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Introduction: This protocol outlines the Proyecto Guagua, which aims to 
explore the relationship between the characteristics of the gut microbiota, 
parasitic infections, nutritional status, and neurocognitive functioning in school-
age children in Ecuador.

Methods and analysis: Proyecto Guagua is a cross-sectional observational 
study funded by the Escuela Superior Politécnica de Chimborazo. It is being 
carried out in several counties across different geographical regions in Ecuador, 
including Galápagos. The study targets children regularly attending school, aged 
6–12. We aim to recruit 450 children, with data already collected from nearly 
300 participants (67%). Enrolled children undergo comprehensive evaluations 
assessing nutritional status, body composition, motor learning, social skills, 
cognitive ability, sleep habits, and physical activity. Caretakers and school 
teachers are interviewed regarding hygiene, eating habits, and food handling. 
Stool samples are collected to analyze the gut microbiota and determine the 
presence of parasites. In the analysis phase, we  aim to describe differences 
in microbiota population structure and diversity among undernourished and 
obese/overweight children, and children with parasitosis compared to their 
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peers. We also plan to test the hypothesis that an altered microbiota mediates 
the influence of malnutrition on neurocognitive functioning and parasitosis.

Ethics and dissemination: Proyecto Guagua received ethical approval from the 
Ethics Committee of Universidad de Cuenca in July 2022. Following the pilot 
phase, an addendum and minor changes to the study design were approved 
in October 2022. Written consent was obtained from parents before enrolling 
their children in the study. Parents and children were informed of their right 
to withdraw from the study at any time. The findings of “Proyecto Guagua” 
will be  disseminated through open-access, peer-reviewed publications and 
presented at local and international scientific events.

KEYWORDS

malnutrition, Ecuador, children, neurocognitive abilities, parasitic infection, motor 
learning, social skills, microbiota

1 Introduction

The gut microbiota (GM) plays a crucial role in maintaining 
human health because of its involvement in basic biological functions. 
The GM is required for the development and maturation of the human 
host’s intestinal epithelium and immune system. Likewise, it facilitates 
the host metabolism and adiposity by expanding nutrient sources, and 
producing vitamins (e.g., B-group vitamins and vitamin K) (1). 
Thanks to the GM, its human host is able to have access to short-chain 
fatty acid (SCFAs) that are the end-products of the fermentation of 
dietary fiber by the colonic microbiota and which play important roles 
in metabolism, immune response and inflammation (2). Alterations 
in the GM have been described in various conditions including 
infectious diseases, malnutrition (e.g., overweight, obesity, 
undernutrition), and neurodevelopmental disorders; however, not 
much is known about the specific role of the GM in these 
conditions (3–5).

Intestinal parasitic infections (IPI) and malnutrition are among 
the most frequent causes of illness in children from low and middle-
income countries, who alike often suffer the consequences of poor 
basic sanitation, food insecurity and limited access to health services 
(6–8). Children infected with helminths (e.g., hookworms, Ascaris 
lumbricoides, Trichuris trichiura) are more likely to show underweight 
(sex-specific body mass index (BMI) for-age and weight for-age less 
than the 5th percentile), stunting (sex-specific height for-age less than 
the 5th percentile), and wasting (sex-specific weight for-height less 
than the 5th percentile) than their peers (9, 10). Stunting is also 
frequently observed among age-school children infected with protoza 
including Giardia and Entamoeba (11, 12).

Children suffering IPI and/or undernutrition (i.e., underweight, 
stunting and wasting) in general are more liable to show delays in the 
achievement of developmental milestones and neurocognitive 
difficulties than their peers (13–17). Neurocognitive difficulties in 
children suffering IPI and/or undernutrition might be  the 
consequence of a sub-optimal brain development, which may 
be driven by reduced availability of nutrients, immuno-inflammatory 
mechanisms along with impaired barrier function that might allow 
harmful substances to infiltrate (18, 19). As far as the GM is tightly 
involved in these and other important biological functions it is 
important to understand better its contribution to the presence of 
neurocognitive difficulties in children suffering IPI and/or 
undernutrition (20).

Although IPI and malnutrition are both highly prevalent in 
Ecuadorian children, little is known on their association with 
neurocognitive difficulties or changes in the microbiota population 
structure, diversity or function (10, 21). Most of previous studies have 
focused only on malnutrition or parasitosis and restricted their target 
population to toddlers or children with neurodevelopmental disorders 
like autism spectrum disorder (ASD) (14, 16, 22–24). However, unlike 
those studies, the Proyecto Guagua takes a broader approach by 
critically and systematically studying IPI, malnutrition and 
neurocognitive functioning in Ecuadorian school-age children of the 
general population. The insights from the Proyecto Guagua will 
provide the basis for developing integral approaches to prevent IPI 
and malnutrition and their detrimental consequences on 
children’s health.

2 Methods and analyses

2.1 Study design and setting

The present is the protocol for a cross-sectional study called 
Proyecto Guagua, which translated from Ecuadorian Spanish to 
English means “project for the children.” The Proyecto Guagua is 
being carried out in various rural and urban counties distributed in 
each of the four geographical regions of Ecuador: the Pacific Coast, 
the Highlands, the Amazon, and the Galápagos Islands (Figure 1). The 
Proyecto Guagua started in 2022 and is still ongoing.

2.2 Ethical considerations

The research protocol of Proyecto Guagua was approved by the 
Research Ethics Committee of the Universidad de Cuenca in July 2022 
(code: 2022-002EO-I). After getting the approval from the Research 
Ethics Committee, we  conducted a pilot study that included 30 
children to evaluate the procedures and instruments. Both instruments 
and procedures were then revised and adjusted accordingly. An edited 
protocol with minor changes was submitted to the Research Ethics 
Committee of the Universidad de Cuenca for approval of the changes. 
Before being included in the study, the parents and/or main caregivers 
are fully informed about the objective of the study, procedures, the 
data that is going to be collected, and what will be the data use for.
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Parents and/or main caregivers should provide a signed written 
consent to participate in the study. They are explained that their 
participation is completely voluntary and that (i) not agreeing to 
participate will not have any consequence; (ii) they have the right to 
leave the study at any moment; (iii) they have the right to request the 
researchers not to use the information they provide or that of their 
children at any time; and (iv) the information they provide and that 
of their children will be used to write a report that will be publicly 
available; however, the report will not contain in any case personal 
information that allows their identification. Similarly, children are 
informed about the procedures before they are carried out, and that 
they will only be performed if they (the children) agree on being 
assessed, even if their parents have provided signed the consent.

2.3 Target population and sample

The Proyecto Guagua will recruit 450 school-age children between 
6 and 12 years old, enrolled at public and private schools located in 
urban and rural counties in Ecuador (Supplementary Table  1). 
Non-probability sampling was applied to recruit participants. The 
sample size was calculated based on the results of a previous study that 
showed an association between IPI and changes in the gut microbiota 
(effect size, 0.72; mean difference, 70; standard deviation (SD), 96) 
(25). The sample size calculation indicated that we need 34 children 
with IPI and 34 without IPI (β, 0.80 and α, 0.05). Given the varied 
prevalence of IPI in Ecuador (ranging from 15% to 25%) we need to 
screen 189 children to identify a sufficient number of children with 
IPI (10). Nearly 30% of school-age children in Ecuador show 

malnutrition and this number is likely to be 20% higher in children 
with IPI (10). Therefore, we need 189 times 2 equal 378 to achieve the 
minimum number of children (n = 34) with IPI and malnutrition. No 
previous studies have been carried out to evaluate sensory motor 
integration and eye-blink conditioning in school-age children. 
Therefore we estimated the sample size for an estimated standardized 
effect size of 0.56 (β, 0.80 and α, 0.05) = 45 per group following the 
recommendations and Table 6A from (26). Standardized effect size of 
0.56 corresponds to the expected effect size (% of conditional 
responses, 15) divided by the standard deviation from a study carried 
out in children without malnutrition (SD, 26) (27). Considering that 
the prevalence of IPI and malnutrition is expected to vary by area of 
residence (rural vs. urban) and geographical region, we decided to set 
the sample size to 450.

2.3.1 Inclusion and exclusion criteria
Proyecto Guagua recruits (i) 6 to 12 years old female and male 

children attending primary school, (ii) who voluntarily agree to take 
part in the study, and (iii) whose parents provide written consent for 
them to participate. Exclusion criteria include: (i) Evident signs of 
acute disease such as fever; and (ii) evident signs of physical or 
cognitive disability.

2.4 Procedures

Potential participating schools and social organizations are first 
contacted through community representatives. Presentations about the 
project are held during parent-school and social organization meetings. 

FIGURE 1

Geographical distribution of the sample population. The location of the schools that participate in the study is highlighted in different tones of blue and 
green.
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Informational brochures were also distributed to introduce the study 
through media social networks in order to recruit participants for the 
pilot study. Interested families attend an informative session where 
eligibility is assessed based on the aforementioned criteria, and parents 
and/or legal guardians are informed about the nature of the study in 
detail. Consent forms are then provided to parents or legal guardians 
who decide to participate, ensuring they are fully informed about their 
participation rights and study procedures. The children are officially 
enrolled in the study upon obtaining the signed consent form and are 
then contacted to schedule the evaluation sessions.

During the evaluation sessions, parents or in their absence main 
caregivers (usually first-degree relatives) are asked to fill out a 
questionnaire with the guidance of trained field researchers. The 
questionnaire included several sections (Supplementary material 1): 
(i) Sociodemographic information; (ii) survey on household 
socioeconomic position; (iii) medical history and usage of medication; 
(iv) 24-h recall of food consumption; (v) Autism Spectrum Quotient 
10-item inventory (AQ-10); (vi) Sleep Disturbance Scale for Children; 
and (vii) International Physical Activity Questionnaire for children 
(IPAQ-C).

Parents are also asked to bring a stool sample of their children 
next day. Parents and/or main caregivers are instructed by the field 
researchers on how and when to collect the samples and are provided 
with a recipient to do so. Field researchers also schedule meetings with 
parents and school teachers who voluntarily agree to participate in a 
face-to-face or Zoom interview to discuss about hygiene, nutrition, 
and management of foods. During their visits to the schools, field 
researchers fill out a form to collect information on water, sanitation, 
and hygiene (WASH) for each school that children attend. Trained 
field researchers assess the nutritional status of the children using 
anthropometry and bioimpedance. They also assess children’s 
Intelligence Quotient (IQ) using Raven’s Progressive Matrices as well 
as motor learning and sensory integration using a smartphone-based 
application called BlinkLab (28).

2.4.1 Stool sample collection
Parents or main caregivers are provided with a labeled stool 

collection container and instructed on how to collect the sample from 
their children shortly before delivering it to the field researchers. After 
receiving the stool sample, field researchers aliquot the sample in situ 
into five aliquots to perform different analyses. The aliquots are kept at 
a portable cooler for transportation. The first aliquot is stored in special 
tubes (OMNIgene.Gut® gut|OMR-200 or DANASTOOL Sample 
Collection MICROBIOME Kit®) and then stored at −80°C. The other 
four aliquots are fixed at 70% ethanol (two aliquots) or 90% ethanol 
(two aliquots) and stored at −80°C until they are analyzed. The first 
aliquot will be used to study the GM and the alcohol-fixed samples to 
examine the presence of intestinal parasites. One of the two 70% and 
one of the two 90% alcohol-fixed aliquots will be kept for future analyses.

2.5 Assessments

2.5.1 Survey on household socioeconomic 
position

Household socioeconomic position of the participating families 
is evaluated using an Ecuadorian survey developed by the Instituto 
Nacional de Estadísticas y Censos de Ecuador (INEC) (29). The 
questionnaire has been previously nationally validated and widely 

used by the Ecuadorian government since 2010. The instrument 
consists on various closed-ended questions whose responses are rated 
with specific weights (29). It evaluates six dimensions to determine the 
socioeconomic position of the household: (i) Housing characteristics; 
(ii) access to technology; (iii) possession of material goods; (iv) 
consumption habits; (v) level of education of the head of the 
household; and (vi) household income. The final score corresponds to 
the sum of the values given to the answers and can range from 0 to 
1,000 points, the higher the score the higher the socioeconomic 
position. Based on the score, households are classified into five groups 
of socioeconomic position: A (>845), high; B (>696 and ≤ 845), 
upper-middle; C+ (>535 and ≤ 696), middle; C− (>316 and ≤535), 
lower-middle; and D (≤316), low.

2.5.2 Medical history and usage of medication
In this section of the questionnaire, the parents or main caregivers 

are asked about the general health and behavior of their children as 
well as access to health services using closed-ended and open-ended 
questions (Supplementary material 1). Likewise, they are asked about 
the use of antibiotics, antivirals, antiparasitic medication and other 
medications or treatments in the past month and year.

2.5.3 Evaluation of diet and nutritional status

2.5.3.1 24-h recall of food consumption
Data on the children’s recent food and beverages intake is collected 

using a 24-h dietary recall by trained field researchers (30). The 24-h 
recall records data on the following: (i) Time of the meal consumption, 
(ii) type and amount of food, and (iii) cooking method. Field researchers 
use the Ecuadorian photographic manual of portions to quantify food 
consumption (31). Upon data collection, a list of foods with their net 
weight in grams (g) or milliliters (mL) is prepared for each child. The 
nutritional composition of the meal is then estimated using the 
Ecuadorian and the Central American tables of nutritional composition 
of foods (32, 33). The amount of caloric intake measured in kilo-calories 
(kcal), as well as that of carbohydrates, proteins, fats and micronutrients 
is then estimated in g, milligrams (mg), or micrograms (μg) as 
appropriate. We  will estimate the amounts of the following 
micronutrients: Vitamin A, calcium, phosphorus, iron, and sodium. 
These micronutrients were chosen because their deficit has been 
frequently associated with malnutrition in children. Data obtained from 
dietary intake will be then compared with the nutritional requirements 
of children to estimate the percentage of nutrient intake adequacy (34).

2.5.3.2 Anthropometric measurements and bioimpedance
Anthropometric data is collected in an appropriate environment 

by trained field researchers following internationally standardized 
techniques (35–37). During the assessment children are barefoot and 
wear light clothing. All measurements are taken three times and then 
averaged. Height (measured in centimeters (cm)) is assessed using a 
Leicester® stadiometer (accuracy, millimetre (mm)) and weight and 
body composition using an electronic digital scale (inBody®) for 
pediatric population (accuracy, 100 grams (gr)). Neck circumference 
(measured in cm) was measured using a non-stretchable measuring 
tape to the nearest 0.10 cm. The tape is placed on the midline of the 
neck between the cervical backbone and the anterior neck while the 
children stood upright, face forward, and shoulders relaxed. Waist 
circumference (measured in cm) is measured at the midpoint between 
the lowest border of the rib cage and the upper iliac crest to the nearest 
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0.1 cm. Arm circumference is measured at a mark point in the middle 
of the posterior surface of the left humerus between the acromion and 
the olecranon process.

Z-scores for weight/height, height/age, weight/age, and BMI/age 
are then calculated using the software World Health Organization 
(WHO) AnthroPlus (38). AnthroPlus uses the WHO Reference 2007 
for 5–19 years to monitor the growth of school-age children and 
adolescents (39). Malnutrition was determined using the following 
indicators: stunting (height/age < −2 standard deviation (SD)); 
underweight (BMI/age or weight/age < −2 SD); wasting (weight/
height < −2 SD); and overweight/obesity (BMI/age > +2 SD) (39). 
We will also apply Nutrimetry that uses height/age z scores and BMI/
age z scores to produce nine groups of nutritional status and facilitate 
a combined interpretation of both indicators (40, 41). The cut-off 
points to determine the presence of malnutrition using arm 
circumference, neck circumference and waist circumference will 
be defined based on (37, 42, 43), respectively. The following indicators 
of body composition are analysed: (i) Total body fat percentage, (ii) 
visceral fat percentage, (iii) body water measured in liters, and (iv) 
muscle mass percentage.

2.5.4 Sleep disturbance scale for children
Bruni’s Sleep Disturbance Scale for Children (SDSC) evaluates 

sleep quality and comprises 26 questions (44). The first two are 
multiple-choice and the rest Likert-type questions with a scale from 1 
(never) to 5 (always) (Supplementary material 1). The questions are 
organized into sections that evaluate specific sleep disturbance 
categories (Table 1). The total score corresponds to the sum of the six 
sleep-disorder categories sub-scores, and ranges from 26 to 130. 
Higher scores indicate higher risk of suffering acute sleep disturbances, 
and a score equal or higher than 39 warrants further 
medical evaluation.

2.5.5 International physical activity questionnaire 
for children (IPAQ-C)

This questionnaire comprises seven questions that measure the 
frequency, duration, and intensity of physical activity over the past 
7 days and the time spent walking and sitting during a workday (45). 
Weekly physical activity is recorded in METs (Metabolic Equivalent 

of Task) per minute/week, using the following reference values: 3.3 
METs for walking, 4 METs for moderate physical activity, and 8 METs 
for intense physical activity. The level of physical activity is calculated 
by multiplying METs values by the time spent in minutes per day and 
the number of days per week during which physical activity is 
performed. Based on this result, three levels of physical activity are 
defined (low, moderate, and high) (Table 2).

2.5.6 Cognitive and neurobehavioral assessment

2.5.6.1 Cognitive ability assessment
General cognitive ability is assessed using the Raven’s Progressive 

Matrices (41). Raven’s Progressive Matrices is a non-verbal test that 
consists of 36 multiple choice questions, which are listed in order of 
increasing difficulty. During the test the children are asked to identify 
the missing element that completes the pattern. The test results will 
be expressed in terms of Intelligence Quotient (IQ).

2.5.6.2 Social interaction skills
Social interaction skills are assessed using the AQ-10 

questionnaire (children’s version). This questionnaire is designed to 
be brief (3–5 min), easy to use, and self-administered. It consists of 10 
questions with four possible responses: (i) Strongly agree (scored as 
0); (ii) partially agree (scored as 1); (iii) partially disagree (scored as 
2); and (iv) strongly disagree (scored as 3) (46, 47). The wording of the 
questions was adapted to Ecuadorian Spanish (Supplementary  
material 1). The score of the instrument corresponds to the sum of all 
questions and can range from 0 to 30 points. A score higher than 6 
suggests difficulties in social interaction and warrants further 
medical evaluation.

2.5.6.3 Sensory motor integration and motor learning
Sensory motor integration and motor learning evaluation are 

conducted using BlinkLab, a smartphone-based application that 
allows the non-invasive administration of neurometric tests. These 
include the acoustically evoked eyelid startle reflex, pre-pulse 
inhibition, eye-blink conditioning, and startle habituation (28). 
During the experiment, children watch an entertaining movie while 
the trials containing the auditory stimuli are delivered via headphones. 

TABLE 1 Partial subscales of sleep problems according to the Bruni’s 
Sleep Disturbance Scale for Children (SDSC).

Partial subscales Range

Sleep onset and maintenance

Questions 1, 2, 3, 4, 5, 10, 11
7–35

Respiratory problems

Questions 13, 14, 15
3–15

Arousal disorders

Questions 17, 20, 21
3–15

Disturbances of wake/sleep transition

Questions 6, 7, 8, 12, 18, 19
6–30

Excessive drowsiness

Questions 22, 23, 24, 25, 26
5–25

Sleep hyperhidrosis

Questions 9, 16
2–10

TABLE 2 Physical activity level is assessed using the International Physical 
Activity Questionnaire for children (IPAQ-C).

Low

(Category 1)

No physical activity

Not enough physical activity of at least 600 meters per min/

week.

Moderate

(Category 2)

Three or more days of vigorous physical activity for at least 

25 min per day.

Five or more days of moderate physical activity and/or 

walking at least 30 min per day.

Five or more days of walking, moderate and/or intense 

physical activity of at least 600 meters per min/week.

High

(Category 3)

At least 3 days per week of intense physical activity of 1,500 

meters per min/week.

Seven or more days per week of walking, moderate and/or 

intense physical activity of at least 3,000 METs per min/

week.
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For each trial, computer vision algorithms are used to track and record 
the position of the participant’s facial landmarks over time. The 
sessions are conducted in a quiet environment, free from distractions 
such as noise or bright lights, and take between 15 and 20 min to 
complete. The test is administered three times within a week.

The individual eye-blink traces will be  analyzed with custom 
computer software using R. Eyelid position will be calculated based 
on the facial landmarks. Eye-blink traces are filtered forward and 
reverse with a low-pass Butterworth filter. Trials with significant 
activity in the pre-conditioning stimulus (CS) period [> 7 times the 
interquartile range (IQR)] are regarded as invalid and disregarded for 
further analysis. Trials are min-max normalized by aligning the 
pre-CS baselines and normalizing the signal, so that the size of a full 
blink is one normalized eye closure (NEC). This normalization is 
achieved by using the reflexive blinks in the unconditioned stimulus 
(US) only trials as a reference. For each session, we  calculate the 
maximum value in the averaged unconditioned response (UR), and 
individual traces are normalized by dividing each trace by this value. 
Consequently, in the normalized traces, an NEC of 1 corresponded 
with the eye being fully closed, and an NEC of 0 corresponded with 
the eye being fully open.

In valid normalized trials, we will determine the following four 
outcome measures: (i) Amplitude of a conditional response (CR): The 
normalized eye closure amplitude, which measures the strength of the 
response. A larger response means a better CR. (ii) Latency to CR 
onset: The first deviation from baseline level, which is a measure of the 
adaptive timing or accuracy of the CR. An eyelid closure that starts 
late in the CS-US interval indicates better timing. (iii) Latency to CR 
peak: The peak of the eye-blink CR, which is a measure of the adaptive 
timing or accuracy of the CR. The optimal CR is where the eyelid is 
maximally closed at US delivery. (iv) Presence of a CR (CR proportion): 
A CR is defined as all eyelid movements larger than a predefined 
threshold (for instance >0.1 NEC) with latency to CR onset and 
latency to CR peak between predefined intervals.

Based on these four outcome measures, we can study phenomena 
like acquisition, savings and retention, extinction, generalization, 
latent inhibition, over-expectation, etc. We will study both learning 
speed (how fast the subject learns the task) and learning accuracy 
(how well the timing of eye-blink CRs is). We will include both paired 
CS-US and CS-only trials. CS-only trials show the full kinetic profile 
of the eye-blink CR, providing better information about the adaptive 
timing of eye-blink CRs.

2.5.7 Interviews
To explore perceptions about knowledge and practices regarding 

hygiene, nutrition, and food handling, trained field researchers 
interview a sub-sample of parents or main caregivers and teachers. 
The interview is thematic and semi-structured, and takes between 
30 min and one hour. We extend an invitation to all parents or main 
caregivers and teachers in all the schools that participate in the 
proyecto GUAGUA. Participation in the interview is self-selected and 
we  will recruit participants until data saturation (i.e., repetition, 
absence of novelty) is reached. We schedule face-to-face or Zoom 
interviews with interested participants, depending on their availability. 
The interview is recorded in order to be first transcribed and then 
analyzed. Interviews’ thematic analysis will be carried out with the 
help of the software Atlas ti v 24.1.1.30813 and using an inductive 
approach (48). The analysis will include six steps: (i) familiarization 

with the data; (ii) creation of initial codes; (iii) searching themes in the 
data; (iv) reviewing the themes; (v) defining and naming the themes; 
and (vi) writing the report (49). The thematic analysis will be also 
presented as thematic networks (50).

2.5.8 Field observation of schools
Field researchers collected information on drinking-water and 

sanitation facilities of schools using an observation form (WASH) that 
was developed based on (51). In each school, field researchers gather 
information from school representatives and visited the school 
facilities while filling out the observation form (Supplementary  
material 2).

2.5.9 Detection of intestinal parasite infection
There is no gold standard to detect intestinal parasites, and 

therefore we decided to combine the results of various methods to 
increase sensitivity and specificity. Two techniques will be applied to 
detect the presence of parasites in the stool samples: (i) light 
microscopy (i.e., Richie’s method) using 70% alcohol-fixed aliquots, 
and molecular identification of Strongyloides stercoralis and Entamoeba 
histolytica/dispar using 90% alcohol-fixed aliquots. Ritchie’s method, 
which is relatively cheap and simple to implement, performs better 
than other similar methods for the identification of pathogenic and 
commensal protozoa (52). Compared to the combined results of wet 
mount, modified Baermann’s and Ritchie’s method, the last has shown 
68% [95% confidence intervals (CI), 59: 76] of sensitivity, and 100% 
[95% CI, 96: 100] of specificity to detect IPI (53). Real-time 
polymerase chain reaction (PCR) will be used for molecular detection 
of Strongyloides stercoralis and Entamoeba histolytica/dispar, following 
the protocols from (54, 55). It has been reported that PCR has a 
sensitivity of 60% [95% CI, 55: 67] and specificity of 99% [95% CI, 99: 
100] for detecting Strongyloides stercoralis (55). PCR has been found 
to be more sensitive than microscopy and culture (88%) and 100% 
specific for detecting each of the two Entamoeba species (56).

2.5.10 Gut microbiota analysis
Marker gene amplification and sequencing, which uses primers that 

target a specific region of a gene of interest in order to determine 
phylogenies of a sample, will be used to characterize the microbial 
composition of the children GM. This approach works well for samples 
contaminated by host deoxyribonucleic acid (DNA), such as tissue and 
low-biomass samples (57). Previous studies have shown that this 
approach is both precise in determining the taxonomic microbial profile 
and accurate for diversity analysis (58). The 16S ribosomal ribonucleic 
acid (rRNA) gene, which contains a highly variable region that is used 
for detailed identification (i.e., V4 region), will be used as marker gene. 
V4 is flanked by highly conserved regions that can serve as binding sites 
for primers during PCR amplification (57). Details on how marker gene 
amplification and sequencing will be  performed can be  found in 
Supplementary material 3. Briefly, first total genomic DNA (gDNA) will 
be  isolated from the stool samples using a bead-beating-based 
purification method. Second, the V4 hypervariable region of the 16S 
rRNA gene will be  amplified using i5/i7 barcoded primers and 
sequenced in a 2 × 300 base pair (bp) paired-end run with the aid of the 
platform Illumina MiSeq®. Stool and gDNA sample remains will 
be properly stored at −80°C for future metagenomic analyses.

Sequenced reads will be processed using QIIME 22024.2 and then 
clustered into amplicon sequence variants (ASVs) using the DADA2 

https://doi.org/10.3389/fpubh.2025.1505780
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Abril-Ulloa et al. 10.3389/fpubh.2025.1505780

Frontiers in Public Health 07 frontiersin.org

pipeline. The taxonomic classification of the sequenced 16S rRNA V4 
region will be determined using the Greengenes database as a reference 
(59). The similarity between microbiomes of the groups will be visualized 
with Principal Coordinates Analysis (PCoA) of ASVs based on Bray–
Curtis dissimilarity (59). Differences in microbiome composition (beta-
diversity) among groups of children belonging to different categories of 
nutritional or IPI status will be assessed by Bray–Curtis dissimilarity 
using the ADONIS2 implementation of permutational multivariate 
analysis of variance (PERMANOVA) in vegan: Community Ecology 
Package. Homogeneity of variance will be tested for each group using 
betadisper in vegan. Differences in ASV abundance and diversity across 
different groups of children will be  calculated using the pairwise 
Wilcoxon rank sum test with p-value adjustment by Benjamini-
Hochberg correction for multiple comparisons (59).

2.6 Statistics analysis

Initial analyses will involve descriptive statistics to summarize the 
data, including means, standard deviations, medians, interquartile 
ranges for continuous variables, and frequencies and percentages for 
categorical variables. Bivariate analyses will examine the relationships 
between key variables such as parasitic infections and changes in 
microbiota diversity, nutritional status, and developmental outcomes.

Before inferential analyses, assumptions of normality and 
homoscedasticity will be assessed. Residual plots will be examined for 
any apparent deviations from randomness, indicating potential violations 
of these assumptions. The Shapiro–Wilk test will assess normality, and 
the Breusch-Pagan test will be employed to check for homoscedasticity. 
In cases where assumptions of normality and homoscedasticity are not 
met, we  will opt for non-parametric methods such as the Mann–
Whitney U test or the Kruskal-Wallis test when comparing two or more 
groups. Bootstrapping methods will be employed for more complex 
models to provide robust standard errors and confidence intervals that 
are not dependent on normality assumptions.

Multivariate regression models will be used to adjust for potential 
confounders, including age, sex, socioeconomic status, and region. 
These models will help determine the independent effects of parasitic 
infections and microbiota on nutritional and neurocognitive 
outcomes. Logistic regression will be employed for binary outcomes 
(e.g., presence or absence of specific parasitic infections), while linear 
regression will be used for continuous outcomes (e.g., neurocognitive 
scores). Mixed-effects models will be utilized for variables measured 
repeatedly over the study period (e.g., eye blink conditioning). These 
models account for the correlation of repeated measures within the 
same subjects and allow for the analysis of fixed effects (e.g., sex) and 
random effects (e.g., individual intercepts for learning curves).

All analyses will be conducted using R statistical software. The 
STROBE guidelines will be applied to report the results. Measures of 
effect will be presented with 95% confidence intervals, and all tests will 
be two-sided with a significance level set at p < 0.05.

3 Discussion

The present is the protocol of the Proyecto Guagua, a cross-
sectional study that is being carried out in Ecuador with the 
financial support of the Escuela Superior Politécnica de Chimborazo. 
The study aims to describe differences in microbiota population 

structure and diversity between (i) school-age children with 
malnutrition (e.g., undernourished and obese/overweight children) 
and their peers; (ii) school-age children with parasitosis and their 
peers. Proyecto Guagua aims at testing the hypothesis that an altered 
GM mediates the influence of malnutrition on neurocognitive 
functioning and parasitosis status. The insights from the Proyecto 
Guagua will provide a theoretical basis for developing integral 
public health interventions to prevent and/or treat malnutrition and 
IPI as well as their consequences on children’s health.

Similar studies than Proyecto Guagua have mainly focused in 
under 5 years of age children with severe nutritional conditions or with 
neurodevelopmental disorders. For example, bacterial population 
shifts, globally decreased diversity, and enrichment of potentially 
pathogenic bacteria have been described in the GM of children under 
5 years of age with wasting or kwashiorkor in comparison to peers 
without malnutrition (60, 61). Bacterial population shifts have also 
been observed in the GM of children under 5 years of age suffering 
parasitosis (22, 25). It is likely that some of these differences are 
explained by diet, previous use of medication or other socio-
demographic factors such as biological sex, age, and socioeconomic 
position (62). The influence of such factors has not been systematically 
studied regarding bacterial population shifts in children with 
malnutrition and/or parasitosis and that is the gap that Proyecto 
Guagua tries to fill up.

Nutrition during critical phases of development has long-
term effects on organ size, structure and function and as such it 
is believed to play an important role on the development of the 
child’s brain (63). Nutrition is also involved in adaptive and 
innate immunity, which is essential for defense against parasitic 
infections (64). The GM, which interacts closely with host diet, 
has the capacity to modulate brain function and behavior, and 
therefore could mediate part of the adverse effects of malnutrition 
on neurocognitive functioning (19). The GM could also mediate 
the detrimental effects of malnutrition on the host capacity to 
resist or overcome the effects of IPI (65). The GM might influence 
neurocognitive functioning and susceptibility to IPI by 
modulating the host metabolism, biochemical signaling, immune 
function, stress-responsivity, and epigenetic regulation (1, 2). 
Proyecto Guagua will allow us to test these hypotheses.

Nevertheless, Proyecto Guagua has several limitations that must 
be considered when interpreting future results. First, the design is 
cross-sectional and therefore warrants against any causal 
interpretation. The idea of Proyecto Guagua at this stage is to 
reproduce previous findings in school-age children, taking into 
account the influence of diet, previous use of medication or other 
socio-demographic factors as well as opening new lines of research. 
Second, sample selection is not probabilistic and therefore the results 
of Proyecto Guagua are likely affected by selection bias. 
Representativeness, however, it does not seem essential to study 
exposure-outcome associations, which is the aim of Proyecto 
Guagua (66).

A third limitation might arise from the precision and accuracy of the 
instruments and techniques which Proyecto Guagua is using to collect the 
information. To improve the precision and accuracy we (i) standardize 
the measured methods in an operational manual; (ii) train field 
researchers, (iii) whenever possible use automatic measure devices (e.g., 
inBody®, BlinkLab), and (iv) use the mean of three anthropometric 
measures (e.g., height, weight, neck, waist and arm circumferences). To 
assure validity, we used instruments that have been previously validated 

https://doi.org/10.3389/fpubh.2025.1505780
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Abril-Ulloa et al. 10.3389/fpubh.2025.1505780

Frontiers in Public Health 08 frontiersin.org

(e.g., Survey on household socioeconomic position, 24-h recall, AQ-10, 
SDSC, IPAQ-C, Raven’s Progressive Matrices).
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