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Abstract

Fascioliasis is a zoonotic trematode infection that is endemic in the highlands of Peru.

Chronic fascioliasis can be asymptomatic and remain undiagnosed for years. Chronic mal-

nutrition in children, as manifested by stunting, leads to delayed cognitive development and

lost productivity. We hypothesized that fascioliasis is among the factors associated with

stunting in children from endemic areas. We conducted a cross-sectional study among chil-

dren attending pre-school and school in 26 communities in the Anta province in the Cusco

region of Peru. We conducted interviews to collect information on demographic, socioeco-

nomic, and medical history. Blood was collected and tested for complete cell count and

FAS2 ELISA for Fasciola antibodies. Three stool samples per participant were tested for

parasites by Kato-Katz and Lumbreras rapid sedimentation methods. Chronic fascioliasis

was determined by the presence of ova in stool. Children’s height, weight, and age were

recorded and used to calculate height for age Z scores (HAZ). Three thousand children

participated in the study. Nine percent (264) of children had at least one positive test for

Fasciola infection, 6% (164) had chronic fascioliasis, and 3% (102) had only positive anti-

body tests. The median HAZ was -1.41 (IQR: -2.03 to -0.81) and was similar in males and

females. Twenty six percent (776) of children had stunting with HAZ < -2. Children with

chronic fascioliasis had a lower median HAZ than children without Fasciola (-1.54 vs. -1.4,

p = 0.014). History of treatment for malnutrition, history of treatment for anemia, having

other helminths in stool, lower socioeconomic score, living at a higher elevation, and fewer

years of schooling of both parents were associated with a lower HAZ score. In a multiple

regression analysis, older age and a lower socioeconomic score were associated with a

lower HAZ score. While fascioliasis and other helminths were associated with lower HAZ,

they were not independent of the socioeconomic score.
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Author summary

Fasciola infection is endemic in the highlands of Peru. Children in the highlands are par-

ticularly affected. The effect of chronic fascioliasis on children’s long-term health and

development, particularly the impact on nutrition, is not well defined. In this large epide-

miologic study, we evaluated the association of chronic Fasciola infection with chronic

malnutrition. Children with chronic Fasciola, defined as finding Fasciola eggs in stool,

had a lower height for age Z score than those without Fasciola. A lower poverty score,

fewer years of education of parents, and higher house elevation were also associated with

stunted growth.

Introduction

Fascioliasis, caused by the liver flukes Fasciola hepatica and Fasciola gigantica, is a zoonotic

parasitic infection with worldwide distribution and high prevalence in some areas of South

America, Africa, the Middle East, and Asia [1–3]. Fascioliasis is among the key diseases tar-

geted by the WHO neglected tropical disease program [4]. Global estimates of infection range

between 2.4 and 17 million people, and more than 180 million may be at risk. However, the

true prevalence may be higher because most cases in the community remain undiagnosed.

Few large epidemiologic studies have been conducted in endemic areas, using optimal meth-

ods to diagnose fascioliasis [3,5–10].

There are limited data on the health impacts of chronic Fasciola infection in humans, and

the long-term nutritional effects of fascioliasis are not well characterized [11,12]. Fascioliasis

can present as an acute infection during the parasites’ migration through the liver and as a

chronic disease, which occurs once the adult flukes have established in the biliary tract [13,14].

Chronic Fasciola has been associated with anemia and weight loss. A study in Peru showed

that children with chronic Fasciola infection were three times more likely to have anemia than

uninfected children of similar age, gender, and other parasite infections [15]. Similarly, a study

in Egypt showed that 62% of subjects diagnosed with chronic Fasciola infection had normocy-

tic normochromic anemia [16]. A hospital-based case series from Lima in Peru reported

weight loss in 48% of those presenting with acute infection and 37% of those with chronic

infection [17].

Stunting is a marker of chronic malnutrition and is associated with developmental delays

and followed by lost productivity and low wages in adulthood [18]. Interventions that target

stunting have the potential to have an enormous impact on child development and human

capital [19,20]. The cause of stunting is usually multifactorial, including dietary deficiencies,

low socioeconomic status, and infections [21]. The association of intestinal helminth infections

with malnutrition has led to global efforts to use mass chemotherapy for geohelminths. Fas-
ciola infection may be a preventable factor related to chronic malnutrition and stunting, but

few studies on this issue are available. We conducted a large community-based study among

children in the Cusco region to determine the association between Fasciola infection and

stunting, accounting for other factors that may influence malnutrition in this area.

Methods

Ethics statement

The study was approved by the institutional ethics committee of Universidad Peruana Caye-

tano Heredia in Peru and the Institutional Review Board of University of Texas Medical

Branch in Galveston.
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We performed a cross-sectional study to assess the association between chronic Fasciola
infection and nutrition status among children in the Anta province of Cusco, Peru [22].[Fig 1]

Between August 2013 and July 2018, we surveyed children ages 3 to 16 years attending pre-

schools and schools in three districts of the Anta province of Cusco in Peru. Children were

enrolled if they had never received Fasciola treatment, their parents gave signed informed con-

sent (and assent for children older than five years). Interviews with children and their parents

were conducted in schools to collect demographic, medical, and nutritional information,

including anthropometric measurements. Interviews were followed by household visits to col-

lect socioeconomic and environmental data. A school-based deworming program provided

albendazole treatment twice a year to all children enrolled with a reported mean coverage over

90%.

Children’s weight and height were measured. Age was determined according to the

reported date of birth [23]. The WHO Anthroplus software was used to calculate the height for

age (HAZ) and weight for age (WAZ) Z scores [24]. Stunting and underweight were define fol-

lowing WHO Child Growth Standards [25].

The Simple Poverty Scorecard validated for Peru was used to estimate the probability of liv-

ing under the 3.75/day United States Dollars (USD) poverty line among participating house-

holds [26]. This scorecard was validated in 2010 based on Peruvian government data and is

designed to estimate the household’s ’poverty likelihood.’ The raw score was used as a continu-

ous variable. The likelihood of� 48.8% of living under the set poverty line (equivalent to a

score of fewer than 34 points) was used as a dichotomous variable.

We calculated a Food Consumption Score (FCS) using a United Nations food questionnaire

adapted to reflect local dietary habits [27]. The questionnaire groups common locally con-

sumed items in food categories to create a scorecard to estimate food security (S1 Table). The

Fig 1. Map of the three districts included in the study (This map was created using Natural Earth http://www.

naturalearthdata.com/about/terms-of-use/).

https://doi.org/10.1371/journal.pntd.0009519.g001
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score was calculated by multiplying each food group’s frequency of consumption by the food

group’s assigned weight. Scores ranged between 0 and 112 points. Because this population had

a high oil and sugar intake, cutoffs were adjusted from 21 to 28 and 35 to 42 points as recom-

mended [28]. A score below 28 was considered severely food insecure, scores between 28 and

42 were considered moderately food insecure, and scores >42 points were considered food

secure.

One blood sample and three consecutive stool samples were collected from each partici-

pant. Blood samples were tested for complete blood count using an automated method (BC-

5300 Auto Hematology Analyzer, MindRay, Shenzhen, China). Hemoglobin values were

adjusted for chronic high-altitude exposure using the Center for Disease Control and Preven-

tion formula and the elevation of the participant’s house [29]. Anemia was defined using the

WHO age and sex-adjusted hemoglobin cutoffs [30]. Antibodies to the Fas2 antigen of F.

hepatica were tested using a commercial enzyme linked immunosorbent assay (Fas2 ELISA,

Bionoma SRL, Lima, Peru) [31]. Each freshly collected stool sample was tested by the Kato

Katz test within 48 hours of collection. Stool preserved in 10% formalin was tested with Lum-

breras rapid sedimentation test within one week to evaluate for the presence of Fasciola and

other helminth eggs or larvae [32]. A second observer examined all slides positive for hel-

minths to confirm the results. All samples were processed at the UPCH-UTMB collaborative

research center in Cusco.

The statistical analysis was performed using SAS Studio 5.2 (SAS Institute Inc., Cary, NC,

USA). HAZ score as a continuous variable was used as the primary dependent variable. Stunt-

ing, defined as HAZ score less than two standard deviations below the mean, was used as a cat-

egorical dependent variable. Chronic fascioliasis was defined as having positive stool

microscopy for Fasciola eggs. Fasciola infection was defined as having positive stool micros-

copy or having positive Fasciola Fas2 ELISA. We calculated medians and interquartile ranges

for numeric variables and frequencies for categorical values.

The distribution of the HAZ score was evaluated using the Kolmogorov-Smirnov test. The

Spearman’s R and Mann-Whitney U tests were used to evaluate the HAZ score association

with the predictor variables. The association of HAZ with significant demographics, socioeco-

nomic factors, food security score, and helminth infections was evaluated using a multivariable

linear regression model.

A two-sided p-value <0.05 was used to define statistical significance. The 95% confidence

interval was estimated for our main results. All subjects for whom there were data available

were included in every analysis. When more than 10% of values were missing for a variable,

the distribution of HAZ, stunting, chronic fascioliasis, and poverty score were compared

between those with missing and no-missing values. If a significant difference was encountered,

the analysis was conducted with and without the variable.

Results

Three thousand children ages 3 to 16 years from 2124 households were included in the study.

Participants’ median age was 9.6 (IQR 6.8–12.4) years, and half (50.1%) were female. Most

children were from the Anta district (51.2%) and lived in households at a median elevation of

3390 (IQR 3342–3488) meters. Mothers and fathers had a median of 6 (IQR 6–11) and 8 (IQR

3–10) years of schooling, respectively. Thirty-eight percent (972/2581, 37.7%) had a greater

than 48.8% likelihood of living under the USD 3.75/day poverty line. One hundred eleven

(3.9%) children had been previously treated for malnutrition and 392 (13.6%) for parasite

infections. The median food consumption score was 84 points (IQR 72–93). The household of

most participants was considered food secure (FCS >42) (2941, 99.5%) (Table 1).
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The median HAZ score was -1.4 (IQR -2.03 to -0.81), and the median WAZ was -0.51

(-1.06 to -0.07). Stunting was present in 776/2986 participants (26.0%). The prevalence of ane-

mia was 11.4% (340/2983) (Table 1).

Two hundred sixty-four subjects of 2998 (8.8%) had Fasciola infection. Of these, 164/2976

(5.5%) had chronic fascioliasis, 220/2989 (7.4%) had positive Fasciola serology, and 118 (3.9%)

had both. Of participants with Fasciola eggs in stool, the geometric mean of egg count was 39.5

eggs per gram of stool, ranging from 6.7 to 820 eggs per gram of stool. Giardia intestinalis
(23.5%) and Hymenolepis nana (16.3%) were the most common parasites found in stool test-

ing. Twenty-seven percent of participants (806/2989) had at least one intestinal helminth other

than Fasciola, and 127 (4.2%) had more than one intestinal helminth (S2 and S3 Tables).

Children with stunting were older than those without stunting (10.5 vs. 9.4 years, p< 0.01).

Older age, higher house elevation, lower socioeconomic score, and fewer years of schooling

of both parents were associated with a lower HAZ score (p< 0.001). Children with a history of

treatment for anemia (p = 0.02) or for malnutrition (p = 0.004) had a lower median HAZ

score. Similarly, those with>48.8% likelihood of living under USD 3.75/day poverty line had a

lower median HAZ score (p = 0.001). Participants from the Ancahuasi district had a lower

HAZ score as compared to those from Anta and Zurite (-1.51 versus -1.36 and -1.44,

p = 0.005).

Table 1. Demographic, socioeconomic, and clinical characteristics of the participants.

Variable N (%)/Median (IQR)

Sex Male 1495 (49.9)

Female 1503 (50.1)

Median age (years) 9.6 (6.8–12.4)

District Ancahuasi 1150 (38.3)

Anta 1537 (51.2)

Zurite 313 (10.4)

House construction material Adobe 2709 (91.8)

Brick/ Other 241 (8.2)

Median Simple Poverty Scorecard 38 (31–45)

�48.8% likelihood of living below 3.75 USD‡ 972 (37.7)

Food Security Group (Adjusted)† Food Secure 2941 (99.53)

Moderately Food Insecure 13 (0.44)

Severely Food Insecure 1 (0.03)

Previous treatment for anemia§ 175 (6.1)

Previous treatment for malnutrition§ 111 (3.9)

Previous treatment for parasites§ 392 (13.6)

HAZ -1.41 (-2.03, -0.81)

WAZ -0.51 (-1.06, 0.07)

BMI 17.76 (15.96–18.87)

Stunting (HAZ< -2)¶ 776 (26)

Hemoglobin corrected for altitude (g/dL) 12.7 (12.0–13.5)

‡ Socioeconomic score has a range of 0 to 100 points, with higher points related to a lower likelihood of living under

3.75 USD.

† Food Consumption Score is on a scale of 0 to 112, with a higher value related to food security. A cutoff of 42 points

is used to consider being food secure.

§As recalled by parents at the time of the interview.

¶Using WHO age and sex-adjusted cutoff

https://doi.org/10.1371/journal.pntd.0009519.t001
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Participants with at least one positive test for Fasciola had a lower median HAZ score than

those not exposed to Fasciola (-1.54 vs. -1.4, p = 0.015), and those with chronic Fasciola also

had a lower median HAZ score compared to those without Fasciola eggs in the stool (-1.57 vs.

-1.4, p = 0.022). Positive serology for Fasciola alone was not associated with a lower HAZ

score. The presence of other helminths in stool was associated with a lower median HAZ score

(-1.47 vs. -1.39, p = 0.01) (Table 2). Participants with more than one intestinal helminth had a

lower HAZ score than those with one gastrointestinal helminth infection (-1.65 vs. -1.44,

p = 0.003).

Table 2. Bivariate analysis of the association between HAZ score and demographic, socioeconomic, and parasitological variables.

Variable Categories Median HAZ (IQR) P-value

Sex Male -1.40 (-1.99 to -0.82) 0.45

Female -1.42 (-2.06 to -0.81)

District Ancahuasi -1.51 (-2.15 to -0.82) 0.005

Anta -1.36 (-1.95 to -0.81)

Zurite -1.44 (-1.92 to -0.84)

>48% likelihood of living under 3.75USD per month Yes -1.68 (-2.23 to -1.01) <0.001

No -1.28 (-1.88 to -0.68)

Food Security Group (Adjusted) Food Secure -1.41 (-2.02 to -0.81) 0.26

Food Insecure -1.79 (-2.20 to -1.33)

Previous treatment for anemia§ Yes -1.60 (-2.12 to -1.00) 0.02

No -1.39 (-20 to -0.81)

Previous treatment for malnutrition§ Yes -1.73 (-2.29 to -1.04) 0.004

No -1.39 (-2.00 to -0.81)

Previous treatment for parasites§ Yes -1.52 (-2.00 to -0.88) 0.2

No -1.39 (-2.02 to -0.81)

Anemia present Yes -1.55 (-2.11 to -1.04) 0.002

No -1.39 (-2.02 to -0.80)

Fasciola in stools Yes -1.59 (-2.09 to -1.08) 0.02

No -1.4 (-2.01 to -0.81)

Any positive Fasciola test Yes -1.52 (-2.10 to -1.08) 0.015

No -1.4 (-2.01 to -0.80)

Positive Fasciola serology Yes -1.46 (-2.05 to -0.99) 0.27

No -1.40 (-2.02 to -0.81)

Other helminths (not Fasciola) Yes -1.52 (-2.08 to -0.89) 0.022

No -1.37 (-2.01 to -0.80)

Any helminth in stool Yes -1.52 (-2.08 to -0.90) 0.01

No -1.37 (-2.02 to -0.80)

Any parasite in stool Yes -1.42 (-2.00 to -0.82) 0.97

No -1.39 (-2.04 to -0.80)

Variable Spearman R correlation coefficient P-value

Age -0.17 <0.001

House elevation (meters above sea level) 0.14 <0.001

Socioeconomic score (Poverty scorecard) 0.22 <0.001

Father’s years of schooling 0.18 <0.001

Mother’s years of schooling 0.25 <0.001

Food Consumption Score 0.06 <0.001

Corrected hemoglobin 0.004 0.81

§As recalled by parents at the time of the interview.

https://doi.org/10.1371/journal.pntd.0009519.t002
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The socioeconomic score had 419 missing values (14%), and father’s years of schooling had

455 missing values (15.2%). All other variables had fewer than 5% missing values. The distribu-

tion of the HAZ score and Fasciola in stools was not different in those with missing values as

compared to those without missing values. The socioeconomic score was not significantly dif-

ferent in those with missing father’s years of schooling.

There was a high correlation between the socioeconomic score with fathers’ years of educa-

tion (rs = 0.36, p < 0.001), mothers’ years of education (rs = 0.48, p< 0.001), and house eleva-

tion (rs = -0.22, p< 0.001). Due to the high correlation between these variables, only the

socioeconomic score was included in the multivariate analysis to avoid redundant variables. In

the multiple regression analysis, older age and lower socioeconomic score were significantly

associated with a lower HAZ score. The model predicted 0.09% of the variance in the HAZ

score (Table 3). Fasciola in stools and other helminth infections were not significant indepen-

dent variables. Additional models, which included any Fasciola infection, positive Fasciola
serology, intensity of infection (Kato Katz egg count), and number of parasites in stool, simi-

larly did not show an independent association of Fasciola infection with lower HAZ score.

When looking at the Ancahuasi district, which had the highest prevalence of Fasciola infec-

tion, older age, lower socioeconomic score, and history of treatment for malnutrition, were

associated with a lower HAZ score (S5 Table). The presence of Fasciola in stools or other hel-

minths in stools was not independently associated with a lower HAZ score in the Ancahuasi

district.

Discussion

Few studies have evaluated the clinical implications of chronic Fasciola infection in human

health. Although hospital case series and outbreak reports describe weight loss in infected sub-

jects, the complex relationships of fascioliasis, other risk factors, and chronic malnutrition

have not been studied at the community level. In this large epidemiologic study, children with

chronic Fasciola had a lower HAZ score. Other factors associated with a lower HAZ score

were lower socioeconomic scores, lower hemoglobin values, and living at higher elevation.

Children from the Ancahuasi district had a lower HAZ score than those from other districts.

Sex, age, and lower socioeconomic score were associated with HAZ in the multiple regression

model. Despite low levels of food insecurity, there was a high prevalence of stunting among

children. This underscores the importance of factors other than food in the development of

malnutrition. The complex interplay between demographics, socioeconomics, helminth infec-

tions, and malnutrition was evident in our study.

Table 3. Multiple regression analysis of factors associated with Height for Age Z score.

Variable Unstandardized Coefficient 95% Confidence Interval p value

Sex -0.075 -0.15 to -0.002 0.044

Age -0.045 -0.06 to -0.03 < .0001

District -0.035 -0.03 to -0.10 0.742

Socioeconomic score 0.017 0.01 to 0.02 < .0001

Food score 0.001 0.00 to 0.003 0.566

Previous treatment for anemia -0.196 -0.40 to 0.01 0.124

Previous treatment for malnutrition -0.152 -0.41 to 0.10 0.170

Previous treatment for parasites -0.060 -0.18 to 0.06 0.295

Fasciola in stool -0.052 -0.21 to 0.11 0.432

Other helminths in stool -0.006 -0.10 to 0.08 0.770

https://doi.org/10.1371/journal.pntd.0009519.t003
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Children with either chronic Fasciola or helminth infections had a lower HAZ score than

those without infections in the bivariate analysis, though these infections did not indepen-

dently predict a lower HAZ score in the multivariate analysis. The effect of chronic Fasciola
infection is difficult to interpret due to the multifaceted nature of stunted growth. Several

other factors may contribute to the lack of predictive value of these infections in our model of

HAZ score. Fasciola, as well as other helminth infections, had a low egg burden in our popula-

tion, as demonstrated by low geometric means of egg counts. The prevalence of Fasciola infec-

tion in our study was 8.8%, with a total of 164 participants with chronic fascioliasis. Thus, the

study may have been underpowered to assess this association in a multivariate model. Prior

studies in this area show similar prevalence, though with high variation among communities.

Parkinson et al [3] described an overall infection level of 18.5% in the Bolivian altiplano, with

rates that varied from <10% to 53%. Mas-Coma has described rates of infection of 15.6% in

the Puno region, and rates as high as 72% and 100% have been reported in Bolivia [33]. In our

study, older children had a higher prevalence of Fasciola infection [34]. The distribution of

Fasciola infection among age groups varies among study regions [35]. Further understanding

of the time at which children are more at risk of Fasciola infection may help clarify the impact

of fascioliasis on nutrition and development. Prior studies from our group in the Cusco Region

describe the association between Fasciola infection and the likelihood of living in poverty,

fewer years of parents’ education, and house elevation [15,22]. Children living in poverty may

have increased environmental exposure to Fasciola and other parasitic infections. Fewer years

of parents’ education has also been associated with an increased risk of parasitic infections in

children [36]. The same factors may predispose children to inadequate nutrition and stunted

growth through different mechanisms. Poor maternal health and nutrition, recurrent infec-

tions, and adolescent pregnancy, are among the factors that contribute to stunted growth. Sub-

clinical infections, particularly during the first years of life, have been linked to stunting

through chronic inflammation [37].

Stunting was associated with living at a higher elevation in our study population. In Peru,

stunting and anemia among children are more common in rural areas and in the highlands. In

2017, stunting in rural areas was three times higher than in urban areas. Similarly, stunting in

the highlands was three times higher than in the coast, but other low land areas in the jungle

showed smaller differences [38]. Higher poverty levels and lower years of education of the

parents; two factors associated with stunting in children; follow the same rural and elevation

patterns in Peru [39]. In our study, a contributory factor may be that children living at a higher

altitude had higher rates of Fasciola infection. The Galba truncatula snails involved in Fasciola
transmission in the highlands of South America produce more cercariae, for a longer period,

and live longer than snails at lower altitudes, likely increasing the risk of infection in those

environments [40].

Parasite burden of soil transmitted helminths in our study was low, with prevalence of Asca-
ris of 4.9%, hookworm of 0.9%, and Trichuris of 0.6%. Helminth infections during early child-

hood have been associated with stunted growth, and there is geographic overlap between areas

with a high burden of helminths and areas with childhood malnutrition. In a study in rural

Kenya, parasitic infections during the first three years of life, particularly hookworm, Ascaris,
E. histolytica, malaria, and Schistosoma infection, were associated with decreased growth [41].

In a study of 244 children under three years of age in rural Kenya, child parasitic infectious dis-

ease burden was associated with stunted growth, though this was primarily driven by malaria

infection during the first three years of life [42]. The odds ratio of stunted growth increased by

1.41 with each parasitic infection during childhood (95% CI 1.05, 1.95). A study that looked at

the interaction of helminth infections and nutrition in school-aged children in the northern

Philippines found that having one or more parasitic infections was associated with lower
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caloric intake [43]. These studies have been primarily in children younger than our study pop-

ulation. The cross-sectional nature of these studies makes it difficult to evaluate the causality of

these associations fully.

One in four children in our study population had stunting. A higher poverty score, fewer

years of education of parents, and higher home elevation were all associated with lower HAZ

score. These socioeconomic determinants have been associated to stunting in Peru and in

other developing countries. The country prevalence in children less than five years old, as

described in the 2017 ENDES survey, was 12.9%. However, in the highlands, the prevalence

was 21.3%, with some districts in the highlands reaching rates of 32%. Rates of malnutrition in

Peru are higher in rural areas (25.7%) as compared to urban areas (7.3%). Stunting in Peru is

highest in children living in the lowest poverty quintile [38]. The association of malnutrition

with fewer years of education of parents has also been previously described. In a study in

Mozambique, Ghana, and Nigeria, children of parents with higher years of education were

more likely to have adequate growth [44]. A study of stunting determinants in the Democratic

Republic of Congo found an association of fewer years of education of mothers with stunting

and access to safe water, sewage, and mother’s BMI.

Our study has several limitations. The cross-sectional design did not detect prior episodes

of fascioliasis, which may have resolved or have been treated before the current study but may

have affected linear growth. The Fas2 ELISA test does not accurately differentiate between past

and current infections, and some participants in the study with a positive Fas2 ELISA and neg-

ative eggs in stool may have had fascioliasis [45]. Other factors associated with malnutrition,

such as birth weight, age of parents, and breastfeeding, were not measured [21,46] though

these are particularly important in younger children. The inclusion of the poverty scorecard in

the multivariate analysis helps account for possible differences in socioeconomic development.

Despite these limitations, our study has several strengths. We evaluated and interviewed 3000

children and conducted thorough evaluations of socioeconomic factors and demographics,

anthropometric measures, laboratory values, and data on food security. We used more than

one stool sample per child and serology testing to increase our sensitivity of detecting Fasciola
infection.

Poverty has been associated with a higher prevalence of infections, stunting in growth, and

delays in development. Deworming programs have been widely implemented globally due to

the effects of helminth infections on growth and cognitive development. Fasciola has not been

included in usual deworming programs as it does not respond to common anti-helminthic

drugs used in deworming programs. Its control is difficult due to the many hosts involve in its

lifecycle, underdiagnosis, and decreasing effectiveness of triclabendazole, the only WHO rec-

ommended drug to treat fascioliasis. Our study adds to the evidence of a complex relationship

between parasite infections, nutrition, and socioeconomic factors in this area.
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