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in Preschool-Aged Children in the Amhara Region of Ethiopia
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Solomon Aragie,2 Kelly Callahan,2 and Jeremy D. Keenan1
1Proctor Foundation, University of California San Francisco, San Francisco, California; 2The Carter Center, Atlanta, Georgia;
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Abstract. Intestinal parasites are important contributors to global morbidity and mortality and are the second
most common cause of outpatient morbidity in Ethiopia. This cross-sectional survey describes the prevalence of
soil-transmitted helminths and intestinal protozoa in preschool children 0–5 years of age in seven communities in
the Amhara region of Ethiopia, and investigates associations between infection, household water and sanitation
characteristics, and child growth. Stool samples were collected from children 0–5 years of age, 1 g of sample was
preserved in sodium acetate–acetic acid–formalin, and examined for intestinal helminth eggs and protozoa cysts
ether-concentration method. A total of 212 samples were collected from 255 randomly selected children. The preva-
lence of Ascaris lumbricoides, Trichuris trichiura, and hookworm were 10.8% (95% confidence interval [CI] 6.6–15.1),
1.4% (95% CI = 0–3.0), and 0% (95% CI = 0–1.7), respectively. The prevalence of the pathogenic intestinal protozoa
Giardia lamblia and Entamoeba histolytica/dispar were 10.4% (95% CI = 6.2–14.6) and 3.3% (95% CI = 0.09–5.7),
respectively. Children with A. lumbricoides infections had lower height-for-age z-scores compared with those with-
out, but were not more likely to have stunting. Compared with those without G. lamblia, children with G. lamblia
infections had lower weight-for-age and weight-for-height z-scores and were more than five times as likely to meet
the z-score definition for wasting (prevalence ratio = 5.42, 95% CI = 2.97–9.89). This article adds to a growing body
of research on child growth and intestinal parasitic infections and has implications for their treatment and prevention
in preschool-aged children.

INTRODUCTION

Intestinal parasites (helminths and protozoa) are signifi-
cant contributors to global morbidity and mortality. The
soil-transmitted helminths (STHs) Ascaris lumbricoides (round-
worm), Trichuris trichiura (whipworm), Necator americanus,
and Ancylostoma duodenale (hookworm) infect more than
1.5 billion people—nearly a quarter of the world popula-
tion.1 Intestinal protozoa of public health importance are
Entamoeba histolytica and Giardia lamblia. Amebiasis, the dis-
ease caused by E. histolytica, causes 40,000–110,000 deaths
annually.2 In tropical regions, up to 45% of children are
infected with G. lamblia.2 Entamoeba coli and Endolimax
nana are not known to be pathogenic but can be markers of
environmental fecal contamination. The majority of the mor-
bidity burden from intestinal protozoa and STHs lies in the
tropics, largely in Africa.
In Ethiopia, intestinal parasite infections are the second

most frequent cause of outpatient morbidity.3 The preva-
lence of intestinal parasites varies across climate zones of
the country, with a higher prevalence seen in the humid
central highlands.4 Previous studies have found Ascaris to be
the most prevalent parasitic infection in Ethiopia, followed by
T. trichiura and hookworm.5

Previous research on STHs and intestinal protozoa in
Ethiopia has largely focused on school-aged children and
used school-based surveys.3,4,6,7 The objective of this study
was to use population-based monitoring of preschool chil-
dren (0–5 years of age) in rural Ethiopia to determine the
prevalence of STH and intestinal protozoan infections and

to investigate associations between infection, household
water and sanitation characteristics, and child growth. Given
that the first 5 years have been acknowledged as the critical
period for determining lifelong growth faltering,8 this is a
potentially illuminating age group to study links between
STH and intestinal protozoan infections with growth. In
addition, data on STH and intestinal protozoan infections
among preschool-aged children may support amending cur-
rent treatment and prevention guidelines.

METHODS

Study design. This is a cross-sectional analysis of the
baseline visit of a cluster-randomized trial. Fourteen com-
munities in rural Ethiopia were selected for the trial, with
half randomized to a water point intervention and the other
half were randomized to no intervention. The present study
took place in the seven intervention communities only, before
water point construction began. During a single study visit in
April 2014 (in the dry season), we collected stool samples
and anthropometry measurements from children 0–5 years
years of age. One month later, we conducted a door-to-
door household survey of all households in each of the
seven communities.
Study population and selection. This study took place

in a rural agrarian region in the Goncha Siso Enese Dis-
trict (woreda) of Amhara, Ethiopia, during the dry season.
“Woredas” in Ethiopia are divided into administrative units
known as “kebeles,” and at the time of the study, “kebeles”
were subdivided into government-defined units known as
state teams. State teams, which consisted of approximately
275 people in our study area, are termed communities for
this report.
Communities in the present study had been participating

in a series of cluster-randomized trials testing different mass
drug administration strategies for trachoma elimination since
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2006 (clinicaltrials.gov no. NCT00322972). As part of these
trials, 72 communities had received some form of mass
azithromycin distribution for trachoma at least annually from
2010 to 2013. Methods for these trials are described in
detail elsewhere.9–11 From these 72 communities, we ran-
domly selected 14 that were relatively accessible (<1-hour
walk from the farthest place a four-wheel drive vehicle
could reach) and had poor access to water (≤ 1 community
water points). A door-to-door population census was taken
in all communities before the study visit. All households in
these seven communities subsequently were eligible to par-
ticipate in a household survey. The 14 communities were
subsequently randomized into two groups, and baseline
monitoring was performed in only the seven intervention
communities. From these seven communities, all house-
holds and children 0–5 years of age (i.e., up to but not
including the sixth birthday) enumerated on the previous
census were eligible to participate in the study.
Parasitological outcomes. Stool collection and ques-

tions were performed in the field by trained laboratory tech-
nicians according to a standardized protocol. Caregivers
were asked if their child had experienced diarrhea in the
past 7 days using the standard World Health Organization
(WHO) definition of three or more loose or watery stools in
a 24-hour period. Each caregiver was instructed to have
their child defecate on a plastic sheet, transfer the sample
to a collection cup, and return the cup to the stool collec-
tion station. Children that could not produce a stool within
2 hours were given supplies to collect the stool at home.
Caregivers were instructed to collect stool the following
morning, after which a study team member would come to
their house to pick up the specimen. At the time the stool
was collected in the field, 1 g of stool was transferred into
10 mL of sodium acetate–acetic acid–formalin, shaken vig-
orously, and kept out of the sun. All specimens were
processed at the Bahir Dar Regional Laboratory (Bahir Dar,
Ethiopia) using the diethyl ether-concentration method.12

Briefly, the preserved specimen was gently shaken, then fil-
tered and centrifuged for 1 minute at 2,000 revolutions per
minute (rpm). The supernatant was decanted and the pre-
cipitate was mixed with 7 mL of 0.85% NaCl and 3 mL of
diethyl ether. The whole sample was centrifuged again for
5 minutes at 2,000 rpm,12 the supernatant was decanted,
and the sediment examined with a microscope at 10× and
40× magnification for helminth eggs and intestinal proto-
zoan cysts. For helminths, the number of eggs identified
were counted and recorded, with a possible range of 1 up
to > 100 eggs. Without counting all the eggs identified in the
specimens, it was not possible to classify the egg density as
moderate or high using the standardized eggs per gram of
stool thresholds frequently used when using the Kato-Katz
thick smear method.13 For protozoans, the number of cysts
were counted and reported as none (no cysts per slide), rare
(1–5 cysts per slide), frequent (one cyst per field), and very
frequent (greater than one cyst per field).12 Entamoeba cysts
were reported as either E. histolytica or Entamoeba dispar,
since the two are morphologically identical and cannot be
differentiated microscopically.14 As quality control, an inde-
pendent expert laboratory technician confirmed all positive
slides, as well as every 10th negative specimen.
Anthropometry outcomes. We performed height and

weight measurements according to standard WHO proto-

cols and as described in a previous report.15–17 Children
were barefoot and wore only light clothing for the measure-
ments. To measure height, we used a portable stadiometer
(Shorr Productions, LLC, Olney, MD); if a child could not
stand, the stadiometer was placed on the ground, and the
length was measured with the same positioning. Height
or length was measured to the nearest 0.1 mm three times
for each child, with the child repositioned in between each
measurement. To measure weight, we used a Seca 874 scale
(Seca GmbH and Co. KG, Hamburg, Germany), with taring
function for children who could not stand independently
on the scale. Three separate weight measurements to the
nearest 0.01 kg were assessed for each child. Anthropo-
metrics were standardized during a 2-day training session
and had good intra- and interrater reliability, as has been
reported previously.17

We calculated age- and sex-adjusted nutritional z-scores
(height-for-age z-score [HAZ], weight-for-age z-score [WAZ],
and weight-for-height z-score [WHZ]) according to the 2006
WHO growth standards using a WHO macro for Stata.18

We used the median value of the three height measure-
ments and three weight measurements to calculate the
z-scores, and accounted for whether the height measure-
ment represented a standing height or lying length. z-scores
less than −5 or greater than 5 were coded as missing
because these extreme values were likely due to mea-
surement or data entry errors. Stunting was defined as a
HAZ < −2, underweight as a WAZ < −2, and wasting as a
WHZ < −2 as per WHO definitions.
Household exposure assessment. Locally trained staff

conducted a door-to-door household survey in each of the
seven communities in Amharic, the local language. Heads
of households or spouses were asked a series of standard-
ized questions about water, sanitation, hygiene practices,
and economic status. We selected the following risk fac-
tors for childhood parasitic infection a priori: self-reported
household income, self-reported time to water source, self-
reported quality of water source, direct observation of

FIGURE 1. Flow diagram of survey sample.
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household sanitation, direct observation of a household
wash station (e.g., Tippy Tap), and direct observation of
soap availability for handwashing at the household. The
time from the household to the water source was assessed
as a round-trip, according to the following categories: water
in the compound, < 30 minutes, 30 minutes to 1 hour, and
> 1 hour. Water source quality was categorized as protected
(covered hand-dug wells and/or springs surrounded by a
fence) versus unprotected (hand-dug wells or springs that
were not covered and/or not surrounded by a fence, or sur-
face water). Household income was collected in Ethiopian
birr and subsequently converted into the equivalent U.S.
dollar value using the exchange rate at the time of the sur-
vey. The household survey information was linked to each
child using a unique identification number.
Statistical methods. We used population means, stan-

dard deviations (SDs), and proportions with 95% confi-
dence intervals (CIs) to describe the study population and
the prevalence of intestinal parasites. We conducted two
main types of analysis: first, we defined Ascaris and Giar-
dia infections as outcomes and assessed whether several
prespecified exposure variables from the household sur-
vey were associated with these intestinal infections, and
second, we defined the anthropometric indices as both
continuous and dichotomous outcomes and assessed
whether Ascaris or Giardia infections were associated
with smaller anthropometric measurements. The other path-
ogenic protozoa were not used in this analysis due to an
insufficient number of cases. We used multivariate mixed-
effects logistic regression models with random effects for
community to investigate associations between 1) house-
hold characteristics and 2) wasting, stunting, and under-
weight with Ascaris and Giardia infections. We used marginal
risks from our logistic regression models to calculate preva-
lence ratios.19 We used linear mixed-effects models with
random effects for community to investigate associations
between Ascaris and Giardia infections and HAZ, WAZ, and
WHZ. The models were adjusted for household income. The
analyses in this report were designated a priori as hypothe-
sis generating, and therefore we used a significance level
of 0.05 for all analyses. The sample size was based on the
ocular Chlamydia outcome of the underlying clinical trial.
The seven communities provided 80% power to detect a

14% difference in STHs between comparison groups,
assuming enrollment of approximately 30 children from each
community, an intraclass correlation coefficient for helminthic
infections of 0.028,20 an STH prevalence of 24%,7 and a
two-sided alpha of 0.05. All analyses were run in Stata 14
(StataCorp, College Station, TX).
Ethics statement. Ethical committees at the University

of California San Francisco, Emory University, the Amhara
Regional Health Bureau, the Food, Medicine and Health
Care Administration and Control Authority of Ethiopia, and
the Ethiopian Ministry of Science and Technology granted
approval for this study. We obtained verbal informed con-
sent in Amharic from all caregivers and household partici-
pants. All data were deidentified prior to analysis.

RESULTS

Participation and final study sample. Of the 255 chil-
dren 0 to 5 years of age from the preceding census, 214 chil-
dren participated in the study, 212 children provided stool
samples for parasitological analysis, and 203 children had

TABLE 1
Prevalence of intestinal parasites among children 0–5 years of age in rural Amhara, Ethiopia

Age

< 1 year 1 year 2 year 3 year 4 year 5 year Total

No. children 19 31 24 41 42 55 212
Helminths
Any helminth 0 (0.0%) 2 (6.5%) 7 (29.2%) 2 (4.9%) 7 (16.7%) 7 (12.7%) 25 (11.8%)
Ascaris lumbricoides 0 (0.0%) 2 (6.5%) 6 (25%) 2 (4.9%) 6 (14.3%) 7 (12.7%) 23 (10.8%)
Trichuris trichiura 0 (0.0%) 0 (0.0%) 1 (4.2%) 0 (0%) 1 (2.4%) 1 (1.8%) 3 (1.4%)
Hookworm 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Protozoans
Any protozoa 2 (10.5%) 12 (38.7%) 12 (50.0%) 21 (52.5%) 30 (71.4%) 51 (92.7%) 113 (53.6%)
Giardia lamblia 0 (0.0%) 4 (12.9%) 2 (8.3%) 5 (12.2%) 7 (16.7%) 4 (7.3%) 22 (10.4%)
Entamoeba histolytica/dispar 0 (0.0%) 1 (3.2%) 0 (0.0%) 2 (4.9%) 3 (7.1%) 1 (1.8%) 7 (3.3%)
Entamoeba coli 2 (10.5%) 2 (6.5%) 9 (37.5%) 12 (29.3%) 22 (52.4%) 29 (52.7%) 76 (35.8%)
Blastocystis hominis 1 (5.3%) 7 (22.6%) 5 (20.8%) 8 (19.5%) 4 (9.5%) 4 (7.3%) 29 (13.7%)
Iodamoeba butschlii 0 (0.0%) 1 (3.2%) 1 (4.2%) 4 (9.8%) 2 (4.8%) 9 (16.4%) 17 (8%)
Endolimax nana 0 (0.0%) 3 (9.7%) 2 (8.3%) 9 (22%) 15 (35.7%) 22 (40%) 51 (24.1%)
Entamoeba hartmanni 0 (0.0%) 0 (0%) 0 (0%) 1 (2.4%) 1 (2.4%) 1 (1.8%) 3 (1.4%)

TABLE 2
Household survey results among households with children 0–5 years
of age, rural Amhara, Ethiopia

N %

Total households 177
Household income
More than 1 USD/day 67 37.9
Less than 1 USD/day 106 59.9

Main water source
Protected 129 72.9
Unprotected 45 25.4

Time to collect water
< 30-minute walk 149 84.2
> 30-minute walk 25 14.1

Tippy Tap (observation)
Yes 38 21.5
No 136 76.8

Soap in household (observation)
Yes 123 69.5
No 50 28.2

Latrine use (observation)
Covered latrine 48 27.1
Uncovered latrine 76 42.9
No latrine/open defecation (85) 49 27.7
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anthropometry measurements taken. A total of 201 children
had complete anthropometry and parasitological data. In
all, 177 households had children under 5 years of age and
209 children in 176 households had complete parasitologi-
cal and household data. See Figure 1 for flow diagram.
Helminth and intestinal protozoan infection. The para-

sitological results of the 212 children who provided stool
samples are shown in Table 1. At least one type of helminth
was identified in the stool of 25 children (prevalence =
11.8%, 95% CI = 7.4–16.2). Most of these infections were
A. lumbricoides (prevalence = 10.8%, 95% CI = 6.6–15.1),
although a few cases of T. trichiura were also detected
(prevalence = 1.4%, 95% CI = 0–3.0). No hookworm,
Schistosoma mansoni, Hymenolepis nana, or Taenia sp.
eggs were detected in the stool samples. At the community
level, the prevalence of any STH ranged between 3.9% and
25.9%. Helminthic infections were less common among the
youngest children. A total of 113 children (53.6%) showed
evidence of a protozoan in their stool, among which 22
(prevalence = 10.4%, 95% CI = 6.2–14.6) had evidence of
G. lamblia and seven (prevalence = 3.3%, 95% CI = 0.1–
5.7) had evidence of E. histolytica/dispar. The prevalence

of Giardia varied across the seven communities, ranging
from 0% to 31.6%. Infection was more common in older
children; no children under 1 year of age were infected with
Giardia or E. histolytica.
Household-level water, sanitation, and hygiene indi-

cators. Household survey responses and observations are
shown in Table 2. Almost two-thirds of households earned
the equivalent of less than 1 U.S. dollar a day. The majority
of households spent less than 30 minutes to collect water,
although nearly a third relied on an unprotected water
source as their main source of water, with 24 (13.6%) using
a river, 20 (11.3%) using an unprotected spring, and one
(0.6%) using an unprotected hand-dug well. A jerry can
handwashing station (Tippy Tap) was observed in approxi-
mately one in five households, and soap was observed in
over three-quarters of households. A latrine was observed
in over two-thirds of households, with 48 (27.1%) having a
covered latrine, 76 (42.9%) having an open latrine, and the
remaining 49 (27.7%) having no latrine and practicing open
defecation. Two (1.3%) households used a shared latrine.
We performed multivariate mixed-effects regression anal-

yses to determine whether any household-level exposures

TABLE 3
Household WASH and Ascaris and Giardia infections in rural Amhara, Ethiopia

Ascaris lumbricoides Giardia lamblia

N (%) PR* (95% CI) P value N (%) PR* (95% CI) P value

Household income
More than 1 USD/day (N = 76) 2 (2.6) 1.0 11 (14.5) 1.0
Less than 1 USD/day (N = 134) 21 (15.7) 6.68 (1.01, 44.34) 0.042 11 (8.2) 0.85 (0.27, 2.72) 0.785

Main water source
Protected (N = 157) 15 (9.6) 1.0 13 (8.3) 1.0
Unprotected (N = 54) 8 (14.8) 1.85 (0.57, 6.02) 0.290 9 (16.7) 1.95 (0.96, 3.99) 0.049

Time to collect water
< 30-minute walk (N = 184) 21 (11.4) 1.0 18 (9.8) 1.0
> 30-minute walk (N = 27) 2 (7.4) 1.00 (0.14, 6.95) 0.999 4 (14.8) 0.89 (0.10, 7.76) 0.919

Tippy Tap (observation)
Yes (N = 44) 3 (6.8) 1.0 5 (11.4) 1.0
No (N = 167) 19 (12.2) 1.03 (0.31, 3.37) 0.963 17 (10.2) 1.45 (0.82, 2.57) 0.185

Soap in household (observation)
Yes (N = 152) 19 (12.5) 1.0 15 (9.9) 1.0
No (N = 57) 4 (7.0) 0.60 (0.19, 1.80) 0.344 7 (12.3) 1.09 (0.51, 2.35) 0.815

Latrine use (observation)
Covered latrine (N = 56) 4 (7.1) 1.0 6 (10.7) 1.0
Uncovered latrine (N = 92) 9 (9.8) 1.31 (0.66, 2.62) 0.423 8 (8.7) 0.94 (0.21, 4.18) 0.937
No latrine/open defecation (N = 62) 10 (16.1) 1.84 (0.59, 5.82) 0.294 8 (12.9) 0.94 (0.41, 2.14) 0.969

CI = confidence interval; PR = prevalence ratio.
*Mixed-effects logistic regression model with random effect for community, adjusted for all variables in model.

TABLE 4
Anthropometry z-scores, malnutrition indicators, and Ascaris infection in children 0–5 years of age in rural Amhara, Ethiopia

Ascaris lumbricoides (+) N = 23 A. lumbricoides (−) N = 178

*Coefficient (95% CI) P valueMean (95% CI) Mean (95% CI)

HAZ −0.70 (−1.25, −0.14) −0.32 (−0.55, −0.09) −0.60 (−1.03, −0.16) 0.007
WAZ −0.77 (−1.16, −0.38) −0.79 (−0.94, −0.63) −0.16 (−0.33, 0.02) 0.079
WHZ −0.58 (−0.99, −0.17) −0.85 (−0.99, −0.70) 0.28 (0.06, 0.50) 0.013

N (%) N (%) †Adjusted PR (95% CI) P value

Stunting (HAZ < −2) 3 (13.0) 22 (12.4) 1.34 (0.42, 4.25) 0.639
Underweight (WAZ < −2) 0 16 (8.8) – –
Wasting (WHZ < −2) 3 (13.6) 17 (9.1) 1.94 (1.09, 3.44) 0.027
Diarrhea (past 7 days) 2 (8.7) 47 (25.3) 0.31 (0.08, 1.28) 0.089

CI = confidence interval; HAZ = height-for-age z-score; PR = prevalence ratio; WAZ = weight-for-age z-score; WHZ = weight-for-height z-score.
*Linear mixed-effects model with random effect for community and adjusted for household income.
†Mixed-effects logistic regression model with random effect for community, adjusted for household income.
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were associated with Ascaris and Giardia infection (Table 3).
These analyses demonstrated that Ascaris infections were
more common in children living in households with lower
incomes (prevalence ratio = 6.68, 95% CI = 1.01–44.34)
and that Giardia infections were more common in children
living in households that used an unprotected water source
(prevalence ratio = 1.95, 95% CI = 0.96–3.99).
Child growth indicators. Of the 201 children who had

both anthropometric and stool measurements, the mean
HAZ was −0.37 (SD = 1.52) and 25 (12.4%, 95% CI = 8.2–
17.8) were classified as having stunting (HAZ < −2). The
mean WAZ among these children was −0.78 (SD 1.06), and
16 (7.9%, 95% CI = 4.6–12.5) were classified as being
underweight (WHZ < −2). The corresponding values for
WHZ among these 201 children were a mean of −0.82
(SD = 1.00), with 20 (9.6%, 95% CI = 5.9–14.4) classified
as having wasting (WAZ < −2).
We performed mixed-effects regression models to deter-

mine whether intestinal infections as exposure variables were
associated with lower anthropometric indices as outcomes.
Ascaris infections were significantly associated with lower
HAZ measurements, although not with the dichotomous
outcome of stunting (Table 4). Giardia infections were signifi-
cantly associated with both lower WAZ and WHZ measure-
ments and the dichotomous wasting outcome (Table 5).
Kernal density plots of HAZ, WAZ, and WHZ across Ascaris
and Giardia infection status are depicted in Figure 2.

DISCUSSION

In this cross-sectional population-based survey of pre-
school children from seven communities in rural Ethiopia,
we found stool samples containing STHs A. lumbricoides
in 10.8% of children and T. trichiura in 1.4%. Stool sam-

ples were positive for the pathogenic intestinal protozoan
G. lamblia in 10.4% of children and E. histolytica/dispar
in 3.3%.
We found that children from households with a lower

daily income (< 1 USD/day) were more likely to be infected
with Ascaris and that children were more likely to have a
Giardia infection when their household used an unprotected
water source, compared with children from households
using a protected water source. Given the same caveat
regarding the inability to determine causality from a cross-
sectional study, this finding is logical since unprotected
water sources can be easily contaminated by Giardia cysts
from infected humans and other domestic animals (mainly
cats, dogs, and cattle).21

We found that children with Ascaris infections had lower
HAZs compared with children without Ascaris infections,
but were not more likely to be classified as stunted (HAZ <
−2). Children with Giardia had both lower WHZs and were
five times more likely to have wasting (WHZ < −2) com-
pared with children without Giardia infections. Children with
Giardia also had lower average WAZ scores but were not
more likely to be classified as underweight. Our findings
are consistent with previous studies in Brazil and Iran that
have linked pediatric Giardia infections to wasting,22,23

and supported by mouse models that have demonstrated
that persistent Giardia infections impair growth.24 Our
findings are also in line with previous studies that have
shown that Ascaris and other STHs are associated with
impaired child growth.25

There was no significant difference in 7-day diarrhea
prevalence in children with Giardia or Ascaris compared
with children without these parasites. A recent compre-
hensive case-control study of pediatric diarrhea in 14 sites
(Global Enteric Multicenter Study) found that 72% of

TABLE 5
Anthropometry z-scores, malnutrition indicators, and Giardia infection in children 0–5 years of age in rural Amhara, Ethiopia

Giardia lamblia (+) N = 22 G. lamblia (−) N = 189

*Coefficient (95% CI) P valueMean (95% CI) Mean (95% CI)

HAZ −0.78 (−1.40, −0.15) −0.32 (−0.54, −0.09) −0.38 (−1.05, 0.28) 0.257
WAZ −1.40 (−1.91, −0.88) −0.71 (−0.86, −0.56) −0.69 (−1.13, −0.24) 0.002
WHZ −1.20 (−1.56, −0.83) −0.77 (−0.92, −0.62) −0.41 (−0.69, −0.14) 0.003

N (%) N (%) †Adjusted PR (95% CI) P value

Stunting (HAZ < −2) 4 (19.0) 21 (11.7) 1.72 (0.93, 3.19) 0.088
Underweight (WAZ < −2) 2 (9.1) 14 (7.7) 1.06 (0.29, 3.90) 0.926
Wasting (WHZ < −2) 5 (22.7) 15 (8.0) 5.42 (2.97, 9.89) < 0.001
Diarrhea (past 7 days) 6 (28.6) 43 (22.9) 1.10 (0.50, 2.42) 0.814

CI = confidence interval; HAZ = height-for-age z-score; WAZ = weight-for-age z-score; WHZ = weight-for-height z-score.
*Linear mixed-effects model with random effect for community and adjusted for household income.
†Mixed-effects logistic regression model with random effect for community, adjusted for household income.

FIGURE 2. Kernal density plots of anthropometry z-scores and Ascaris and Giardia infections.
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children under 5 years of age with no clinical signs of diar-
rhea were infected with at least one pathogenic virus, bac-
teria, protozoan, or helminth.26 There is a growing body
of evidence that asymptomatic enteric infections are com-
mon and may still negatively impact on child growth.27,28

Caregiver-reported symptoms also may not accurately
measure genuine diarrheal disease.
The results of this study must be considered in the con-

text of several limitations. First, the prevalence estimates
are based on cyst and egg detection in 1 g of stool from
a single specimen. Helminth egg output varies within and
between stool samples from the same individual.29,30 It is
possible that we were unable to detect some infections
thus underestimating the true prevalence of infection and
reducing our statistical power to detect associations between
infection, household water, sanitation, and hygiene status,
and child growth. In addition, because we used the ether-
concentration method rather than Kato-Katz, we were
unable to determine the intensity of infection. However,
for determining STH prevalence, the ether-concentration
method is as sensitive as Kato-Katz31 and is more sensitive
for detecting protozoan cysts.32 We elicited self-reported
household hygiene and sanitation behaviors, which may be
susceptible to social desirability bias, a form of measurement
error that may have resulted in overreporting hygiene
behaviors. However, wash station, latrine use, and soap
were measured by direct observation and should have
been less subject to this form of measurement error.
Finally, given that this study is cross-sectional, we are
unable to determine the causal pathway of the associations.
For example, chronic Giardia infection may lead to impaired
growth, but it is also plausible that impaired growth could
cause dysregulation of the immune system and hence
increase the likelihood of Giardia infection.
Despite these limitations, this article adds to the growing

body of research looking at the interplay between intestinal
parasitic infections, child growth, and household water and
sanitation characteristics. It is one of the few studies to
measure STH and intestinal protozoan prevalence in pre-
school children in rural Ethiopia. The findings suggest that
both protozoan and STH infections are present at a high
enough level to warrant interventions among preschool
children. Moreover, the associations between Giardia and
Ascaris with stunting and wasting in this population suggest
that interventions for these pathogens could be considered
for preschool children. Early intervention could be more
effective than interventions with school-aged children since
stunting is not thought to be reversible after the preschool
years.8 Further interventional studies would be useful to
determine the benefit of deworming for preschool children.
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