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Abstract

Background: Limited research has documented an association between soil-transmitted

helminth (STH) infections and child development. This has recently been identified as an

important knowledge gap.
Methods: A longitudinal cohort study was conducted in Iquitos, Peru, between September

2011 and July 2016. A cohort of 880 children, recruited at 1year of age, was followed up to

5years. STH infection was measured annually and child development was measured with the

Wechsler Preschool and Primary Scale of Intelligence III (WPPSI-III) at 5years. Linear-

regression models were used to investigate the effect of the number of detected STH infections

between 1 and 5years of age on WPPSI-III scores at 5years of age. Bayesian latent class analy-

sis was used to adjust for exposure misclassification.
Results: A total of 781 (88.8%) children were included in the analysis. In multivariable analy-

sis, adjusted for STH misclassification, increasing numbers of Ascaris, Trichuris, hookworm

and any STH infections were associated with lower WPPSI-III scores. Among the largest ob-

served effects were those for the effect of Ascaris infection on verbal IQ scores [difference in

IQ (95% CrI) for two, three, and four or five detected infections compared with zero or one in-

fection: –8.27 (–13.85, –3.10), –6.69 (–12.05, –2.05) and –5.06 (–10.75, 0.05), respectively].

Misclassification of STH infection generally led to a bias towards the null.
Conclusions: These results document an association between STH infection and child devel-

opment. The results highlight the importance of adjusting for STH misclassification; however,

future research is needed to accurately determine the sensitivity of STH diagnostic techniques.
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STH control in preschool children may contribute to lowering the disease burden associated

with poor child development.

Key words: soil-transmitted helminth, child health, cohort study, epidemiology

Introduction

The soil-transmitted helminths (STHs) (i.e. Ascaris lumbri-

coides, Trichuris trichiura and the two hookworm species,

Ancylostoma duodenale and Necator americanus) are par-

asites that live in the human gut. A total of 103 countries

around the world are endemic for STH infections1 and ap-

proximately 2 billion people are at risk of infection.2

Several microscopic techniques are available for diagnos-

ing STH infections from stool specimens; however, no gold

standard exists and all techniques are limited by imperfect

sensitivities.3,4

It has been proposed that STH infections adversely af-

fect child development primarily due to mediating factors

including malnutrition and anemia.5 Because brain plastic-

ity is greatest during the first few years of life, perturba-

tions during this critical time of development could have

long-term effects on brain development.6 It is therefore

likely that the effect of STH infection on child development

is more pronounced in preschool children compared with

older children.7 Several observational studies have docu-

mented associations between STH infection and child de-

velopment.8–20 The quality of this body of evidence,

however, is limited by poor study designs,8–10,12–19 failure

to adjust for critical confounding variables,8–11,19,20 small

sample sizes10,15,18,20 and inappropriate statistical analy-

ses.10,11,14,20 Most research has been done in school-aged

children despite the fact that preschool children are more

likely to be affected. No past research has adjusted for

STH misclassification due to imperfect sensitivities of the

diagnostic techniques used. The need for research to clarify

the effects that STH infections may have on child develop-

ment has recently been emphasized by both the STH and

child-development scientific communities.5,21

The objective of the current research, therefore, was to

determine the effect of the number of times a child was

found STH-infected between 1 and 5 years of age on

total IQ scores, verbal IQ scores and performance IQ

scores at 5 years of age, adjusting for bias due to STH

misclassification.

Methods

The original data source for this study was a parent

randomized–controlled trial (RCT) conducted in Iquitos,

Peru, between September 2011 and June 2013. This study

has been described in detail elsewhere.22 Briefly, a

population-based sample of 1760 children between 12 and

14 months of age were recruited and randomized to one of

four deworming strategies [(i) deworming with mebenda-

zole at 12 months of age and placebo at 18 months of age;

(ii) deworming with mebendazole at 12 and 18 months of

age; (iii) placebo at 12 months of age and deworming with

mebendazole at 18 months of age; and (iv) placebo at 12

and 18 months of age]. These children were followed up at

18 and 24 months of age. Children were included in the

trial regardless of their STH-infection status. The primary

objective was to determine the effect of the timing and

frequency of deworming during the second year of life on

infant weight gain between 1 and 2 years of age.22 A sec-

ondary outcome was child development at 2 years of age.23

Key Messages

• This research documents a longitudinal association between STH infection and lower child-development scores.

• This is the first longitudinal study conducted in preschool children specifically investigating the effect of STH infection

on child development with appropriate adjustment for confounding variables.

• This is the first study regarding STH infection and child development that has adjusted for bias due to STH misclassi-

fication, despite the fact that all previous research suffers from this bias.

• This research makes a valuable contribution in terms of quantifying the developmental morbidity associated with

STH infections and highlights the importance of accurate STH diagnostics.

• These results can be used to motivate Ministries of Health in STH-endemic countries to prioritize STH control strate-

gies, including mass deworming campaigns, in preschool children.
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The RCT did not find a consistent effect of deworming

compared with placebo on either weight gain or cognition

at 2 years of age, and this was hypothesized to be due to

the short follow-up period (i.e. only 1 year) and the rela-

tively lower-than-expected baseline prevalence of STH

infections.22,23 Following completion of the RCT, follow-

up of the same children continued on an annual basis to

5 years of age. The current study uses data from the origi-

nal RCT and the follow-up (i.e. from the 1-, 2-, 3-, 4- and

5-year time points).

The current study is a longitudinal cohort study. Data

collection took place in the rural and peri-urban communi-

ties surrounding the city of Iquitos in the Peruvian

Amazon. Inclusion and exclusion criteria were specified in

the parent RCT.22 At each annual visit, a questionnaire

was administered to the child’s primary caregiver; the

child’s height and weight were measured; the child’s cogni-

tive development was assessed; and a stool specimen was

obtained.

At the 2- to 5-year visits, all stool specimens were ana-

lysed using the Kato-Katz technique within 24 hours of col-

lection. Whereas this diagnostic test has near perfect

specificity, a recent meta-analysis found the following sen-

sitivity values from one stool specimen for Ascaris,

Trichuris and hookworm, respectively: 63.8% (95%

Credible Interval (CrI): 59.1–68.6%), 82.2% (95% CrI:

80.1–84.5%) and 59.5 (95% CrI: 56.9–62.2%).3 All chil-

dren were treated with mebendazole at the 2-year visit and

any child found infected at subsequent visits was referred

for treatment.

Stool specimens collected at recruitment (when treat-

ment allocation for the parent trial took place) required

special processing because ethical guidelines required any

individual found STH-infected to be treated. Due to suffi-

cient clinical equipoise regarding the trial research ques-

tion, it was deemed acceptable to collect stool specimens

from all children participating in the RCT and only imme-

diately analysing those specimens from children who were

randomized to receive deworming using the Kato-Katz

technique (this ensured that those found positive would be

treated). Stool specimens from children randomized to re-

ceive placebo were stored in 10% formalin until they were

analysed using the direct smear technique, following the

trial end date (i.e. when all children were treated). (Note

that it is not possible to analyse preserved stool specimens

with the Kato-Katz technique.) Recent sensitivity estimates

of the direct smear technique for diagnosis of Ascaris,

Trichuris and hookworm infection are 52.1% (95% CrI:

46.6–57.7%), 62.8% (95% CrI: 56.9–68.9%) and 42.8%

(95% CrI: 38.3–48.4%), respectively.3

Because no single high-quality scale of child develop-

ment exists for both 1- and 5-year-old children, two

separate scales were used to measure child development

in this study. The Bayley Scales of Infant and Toddler

Development, Third Edition (Bayley-III) was used up to

3 years of age and the Wechsler Preschool and Primary

Scale of Intelligence, Third Edition (WPPSI-III) was used

at 4 and 5 years. These two scales are widely used inter-

nationally.24 Both scales were administered by highly

trained research assistants in a secluded area to avoid

distractions. All research assistants were nurses or nurse-

midwives with a minimum bachelor’s degree education.

Research assistants were blinded to group assignment

during the trial and were unaware of the current STH-

infection status during follow-up visits. The Bayley-III

was administered to all 1760 participants at 1 year of

age. For feasibility reasons, at the 3-, 4- and 5-year vis-

its, child development was measured in a random sam-

ple of 880 children.

Ethics

The study was approved by the Universidad Peruana

Cayetano Heredia in Lima, Peru; the Instituto Nacional de

Salud in Lima, Peru; and the Research Ethics Boards of the

McGill University Health Centre in Montreal, Canada.

Informed consent was obtained from parents/guardians of

the participating children. Assent was obtained for any

parent under 18 years, with informed consent requested

from their parent or guardian over 18 years.

Statistical analyses

Double data entry was performed and data cleaning fol-

lowed a comparison of the two databases. Summary statis-

tics were generated to describe the study population at

baseline.

Linear-regression models were used to investigate the

effect of cumulative STH infections on child development.

Cumulative STH infection was defined as the number of

times a child was found infected between 1 and 5 years of

age and was categorized as: never infected, infected once,

infected twice, infected three times, infected four times and

infected five times. Categories were combined, as neces-

sary, in the case of sparse data. The effect of infection with

any of the three STH infections (any STH infection) and

with species-specific infections on total IQ score, verbal IQ

score and performance IQ score at 5 years of age was esti-

mated. IQ scores were generated by converting WPPSI-III

raw scores to age-scaled scores and converting age-scaled

scores to composite scores according to the scoring instruc-

tions and conversion tables (using a Mexican reference

population) included in the WPPSI-III manual.25 The cova-

riates included in the multivariable models were chosen

1182 International Journal of Epidemiology, 2018, Vol. 47, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article-abstract/47/4/1180/5053283 by M

cG
ill U

niversity Libraries user on 04 D
ecem

ber 2018



based on theoretical knowledge (variables that are thought

to be associated with both the exposure and outcome of in-

terest without being mediators of this relationship) and sta-

tistical criteria. Variables that were considered during

model selection are listed in the Supplementary Material,

available as Supplementary data at IJE online. Univariable

regression models were used to identify variables that were

associated with the outcome and exposure. The final multi-

variable models included: socio-economic status (i.e. ma-

ternal education, using gas for cooking and having a toilet

connected to public sewage in the home), baseline nutri-

tional status (i.e. stunting), use of health care (i.e. number

of routine growth and development visits attended at base-

line), baseline development scores (i.e. Bayley-III cognitive

raw scores) and number of years in preschool. Missing ex-

posure data were imputed using multiple imputation

(details described in the Supplementary Material, available

as Supplementary data at IJE online).

Bayesian latent class linear-regression models were used

to estimate the exposure effects while adjusting for misclas-

sification of the exposure due to imperfect sensitivity and

specificity of the STH diagnostic techniques. This method-

ology has been fully described previously.26 A brief de-

scription is included in the Supplementary Material,

available as Supplementary data at IJE online. Diffuse,

non-informative priors were used for all regression coeffi-

cients. Informative priors were specified for the sensitivity

and specificity values of the two diagnostic tests (Table 1).

Mean priors, as well as optimistic and pessimistic priors,

were specified for comparison purposes and were assumed

to follow a beta distribution. For comparison purposes,

analyses were also run assuming that the sensitivity and

specificity values were 100%. The prior ranges for the

sensitivities and specificities of the direct smear and

Kato-Katz techniques were developed based on previous

research and expert opinion.3

Sample size

A total of 880 of the original 1760 children were randomly

sampled for this study. A difference in the mean IQ score

of five points was considered the minimum clinically signif-

icant effect size. Assuming that the standard deviation of

the outcome in all exposure groups would be 15,24 and

assuming that approximately 20% of the population is

unexposed (never STH-infected) and that 20, 25, 25 and

10% of the population would have been found STH-

infected one, two, three, and four or five times, respectively

(based on preliminary data), a sample size of 880 is able to

detect a difference of five points between each infection

category and the never-infected category, with a total 95%

confidence interval width of 6.28, 5.95, 5.95 and 7.68

points for one, two, three, and four or five times found

infected, respectively.

Statistical analyses were performed in Stata, version

13.1 and WinBUGS version 1.4.3.

Results

The study flowchart is presented in Figure 1. Of the

880 children, 795 (90.3%) completed the 5-year visit and

781 (88.8%) had valid WPPSI-III measurements and were

included in this analysis. (WPPSI-III scores are considered

invalid if a participant scores zero on two or more of the

verbal or performance subtests.) Most children lost to

follow-up moved outside the study area. The exposure

variable—cumulative STH infection—was missing for

11 children. Of all stool specimens analysed throughout

the study, 10.1% were analysed using the direct smear

technique and 89.9% were analysed using the Kato-Katz

technique.

Baseline characteristics of the trial and cohort popula-

tions were similar (Table 2). STH-infection prevalence in-

creased from 12.4% at 1 year of age to 50.8% at 5 years of

age (Table 3). Hookworm infection was relatively uncom-

mon, with a prevalence of 0.34% at baseline and 4.7% at

5 years. Table 4 shows the frequencies of any STH and

species-specific infection at each time point. At 5 years of

age, WPPSI-III scores in this population were low. The

mean (6 sd) total IQ, verbal IQ and performance IQ scores

were 77.1 (6 10.8), 77.0 (6 11.8) and 81.1 (6 11.9), re-

spectively. At 5 years of age, the proportion of children

considered to have below-average development was 87.8%

and the proportion of children considered to have ex-

tremely low development was 20.6%.

In univariable analyses, children with increasing num-

bers of detected STH infections had lower total IQ scores

(Table 5), verbal IQ scores (Table 6) and performance IQ

scores (Table 7). In multivariable analyses, effects were at-

tenuated (Tables 5–7). The largest effect sizes were ob-

served in the associations of any STH infection with verbal

IQ scores. Compared with children who were never found

infected with any STH infection, the adjusted difference

[b (95% confidence interval (CI)] in verbal IQ scores was:

–1.64 (–4.00, 0.72) for children found infected one time;

–3.31 (–5.71, –0.90) for children found infected twice,

–4.22 (–6.77, –1.68) for children found infected three

times; and –2.57 (–5.24, 0.10) for children found infected

four or five times. The effects for hookworm infection on

IQ scores were inconclusive (Tables 5–7).

Results from the Bayesian latent class analyses adjusted

for misclassification of STH infection and confounding are

presented in Table 8. For all species and for any STH infec-

tion, the misclassification-adjusted results shift away from
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the null, suggesting that misclassification led to bias to-

wards the null. Infection by all STH species was found to

lead to lower development scores. In the analyses using

mean sensitivity and specificity priors (see Table 1), cumu-

lative Ascaris, Trichuris, hookworm and any STH infection

were associated with lower total IQ scores; cumulative

Ascaris, Trichuris and any STH infection were associated

with lower verbal IQ scores; and cumulative Ascaris,

Trichuris and any STH infection were associated with

lower performance IQ scores. The largest effects found

were for effects of cumulative Ascaris infection on verbal

IQ score [b (95% CrI) for two, three, and four or five

detected infections compared with zero or one infections:

–8.27 (–13.85, –3.10), –6.69 (–12.05, –2.05) and –5.06

(–10.75, 0.05), respectively] and for effects of any STH in-

fection on verbal IQ score [b (95% CrI) for two, three, and

four or five detected infections compared with zero or

one infections: –9.42 (–15.46, –3.04), –8.58 (–13.75,

–3.90) and –7.59 (–12.81, –2.75), respectively]. The

misclassification-adjusted results using optimistic and pes-

simistic priors for the sensitivity of the Kato-Katz and

direct smear techniques show how dependent the results

are on these prior specifications. In general, assuming that

the sensitivities of the diagnostic tests are poorer led to

larger main effect sizes.

Discussion

Our results document an association between STH infection

and child development in a cohort of preschool children.

From the STH misclassification-adjusted results, infection

by each STH species was associated with lower IQ scores,

with Ascaris infection having the largest effect. Cumulative

Ascaris, Trichuris and any STH infections were found to be

associated with lower total, verbal and performance IQ

scores. Hookworm infection was found to be associated

with lower total IQ scores but its effect on verbal and per-

formance IQ scores was inconclusive. The relatively wide

95% credible intervals for these effects, however, led to

some ambiguity regarding the exact sizes and clinical signifi-

cance of these effects. In this study, we chose to look at the

effect of the number of detected STH infections over a long

time period instead of looking at one infection at one single

time point, as in previous studies. We consistently found

that the largest effect on IQ scores was for being found

infected two or three times. Compared with children who

were never found infected or were infected one time, chil-

dren found infected two or three times had IQ scores that

ranged, on average, from one to nine points lower, depend-

ing on the STH species and the IQ construct.

The exposure—cumulative STH infection—was mea-

sured by summing indicators of binary variables (i.e. STH

infection) over time (i.e. between 1 and 5 years of age).

This type of analysis has been referred to as an ‘accumula-

tion hypothesis’ and requires the assumption that cumula-

tive STH infection between 1 and 5 years of age affects

child development irrespective of the specific timing of in-

fection.27 Future research should also consider ‘critical pe-

riod’ hypotheses, as STH infections may have a

particularly important and irreversible effect on child de-

velopment at a more precise time point during the first

5 years of life.27,28

Figure 1. Study flowchart showing the entire study population from the parent study (N¼ 1760) and the random sample included in this analysis

(n¼ 880).
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Table 2. Baseline characteristics of the entire study population (N¼ 1760) at 12 months of age and of the 880 children randomly

selected for the cohort study, Iquitos, Peru (between September 2011 and July 2016)

Random sample

[Mean or % (SD or n)]

Entire cohort

[Mean or % (SD or n)]

N 880 1760

Child characteristics

Sex (males) [%, n] 51.9 (457) 52.3 (920)

Age (months) [mean, sd] 12.1 (0.28) 12.1 (0.30)

Birthweight (kg) [mean, sd] 3.13 (0.48)a 3.14 (0.47)b

Number of routine healthy growth visits attended between

birth and 1 year of age [mean, sd]

7.6 (3.5) 7.6 (3.5)

Vaccinations up to date at 11 months of age [%, n]c 74.3 (652)d 73.8 (1296)e

Taking iron supplementation [%, n] 35.7 (313)f 33.1 (583)g

Ever received deworming [%, n] 0.0 (0)h 0.0 (0)i

Hospitalized in the past [%, n] 9.6 (84) 9.3 (164)

Walks without support [%, n] 24.6 (216) 24.6 (433)j

Stunted [%, n] 24.0 (211) 24.2 (425)

Underweight [%, n] 7.5 (66) 8.6 (151)

Wasted [%, n] 1.7 (15) 2.3 (40)

Bayley-IIIl Cognition raw score [mean, sd] 42.6 (3.0) 42.5 (3.0)

Bayley-IIIl Receptive language raw score [mean, sd] 13.0 (1.6) 12.9 (1.6)

Bayley-IIIl Expressive language raw score [mean, sd] 13.6 (2.2) 13.5 (2.1)

Bayley-IIIl Fine motor raw score [mean, sd] 29.2 (1.5) 29.2 (1.5)

Maternal characteristics

Maternal age (years) [mean, sd] 27.1 (7.1) 26.5 (7.1)

Married or common-law [%, n] 81.9 (721) 80.9 (1423)

Maternal education

Completed primary education [%, n] 85.7 (754) 85.9 (1511)

Completed secondary education [%, n] 32.5 (286) 31.1 (547)

Mother is employed [%, n] 18.7 (164)j 17.5 (307)d

Household characteristics

Number of persons living in the home [mean, sd] 6.6 (2.7) 6.6 (2.7)

Wood/earth house material [%, n] 75.7 (666) 76.9 (1354)

Cooking method

Gas [%, n] 31.4 (276) 31.5 (555)

Charcoal [%, n] 28.1 (247) 26.6 (468)

Firewood [%, n] 40.1 (353) 41.5 (730)

Other [%, n] 0.5 (4) 0.4 (7)

Electric energy in the home [%, n] 91.0 (801) 90.7 (1596)

Owns a working radio [%, n] 53.2 (468) 51.0 (897)

Owns a working television [%, n] 75.0 (660) 74.2 (1305)

Presence of running water in the home [%, n] 51.3 (451) 51.0 (898)

Type of toilet in the home

Latrine or pit without drainage [%, n] 42.3 (372) 41.6 (732)

Toilet with water and connection to public sewage [%, n] 43.6 (384) 42.9 (755)

Latrine or silo with drainage [%, n] 10.0 (88) 11.5 (203)

Other [%, n]k 4.1 (36) 4.0 (70)

aMissing data for 79 participants.
bMissing data for 166 participants.
cUp-to-date vaccinations includes having received all of the following vaccines: one dose of Bacille Calmette-Guérin (BCG), one dose of hepatitis B, three doses

of polio, three doses of pentavalent, two doses of rotavirus and two doses of pneumococcal.
dMissing data for two participants.
eMissing data for three participants.
fMissing data for four participants (respondent did not know).
gMissing data for five participants (respondent did not know).
hMissing data for 15 participants (respondent did not know).
iMissing data for 20 participants (respondent did not know).
jMissing data for one participant.
kOther includes: Directly in river, Open-air, Septic tank, Other.
lBayley-III: Bayley Scales of Infant and Toddler Development, Third Edition.
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We found low WPPSI-III scores, with over 85% of chil-

dren scoring in the below-average range. These results are

consistent with regional indicators (e.g. poverty, malnutri-

tion and illiteracy rates)29; however, whereas the Spanish

version of the WPPSI-III was validated in a Mexican popu-

lation and used previously in Peru,30 it has not been

previously validated in this specific population and gener-

alizability may be limited.

This initial analysis investigates the effect of cumulative

STH infections over time using STH-prevalence data. It

would be valuable for future research to look at the effect

of cumulative infection with moderate- or heavy-intensity

STH infections (e.g. number of moderate- or heavy-

intensity infections detected over time). Consideration of

infection intensity would be useful because STH-related

morbidity is usually associated with moderate- or heavy-

intensity infections and less associated with light-intensity

infections. This type of analysis, however, will likely suffer

from bias due to measurement error for which adjustment

metrics do not currently exist.

Our results inform the current debate surrounding the

benefits of deworming on child health. A recent Cochrane

Table 3. STH prevalence and intensity at each study time point, in preschool children in Iquitos, Peru, September 2011 to July

2016

1 yeara 2 yearsb 3 yearsb 4 yearsb 5 yearsb

Ascaris

Prevalence [% (n)] 11.0 (97)c 30.7 (269)e 30.6 (269)c 28.3 (236)f 28.2 (224)g

Intensity (epgh) [mean (sd)] 329.9 (1416.6)d 2304.2 (11 987.5)e 2009.9 (8566.4)c 3468.4 (12 923.5)f 6157.3 (23 596.1)g

Prevalence of moderate/heavy-intensity

infection [% (n)]

2.0 (9)d 9.6 (84)e 8.1 (71)c 13.3 (111)f 16.6 (132)g

Trichuris

Prevalence [% (n)] 2.5 (22)c 21.8 (191)e 26.5 (233)c 34.4 (286)f 38.6 (307)g

Intensity (epgh) [mean (sd)] 26.5 (261.3)d 46.7 (225.5)e 66.4 (265.2)c 171.5 (1214.6)f 340.3 (1293.1)g

Prevalence of moderate/heavy-intensity

infection [% (n)]

0.7 (3)d 0.7 (6)e 1.3 (11)c 2.8 (23)f 7.8 (62)g

Hookworm

Prevalence [% (n)] 0.34 (3)c 1.37 (12)e 1.7 (15)c 2.8 (23)f 4.7 (37)g

Intensity (epgh) [mean (sd)] 1.7 (26.8)d 1.4 (17.6)e 1.25 (13.3)c 7.9 (72.3)f 9.8 (66.9)g

Prevalence of moderate/heavy-intensity

infection [% (n)]

0 (0)d 0 (0)e 0 (0)c 0 (0)f 0 (0)g

Any STH

Prevalence [% (n)] 12.4 (109)c 41.1 (360)e 42.7 (376)c 48.1 (401)f 50.8 (404)g

aAt the 1 year of age visit, 449 (51%) stool specimens were analysed using the Kato-Katz technique and 431 (49%) stool specimens were analysed using the di-

rect smear technique.
bAt the 2–5 years of age visits, all available stool specimens were analysed using the Kato-Katz technique.
cData available for all 880 participants.
dData available for 449 participants (who had their stool specimen analysed with the Kato-Katz technique).
eData available for 876 participants.
fData available for 833 participants.
gData available for 795 participants.
hEggs per gram of stool.

Table 4. Frequency of detected STH infections between 1 and 5 years of age for the 784 participants with complete STH data in-

cluded in this analysis, Iquitos, Peru, September 2011 to July 2016

Ascaris Trichuris Hookworm Any STH

No detected infections [% (n)] 31.4 (246) 40.6 (318) 91.5 (717) 19.9 (156)

One detected infection [% (n)] 31.1 (244) 22.5 (176) 6.9 (54) 21.7 (170)

Two detected infections [% (n)] 20.0 (157) 16.6 (130) 1.0 (8) 21.9 (172)

Three detected infections [% (n)] 12.2 (96) 12.4 (97) 0.6 (5) 18.8 (147)

Four detected infections [% (n)] 4.2 (33) 7.3 (57) 0.0 (0) 13.7 (107)

Five detected infections [% (n)] 1.0 (8) 0.8 (6) 0.0 (0) 4.1 (32)
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Table 5. Univariable and multivariable linear-regression results for the effect of cumulative Ascaris infection, cumulative

Trichuris infection, cumulative hookworm infection and cumulative any STH infection on total IQ score, in preschool children in

Iquitos, Peru, September 2011 to July 2016

Univariablea Multivariable with multiple imputationb

b (95% CI) b (95% CI)

# times found infected with Ascaris:

0 REF REF

1 –3.56 (–5.44, –1.69) –1.45 (–3.19, 0.30)

2 –5.78 (–7.90, –3.66) –2.50 (–4.50, –0.51)

3 –6.81 (–9.30, –4.32) –3.05 (–5.40. –0.70)

4–5 –6.22 (–9.69, –2.75) –0.89 (–4.13, 2.36)

Mother completed secondary education 7.95 (6.44, 9.47) 4.81 (3.24, 6.38)

Cooking method: gas 6.03 (4.46, 7.60) 2.22 (0.64, 3.80)

Toilet in the home 5.81 (4.34, 7.29) 2.43 (0.92, 3.94)

Stunted at 1 year –4.29 (–6.03, –2.56) –2.48 (–4.09, –0.88)

Bayley-IIIc cognitive score at 1 year 0.55 (0.31, 0.80) 0.28 (0.05, 0.51)

# healthy growth visits from birth to 1 year of age 0.58 (0.37, 0.79) 0.23 (0.04, 0.43)

# years in preschool 4.05 (2.93, 5.17) 2.14 (1.05, 3.23)

# times found infected with Trichuris:

0 REF REF

1 –3.35 (–5.29, –1.41) –1.40 (–3.20, 0.41)

2 –4.88 (–7.04, –2.71) –2.08 (–4.13, –0.03)

3 –7.45 (–9.83, –5.07) –3.19 (–5.48, –0.90)

4–5 –6.15 (–8.98, –3.33) –1.62 (–4.34, 1.10)

Mother completed secondary education 7.95 (6.44, 9.47) 4.79 (3.23, 6.35)

Cooking method: gas 6.03 (4.46, 7.60) 2.27 (0.69, 3.86)

Toilet in the home 5.81 (4.34, 7.29) 2.19 (0.65, 3.73)

Stunted at 1 year –4.29 (–6.03, –2.56) –2.46 (–4.08, –0.85)

Bayley-IIIc cognitive score at 1 year 0.55 (0.31, 0.80) 0.29 (0.06, 0.52)

# healthy growth visits from birth to 1 year of age 0.58 (0.37, 0.79) 0.23 (0.03, 0.43)

# years in preschool 4.05 (2.93, 5.17) 2.06 (0.98, 3.14)

# times found infected with hookworm:

0 REF REF

1–3 –3.49 (–6.20, –0.78) –1.92 (–4.35, 0.51)

Mother completed secondary education 7.95 (6.44, 9.47) 5.03 (3.47, 6.58)

Cooking method: gas 6.03 (4.46, 7.60) 2.34 (0.76, 3.93)

Toilet in the home 5.81 (4.34, 7.29) 2.80 (1.30, 4.30)

Stunted at 1 year –4.29 (–6.03, –2.56) –2.59 (–4.19, –0.98)

Bayley-IIIc cognitive score at 1 year 0.55 (0.31, 0.80) 0.28 (0.05, 0.51)

# healthy growth visits from birth to 1 year of age 0.58 (0.37, 0.79) 0.25 (0.06, 0.45)

# years in preschool 4.05 (2.93, 5.17) 2.09 (1.01, 3.18)

# times found infected with any STH:

0 REF REF

1 –2.26 (–4.54, 0.03) –0.83 (–2.95, 1.28)

2 –5.39 (–7.68, –3.10) –2.48 (–4.62, –0.33)

3 –7.11 (–9.49, –4.73) –3.14 (–5.41, –0.86)

4–5 –7.23 (–9.66, –4.86) –1.85 (–4.24, 0.54)

Mother completed secondary education 7.95 (6.44, 9.47) 4.75 (3.18, 6.32)

Cooking method: gas 6.03 (4.46, 7.60) 2.26 (0.68, 3.85)

Toilet in the home 5.81 (4.34, 7.29) 2.35 (0.82, 3.88)

Stunted at 1 year –4.29 (–6.03, –2.56) –2.45 (–4.06, –0.84)

Bayley-IIIc cognitive score at 1 year 0.55 (0.31, 0.80) 0.28 (0.05, 0.50)

# healthy growth visits from birth to 1 year of age 0.58 (0.37, 0.79) 0.24 (0.04, 0.44)

# years in preschool 4.05 (2.93, 5.17) 2.10 (1.02, 3.18)

aComplete data available for 770 participants.
b781 participants were included in the analyses (complete data were available for 770 participants and number of times found infected with any STH infection

and species-specific infections was imputed for 11 participants with missing data).
cBayley III: Bayley Scales of Infant and Toddler Development Third Edition.
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Table 6. Univariable and multivariable linear-regression results for the effect of cumulative Ascaris infection, cumulative

Trichuris infection, cumulative hookworm infection and cumulative any STH infection on verbal IQ score, in preschool children

in Iquitos, Peru, September 2011 to July 2016

Univariablea Multivariable with multiple imputationb

b (95% CI) b (95% CI)

# times found infected with Ascaris

0 REF REF

1 –5.30 (–7.36, –3.24) –3.20 (–5.15, –1.25)

2 –6.50 (–8.83, –4.17) –3.21 (–5.46, –0.97)

3 –7.17 (–9.91, –4.44) –3.40 (–6.01, –0.78)

4–5 –6.14 (–9.96, –2.33) –0.84 (–4.47, 2.78)

Mother completed secondary education 7.67 (5.98, 9.36) 4.29 (2.53, 6.04)

Cooking method: gas 6.28 (4.55, 8.00) 2.57 (0.80, 4.34)

Toilet in the home 5.78 (4.15, 7.41) 2.26 (0.58, 3.95)

Stunted at 1 year –4.69 (–6.60, –2.79) –2.79 (–4.58, –0.99)

Bayley-IIIc cognitive score at 1 year 0.67 (0.40, 0.94) 0.40 (0.15, 0.65)

# healthy growth visits from birth to 1 year of age 0.57 (0.34, 0.80) 0.24 (0.02, 0.46)

# years in preschool 3.67 (2.43, 4.91) 1.81 (0.59, 3.03)

# times found infected with Trichuris:

0 REF REF

1 –3.08 (–5.23, –0.94) –1.18 (–3.21, 0.84)

2 –4.69 (–7.09, –2.30) –1.99 (–4.30, 0.32)

3 –7.44 (–10.07, –4.81) –3.35 (–5.94, –0.75)

4–5 –6.69 (–9.81, –3.57) –2.19 (–5.24, 0.87)

Mother completed secondary education 7.67 (5.98, 9.36) 4.40 (2.64, 6.15)

Cooking method: gas 6.28 (4.55, 8.00) 2.61 (0.83, 4.39)

Toilet in the home 5.78 (4.15, 7.41) 2.06 (0.32, 3.79)

Stunted at 1 year –4.69 (–6.60, –2.79) –2.76 (–4.58, –0.94)

Bayley-IIIc cognitive score at 1 year 0.67 (0.40, 0.94) 0.41 (0.16, 0.67)

# healthy growth visits from birth to 1 year of age 0.57 (0.34, 0.80) 0.24 (0.01, 0.46)

# years in preschool 3.67 (2.43, 4.91) 1.65 (0.44, 2.87)

# times found infected with hookworm:

0 REF REF

1–3 –3.18 (–6.16, –0.20) –1.37 (–4.11, 1.37)

Mother completed secondary education 7.67 (5.98, 9.36) 4.64 (2.89, 6.39)

Cooking method: gas 6.28 (4.55, 8.00) 2.75 (0.97, 4.53)

Toilet in the home 5.78 (4.15, 7.41) 2.69 (1.01, 4.38)

Stunted at 1 year –4.69 (–6.60, –2.79) –2.92 (–4.73, –1.12)

Bayley-IIIc cognitive score at 1 year 0.67 (0.40, 0.94) 0.40 (0.15, 0.66)

# healthy growth visits from birth to 1 year of age 0.57 (0.34, 0.80) 0.26 (0.04, 0.48)

# years in preschool 3.67 (2.43, 4.91) 1.72 (0.50, 2.94)

# times found infected with any STH:

0 REF REF

1 –2.96 (–5.48, –0.45) –1.64 (–4.00, 0.72)

2 –6.13 (–8.65, –3.61) –3.31 (–5.71, –0.90)

3 –7.99 (–10.61, –5.38) –4.22 (–6.77, –1.68)

4–5 –7.81 (–10.45, –5.16) –2.57 (–5.24, 0.10)

Mother completed secondary education 7.67 (5.98, 9.36) 4.26 (2.50, 6.01)

Cooking method: gas 6.28 (4.55, 8.00) 2.59 (0.82, 4.37)

Toilet in the home 5.78 (4.15, 7.41) 2.17 (0.46, 3.89)

Stunted at 1 year –4.69 (–6.60, –2.79) –2.72 (–4.52, –0.92)

Bayley-IIIc cognitive score at 1 year 0.67 (0.40, 0.94) 0.40 (0.14, 0.65)

# healthy growth visits from birth to 1 year of age 0.57 (0.34, 0.80) 0.24 (0.02, 0.46)

# years in preschool 3.67 (2.43, 4.91) 1.65 (0.44, 2.86)

aComplete data available for 770 participants.
b781 participants were included in the analyses (complete data were available for 770 participants and number of times found infected with any STH infection

and species-specific infections was imputed for 11 participants with missing data).
cBayley III: Bayley Scales of Infant and Toddler Development Third Edition.
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Table 7. Univariable and multivariable linear-regression results for the effect of cumulative Ascaris infection, cumulative

Trichuris infection, cumulative hookworm infection and cumulative any STH infection on performance IQ score, in preschool

children in Iquitos, Peru, September 2011 to July 2016

Univariablea Multivariable with multiple imputationb

b (95% CI) b (95% CI)

# times found infected with Ascaris:

0 REF REF

1 –2.35 (–4.43, –0.27) –0.18 (–2.17, 1.80)

2 –5.56 (–7.91, –3.20) –2.29 (–4.58, –0.003)

3 –6.09 (–8.86, –3.33) –2.53 (–5.21, 0.14)

4–5 –6.08 (–9.93, –2.23) –1.18 (–4.98, 2.61)

Mother completed secondary education 8.10 (6.41, 9.79) 5.27 (3.49, 7.06)

Cooking method: gas 5.72 (3.97, 7.46) 1.93 (0.13, 3.73)

Toilet in the home 5.93 (4.29, 7.56) 2.74 (1.02, 4.45)

Stunted at 1 year –3.36 (–5.29, –1.43) –1.66 (–3.49, 0.17)

Bayley-IIIc cognitive score at 1 year 0.43 (0.16, 0.71) 0.16 (–0.09, 0.42)

# healthy growth visits from birth to 1 year of age 0.59 (0.36, 0.82) 0.26 (0.03, 0.48)

# years in preschool 3.80 (2.55, 5.05) 1.82 (0.58, 3.06)

# times found infected with Trichuris:

0 REF REF

1 –3.93 (–6.09, –1.78) –1.92 (–3.98, 0.14)

2 –5.12 (–7.52, –2.71) –2.46 (–4.80, –0.12)

3 –6.89 (–9.52, –4.25) –2.78 (–5.38, –0.17)

4–5 –5.30 (–8.43, –2.17) –0.77 (–3.89, 2.35)

Mother completed secondary education 8.10 (6.41, 9.79) 5.19 (3.41, 6.97)

Cooking method: gas 5.72 (3.97, 7.46) 2.03 (0.23, 3.84)

Toilet in the home 5.93 (4.29, 7.56) 2.51 (0.76, 4.26)

Stunted at 1 year –3.36 (–5.29, –1.43) –1.64 (–3.48, 0.20)

Bayley-IIIc cognitive score at 1 year 0.43 (0.16, 0.71) 0.17 (–0.08, 0.43)

# healthy growth visits from birth to 1 year of age 0.59 (0.36, 0.82) 0.26 (0.04, 0.49)

# years in preschool 3.80 (2.55, 5.05) 1.78 (0.55, 3.01)

# times found infected with hookworm:

0 REF REF

1–3 –3.35 (–6.33, –0.37) –2.27 (–5.05, 0.50)

Mother completed secondary education 8.10 (6.41, 9.79) 5.42 (3.65, 7.19)

Cooking method: gas 5.72 (3.97, 7.46) 2.03 (0.23, 3.82)

Toilet in the home 5.93 (4.29, 7.56) 3.07 (1.36, 4.77)

Stunted at 1 year –3.36 (–5.29, –1.43) –1.72 (–3.55, 0.11)

Bayley-IIIc cognitive score at 1 year 0.43 (0.16, 0.71) 0.17 (–0.09, 0.43)

# healthy growth visits from birth to 1 year of age 0.59 (0.36, 0.82) 0.28 (0.05, 0.50)

# years in preschool 3.80 (2.55, 5.05) 1.80 (0.57, 3.04)

# times found infected with any STH:

0 REF REF

1 –2.01 (–4.55, 0.53) –0.58 (–3.00, 1.84)

2 –5.48 (–8.02, –2.93) –2.71 (–5.17, –0.25)

3 –6.26 (–8.90, –3.62) –2.37 (–4.97, 0.24)

4–5 –6.63 (–9.30, –3.96) –1.28 (–4.01, 1.45)

Mother completed secondary education 8.10 (6.41, 9.79) 5.20 (3.41, 6.99)

Cooking method: gas 5.72 (3.97, 7.46) 2.01 (0.21, 3.82)

Toilet in the home 5.93 (4.29, 7.56) 2.68 (0.93, 4.42)

Stunted at 1 year –3.36 (–5.29, –1.43) –1.62 (–3.45, 0.22)

Bayley-IIIc cognitive score at 1 year 0.43 (0.16, 0.71) 0.16 (–0.10, 0.42)

# healthy growth visits from birth to 1 year of age 0.59 (0.36, 0.82) 0.27 (0.05, 0.50)

# years in preschool 3.80 (2.55, 5.05) 1.88 (0.65, 3.11)

aComplete data available for 770 participants.
b781 participants were included in the analyses (complete data were available for 770 participants and number of times found infected with any STH infection

and species-specific infections was imputed for 11 participants with missing data).
cBayley III: Bayley Scales of Infant and Toddler Development Third Edition.
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Table 8. Results from Bayesian Latent Class models adjusting for misclassification due to imperfect sensitivity and specificity of

the Kato-Katz and direct smear techniques for identifying STH infection, in preschool children (n¼ 781) in Iquitos, Peru,

September 2011 to July 2016a

Perfect sensitivity/

specificity b (95% CrI)

Mean priors for sensitivity/

specificity b (95% CrI)

Optimistic priors for sensitivity/

specificity b (95% CrI)

Pessimistic priors for sensitivity/

specificity b (95% CrI)

1) Outcome: Total IQ Score

# times found infected with Ascaris:

0–1 REF REF REF REF

2 –1.83 (–3.58, –0.07) –5.50 (–9.92, –1.32) –3.68 (–6.57, –0.74) –7.05 (–11.59, –1.84)

3 –2.26 (–4.38, –0.14) –5.33 (–9.43, –1.75) –3.46 (–6.36, –0.51) –7.01 (–11.11, –3.10)

4–5 –0.07 (–3.13, 3.00) –3.75 (–8.33, 0.39) –1.35 (–4.95, 2.32) –5.83 (–10.14, –1.64)

# times found infected with Trichuris:

0 REF REF REF REF

1 –1.36 (–3.14, 0.43) –3.02 (–6.40, 0.36) –2.39 (–5.02, 0.26) –3.66 (–7.49, 0.52)

2 –2.10 (–4.11, –0.07) –2.80 (–5.83, 0.16) –2.26 (–4.87, 0.31) –3.48 (–6.80, –0.17)

3 –3.18 (–5.44, –0.88) –4.27 (–7.44, –1.08) –3.96 (–6.81, –1.14) –4.63 (–8.16, –1.09)

4–5 –1.60 (–4.28, 1.09) –2.58 (–6.55, 1.31) –1.70 (–5.48, 1.97) –3.47 (–7.58, 0.57)

# times found infected with hookworm:

0 REF REF REF REF

1–3 –1.80 (–4.20, 0.60) –3.70 (–7.28, –0.20) –3.63 (–7.19, –0.12) –3.76 (–7.27, –0.24)

# times found infected with any STH:

0–1 REF REF REF REF

2 –2.04 (–3.84, –0.24) –4.04 (–10.74, 10.80) –3.60 (–7.11, 0.05) –0.41 (–12.90, 13.52)

3 –2.71 (–4.64, –0.78) –6.19 (–10.60, –1.60) –4.52 (–7.34, –1.72) –6.24 (–12.65, –0.18)

4–5 –1.30 (–3.34, 0.73) –4.63 (–9.61, 1.54) –2.83 (–5.57, –0.06) –4.32 (–11.83, 3.18)

2) Outcome: Verbal IQ Score

# times found infected with Ascaris:

0–1 REF REF REF REF

2 –1.55 (–3.52, 0.43) –8.27 (–13.85, –3.10) –4.27 (–7.47, –1.10) �10.01 (–14.67, –4.92)

3 –1.63 (–4.02, 0.76) –6.69 (–12.05, –2.05) –3.03 (–6.24, 0.18) –8.29 (–12.92, –3.92)

4–5 0.87 (–2.57, 4.31) –5.06 (–10.75, 0.05) –0.89 (–4.88, 3.10) –6.99 (–11.63, –2.47)

# times found infected with Trichuris:

0 REF REF REF REF

1 –1.13 (–3.13, 0.88) –2.67 (–6.91, 1.32) –2.00 (–5.03, 0.97) –3.57 (–8.44, 1.55)

2 –1.86 (–4.12, 0.42) –2.09 (–5.48, 1.23) –1.78 (–4.68, 1.12) –2.55 (–6.32, 1.17)

3 –3.19 (–5.74, –0.66) –3.95 (–7.59, –0.36) –3.63 (–6.82, –0.45) –4.36 (–8.39, –0.27)

4–5 –1.96 (–4.96, 1.05) –3.27 (–7.75, 1.01) –2.54 (–6.69, 1.48) –4.14 (–8.80, 0.42)

# times found infected with hookworm:

0 REF REF REF REF

1–3 –1.53 (–4.23, 1.18) –3.43 (–7.55, 0.69) –3.36 (–7.42, 0.71) –3.59 (–7.76, 0.55)

# times found infected with any STH:

0–1 REF REF REF REF

2 –2.32 (–4.32, –0.31) –9.42 (–15.46, –3.04) –4.79 (–8.73, –0.75) �11.84 (–17.18, –5.40)

3 –3.21 (–5.37, –1.06) –8.58 (–13.75, –3.90) –5.01 (–8.20, –1.88) �10.63 (–15.68, –5.75)

4–5 –1.40 (–3.68, 0.90) –7.59 (–12.81, –2.75) –3.38 (–6.50, –0.31) –9.96 (–14.55, –5.29)

3) Outcome: Performance IQ Score

# times found infected with Ascaris:

0–1 REF REF REF REF

2 –2.36 (–4.36, –0.35) –0.95 (–9.79, 16.11) –3.84 (–7.26, –0.31) 3.03 (–11.67, 16.37)

3 –2.49 (–4.90, –0.07) –4.86 (–9.42, –0.42) –3.84 (–7.18, –0.43) –5.17 (–11.07, –0.16)

4–5 –0.80 (–4.29, 2.69) –2.37 (–7.94, 3.97) –1.61 (–5.74, 2.64) –2.07 (–9.77, 4.71)

# times found infected with Trichuris:

0 REF REF REF REF

1 –1.89 (–3.92, 0.15) –4.03 (–8.05, –0.06) –3.33 (–6.46, –0.28) –4.53 (–9.08, 0.51)

2 –2.41 (–4.71, –0.08) –3.85 (–7.57, –0.31) –2.87 (–5.95, 0.16) –4.77 (–8.75, –0.85)

(Continued)
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Review investigating the effect of deworming on cognitive

development in children concluded that deworming was

unlikely to have an effect on cognitive development.31

Several researchers and public health experts have chal-

lenged this review32 and one of the specific criticisms is

that many of the reviewed trials only provided a single

dose of deworming. Considering the high probability of

rapid re-infection following treatment, single-dose

deworming is likely insufficient to produce an important

effect on a potentially chronic condition.32 Whereas our

results do not directly address the effect of deworming,

they do show that a single infection at one time point is un-

likely to have an important long-term effect on child devel-

opment and that recurrent infections over time may have

important effects. Therefore, to obtain an accurate under-

standing of the true burden of STH infection, future re-

search must focus on the health effects of long-term

infection and of repeated doses of deworming provided

over several years.

This study is unique. A large cohort of children

recruited at 1 year of age was followed to 5 years, with an-

nual measurements of STH infection and child develop-

ment. This allowed us to look at cumulative STH

infections over time—a unique and possibly more relevant

exposure that has not previously been studied.

Additionally, to our knowledge, no previous study investi-

gating the effect of STH infection on child development

has adjusted for misclassification of STH infection. Since

no gold-standard diagnostic technique exists, all research

conducted on STH infections suffers from such misclassifi-

cation bias. Ignoring this can lead to unpredictable bias in

reported results.

Our results also show that the magnitude of the misclas-

sification of STH infection can have an important effect on

the adjusted results. There is little agreement regarding the

sensitivity values of the Kato-Katz and other STH

diagnostic techniques in the literature, with different publi-

cations reporting different sensitivity values.3,4 Our results

highlight that it is important that additional research be

conducted to determine the true sensitivity of the Kato-

Katz and other STH diagnostic techniques.

This study has limitations. First, the exposure—

cumulative STH infection over time—is a simple proxy

measure. Ideally, stool specimens would be collected daily

and the total amount of time that each child was

STH-infected would be calculated. This is obviously infea-

sible. We believe, however, that the number of times

detected as infected annually is a reasonable estimate of

the relative burden of STH infection between 1 and 5 years

of age. Second, this is an observational study and, there-

fore, residual confounding may explain some of the ob-

served associations. Such confounding, however, would

need to be strong to explain the magnitude of the observed

associations. Finally, although the Bayley-III and

WPPSI-III are among the best available scales to measure

child development in preschool children, neither scale is

perfect.24,33 The Bayley-III, for example, has been criti-

cized for overestimating development34 and the WPPSI-III

has been criticized for lacking a measure of short-term

memory.24

The results of our study suggest that STH infection in

preschool children contributes to impaired child develop-

ment. Therefore, prevention of STH infection during this

period of life, when the brain is rapidly developing, should

be made a priority. WHO has set a goal of 75% national

coverage of STH control programmes in all endemic coun-

tries by the year 2020.35 In 2016, however, the global cov-

erage rate in preschool children was only 50.8%.1

Increased global efforts are still urgently needed to ade-

quately address STH infection as a public health problem,

especially in preschool children living in STH-endemic

countries.

Table 8. Continued

Perfect sensitivity/

specificity b (95% CrI)

Mean priors for sensitivity/

specificity b (95% CrI)

Optimistic priors for sensitivity/

specificity b (95% CrI)

Pessimistic priors for sensitivity/

specificity b (95% CrI)

3 –2.64 (–5.21, –0.06) –4.34 (–8.18, –0.62) –3.87 (–7.23, –0.57) –4.76 (–8.88, –0.61)

4–5 –0.94 (–3.98, 2.09) –1.69 (–6.21, 2.74) –0.58 (–4.81, 3.66) –2.55 (–7.19, 2.04)

# times found infected with hookworm:

0 REF REF REF REF

1–3 –1.77 (–4.49, 0.97) –3.36 (–7.37, 0.69) –3.31 (–7.35, 0.69) –3.41 (–7.40, 0.59)

# times found infected with any STH:

0–1 REF REF REF REF

2 –2.33 (–4.38, –0.28) 2.68 (–9.13, 14.95) –3.46 (–7.65, 1.07) 10.61 (–4.16, 16.22)

3 –2.06 (–4.27, 0.14) –5.16 (–9.67, –0.90) –4.52 (–7.80, –1.26) –4.31 (–8.82, –0.25)

4–5 –1.00 (–3.32, 1.33) –1.70 (–7.42, 3.76) –2.23 (–5.41, 0.89) 0.25 (–5.59, 4.48)

aAll effect estimates are adjusted for: maternal education, use of gas for cooking, ownership of a toilet connected to public sewage, stunting at 1 year of age,

baseline cognitive raw score, number of routine growth and development visits attended from birth to 1 year of age and number of years in preschool.
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Conclusion

These results provide important empirical evidence regard-

ing the effect of STH infection on child development. We

have shown that, in preschool children, an association

exists between cumulative STH infections up to 5 years of

age and lower development scores, especially for Ascaris

infection. The results also highlight the importance of

adjusting for STH misclassification. Additional research on

diagnostic technique parameters would enable researchers

to obtain more precise and conclusive results from analyses

adjusted for STH misclassification. The results, however,

do suggest that prioritizing preschool children for STH

interventions including deworming could lead to life-long

improvements in cognition and may ultimately contribute

to improving productivity in adulthood and reducing pov-

erty levels in STH-endemic countries.
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Supplementary data are available at IJE online.
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