-20-year-old males, when the
corresponding female age class showed lowest prevalence.
Among the older age classes, the trends were again opposite
in the two sexes, with prevalence rising in females and
declining among males with increasing age.

The overall abundance of infection (Figure 4b) was lower
than in 1994 (geometric mean EPG = 9.4, 95% CL 6.9-12.7;
arithmetic mean EPG = 93.1 £ 14.0) but again higher among
males (16.5, 95% CL 10.6-25.4) than females (6.5, 95% CL
3.5-8.3). Statistical analysis (Table 2) was by ANovA with
negative binomial errors since despite the significant
difference between observed and expected distributions, the
data were aggregated as reflected in the value of D, other
distributions generated even greater discrepancy and the
iterations in GLIM with negative binomial errors converged
satisfactorily. The analysis revealed that there was a highly
significant interaction between age and sex, arising from the
declining egg counts among 16-20 age females and the
continuing increase among males, reinforced by the
subsequent reduction among the older males and
concomitant increase among females. There were highly
significant main effects of both sex and age.

Comparison of egg counts in 1994 and 1998

134 subjects were examined in both 1994 and 1998,
comprising 52 females and 82 males. Of these 27 had no

Table | Statistical analysis of factors

(sex X age) affecting intensity of infection Source of Change in Degrees Scale Scaled

(log EPG [x + 1] transformed data) with variation deviance* of freedom  parameter  deviancet P

N.americanus in 1994 through a 2-way ANOVA

with normal errors Sex 80.41 1 6.075 13.236 <0.001
Age 84.18 6 5.928 2.367 0.05 > P > 0.025
Age X sex 43.75 6 5.648 1.291 NS

The full model deviance was 939.03 with a scale parameter of 5.589. NS, Not significant.
* Change in deviance following removal of combination specified in ‘source of variation’

column from the full factorial model. We begin by removing the age by sex interaction from the
model. We then progressively remove the combinations in order from the base of the table
towards the top. The main effect, of age, was removed to assess the change in deviance but then

replaced before removing the effect of sex. T Scaled deviance = measure of contribution of

factor specified under column labelled ‘source of variation’ to explaining variation in the data,
calculated by fitting ANOVA with normal errors through GLIM. It is distributed as E

© 2000 Blackwell Science Ltd

347



Tropical Medicine and International Health

VOLUME § NO § PP 343—354 MAY 2000

J. M. Behnke et al. Epidemiology of hookworms in Mali

Table 2 Statistical analysis of factors

Source of Changein  Degrees Scale Scaled (sex X age) affecting intensity of infections

variation deviance* of freedom  parameter deviancet P with N.americanus in 1998 through a 2-way
ANOVA with negative binomial errors

Sex 8250 1 476.8 17.303 < 0.0005

Age 17331 7 498.7 34.752 < 0.0005

Age X sex 25142 7 448.6 56.045 < 0.0005

The full model deviance was 98669 with a scale parameter of 366.8. a. Scaled deviance =

measure of contribution of factor specified under column labelled ‘source of variation’ to

explaining variation in the data, calculated by fitting ANOVA with negative binomial errors

through GLIM. It is distributed as x*.

detectable eggs in both years (12 males and 15 females). The
log10 EPG (x + 1) transformed data is illustrated in Figure 5,
by sex. There was a highly significant positive relationship
between the 1994 and 1998 EPGs when all the subjects
common to both surveys were considered (rs = 0.483,

n = 134, P < 0.001), which remained significant when the 27
subjects who had zero egg counts in both years were removed
(rs = 0.257,n = 107, P = 0.008) and also when the analysis

©
o
&
£
o 3
W r (b)
5 o o ©
2 C o e}
r o
Y s o %o . o
E ° o 9 o
C (@) o (@)
1% ©
5 S S Y A B | ‘ g W I I | <5 O (j (j O (j (J
0 1 2 3
EPG in 1994

Figure 5 The relationship between EPGs in 1994 and 1998 for (a)
male and (b) female subjects. All data are Logl0 (x + 1) transformed
and n = 134
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was based only on subjects who had positive EPGs in both
years (rs = 0.445,n = 73, P < 0.001).

However, the above analysis did not take into account the
sex and age effects described earlier. Therefore, to control for
the contribution to variation in EPGs attributable to the
effects of age and sex, we first carried out a 2-way ANOVA
(Statgraphics version Plus 7) of age and sex on Logl0 (x + 1)
transformed EPGs from both the 1994 and 1998 data-sets.
Even on this limited subset of data, in both years there was a
clear sex effect (main effect of sex in 1994, F, ,,, = 12.036,

P = 0.0007; 1998, F, ,, = 4.365, P = 0.0387) but only in 1998
was an age effect detected (F, ,,, = 5.046, P = 0.0025).
Correlational analysis of the residuals (Figure 6) gave

r = 0.502 (n = 134, P < 0.0001), confirming that, with age,
sex and possible interactions between these factors taken into
account, there was a highly significant relationship between
the abundance of infection carried by people in 1994 and
1998. Moreover, when analysis of the residuals was limited to
each of the 4 age classes in turn, the correlation coefficients
were significant in each case (7-10 years, » = 0.544, n = 34,

P = 0.0009; 11-20 years, r = 0.447, n = 31, P = 0.012;

Residuals 1998

LI B B L L B

TT @7

Residuals 1994

Figure 6 Correlation between the residuals from 2-way ANOVA of
sex (2 levels) and age (4 levels) on LOG10 (EPG + 1) in 1994 and
1998. A line of best fit is shown. For statistical analysis see text.
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Figure 7 Evidence for clustering of hookworm infection in relation
to family compounds. The data for each individual were standardized
for host sex and age (i.e. were re-expressed in terms of the deviation
in SD units from the mean for the relevant sex and age class). These
data were then averaged for the members of each family compound.
The horizontal line (zero) represents the average level of infection
controlling for the effects of age and sex. Figures below this line
represent family groups with lower than expected intensity of
infection and those above with greater than expected intensity of
infection. The number of subjects (total n = 285) in each family
compound from 1 to 24 was as follows: 18, 22, 15, 12, 19, 6, 7, 8, 19,
11,13, 16, 23,11, 12,17, 4, 5, 16, 3, 9, 11, 3, 5.

2040 years, r = 0.435, n = 30, P = 0.016; 41-78 years,
r = 0.547,n = 39, P = 0.0003, respectively).

Family compound-related clustering of infections

In 1998 the abundance of infection was examined in relation

to subjects living in the 24 family compounds comprising the
village. Since different compounds comprised different
numbers of adult males, females and children and since in
1998 there was a highly significant effect of age and sex on
abundance of infection, we controlled via standardization for
these factors (i.e. by re-expressing the data for each subject in
terms of departure from the mean (in SD units) of the
respective sex and age class and then averaging the data by
family compound). These data are illustrated in Figure 7.

Analysis was by a 3-way ANOVA with normal errors as
shown in Table 3. It can be seen that the interaction between
sex and age, the main effects of age and sex were all
significant as expected. However, taking all these sources of
variation into consideration, there was a highly significant
effect of family compound. Figure 7 shows that family
compounds 11, 15, 16 19, 22 and 24 had subjects with lower
than expected mean EPGs. Moreover, they were clearly less
predisposed to infection than those associated with family
compounds 3, 10, 12 and 18 which, despite the variation,
clearly showed greater predisposition to infection with
hookworms. There was no significant relationship between
the mean EPG of the subjects in each family compound (after
adjustment for age and sex) and the number of individuals
registered as living there.

Does the extent to which people rely on footwear affect
infection with hookworms?

We obtained information on the extent of use of footwear
from 260 subjects in the village and these data are illustrated
for each of the age classes and by sex in Figure 8a. As
expected, children rarely wore footwear but did so
increasingly with age. There was then little change in the year
groups covering the range from 20 to 60, but a slight increase
followed in both sexes in the older members of the
community. This age effect was highly significant, but there
was no effect of sex on footwear score (2-way ANOVA in

Table 3 Statistical analysis of family

compound-related clustering of infections in Source of Changein  Degrees Scale Scaled
1998 with N.americanus variation deviance of freedom  parameter deviance* P
Family 261.8 23 5.328 02.136 < 0.005
Sex 53.47 01 4.970 10.759 < 0.005 >P > 0.001
Age 68.85 07 4.914 02.002 < 0.0
Age X sex 94.10 07 4.778 02.813 < 0.01>P > 0.005

Sex and age were fitted together with their interaction and the main effect of family in a three-
way ANOVA with normal errors on log,, (x + 1) transformed data. The full model deviance was
1114.7 with a scale parameter of 4.531
*Scaled deviance = measure of contribution of factor specified under column labelled ‘source
of variation’ to explain variation in the data, calculated by fitting ANOvVA with normal errors
through GLIM. It is distributed as F.
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Figure 8 Changes with age in (a) use of footwear and (b) in vision.
@ Males; O Females.

GLIM with normal errors, sex and age as factors on footwear
score F,, = 20.13, P < 0.001). However, with both sex and
age taken into account, there was no significant effect of
footwear score on EPG (3-way ANOVA in GLIM with

sex X age + footwear score as factors on Logl10 [EPG + 1]).

Does the quality of vision affect infection with hookworms?

Vision scores were uniformly 3 in all subjects (except 1 female
in age class 3) until 30 years in both sexes (Figure 8b) and
then deteriorated with further age. There was no main effect
of sex on eyesight score, but there was a significant
interaction between age and sex (2-way ANOVA with normal
errors in GLIM with sex X age on vision score, F,,;, = 2.89,
P < 0.01) arising from the differences in vision score between
the sexes in the age classes > 31 years, and a highly
significant main effect of age (F.,, = 22.84, P < 0.001).

The data in Figure 9(a) suggest that males with normal
sight (Vision category 3) had higher EPGs than females,
which is consistent with the general finding that males carried
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Figure 9 Relationship between faecal egg counts and vision. A,
Data expressed as the geometric mean faecal egg counts. B, Data
expressed as the mean difference, in SD units, from sex and age class
average. See text for full details. @ Males; O Females. The number of
male and female subjects in each vision score category (from 1 to 3)
were as follows: 9, 6, 112, 9, 15, 109, respectively.

heavier infections than females. However, when the data for
each vision score category were recalculated after
standardization for age and sex effects (Figure 9b), it is
evident that only males with vision score category 2 had
lower than expected EPGs. Analysis by 3-way ANovAa (GLIM
with normal errors and age X sex X eyesight score as factors,
on Logl0 [x + 1] transformed EPG) confirmed that, as
expected, the main effect of sex was significant (F, ,;, = 8.672,
P < 0.005) but there was also a significant interaction
between sex and vision score (F,,,; = 4.568, P < 0.025)
although no main effect of vision score on EPG.

Discussion
The most consistent finding from the data presented in this

paper was the strong sex difference in prevalence and
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abundance of infection. More male subjects were infected
compared with females and overall they passed higher egg
counts than females. This sex bias was observed in both
surveys 3 years apart and was particularly prominent in age
classes > 21 years. Our observations confirm and extend an
earlier report of a pronounced sex bias in hookworm
infections in Mali (Ecole Nationale de Médecine et de
Pharmacie du Mali 1980). They are consistent with reports
from other African (Bradley et al. 1992; Brooker et al. 1999)
and Asian (Nawalinski et al. 1978) countries where males
have been shown to carry heavier infections with hookworms
than females but contrast with surveys where no sex-bias has
been detected (Higgins et al. 1984; Bradley & Chandiwana
1990; Pritchard et al. 1990; Palmer & Bundy 1995) or where
females were found to carry heavier infections (Haswell-
Elkins et al. 1988; Needham et al. 1998). The possible
mechanisms underlying such differences in the pattern of
parasitic infections carried by the sexes have been reviewed in
the past (Alexander & Stimson 1988; Bundy 1988; Brabin &
Brabin 1992; Roberts et al. 1996), and although innate and
immunological factors may contribute, the most important
factor in the case of human GI nematodes is believed to be
human behaviour and associated sex-dependent differences in
exposure to infection. Clearly it is important to understand
the basis of the sex bias because control strategies aimed at
males may have beneficial consequences for the whole
community if the bulk of the egg laying hookworm
population resides in male hosts.

In villages in southern Mali, human faeces is occasionally
combined with animal faeces in fertilizing agricultural plots,
a practice which has been shown to be associated with higher
abundance of hookworm infection in those who use fresh, as
distinct from treated, human faeces or non faecal fertilisers in
Vietnam (Humpbhries ez al. 1997). There were some
indications of indiscriminate deposition of faeces in humid
places on the village periphery, which people frequently cross
barefoot. However, significantly, human faecal material is also
often incorporated into materials used to strengthen
dwellings and it is predominantly men who are involved in
these activities. Consistent with this, the younger age classes
(< 15 years) showed little sex bias in FEC, but the difference
arose in the next age groups with a pronounced rise in EPGs
among males in the 16-20 years age group in 1998 and the
21-30 years class in 1994. However, these age classes were
least well represented in our surveys as can be seen from the
age profiles in Figure 1. Young adults and late adolescents
often move away from their home villages in search of jobs in
towns, or are the least compliant in participating in surveys
because they are highly mobile and stay away from the village
for long periods of time. Nevertheless, those who return to
their village become increasingly involved in agricultural
pursuits to support their new families. In consequence the sex
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difference in hookworm infections is likely to have arisen
primarily through greater exposure of males to hookworm
larvae through activities after the rainy season. The rainy
season ends in October in this part of Africa and both of our
surveys were conducted soon afterwards (December1994 and
January 1998).

The age prevalence and age abundance profiles in our study
were compiled using geometric means because these reflect
more accurately the central tendency of values when
overdispersed data are involved (Dash et al. 1988). Overall,
but with the exception of the oldest age classes, the profiles
were consistent with a monotonic or asymptotic age-
abundance pattern for both males and females, as in many
other studies with human hookworms (Behnke 1987). In the
oldest male age class the age abundance curve dropped in
both 1994 and 1998. This subset of the male population
generally represented the village elders and those who were
severely affected by river blindness, subjects who were for the
most part village bound. Many had to be led around the
village in the traditional manner with sticks held by younger
members of the family. Thus we are confident that this
reduction in the prevalence and intensity of infection in the
oldest age class among the male population was primarily
attributable to less exposure to hookworm larvae through
reduced involvement in agricultural and house building
pursuits.

Consistent with earlier findings (Schad & Anderson 1985;
Haswell-Elkins et al. 1987, 1988; Bradley & Chandiwana
1990), our data provide strong support for the existence of
predisposition to infection in the village; this was evident in
both male and female subjects, but most convincing when age
and sex effects were controlled for in the analysis. There
appeared to be a subset of the population which remained
relatively free of infection and another which carried
infection and became more readily re-infected after
chemotherapy. Moreover, this relationship held significance
among each of the four age-restricted subsets which were
examined in turn, although the highest correlation
coefficients were obtained in the oldest and the youngest age
classes.

Members of particular family compounds showed higher
than average infections, as was evident in our analysis of
family compound-related clustering of infections, in
agreement with Forrester et al. (1988) and Chan et al. (1994),
who reported familial clustering of Ascaris lumbricoides and
Trichuris trichiura in Mexican and Malaysian households,
respectively, but contrasting with Killewo et al. (1991) who
failed to find evidence to support familial clustering of
hookworm infections in Tanzania. The inhabitants of villages
in this region of West Africa live in family groups with huts
of all members grouped together in a family compound such
that entrances lead into an open, mostly circular arena in
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which cooking and other family based activities take place.
Although we did not investigate these effects further, we
believe that as with the sex difference, the clustering of
infections in family compounds can be accounted for by
behavioural and exposure-related explanations. There was
evidence of specialization in the village with some families
being more involved in building and others in agricultural
activities, although we did not relate these quantitatively to
any of the families involved.

One factor which has been known for many years to have a
major influence on transmission of hookworms is the extent
to which people use footwear (Smillie & Augustine 1925), and
a recent study in Thailand has drawn attention to the use of
footwear as the dominant factor in protection against hook-
worm infection (Chongsuvivatwong et al. 1996). Hookworms
are acquired by infective third stage larvae which penetrate
skin predominantly on the feet and often between the toes.
We quantified use of footwear by asking directly those who
were prepared to give us information about their use of
footwear and grading this on a simple subjective scale of 1-4.
Analysis of these data revealed, much as expected, that the
use of footwear increased with age but our attempt to link
predisposition to use of footwear was not successful. From
interviews it was apparent that footwear was considered to be
a valuable, prized asset and that people working in the fields
removed their sandals. In the wet season soil sticks to sandals,
making them uncomfortable and frustrating to wear when
tilling soil, and risking damage. As a result of this practice,
those who often wore shoes still became infected through
bare skin. An approach based on quantifying shoe wear in
relation to village activities by direct observation, as has been
done so successfully in relation to water-contact and
schistosomiasis (Bundy & Blumenthal 1990), may have
yielded more relevant data, but was not feasible for us
because of time constraints.

Onchocerciasis was endemic in the region until the recent
Onchocerciasis Control Programme and the inhabitants of
the study village were treated with ivermectin in the past.
However, at the doses recommended for human use,
ivermectin is without effect on N. americanus, and the
hookworm burdens would not have been affected (Behnke
et al. 1993; Richards et al. 1995). Nevertheless, there has been
a great improvement in the prevalence of onchocerciasis and
during our visits only the older members of the community
still bore its legacy through persisting damage to their eyes.
We examined the relationship between vision and hookworm
infection because it has been suggested in the past that
deteriorating eyesight among older inhabitants of villages,
and hence reduced capacity to detect disturbed soil at
defecation sites, may contribute to their heavier hookworm
infections (Schad et al. 1983). In our study the age-
abundance profiles revealed a drop in older males, but river
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blindness among the middle-aged villagers may have
contributed to their higher infections. Our assessment of
vision was based on interview and a brief medical inspection.
Analysis of these data revealed that vision was mostly
satisfactory in subjects < 30 years of age, but deteriorated
severely in older individuals. However, when age and sex
differences were taken into account, the only significant effect
on parasite burdens (as reflected in EPGs) came from an
interaction with sex. The explanation for this lay in the lower
than expected levels of infection in male subjects showing
partial damage to their eyes and partial lack of vision. The
individuals in this group ranged from 34 to 71 years of age,
and it is likely that such persons would have been less active
in agricultural pursuits and consequently less exposed to
infection than others in the same age range. Those with
severely handicapped vision (Vision score 1) ranged from 55
to 78 years in the case of men and 3870 years in the case of
women, but these individuals would have had vision scores
typical for their age and sex, because impaired vision was
very common in the older classes.

These two surveys provide the first quantitative,
comprehensively analysed data on the distribution of
hookworm infections among the inhabitants of a community
in the Sahel. Although some of the patterns of infection
which we detected were similar to those reported elsewhere,
there were nevertheless some unique features which are
worthy of further investigation.
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