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Abstract
Background—Predisposition to heavy or light human hookworm infection is consistently
reported in treatment-reinfection studies. A significant role for host genetics in determining
hookworm infection intensity has also been shown, but the relationship between host genetics and
predisposition has not been investigated.

Methods—A treatment-reinfection study was carried out on 1302 individuals in Brazil. Bivariate
variance components analysis was used to estimate heritability for pretreatment and reinfection
intensity, and to estimate the contribution of genetic and household correlations between
phenotypes to the overall phenotypic correlation (i.e. predisposition).

Results—Heritability for hookworm egg count was 17% pretreatment and 25% after reinfection.
Predisposition to heavy or light hookworm infection was observed, with a phenotypic correlation
of 0.34 between pretreatment and reinfection intensity. This correlation was reduced to 0.23 after
including household and environmental covariates. Genetic and household correlations were 0.41
and 1 respectively, and explained 88% of the adjusted phenotypic correlation.

Conclusions—Predisposition to human hookworm infection in this area results from a
combination of host genetics and consistent differences in exposure, with the latter explained by
household and environmental factors. Unmeasured individual-specific differences in exposure did
not contribute to predisposition.
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INTRODUCTION
Predisposition to heavy or light infection with human helminths has been consistently
observed [1]. Typically, predisposition has been demonstrated by a significant positive
correlation between infection intensity (before treatment) and reinfection intensity (several
months or years after treatment), adjusted for age and sex [2]. Predisposition implies that
there are consistent differences between individuals in exposure or susceptibility to infection
[1, 2]. Exposure to infection may be influenced by environmental, socio-economic or
behavioral factors, while susceptibility may be affected by a range of known
(immunological, physiological or nutritional) and unknown factors. Despite increasing
knowledge of environmental and household risk factors [3-6] and protective immune
responses [7, 8] in helminth infection, few studies have addressed their relative contributions
to predisposition [9]. Understanding the factors responsible for predisposition will help
determine whether control of helminths should focus on management of exposure or
development of vaccines, and is of increasing relevance in understanding the efficacy of
current school-based deworming programmes [10]. Recently, a significant role for host
genetics in determining human helminth infection intensity has been reported, with
heritability of up to 44% (reviewed by [11, 12]). Significant heritability for helminth
infection suggests that host genetics may explain much of the observed predisposition to
heavy or light infection. However, only one study has estimated heritability of initial and
reinfection intensity; while both phenotypes were heritable, the extent to which
predisposition was determined by host genetics was not examined [13].

The human hookworms, Necator americanus and Ancylostoma duodenale, are common
intestinal nematodes, infecting around 740 million people worldwide and causing significant
morbidity [14]. Predisposition to high or low hookworm burden [15-17] and genetic control
of hookworm infection have been reported [18-20]. Here, we use data from a treatment-
reinfection study in Brazil to examine the factors determining the intensity of hookworm
infection (fecal egg counts) at initial survey and after reinfection. The study population has
been extensively studied, with analyses demonstrating household clustering and spatial
heterogeneity in infection, and the importance of exposure-related risk factors [3, 21]. Using
a bivariate variance components approach, we first estimate the roles of environmental and
household risk factors, shared household environment, and additive host genetics in
determining variation in hookworm infection and reinfection intensity. We then estimate the
contribution of these factors to predisposition to hookworm infection, by calculating the
genetic, household and individual-specific correlations between initial and reinfection
intensity.

METHODS
Study population

The study was conducted in Americaninhas, a rural community in northeast Minas Gerais
state, Brazil [21-23]. The study design was a total population survey, with all individuals in
a 10km2 area eligible for inclusion. Informed consent was obtained from all individuals or
their parents and guardians. The study was approved by the ethical committees of Instituto
René Rachou-FIOCRUZ, the Brazilian National Committee for Ethics in Research
(CONEP), George Washington University Medical Center, and the London School of
Hygiene and Tropical Medicine.

Household survey
Kinship information was collected by interviewing one adult member of every household.
Name, age, sex and parents’ names were recorded for all residents, and names of first-degree
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(e.g. siblings) or second-degree relatives (e.g. grandparents, aunts or uncles) living in other
households in the study area. Individuals were assembled into a pedigree if they were related
to or married to anyone in a pedigree. Pedigrees were assembled and indexed using
PEDSYS [24], and visualized using Cranefoot [25]. Doubtful pedigree relationships were
confirmed by re-interviewing household members. Information on household risk factors
was collected using a pre-tested, standardized household questionnaire [23]. Socioeconomic
status (SES) was assessed by a wealth index as described [22]. All households in the study
area were geo-referenced and remotely sensed environmental data (altitude and Normalized
Difference Vegetation Index (NDVI)) were extracted as described [3].

Parasitological survey and anthelminthic treatment
The initial parasitological survey was performed during April-July 2004. Subjects were
asked to provide two fecal samples on two separate days, which were examined qualitatively
by formalin-ether sedimentation. Helminth-positive samples were then examined by Kato–
Katz fecal thick smear to quantify the intensity of infection, as eggs per gram of feces (epg).
Two slides were counted from each day’s sample, i.e. 2-4 slides from each individual, as
some individuals only provided one sample. Individuals egg-positive by sedimentation but
negative by Kato-Katz were assigned a count of 3 epg, half the Kato-Katz detection limit.
Hookworm was exclusively N. americanus [3]. Adults or children positive for
gastrointestinal nematodes were offered a single 400 mg dose of albendazole. Egg-negative
individuals were not treated. Treated individuals were examined post-treatment to confirm
treatment efficacy, and offered repeat treatment(s) until egg-negative. Overall, 90% of
hookworm-infected individuals received treatment. In December 2005 – March 2006 a
follow-up parasitological survey was performed, with inclusion criteria of continued
residence in the study area and willingness to participate. Treated individuals, and untreated
individuals who were egg-negative at first survey, were included in the analysis of
reinfection egg counts; 13 egg-positive but untreated subjects were excluded. Reinfection
egg counts were performed a median of 14 months (interquartile range 12-16 months) after
the last treatment date, or sample date if untreated. Individuals positive for gastrointestinal
nematodes were treated with albendazole as above.

Pedigree structure
1302 individuals provided kinship and household information and at least one
parasitological phenotype: 1294 with pretreatment egg counts and 605 with reinfection egg
counts (597 sampled at both timepoints). 1266 individuals were assembled into 25
pedigrees, with one large multi-generational pedigree comprising 1157 phenotyped people,
and 24 pedigrees of 2-11 phenotyped people; 36 individuals had no phenotyped relatives in
the study area. The large pedigree spanned 4 generations of phenotyped individuals. Some
inbreeding was present, with 50 phenotyped individuals resulting from 9 marriages between
first cousins and 7 marriages between more distant relatives. There were 40,472 relative
pairs for analysis, calculated using the program ‘Kinship’ in PEDSYS (Table 1).

Statistical analysis
Hookworm infection intensity was analysed as ln(epg+1) to reduce skewness. Williams
geometric means are presented for epg, i.e. geometric mean(epg+1)-1. Preliminary
investigation of covariates was by linear regression, with standard errors adjusted for non-
independence of individuals within households using robust Huber/White/Sandwich
variance estimates, in Stata 9.0 (STATA Corporation, Houston, TX, USA). Covariates tested
included age, sex, household characteristics (lack of toilet, crowding (>1 person/room), type
of floor, SES) and environmental variables (sector, NDVI and altitude). Sector is a 6-level
categorical variable summarizing the distribution of houses in relation to large-scale
geographical features, with one large village (sector 1) and 5 rural sectors. Covariates were
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analyzed separately for infection and reinfection intensity. All covariates were included in
an initial full model, and non-significant (p>0.1) covariates excluded sequentially to
generate a minimal model. Excluded covariates were retested in the minimal model, and
remained non-significant. SES and NDVI were analysed as continuous variables; for ease of
interpretation, effect sizes are presented as the difference in average egg count between the
highest and lowest quintiles.

Variance components analysis was used to estimate the amount of variation in infection
intensity determined by additive genetic and household effects [26]. Univariate analysis
compared four models, fitted by maximum-likelihood using SOLAR 4.2.0 [27]. In the
sporadic model, the total variance (Vtot) of each phenotype was attributable to individual-
specific error (Ve). In the polygenic model, Vtot was partitioned into variance due to additive
genetic effects (Va) and error (Ve). In the household model, Vtot was divided into that due to
common household environment Vc and error (Ve). In the saturated model, both additive
genetic and household effects were fitted. Heritability was calculated as h2 = Va / Vtot and
household effects as c2 = Vc / Vtot. Significance of variance components was calculated by
likelihood-ratio tests. Covariates identified from the preliminary analysis as significant for
either phenotype were included in all models. The amount of variation explained by
covariates was estimated from the trait variance in models with and without covariates. The
variance components analysis assumes multivariate normality, but has been shown to be
relatively robust to departures from normality; residual kurtosis for each phenotype was
within acceptable limits (<0.8).

To estimate the role of additive genetics and household effects in determining the correlation
between initial and reinfection intensity (predisposition), bivariate variance components
were fitted in SOLAR [28, 29]. A saturated model was fitted, estimating additive genetic,
household and unexplained (individual-specific) variance components for each phenotype,
and three additional parameters: the additive genetic correlation, ρG, shared-household
correlation, ρC, and individual-specific correlation, ρE, between initial and reinfection
intensity. The genetic correlation provides an estimate of shared genetic control of each trait:
a high genetic correlation suggests that the same loci control initial and reinfection intensity.
Similarly, the household correlation measures the degree to which the effects of shared
household are common to each trait. Squaring each correlation component provides an
estimate of the proportion of the associated variance component that is common to both
phenotypes [30]. Thus a household correlation of 1 indicates that all of the effects of shared
household on trait variance are common to both traits, while a correlation of 0.5 would show
that 25% (=0.52) of the effects are in common.

The overall phenotypic correlation (ρP) between traits is thus partitioned into additive
genetic, household and individual-specific correlation components. An unbiased estimate of
ρP can be calculated from these correlations as:

where sub-scripts 1 and 2 represent variance component estimates for each trait [28]. The
significance of each correlation component was evaluated by likelihood-ratio tests
comparing the general model, in which the covariance parameter is estimated, with a
restricted model in which the covariance parameter is constrained to zero (i.e. no correlation
between traits for that effect).
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RESULTS
Parasitological and demographic data

These data are summarized in Table 2. The prevalence and intensity of hookworm infection
after reinfection were much lower than pretreatment. Hookworm burden increased in
childhood to a plateau by the age of 5-10 years, with higher intensities in adult males (Fig.
1). This relationship was well described by a sex-dependent linear increase with age in 0-5
year olds, with no change with age in older hosts. There was significant predisposition to
heavy or light hookworm infection, with a correlation coefficient between initial and
reinfection intensity of 0.376 (n=597, P<0.0001), adjusting for age and sex.

Univariate variance components analysis
In univariate analysis pretreatment and reinfection egg counts were analysed in separate
models. Pretreatment burden was best described by a saturated model including both
additive genetic and household effects. The heritability h2 (the proportion of variance in egg
counts explained by relatedness, after accounting for covariates) was 0.234. An additional
0.121 of variance was explained by shared household environment (c2). Both variance
components were significant when compared to models including only h2 or c2 (P≤0.0003).
Heritability for reinfection intensity was slightly higher (h2=0.327), while the proportion of
variance explained by shared household was lower (c2=0.046); heritability was significant
when compared to a model including only household effects (P=0.0008), but household
effects were not significant when compared to the polygenic-only model (P=0.26). Analyses
were adjusted for significant covariates identified in the preliminary data analysis.

Bivariate variance components analysis
Bivariate analysis allows joint modeling of pretreatment and reinfection hookworm
intensity, and the estimation of genetic and household correlations between phenotypes.
Fixed effects (covariates) accounted for 25% and 13% of the variation in infection and
reinfection intensity respectively, of which 9% and 2% was accounted for by age/sex. The
heritability (h2) of hookworm intensity was 0.166 (SE 0.063) at initial survey and 0.245
(0.089) after reinfection, adjusting for covariates (Table 3). Shared household environment
(c2) accounted for a further 0.163 (0.043) and 0.095 (0.049) of residual variance, with a high
proportion of variance (0.66-0.67) remaining unexplained. Both heritability and shared
household effects were higher in models adjusted for only age and sex (Table 3). Parameter
estimates for covariates are shown in Table 4, as effects on ln(epg+1). Back-transforming
these estimates (i.e. eb) shows that intensity (epg+1) was 1.6-1.8× higher in households
without a toilet, 1.5-1.7× higher in crowded households, and 1.8-3.0× higher in the lowest
compared to the highest quintile for SES. NDVI was associated with higher intensity at
initial survey only, with a 3.1× higher intensity in the highest versus lowest quintile.
Intensity was lower in the village area (sector 1), and generally higher in rural areas (sectors
3-7).

Predisposition to hookworm infection
Bivariate variance components models were used to estimate the contribution of covariates,
additive genetics and household effects to predisposition for hookworm infection, i.e. the
correlation between pretreatment and reinfection intensity. The overall phenotypic
correlation was calculated as 0.336, controlling for age and sex (Table 5). Adjustment for
other covariates reduced this correlation by 30% to 0.234, as expected from the similar
effects of covariates on each phenotype. There was some evidence for common genetic
control of both phenotypes, with a genetic correlation ρG=0.407 (SE 0.237); however ρG did
not differ significantly from zero (P=0.15), and was significantly <1 (P=0.01). The relatively
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low genetic correlation indicated that only 17% (=0.4072) of the additive genetic factors
were common to each phenotype. There was strong evidence that shared household effects
contributed to predisposition: the household correlation converged to the upper limit of 1,
i.e. all the shared household effect on intensity was common to both phenotypes. Genetic
and household effects together explained the majority of predisposition, accounting for 88%
of the adjusted phenotypic correlation. In contrast, there was no evidence that unmeasured
variation in exposure between individuals contributed to predisposition. The individual-
specific correlation was very low, ρE=0.04 (SE 0.07), showing that unmeasured individual-
specific effects were not consistent across phenotypes. To explore any effect of confounding
between genetic and household effects on these results, analysis was repeated using a
polygenic-only model. The genetic correlation in this model was 0.638 (SE 0.117),
significantly different from both 0 (P<0.0001) and 1 (P=0.0008). The individual-specific
correlation remained very low, ρE=−0.001 (SE 0.068).

DISCUSSION
The current study is the most detailed to date on the genetic epidemiology of human
helminth infection. Joint modeling of initial and reinfection intensity estimated the
heritability of hookworm infection as 17% at initial survey, and 25% after 14 months
interval for reinfection. A smaller percentage of variance was explained by shared household
environment, 16% and 10% respectively. Significant predisposition to heavy or light
infection was observed, and an analysis of the correlation components allowed the roles of
genetics and shared household in generating this phenotypic correlation to be quantified.
Host genetics, shared household effects, and measured risk factors together accounted for
nearly all the observed predisposition, with no role for individual-specific differences in
exposure.

Previous studies of the factors determining hookworm burden have examined household or
environmental risk factors [3-6] or genetic factors (heritability) [18-20]. This is the first
study to assess the influence of all three factors simultaneously, which should allow more
accurate estimates of their importance. Heritabilities are population-specific, as they depend
on both genetic and environmental variances; our heritability estimate depends on a single
large pedigree, which may result in lower genetic and/or environmental variance. However,
our estimate of 17% is comparable to hookworm studies elsewhere which estimate
heritability as 10-25% [18, 20], or 15-37% when not modeling household effects [18, 19].
Estimates for other human helminths vary from 9-44% [11, 12, 31]; one study of
Schistosoma japonicum infection did not find significant heritability [32]. Most previous
studies have looked at pretreatment intensity only. Here, the heritability of reinfection
intensity (25%) was somewhat higher than that of initial intensity, as also seen for Ascaris in
Nepal [13]. This higher heritability may reflect the reduced variation in duration of exposure
to infection at follow-up [13]. However, a limitation of our study is that reinfection was
assessed at a single time-point, when the extent of reinfection was low. Reinfection intensity
was lower than expected [20], only 5% of initial intensity, which may be explained by the
high coverage and efficacy of anthelminthic treatment. Heritability is likely to vary with
time since reinfection, as the extent of reinfection increases, and studies with a longer period
of reinfection would be useful.

Heritability estimates can be confounded by household and environmental risk factors, since
related individuals are likely to share the same residence and hence have similar risk factors.
Here, the analysis of detailed household and environmental information for a large, multi-
household pedigree will have reduced confounding. Analysis of risk factors reduced, but did
not remove, the effects of shared household, indicating the existence of other important
unmeasured household risk factors (Table 3). Accounting for risk factors also reduced

Quinnell et al. Page 6

J Infect Dis. Author manuscript; available in PMC 2010 September 15.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



estimates of heritability. This suggests that relatives share risk factors even when controlling
for shared household, and that heritability may be overestimated if this is not taken into
account. Family ties may influence exposure to infection in a variety of ways, such as shared
activities outside the household [33]. Similarly, low socio-economic status is a risk factor for
helminth infection [34], and has a high heritability [35]. Such considerations highlight the
difficulties in interpreting heritability: heritability estimates the proportion of variance in a
phenotype that is correlated with relatedness rather than a causative relationship between
genotype and phenotype. Molecular genetic studies to identify loci underlying resistance to
hookworm infection will be important to further understand the role of host genetics.

We found significant predisposition to heavy or light hookworm infection, as generally
reported by studies of human helminths [1]. Our bivariate analysis allowed the estimation of
the relative contribution of shared genes, shared environment and risk factors to
predisposition. Household and environmental risk factors explained about a third of
predisposition. Risk factors for high hookworm intensity were relative poverty, household
crowding, lack of a toilet and higher NDVI. These are similar to those previously reported
from the study site for hookworm prevalence [3], and from studies elsewhere [4-6]. These
risk factors would be expected to be relatively constant during reinfection, illustrated by
their generally consistent effects on infection and reinfection intensity. After accounting for
risk factors, the majority of the remaining predisposition was explained by genetic (35%)
and household (53%) effects. The household correlation was 1, suggesting that household
determinants of exposure were common to both phenotypes, i.e. consistent through time,
while the genetic correlation was lower. Despite a high proportion of unexplained
(individual-specific) variance in intensity at both time points, the individual-specific
correlation was very low (ρE=0.04). Unmeasured variation in exposure between individuals
is likely to explain much of this unexplained variance in egg counts, but these results
indicate that this variation in exposure was not consistent between individuals through time,
and thus did not contribute to predisposition. Unmeasured variation may thus reflect chance
exposure to infective stages, amplified by the aggregated distribution of infective stages [36,
37]. Another important factor generating unexplained variation in egg counts is likely to be
measurement error. Also, fecal egg counts are an indirect measure of underlying worm
burdens and, although there is a positive relationship between fecal egg counts and
hookworm burden [38], density-dependent effects may reduce egg count at high burdens
[39].

The genetic correlation between initial and reinfection intensity (ρG=0.41) was unexpectedly
low. It is possible that confounding between household and genetic effects reduced this
estimate, given the very high household correlation, but the genetic correlation from a
polygenic model, ρG=0.64, was still significantly <1. A genetic correlation close to 1 would
suggest that the same loci control both infection and reinfection intensity, and high genetic
correlations have been reported between gastrointestinal nematode intensities at different
time-points in domestic and wild sheep [40-42]. However, the genetic correlation for human
malaria between years was also around 0.4 [43]. Our results imply that only 17-41% of
genetic effects were common to both phenotypes. This suggests that infection and
reinfection intensity may be partly controlled by distinct loci; it is possible that different loci
control anti-adult and anti-larval immune responses, and anti-adult responses are likely to
have a greater role in determining pretreatment intensity. Immunoepidemiological studies
have shown that different immune responses are correlated with initial and reinfection
intensity [44, 45]. Immunomodulation by adult hookworms may suppress protective
responses [44, 46-48], so host genes predisposing to suppression may have a greater effect
pretreatment, when adult worm burdens are higher. There may also be statistical
explanations: the low degree of reinfection may have limited the power of the study, while
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Carey [49] demonstrated that low genetic correlations between phenotypes can result even if
the same loci control each phenotype.

Further studies of the genetic epidemiology of human helminth infection will be useful,
particularly treatment-reinfection studies with a longer period of reinfection. Our results
raise the possibility that some of the loci controlling infection and reinfection intensity may
be different, but confirmation awaits identification of the genes involved by linkage and
association studies. To date, only one candidate gene for human hookworm infection has
been investigated [50]. More generally, the demonstration that predisposition is dependent
on factors acting at the family and household level suggests that public health interventions
against hookworm infection would be usefully focused on household risk factors.
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Figure 1.
Age-intensity profiles for hookworm (Necator americanus) infection, expressed as ln(epg
+1), at initial survey (solid lines), and at follow-up (14 months after treatment)(dotted lines).
Solid points males, open points females.
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Table 1

Distribution of relative pairs by degree of relationship in the Americaninhas study population (Minas Gerais
state, Brazil, n=1302)

Relationship (degree) Coefficient of
relatedness

Number of pairs

Identical twins 1 4

First 0.5 – 0.5625 2853

Second 0.25 – 0.375 4062

Third 0.125 – 0.219 7246

Fourth 0.0625 – 0.117 9759

Fifth 0.031 – 0.055 9621

Sixth 0.0156 – 0.027 5237

Seventh 0.0078 – 0.017 1548

Eighth 0.0039 142

Total 40472
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Table 2

Parasitological, demographic and socio-economic characteristics of the Americaninhas study population
(Minas Gerais state, Brazil), at initial survey and at follow-up (a median of 14 months after anthelmintic
treatment)

Initial survey Reinfection survey

N 1294 605

Hookworm infection

 Prevalence, % (n/total) 70.9% (918/1294) 29.4% (178/605)

 egg count, mean, epg a 1441 72

 median (interquartile range) a 198 (0-1080) 0 (0-12)

 geometric mean, epg a 78 2.5

Sex, % male (n/total) 49.5% (641/1294) 45.8% (277/605)

Age, mean, years b 25.4 (median 17) 31.1 (median 26)

Age, range, years b 0-95 3-87

Households

 Number 303 226

 Size, range, people c 1 to 12 1 to 8

 Size, mean, people c 4.3 2.7

 Toilet, % (n/total) 49.5% (150/303) 54.4% (123/226)

 Crowded d, % (n/total) 34.7% (105/303) 36.7% (83/226)

NDVI e, mean (SD) 0.314 (0.166) 0.289 (0.172)

a
includes individuals with egg count of zero

b
on sampling date

c
number of phenotyped individuals

d
>1 person/room

e
Normalized Difference Vegetation Index
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Table 3

Variance proportions (SE) from bivariate analysis of hookworm infection intensity (ln(epg+1)) at initial
survey and after reinfection

(a) adjusted for age and sex

Pretreatment Reinfection

Heritability (h2) 0.260 (0.066) 0.300 (0.083)

Shared household (c2) 0.234 (0.052) 0.146 (0.057)

Unexplained variation 0.506 (0.041) 0.554 (0.060)

(b) adjusted for all covariates a

Pretreatment Reinfection

Heritability (h2) 0.166 (0.063) 0.245 (0.089)

Shared household (c2) 0.163 (0.043) 0.095 (0.049)

Unexplained variation 0.671 (0.046) 0.660 (0.071)

a
adjusted for age, sex, sector, toilet facilities, crowding, SES, NDVI
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Table 4

Parameter estimates (SE) for covariates affecting hookworm infection intensity (ln(epg+1)) at initial survey
and after reinfection

Pretreatment Reinfection

Age a 1.11 (0.094) 0.77 (0.65)

Sex (female vs male) −0.50 (0.14) −0.43 (0.31)

Sex × age a −0.27 (0.13) −0.31 (0.81)

Toilet (yes vs no) −0.59 (0.32) −0.44 (0.28)

Crowding (yes vs no) 0.55 (0.22) 0.41 (0.21)

Socio-economic Status b −0.26 (0.089) −0.13 (0.076)

NDVI b 2.44 (0.78) 0.46 (0.67)

Sector (vs sector 1)

 Sector 3 1.49 (0.37) 0.97 (0.33)

 Sector 4 1.24 (0.45) 0.31 (0.43)

 Sector 5 −1.01 (0.56) −0.97 (0.51)

 Sector 6 1.48 (0.62) 0.88 (0.60)

 Sector 7 0.26 (0.41) 0.07 (0.37)

a
age modeled as a linear increase up to 5 years old

b
modeled as a continuous variable
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Table 5

Correlation components from bivariate variance components analysis of hookworm infection intensity. The
phenotypic correlation coefficient between initial and reinfection hookworm burden, and the correlation
component (r), proportion of phenotypic correlation explained by each component (%), and significance of
each correlation component (P) compared to a model with that correlation constrained to 0

Correlation r

Overall phenotypic correlationa (ρP) 0.336

Adjusted phenotypic correlation b (ρP) 0.234

Correlation components r (SE) % P

   Genetic correlation b (ρG) 0.407 (0.237) 35% 0.15

   Household correlation b (ρC) 1 53% -c

   Unexplained correlation b (ρE) 0.042 (0.065) 12% 0.52

a
adjusted for age and sex

b
adjusted for age, sex, sector, toilet facilities, crowding, SES, NDVI

c
not tested
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