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Abstract. There are limited data about the epidemiology of fascioliasis in Cuzco, Peru. We studied children 3–12 years
old from six communities in the highlands of Cuzco to evaluate the epidemiology of fascioliasis; 227 children were included,
one-half were female, the mean age was 7.5 (±2.6) years, and 46.2±% had one or more parasites, including Fasciola (9.7%),
Ascaris (12.8%), Hymenolepis (9.3%), Trichuris (1.3%), hookworm (1.8%), Strongyloides (0.9%), and Giardia (27.8%).
Fasciola was associated with the number of siblings in the household, drinking untreated water, and giardiasis. Eosinophilia
was encountered in 21% of children andmore common in those drinking untreated water at home and those infected with a
parasite, but the differences were not significant. Eating water plants was not associated with Fasciola or eosinophilia.
Fascioliasis and eosinophilia were common in the highlands of Cuzco. Fascioliasis was associated with socioeconomic
factors and drinking water.

BACKGROUND

Fascioliasis, a neglected food-borne trematode, causes
human and livestock infections in most developed and devel-
oping countries.1,2 Fascioliasis is particularly common in the
highlands of South America, where the prevalence of human
infection can reach 70%.3–5 Little is known about the conse-
quences of fascioliasis on health in endemic areas. Overt clin-
ical manifestations of fascioliasis are present in a minority of
those infected,6 and it is possible that most children with
fascioliasis are never diagnosed, despite the fact that infections
may last for years. Previous studies have suggested an associ-
ation of fascioliasis with anemia and nutritional deficiencies,
which could cause irreversible developmental deficits.7–10

Hyperendemic areas (prevalence > 10%) for fascioliasis
have been described throughout the Peruvian highlands.11,12

A risk factor for Fasciola transmission recognized in a case-
control study in children from the Peruvian Altiplano is the
consumption of raw vegetables (alfalfa juice).13 Indirect epide-
miological information suggests that transmission of Fasciola
may be related to water.14 The objective of this study was to
evaluate the epidemiology of Fasciola infection among chil-
dren in the highlands of Cuzco considering demographic,
socioeconomic, and exposure factors as markers of possible
transmission routes.

METHODS

We performed a cross-sectional study to evaluate the epide-
miology of fascioliasis among apparently healthy children 3–
12 years old in six communities (Ohuay, Piscohuata,Huayllapata,
Queunacancha, Chinchayhuasi, and Huaqaycancha) from the
Huancarani district in the Cuzco region of Peru (Figure 1). All
of the villages are at altitudes of approximately 3,800 m. Chil-
dren who assented to participate were enrolled from pre-kinder
and primary schools between June and September of 2012.
They were already receiving mass chemotherapy with

albendazole two times per year provided by a non-profit
organization working in the area. Two years before the study,
children over 8 years old were screened for fascioliasis, and
those found to be infected were treated with triclabendazole;
22 children who were infected with Fasciola 2 years before
this study were excluded from the analysis. Parents were
interviewed for data on demographics (i.e., sex, age, and family
composition), socioeconomic status (parents’ educations and
livestock ownership), and exposures (i.e., source of drinking
water and dietary habits). One blood sample and one or two
stool samples were collected from children within 2 weeks
of enrollment.
Stool samples were preserved in 10% formalin (Laboratorios

Portugal SCRL, Arequipa, Peru). Direct examination and the
rapid sedimentation method were used to detect protozoa and
helminth ova or larvae.15 The Kato Katz test was performed
to quantify worm burden on samples containing Fasciola ova.
The aliquot for the Kato Katz test was taken from the central
part of the stool specimen that was not dissolved in the for-
malin. All positive tests were confirmed by a second observer.
Blastocystis hominis was not considered a pathogen. The
blood specimen was collected to perform a complete blood

count, including absolute eosinophil numbers, using an auto-
mated analyzer (BC-5300 Auto Hematology Analyzer;
MindRay, Shenzhen, China). Eosinophilia was defined as an
eosinophil count of ³ 500 cells/mL.
Data were analyzed using the Statistical Package for the

Social Sciences, version 18 (SPSS Inc., Chicago, IL). Frequen-
cies, means (±SDs), and medians with interquartile ranges
(IQRs) were used to describe the variables’ distribution; t and
c2 tests were used for bivariate analyses of characteristics of
children with and without fascioliasis or eosinophilia. Back-
ward logistic regression analysis was used to calculate adjusted
odds ratios (ORs) with 95% confidence intervals (95% CIs).

Clinical and epidemiological relevant variables and variables
with a P £ 0.1 in the bivariate analysis were entered in
the models. Variables were excluded from the model using
the likelihood ratio test. A P < 0.05 was considered statisti-
cally significant.
The study protocol was approved by the Institutional

Review Board for Human Subjects’ Research of the University
of Texas Medical Branch. Informed consents and assents were
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obtained verbally from parents and participants before any
study procedure.

RESULTS

Three hundred thirty-four children 3–12 years old were
evaluated; however, 107 (32%) children were excluded
because of previous diagnosis of fascioliasis, missing stool or
blood specimens, or missing information about community of
residence, age, or sex. The remaining 227 of 334 (68%) chil-
dren were included in the analysis. Only 85 of 227 (37.4%)
children provided two stool samples for evaluation. The mean
age of the participants was 7.5 (±2.6) years, and 53.7% (122 of
227) were male. The median duration of school attendance
was 3 years for mothers (IQR = 2–6 years) and 5 years for
fathers (IQR = 3–6 years). Most households (99.4%; 172 of
173) owned livestock, including cattle (79.8%; 138 of 173),
sheep (83.8%; 145 of 173), horses (62.4%; 108 of 173), pigs
(80.4%; 148 of 173), and goats (2.7%; 5 of 173). The demo-
graphic characteristics of the participants are shown in Table 1.
Most children (86.1%; 155 of 180) participated in livestock-

raising activities (e.g., grazing cattle). During these field activ-
ities, 49 of 154 (31.8%) children drank treated (chlorinated)
water, 41 of 154 (26.6%) children drank from streams, 22 of
154 (14.7%) children drank from rivers, 20 of 154 (13%)
children drank from wells, 18 of 154 (11.7%) children drank
irrigation water, and 4 of 154 (2.6%) children drank from
ponds. The main source of drinking water at home was the
municipal reservoir (165 of 179; 92.2%), which is piped into
homes (Table 1). Lettuce (179 of 184; 97.2%), watercress
(99 of 184; 53.8%), spinach (96 of 184; 52.1%), and alfalfa
(60 of 184; 32.6%) were common items in the children’s diets.
Twenty-two (9.7%) children had F. hepatica eggs in the

stool. The geometric mean for the egg count was 39.4 eggs/g
stool. The prevalence of Fasciola-positive stools among those
who provided two stool samples was not statistically different
from the prevalence found in those who provided only one
stool sample (9 of 85 versus 13 of 142; P = 0.72). The preva-
lence of Fasciola-positive stools varied by community, being
highest in Huayllapata (9 of 45; 20%) followed by Piscohuata
(7 of 43; 16.2%), Huaqaycancha (4 of 53; 7.5%), and
Chinchayhuasi (2 of 31; 6.5%; P = 0.01) (Table 2); 0 of 37 chil-
dren from Ohuay and 18 children in Queunacancha had

Fasciola eggs in the stool. Children with Fasciola-positive
stool had a lower mean number of siblings at home than
uninfected children [3.4 ± 2.1 siblings versus 4.2 ± 1.8 siblings;
t (171) = 1.98; P = 0.04]. Those who had an untreated source of
drinking water at home had Fasciola eggs in the stool more
often than those with treated water (4 of 21 [19%] versus 10 of
158 [6.3%]), but the difference did not reach statistical signif-
icance (OR = 3.4 [95% CI = 0.8–14]; P = 0.06). Similarly,
those drinking water from a pond in the field were more likely
to have Fasciola eggs in the stool than those drinking treated
water or water from flowing sources (i.e., rivers or streams;
1of 4 [25%] versus 18 of 151 [12%]), but the difference did
not reach statistical significance (OR = 2.4 [95% CI = 0.1–29];
P = 0.4). Fasciola eggs were more commonly found in
those with Giardia than among those without it (10 of 63
[15.9%] versus 12 of 164 [7.3%]; P = 0.05). The comparison

Figure 1. Map of the provinces of Cuzco showing the location of the six communities studied. Adapted from Google Maps and EpiInfo.

Table 1

Demographic characteristics of the participants

Characteristic Percent (n)
Mean (±SD)/
median (IQR)

Mean age (years) – 7.5 (±2.7)
Sex
Male 53.7 (122) –

Female 46.3 (105) –

Mean number of people in the household – 6.3 (±1.8)
Mean number of siblings – 4.2 (±1.9)
Median years of school attendance
Mother – 3 (2–6)
Father – 5 (3–6)

Community
Huaqaycancha 23.3 (53) –

Huayllapata 19.8 (45) –

Piscohuata 18.9 (43) –

Ohuay 16.3 (37) –

Chinchayhuasi 13.7 (31) –

Queunacancha 7.9 (18) –

Owns livestock
Yes 99.4 (172) –

No 0.6 (1) –

Source of drinking water at home
Municipal reservoir 92.2 (165) –

Well 4.5 (8) –

Stream 2.2 (4) –

Irrigation channel 1.1 (2) –
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of characteristic between children with Fasciola eggs in the
stool and those without Fasciola eggs in the stools is shown in
Table 3. The variables retained as predictors of finding
Fasciola eggs in stool in the logistic regression analysis were
number of siblings, years of schooling of the father, giardiasis,
and not having a treated water source at home (Table 4).
There were no associations between finding Fasciola eggs in
the stool and dietary items, owning livestock, or participating
in raising livestock.
Many of the children had positive stool tests for other intes-

tinal parasites, including Ascaris lumbricoides (29 of 227;
12.8%), Hymenolepis nana (21 of 227; 9.3%), Trichuris
trichiura (3 of 227; 1.3%), hookworm (4 of 2,270; 1.8%),
Strongyloides stercoralis (2 of 227; 0.9%), and G. intestinalis

(63 of 227; 27.8%). Overall, 105 of 227 (46.2%) children were
infected with at least one pathogenic helminth or protozoon.
Table 2 shows the prevalence of parasite eggs found in the
stool stratified by community.
Eosinophilia was identified in 49 of 226 (21.7%) children.

In the bivariate analysis, the prevalence of eosinophilia varied
by community, and it was highest in Ohuay (17 of 36; 47.2%)
followed by Huayllapata (14 of 45; 31.1%), Chinchayhuasi
(8 of 31; 25.8%), Huaqaycancha (6 of 53; 11.3%), Piscohuata
(4 of 43; 9.3%), and Queunacancha (0 of 18; 0%; P < 0.01).
Having an untreated source of drinking water at home and

having any helminth or protozoa in the stool, including
Blastocystis, were retained as predictors of eosinophilia in
the backward logistic regression model (Table 4).

DISCUSSION

Fascioliasis is an important public health problem in
Andean countries of South America.2 Younger children are
at higher risk for complications stemming from this chronic
infection.16 Health authorities are beginning to implement
control measures to decrease the burden of fascioliasis. Mass
chemotherapy has been suggested as an intervention for fasci-
oliasis in hyperendemic areas.17 This study in a sample of
young children receiving mass chemotherapy with albendazole
showed a fairly low prevalence of soil-transmitted helminths
but a significant number of children with Fasciola eggs in
the stool and eosinophilia. The former was associated with
water sources.
The World Health Organization (WHO) advocates mass

therapy with triclabendazole for fascioliasis in areas with a
prevalence over 10%.17 However, the best practices to esti-
mate prevalence have not been defined. In our study, the
number of children with fascioliasis identified approached
10% when screening with one or two stool specimens. How-
ever, this number varied significantly between villages, rang-
ing from 0% to 20%. Despite recent uncontrolled trials
suggesting that triclabendazole is efficacious and safe in the
treatment of fascioliasis, there are limited data on its safety in
large populations with mainly uninfected children.18 Current
diagnostic tests are too cumbersome to be implemented on a
large scale in endemic communities. Thus, defining high prev-
alence areas is problematic. Sensitive and less burdensome
tests for fascioliasis are needed to better define regions for
either mass or targeted chemotherapy. In addition, the impact
of preventive chemotherapy for fascioliasis on anemia and
malnutrition should be evaluated before implementation.19,20

We noted an association between giardiasis and having
Fasciola eggs in the stool. Esteban and others21,22 also noted
this association in studies in high prevalence areas of the
Peruvian and Bolivian Altiplano. We found that children
who had an untreated water source at home were more likely
to have Fasciola-positive stools, suggesting a role for water in
transmission. However, the source of drinking water at home
could also be a surrogate for poverty level and other unmea-
sured factors. By contrast, there was no clear association with
consumption of watercress or other aquatic plants tradition-
ally linked to fascioliasis transmission. Additional research is
needed to clarify the route of transmission in the region stud-
ied, which may be important for control and prevention.
The prevalence of eosinophilia (> 500 eosinophils/mL) was

21%, suggesting the presence of tissue-invasive helminths.23

Table 2

Prevalence of helminths and protozoa-positive stool tests by community

Huayllapata
(n = 45; %)

Piscohuata
(n = 43; %)

Huaqaycancha
(n = 53; %)

Chinchayhuasi
(n = 31; %)

Ohuay
(n = 37; %)

Queunacancha
(n = 18; %) P

F. hepatica 9 (20) 7 (16.3) 4 (7.5) 2 (6.5) 0 (0) 0 (0) 0.01
A. lumbricoides 7 (15.6) 0 (0) 8 (15.1) 7 (22.6) 5 (13.5) 2 (11.1) 0.08
T. trichiura 1 (2.2) 1 (2.3) 1 (1.9) 0 (0) 0 (0) 0 (0) 0.86
Hookworm 3 (6.7) 0 (0) 0 (0) 0 (0) 1 (2.7) 0 (0) 0.1
S. stercoralis 1 (2.2) 0 (0) 1 (1.9) 0 (0) 0 (0) 0 (0) 0.74
H. nana 3 (6.7) 0 (0) 8 (15.1) 2 (6.5) 5 (13.5) 3 (16.7) 0.1
G. intestinalis 18 (40) 12 (27.9) 8 (15.1) 6 (19.4) 15 (40.5) 4 (22.2) 0.03

Table 3

Epidemiologic characteristics of subjects with and without Fasciola
eggs in the stool

Characteristic
Fasciola (+)
percent (n)

Fasciola (−)
percent (n) P

Source of water at home
Municipal reservoir 81 (17) 93.7 (148) 0.06
Untreated water 19 (4) 6.3 (10)

Vegetable consumption
Watercress 45.4 (10) 54.9 (89) 0.4
Lettuce 100 (22) 96.9 (157) 1
Spinach 59.1 (13) 51.5 (83) 0.5
Alfalfa 27.2 (6) 33.3 (54) 0.56

Livestock
Cattle 77.2 (17) 80.1 (121) 0.7
Sheep 86.3 (19) 83.4 (126) 0.7
Horse 72.7 (16) 60.9 (92) 0.28
Pig 90.9 (20) 79.0 (128) 0.18
Goat 4.5 (1) 2.4 (4) 0.57

Takes cattle grazing 90.4 (19) 85.5 (136) 0.53
Source of water in the field
Treated 47.3 (9) 29.6 (40) 0.5
Steam 15.7 (3) 28.1 (38) 0.5
River 10.5 (2) 14.8 (20) 0.5
Well 15.7 (3) 12.6 (17) 0.5
Irrigation water 5.2 (1) 12.6 (17) 0.5
Pond 5.2 (1) 2.2 (3) 0.5

Eosinophilia 22.7 (5) 21.5 (44) 0.9
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In addition, drinking water source at home was retained by
the logistic regression model for eosinophilia. Despite the
very high OR, this association failed to reach statistical signif-
icance, perhaps because of our small sample size. We suspect
that many of the children with eosinophilia may have had
acute or chronic Fasciola infection.24,25 Testing of one stool
specimen probably limited our ability to detect low-intensity
infections. Furthermore, Marcos and others13 described a
strong association between eosinophil counts and Fasciola

infection in highly endemic areas. Unfortunately, we were
unable to perform serologic tests to confirm this finding. The
low hookworm and Strongyloides prevalence in the area and
the possible association of eosinophilia with water sources
make these parasites unlikely explanations for the high eosin-
ophil counts. However, the eosinophilia may have been
caused by another unrecognized parasite.
Interestingly, some communities with a high prevalence of

eosinophilia had a low number of children with Fasciola ova
in stool. For example, the frequency of Fasciola eggs in stool
in Ohuay was 0%, whereas eosinophilia was present in one-
half of children. Stool studies 2 years before this study docu-
mented Fasciola ova in 6% of children in Ohuay,9 and the
current absence of ova may reflect the poor sensitivity of a
single microscopic examination, especially in early phases of
infection. In acute infection before invasion of the biliary
tract, fascioliasis cannot be detected by stool examination.
Differences in timing of testing or transmission within commu-
nities may also have had an impact. The highest transmission
rates are thought to occur during the rainy months (December
to April) in inter-Andean valleys similar to Huancarani.2 How-
ever, it has been noted that the epidemiology of Fasciola infec-
tion is highly variable, even within small geographic regions.9,26

Thus, studies evaluating local patterns of transmission are
important to tailor interventions based on regional data.
This study has limitations that may affect our ability to

draw firm conclusions from our data. The small number of
children included in the study, the number of children who
were excluded because of missing information, and the small
geographic area studied limit the power of our analysis and
may affect the generalizability of our results. Most of our
participants (62.6%) provided only one stool sample for test-
ing. Testing of one stool specimen is an insensitive method to
detect intestinal helminths and Fasciola, which likely led us to
underestimate the prevalence of Fasciola infection in the
area. Thus, our results may vary if more stringent diagnostic
criteria are used. Nonetheless, the prevalence of Fasciola was
only modestly different between those providing one versus
two stool samples (9.1% versus 10.5%; P = 0.72). In addition,
we were not able to test for antibodies against Fasciola, which

would have been needed to detect acute infection. Therefore,
we cannot directly address whether acute fascioliasis was the
cause of eosinophilia.
In conclusion, our study showed a high prevalence of

Fasciola-positive stools and eosinophilia in the communities of
the Huancarani district in Cuzco receiving mass albendazole
chemotherapy. Our data suggest that finding Fasciola eggs in
the stool of children is associated with socioeconomic factors,
giardiasis, and drinking water source in the Huancarani district.
Importantly, we documented an association with water source
rather than food, suggesting waterborne transmission in the
area. A comprehensive approach to the study of these factors is
required to generate creative and effective control interventions.
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